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ABSTRACT

Spinal cord injurie and other local injuries often lead to
peripheral paralysis, while the brain stays fully functional. When this
peripheral paralysis occurs in the hand, these individual are not able to
execute daily activities on their own even if their arms are functional.

To remedy this problem, design an exoskeleton needs to assist
paralyzed individuals. The exoskeleton's movements are controlled by
the user's available electromyography(EMG) signals, a new control
technique will developments to allow for a natural reaching and
facilitator sequence by the natural residual muscle activation patterns.

But the signal need to purity and enlarge before entering to
microcontroller, then run the motor to controlling exoskeleton,
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1.1 Introduction

Not a small Percentage of people out of our Palestinian socicty have a
weakness in one of limbs that happened by some congenital reasons or kind of
eccidents or was done on the hand Israeli oceupation in what it does against our
Palestinian nation, and out of this case it is a part of our duty in order to help them
doing their daily actions normallv, and now we will go to the mechanization of
domng this project.

Electromyography is a technique for evaluating and recording the electrical
activity produced by skeletal muscles, EMG is performed using an instrument
called an electromyography, to produce a record called an electromvography.

An  clectromyography  detects  the electrical  potential generated by
muscle cells when these cells arc electrically or neurologically activated. The
signals can be analyzed to detect medical abnormalitics. activation level, and
recruitment order or to analvze the biomechanics of human or animal movement

EMG signals are not easily observed as thev are weak signals in range of 1-
100mV.s0 an EMG signal needs to be amplified by an amplifier specifically
designed to measure it in order to be observed. The EMG signal is picked up by
clectrodes and then amplified. Generally more than one amplification stages as
necessary n order to climinate the low and high frequency noises or the other
factors that can affect the output data.

EMG signal accuracy is dependent on many parameters such as electrodes
number clectrode placement, electrode orientation. electrode type, inter-electrode
distance, skin preparation, skin and electrode gel temperature, subcutancous fat
between the electrode and muscle. The EMG signal is used for much application
such as control computers and nther devices.

In our project the EMG signals are tried to use for controlling of a simple
hand-shaped gripper with a microcontroller interface, as shown in figure (1.1).
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Figure (1.1):- The General Block Diagram.

1.2 Project Aim

The proposed project aims at design an artificial hand (limb) by using and
processing muscle signals. ..

1.3 Literature Review

Francesc di (1626-169R)

First to recognize connection between muscles and generation of electric I
1666—documented that electric ray fish used a highly-specialized muscle. [1]

Alessandro Volta (1745-1827)

Developed a device which produced electricity,which could be used to
stimulate muscles, invented the first electric battery. [1]

-
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Luigi Galvani

Credited as Lhe father of neurophysiology for his similar work with frogs’
legs-1791.

Showed that “electrical stimulation of muscular tissue produces contraction
and force. [1]

Carlo Matteucei (1820-1845 )

In 1838, Matteucci used one to show that bioclectricity is connected with
muscular contraction.

1842 — Demonstraled the existence of the action potential accompanying
a frog’s muscle, |2]

m nne (1806-1

1850 — Applied cleetric stimulation to intact skeletal muscles Interested in
medical ¢lectricity for therapeutic purposes. Systematically mapped out
functions of nearly every lacial muscle Knowledge of EMG developed as fast
as technology could keep up. [2]

The term ¢lectromyography comes from Etiennc Marey, who modified
Lippman’s capillary electrometer (1876) as one of his many contributions to
kinesiology. [2]

ohn O6h2

Basmajian compiles all of the known information about EMG. Also created
fine - wire electrodes that werc more comfortable than needles and could be used
longer. The book Muscles Alive becomes an invaluable tool in the field and is
updated through five editions, the last Carlo De 1Luca, Founded International
sociely of Electrophysiological Kinesiology, ISEK. in 1965 1SEK worked to

create standards for EMG usage and reportingmajian. [2]
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1.4 Project Main Component

1) Detecting Flectrode.

2) Amphifer.

3) Mierocontroller.

4) Stepper motor and driving modules.
5) Hand-shaped gripper.

L5 Estimated Project Cost

Table (1.1): Component Cost:

Electrodes and Fillters _ | 200
Amplifiers 100
4N23 opt-coupler &
LM319D Dual-Comparator 10
AD620 Amplifier 140
Resistors — Capacitors + Rectifiers 60

2 Arduino + shicld 400
Darlington Transistors 50

5 servo motors 1100

3 Flex Sensors 500

2 Xbee module § 1+ shicld 300 =100

DC Motor for hand + Drive Circuit | 400

2 Gears 150 N

design lathing (Exoskeleton) 1500

Hand - shaped Gnipper (polyethylenc) 1400 . u)

Other materials 300

Paint | 400

Total 7315 |
5

1.6 Time Diagram




Table(1.)): Time line' of The Project:

derature review and
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DO I.l
sthodology
amponents survey
=d cost estimation |
Selec. .
=porting Project
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=1 Anatomy of the Human Forearm

Imitially, we talk about the Peripheral Nervous System {PNS), which is the
wher part of the nervous system. The main task of the PNS is to detect stimuli and
send impulses to the CNS according to the stimuli, The PNS is made of receptors
and nerves thal carry the impulses. Receptor cells are ones whose function is to
=ctect something about its environment,

There are many receptors in the body that are ahle to detect many changes
ke lemperature, touch. light, sound and chemicals. There are some organs in the
Sody that are there to detect just one stimulus, like the eye for example. These arc
<alled sensory organs and they can be defined as a group of receplor cells
responding Lo specific stimuli.

Effectors are the opposile of receptors. Receptors arc two detect the stimuli
while effectors are two respond to it. Effectors are usual ly muscles and glands,

=.1.1 Neuroses (Nerve Cells)

Neuroses are one of the most important structures of the nervous systems.
Neuroses act as a wire thar transmits electrical impulses all over the body, Like a
cable that consists of many wires, a bundle of neuroses is called a nerve, There arc
5 types of ncuroses; each type is to transmil electrical impulses from a specific
place to another




1) Motor Neuroses :-

This 1s a neurosis that transmits electrical impulses from the Central
nervous system to the effectors, as shown in figure (2.1).

Motor end

Cell Body

| ] Nucleus

ell surface
embrane

Synpase wEth,,-" '
another neuron / Déndrites : Effector
Muscle

Cytoplasm

Figure (2,1):- Structure of Motor Neuroses, [4]

The Neuron is made up of three segments; the cell body which is the start
of the motor Neuron and is in the CNS. axon which stretches out from the cell
body all the way to end of the neuron, and the motor plate which is the end of the
“euron and is in the Effectors muscle.

Neurons have features that are common between most animal cells like a
mucleus, cymiddlelasm and cell surface membrane, but they also have somc
exclusive featurcs like the axon. The axon is an cxtended cvmiddlclasm thread
dlong which electrical impulses travel, Some motor neurons have axons of length 1
meter. Axons are coated by a layer of myelin called myelin sheath; this is an
electrically isulating laver which is essential for the proper functioning of the
NETVous System.
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Another exclusive feature of neurons is dendrites; these are several short
“weads of cymiddlelasm coming out of the cell body. ‘Their function is to pick up
siecrrical impulses from other cells.

The last exclusive feature of motor neurons only is motor end plate. ‘This is
=51 the end of the axon which is in the muscle. It passes the electrical impulses
som the neuron to the muscle fibers.

=) Scnsory Neuroses :-

Like other ncurons, sensory ncurons carry electrical impulses from one
place to another. But sensory neurons carry electrical impulses in the direction
different to that of motor neurons. from the receptors to the CNS, as shown in
figure (2.2).

Cell body

Cell surface
membrane

Figure (2.2):- Structure of Sensory Neuroses, [4]




3) Relay Neurons :-

Relay ncurons are localed in the CNS. Their Job is to pass electrical
mmpulses from the sensory neuron onto the motor neuron, so it acts like a

diversion, as shown in figure (2.3).

Ferdrites

cell body . - 3 -
- : : » Relay Neuron

— SYNaDUIC aanlings

Figure (2.3):- Structure of Relay Neuroses, [4]

2.1.2 Reflex Arc (Nervous System in Action)

Where neurons meet, they are nol actually touching each other. Instead
there is a gap called synapse or junction hox. When the clectrical impulses reach
e end of a neuron, the neuron secretes a chemical transmitter which passes by
diffusion to the other neuron causing the impulses to be carried from the first

acuron to the sccond.




It your finger touches a hot surface, receptor cells in the skin of vour finger
detect a stmulus, which 1s a sudden rise in the temperature. The receptor uses the
energy of the stimulus o generaie electrical impulses. These impulses are then
camed by the axons of the dendrites of the sensory neuron through cell body to
axon and from the axon to the CNS. At the CNS the electrical impulses travel
through the synapse to the relay neuron, which passes it onto the motor neuron.
'he nerve impulses are transmitied through the axon ol the motor neuron to the
targeted muscle which contracts when electrical impulses reach it, resulting in vour
finger being pulled away from the hot surface, as shown in figure (2.4).

This pathway is called the reflex arc and happens in about a fraction of a

second.,

Figure (2.4):- Reflex Are: Receptor — Sensory Neuron — CNS — Motor Neuron —
Effectors. [5]




2.1.3 Antagonistic Muscles

We have just learned that in order for the pupil to get narrower or wider,

"o muscles work simultaneously, when one contracts the other relaxes. Pairs of
muscles like thal are called antagonistic muscles.

The most known antagonistic muscle pair is the biceps and triceps of the

arm. The b1 and the tri for short; they are what cause the movement of the arm.
bey work simultaneously to bend or straighten the arm. The biceps is located in
oot of the humerus bone of the upper arm. The biceps is joined to the radius bone

of the lower arm and the triceps is joined to the ulna bone of the lower arm.
Muscles are attached to bones by strong [ibers called tendons.

And to learn how to deliver the pulse of the muscle, we will address the case
o bend and straighten muscle:

tandon
biceps
{contracted)

" L4 ~ origin

. £ origin
triceps biceps 4
- (relaxed) (relaxed) 4@ triceps

-— (contracted)

Insertion

Figure (2.5):- The Effect of Bend and Straighten Arm. [6]




W8en you want o bend your Arm the brain send two electrical impulses,
e e making it contract and one to the tri telling it to relax.

10 straighten your arm, the brain send electrical impulses to both muscles
e b1 relax in order to leave the muscle it is attached to free. The tri
and becomes shorter pulling the muscle it is atlached to into place and
ing the arm.

As shown in [igure (2.5). the biceps can be called a flexor because it flexes
| the arm. the triceps can be called an exlensor because it extends
) the arm. It is necessary to explain the affected part of the man who
seplaced by another part mechanic to make up the shortfull effectively,

Thes section will be covered in detail the muscles mvolved with each
movement, as shown in figare (2.6).
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Figure (2.6):- Structural of Human Arm. [7]




The muscles of interest for determining grasp classification are the extensor
muscles, generally located on the posterior side of the forearm. The extensor
muscles exlend the fingers outward as the grasp initially takes form. It is the proper
capture and classification of the EMG signal during this initial movement that
cnables a real-time classifier to work. The specific extensor muscles involved are
the extensor digitorum, extensor pollieis longus, extensor pollicis brevis, extensor
indicis, and extensor digiti minimi. The extensor digitorum is responsible for the
extension of the finger joints and wrist, and connects primarily fo the middle and
ring lingers, and secondarily to the index and little fingers. The extensor pollicis
tongus and extensor pollicis brevis are both responsible for the extension of the
thumb as well as abduction at the wrist. The extensor indicis muscle controls both
the extension and adduction of the joints of the index finger. while the extensor
digiti minimi conirols the extension of the joints of the little finger.

The approximate locations of these muscles are indicated. as shown in

]

figure (2.7).

Figure (2.7):- The Approximate Locations of Mugcles, [8]
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The extensor indicis muscles are actlually in the muscle layer below the
Sxiensor digiti minimi and extensor digitorum, Naturally, the deeper location of
Sus muscle will have a negative impact on (he energy that surface clectromyo-
&aphy can detect,

The flexor muscles, generally located on the anterior side of the forcarm,
&< responsible for flexion of the finger joints. For continued grasp control,
Sollowing the initial classification, the flexor muscles should be monitored with
sddiional electrodes, Ideally, the EMG collected from these muscles would
=dicate the closing of a grasp. the continued maintenance of a grasp, and the
“egree of tension used to maintain the grasp, as shown in figure (2.7).

2.2 Muscle Fibers

Muscle Fibers are formed during development from the fusion of several
endifferentiated immature cells known as myoblasts into long. cylindrical. multi-
sucleated cells. Differentiation into this state is primarily completed before birth
with the cells continuing Lo grow in size thereafler. Skeletal muscle exhibits a
&@istinctive banding pattern when viewed under the microscope due to the
a&rangement of cytoskeletal elements in the cytoplasm of the muscle fibers,

The principal cytoplasmic proteins are myosin and actin (also known as
“thick" and "thin" filaments, respectively) which are arranged in a repeating unit
called a sarcomere. The interaction of myosin and actin is responsible for muscle
contraction.

- Functional Properties of muscle fibers :-

1) Peak Force,

2) Contraction velocity.

3) Resistance to faticue,

4) Actino-myosin ATPase activities.

17




Four main types are commonly identified, although further sub- group are
smown. For our purposes, we will focus on the four major types described here:-

1) Fast-twitch fibers - used in Anaerobic Exercise:

(Short, high energy exercise)
21 Two types of Fast - twitch fibers (A and B),
%! Fast-twitch fibers are more glyeol tic than Slow-lwitch fibers.
=) More explosive.
<) Exercises such as weightlifting and sprinting,

=) Fast- twitches fibers:

& Fast oxidative glycolytic (FOG)- these fibers have plenty of energy and oxygen.
=) Fast and fatigue resistant (maimtain force production after many contractions),

3) Fast-twitch B fibers:

%) Fast glveolytic (FG)- these fibers have a low oxygen capacity making it hard to
complete multiple contractions without rest.

) Fast and fatigable (high force production but fatigued after only a few
<ontractions).

<! Low oxidative capacity.

4) Slow-twitch fibers- used in Aerobic Exercise (long, constant Energy):

2) Red=slow oxidative.

51 More oxidative.

=) Mitochondria (cells power source, gets encrgy oul of glucose in
respiration) are bigger and there are more of them.

d) More capillarico More myoglobin (a protein with oxygen bound to it so that
there 18 an oxygenreserve for long periods of exercise)

¢ Long twitch times, low peak forces, high fatigue resistunce.

*) Exercises such as long distance running and bike riding.
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Figure (2.8):- Skeletal Muscles Move by Contracting. [9]

Each muscle is composed of tightly packed bundles of muscle Fibers, each
containing proteins, which are responsible [or muscle movement. Differentiation of
muscle cells begins carly in embrvonic development. Myoblasts (A), the
precursors of skeletal muscle cells, fuse together (B). to form multinucleated cells
which eventually develop into myofibrils containing contractile [fibers (C), as

shown in figure(2.8).

After explain that previously. in our project will be the sensory neuron is
moperative, 50 we will compensated it by take the electrical signal from the motor
scuron by using "Electrical stimulation of both sensory and motor nerves”, it is
used to record the reflex response of the muscle, however by:

) At low stimulating levels some of sensilive sensory nerves are activated, but the
motor nerves are not and hence M response 18 not seen, Also AP of the sensory

nerves moves to spinal cord and generate reflex response.
2) For moderate stimuli both motor nerves and sensory nerves are stimulated

and two responses are seen (M and H),
3) For large stimuli only M response 15 scen, as shown in [ipure (2.9).
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Figure (2.9):- Electrical stimulation of both sensory and motor nerves in low, moderate
and high levels,

2.3 Optimal Electrode Placement

There are several factors that must be considered and addressed in order to
ensure effective EMG signal detection. To receive maximum results from your
stimulation, it is important to place the clectrodes correctly. Electrodes from the
same pair should be placed over the same muscle (surface electrodes must be
placed parallel to the muscle fibers),

The optimum placement varies slightly from person to person, so we try
moving the electrodes around until you get the most comfortable and effective
contractions. There are many company offers different sizes of electrodes. Small
slectrodes are preferubly used on smaller muscles and large eleetrodes on larger
muscles. Before placing the electrodes on your body, be sure to always wash and
<y the skin in order to ensure good conductivity. be sure to only place electrades
on healthy skin. And we should never place electrodes closer than 3 cm from each
other.

The figure (2.10) shown muscle stimulation, the electrodes placed over or
ncarby the painful area.
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Figure (2.10):- Muscle Simulation. [10]

2.4 Skin Preparation and Electrode Placement

In order to minimize the impedance between the clecirode-skin contacts,
recommends that the skin surface be shaved of any hair and dead skin cells at the
target location. Dry shaving works well for removing the dead skin cells. Once
shaved, the skin should be cleaned with alcohol and allowed to dry before the
slectrodes are placed, as shown in figure (2.11).

Then, to ensure that the electrode is in the correct location, first secure the
dody reference electrode to the subject’s wrist, on the anterior side. Then, using
Siriprayoonsak’s EMG Capture Program or the Establish Grasp Power procedure
@ the Real-Time EMG Classifier, test various positions around the target muscle
arca while performing a hand extension action with the corresponding muscle. The
2oal 15 to find the location that produces the greatest energy (highest amplitude)
during activity und the least energy (noise) while in a rest position.




Figure (2.11):- Correct Location Test, [11)

=3 Normalizing the Electrodes

The voltage potential of the EMG signal detected by the electrades strongly
“=pends on several [actors, varymg between individuals and also over time within
an mdividual,

Thus, the amplitude of the EMG itself is not useful in Eroup Comparisons,
o 10 follow events over a long period of time. The fact that the recorded EMG
smplitude is never absolule is mainly due to the fact that the impedance varies
Setween the active muscle fibers and electrodes and is unknown theretore, when
somparing amplitude variables between measurements, normalization of some
wind is required, and ie. the EMG converted to a scale that is common to all
measurement gocasions,

Normalizing the signal amplitude with respect to force or torque is a
sommonly used technique. Typically, the EMG is related to a maximal contraction,
 a sub maximal contraction at a known level of foree,
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3.1 Hand System
3.1.1 EMG System

3.1.1.1 The Nature of EMG Signal

Our muscles cause our body parts to move through contraction and
relaxation. Each muscle consists of many muscle fibers, which range in length
rom a few millimeters (mm) Lo about 30 centimeters and have a diameter of
between 10 and 100 micrometers. The muscle fihers will shorten to about 57%
of their resting length during contraction. All of the muscle fibers making up a
particular muscle do not contract simultancously; rather, small groups of
muscle fibers contract and relax together, as directed by their motor unit.
The motor unit is the fundamental building block of an EMG signal. It consists
ol a motor neuron, its axon, and all of the muscle fibers that it controls,
Countless motor units provide the pathway from the central nervous syslem to
muscle fibers. However. individual motor units vary by size and by the number
of muscle fibers that they mnervate, from a few to over a thousand,
Additionally, the innervated muscle fibers of multiple motor units are
randomly intermingled (see Figure 3.1), meaning thal a portion of a muscle
may contain fibers belonging o between 20 and S0 different motor units.

Figure (3.1): Depiction of Two Motor Units Controlling Intermingled Muscle
Fibers.]12]




Just prier to muscle contraction and the application of force, an
mereasing number of molor units are recruited for muscle activation. The mator
wnits are typically recruited according to their size, beginning with the smaller
motor units first. The exchange ol ions across the muscle fibers innervated by
@e recruifed motor units results in small electrical currents. which combined for
& particular motor unit is referred to as the motor unit action potential (MUADP)
The aggregate electric signal generated from all of the MUAPs in a detected
area is referred to as the myoelectric signal, a recording of which is called an

clectromyogram (EMG). Note that this signal propagation precedes muscle.

Motion with about 10 to 100 mS. This 100 mS lead helps to
minimize the length of the EMG signal is used to the hand grip , which is
essential for the success of a real-time classifier and prosthetic hand control
skeletal muscles contributes to the weight of the body . the skeleton classify
muscle can rotating directly fastened by means of a joint, and the striated
muscle to a bone or by means of tendon . Two or more groups of the skeletal
muscles working against each other (s) extends . The skeletal muscle is
composed of poly - nucleus eclls. Action potential propagates from motor nerve
o the muscle fibers controlled by the nerves. will cause and start after
molecular mechanism. An immediate increase of calcium ions into the muscle
cell reproduction Afier Identifying the nature of the EMG signal and their
relationship with the motor unit , now we will talk about the EMG signal
collection for Determined the amplitude and frequency of the discharge
electrical muscle , and identify the factors All which depend on the quality of

the EMG signal.

3.1.1.2 EMG Signal Collections

The basic component of skeletal muscle is the motor unit, which can be
sctivated consciously. A number of the motor units construct a so-called
muscle fiber (as explained previous in the second chapter). When a single
motor unit (SMU) is activated by stimulation, a potential waveform with
amplitude of 20-2000 uV, a discharge frequency of 6-30Hz, and an interval of
3-10 mS is observed. Thus, contraction of muscle fibers lcads to a potential

signal with larger amplitude and higher frequency.
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it 1s electromyogram (CMG) as explained previous in chapter two. The
- W wnit regulates the fiber of skeletal muscle, Therefore, when a motor
W= = excited, the fibers controlled by this motor unit will all be activated.
| W8 geocess includes the production of action potential and contraction of
SsCie fibers. A single picce of muscle may be probabl y by hundreds of motor
WS The nervous system makes an attempl lo control difTerent degrecs of
muscle activities by means of
Stimulating diverse numbers of motors units. More the motor units are

=emed. more the muscle fibers are activated.

"% guality of an EMG signal is subject to several factors, including:

) Timing and intensity of muscle contraction.
<1 Dustance of the electrode from the target muscle area.

*1 Properties of the tissue overlying the muscle, skin thickness, and fatty
ussue,

£ Properties of the electrodes and the amplifier.

=) Quality of the contact between the skin and electrode, mcluding
stability.

The first factors, timing and intensity of muscle contraction,
sncompass the data that we want to quanlify and classify for each of the
muscles involved in making a particular hand grasp. It is the changes in these
“actors that make distinguishing hand grasps using an EMG signal possible.

Naturally, the distance between the electrode and the target muscle
area impact the quality of the EMG signal. Understanding the human
satomy and proper electrode placement, covered in sections 2.1 and 2.3,
respectively, will help to minimize this distance.

There are several properties of the muscle and surrounding tissue that
affect the EMG signal. The muscles are surrounded by extracellular fluid,
fatty tissue, and skin, which cause inflections in the current ficld and varying
levels of impedance,




Skin tissue has greater impedance than muscle tissuc and therefore acts
as a filter for the signal. With mcreasing tissue between the electrode and the
target muscle, the amplitude of the EMG signals drops precipitously.
Subjects with thicker skin or greater body-fat percentage will have more of
the signal filtered before reaching the electrode, making proper electrode
placement significantly more critical for those individuals, Muscle tissue
impedance is directionally dependent, which also affects electrode placement.

Some studies have shown 7 to 10 umes greater impedance levels in
measurements taken perpendicular to the muscle fibers versus measurements
taken in the parallel direction. The muscle tissue can also be affected by
diochemical changes, which impact the conduction velocity of the muscle
fbers and filtering properties of the muscle tissue. Biochemical changes
occur over multiple sessions and even during the same session, 1o some
degree. Ensuring a large training set and maintaining consistent electrode
placement should mitigate some of these challenges. The properties of
electrodes and amplifiers affecting the quality of the signal are addressed in
detail in the next two subsections, while the qualily of the electrode to skin
contact is addressed in section.

After identifying that, will go to talk about electrodes, the identification
of any kind of electrode kinds and the electrodes suitable location.

3.1.1.3 Surface Electrodes

Human body consists of numerous liquid cells which contain different
electrolyte ions. The intracellular liquid includes ions of potassium, sodium
and chloride. Action potential comes from the variations of ion concentration.
When an electrode is used to detect action potential. the so-called interface
potential will be gencrated. Imagine, when a metal electrode touch certain
clectrolyte solution, two kinds of chemical reactions will simultaneously
occur, One 1s oxidation reaction in which metal atoms will release electrons

and become metal ions.
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The order is reduction reaction in which electrons and metal ions will
%= combined together and become metal atoms. In the interface between metal
&= electrolyte liquid, the ions with positive and negative charges will move in
= opposite direction and produce two ions lavers with opposite electricity.
8= potential difference between two ion layers is called interface potential.
s=mersing dilferent between melals into clectrolvte liquids will lead to
&fferent levels of intorface potential,

Thus, for measuring biological signals, il is necessary to choose a metal
wih low interface potential as an clectrode material. This can avoid the
sicessive interface potential during measurement. In general. the biological
senal range is from 50pV-ImYV and the interface potential of metal is in the
=mge of 0.1-1V. Additionally, the interface potentials of cleetrodes vary with

tme.

There are two types of electrodes used in the recording of the EMG
sgnals, surface clectrodes and needle electrodes.

While needle electrodes are inserted through the skin into the muscle
Wssue, surface electrodes are placed on the surface of the skin. In this project,
srtace electrodes (Ag/AgCl) are uscd as they are casy to use and can be
wpbed without pain, Surface electrodes come in many varieties mostly
Sheracterized by number of conlacts, as figure (3.2). Nowadays silver-silver
Snande (Ag/AgCl) is the most used material for the production of electrodes.
% kind of ¢lectrode is principally made by silver. There is a thin layer of
S2Cl formed by the contact between silver and electrolyte solution. And
A2l provides silver (Ag™ ) and chlorine (CI7) ions a bi-directional exchange,

The detected amplitude normally ranges up to 5 mV for surface
Sectrodes and up to 10 mV when using needle electrodes The cut-off
Sequency of the surface electrodes vary from 10 to 1000 Hz, As the signals
sbtamed are too low, noise is a big problem and it must be considered in the
Sesign of the system.




The motion artifact in the electrode skin interface is one of the
s=asons of noise caused the electrodes, which has frequencies 0-10Hz. The
wse of high-pass filtering. shielded cables, carctully taping to reduce cable

=movement and mounting the amplifier near the electrodes can minimize this
effect.

The elecirode placement and location has a big importance in the
EMG recording, surface electrodes must be placed parallel to the muscle
Sbers. The skin must be cleaned and electrode conducting jell must be used
%or better results. Reference electrodes must be used near the bony parts.

Figure (3.2): Sarface Electrodes, |13]

3.1.1.4 Noise and Artifacts ,

EMG recording can be interference by noise from different
sources. not only by the noise from the hioelectric generator or active cell but
w0 from the elecirical fields that occur around lead cables and electrode.
Slectrical fields such as power lines, computer monitors, transformers, or
sven EMG amplifier itself might canse noise that wills interference the
sienal Because of the electronic components acting as antennas, recording
“Sevices, ambient noises, motion artifacts the desi gn of the amplifier should
Save been designed considering the noise factors.
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Ambient nois¢ can be generated from any electric device that
=es electromagnetic field. The ambient naise cannot be avoided, it occurs
semarily between the 30-60Hz band.

Two of the important parameters in bioelectric amplifiers are
Sesse and drift. Drifl is the change in output signal voltage due to changes in
Sesrating temperature and noise, in this case, is the thermal noise pencrated
® resistances and semiconductor devices. Instrumentation amplifier is used
= the pre-amplification stage of the project to perform the crucial differential
smal combination and it is the solution to both high-gain and high-input
smpedance prop-lems. Instrumentation amplifier consists of three operational
smplifiers; two non-inverting followers as input amplifiers followed by a
Sfferential amplifier. (14)

3.L.1.5 EMG Implementation

Al the end of this section we want to get out with the
mplementation full of the EMG system so that it has the surface electrodes
‘explained previously). pre-amplifier, isolation circuil, band-reject filter,
sand-pass filter, gain amplifier, half-wave rectifier, integrator and buffer

circuit.

3.L.L5. 1 Pre-Amplifier

This pre-amplifier uses a two non-inverting amplifier and a typical
Siferential amplifier circuit, which contains two inputs (positive input and
segauve mput). The differential amplifier circuit subtracts two inputs and
#=plifiers the difference, as shown in Figure (3.3).

To get the right level of the input signal, we need a body reference circuil
which works as a feedback from the inputs. Whenever the body temperature
“sanges or signal changes due to noise introduced by the body, this body
scierence will help maintain the correct level of signal. In each input channel,
ere is one body reference feedhack.




Figure (3.3):- Pre-Amplifier Circuit.

We will replace this circuit by elcctronic piece called ADG20), because it
Easy Lo use, low noise, high CMRR. and high Z ;. and high accuracy that
requires only external resistor to set the gain of circuil, as shown in
Figure (3.4)

Figure (3.4):- ADG20 Implementation, [15]

3.1.1.5.2 Optieal Isolation Cireuit

An isolation amplifier (also called a unity-gain amplifier) is an op-amp
srcuit which provides isolation of one part of a circuit from another. so that
power is nol used, drawn, or wasted in a part of the circuit the purpose of
Solation amplifier isn't to amplify the signal. The same si gnal that is input into
@ op amp gets passed out exactly the same. This means that output voltage is
e same exact as the input voltage.
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Figure (3.5):- Isolation Amplifier Circuit.

Figure (5.3) illustrates a little current from the power source above,
Secause the op amp has such high impedance. it draws very little current. The
¥t part of the circuit, then. is undisturbed, and. thus, is isolated from the
s=cond part of the circuit. The op amp serves as an isolation device so that
sactically no current gets drawn and transferred to the second part of the
“rcuit (circuit afler the op amp), because its impedance is so high. Tsolation
smplifiers serve as buffers. They do nol amplify signals but serve to isolate
215 of circuits or different circuits from each other.

In our circuit, it is Optical connection between the pre-amplifier and the
sand-reject filter (Av=1).
“5e isolation is completed by an optical method:
- Optically coupled.
- Electrically isolated.

We will use in our project opt-coupler isolation (4N335), the functional
Wock diagram as shown in figure (3.6).
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Figure (3.6);- Functional Block Diagram of The Opt-Coupler (4N35). [16]
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153 Band-Reject Filter

Also called band-elimination, band-stop, or notch filters, this kind of
W passes all frequencies above and below a particular range set by the
Sespencnt values to neglect the wire noise. Not surprisingly, it can be made
WO 2 low-pass and a high-pass filter, just like the band-pass design, except
SRE Ses ome we connect the two filter sections in parallel with each other
=S of 1n series, as figure (3.7).

passes [ow frequencies

—| Low-pass filler | —=

Signal ___T __» Signal
nput 1 oulput

,,. ‘ High-pass filter |___

passes Nign frequencies

Figure (3.7):- System Level Block Dingram of a Band-Reject Filter.

dand rejection filters are used when relatively wide band of frequencies
WSS 10 be rejected, is the opposile of a band-pass filter, as in figure (3.8)
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Figure (3.8):- Band-Reject Filter Frequency Response, |1 7]




21.1.5.4 Band-Pass Filter

Used in clectronic systems to Separate a signal at one particular
=guency or a range of signals that lie within a certain "band” of frequencies
e signals at all other frequencies, This band or range of frequencies is set
Setween two cut-off or corner frequency points labeled the "lower frequency”
/L) and the "higher frequency" (FH) while attenuating any signals outside of
Wese twWo points,

3.1.1.5.4.1 Sccond-order Low Pass Active Filter circuit

- Determines the cut-off point for high frequencies.
- The voltage gain and cut-off frequency equal:
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Figure (3.9):- Sccond-Order Low Pass Active Filter Circuit.

Second-order (two-pole) active filters are important because higher-
wrder filters can be designed using them. By cascading together first and
second-order filters, filters with an order value, either odd or ¢ven up to any
“slue can be constructed. In the next tutorial about filters, we will see that
S&tive High Pass Filters can be constructed by reversing the positions of the
s=sistor and capacitor in the circuit.
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Figure (3.10):- Second-Order High Pass Active Filter Cirenit.

Aclive Band Pass Lilters can be constructed by cascading together a
%2 pass and a low pass filter. Simple Active Band Pass Filter can be easily
=ade by cascading together a single Low Pass Filter with a single High Pass
*ier as shown in figure (3.11),
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Figure (3.11):- Active Band Pass Filters Construction.
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The cut-otf or comer frequency of the low pass filter (LPF) is hi gher
S the cut-off frequency of the high pass filter (HPF) and the dilference
Setween the frequencies at the -3dB point will determine the "bandwidth” of
®e band pass filter while attenuating any signals outside of these points. One
®= of making a very simple Active Band Pass Filter is to connect the basic
sessive high and low pass filters we look at previously to an amplifying op-
=p circuit as shown in figure (3.12).

High Fass i Low Pass
Filter Stage Amplification Filter Siage
C1

T—IF : X

Av —ANS \.r*[’——?

Rd ‘ |
’ AVAVAY G2 I vou

R1

VW

‘e T L

. » o
Figure (3.12):- Active Band Pass Filter Circuit.

This cascading together of the individual low and high pass passive
Siters produces a low "Q-factor” type filter citcuit which has a wide pass band.
e first stage of the filter will be the high pass stage that uses the capacitor to
sock any DC biasing from the source. This design has the advantage of
sroducing a relatively flat asymmetrical pass band frequency response with
¢ halt representing the low pass response and the other half representing
“azh pass response as shown in {igure(3.13),

High Pass Low Pass Band Pass

< ¥ 7

Figure (3.13):- Band-Pass Filter Response.
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The amplifier also provides isolation between the two stages and
sesnes the overall voltage gain of the circuit. ‘The bandwidth of the filter s
=efore the difference between these upper and lower -3dB Points, The
malized frequency response and phase shifl for an active band pass filter
* e as shown in Figure (3.14),

- Active Band Pass Frequency Response:

The passive tuned filter circuit will work as a hand pass filter, the pass
od (bandwidth) can be quite wide and this may be a problem il we want to
Sdate a small band of frequencies. Active band pass filter can also be made

=g nverting operational amplifier, So by rearranging the positions of the
(w=ssiors and capacitors within the filter we can produce a much better filter
et as shown below. For an active band pass filier. the lower cut-off -3dB
et s given by fC2 while the upper cut-off -3dB point is given by fC|.
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Figure (3.14):- The Normalized Frequency Response and Phase Shift for an
Active Band Pass Filter. [18]




-1.5.5 Gain Amplifier

Gain amplifier is as a non-inverting amplifier, such that: the output
voltage changes in the same direction as the input voltage. that the non-
mverting input of the operational amplifier will need a path for DC to ground;
f the signal source might not give this, or if thal source requires a given load
mipedance, the circuit will require another resistor — from input to ground. In
sither case, the ideal value for the feedback resistors (to give mmimum offset
voliage) will be such that the two resistances in parallel roughly equal the
resistance to ground ar the non-inverting input pin, as in figure (3.15). we will
use the gain amplifier, because through change a gain of it. We get the output

needed.
12V i
INFUT u
ik ‘ VOUT
=7 7421 OP-AMP
Ri

12V

Figure (3.15):- Gain Amplifier Circuit, |19]

3. 1.1.5.6 Half-Wauve Rectifier

After that we need only take the positive wave of the signal, so we
=il use the hall-wave rectifier. Tt is also known as asuper diode, is a
“eafiguration obtained with an operational amplifier in order to have
# cwcuit behave like an ideal diode and rectifier. it is useful for high-precision
wanal processing
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When the input is positive, it is amplified by the opecrational
s=pifier which switches the diode on. Current flows through the load and.
secause of the feedback, the output voltage is equal to the input voltage.

When the input is greater than zero, D] is OFF and D2 is ON, so the
Wput is zero because one side of /2 is connected to the virtual ground. and
WTe 1S no current through it. When the mput is less than zero, D1 is ON and
=2 s OFF, and the output is like the input with an amplification of—1%: /R,
“Ws circuit has the benefit that the Op-amp never goes into saturalion, as
oW in figure (3.16).

QUTPUT

T =1 ] 4
INPU : ~ :

Figure (3.16):- Half-Wave Rectifier Circuit. [20]

3.1.1.5.7 Dual-Comparator

After that we will have two signals. one coming from a hiceps
muscle and other from a triceps muscle, enter each one to the different
ssmparator by using dual-comparator, such that. When reach the signal from
e biceps muscle, go out signal from the first comparator Lo move the motor,
% when reach a signal from the triceps muscle, go out signal from the second
—smparalor o reverse the motor rotation. In other word (how move the hand,
=oves the motor), We will use in our project (1.M319D) dual comparator, The
~M319 is a dual high speed voltage comparator designed to operate from a
smgle +5V supply up 1o =15V dual supplies, as shown in figure (3.17).
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Figure (3.17):- LM319D (Dual-Comparator) Implementation, [21]

3.1.1.6 Block Diagram of completed EMG System

After identified all previously, now we will be show the block diagram
of completed EMG system, as in Figure (3.18).

Figure (3.18):- Block Diagram of The Completed EMG System.

4]




2.1.2 Motor Drive

After getting the electrical signal from the hand musele for cither
ss=mraction or diastole by an EMG device, as explained previously, introduced
s signal to the microcontroller (Ardumo) for control movement motor is
salied on the side arm hand. So, that if the signal is outside of the bi muscle:
“or rofaies counter clock wise to contraclion of hand, else if the signal is
side of the tri muscle, motor rotates clock wise to diastole of hand.

We used DC motor type of power window |.H as shown in figure

%), Where we will design it in order to gel moves 90 degrees and this

mesemenl 15 very suitable for the movement of the hand, it also has high

| Wesue approximately 30 kg.cm, speed of about 85 RPM. size of acceplable
W ncedstobefedbya 12V,

Figure (3.19):- Power Window Motor LH.[22]




3.2 Fingers System

In previous chapters, we have able to move the infected hand using
#e EMG signal that taken from the bi and tri muscles by a surface
#iectrodes. Bul in order to take fingers signals from the muscles is so
&fficult and need to use a needle electrodes, and that need to surgery
snder the supervision of a doctor, and this is not available, to avoid this
soblem, we find a solution, which is take the fingers signals from the
seher right hand.

And we did it by installed a five flex sensors on the all fingers of
% other right hand, when move this fingers will result from this sensors
Sve signals, enter to the microcontroller to processing this signals as
haracter and through serial pin in arduino. And to avoid contact wires in
S hands of the patient and provide freedom of movement for him. we
will use a wireless transfer data xbee module using a zigbee’s tech nigque
=en uploading a code from first arduino to sending Xbee module, Which
#ill be sending this code to receiving Xbee module installed on the
=iected hand through wireless characteristic. connect this Xbee module
with other arduino to enter this code to it . And therefore, this code will
mave the servo motor as required. Now will recall all the pieces used full
characteristics and principles operation cach and explain why we used in
detail.

3.2.1 Flex Sensor

Flex sensor are sensors thal change in resistance depending on the
=mount of bend on the sensor , they convert the change in bend to
siectrical resistance — the more the bend | the more the resistance value .

Ihe working principle as follows : the flex sensor are analog resistors
ey work as variable analog voltage dividers . inside the flex sensor are
carbon resistive clements within a thin flexible substrate. More carbon
means less resistance when the substrate is bent the sensor produces a
resistance output relative to the bend radius . as shown in figure ( 3.20)
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Figure (3.20):- Flex Sensors,[23|

The mmpedance buffer in the Basic Flex Sensor Circuit is a single
sided Operational Amplifier, used with these sensors because the low hias
current of the Op-Amp reduces error due to source impedance of the flex
sensor as voltage divider, as shown in figure (3.21).

R, = |'_b Vout

R
voltage impedance Vo == Vi (Efﬁz)
dividar burffar

Figuare (3.21) :- Basic Flex Sensor CircuiL

After fixed this flex sensors on the other right hand finger, we have
become a five analog signals from the five fingers. and we conncct after
each flex sensor resistance of 1 KQ for protection. then we will use are as
an analog inputs to the first microcontroller. as shown in figure (3.22),
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Figure (3.22):- How to Connect The Flex Sensor With a Microcontroller.

3.2.2 Arduino Uno

The Arduino Uno is a microcontroller board based on
e ATmega328. It has 14 digital input/output pins (of which 6 can be

used as PWM oulputs), 6 analog inputs, a 16 MHz ceramic resonator, a
USB connection, a power jack, an ICSP header, and a reset button. It
contans  everything needed (o support the microcontroller: simply
conneet it to a computer with a USB cable or power it with an AC-t0-DC
adapter or battery to get started, as shown in fi igure (3.23)

Figare (3.23):- Arduino Uno. [24]
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Each of the 14 digital pins on the Uno can be used as an tmput or
st using pin_Mode(), digital Write(), and digital Read() functions.
"8y operate at 5 volts. Cach pin can provide or receive a maximum of
# mA and has an internal pull-up resistor (disconnected by default) of
S5-50 K£X. n addition, some pins have specialized functions:

Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmi (TX)
“TL serial data. These pins arc connected to the corresponding pins of
e ATmega8U2 USB-to-TTL Serial chip.

External Interrupts: 2 and 3. These pins can be configured to
Wgger an interrupt on a low value, a rising or falling edge. or a change in
S=ue. Sec the attach Interrupi() function for details,

PWM: 3, 5 6, 9, 10, and 11. Provide 8-bit PWM output with
= analog Write() function.

SPL 10 (SS), 11 (MOSI), 12 (MISOQ). 13 (SCK). These pins
sspport SPI communication using the SPI library,

The arduino is used as the core of the system, il captures analog
ssgnals from flex sensors, converts them to digital through the integrated
ADC module and do the recognition process by using a lookup table:
when the letter is recognized, a corresponding digital value will be sent
via the TX pin (integrated serial module) to the XBee transmitter serial
module board, by wrile asuitable code, we will explain it in the next

thapters.
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223 XBee Module

XBee is a wireless RF module using the wireless cormmunication
sumdard 802.15.4; it hag longer range than Bluctooth but lower power
SeEsumiption than 'WiFj (802.11). It has g 250 kbps RF data rate. It
SPETEIES at 2.4 GHz, The XBee modules have sleep modes for extended

-ﬂﬂhﬂftﬁl-!l\q v v £MOS Logic 2834y
| DEN ydag ) — —l' |!|" = DI (i )

: 3
r— e iz -Iil XBem
[ DOUT (e g Modids | Niaduis
-I 1 1 —_ a
| &S a | 813
| !——-——_..a | | 3
)

¥egure (3.24):- Svstem Data Flaw Diagram in a UART-Interfaced Environment,

223.1 XBee fransmitter

We will connect the first microcontroller with the XBee
Smsmitter, such that; Devices that have a UART interface can connect
erectly 10 the pins of the RF module, data enters the module UART
Srough the D] pin (pin 3) as an asynchronous serjaj signal. The signal
sould idle high when no data is being transmitted

Each data byte consists of a start bit (low). § data hits (least
sznificant bit firs() and a stop bit (high), the serial hit pattern of data
sassing through the module, as shown in figure(3.25),
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Least Significant Bit (flrst) £

Idie (high 1 1 1 1 1 1] o o
Bt F-.? ! UART Signal
Sig]']ﬁ_] 0D VDo u I_ ﬁ
.'\I 1
Voltage U I_|
Start Bit (low) Stop Bit (high)
Time g

Figure (3.25) :- UART Data Packet 0xIF (Decimal Number I 310 )as
Transmitted Through The RF Module, [25]

Serial communications depend on the (wo UARTS (the
microcontroller’s and the RF) to be configured with compatible
seitings (baud rate, parity, start bits, Slop bits, data bits). The
UART baud rate and parity seltings on the XBee modulc can be
configured with the BD and SB ¢ommands, respectively.

When serial data enters the RF madule through the DI pin
(pin 3). the data is stored in the DI Buffer until it can be
processed, When the DI buffer is 1|7 bytes away from being full;
by default, the module de-asserts CTS thigh) to signal to the host
device to stop sending dala [refer to D7 (DIO7 Configuration)
parameter, CTS is re-asserted afler the DI Buffer has 34 bytes of
memory available.

Case n which the DI buffer may become full and possibly
over flow; if the module is receiving a continuous stream of RF
data, any serial data that arrives on the DI pin 1s placed in the DI
Buffer, the data m the DI buffer will be transmitted over-the-air
when the module is no longer receiving RF data in the network

3.2.3.2 Xbee Reciever

When RF data is recetved, the data cnters the DO buffer
and is sent out the serial porl to a second microconiroller, once the
DO Buffer reaches capacity, any additional ncoming RF data is
lost, as shown in the figure (3.26).
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Figure (3.26):- Internal Data Flow Diagram. |25]

The second microcontroller will enter it two di fTerent inputs, the
first one come from EMG device to control the motor movement to move
the hand, and the last one come from the X Bee receiver module to control
& five servo motors to move the fingers.

3.2.4 Servo Motors

We have to control the servo motors using the microcontroller, so
that when we move the fingers of the other hand nght, servo motors

maves are allowed to move the fingers of the infected hand also moved g
similar right Other Hand.,

Where they put the servo motors on the soles of the hand mnside
the plastic box, and connects with shafi cvery one of them copper wire is
strong and faul dramatically transmission as Hey, connecting joints
ferrous mounted on the fingers of the hand infected and in this way we
were able to move the fingers of the hand are easy to smooth close to
reality, as shown in figure (3.27).

-

Figure (3.27):- Servo Motor Place in The Design,
Palestive Falgiecunis Vawerslty
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We will use servo motor type of high torque — standard size
\FS5105B), is a powerful, low-cost, reliable servo for all your
mechatronic needs. This servo is able to take in 6 volts and deliver 8347
oz-in of maximum torque at 0.16 sec/60° and Rotation 180°, this is a
wugh little servo with a standard 3 pin powers and control cable, as
shown in figure (3.28).

Figure (3.28):- Servo Motor High Torque - Standard Size (FS5105B), [26]

We used servo motors because it contains many advantages such
as. a clear torque advantage for servo motors at the high speeds gained by
electric actuators, When high speed and high torque is required. a
significant edge goes o these type of motors, and A servo motor
continuously reads in current position data vs. the commanded position
data and provides current to the motor proportional to the degree of error.
In summary, the inherent use of an encoder aids the serve motor in ils
ability to have a position fault error limit, ther clear advantage of using a
servo motor is the capability of achieving high speed at relatively high
lorque values over a much larger amount of lime.

T'he motor can better handle dynamic loading applications. Due
to this extended time, a servo motor is capable of providing short bursts
of additional torque over the entire speed spectrum of cylinder length. In
situations where the load is dynamic, the reserve of torque allows more
changing and flexible motion control, a major weakness of servo motors
15 1ts cost due (o having the complex encoder feedback device in the
hardware, All of the performance capability comes at a premium cost.
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3.2.5 Power Circuit
3.2.5.1 Battaries (Power Supplies)

Any project in the electric field of industrial or other, where
slectronic or electrical picces need a feed source for the work, these
pieces differ in the amount of effort they need.

In our project there are several electric or electronic pieces need
%0 source feed and vary the amount of effort they need, for example to the
servo molors need to 5 'V and 12 V need amplifiers. microcontrollers also
require 5V and XBee needs 3.3 V, so we choose the battery gives a
farger effort our picce and we distribute the voltage on the other pieces by
asing the voltage dividers to reach the effort rcquired for each piece.

Our project is a exoskeleton of hand for the paralyzed, the
paralyzed person can't always stay close to the source of nutrition, so we
will use 12 V portable battery, we fix it on the side of the person to
facilitate the unimpeded movement, comes with this battery charger for
shipment when it will be discharges. as shown in figure (3.29).

Figure (3.29):- Portable Battery 12v DC, [27]
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3.2.5.2 Voltage Regulators

Regulators provide a power source which remains very close o
& fixed value, independent of the load placed on it, provided that the
current drawn doesn't exceed the rating of the device, the minimum and
mavimum output voltage specification for fixed voltage regulators
mdicated the values which can be expected with variations in load on the
device, the same specification for adjustable regulators indicated the
range of voltage output which can be achieved through external
component,

We used two types of voltage regulators, the first LD1117-3.3 V
for the XBee module, and the other is LMI084 5 V for the
mucrocontrollers and the servo motors, as shown in figure (3.30),

Figure (3.30):- Voltage Regulators. [28]
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Chapter Four

Calculations and Measurements

=1 EMG Device
+.1.1 Pre-Amplifier
4.1.2 Optical Isolation Circuit
4.1.3 Band-Reject Filter
+.1.4 Band-Pass Filter
+.1.5 Gain Amplifier
4.1.6 Precise Half - Wave Rectifier Circuit
4.1.7 Dual-Comparator

2 Selection the Appropriate Motor and Actuators
4.2.1 Static Analysis

4.2.2 Dynamic Analysis
=3 Gear Calculation

=4 Servo Motor Calculation
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In this chapter we will calculate every input and output value of the devices
20 out with the wanted results, for EMG device and DC motor practically.

A1 EMG Device

L1 Pre-Amplifier

The pre-amplifier circuit (Instrumentation amplifier usually with Av=10) is
wsed for picking up the unipolar EMG signals.

And we used IC represent this circuit called AD 620, as shown in figure
2 lg+h)

Fig=re (4.1a):- Pre-Amplifier Circuit Figure (4.1b):- AD620
‘mplementation,
Where R, the gain resistance is is used to determing the gain of the
amplifier.
494 k0
A = +3
RE

¢ used gain (A_) equal 10, then
1 R, — 5.48k0
R

4
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%, — 548 k0 ,is used to control in the gain .
. as tacked previous a potential waveform with an amplitude of 20-2000 uv
“8en V,=20-2000 pV, and Av=10,

“8en Vg of the pre-amplifier = 20-2000 gV * 10=0.2-20 mV. [31]

%12 Optical Isolation Circuit

Optical connection between the preamplifier and the band-reject filter
 A#=1), as shown in figurc (4.2),

[~ :
e . —ouT

v]p\;[ s --‘—:"'TI/

- 12w

Figure (4.2):- lsolation Circuit,

Av = ], lI'ICIl IrI,-_ l"'ﬂl'n"

80, Vopr= 0.2-20 mV,




Band-Reject Filter

The band-reject filter is used to remove the noise from power line (50 or 60
T

H(C=C,, Ri=R;, Ri=2R; and C=2C,), as shown in figure(4.3) then :

The center frequency can be calculated by:

1
fe = 27C1R1

LelC) = IpyF=C——~ Cy=2 uF . then
'ﬁ=]f[f623* I,uF}*‘ Rq] I:::}R|";3.2KQ=R3
———— > R;= 1.6 KQ. 0<R4 < (Rl +R2).

= 50 Hz

- 12w
+nE

2
1\.4;4.:}} =2

- - Nout
41 i

FRLTY
vy

2
R
Bho

Figure (4.3):- Band-Reject Filter Circuit, [31)

36




A Band-Pass Filter

The op-amp is used to construct an active 2™ order low-pass and high-pass
- As shown in figure (4. 4).

4 |
J— L L = [ | R

A&
=RE . A, I

| =&

E F |

] I

Figure (4.4):- Active Band-Pass Filter Circuit.

In Band-Pass Filter must a Av=1.36, to keep not increasing the noise of the

Ssmal
(Rg\
AR
1.56 = (£5)+]|:=“-..___,:- (%) —_ 1‘56

L&t K, = 100k0 and H., — 1800

= The range of the frequency for band pass filter between (6 - 30 Hz ) so .
Sech that, Fey, =6 Hz and F,, = 30Hz

- Suppose, C4=1 uF and C; =1yF,

Such that, Fryy — , then ;

1 EE-]r

6= 2 [ R, =265 k().

e*3.14+1 uF«F=
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S E‘T‘Rf"ci

Then, 30=———— c———> R, =53ka

Zx314+1uF=r,

0, Vorr= 1.56%(0.2-20) mV = (0.312 - 31.2) mV. |29]

» Tour

S.1L5 Gain Amplifier

In this stage we can amplify the signal to any wanted value without any
s¢. thal by use the gain amplifier, as shown in figure (4.5),

12V

T u

‘\_\‘_
— TE) OP-AMP

vouT

H9

-T2V

R0

Figure (4.5):- Gnin Amplifier Circuit.
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As shown in figure (3.5), Suppose R, = 100K . R, =700, then :

£ 100K12
e B

Ko foog

+1— 145,

en, 1, = 145 % (0.312-31.2) = (0.045-4.5) v. [31]

6 Precise Half-Wave Rectifier Circuit

In this stage, we aim to take (he positive part of the signal, so we will use
e precise half-wave rectifier, as shown in figure (4.6)

R12
r-___.v\!"r
=12V
(25
INPUT b
AAA oS D1

>_‘__“ OUTPUT
r}

L
I

Figure (4.6):- Precise Half-Wave Rectifier Circuit.
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Figure (4.7):- Input-output Relationship of Half-Wave Rectificr Circuit.

wssame R,, = R, = 1K

Weused R,y = R, until the output voltage is have the same of amplitude for
gt voltage, then V.= (0.045 - 4.5) V. [31]
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417 Dual-Comparator

In this stage we want to get Sv exactly, so we will use a comparator, such
et the value at pin number 4 equal 5V, and the value at pin number 5 it is the
“tput of the Precise half-wave rectifier circuit, the same thing for the second
—ssmparator, as shown in figure (4.8).

14 P L
G = = 3 NGO
Grownd 1 3 |LF [ 2 Oy 1
:'.‘.:rh,.-_ﬂr*_{.-.= reut ;[_J' ‘I" -, ] \"F""
arting Wik ? & l l = Il gl MIwErHrg g
-~ z . | " -_ ] My -imvearting ingut 2
: . |
Cstput L 8 Gro -

Figure (4.8):- LM319D Dual-Comparator Implementation,

Finally, because the output of the precise half-wave rectifier circuit is less
San 5V always, then the output of the EMG System cqual 5V,
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tiection the Appropriate Motor and Actuators

For preeise calculations of the appropriate motor that being used for
w2 exoskeleton hand. an analyzes of the forces acting on the arm being
“ucted in order to choose the motor can able to move this structure . Therefore

is a need to understand the concept of static and dynamies equilibrium and
“nz related tasks.

While statics is the study of structures at a fixed point in time, dynamics is
study of structures over a period of time. Basically statics describes things that
move, while dynamics describes things that do some movements. Statics is
serned with moments, forces, stresses, torque, pressure, cte. Dynamics is
cemed with displacement, velocity, acceleration, momentum, ete. If we want
=alculate and optimize forces generated or required for a moving Exo-skeleton
=rm, this chapter has the basics that we will need to understand. It is highly
~ssmmended you read the statics tutorial first as this tutorial will build ofT of it.

When one undertakes an analysis of any human movement, one must
W into account a number of forces acting on the system, to simplify the
blem for better understanding, a free body diagram is often used. A free
oy diagram is a stick figure drawing of the system showing the vector
wesentations of the external forces acting on the system. In biomechanics, the
wstem refers (o the total human body or parts of the human body and any other
“iects that may be important in the analysis [32).
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4.2.1 Static Analysis

The free body diagram as in figure (4.9), showing the vector
mepresentations ol the external forees acting on the system.

[ 3

(R ¥ ]

Figure (4.9):- Analysis Forces for The Frae Body Figure Diagram of The Arm.

The static case is devoted to Syslems at rest or moving at a constant
velocity. In both of these situations, the acceleration of the system is zero, When
the acceleration of a system is zero, the system is said to be in equilibrium. A
System is in equilibrium when, as stated in Newton's first law, it remains at rest
Or it is in motion at a constani velocity. [33]

In translational motion, when a system is in equilibrium, all forces that
are acting on the system cancel each other out, and the effect ic zero. That 1s, the
sum of all forces acting on the system must  fotal  zero, This is expressed
algebraically as:
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BB b =0 i b1

Fs Fr W, Wy =0 . (2).

Where:

F3 : force resulting of biceps muscles.

F,.: force resulting of triceps muscles,

W, The outeome of the weight of the arm and hand and Exo-skeleton.
W5 : Anexternal budy weigh!.

We will design a motor to compensate for the force resulting from the
muscles. The force/torque resulting from the motor must be equal the force/torque
from the muscles.

* To caleulate the force :
The force equals the weight of objects,
- Weight of the parts:
Table (4.1) Mean Segment Weights Expressed ag Percentages % of Total Body

Weight.
Segment Males (sample = 35) F emales (sample = 73)
Head 826 820
Whole trunk 565.10 5320
Thomx 2010 17.02
Abdomen 13.06 12.24
Pelvis 13.66 1598
Total arm 57T 4,97
Upper arm 3.25 290
Forearm and hand 252 207
Total leg 16.68 18.43
Thigh 10.50 11.75
Leg 475 535
F oot 1.43 1.33
Leg and Foot 6.18 6.68




1) Arm;

Arm mass varies from person to person and depends on the total mass of
suman body. We will calculate the weight of the arm based on previous studies

W Flagenhoef in 1983 accomplishing that applied on a sample of 37 men and 100
smen [34), as Lable (4.9).

Weight = mass * acceleration of gravity,
W& will be assumed the patient is male

And can be calculale as;
2) forearm:

Let body mass = 76.5 N, then the body weight equal:
Body weight = 76.5 *9.81 = 750 ke. N/s2=750N
The Forearm and THand weights can be calculate as:
Forcarm weight = 1.87% * total body weight

=0.0187* 750 N=14.025 N( [} )
b) Hand ;
Hand weight = 0.65% * towl body weight,
=0.0065*750=4.875 N ( [}

-) Exo-skeleton and other objects:
Assume; weight =80 N ( 1)

Total force = total weight = forearm weight + hand weight + Exo-skeleton
and other objects weight.

Total force = 14,025 +4.875 + 80 =98 9 N. C—> Total mass =10 Kg.

Therefore, you must be the force resulting from the motor greater or equal to
the sum of the forces acting on the arm to achieve equilibrium.
Fi> =989 N,

65




* To calculate the torque

Torque equals applicd force multiplied by the perpendicular distance (R)
rom the line of action of the force (o the pivot point.

To measure the perpendicular distance between the line of action of the force
and the pivot point we must identify the length of arm, then we identify the center
of mass for arm.

Depending on previous studies by Plagenhoef in 1083 accomplishing that
2pplied on a sample of 37 men and 100 women [25], as tables (4.2+4 3),

- Length of arm:

1) Forearm:

Length of forearm = 0,157 * total human length.
Let, total human fength = 170 ¢m.

Then, Iength of forearm = 0,157 * 170 =26.7 cm

2) Hand:
Length of hand =  0.0575 * total human length.
Then, length of hand = 0.0575 * 170 =9.775 em.




“able (4.2) Mean Segment Lengths Expressed as Percentages (%) of Total Body Height.

Segment Males (sample = 35) Females (sample = 73)
Head 10,19 1075
Trunk (hip to shoulder) 3000 2900
Thormax 1270 12.70
l Abd ormen 8.10 E:10
Pelvis 8.30 B30
Uppararm 1720 17.30

Thigh 2320 24 90
Leg 2470 2970
F oot 425 425
Biacromial 24 50 20.00
Biiliac 1130 1200

After identify the length of the forearm and the hand, now we can identify
2ie center mass of each,

= Center of mass :

Forearm center of mass = 43% * long of forearm
=043 *26,7=11.481 cm.
Hand center of mass = 46.8 % * long of hand
=0468* 9775 =45747 ¢m.

Let: - Exoskeleton I.ength = 36.5 cm.
- Exoskelelon Center of Mass = 18.25 ¢m.
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Table (4.3) Segmental Center of Gravity Locativns Expressed as Percentages {¥s) of
Segment Lengths Measured From The Proximal Ends,

TR e i e e
Segment Males (sample=T) Females (mmple=9)
Head and neck 550 550
Trunk 63.0 565
Upper arm 436 458
Thorax 561 5.3
Thigh 433 428
Leg 454 418
Foot 50.0 50.0
Abdomen and pelis 415 g0

Then, total torque = ¥(F = R) = [(forearm weight * Center of mass for
torcarm weight) + (Hand weight * Center of mass for hand) + (Exo-skeleton and
other objects * Center of mass for Exo-skeleton and other objccts)].

Tolal torque = [(14.025 N * 0.11481) + (4.875 N* 0.045747)+ ( 80 N #
0.1825)]

=1.61021 +0.2230167 + 14.6
=16.43 N.m
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4.2.2 Dynamic Analysis

The above equations only deal with the case where the Exo-skeleton is
seing held horizontally (not in motion). For the arm to move from a rest position,
acceleration is required. To solve for this added torque, it is known that the sum of
forques acting at a pivot point is equal to the moment of inertia (1) multiplied by
the angular acceleration (alpha). [35]

- To calculate the force acting on the axis:

Fp=my= @ v g equ.(1)

To calculate

B=— ... ..guw{ll); b :

v
8= = i 2qu.(1.2)

We must assume that the values of the time be suitable for moving the
hand properly. Then;

Assume:
t =13 second.
To find v:
[
x-*=; sssnnanss .. CGQU (1.3); but:
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¢ will caleulate the maximum circular di stance traveled round hand.
I'hen be angle =90 | so it becomes the length of the circular Arc, as shown

= fgure (4.10).

= 4?’5 — . »(0.182.

= 0.14326 m  ...... sub.ineou(1.3)

1=74 32 crm

H

r=18.25 cn

Figure (4.10):- Path Movement of The Arm.

_ 1 _ 014326 .
= o= = 0.02865 m/S ......... sub. in equ (1.2)
¥ _ U.0ZE85 . =y =
a= - = ; = (0.00573 m/s? i SUb. i 0qui1.1)
g= S 2N 0134 1/5° b, i 1
== o =B 8% st SUb iR e qu (1)
kg*m

Fo= m ~a=v, = 10 «0.0314+0.1825= (.0573 —

0




lcon Symbols used in equations:

m,: Total mass (hand and forearm and Exo-skeleton),

@ : angular acceleration
rs * Distance between shaft of motor to force acting on center of mass.,

a: Acceleration.

v : velocity

1:time.

I - The length of a quarter circular arc.

- To calculate the moment caused by the force:
Moment is equal to the output torque ol static and dynamic
M- =1~ @+ T e QU 2)

me+ 10+ (0.365)2

=5 12

=0111 kg.em® .. .. ... sub. i1 equ(2)

EME =lg=a | Ty = 0.111 +0.0314 | 16.43 = 154335 N.m

Where;

T. i output torque of static analysis,
[ :moment of inertia.

Safety factor: we must add additional torque fo the total output torque for
safety as equals;
Safety factor = 1.5 * total output torque.
=1.5%16.4335=24.65 N.m
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And to supplement the process of selecting the appropriate DC motor,
speed must be determined:

- 1o find speed:

W b0 .
= sns —r= vuw CEIA ’
- equ(3)
‘ 0.02865
Ws— =—""— (157 rad/seconde ... sub.in equ(3).
rn 0. 1L82E
0.137=50
=—— = 9 TS
= 0 rps
Where:
n: speed of molor in rpm,
w: angular speed |

=——= The appropriate DC motor speed and torque equal:
Speed = 90 rps.
Torque = 24.65 N.m




4.3 Gear Calculation

Motor driven systems usually have optimal motor speeds at which the
motor operates with the greatest power and efficiency. These motor speeds are
expressed in rotations per minute (RPM) of the motor shaft. In many applications,
this oplimal motor speed is not the optimal speed (RPM) at which the load should
be driven. Gearing is used in the form of differently sized gears. These gears are
attached to the motor shaft and load shaft. and are coupled together by inter-
meshed teeth. This produces a gear ratio, which is a dircct measure of the ratio of
molor shaft rotational speed to load shaft rotational speed. The gear divided into
IWo parts, a drive gear and driven gear.

A drive gear attached to the motor shaft and a driven gear attached to the
load shaft.

1) Gear ratio;
- Number of teeth on each gear used in the system:
Gear ratio is determined starting with the drive gear, so it should be noted
which gear in the gear load, counting from the drive gear fo the driven gear, has
whal number of tecth, figure(4.11).

Figure (4.11):- Structure of Gear. [36]

i3




And can be calculate as:

; nuriber of teeth for driven 12
Ciear Ratio = L L =— 15
numnber of teeth for drivs i

That means when motor turns 1 time the gear load turns 1.5 time.
2) Gear efficiency (n):

_ Inputpower _  impur speedsinpur torque  wysp,

auEpuT nawer nitiput speadcontput torque Waths

Outpul power =7 * input power

Assume 1=0.8

Quiput power=0.8*T, = w,

Output from the previous equations T, =24.65 and w, = 0,157

Output power=0.8%T, + w, = 0.8+ 2465+ 0157 = 3.1 wartt

After selecting the appropriate DC motor and gear we will link this gear with
Exo-skeleton.




4.4 Servo Motor Calculation

To calculate the torque load of the finger to select the suitable motor is
=apable of pulling the finger, was chosen motor is capable of pulling times a
sregnancy resulting from the withdrawal of the largest and longest finger, a middle
Smger in the hand, and thus the rest of the molor is able to pull the finger because
¢ other fingers smaller and shorter than the middie finger, therefore calculations
were only for the middle finger of the hand.

For adults, the weight of the middle finger of the hand almost = 150 um,
=d the distance from the center of mass of the finger to the end of the finger
almost = 8cm,

50, M =150 g and D = 8 ¢m. where: -
Mi-the weight of the middle finger of the hand. (Kg)
D:-the distance b=from the center of mass of the tinger to the end of it (m)
I ~torque load of the finger. (N.m)
Then, T=MD
=150 gm * 8cm = [200gm.cm = 0,012 N.m.

To a motor can carry a hand when it carry a light load, was double the
forque load, then the fotal load torque = 5*0.012 =0.06 N.m.

S0 were selected servo motors (orque is equal 0.34 N.m according to

datasheet for i,
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Will detailed explanation the work process that has been done as the
form of steps.

5.1 Mechanical Design
5.1,1 Hand Exoskeleton Design

Step 1:- Polyethylene is used for forming artificial arm that resembles
natural hand, as shown in figure (5.1).

Figure (5.1):- Forming Artificial Arm Using Polvethylene.

Polyethylene (PE) resins arc a general class of thermoplastics
produced from cthylene gas. Ethylene gas is derived from the cracking of
natural gas feed stocks or petroleum byproducts. Under broad ramges of
pressurcs, {emperutures and catalysts (depending PE type), ethylene
generally polymerizes to form very long polymer chains, this article is too
harsh, when placed in hot water becomes very soft take it out, and shape in
any way and after a while takes the desired shape. as shown in figure (5.2).




Figure (5.2):- Polyethylene Plate.

It was also a box of polvethylenc, which is a five of servo motors
with a specific shape as shown in the figure (5.3). where not inconsistent
shafts of this molors with each other.

Figure (5.3):- Fixed The Five Servo Motor in Box That Made of Polyethylene.
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Afler that, dish of sponge on the parties to the piecss to ensure the
protection of the patient from scratch, coverage pieces of leather plate to
give a form 1s nice and comfortable Lo the patient, as shown in figure (5.4),

Figure (5.4):- Pieces of Polyethylene Leather Covered.

Then we installed a DC motor on the first picce of figure (5.4), and
connect the shall of motor with gear, and connect a gear with anather gear
installed on the elbow by bell, then connect the second gear with the second
piece, as shown in figure (5.5).

Figure (5.5):- Mechanical Design of Hand.
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5.1.2 Fingers Exoskeleton Design

Was mstalled the Flex sensors on glove over the fingers of the right
hand. as shown in figure (5.6).
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Figure (5.6):- Installed The Flex Sensors on The Fingers

Was formed 3 pieces of polyethylene for each finger of the hand, as
shown in figure (5.7)
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Figure (5.7):- Formed Fingers of Hand Using Polyethylene,

And was installed each piece using the stud (o get stretched and
removed when necded, and the connection between these pieces by a small
spring replace the hinge. as shown in figure (5.8).

Figure (5.8):- Installed Euch Pieces Using Stud.
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And cach linger has been linked with a servo motor custom for him
using a very strong plastic cord, as shown in figure (5.9),

Figure (5.9) :- Connected The Servo Motors With The Fingers,

Finally, to come up with a complete mcchanical design of the
project, as shown in figure (5.10).

Figure (5.10):- Complete Mechanical Design of Exoskeleton.
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5.2 Electrical Design

The electrical design of the project was built in 3 circuits, and these
circuits have been designed using proteus 8 professional program. thesc
circuits are:-

5.2.1 EMG Clircuit

This circnit is designed to extract electrical muscle signal, then
amplified and filtered this signal to introduced to microcontrellers to control
the movement of the DC motor, where have pre-amplifier, optical isolation
circuit, band-reject [ilter, band-pass filter, gain amplifier, half-wave rectifier
and dual-comparator, where is drawn using proteus 8 professional program
as schematic, as shown in figure (5.11).

Figure (5.11):- Schematic of EMG Circuit,




And converted to PCB layout (o enter it to the electronic board
printed machine, as shown in figure (5.12),

Figure (5.12):- EMG Circuit on PCB Board.

5.2.2 Transmitter Circuit

This circuit 1s designed to take a signal of right fingers and enter it
to the microcontroller (ATMEGA 328P) and transfer it to transmitter Xbee
through serial bins to send it to the receiver Xbee wirelessly, where is drawn
using proteus 8 professional program as schematic, as shown in figure
(3.13),
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Figure (3.13):- Schematic of T ransmitter Circuit.

And converted to PCB layout to enter it to the electronic board
printed machine, as shown in figure (5.14),
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Figure (5.14):- Transmitter Circuit on PCB Board.,
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5.2.3 Receiver Circuit

This circuit designed to receive the text from the transmitter Xbee
through the receiver Xbee and enter it to the microcontroller (ATMEGA
328F), to control the 5 servo motors movements, where is drawn using
proteus 8 professional program as schematie, as shown in figure (5.15).

i AR

Banks, it s [ T T

Figure (5.15):- Schematic of Receiver Circuit.

And converted to PCB lavout to enter it to the electronic board
printed machine, as shown in figure (5.16),
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Figure (5.16):- Receiver Circuit on PCB Board.

5.3 Codes

In this scction will give the codes. that downloaded on the
microcontroller (ATMEGA 328P) using Ardumo shicld. such that: there are
two microcontroller (ATMEGA 328P), the first to read the signals from the
flex sensors and send that by the transmitter Xbee . and the second to read
the serial text from the receiver Xbee and send orders to the servo motors.




= The code for the first ATMEGA328P -

const it analogInPinl = AQ; Analog input pin thiat the fex

RNS0Ts -are attached Lo

constnt analoginPin2 = Al;

comstint analogInPind = A2;

constint analoginPimd = A3,

const int analoginPind = A4,

it sensorValuel = 0; value read from the flex sensors
il sensorValue = 0;

1 sensorValuel = (;
i sensorValued = (;

111 sensorValues = 0,
void setup() {
Serial. hegin(2600); £ inhialize senal communications al 9600 bps
i
void loop() {
read the analog in value

sensorValuel = analoolcad(analoglnPinl);

sensorValue2 = analog i cad(analogInPin2);

sensorValued = anulogRcad{analoginPind);

sensorValued = anulocicud(analogInPind);
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sensorValue$ = analog Read(analoglnPind);

map 1t to the range of the analog out:
sensorValuel = map(sensorValuel, 150,340, 180, 30); for small sensos
sensorValue2 = map(sensorValue2, 150,340, 180, 30);
sensorValue3 = map(sensorValue3, 512,614, 0, 180); (o the large sensors
sensorValued = map(sensorValued, 512,614, 0, 180):
sensorValueS = mup(sensorVahues, 512,614, 0, 180):

change the analoe out valie

print the results to the serial monitos

Seral print sensorValuel);
Sertal. print("a™);

serial prini(sensorValue2);
Serial.print("b"):

serul prini(sensorValued):
Senal print("c™);

serialprini(sensorValued )
Serial print(*d");

setial prini{sensorValucs);
Serial print(Me"):

delav(10):
1




- The code lor the second ATMEGAI28P--

ginclude <Servo h>
SErvo servol:

Servo servo;
Servo servo3;
Servo servod;
SETVO Servos;

1t motorPin=§;

nl analogPin=A(;
mt sensorvalue=(0;
void setup() {
ninMode(8,0UTPUT):
servol . uttach(2);
servo2.altach(3);
servod. atiach(4);
servod.attach(5);
servos . attach(6);

Serial_begin(9600);

Serial println("Ready");

H



loup() {
sensorvaluc=an:log K cad(analogPin);
f{sensorvalue>=70 & sensorvalue<=140)
{ dizualWrie(motorPin, TIIGH);

[
f

lal\Write(motorPin, LOW);




s o'

servo2.write(v);

v =)




5.4 Block Diagram of the Project

The figure (5.17) illustrates the general block diagram for our project.
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Figure (5.17):- The General Block Disgram of Praject.
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Chapter Six

Conclusions, Challenges and
Recommendation

*

6.1 Conclusions
6.2 Challenges

6.3 Recommendation
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6.1 Conclusions

|- The team extracted the muscle electrical signal through building a device
that sensing the difference voltage resulting from muscle and then amplified
and filtered it to aim of the abilily to deal with the resultant signal.

2- The team has implemented mechanism congruence between the
movement of non infected fingers and movement of infected fingers through
use a flex sensors to responds with fingers movement.

3~ The microcontroller was the human mind in this project. where the team
has done a program to control the movement of motors based on the
extracted signals.

4- The team used the ZIG BEE technology through piece called XBEL and
that to send signals wirelessly to avoid block the movement of paralyzed.

3-The team used two types of motors, the first is DC motor of adequate
capacity to do the hand-carry, and the second is servo motors o do the
[ingers movement.

6- The team designed the exoskeleton using Chemical material called
polyethylene for casy formed and solidity after restructuring,

6.2 Challenges

The challenge was to extract a signals of fingers, Where that this
moderation require a surgery to transplant the electrodes . that because the
responsible nerve that transfer the signals to fingers non surface and could
be reached only through the conduct of such eperations. The solution was,
the team has done to take these responsible signals to moving the tingers of
the infected hand m the non infected hand using flex sensors and send the
signals antenna to provide freedom of movement of the paralvzed.
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6.3 Recommendation

I- An alternative to taking fingers signals from the hand self’ using needle
electrodes recompense taking it from the fingers of the other hand.

2- An alternative (o using plastic cord that tension the fingers.

3- Improving electrical muscle for people who suffer from weakness in the
nervous system of gonorrhea in a certain way instead of going into the
enlarged and purified and control of the weak signals.

4- Work on moving the hand in three directions instead of Just moving it in
two directions.
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Typical Characteristics
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4N25/ 4N26/ AN27/ 4N28

Vishay Semiconductors

Optocoupler, Phototransistor Output, With Base Connection

Features

* Isclation Tesl Vollage 5300 Vg=

= Interfaces with Commeon Logic Families

* Input-oulput Coupling Capacitance < 0.5 pF
= Industry Slandard Dual-in-lina B-pin Package
« Lead-lree componenit

= Component in accordance to AoHS 2002/95/EC
and WEEE 2002/08/EC

Agency Approvals

= UL1I577. File No. E52744 Systlem Code H or J,
Double Protection

* DIN EM 60747-5-2 (VDEOSS4)
DIN EN 80747-5-5 panding
Avaitable with Option |

Applications

AC Maing Detection

Sead relay diving

Switch Mode Power Supply Feadback

Telephone Ring Deteclion

Logic Ground Isolation

~ogic Coupling wilh High Frequency Noise Rejection

Description

The 4N25 family is an Industry Standard Single Chan-
nal Phototransistor Coupler This family includes the
ANZE/ AN26/ AN2T/ ANZE. Each oplocouplar consists
of gallium arsenide infrared LED and a silican NPN
phototransistor.

These couplars are Underwriters Laboratories (LL)
Isted 1o comply with a 5300 Vemz isolation test voit-
aga. This isclation performance is accomplighed
mrough special Vishay manufaciuring process.
Compliance fo DIM EN 60747-5-2(VDEOSB4 ) DIN EN
B0747-5-5 pending partial dischargs isolation specifi-
cation |s available by ordering option?.

Bocumenl Number B37285
Reyv. 1.4, 26-Jan-05

|
2

v [
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These isclation processes and the Vishay 1508001
quality pregram results in tha highest isolation perfor-
mance available for 8 commercial plaslic photatrans-
Istor optocoupler.

The devicas ara also avaiiable in lead formed config-
uration sultable for surface mounting and are avail-
able either on tape and resl, or in standard tube
shipping containers.

Mote:

Far addilional design information see Applicaticn
Mota 45 Normalized Curves

|§'

1]
m

Order tnh;_:rmatiun

Purn Remarks

anzs CTH » 20 %, DiF-5

ANZE CTH » 20 %, DIF-8

ANITF CTH = 10 %, -8

4z CTA > 10 %, DIP-8

ANRS-XD06 CTH > 20 %, DiP-5 400 mi (otion §)
AN2F-XL0T CTA=> 20 %, SME-6 faptian 7)
4ND5-X000 CTR » 20 %, SUD-E (option 4)
4N2G-X006 | OTR > 20 %, CIP-6 400 mil {optian €)
ANSG-H007 CTH > 20 %%, SMO-5 (ogton 7)
ANDE-XD05 CTH =20 %, SMO-6 {option 9)
AMDT-NO0T COTA =10 4, BMD-2 foption 7)
ANZT- K000 CTH = 10 %, SMD-& (option 9)
ANZB-KD0S | CTR > 10 %, SMDS (option &)

Far addifonal information on the avaliable cptions refer to
Ciptian brofornnisticsn .

waw vishay som
1




25/ 4N26/ AN27/ 4N28

Semiconductors

plute Maximum Ratings
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current I = =i |
=srani Fe 141 fs- it is A _!
Z=aipalon Pis =E = [
Parsmeslar Test conditan Symbeil | Sl 1 Lrx T
See-amiiter breakdown voltege Veee | ™ v
fasa broakdown -.-ulﬁ:g'?: Vepe TS i
e curre 1 IC. = ESd =A
£ CiliThen lt<1.0ms e e -t |
dizslpaton 5 i =ik
Jier
Paramalar Tigt condiion Symibol W Eed
o= mat vollage Wisn 5300 g
T 274 L
e 270 m
on thicknese hetivean z04& =
& denotor
gatative frecking Incex TN IEG V2N DEDIN, part 1 75
Tesistance ‘u":,_= EDO Y, Tumn =25 "0 Ry o™ i
Vie= GO0V, Tamp = 10075 Ao W 4
= lemparalisne Taig 55 o« 150 *C
g lmmpuroling T et - 55 -+ 100 " I
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distance to sealing plane
2 1.5 mm
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VISHAY

4N25/ 4N26/ 4N27/ 4N28

Electrical Characteristics
Tamp = 26 "0, unlags ntherwize speciied
Winimum and maximum vaiues one iastng rogtiramants Typcs . S cSmsm—-—m—"e, . S-——. e g S ettt of enginosring
wvu o Bion, Typioal valoes are far indormalion oy and aremol e of B S S

Vishay Semiconductors

Input
Parameta: Tesl conditan Sgmre - E 3 iy Liniz
| Farward vohege"! bp = S0'mA We i3 15 W
| fsversa curram®’ V=30V = T =] )
| Capacitance V=0V (=5 = pF
Y indicates JEDEG regelarsd valuas
Output
| Paramels: Tast conditian | Pam S [ [ ) MEx unm
| Crllacinr-hass braskaown g = 100 uA B = | ¥
voltzga’! |
| Collector-emitter bragkdown Iz =1.0 mA Svege = | W
| vollega'!
| Emittar-colector breakdown by = 100 i o b k)
vidtage'!
lewleurk)! Vpe =10V, {base open) 4Nes 3 | % | nA
ANZE 55 50 | mA
ANV 2 50 A
4hz8 W | o M
logeldarky! Ve =10V, [emikeropsn) a2 | = na
Cnlisctor-emitier capacitsnos |VMge=0 S p . | _»
" mdlcatas JEDES raglsimrad valies
Coupler
- Frremete: Teat sonditicn Fan | Symbel | M B Mex | Una
teciation vattage! Feak, 60 Hz EHPS Vo =50 ¥
428 Vie 1500 v
£MZT Yia 1500
[ &Nz8 | Vg | 500 | v
Bawraton volage, colecir | lpg = 2.0 MA I = 50 mA — 13 r
emifter
Reslstance. nput outpur®! Vig= 50V Fig 10 s
Cepasitance {nputouatput) | =10 M-z Cig &= -4
' indicztes JEDEGC regislerad valies
Current Transfer Ratio
Parameter Test sondiiion Fart Symbao M e M | Lnt
DG Gurrent Transtar Flane’! | Yge=10V, lp= 10 mA ANZS | CTHog 20 & =
4N26 | CTApe 20 5 =
ANZ? | CTRac 10 3 =
428 CTRae 10 0 ' =

" indicetes JEDEC registored vakip

Docoment Mamber 33728

Few. 1.4, 26-Jan-0b
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25/ AN26/ 4AN27/ 4N28

y Semiconductors

hing Characteristics
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4N25/ AN26/ 4AN27/ 4N28
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5/ AN26/ 4N27/ 4N28

y Semiconductors
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4N25/ 4N26/ 4N27/ 4N28 ‘

v Vishay Semiconductors ‘

T
VISHAY

Package Dimensions in Inches (mm)

Sar dNZERAET. . see DILA0O-5 Packape dmension in the Packane Sacten
For ANZE and for produsts with on option designatar (e.g. GN25-X007 or SNIETDET. s IS Ssewsce Smensions nihe PRzimge
Section.

DIL300-8 Package Dimeangions

2.8 max,

Em |~ B moe

B min,

e
05E o i !
| 1156 £3 may,
k ; .
L 0L nom. =y
T: 308 ‘nom
A -
P werphl - w050
= freepiigh dictunes ; « fom 31 69
S oir path 5 Emm B
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vH =]
} A

DIP-8 Package Dimensions
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y Semiconductors
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'-Y' 4N25/ 4N26/ AN27/ 4N28

Vishay Semiconductors

Ozone Depleting Substances Policy Statement

% is the policy of Vishay Semiconductor GmbH to
I. Meet ail presant and futura national and international stalUiony egurssanis

2. Reguiarly and centinuously improve the performance ¢f our products. peocesses. disirbution and
oparatingsystems with respect to thair impact on the health and safety of our emofoyvees and the public, as
well as thelr impact on the environmenl.

% is pardictlar concarn to control ar eliminale releases of those subsiances Win Be @mcsphers which are
snown a8 czone depleting substances (ODSE).

The Montreal Frotocol (1987) and Its London Amendmenis (1890) infend 0 sswessly /=sing the use of ODSs
a&nd Torbid their use within the next len years. Various nalional and mismabons relsives a2 oressing for an
sarfier ban on these subsiances.

Vishay Semiconducior GmbH has been able to usa its policy of continuous Improsermenss B alminate e use
f ODSs listad in the following decuments.

1. Annex A, B and list of transitional substances of the Montreal Protocol ana e Loncon Amandmenis
respectively

2 Class | and |l ozone depleting substances in the Clean Air Acl Amandments of 1880 oy & Envionmental
Protection Agency (EPA) in tha USA

3. Councll Decision 88/840/EEC and 91/630/EEC Annex A, B and C {transiional subsisnces) respaciively

Vishay Semiconductor GmbH can ceriify that cur semiconducion arg not manuiscisd wh azone deplsting
substances and do not contain such substances.

Wae reserve the right 10 makse changes to improve technical desan
and may do so without further nofice.
Parametars can vary in different applications. All operaling parameisrs mus b= valcsisd for sach
cuslomer application by the customar. Should the buyer use Vishay Semiconducions products for any
unimtended or unauthorized application, tha buyver shall indemnify Vishay Semiconsuciors against all
claims, costy, damages, and expenses, arising out of, diractly or indirectly, any cias of parsonal
damaqge, injury or death associated with such Unintended or unsuthonrad w=e

Vishay Semiconductor GmbH, P.O.B. 3535, D-74025 Heiloronn, Germany
Telephone: 45 (0)7131 67 2831, Fax number: 40 (0j7131 67 2223

Dincumand Mumber AST2S warw. vighay. com
Aev. 1.4, 28-lan-05 g
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LM741
Single Operational Amplifier

weww falrchildseml.com

Features Descrigtion

* Shory circuit protedon The LWOE s g SEper pemoms £1000
« Excellen temperatun: stability e ks i e s e mgs o sy mpicies
= Intomal froquoncy eompensation The = pan sk =mge = Je—Emy wkm= o oo
» High Input voltage range U 1 - F S
= Wull of offset wrncrzl Erdhech seScams

B-DIP

&

B-80P

L3

Internal Block Diagram

g (8) nc

IN (- ‘ o Voo
IN {+) (8) outeur
vee (4) N

Fev. 1.0.1

52001 Fairchild Samicenducior Corporslian
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Schematic Diagram

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Value Unit
Supply Voltage Voo 218 v
Ovfterential Input \oliags VIDIFF) 3 v
input Voliage N v
Dutput 8hert Circuit Duralion . Indefinita - |
Fower Dissipalion FD 500 =
Operating Temperature Fange
LMT31C ToPr 0~+T0 C
LM741] 40 = +B5
Storage Temperaiure Range 187G -85 ~ + 150 =
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Electrical Characteristics
(Ve =15V Vg =~ 15V, Ta = 258 “C, unless otherwise spacifi=d)
Paramater Symbaol Conditions IL_"H Sl Unvit
| Min. | Typ. | Max,
Re< 10Kl | - | 20| &0
mput Offsel Volage Vi Ra<00 - : ; mv/
:;:;D"m" ::::gﬂ Vior) | Vieo =20V . +15 - my
input Cifsel Curment i[e] 2 ! Z0 200 nA
input Bias Currant inAs - - | 80 SO0 nA
input Rasistance (Nats) =] Voo ==20V I &3 20 - L
input Vollage Range ViR - ECIESERE W
| roska (Ve ] - | -
Large Signal Voltage Gam Gy 7 T - L AImy
e I3 | - |
Voie-Fp=210W | | |
Dutput Short Circuit Cumrent lag - | - |25 ] - | ma
| Vge = 420V | Ruz10KD I - == |
Output Violtage Swing | voirs) Al = B v
A, Vieo = +18V | RL=10KD 17 | ¥4 - |
RLz2KL) £10 | 283 -
T RS<10KLL VoM = L12V [0 [se] - |
Common Moede Rejection Ratio CMRR RE<500 Ven = 212V . = dB
Voo = +15V 16 Vioe = 115 | ~toonls 1}
Power Supply Rejection Ratio SRR | Loook! : | | @8
Vec=tEVeVoc=+18V | | oo | | |
| Re<10KD | i |
Transienl Rise Time TR Unity Gain i - a3 - | p=
Responsa Owvershool i | - 1c 1 %
| Bandwidth B - - - - | W
Slew Rate SR | Unty Gain = 1088 = || s
Supply Curreni lcc  [Ri=-R - 115] 28 | mA
| Fower Consumption PLC i el N = iy
Voo = 1158V - 50 as |
Note
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Electrical Characteristics

PC <Ta<T0°C Vor = 115V, unless othenwise Specsesh
The fallowing specification apply over ihe range of TS TRE SR ST e L7410 and the 40C = TAS+ES7C

o the LMT41] _
Paramatar Symbal [ = i :TJ*E:.MT:IL Unit ‘
mput Offsel Votage vio oo - I mv |
RS<10KL2 - | - IS
mput Offsel Voltage Drif AOIAT 3 = = 3
mput Offsel Currant |[s} - - - | X E
Input Offset Current Drifi Alic/AT - - = | av T
input Bias Current IBiAS = - - T8 | A
rout Resistance (Mote) Ry Ve = L20V - S e
input Voitage Range Vi(m) 3 - ] - v
Voo =120V ot |
Rs=2E0) - -
Culput Voliage Swing Vorm [— - Re=10KD =l - v
e | Re=2K0 Smi =S, - |
Output Short Gircult Current Isc - JE RN
. _ Rs<10K0, Vom= =12V w = - =
Cormmon Made Rejection Ralio CMRR ~Re<B00 Vo = L12v = F 5 1 =
Pawer Supply Refaction Ratio PSRR ‘:DEJI_:E: o % __Tr_! ; —= =
- | vee = +20v . TASER
Vig{pp) = +15V .
Large Signal Voltage Gain av Ra22K1l ngp;flfﬂw | = | -
Voo =15V, ) i =
| Vop-py ==2V |
Mote |

{ Guarantasd by dasign.




RILIR

Ail

H

Typical Performance Characteristics
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Figura E. Input Offsat Current v& Ambient Tamparsiure
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Figure 2, input Rasistance and Input
Capacitance ve Froquency
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Figure 4. Power Consumption vs Armbient Temparature
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Figure &. Input Resisience ve Ambient Temperature
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Figure 7. Normalized DC Parameters vs
Ambient Tamperature
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Figure 8, Frequancy Characteristics ve Supply Voltage
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Figure 8, Froquency Chamctaristics ve
Ambient Temperature

Figure 10. Output Short Circult Current vs
Ambient Temperaturs
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8 SEmiconductons Linsar Prodecss

Dual voltage comparator

ESCRIPTION
LM318 sardes s preceion high-spasd dusl comeesses
cated on & singla monolithic Ship. Thay ans ossg
a'wida range of supply voltages down o = sl SV age
sply amd guound. Furthar, they have highar galn 2as e Soal
=n1s than devizes fike the wAT10. The uncommines colecsse o
sutpt lage makas tha LMSAS compatble with 7L DTL. e
L 3= wall az canapia of driving lamps 8 releys al oress e .

= =t ﬂuwmnmrmuMi:MrmuHmupgl-l-
= gl supslias, tha L W31E aeries am lully specfied for powes
sofies U o415V, It faatures Taster razponse thai the LM =
eeparsg of higher power dssipation. Howeser, the high-spess,
. mﬁgmwmﬂh%ﬁﬂnﬁn
M9 muph more versatile than older dovices (ke te pATI!.

\TURES
Ty indepenoent comparators

 Cparatas from a siighe BV supply
Tynically BOns rasponss time at1sy
Mnimum fanoul of 3 {erch Bide)

SOUINVALENT SCHEMATIC

gust 51, 1454




p= Samicondusiors Linsar Products Feahes szachication

Dual voltage comparator LM219/319
SOERING INFORMATION
DESCRIPTION TEMPERATLEE DWG §
Practc Small Dulling (S0) Package T = P e
Plaetic Smeld Dutline {50) Package D =7C e TS0
5 Plagtic Dus! lr-Lins Package (DIF) 0Tt . =]
SSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER
= Total supaly vEge

Ot 1 negative supply vollape

Grerund bo negative supply voltega
Ground 1o postive supply voltage

Giferarvil Input volt=gs

input voitage!
Mazimum o digsipation, Ta=25"C {atll-alrr
M package
[ packape
Onifput short-grout duratian
Crparating ten peraturs mnge A28
3 Loa319

G Slorags Wmperaie Enoe

Laad ackderig lemparature (10560 Max)

Sl L
OTES:
Fow supply valtagas lezs than £15V, the shanluts e rating s equat 1o ta supply woless
Domle above 25°C, &l the foliowing rates

N packags at 11 AmWnC

O pacxage 8t B AMWSG

*" ELECTRICAL CHARACTERISTICS
Ce18y 250 €T CBE°C for LMZ18, 0°C s Tas T0°C for LM318, unless olfierwiss spesies

e
TYMBOL | PARAMETER TEST CONDITIONS B T | —= T
Imenst olfea! voltaga!: ¢ e i ol - 1 o =2
gl | Civer tamp. 7 =
2 '_p,'-'F‘Ev"C = =
Inpul offset cUrmen:’ © Oerisme, - = £
| ngpiat s e Ta=25'C B E 4 A
Chvar lemp- == —_ =i
Voltage gaT T=25°C il & wm—
Vg 10mY, Iy 1=25mA, Tp=25"C, = S g =
I o Saluration valiags Wiz S, VT o SO .
I Wpe-1am, lour=3.2mA 3 § Bl = | La
= Oulpul lank=Ege current VemOV, ¥ WmV
Vit =3aW, Ta=28°0 a2 k4 = - =2
Wa=TliV =13 >
'™ (ke el i V=BV, =y 1 1 4 3
= Diflsreniial [nput veltage = = ‘
- Postive sLpply cLmenl Vo5V, V=1V, [5-25'C a3 £
- Positive eUpply oUmEnl Ve=t18Y, To=25'C ez | =8 -
F- Megathe supply eenant Vig=t 15V, Ta=2bC 8 | &8 -
WOTES:
Vs, |ns and igspeciicationa epply for & eupply votags mnge of V57115V oown (o3 Sngie S sES
1 The t waltages and offsat curmanis gven are the maximum veluas requirsd 1o drive —

e
losd. Thus tFese nammmstars cefing anarro: band and Eke initg ancour e worst e sfecs B -

Buonist 31, 10d
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ss Sermieonducions Linear Products Produrt specificston

Dual voltage comparator LM219/319
ELECTRIGAL CHARACTERISTICS
FYMBEOL PARAMETER TEST CONDITESS ' = UNIT
Responss tina' mﬂﬁ: = 5

e response time specibod fs for & 100mY slep Wi SV overdive.

2T CIRCUIT

] .

i

gusl 31, 1984



Semicanductors Linsar Praducs

8 Srevial speaification
Dual voltage comparator LM219/319
- —_
ICAL PERFORMANCE C - -
Response Timmier Wan |
Tranefer Functicn INPHE Dversrwe
et 8 v i e e 2 N Wi
ae | Vmio=imd —_— ’ MW 50
T R = tdEn / | ] E = PRk
i i J‘ s B3 : “§ “a
- | 5 i I i
- S $ Lr -IDE " = LAY 2omi
ins jf - unﬁ : . B 3 o L'l's_\f:‘-'ﬁ -—
1a inﬁ E . = Taw 5';?: —
= I i lI:: !E : 4 b - lT'*'-H =)
- 1 | i
usésé“ | n . 1 | Il
(N!] i B2 B LH - | 13 '.'I & = 100156 00 I8 308 A0
DIFFERENTIAL MPLT VOLTAEF - TIME — s
(e T for Varlous
Input Charactaristics gt Crverdrivas
e i o i
g eI == Eg 30
E a0 L, J’L - g "‘1:-: 1I=|-n.:
E | | = Hirwd |
5 0075 T i :
Z : jos B8 .
= | ] E .*}7 & oy 7]
E i l kg © =
2 ! ool i
o - = :E &3
MARIUSA [ FFERERTIAL ] & el 1
100 i ] o = g
<0 &0 2@ ®0 Bl T & 5o F_
(MFFEREMTIAL INFUT YOLTAGE = ¥
Ouiput Enturaiion Vollage Supply Cu
157 / T ] 12‘| 1
To = 210 1'.
1"
o I’ i P:-!T".-E?.HLJ ! *
-

OUTPUT GLAFENT - mh

1l / | § :
m:; / ' E : ../* I'
;’f e | 1 LIt
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Eamioonduchrs Linear Produects P o= epaciticathin

-

Sual voltage comparator EEE18/319

AL PERFORMANCE CHARACTERISTICS [Comimuns

Inpui Currsnis Lo i =iz Hupply Currant
=S - T L 1 = B '
i i £4 : =
ForYh ! == = = j r—ﬂlJHﬂ.‘n"q'FlﬂS'h
1 \ B W i
B E PR e ~HE R . b
12
=5 5 | ]
g 15 | - -
™ g He- L0 TO - -—.-w-:r—--.-s usrw -"q i
il = a0
g w‘p

o | omser L} | 2

| H‘"—" I A I.'S--m' g™ =!.-'l'-l
ol | = ,I_| EEL

£5 «5 § e B 25 A .'l 45 - =
TEMPERATUAE - =0 TEMPERATIHE - =&
AL APPLICATIONS
™ i
1 a & |

T I
Ralsy Driver
THd
EE < i
E
® I 3: "
(5.1
Yur L
Yy —— ]
r |
|
W a——t=
s —
t— W ——— |
% EE i L[
Window Detector | BN 1
WEITE: i = 5
1 Fagaaney adusr sl ba b fiomi for Ry = 108

WoiIT =0 for W) g = Wi <N
WU = ar g S VLY e Vi S LT
Wide Range Variable Osciilator

4731, 1684 281




= function Asdging tunclion
. (PCINT14/RESET) PCSLY" al PCS (ADCSSCUPCINT Y araiog inpar 5
g O (RX) (PCINT16/RXD) POOLY? N PCA (ADCASONPONT I anaiog ot 4
g 1 (TX) (PCINT17/TXD) PD1LJE [ PC3 (ADCIFCINT Y araiog rput 3
& pen 2 {PCINT12/INTO) PD2L}¢ 2] PC2 (ADC2PTINT IO} araiog woUt 2
: pin 3 (PWM) (PCINT19/0C28/NT1) PD3[] 217 PC1 (ADCHPCINTS) anaiog g !
pin 4 (PCINT20/XCKIT0) FD4 L3¢ nl] PCO (ADCOPCINTE) aradog wpu 0
veelr zl) GND GND
GND[]}= = [0 AREF anaiog relererce
{PCINTE/XTAL1/TOSC1) PBsCEs =) AVCC VCC
(PCINT7/XTAL2TOSCZ) PBT[]w ] PBS (SCK/PCINTS) agial pn 13
pin 5 (PWM) (PCINT21/0C0B/T1) PDSLY™ w1 PB4 (MISOPCINTA) gigaal pin 12
s €& (PWM)  (PCINT22/0C0AAING) PD6 [4+2 111 PB3 (MOSVOC2APCINTS) agaal pe 11(FWA)
pin 7 (PCINT23/AINT) PO7L]S w|) PB2 (SS/IOCI1BPCINTE) Ggtal pn 20 (PWM)
o B (PCINTO/ICLKOACP1) PBO L} 1wl PB1 (OC1APCINT 1} dgtsi pn 9 (P |
Dugital P 19 i?ﬁ!aaumwmnll}-ﬂmwvﬁj I
IACXEN wmﬂrmlm pirs 17 18E 15 R o i
ﬁaﬂmrﬂﬁmmnmw usny he TS5 naader




FLEX SENSOR
Feawres I

- Angle Displacsemers Mazsuremenl
- Bands and Flasss phwssrslly with motion device
- Possible Usss

- Robolics

- Gaming (Viresal Mooon)

- Medical Cewoes

Mechanical Specifications’ =il Electrical SpeccasonsillE

-Lifa Cycla: =1 millian -Flat Resisiance: 10K Dferg
-Height: s0.43mm (0.017") -Resistancs Tolsanoe «50%
-Temparature Range: -35°C to +80°C -Bend Resistance Range 50K o 110K Ohms
-Powar Rating - 0.50 Wass commaous. 1 Watt
Peak

Dimensional Diagram - Stock Flex Sens

- PART LENGTH
11224 [4.479)] =
A ACTIVE LENGTH
£.35 [0.250] . 96,25 [3.750] —

How to Order - Stock Flex Sensor

‘ F& = Flex Sensor \ L = Linesar \

How It Works

Flat (nominal resfstance)
45° Bend (Increased resistance)
50" Bend [resistance Increased further)

Rev Al - Page 1 (BBB) 795-2283
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BASK FLES SENGOR TRCUT
Ve
=
[ 1
R .
[ 1
NOLTAGE
DIVIDER
= d==)
= —— Bl = + &

Following are notes from the: [T M Semss E——

& impedance buffer in the [Basic Flex Sensor Circuil] (pbove) & = Srpie SR S SeC Wi theas
sors because the low bias cument of the op emp reduces smes o T e mpemmrer o D= fes gensot al
tage divider. Suggested op amps are the LM358 or LMf324.°

o can alsa tast your flex sensor Using the simplest croul, Bnc ke B o ="

idjustable Buffer - a potentiometer can be added to the |

it to adjust the sensitivity range.” , o
w :-
g = 5 nf =%
t ™ - -

able Deflection Threshold Switch - an op amp s usad

e outputs elther high or low depanding on the vaoltage of the ' A —

svariing inpul. In this way you can use the flex sensor as &
ich without gaing through & micracontrolier.”

-
——
. - : —— l‘j_

L

Berdd Genscer
-

“Fs=istance to VoHage Converter - use INe SENSOr a8 tha
wout of a resistance to vollage converter using a dual sided THEE A ——

% -; o
=ipply op-amp. A negative refarence voltage will give a postive =
wiput, Should ba used In siluations when Yol wanl output atz "=
sw degres of bending.” 4 E .
| m
| -
—

4

trasymbol.com Page 2 (B88) Te5-2283




Window power DC Motor LH

Quiek Detalls

Mae i Onan Taan S are Redeor Rt Y
D0t i indos Lielr Bnetise:
il Ao sttomodie sarts

Packaging & Delivery

Specifications

R
ForAS1A 0% poer i ot
Mhice<ia:

{ S0 1) 2 2, 308 I o 120, 184 ma for 244

Lo automalion praducks_ ek

$002) 24 ioghan

4R3te0 e 3 <+ |
5 nstisbonrasistaeos: T ohn min

LoV Hoia<alds

T 06H00N




Window power DC Motor LH




Window power DC Motor LH
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MOTOR SPECIFICATION
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