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ِِABSTRACT

The project team proposes to construct, build and test an

EMG (Electromyography) device that detects the electrical activity

of a muscle by means of electrodes placed over the surface of the

skin.

After detecting the signal generated by the contraction of the

skeletal muscle, we will use the signal to start a moving system,

such as a system of artificial parts.

Nowadays, this idea seems to be the central core in the most

cases of designing artificial parts; taking into consideration that

many other designs use other principles such as neural activity or

tendons mechanical activity; but in this project just the

myoelectric activity is used to simulate the operation of an

artificial part.

This report contains the design for the project and the steps

done by the project team so as to accomplish the objectives of this
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project, by implementing and testing each individual subsystem

in the project; and finally testing the whole project as one unit and

getting the results.
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المشروعملخص

لات      بحمد االله تمفي ھذا المشروع  یط العض از تخط ص جھ ب وفح بناء وتركی

ة     رودات خاص تخدام الكت لات باس ائي للعض اط الكھرب جیل النش تخدم لتس ذي یس وال

.جسم المریضسطح تثبت على

د عملیو بط ةبع د وض ارةتحدی لة، الإش اض العض ة انقب ن عملی ة ع الناتج

ذه الا  جلھ   استخدمت ھ ارة المس ي عملیش ل      ةف ائي مث ام كھرب ة نظ دء حرك ة ب الأنظم

.صطناعیة لمساعدة ذوي الاحتیاجات الخاصةالإللأطرافالمكونة 

م الأ       میم معظ ي تص وي ف رئیس والحی ر ال راف  حیث تمثل ھذه الفكرة العنص ط

ناعی ار    ةالص ین الأعتب ذ بع ع الأخ الي ، م ا الح ي وقتن اك أف ن  أن ھن د م ا العدی یض

ة ،   التصمیمات تستخدم ركائز أخرى كالنشاط العصبي  انیكي للأربط أو النشاط المیك

اة            میم محاك دف تص لة بھ ة للعض ارة الكھربائی تخدام الإش ط باس ا فق د قمن ولكننا ھنا ق

.بسیطة لعمل ھذه الاطراف

ر عل ذا التقری وي ھ م     ىیحت ي ت ل الت روع والمراح یلي للمش میم التفص التص

ي        ات ل ف ي تتمث روع والت ذا المش ن ھ وة م باعھا من أجل الوصول إلى الأھداف المرج
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ا،  ةتركیب وفحص كل مرحل جزئیة من مراحل المشروع على حدة والتأكد من ناتجھ

.ثم تجمیع ھذه المراحل كوحدة واحدة ثم فحصھا وعرض النتائج
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Chapter One

Introduction

1.1 Overview

Nowadays, our world becomes a huge field for the development and evolution

through out various areas, such as scientific and cultural fields. This evolution is used in

most cases for solving our problems, or making our life easier.

Our aim from this design is to provide a simple and basic idea for helping people

with special needs; mainly people who has a cutoff or missing biological parts.

Prosthetic science uses many techniques to compensate those special needs people even

partially, by providing them with artificial parts.

In our project of "Design and Implementation of a Myoelectric control Medical

System", we aim to provide a simple, basic implementation for an EMG

(electromyography) – artificial controlled device; which depends mainly on the

technique of sensing, detecting, and recording of electrical activity of the muscle,

namely "EMG" (electromyography) technique.
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The EMG technique is widely used in the medical field, for diagnosis and also

treatment of many muscle disorders using different methods of analysis. But in our

project, we will use it only to control a medical movement system, and this will be

viewed through the project.

1.2 Literature Review

When we decide to work at this project, the first thing to do was providing a full,

explaining view about the ideas contained inside our project. So we perform a literature

review about our project and its idea.

After our research, we get the following projects sharing some ideas with our

project, list as follow:

1. EMG With Weight Adjustment.

Brandon Ceaser, Andy Eddleman, Robert Lewton 9/12/2007

This project creates a system that will detect and analyze bicep muscle strain

during a lift and automatically adjust the weight lifted to keep the strain on the users

muscle in the optimal range for strength training.  The strain on the muscle will be

measured using an EMG.  This signal will be amplified and then sent through signal

processing.  The evaluation of the EMG signal will determine if the load that the user is
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lifting needs to be automatically adjusted and send out a signal to do so, removing all

responsibility from the user.

2. Surface Electromyography and Muscle Fatigue.

Eric Beltt May 9, 2002

The objective of this experiment was to confirm that the frequency spectrum of

an EMG signal shifts to lower frequencies as a muscle, under voluntary contraction,

fatigues.  The primary motivation for the experiment, however, was to gain engineering

experience through the design and construction of the actual apparatus used to measure

the EMG signal.

3. Wireless Electromyograph.

Arthur Gariety and Benjamin Madoff

This project implements a wireless surface electromyograph that displays the

signal using a television as an oscilloscope.

Electromyography detects the electrical signals that the human body generates to

contract muscles. Detecting very low voltages in the milliVolt range on the skin surface

is not a trivial task. EMG signals are inherently low frequency signals. The human body

is a great antenna and filtering out RF and 60Hz power system noise is essential to

observing the EMG signal. Converting the analog EMG signal to digital and transmitting

using a wireless transmission protocol was an effective way to electrically isolate the
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human. The transmitted EMG data was displayed on a television we setup to be a virtual

oscilloscope.

1.3 Scheduling Table

The time planning includes two time estimation schedules; the first one show what

has been done in the first semester, and the second shows the scheduling time of the

second semester. This time management clarifies each step of the project and guarantees

the full completion of the overall system.

The  timing  management  will  divide  the  system  hierarchy  according  to  the

actions::

T1: Project Preparation: the aim of this stage is to specify the main objectives of the

project, on the other hand the initial information will be collected and discussed; finally

to determine the tasks should be executed through out the project .

T2: Analyzing Project Levels: a comprehensive study to the different levels of the

project, the Literature Review, and the design alternatives will be done at this stage.

T3: Analyzing Project Demands: to execute the determined tasks, to provide the

project requirements, and finally handling the collected information are the aims of this

stage.



6

T4: Conceptual Design: in this stage of project the main objectives, the design of the

general block diagram and how our system operates will be discussed and explained.

T5: Detailed Project Design and Schematic Analysis: this stage contains the detailed

design of each subsystem included in the project in conjunction with designing the

schematic of each subsystem.

T6: Writing the Documentation: the writing began from the first phase to the last one

in parallel.

T7: Implementing Circuits in Subsystems: starting by the power supply subsystem, the

subsystems are constructed and the connections between them are implemented

practically.

T8: Testing Subsystems: in this part; the testing of each individual subsystem is done so

as to be sure that it works as planed in our design.

T9: Design and Implementation of Software: this stage expresses the programming

and then implements it through the PIC component.

T10: Overall System Testing: the whole components of the project will be tested in this

stage so as to see the validity and the efficiency of the design.

T11: Final Documentation Writing: the final documentation will be written in a

parallel way with the practical implementation (last stages) of the project.
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Table (1.1): The Task Duration

Task Name
Duration

(week)
Start Finish Dependencies

T1 Project Preparation 2 Sat 9/22/07 Thu 10/4/07 ----------

T2 Analyzing Project Levels 5 Sat 9/22/07 Wed 10/24/07 ----------

T3 Analyzing Project Demands 3 Thu 10/25/07 Wed 11/14/07 T1, T2

T4 Conceptual Design 3 Thu 11/15/07 Wed 12/5/07 T3

T5
Detailed Project Design and

Schematic Analysis
3 Thu 12/6/07 Wed 12/26/07 T4

T6 Writing the Documentation 14 Sat 9/22/07 Wed 12/26/07 ----------

T7
Implementing Circuits in

Subsystems
7 Sun 24/02/08 Thu 10/04/08 ----------

T8 Testing Subsystems 3 Sun 13/04/08 Thu 01/05/08 T7

T9
Design and Implementation of

Software
2 Sun 04/05/08 Thu 15/05/08 T7, T8

T10 Overall System Testing 2 Sun 18/05/08 Thu 29/05/08 T7, T8 , T9

T11 Final Documentation writing 14 Wed 27/02/08 Thu 29/05/08 ----------
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Fig (1.1): Timing plane for first semester.

Fig (1.2): Timing plane for second semester.

1.4 Estimated Cost

In this section we provide the overall expected cost of the requests and equipments

that will be used in our project.
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The following table implements the hardware costs; detailing the major parts that

will be used for our project.

Table (1.2): Hardware Cost

1.5 Project Risk Management

In the design, implementation, and test of this project we expect many problems in

different field to appear; and so we will try to avoid and resolve each of those problems.

1.5.1 Hardware Risks

The most important hardware parts in our project are the PIC 16F84 IC and the

Surface electrodes. The predicted risks are:

 The surface electrodes don't respond, so no output signal.

Component Cost

PIC 16F84  IC $20.00

Surface Electrodes $10.00

Lead Wires $40.00

Electronics $40.00
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 PIC 16F84 doesn't work properly.

 Damaging the ICs used through exceptional and unexpected high voltage.

1.5.2 Group Risks

 Illness of one or more of group members.

 Group meeting difficulties.

1.5.3 Project Risks

 Inaccurate schedule.

 Latency in getting equipments.

Recovery

 Implementing the project earlier.

 Request equipments needed earlier.

 Use alternate devices with the same functionality and less cost.
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1.6 Human Development Resources

The team is composed entirely of Two Biomedical Engineering undergraduate

students who are interested in medical control field.

The project Team: Hamdah M. Elyan and Motaz M. Awawdeh

Supervisor:   Eng. Abdallah Arman

1.7 Report Road Map

Our documentation is divided into many parts. The following titles explain shortly

the contents of each chapter:

Chapter 1: Introduction

An overview, literature review, and project scheduling will be shown in this

chapter in conjunction with the estimated cost, Project risks, and Human Development

Resources.
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Chapter 2: Theoretical Background

The muscle physiological structure, the project main idea (theory), and the project

components will be explained in this section.

Chapter 3: Project Conceptual Design

At this chapter we will view the project objectives, the design of the general block

diagram, and finally how our system works.

Chapter 4: Detailed Technical Project Design

This chapter explains the project different phases, and also contains the subsystem

detailed design.

Chapter 5: Software

This chapter includes flowchart of the project (block), and programming code of

the project which has been done in the second semester.
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Chapter 6: System Implementation and Testing

This chapter includes testing of our design which has been done in the second

semester.

Chapter 7: Conclusion and Future Work

Conclusions taken from our project, and future works will be provided in this

chapter.
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Chapter Two

Theoretical Background

2.1 Muscle Physiological Structure

In this section, the physiological structure of the muscle will be discussed,

mentioning the categories of muscles, also the contraction process of muscle will be

explained.

2.1.1 Muscle Structure

Muscles are a sort of soft tissues that possess specific contractile properties and

function as flexible shortening actuators on the different components of the organism.

They also convert chemical energy into force. The muscular system is composed of

specialized cells called muscle fibers. Their predominant function is contractibility.

Muscles, where attached to bones or internal organs and blood vessels, are responsible

for movement. Nearly all movement in the body is the result of muscle contraction.

Each muscle fiber ("muscle cell") is covered by a plasma membrane which is

called the sarcolemma. Tunnel-like extensions from the sarcolemma pass through the
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muscle fiber from one side to the other one in transverse sections through the diameter

of the fiber, these tunnel-like extensions are known as transverse tubules. The nuclei of

muscle fiber are located at the edges of the diameter of the fiber, adjacent to the

sarcolemma, noting that muscle fiber may have many nuclei. Cytoplasm is present in all

living cells, and the one present in muscle fibers is called sarcoplasm. The sarcoplasm

present in muscle fibers contains very many mitochondria, which are the energy-

producing units within the cell. These mitochondria produce large amounts of a

chemical called "Adenosine Triphosphate", which as usually referred to in abbreviated

form as "ATP", this chemical substance is necessary for contracting muscles,

transporting substances across the cell membranes, and moving structures within the

cell. These Components are the major components inside the muscle fiber needed to be

mentioned.

2.1.2 Muscle Categories

There are three types of muscle in the body:

1. Skeletal muscle: By definition is muscle which is involved in movement of the

skeleton. Skeletal muscle is composed of cells that have specialized functions. They

are called muscle fibers, due to their appearance as a long cylindrical shape plus

numerous nuclei. Their lengths range from 0.1 cm to 30 cm with a diameter from

0.001 cm to 0.01 cm [1]. It is also called striated muscle as the fibers, which are made

up of many cells, are composed of alternating light and dark stripes, or striations.

Skeletal muscle can be contracted without conscious control, for example in sudden

involuntary movement.
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2. Smooth muscle: This tissue is so called because it does not have striations and

therefore appears smooth under a microscope, noting that the smooth cell is spindle-

shape and has one nucleus. It is also called involuntary because it is controlled by the

autonomic nervous system. Unlike skeletal muscle, it is not attached to bone. It is

found within various systems within the human body, for example the circulatory,

the digestive and respiratory. Its main difference from skeletal muscle is that its

contraction and relaxation are slower. Also, it has a rhythmic action which makes it

ideal for the gastro-intestinal system. The rhythmic action pushes food along the

stomach and intestines.

3. Cardiac muscle: is a specialized kind of muscle found only within the heart. Cardiac

muscle can't be controlled consciously so it is an involuntary muscle. The cardiac

muscle has one central nucleus, like smooth muscle, but it also striated like skeletal

muscle. The cardiac muscle cell is rectangular in shape, while its contraction is

strong, and rhythmical.

Table (2.1): Comparison between different types of muscles.

Skeletal Muscle Cell Cardiac Muscle Cell Smooth Muscle Cell

Shape Elongated Cells Branching Cells Spindle-Shaped Cell

Nuclei Type Multiple Peripheral Nuclei Single Central Nucleus Single Central Nucleus

Striations

Existence
Visible Striations Visible Striations Lack Visible Striations

Movement

Type
Voluntary Involuntary Involuntary

Normal picture
[8] [8] [8]
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2.1.3 Structure of Skeletal Muscle

Because our project is related to the skeletal muscle, we will explain widely the

construction of this type. At the high level, skeletal muscles consist of muscle cells and

fibrous connective tissues. The cells, which are elongated and shaped like cylinders, are

called muscle fibers. A group of muscle fibers forms a bundle (also called fasciculi), and

many fascicles (bundles) together form a muscle head. Finally, one or more heads

constitute a complete muscle belly.

By looking at fig. (2.1), at the low level, we can define a muscle as a

combination of many strands of tissue called fascicles. Each fascicle is composed of

fasciculi which are bundles of fibers, themselves composed of parallel bundles of

myofibrils. The myofibril is the basic fiber of muscle and can contract, relax, and

elongate (lengthen). It consists of series of contractile units, named sarcomeres,

composed of arrays of actin protein ("which is thinner and therefore more transparent")

and myosin protein ("which is thicker and responsible for the darker bands")

myofilaments, arranged so as to form the contractile mechanism of muscle.
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Fig (2.1): Skeletal muscle detailed construction. [11]

The connective tissue in muscle can be divided into three structural entities, the

epimysium, which surrounds the center part of the muscle (also called “belly”), the

perimysium, which binds bundles of muscle fibers into individual fasciculi, and the

endomysium, which surrounds each muscle fiber individually. The whole of these tissue

sheaths is called the fascia. It encloses the muscles, groups or separates them into layers,

and ultimately connects them at their ends by the tendons.

2.1.4 Mechanism of Contraction of Muscle

Cell membrane situation at rest conditions is shown in fig. (2.2). Muscles are

connected to the spine by nerves. The connection between these two structures is called

neuromuscular junction.



٢٠

Fig (2.2): Cell membrane at rest condition. [7]

Muscle has an all or none phenomenon. In order for it to contract it has to receive

a stimulus of a certain threshold. Below this threshold muscle will not contract; above

this threshold muscle will contract but the intensity of contraction will not be greater

than that produced by the threshold stimulus.

The mechanism of contraction can be explained with reference to Fig. (2.3). A

nerve impulse travels down the nerve to the motor end plate. Calcium diffuses into the

end of the nerve. This releases a neuro transmitter called acetylcholine, a neural

transmitter. Acetylcholine travels across the small gap between the end of the nerve and

the muscle membrane. Once the acetylcholine reaches the membrane, the permeability

of the muscle to sodium (Na+) and potassium (K+) ions increases. Both ions are

positively charged. However, there is a difference between permeabilities for the two

ions. (Na+) enters the fiber at a faster rate than the (K+) ions leave the fiber. This results
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in a positive charge inside the fiber. This change in charge initiates the contraction of the

muscle fiber.

Fig (2.3): Neuromuscular junction. [1]

The mechanism of contraction involves the actin and myosin filaments which, in a

relaxed muscle, are held together by small cross bridges, see fig. (2.4). The introduction

of calcium breaks these cross bridges and allows the actin to move using ATP as a fuel.

Relaxation of muscle occurs via the opposite mechanism. The calcium breaks free from

the actin and myosin and enables the cross bridges to reform.
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Fig (2.4): Muscle Sarcomere: (a) Striating bands of the sarcomere crossing the

filaments; (b) appearance of a sarcomere within stretched, relaxed and contracted

muscle. [2]

2.2 Project Theory

In our design, we depend mainly on the depolarization process of the muscle

which respectively causes muscle contraction as we will explain later.

2.2.1 Main Idea

Our project depends mainly on the phenomenon of muscle depolarization, which

describes muscle contraction. In muscle contraction, the passage of information is
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associated with the movement of chemicals across a semi-permeable membrane. This

ionic movement causes the generation of an action potential. The generation of these

action potentials is controlled by what is called Nernst relationship, shown in equation

(1):











out

in

C

C

nF

RT
V ……………………… (1) [1]

Where R is the universal gas constant, T is the absolute temperature, n is the

valence of the ion, and Cin and Cout are the respective ionic concentrations inside and

outside the cell membrane. Fig. (2.5) shows the action potentials generated by the

muscle membrane in its three different situations (at rest, depolarization, and

repolarization different situations).

Fig (2.5): The action potential that is generated in excitable cells. [2]
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Skin-surface electrodes placed over contracting skeletal muscles will record a

complex time-varying biopotential waveform known as an electromyogram (EMG).

This electric signal arises from the summed action potential events of individual muscle

motor units. Because a large number of cells are undergoing action events during muscle

contraction, bioelectric current flows are relatively large and can produce skin potentials

as high as 10 mV, although more usually it is in the range of a few millivolts. Fig. (2.6)

shows an EMG example.

Fig (2.6): EMG recording for a stimulus muscle. [12]
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The EMG normal characteristics of a skeletal muscle will be in the following

ranges:

 Amplitude of (200-400) µV.[4]

 Frequency of (20-550) Hz.[4]

In our project, we aim to pick up an electromyographic signal, and use this signal

to start a movement system, like the ideas used in prosthetics (science of the artificial

parts).

2.3 Project Components

We are going to provide the theoretical background of each component in our

project in this section.

The design consists of the following components:

1) DC Power Supply.

2) Biopotential Electrodes.

3) Instrumentation Amplifier.

4) Active Band-Pass Filter.

5) Notch Filter.

6) Rectification Circuit.
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7) Comparator Circuit.

8) PIC 16F84 Microcontroller.

9) DC Motor Circuit

2.3.1 The Power Supply

In our design, many integrated ICs are contained; on the other hand our DC motor

will also need a DC power supply to be driven with; for these reasons the necessity of

the DC power supply takes a place. See Fig. (3.2) for block diagram, and Fig. (4.1) for

schematic.

We can list the main components of the DC power supply as follow:

 Center tab Step-down transformer.

 Bridge rectifier.

 Capacitors.

 Regulators.

2.3.2 Biopotential Electrodes

Biopotential electrode is a transducer that converts the ionic current in the body

into the traditional electronic current flowing in the electrode.
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Electrode-Electrolyte Interface: When metals are placed in electrolytes, such as in

the saline environment of tissue or skin, atoms of the metal slightly dissolve into

solution. This slight dissolution of metal is accompanied by a loss of electrons to the

atoms that remain with the parent metal. It leaves the parent metal with a net negative

charge and the dissolved metal ions with a positive charge. The created electric field

tends to draw the ions back to the vicinity of the metal surface; however, energy is

required for their recombination, so the ions are just held close to the metal surface. An

interfacial double layer of charged ions is formed as seen in Fig. (2.7).

Fig (2.7): Electrode-Electrolyte Interface. [4]

One of the problems faced Biopotential electrodes is polarization. So we can

divide the electrodes into two categories:

 Perfectly polarizable electrodes: no actual current crosses the electrode-

electrolyte interface.

 Non-polarized electrodes: allow the current to pass freely in electrode-electrolyte

interface.
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Silver – silver chloride electrode (Ag/AgCl) possesses characteristics which are

similar to a perfect non-polarizable electrode. It is also a surface electrode.

 Advantages of (Ag/AgCl) electrodes:

– Quick, easy to apply.

– No medical supervision, required certification.

– Minimal discomfort.

– Cheap.

– Excellent efficiency.

For the previous reasons, we will use the Ag/AgCl surface electrodes as the

biopotential electrodes.

2.3.3 Instrumentation Amplifier

Human body acts as a huge antenna. It receives and catches a wide range of

electromagnetic signals. The most dominant being 50Hz signal, acts as an artifact for the

desired biomedical signals. For the two differentially placed electrodes, these artifacts

act as common mode signals, which get rejected by the instrumentation amplifier. Due

to the above mentioned important factor, a very high input impedance and a high

Common Mode Rejection Ratio (CMRR) is desirable.

Instrumentation amplifiers are differential voltage amplifiers that combine several

operational-type stages within a single package. Their use can simplify the circuitry

needed for biopotential amplification because they combine low-noise, high-impedance
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buffer input stages and high-quality differential amplification stages. Some of the

desirable characteristics of bioelectric amplifiers are:

• Gains of 103 to 104

• Input impedance greater than 108 Ω

• Common-mode rejection ratio greater than 100 dB.

2.3.4 Active Band-Pass filter

Active band-pass filters refer to those filters of RC circuits built on an amplifier

basing. In this type, an amplification factor will be provided to the output signal in

addition to the main process of filtering.

The filtering process is done by passing only a determined range of frequency

according to the application used for. Fig. (2.8) shows the bode plot of active band-pass

filter.
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Fig (2.8): Bode plot of active band-pass filter. [4]

2.3.5 Notch Filter

Even using a band pass filter, but also we need to ensure that the 50Hz noise

interference is removed to get high performance and efficiency.

In order to get that, a notch filter circuit is added so as to get red of the power lines

noise interference that may cause many troubles and this type of filter is also built on an

operational amplifier so as to get high noise removing and not to lose the main signal

wanted to be filtered. See fig (4.5) for schematic design.

2.3.6 Rectification Circuit

This circuit is used to change the AC signals into DC. In our design we use an

active rectifier. See fig. (4.6) for schematic
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2.3.7 Comparator Circuit

This circuit will provide a pure DC line output voltage by comparing to values of

input signals. In our design, we will use a (0.1) DC voltage as a reference one, depends

mainly on previous researches. The input signals can be analog or digital ones. See fig.

(4.7) for schematic.

2.3.8 PIC 16F84 Microcontroller

PIC 16F84 is a Programmable Integrated Circuit that used in many and wide

applications. There are many characteristics that encourage us to use PIC 16F84 in

various applications such as:

.

 High-speed technology.

 Low power consumption

 Only 35 single word instructions to learn.

This programmable device accepts only DC voltage, and also provides an output

of DC voltage. See fig. (3.10) for diagram and fig (4.8) for schematic connection.
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2.3.9 DC motor circuit

This circuit contains a DC motor controlled by the DC output of the PIC 16F84

microcontroller. See fig. (4.9) for schematic circuit.
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Chapter Three

Project Conceptual Design

In this chapter we will explain the main objectives from our project; also the

general block diagram will be discussed. Finally we will show how the overall system

works.

3.1 Project Objectives

Our project contains and implements many ideas and objectives that can be

summarized in the following points:

1) To design and implement a Myoelectric Control Medical System.

2) To simulate the same idea of an EMG-controlled prosthetic device.

3) To understand the change of electrical potential on different muscular activities,

including the conscious controls and triggering event of muscle.

4) Can learn the change of muscle force when skeletal muscle works on different types

of contraction.
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3.2 General Block Diagram

The following Fig. (3.1) shows the block diagram of our project.

Fig (3.1): General block diagram.

We can see clearly that each individual block has its own function, and by

summing those functions, and integrating with each other; our myoelectrical control

movement system will be accomplished.

EMG
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Here is the explanation of our individual units:

3.2.1 DC Power Supply Block Diagram

In our design, we need the DC power supply to provide the necessary (+ve) and

(–ve) voltage supply for the ICs used in our project, the following figure (fig. (3.2))

shows the block diagram for the DC power supply:

:

Fig (3.2): DC power supply block diagram.

1. Transformer: it is used for reduce voltage and to perform the isolation process too.

2. Rectifier: this stage will be used for converting form AC to DC voltage using a

bridge full wave rectifier.

3. Smoothing: here, the ripple voltage will be reduced.

4. Regulator: the output of this stage is a pure DC line voltage as we want.

Transformer Rectifier Smoothing Regulator220V

50 Hz

+ve 12V DC

-ve 12V DC
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3.2.2 Signal Detection Block Diagram

This block diagram implements the stages used to detect and get the myoelectric

signal form the living body, fig. (3.3) view this block diagram:

Fig (3.3): Signal detection block diagram.

1. Surface Electrodes: The devices that convert ionic potentials to measurable

electrical signals, according to Nernst’s equation. Passive electrodes of silver/silver

chloride have been used for basic signal extraction. These circular disks, of 5mm

diameter, have to be secured to the skin of the subject using conductive gel and

adhesive patches, to avoid undue artifacts (see Fig. (3.4)).

Fig (3.4): Silver-silver chloride electrode construction. [4]

Surface
Electrodes

Instrumentation
Amplifier
(AD620)

Lead
Wires

Myoelectric

Signal
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In the study, for observation of EMG, for every muscle three electrodes, two

being placed on the muscle for differential input and one placed at some electrically

isolated tissue, acts as a reference electrode. Fig. (3.5) shows Electrode-skin interface.

Fig (3.5): Electrode-skin coupling using a gel electrolyte. [4]

2. Lead Wires: Some care must be taken with lead wires to biopotential recording

electrodes. Commercial bioelectrodes are often sold with 100cm lengths of an

insulated but unshielded signal-carrying wire. Keeping the electrode wires close to

grounded objects or near the body can be helpful in reducing line-frequency noise

pickup. In more demanding applications, the electrode lead wires should be shielded.

3. Instrumentation Amplifier: In our project we will use AD620 instrumentation

amplifier chip. This chip has high-impedance (>109 Ω) input buffers that work well

with even high-impedance bioelectrodes. The amplifier gain is easily selected from

several standard gains by interconnection of pins on the package or, alternatively, by

adjusting the value of a single external resistor. Taking into consideration that the
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common mode rejection ratio (CMRR) for this instrumentation amplifier is equal to

100 dB. Fig. (3.6) contains AD620 connection Diagram.

Fig (3.6): Connection Diagram for AD620 Chip. [14]

3.2.3 Signal Processing Block Diagram

The detected signal will get through some processing stages before complete its

way to the control circuit of the movement system, fig. (3.7) shows this block diagram.
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Fig (3.7): Signal processing block diagram.

1. Active Band – Pass Filter: An understanding of the frequency content of bioelectric

signals can be helpful in maximizing the biopotential recording quality. The basic

EMG acquired signal had been a mixture of low frequency artifacts (0-20Hz), due to

electrode movements; power line noise (50Hz); desired EMG signal (20-550Hz);

and some high frequency noise. The most significant component of the EMG had

been in the range of 70Hz to 250Hz. A second order band-pass filter had been used

to extract the above EMG from the mixture of signals.

2. Notch Filter: this stage will offer the elimination of 50Hz noise caused by the

interference of the power lines that exist mostly every where around us; To make our

control depends only on the pure EMG signal with any noise specially 50Hz noise.

For building the two previous filtering stages an IC called LM358 Dual Operational

Amplifier is used because the two stages are an Active filtering stages ( constructed

on an operational amplifier); and the next figure (Fig(3.8)) shows the internal

construction of the LM 358.
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Fig (3.8): Pin configuration of LM358 OP-AMP.

3. Display (using oscilloscope): after filtering the myoelectric signal (EMG) from

other noise signal, we will display it using an oscilloscope device; that give us many

display options of changing display frequency and amplitude to make the signal

clearer for displaying.

4. Full Wave Active Rectifier: in this stage, the output AC signal from the band pass

active filter will be changed to DC on to ensure getting benefit from all the parts of

the output AC signal from the band pass filter.
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3.2.4 Control – Movement Block Diagram

After rectifying the EMG signal, it will be moved through the system to the control

– movement system, which can be shown as a block diagram in fig. (3.9).

Fig (3.9): Control – movement block diagram.

1. Comparator Circuit: the output of the previous stage (active rectifier) could be

used to trigger a threshold circuit to actuate an EMG-controlled movement system,

and this stage will perform as a threshold circuit.

2. PIC 16F84: in this step, a programmable PIC 16F84 microcontroller IC will be used

for ensuring the continuity of the EMG flowing signal, by checking this flowing

each determined period of time. And so according to this flowing, the movement

circuit (DC motor) will be controlled. Fig. (3.10) implements the 16F84

programmable microcontroller.

PIC
16F84

Motor
Circuit

Comparator
Absolute EMG

Signal
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Fig (3.10): Pin Diagram of PIC 16F84. [14]

3. Motor Circuit: according to the output of the previous stage (the PIC 16F84), the

movement of a DC motor in this stage will be controlled and its aim is to simulate

the design of an EMG-controlled prosthetic device.

3.3 How System Works?

The following steps explain how the project works, and what steps should be

taken, to give an accurate control movement system.

 The operator should place the Ag-AgCl electrodes on the surface of the skin after

providing a good amount of conductive gel to ensure high conductivity and low

effects of artifacts.
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 The surface electrodes then will be connected with instrumentation amplifier

using lead wires.

 The instrumentation amplifier takes the biopotential EMG signal, and with its

high common mode rejection ratio (CMRR) it will reject the small mode

voltages that could affect the desired EMG signal.

 The active band pass filter will give us the frequencies that contain our

concerned information by removing the unwanted frequencies from passing, and

passes only a determined range of frequencies.

 The notch filter is added to the design so as to ensure removing the 50Hz noise

those results from the interference with the power lines.

 The active rectifier will change the output AC signal from the filter stage to DC

signal to get benefit from all the parts of the signal; also it will send this DC

signal to the comparator.

 In the comparator stage, the DC signal flowing from the active rectifier will be

used as a threshold voltage to trigger the movement of the motor.

 The PIC 16F84 will check periodically the flowing of the EMG signal by its

direct connection to the comparator, and using this checking to control the

movement of the motor.
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Chapter Four

Detailed Technical Project design

The necessity of this chapter takes a place in order to explain the detailed design

for each unit in this project. Also to clarify the main characteristics that will make this

project to operate as planted, after viewing the theoretical background, and the general

block diagram that explain how the system works in the previous chapters.

4.1 Detailed Description of the Project Phases

Our project is divided mainly into the following phases:

 Detection phase: by placing the Ag/AgCl surface electrodes on the surface of the

skin, an EMG signal will be detected and then transferred through leading wires

to the next phase; amplification and filtration phase.

 Amplification and filtration phase: in this stage an instrumentation amplifier will

be used to get a clear EMG signal by providing amplification factor; also an

active band pass filter will be used to perform the filtering process, additionally

providing an amplification factor containing the notch filter stage.
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 Processing phase: at this phase, an active rectifier will be used in order to get the

benefit from all the parts of the signal; after that the signal will go as an input for

a controlled movement system.

4.2 Overall System Design

Here we are to particularize the characteristics, and specifications for each circuit.

Also to view the schematics, and features of those subsystems.

4.2.1 Power Supply Subsystem

Fig (4.1): DC power supply circuit.
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The above DC power supply circuit will convert the 220V/50Hz AC voltage to

12V DC voltage, the circuit is composed of:

1- Centre-tab Step-down transformer: The transformer available is a Hammond

Type C, Model 166G25, the secondary is center-tapped (this provides the ground

output) and provides a 5:1 voltage reduction ratio.

2- Regulator: 7812 and 7912 are available to have (+ve) 12 v and (-ve) 12 v output.

3- Bridge Rectifier: this IC is a available and easy to use, for those reason we take

this IC in our design as shown on fig (4.1) .

The following figure (Fig (4.2)) shows the output waveform from each component

of the DC power supply:

Fig (4.2): Output waves from DC supply.
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4.2.2 Instrumentation Amplifier Circuit

RG
2 K

Raw EMG

Electrode 2

H
I

+12 V DC

H
I

Electrode 1

-

+

AD620
2

6

7
4

8
1

3

5

-12 V DC
Ref. Electrode

Fig (4.3): AD620 instrumentation amplifier schematic.

The circuit above expresses an AD620 instrumentation amplifier (fig. (4.3)).

From the data sheet of this IC, the gain can be controlled by the law:

1)/4.49(  GRkA ……………………… (4.1) [14]

Where:

A = Amplifier voltage gain.

RG = External resistance added to achieve a determined voltage gain.

So, if we want the gain (A) of this stage to be (25), then the added RG = 2K Ω

Now, the reason why to choose AD620:

 Very high common mode rejection ratio (CMRR = 100 dB).

 Very high input Impedance (>109 Ω).
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 Easy to use.

 Good price.

4.2.3 Active Band – Pass Filter Circuit

H
I

C1

220 nF

R1
10 k

H
I

-

+

LM358

3

2
1

8
4

0

C2
100 nF

HI

-12 V DC

OUT1

R2

6 k

Raw EMG

+12 V DC

R3
100

Fig (4.4): Active band – pass filter schematic.

The previous figure (fig. (4.4)) implements an Active Band – Pass Filter circuit. A

band-pass filter consists from a high-pass component and low-pass component; so to

design a band-pass filter, we must determine the high-pass and low-pass cutoff

frequencies.
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As we say in chapter 3, the high-pass cutoff frequency = 70 Hz, on the other

hand the low-pass cutoff frequency = 250 Hz. By usage of the below equation (4.2) we

can get:

CR
Fcutoff 


2

1
……………………. (4.2)[6]

 Let C1 = 220 nF 


 k
n

R 33.10
702202

1
1   R1 ≈ 10 KΩ

 Let C2 = 100 nF 


 k
n

R 36.6
2501002

1
2   R2 ≈ 6 KΩ

So the final cutoff frequencies are:

F cutoff (high-pass) = 72 Hz.

F cutoff (low-pass) = 241 Hz.

 The gain of this stage follows the equation:

1)/( 32  RRA ……………………….. (4.3) [6]

So if we want the gain (A) to be (61), R3 = 100 Ω.

 The overall gain of these two stages will be:

1525612521)(  AAA total
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The operational amplifier that used to design the active filter is LM358 IC.

The reason behind choosing LM358:

 Easy to use.

 Low power consumption.

 Excellent price.

 Contains a package of two OP-AMP.

 Good stability.

4.2.4 Active Notch Filter Circuit

This operational amplifier notch filter circuit is simple yet effective, providing a

notch on a specific fixed frequency. It can be used to notch out or remove a particular

frequency that may need to be removed.

The circuit is quite straightforward to build. It employs both negative and positive

feedback around the operational amplifier chip and in this way it is able to provide a

high degree of performance. The following figure (fig (4.5)) presents the 50Hz notch

filter circuit.
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Fig (4.5): 50Hz notch filter schematic.

The circuit is quite straightforward to build. It employs both negative and positive

feedback around the operational amplifier chip and in this way it is able to provide a

high degree of performance. Calculation of the value for the circuit is very

straightforward. The formula to calculate the resistor and capacitor values for the notch

filter circuit is:

R =     R3 =     R4

C     =     C1 =     C2

Where:

Fnotch = centre frequency of the notch in Hertz (50Hz).

pi (∏) = 3.142.

R and C are the values of the resistors and capacitors in Ohms and Farads.

C2

47 nF

+12 V DC

OUT1
OUT2

C1

47 nF

R4

68 K

H
I

R3
68 K

R2

10 K

0

R1

10 K

HI

H
I -12 V DC

-

+

LM358

3

2
1

8
4

CR
Fnotch 


2

1



٥٤

4.2.5 Active Rectifier Circuit

This circuit will convert the output of the previous stages from AC voltage into

DC voltage. It depends mainly in its structure of containing an operational amplifier in

addition to the diodes. Fig (4.6) views the schematic diagram of this stage noting that R

= 1K Ω.
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8
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Fig (4.6): Active Rectification schematic diagram.
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4.2.6 Comparator Circuit

The principle of operation for this circuit is so simple depends mainly on

comparing two input signals, the first one or the reference on the inverting input, while

the second one will be placed on the non-inverting part. The output will be either (+ve)

V(saturation) or (–ve) V(saturation). Look at fig (4.7) for the schematic diagram.

Noting that the PIC 16F84 can receive a maximum voltage of 6V so we need to

divide the output voltage so as to prevent the PIC 16F84 from being damaged; and in

order to do that a voltage divider role will be applied by constructing to equal resistors in

series and taking the output voltage between them as shown in below figure (Fig (4.7))

so as to get a maximum output of 6V to protect PIC16F84 From being damaged.

Fig (4.7): Comparator schematic diagram.
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4.2.7 PIC 16F84 Microcontroller Circuit

In this circuit, the output of the comparator (OUT4) will be used to control the

output from this IC (OUT5) to start or stop the movement of the motor in the next stage.

This IC can only receive a maximum voltage of 6V and can be programmed to control

its operation. See fig (4.8) for the PIC16F84 schematic connection.
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RB5
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0
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H
I

Fig (4.8): PIC 16F84 connections.

4.2.8 DC Motor Circuit

As we see above, the DC motor is connected to a DC power supply, also driven by

an NPN transistor. The function of resistance R is to provide protection for the PIC

16F84 from high current values that can be result from the transistor.
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Fig (4.9): DC motor circuit schematic.
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Chapter Five

Software

5.1 Project Flowchart

In this section, we will view the flowchart that implements the operation of the

programmable PIC 16F84 IC.

We will use this flowchart to provide the programming code next section by the

god help. Fig. (5.1) views our concerned flowchart.

We can see clearly from the flowchart that the PIC 16F84 will check the flowing

continuity of the EMG signal periodically and every determined period, that depends

mainly on the frequency of the EMG signal.
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Fig (5.1): Project Flowchart.

5.2 Programming Code

To control the operation of the PIC 16F84 we must write a program using

assembly language and download this program on the microcontroller.
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The following code implements the program downloaded on the PIC which used

to control its operation:

;*********************************************************************

; ** PIC16Fxx MPASM Initialized Data Startup File, Version 0.01   **

; **    (c) Copyright 1997 Microchip Technology **

;*********************************************************************

LIST C=80,N=60,P=16C84,R=DEC

TITLE "OUR11.ASM"

;*********************************************************************

; **    Declarations for input and output ports, PORTA and PORTB consequently  **

;*********************************************************************

STATUS EQU 3 ;STATUS is file register 03h

PORTA EQU 5 ;PORTA is file register 05h

PORTB EQU 6 ;PORTB is file register 06h

TRISA EQU 5 ;TRISB is file register 85h

TRISB EQU 6 ;TRISB is file register 86h

RP0 EQU 5 ;Bit 5 of STATUS

COUNTER EQU 133 ;VALUE FOR OUTER DELAY

COUNTER1 EQU 100 ;VALUE FOR INNER DELAY

;*********************************************************************

; **    MAIN PROGRAM  **

;********************************************************************

ORG 0
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;***************************************************

; **    Initializing PORTA as input port  **

;***************************************************

BSF STATUS, RP0 ;

MOVLW 0XFF ; Set RA<4:0> as inputs

MOVWF TRISA

;***************************************************

; **    Initializing PORTB as outport  **

;***************************************************

MOVLW 0X00 ; Set RB<7:0> as outputs

MOVWF TRISB

;***************************************************

; **    Check the flow of EMG signal  **

;***************************************************

BCF STATUS, RP0 ;

LOOP BTFSC PORTA,0

GOTO ON

GOTO OFF

ON MOVLW 0X01

MOVWF PORTB

GOTO LOOP

OFF MOVLW 0X00

MOVWF PORTB
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GOTO LOOP

;**********************************************************

;     **    Delay subroutine determining the checking frequency  **

;**********************************************************

DELAY MOVLW 0X01

MOVWF 0X0C

DELAY1 MOVLW  COUNTER

MOVWF 0X0D

DELAY2 MOVLW  COUNTER1

MOVWF 0X0E

DELAY3 DECFSZ 0X0E

GOTO   DELAY3

DECFSZ 0X0D

GOTO   DELAY2

DECFSZ 0X0C

GOTO   DELAY1

RETURN

END



٦٤

5.3 Programming and Downloading Software

After writing the code, it needs to be checked from errors and for this job a

program called MPASM is used to find if there are any errors in the code and the

following figure (fig (5.2)) view the user interface for this software.

Fig (5.2): MPASM user interface.

After checking the validity of the code, we need to download it on the PIC16F84

and this also been done by the usage of a software called LP16 software; the following

figure (fig (5.3)) view the user interface for LP16 software and its choices to program

the PIC16F84.



٦٥

Fig (5.3): LP16 user interface.
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6.1 Actual Project Implementation.

6.2 Testing & Results.
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Chapter Six

System Implementation and Testing

6.1 Actual Project Implementation

Practical implementation of the project have been done in the second semester,

and this implementation started by implementing each individual subsystem and after

completing this implementation, the individual subsystems are connected together to

accomplish the project as one unit.

6.1.1 DC Power supply implementation

The implementation of the project started by implementing the DC power

supply circuit, and the following figures shows the implementation process.
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Fig (6.1.A): DC power supply implementation for positive output.

Fig (6.1.B): DC power supply implementation for negative output.
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6.1.2 Instrumentation Amplifier Implementation

After completing the implementation of the power supply, the instrumentation

amplifier circuit had been connected as the first component in the project; the

following figure (fig (6.2)) views the connection of the AD620 Instrumentation

amplifier.

Fig (6.2): AD620 practical connection.

6.1.3 Active Band Pass Filter Connection

This stage had been the in the third position to be connected by the usage of an

LM358 operational amplifier IC and the figure below shows the connection.
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Fig (6.3): Active band pass filter connection.

6.1.4 Active Rectifier Implementation

Connecting active rectifier in order to get absolute EMG would be the next step

to do, figure (6.4) presents the implementation of the Active rectifier circuit.

Fig (6.4): Active rectifier implementation.
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And by connecting the previous steps together we get the following figure:

Fig (6.5): Instrumentation amplifier, band bass filter, and rectifier circuits

6.2 Testing and Results

After implementing all individual subsystems and connecting them together,

testing operation is done to get the results of each subsystem and the following

results appear as follows:
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Fig (6.6): Testing bicep muscle & getting results by oscilloscope.

Fig (6.7): AD620 Instrumentation amplifier output at muscle rest.
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Fig (6.8): AD620 Instrumentation amplifier output at muscle stress.

Fig (6.9): Active band pass filter output.
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Fig (6.10): Notch filter output.
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Chapter Seven

Conclusion and Future Work

7.1 Conclusion

The project contains several results, namely:

1. Our project shows that EMG detected signal can be used to control the movement of

an artificial part, and this idea is very useful in the prosthetic science.

2. PIC 16F84 is a very useful programmable, easy used device. So we recommend using

it in graduated projects, and also focusing on it in some under graduated courses.

3. EMG signal can be taken and analyzed to diagnose many muscle disorders, according

to the electrical activity of those muscles.

4. EMG signal characteristics changed according to the type and the place of the muscle,

and it also depends on the situation of the muscle (rest, stress, … etc).

5. Controlling artificial parts has many basic ideas and is not an easy operation to be

performed, but need great effort and focus in the design process.
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6. AD620 operational amplifier is an excellent IC to be used and its price is also good,

easy to use; all these reason encourage us to use this IC in our design.

7. Notch filter circuit must be added so as to ensure get red from the 50Hz power lines

noise resulting from interference.

8. EMG signal is a very small signal in amplitude and frequency, so we must be very

accurate when dealing with this signal, because it needs many processing operation to

get it lonely and to separate it from the noise signals.

7.2 Future Work

Our main idea is a very interesting one, and also open many doors in the medical

field to help special needs people even it is not a new idea, but it has a central core in the

field of designing artificial parts.

The researches about this idea must be developed, to get more opportunities about

the ways of controlling and many other things depending on this idea.
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Appendix A (Definitions)

Term Meaning or Definition

EMG

(ElectroMyoGraphy)

technique of sensing, detecting, and recording of

electrical activity of the muscle.

PIC 16F84

It is a Programmable Integrated Circuit

Microcontroller that can be easily programmed to

change its function.

Muscles

A sort of soft tissues that possess specific contractile

properties and function as flexible shortening

actuators on the organism.

Sarcolemma A plasma membrane covering the muscle cell.

Transverse Tubules

Tunnel-like extensions pass through the muscle fiber

from one side to the other one in transverse sections

through the diameter of the fiber.

Sarcoplasm Cytoplasm is present inside the muscle cell.

Mitochondria
The part of the muscle cell that is responsible for

generating or producing energy inside cell.

ATP

"Adenosine

TriPhosphate"

chemical substance used for contracting muscles,

transporting substances across the cell membranes,

and moving structures within the cell



٨٠

Appendix B (Used Programs)

1. Microsoft Word: this program was used for writing the documentation of our

project. It is a very easy program to deal with; also gives many opportunities for

controlling the options of writing.

2. Microsoft Project: this program was used for generating the scheduling table,

and also producing the timing plan. It is an important program and every body

must have even little information about this program.

3. Microsoft Visio: this program was used for generating the block diagrams

implemented inside this project. This program gives also excellent choices to

draw and generate block diagrams.

4. Orcad 9.2: this program was use for drawing the schematic diagrams of the

subsystems in our design
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Appendix C (Data Sheets)
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