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Abstract

This system discussed a brain controlled robol based on Brain computer
interfaces (BCI). BCIs are systems that oan bypass conventional chunmels of
communication to provide direet communication and contral between the human
brain end physical devices by rranslating different pallerns of brain activity into
commands in real time, With these commiands o robot  arm can be controlled, 'The
mtertion ol the project work is fo develop a robot that can assist the disabled pecple

in their daily 1ife w do some work independent on others, This done by three parts

mechanical part, Biomedical (EEG). processing and decision making.

A0 0100 A A I AT




Contents

|.2 Brain Computer Interface (BCT)......ovviiieineiiisrsieeeeiesse e s ssmeee se e e
ATl T T I Y e e D S e e
ULttt s 5 B g U RO s e L S
VR CORCEPOR DICRIRI - ot o i oo a4 R FE SR A S D s S A e b ]
J s ol e o b e B tn Lk VT e e e N

A e O R L L ) e S e D G e ae bt

o Ba e

L3 Microcompuitr, oo vececnicaisaraanigne
TR S AT L1 S e e S e o O g M S s e S
L L T . o O

L PRCRIORE SEREN. <o s e LS e s RS G e s R R s e

o & iy o

F S P RS o o o e e b e e S e P e e
Qi Sy U NI
First Purt
el T T U S S e e R RO
o BT RSB T el e e e N S

2.2 T hE DAY WHOTOF BOTI0X o v i s s s Han s v A s s ek o)
FURE 2 o 5 510 oo T g o] 1 SR A P PO SR e SRR e ey el e Ao S 1 |
SR BB R TRy s e e R e e R A e
2EEEGLEAD BYSTEME. . o orrons snmsam s ok smannss sae ssvsn seininsatisrass i LD

A R e e e

A A PR

"

Second Part -
2.5 Robot Arm Structure Optons....ocooveviiin R R A S R B R R 21

2R Manipulator option ... e e e e e e en e ]
2.8.1.1 Acticulated manipulator (RRR)....ocoviriniiiiiiinininniiin 22
ol e e e )
210 Motors Atid Actuators OPHONS « .. e e iuoenias s sasabsseiss iss skivss vanvs s innd 3
R M e T ) e A Um0 LA s o SR C NN LS R MY




o N R P 2 e e e e R e e b e et b B e 25
3.1 Introduction to acquiring SyStem dCSIEN ....o..o.oo e een 2
3. 2 B8] BroCeRSIng Sralei QO oo nanetesne i s e e e s DR

| T N e e e ey Pt e S s e L ey

AR T R B S e e S e AT PR po s i '
e T L T T NS IOL |
2 Lo iass-Faler s s e Sl e N R

G IRLAL B o 10 s 241 (- . 7,

L2

e HIVerTaE BT pHBeT. o e e e e e e S
JLOPOWE SUPPIY. .. o ivmimmmvmmmmn rmamrs sms s o e s e v s aiesesrs b
A3 e toR A0t KIEIIIES o i b it i ey 2 e b e s A
] B 2R T T 0 e OB O~
e e M ORRATIES | 1o s sy e e DR S s S S SR s e A e 42
el e e T e o o s OO
G T T T e B S T 4 o 44
3.5.1 Cibic Polynomial Trajectories . i i, i sessvmsehsorseraeramramsaenenn e 0 :
3.5. 2 Qumtic Polvnotiial Traeolrios. .. cvvss crerrs vor et bos vreins i iragviss s 89
A D OIS ST SYREER s i s s N e s e e e T
ADNZI1al PrOCESEIE SYSLEIMI 1orn e e e e et et e v an e s an s e snnssere ernsre D
FEDEGSIOn of the mavement i s i e e s e s e i 5

4] FOAlire SxbraOTION, . cuvn e srsnssn st betans s som e s seminssrss s L T 59

L P B e B T T e e e S AR S G o

4.1.2 Wavelet Analysis And Signal Feature ExXtraction... oo ververens e i Z
4.1.3 Theoretical Concepts: Discrete Wavelet Transforms (DWT) ... 61 =
4.1.4 Principal Component Analysis .. ......oviinnneniesinneiacnnee é
Gt POACSIens And Propetiod . ovasrisasie ek i drasisitanis s -:_

B s T T RO R Iy f ot Ui ey o S al EA It LR b
F2.1 EoNcarest Nemwhbor [EMINY ovimanmmemsinsmisssssiniss it sidssis 7
1 -Aequtmg oot pEERG sigmhy o e S AT s a2

5.1.1 Elecrodes .., ociveres L I e - W —— 71

L

b insirameritetion ARTplepfINAY s s s b T
DL B B BN o v e RETT IS ¢ b ae s g s R R S ek ]

LB TR SRR B LRE AT ER RS BRI




S04 TowPass Filler oooovvvioniee o
305 NowhFilter ...

¥ - L N LR LI

S aw

dnma

sass e D

.--1--1 - h -4-4-11.--;,;...--...-?3
5.1.6 Inverting Amplifier ............. e L T S P Y 74

AR AT R e e s

AR D W e e

il




Figures

Figure 1.1 : BCI block diagram, . e S L R L I
Figure 1.2: Block diagram -urlm:whn]t: R R T R e T e v e
Figure L L Hume britd. o e i st e S e
Figure 2.2: primary molor corlex. . L ORI |
Figure 2.3: Typical EEG signal wavelorm.. S E s N R R e e i e
Figure 2.5; brain thythms. .. . i kel
Figure 2.6: The 1rtematmn’11 l{ZL"-‘[] s:,stern seen trum |1:IL .d.l'!d dhme ’rhe hehd__._,,__zl
Figure 2.7:{A) Bipolar and (B) Unipolar measurements. ..o 21
Einure 2.8 The Aricaleted TinInulAIoT, .. oo i s siiasainisiieiisrssisvis . 23
T P o OO U . |
Piure 23 RO sebarmotor o e S g e s
Eigura 2.15; Raspberrypi M B o oo s r e 6
Figure 2.17: Arduing Due. . L T B e T
Figure 3.1: block dja,,rﬁun of EEG System.. RN P ik e o ity
Fipure 3.3 : ADGZ0 IN-X?I'F
Figure 3.4 Sccond order HPE GITet . e ieeieeis e ensessensnessenseesend]
Figure 3.8 Stcond arder LPF citouit oo miitasins st i s e e 38
L 1 o . |
Figure 3.7: Inverting mnphiu, W A e e TS i £ D B A Ty s e s s m S
Figure 3.8: frame assipnment fm thf: mbot mamp.thtnr SR e S N P S R
Figure 3.9: equivalent irouit of serv0o MOLOT. v vviieiesisnivniinive oo vs i vas 30
Figure 3.10: The block diagram of SEIv0 MOWOT. ... ... oevvsssveiersceremeeensenensenens 3B
Figure 3.11: joint space rajectory. .. 14
Figure 3.12: Cubic Polynomial l'rujac.ont': f'm posilion, \«::hu. ty, n.nd abcclcratmn 52
Figure 3.13:quintic polynomial trajectory with veloeity and acceleration profiles .53
Figure 3.14: How chart of whole SYStom, . oot i 8
Figure 3.15: internal desipn for system............. AT T )
Figured.1: The algorithm of the DWT, fﬂ:l nng dmmpusmun al Ihu qlgn.ﬂ 5 {b}

GO R R IOVEL e e e e L A s 63
Figure4.2: The tree of the multi-decompasition (multi-level) of the signals...........64
Figure4.3:- Flowchart Display The Steps Of Feature Extraction.. .......oooovven.o.....64

Figure 4.4:General Block Diagram For The Classification Level.......................60

EOR P L AN RO e S ey s F il b e e e g e
5 PO Rl g ) e S R Y
FigureS.3: 2™ 0rder LPF CIfCUIT. ....oovveieiiivsseisesesses vaseasessnesessnesnevesssn T4
Maaprelal noten fIrter: o A T e el T
S NP I I T T < oo avvm s i s e s U A e b 7

Figure 5.6; The whole processing circut of our project.. ..o veicereevencnseeiad

Figime A ROBOEATI. . 5 i i e s i e sk R e s T

HE FEEE

T P



Tables

Table 1.1 Hazdware Easl oo mnmnnammTai

Table 1.2: Timing schedule of the first semester. .......oiviiiiininnn.
Table 1.3: Timing schedule of the second semester........oooooiviiiiiiniiennnn.
Table 2.1: ArduinoDue specifications. ... ..o

o B
i i e e 12

i

4 ?'-’?

Table 3.1: DH Parameters. ... e e Ty i 3

Table 5.0 thie resull Ol LE8l Ol H P . e et is e iestrenerinsanscerassanansossanssanss
Table 5.2: The result of test of LPF....ovvviinns P T R R

Table 5.3: The result of lest of noteh Bler. . e

o

M




Chapter One

L.1 Overview

Many people sufter from paralysis or cutting in the right arm, as @ result of some
disease or accident oxposure to it in their life. That muke them face a big challenge for
duing hasic functions that every mormal people do it. For this reason and to make this
group of people praciiced their lile parlly @s & normal people, a robol arm has been

designed that take its controlling commands from patients brain

This project based on brain compuler interface (BCT) technology, that includes
a4 buman subject, a brain signals eapturing device, a specific brain signal recognition

software, a robot interface, a robot, and a feedhack (nsually visual) to the subject.

We picked up the brain waves by placing electrodes on (he surface of the
skull, without the need for any surgical intervention (Non-Tnvasive), Then electrodes
transmit data to amplification circuit. in order to process these signals by amplifving
and filtering it from Jamumiing or any sigmals that senerated from sources other than

the brain,

Then we inserted these signals mto microcomputer (raspberry pi) that consist
of sollware to complete signal processing, extract the festwres of the signal and
classify it. Then transfor the output from raspberry pi to microcontraller (arduing) thar
responsible for provide a signal to the motor that specified in classification step at

raspherry pi,

We used Alumioum metal for cach link of the arm in asder to get one similay

to the humasn arm, and for each joints we used & servo motor and gears for the

gripper.

=
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1.2 Brain Computer Interface (BCI)

(BCIs) Advances in cognitive neurnsciencs and brain imaging technologies have
started to provide us with the ability to interface dircetly with the human brain. This
ability is made possihie through the use of sensors thal can monitor some of the
physical processes that oceur within (he brain that correspond with certain lorms of
thought. Researchars have used these technologies o build brain-computer interfaces
(BCls), commumication systems that do nol depend on the brain’s normal cutput
puthways of peripheral nerves and muscles. In these sysiems, uscrs explicitly
mantpulate their brain activity instead of using moter movements to produce signals

frat can be used to control computers or communication devices.[1]

Brain computer interface(BC1) 15 a [ast growing emergent technology, where
researchers aim to build & direet chanrel berween the human brain and the compurer,
which allows 2 human to contral a computer, peripheral, or other eleclromc devioe

with hought.

It does so by using electrades lo deteet electric signals in the brain which are
sent to a computer. The computer then translates these electeic signals into data which
is used to control 4 computer or a device linked to a somputer. Figure 1.1 shows the

Bl block diagram.

A brain computer interface(BCI) is collaboration in which & brain accepts and

cantrals 2 mechanical deviee as a nataral part ol it is representation of the body.

A brain computer mierfaces are designed to restors sensory information o the

brain, or stimulate the brain through artificially generated electrical signals.

Brain ||: —> EEG ||:>| Cumﬁuter

(controller)

Figure 1.1 : BCI block diagram

1.3 Project Objectives
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I. Ta build a robotic arm that will be used for amputees .
2. Taointraduce a new technology [or the domestic market,
3. To get a new produet with low cost and high quality |

1.4 Problem statement

This project based on the principle of vsing Electroencephulograph (EEG ) w
help people with disabilities kinclics or cutting in there right hand arm, by capturing
signals from the brain and make a series of process in these signals, in order to get a
material that the microcontroller can understand it. And we can program this
microcontrolier in order to controlling a robot arm that conngcts to the patient body,
and by sending his thought signal to the arm, he ean use it to capture ohjects , moving
it without any feedback tell him how hardacss of it or its temperature or any physical
characteristic of it. The feedback will be just by cves .

1.5 Conceptual Design

[t 1s <desired to design and produce an eleciro-mechanical system thal relies on
EFEG signals to control it. The process starts when the clectrades on the patient brain
cortex detect signals, and transiate it as an electrical signals. These electrodes ure
connecled W Amplification cireuit to process it, and transmitted it to microcomputer
(Raspherry Pi) thea to microcentroller (Arduing)  that represents the robot arm hrain.
The patient can now deal with the arm as a normal arm that he can use it 1o
carrying objeets , shilling it from place to another and using it in ceting or drinking,

The bluck diagram of the whole system 1s shown in Figure 1.2,

PO DB 1) B0 O B 0 000D 0 R AR08 £ B IR B 0 e i e




electrodes - Circuit (Rasgherry Pi] |~ % [arduing) r=pn

Senszors Amplification ’ Microgomputer Micracantraller

- Human eyes Rabot Arm

Figure 1.2: Block dizgram for the whole system

1.6 Functional Specification :

In this section, more derails are given [or ¢ach svstem with its related hlocks in

Figure 1.2,
1.6.1 Sensors (electrodes )
In bio-signal recordings, electrodes are the initial elements which are used for

converting biopotential signals due to biopotential sources into electrical sigmals,
Where EEG clectrodes transtorm ionic currenls From cerebral tissue into electrical

AU R R R L L R T R T T S T I m————

currents used in EEG preampliliers . EEG electrodes are usually made of metal and
are produced as cup-shaped, dige, needle. or microelectrode to measure INITa-S0ITex
petentials, In the EEG system, as a non-invasive application, the electrodes are placed
on the scalp. and a sufficient number of electrodes may be 1 to 256 placed on EEG

cap for easy application.[2]

1.6.2 Amplification circuit ;

The EEG signal is very small signal and it have other signals from other
sowrces that appear as noise on (he signul . So that at this stage, we used many
electronic device fo amplify and climinate this noise from the siznal such as:

ustrumentation preamplilier with a specific gain, band reject filter to reject the noise

g




that creale from line power source with 50 or 60 Hz frequency . Bznd pass filter to
bypass a specific requencies.

1.6.3 Microcaomputer :

T'he microcomputer is the brain of the system | it is used @ process the signal
to classify 1t. Microcomputer is an electronic device which functions as the program

languayge o sending a command into arduine,

L.6.4 Controaller ;

Cantroller is an clectronie device which functions as sending a pulse signal
into serva motor to control the position of the pulsc of servo motor. Controller
usuallv comes with reyuired program which can be controlled by compuier or PIC

gireuit

1.6.5 Robot Arm

A rebetic anm 18 a rohol mampulator, usually prosrammioble, with similar
functions to a human erm, The links of such a manipulator are connecled by juints
allowing cither rotational motion (such 25 in an articulated robot) or translational
{linear) dizplacement. The links of the manipulator can be considered to form a
Kinematic chain. The business end of the Lkinematic chain of the manipulator 1s

called the end effeciors and it is analegous to the human hand. [3]

1.7 Previous Studies

I-Emulating "Iron Man":
Iniguez made a mechanical arm and for controlling this arm he use a BC1
headsel, The mechanical arm, attached to a person’s arm, could be used by someone

who has lost strength in their ann or has paralvsis. and it could make them 10 times

sironger. 4]
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2-Truly brain-controlled prosthetic arm uses clectrodes attached to nerves and
muscles :

This projeet developed by Swedich researchers to help amputees to eontrol an
artificial limb in o very similur way as their own bivlogieal hand or arm, The robotic
prosthesis mounted to the boae and controlled b y thoughts is connected directly to the
person’s own nerves and remaining muscles. [5]

3-Brain-Robot Interaction:

Byron Galbraith, Max Versace and Sean Lorenz develop an FEG-based brain-
machine interface (BMI) for controlling an adaptive mobile agent . Using EEG
signals, subjects will be tasked wilh navigating the robot to a desired location in &

room, orienting the camers to fixate upon a target object, and picking up the attended
object with the robotic arm,[7]

1.8 Project Cost
Table |.1: Hardware Cost

Main Components

Cost
Amplification Cireuir 03§
Analoy 1o Digital Canverter | 205
i Micracontroller | 755
W Microprocessor NIl i 755
Serve Molony = 4305
"~ Mechanical Elements i %
|

1000400000000 00000 0§ 0 0 0 0 0B D



1.9 Seheduling Table

Table 1.2: Tuming schedule of the first semester
2 345|672 [8 9101

 TaskiWeek
| Choosing the
praject
Cialles
information
Basic )esizn

12 | 14|15 16 |

-

| System Avalysis

| Writing
documentativn

Table 1.3: Timing schedule of the second semester
|'=_F Taski\Week
- Collect
ufurmmicm

Design of

praject

- Documentation

E

Advanied

Fealures
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2.1 Introducdon

This chapter introduces a detatled description ol the humarn hrain, hrain wave
and robot parts and the other components will he used in this project, the parts have
difterent types and shapes with different properties . our selection must be
compromise belween Ihese properties 10 achieve the required shape and

parformance without affeeting safety of patieal .
First Part
2.2 Human Brain

The brain is 2 comiplex organ. which is made up of billions of brain cells
called neurons, which use electricity to communicate with each other . The
combination of millions ¢l neurvms sending signals at onee produces an enormous
amount of electrical activity in the brain, which can be detected using sensitive
medical equipment (such as an ERG), that measuring clectricity levels over areas of
the scalp. The combination ol electrical activity of the brain is commeonly called a

Brainwave pattern.[8]
1.2.1 Parts of the Brain
The bram is composed of the cercbrum, cercbellum and brainster. as in figure(2.1).
o The cerebrum is the largest part of the brain, divided inlo Iell and right

hemispheres. Carries oul higher thought processes involved with language.
learning, memaory, and voluntary body movements.

o The cerebellum means “LHttle brain™ Smaller structure under the base at the

back of the brain. Responsible for balance and coordination.

14
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e The brain stem is extending from the base of the brain: this continucs into the
spinal cord, made up of the pons and medulla oblongata. Relays signals
herween the brain and spinal cord [9]1here is other Functions of the brain
slem include automatic functions, like breathing, the beating of the heart, and
blood pressure.

Wi

Figare 2.1: Human brain.[8]

The brain’s hemispheres have matching clements. [he right hemisphere
controls the lett side of the body, while the lefi hemisphere controls the right side.

2.2.2 Linbes of the brain

The cercbral hemisphere have distinet fissures. which divide the brain into
lobes. Each hemisphere has tour lobes: frontal, temporal, parietal and oecipital. Each
lobe may be divided, into areas that serve very specific funetions, it is important 1o
understand that each lobe of the brain does not [unction alone. There is are very
complex relationships between (he lobes of the brain and between the right and left
hemisphere.[10]

Cerebral lohes:
= Frontal lobe: Locawed in the front of the brain. Which is responsible for
conscious thought, behavior, emotion. planning, personality, organizing,
problem solving,

15




* Parietal lobe: Locared in the middle wp of the brain, Which is responsible for
Integrations of sensory inlormation from primary sensory areas such as
perecption, arithmetie, spelling, manipulation of objects.

* Temporal lober Locaied in the Temple region. Which is responsible for Scnses
of smell and sound, as well as processing of complex stimuli like fices and
scenes, memory and understanding lansuage,

* Occipital lobe: Located in the Extreme back of the brain, Which is responsible
for Sense of sight[ L0],

2.2.3 The primary motor cortex

The primary motor cortex is 4 brain region that in humans is located in the
postenor portion of the frontal lobe. Tt works in association with other motor arcas
meluding premotor cortex, the supplemetttary motor area. posterior parielal cortex,
und several subcorlical hrin repions as shown in figure (2.2). 10 plan and exceute
movements, Primary molor cortex is defined anatomically as the region of cortex that
contains large neurons,

Premotor Primary maotor cortex

cortex Primary somatosensory
' cortex
: Posterior
parietal
cortesx

Figure 2.2: primuary motor cortex.[9]
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2.3 Electroencephalograph

Electroencephalograph (FEG) is a recording of the electrical activity ol the
brain, hy suitably placing surface clectrodes on the scalp.

TR deseribing the general function ol the brain activity. is the superimposed
wave of neuron potentials operating in & non-synchronized manner in the physical

sense.[11]

EEG signals picked up by the surface clectrodes are usually small as compared
with the ECG signals, They may be several hundred micravolts. but 50 microvolis
neak to peak is the most (vpical, The brain waves, unlike the electrical activity of the
heart , do nol represent the same patern over and over Again Therefore, brain
recordings are made over a much longer inierval of time in order Lo be able to detect

any kind of abnormalitics.[11]

I he brain generates rhythmical potentials which originate in the individual
nearons ol the brain. these potentials get summated as millions of cell discharge
synchronously and appezr us a surface wavelonn, the recording of which 1s known s

the clectroencephalogram, as shown in figure(2.3).[11]
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Figure 2.3: Typival EEG signal waveform[11]
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2.3 Brain Rhythms

Many brain disorders arc diagnosed by visual inspection of EEG signals. The
clinical experts in the field are familiar with manifestation of brain thythms n the
EEG signals. For example, in healthy adulls, the amplitudes and frequencies of such
signals change from one state of & human to another. such as wakelulness and sleep.
The characteristics of the waves also chanpe with age. There are five major brain
waves distinguished by their different frequency ranges: alpha (). thets (8), beta (B).
delta (8), and gamma (y ),as shown in Rzure(2.5).[12]

Gamma Brain Waves (+40 117): are the waves highest in frequency al above
40H:. They also lend to be the lowest in amphtude. Gamma waves are present in
whole brain functioning and are associared with bursts of insight and information

processing related to “super-learning”™ and peak performance. [13]

Bela Brain Waves (13-40 Hz): are lower in frequency than Gamma waves
with slightly higher amplitude. They usually dominate in normal, waking
consciousness, when processing inlormation or engaged m aclivity or conversation.
They are associated wilh analviical thinking, a state of slertness, anxiety and
stress,[13]

Alpha Brain Waves (8-12.9 Hz): are lower still than Deta waves. with even
higher amplitude. They are active when the eyes are closed, or when the brain is not
actively processing information, They are indicative of a relaxed, calm state of
mind.[13]

Theta Brain Waves (4-7.9 He): are slower than Gamma, Beta or Alpha waves
and are typicallv of cven greater amplitude: They are active during light sleep, and
deep meditation.[13]

Delta Brain Waves (0.2-3.9 Hz): are the slowest in frequency and the highest

i amplitude. They are active in deep sleep, dremmles: sleep and in very deep,
transcendental meditation where awareness 15 completely detached [13]

18
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25 FEG Eleetrodes

Bioelectric events have to be picked up from the surfhce of the bady hefore
they can be pul mto the amplifier for subsequent record or display. This is done by
using electrodes. Electrodes make a transfer from the ionie conduction in the tissue to
the electronic conduction which is necessary for making measurements, There are Lwo
tvpes of cleetrodes are used in practice-surface electrodes and the deep-seated
electrodes, The surface electrodes pick up the potential dilference from the tissus

surface when placed over il withow! damaging the live tissue.[1 1]

Electredes play an important part in the satisfactory recording of bioelectric
signals and their choice requires carclul consideration. They should be comfortable
[Tl wear over long periods and should not produce any artifacts.[11]

2.6 EEG LEAD SYSTEMS

A pattern of electrodes on the head and the channels they ore connected o 15

called a montage. Montages are alwayvs symmetrical. The reference electrode s

generally placed on a non-aclive site such as the forehead or earlobe. EEG electrodes

are wrrunged an the scalp according to a standard known as the 10:20 system. There
arc 21 electrades locations in the 10/20 system. This system invelves placement of
clectrodes at distance of 10% amd 20% of measured coronal. sagittal and
circumferential arcs between landmarks on the efanium as shown in figure(2.0).
Eleetrodes are identified according to their position on the head: F lor (Tontal, C for
central, P for partetal, T for temporal and O for cccipital, Odd numbers refer 10
clectrodes on the left side of the head and even numbers Tepresent those on the right
while Z denotes midling electrodes.[[1]
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Figure 2.6: The intermational 10-20 svstem seen from left and ubove the head.[12]

EEG may be recorded by picking up the voltage difference between an active
clectrode on the sealp with respect to a reference clectrode on the ear lobe or any
other pait of the hody. This type of recording is called Monopolar recording
However, Bipolar recording is mose popular wherein the voltage difference herween
two sealp clectrodes is reconded as shown in Ggure(2.7). Such recordings are donre
with multi-channel electroencephalographs. [12]

anmipolar mentages

Figure 2,7:(A) Bipolar and (B) Unipolar measuremenis.[14]
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1.7 Electrodes

In order to measure and record electrical activity of the brain, it is necessary Lo
provide some interface berween the brain and the electronic measuring appararus, bio-
potential electrodes carry our this interfice finetion. Where the electrodes convert the

1onic ¢urrent into electrical currenr,
Second Part
2.8 Rohot Arm Structure Options

In this scetion the structure design of the anm huve been discuss 1o be adaptad
m such an application , the robot itself, the controller , the actuators and the eripping
mechianism .

2.8.1 Manipulator design

Robot manipulator is a set of links connects to cach other throw joints the first
is fixed called hase and  the last which tool or gripper connects is called end
effectors. the marapulator produce the motion t robot . so without the manipulator
the robot would not be a rubot since it would tol be ahle to move . due o the variety
of tasks and duties in robot manipulators its construclion is divided into two main

classes | serial manipulators and parallel manipulators. [2]

The only obstacle of the parallel manipulator is that it suffer from limited
wurkspace as compared with serial robot manipuletors. [n this projcct the serial
manipulator has been chosen.

Most manipulators amms ar the presenl time have five or lewer DOF. These
manipulators are usually classificd Kinematically on the basis of the firs: (hree joints
of the arm, with the wrist heing deseribed separately. The majority of these

manipulators 211 inte one of five zeometric types: articulated (RRR), Cartesian (PEP),
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cyvlindrical (RPP), or spherical (RRP). [1]Each of these four mampualatar arms are
serial link rohots,

2.8.1.1 Articulated manipulator (RRR)

The articulated manipulator shown in figure (2.9) is also called & revolute, is
the most commaon . these robot are often relérred 1o as anthropomomhic because their

movements closcly like the human am. The revolute configuration has several
advantages,

It is the most vatied configuration and provides a larper work envelope than
the Cartesian, cylindrical, or spherical configurations.[15]11 also maore fexible than
the vther configurations, it ideally suited to do many tasks. because of these tho
articulated configuration is our choice in the design of this project. A disadvantages o
the revolute configuration is that it requires a very complicated controller. and

programming is maorc complex than the other three configurations.

Figure 2.8: The Articulated manipulater[15]
2.9 Gripper

Generally used 1 hold an objects and place it from place to another it can be
classificd into mechanical, vacuum. pneumatic or cven electrical gripper .many
properties must the gripper achieves like light weight, small size. accuracy and fast
action in this project an clectro-mechanical gripper shown in Figure (2.13) will b
used in design .
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It consist of two fingers close against the abject with sufficient mechanical
force to hold the object against yravity and movement forces. The force should not
however be tou severe and cause damage 1o the component. The prippers puwered by
SETVO MOLOr .

Figure 2.12: Gripper

2.10 Motors And Actuators

Mator is ¢ device that creates motion: it wsually refers to cither an
clectrical motor or an intemal combustion engine. clectne motor includes DC moter
that iz driven by direet current and AC motor that tuns on alternating current
electricity. The selection of motor for this praject is depending on the DOF of the
robotic arm includes werght, amm link length and power or current, There dre a

aumber ol different types of motors that can be used: de, stepper and servo motors.

2.10.1 Serva Motor:

Of the three motors, the servo motors offers the smoothest and crsatest
control. They can be told to rolae lo a specific point making them ideal lor
applications that require precise movemenr,




RC servo is small actuaors designed remotely operating model vehicles such
as cars, airplanes, and boats. Today, RC servos are become popular in robotic
arm, creating humanoid robot, biologically inspired robot, and robotic arm. This is
hecause its ability to rolate and maintain certain location, pesition or angle according

to control pulse from a single wire.

Inside a typical RC servo contains & small motor and gearbox to do the work, g
notentiometer (o measure the position of the autpul gear, and an electnie cireuit that
control the motor to make the culpul gear move to the desired position. Because all of
these components are packed into a compacl. low-cost unit, RU servos are grea
acluator fior this robotic arm project. Figure 2.15 show the picture of the RC servo

Mmoo,

Figure 2.14: BC servo motor.

Servos are controlled by seading them @ pulse of variable width, The signal
wire is used to send this pulse. The parameters for this pulse are that it has a mirimum
pulse. a maximum pulse, and rcpetition rate. Given the rotation consirainls of
the servo, neutral is defined to be the position where the servo exactly the
same amount of potential rotation in the clockwise direction a8 it does in the counter
clockwise diroction. Tt {5 important to note that dilferent servos will have

different comstraints an their rotation.

25




2.12 Raspberry pi Maodel B+ :

Figure 2.16: Raspberry pi Model B+

Ihe Model B+ shown in figure 2.17 uses the same BCM2835 application
processor as the Model B. It runy the same zoftware, and still has 312MB RAM: Bt
More GPIO. The GPIO header has grown to 40 pins, while retaining the same pin out
for the first 26 pins a8 the Model B, More USB. We now have 4 USB 2.0 ports,
compared to 2 on the Model B. and better hot plug and over current behavior. Micro
SD. The old friction-fit SD card socket has been replaced with a much nicer push-
push micro SD version. Lower power consumption. By replacing linear regulators
with switching ones we’ve reduced power consumption by berween 0.5W and 1W.

Better audio. The awdio circuit incorporates a dedicated low-noise power supply.

Raspberry Pi Model B+ Featuring :

TOOMHZ Broadeom BOM28335 processor with 512MB RAM 40 pin extended
GPIO Full size HDMI, 2USB ports Micro 8D slot, More energy cfficiency (less
power required). Improved power management, New 4-pole connector replaces the

existing analogue and composite video port on the Model B,

2.13 Arduino
An Arduine s a single-board microcontroller and a software suite for

programming, It is designed for an Atmel AVR processor and features on-board 170
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support. The sofiware consists of a standard programming language and the boot

loader thal runs on the hoard. We are using Arduinalue microcontraller board.

Fipure 2.17:Arduino Duc

Lable 2. 1:ArdunoDuc specifications

Microcontroller Ayl SAMBI{E E
i Operating Voltage 3V
Input Voltage
_ T-12W
(recommended)
Input Voltzee (limits) f=10

Digtal 'O Pins

54 (of which 12 provide PWM output)

Analog Inpar Pins 1z
Analog Qutput Pins 2({DAC)
S |
Total DC Output Current on
130mA
sll 1YO) lines
| DC Current per 3.3V in 800 mA
DC Current for 3V Pin 8O0 mA
Flash Memory S12 KB all available for the user gpplicalions
SRAM 05 KB(two hanks:64KB and 32KB)

=

Clu':'i; Speed

&4 MHz
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3.1 Introduction to acquiring system design

EEG signal is acquired by electrodes, The EEG signal is very small and exist
in level of ambient noise. The amplification civeutt must amplify this small signal without

any distortion and suppress any noise in it
3.2 Signal processing system design

This section talks sbout EEG signal processing such as amplificstion and
filtration. Figure(3.1) depicls the main components of the hardware system. The
electrodes will be used to transform ionic current in tissue of the brain to cleclrical
current, Pre-Amplilier circuit amplify the differential signal and reduce the common
mode voltage: Band Pass Filter allows u specific range of frequencics 1o pass, while
blocking lower and higher frequencies and Inverting amplificr (o amplify the signal.

Electrodes Pre-Amplifiar Band-Pass Notch inverting
— =+ Filter v Filter v Amplifier

Figure 3.1: block diagram of EEG system

3.2.1 Electrodes

The EEG rocording clectrodes and their proper function are critical for
acguiring appropriatelv high quality data for interpretation.  Many types of electrodes
exist. often wilh dillerent characteristics. For multichannel montapes, clectiode caps are
preferred. with number of clectrodes instulled on its surface , Commonly wosed scalp
electrodes consist of Ag-AgCl disks, 1 to 3 mm in dizmeler, with long Qexible leads that
¢an be pluzeed into an amplifier. AgCl electrodes can accuratcly record also very slow
changes in potential Needle electrodes are used [or long recordings and are invasively

mscrted under the scalp.[16]

Ag/AeCl clectrode s chiosen because of its very low half-cell potentia] of
approximately 220 mV and its ease of manufacture ability. Ag/AgCl electrodes are non

polarized electrodes they allow current to pass across the interface between the
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electolyic and the electrode. Non polarized electrades are better than polarized
electrodes in ferms of their rejection of motion artifacts and thelr response to
defibrillation currents[17].

3.2.2 Instrumentation Amplifier (INA)

The ADA20 INA has boen used, as in figure (3.3), because it is:
& [asytouse,

* High common mode rejection ratio.

* Low power consumption.

* Low internal noise,

= High input impedance,

veo
_% Ry
10K
i e U2
electrode : H"\.
oe—" outputi
electroded IADG20A
e
]
electrodel L
-~
K
VEE

Figure 3.3 : AD620 INA

From data sheet of AD620, the gain is lusirated in Eg(3.9):

490K &
Rg

4 =

+1 (3.0)

Where:
& INA voltage gain.
Rz : External resistance added to achieve a determined voltage gain.
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S0, the gain that needed in this stage is 6 because there is DC offsct voltage. so can't
amplifving the signal more than 6 to prevent the saturation, by using Eqi3.9) the value of
Reas approximately 10 KO,

3.2.3 Band-Pass Filter

A Band Pass Filter (BPI) allows a speeific range ol [requencies to pass, while
blocking lower and higher frequenciss,

3.2.3.1 Wigh-Pass Filter

An optimum high pass filter (HPT) will be desipned to passes hugh frequency
signals bur attenuate the signa! that have lrequencies less than high cutoff fraquency (1).
Since this signals [ur cxeced the size of the EEG voltages. Higher order pass filters are
required to sharpen a desired filler characteristic, so will be uses 2™ order (Sallen-Eey
Bullerworth Filter) for this purpose, Figure(3.4) shown HPF cirewnt.

R3
ATAE
‘ MO
outputt  ©2 &

E + E" 1 outputz
330nF 330nF —1—
R4 i

MG
ETH
VEERz2
APy
5.1k0

Figure 3.4: Second order HPF circuit.
Eqi3.107 illustrated high critical frequency
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1

o= T TP G.].G}
" 2 RREC,
R .

Ay =142 111

1 3 (3.11)
Quality factor
= : (1.12)

3-4

The high culofl [requency that required in this project is 0377z, (=0.71) in
Butterworth coefticients filter[19]. So 4=1.3 .
Let €, = 330nFand G, = ¢ = 330nF.
by using Eg(3.10).
Ry =R, =1ML).
Since the gain of this stage equal 1.5, so by using Eq(3.11), let Ry = 10K1), s0 Ry =
5.1K%.

31.2.3.2 Low Pass Filter

An oplimnum low pass filter (LPF) will he designed to passes low-frequencics
signals bul attenuate the signals that have frequencies higher than low cutoff frequency
(F;). Since this signals fiur exceed the sizc of the EEG voltages. Figure(3.5) shown LPF

circuit,
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Figure 3.5: Sceond order LPF circuir,
Cg(3.13) lustrated low critical frequency

E 1

e e
22 RRCC, s

The low cutoff frequency that required in this project is 48Hz,
Let G =0y = 100nF

By using Eq(3.13):

Hy = R, =33.1KQ,

Since the gain (A45) of this stage equal 1 31, s by using Eg(3.11), let R = 10KQ, a0
HE — 5..1!‘:“.

3.2.4 Notch Filter

In previous section. the commen voltage attenuated by high and low eirewt,
but there is residual common mode valtage thal created from power line are still
combined with the EEG signal. So notch filter will be used to reject the residual commuon
mode voltage, The Twin-T ecircuit will be used since it is provides a large degree of
rejection al a particular frequency. Figure(3.6) shown the Twin-T filler civeuis,
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Figure 3.6; Twin-T Filter.
To calculate the values of resistors end capacitor for the noteh filter, will be
wsed Ey(3.15).

1
ot “(2mR0C)

(3.15)
Ry = Ryy = 2Ry

6=C=Cy/2

Byy= 50z

Lel £, = 47TnF s G, = 47nFand C; = 94nF,
By using Bg(3.15):

Ria = 62KQsoR,, = 68KQandR,, = 34KL).

Since the gain {4,) of this stage equal 1.51 , so hy using Eq(3.11), let B3 = 10K13, so
Ryy = 5.1KC)

3.2.5 Inverting Amplifier
Alter filtration: the signal from common mode voltage, now we can amplily

this signal since it is very small signal in (microvoll). Inverting amplifier will be use for
this purpose as shown in fig(3.7). Eq(3.16) illustrated the gaim of this filter.

(3.16)

34




Bince the gain of this stage equal -200. by using Cq(3.16) let R, = 1K1, so
Rs = 200K0.

cutputs
outputd R1 —— %
& ANy
1k

Figure 3.7: Inverting amplitier,

In this project the OPUT Op-Amps have been used sinee it have the following

characieristic:

= Pawer supply £9V.

« Low intcrnal noise.
3.2.6 P'ower Supply
Power supply has been used o supply a power to electrical component, Sinee

the product of this project 15 portable so also we need portable power supply such as
Battery with SV,
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1.3 Introduction te robot kincmarics

Kinematics is the description of motion without regard to the forces that cause

il. It deals with the study of position. velocity, acceleration. and higher derivatives of
the position variables[20].

The kinematies solutions of any robot manipulator are divided into two
solution, the first one is the salution of Forward kinematics, und the second one is the
inverse kinematics solution Forward Kinematies 18 the method for dctcn:njlﬂ_lm the
orientation and position of the end -effector ,given the joint angles and link lengths of
the robot arm .Inverse kinematic is the opposite of forward kinematics |, 1t used when

we have g desired cod effoctor postiion but need to know the joint angles required to

achieve it.
3,31 Forward Kinematics

The forward kinematic cquarions, describe the funcrional relationship betwesn
the joint variables and the pasitien and enentation of the end-effector. [T a robuol has i
links, the jeints and links numbered from 1 to i and O to i respoctively. The joint
variables are denoted by g¢; . [n the case of prismatic joint, d; represents the
dizplacement. similarly 8; represent the angle el rotation [or the revolule joint.[21]

To obtain the torward kinematic equations Lhe [ollowing steps should be done

A)The DH parameters :

To describe the kinematics of any robot, four parameters are given for each
link  a;, e, dy, 0 where two ol them deseribed the link, and the others describe the
connection with other links. this four paramerers are generally given the names ; link
length, link twist | joint offset, and joint angle respectively [15].figure (3.8) show the
frame assignment for the robot manipulator where frame 1 is the shoulder frame and

franie G is the gripper frame. then we can set the DI parameters of these hinks as
follow [22]:




Table 3,1: DH Parameters

Link  Joint a; a; dy 6

0 1 0 a; d | & |
I 2 ay 0 0 &,
2 & (13 0 U By
3 4 @y 0 a,
3 5 G [ ds | 6

as Ve oa Xs dy ye

#\Qi;'\)—# >
<
R
R &

-4
L 4
-
#a

-2
.

Figure 3.8: framce assipnment for the robut manipulator
B) The transformation matrices of each link
Onee the DH eoordinate system has been established for each link , &
homogeneous transformation matrix can easily be developed depending on the
number of the DOF. The homogeneous trans formation matrix for each joint from joumn:

| to the joint 1 can be calculated as[21][15]:

A = Rat{z,0 ) Trans (z.d, ) Trans (x,a, ) Rot (v, ) (217
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1his transformation consists of four basic transformations as shown in
cquation above .where the notation Rot{z, 0;) stands for rolation about 2; axis by,
Trans(z,d Hs translation along x; axis by a distance dy, Trans(x, apis translation
along x;axis by a distance @, Rot{x,2,) is rotation abaut X: by &, Then in terms of
the full matrices -

cér —sar ) 'D_IVT o0 Q0 |-1 B
s oew O 010 1 g oy 3
O 0 1 0)lo o1 &llo o

0

0
O 0|0 ew .47 T
!

lo o 0 10 00 100 e

{1 U Mg Cexi 0
1 J g 0 0 1
By nuultplication we obtain :

o g et AT A T 4
CE R = e P g

ik 0 s Cus d: aes)
00 R B
where
Cg; 2 cos 81, 8§, : sin Bi
¢; * {Length) is the distance fom 710 Zy ymeasured along z; .
@; - (Twist) is the angle between 7 and z;,. measured about x;
d; ¢ (Offset) is the distance from %10 X4 measured along z, |
61 (Angle) s flue angle hetween x;and x;,, measured ahour Z%
and by substituting in equarion (3.18) for each link we gef
R ['.l‘|
B0 = 0
di= bl g d (3.19)
00 0 1
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fer =2 0 ascr
f

S 52 ¢z U zr:u::i

lp 0o 1 0 {3.20)
lo o o 1 |
Mo =43 0 gses

Jess L T - (L0 - ;

i (P TR IR (3.21)
0o 0 0 1]
‘764 54 u4ﬂ4-|
T U B el

,d_.L‘: : 41 o
S T (i)
o 0 0 1
s —g5 0 ﬂw

4 s oes DD 193]

o 2 G
|_.EI ] lj

¢) Obtain the manipulator sransformation matrix/:

After the homogeneous matrix hus heen defined for each link ol the robot

manipulator, we find the total homogencous matrix for rubot manipulator with 5-

joinis by multiplying all the transformation matrices from At A as describe in

equation(3 24 15]211:

FE = A% % A A A {3.24)

(hen using matlab and write this code:
cl=sym('cl') %6 1o creales symbolic vanable
c2=sym('c2 )i
cA=sym{’ed');
cd=svm('cd'):
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cS=sym('c5");
w1=sym(sl").
52= sym('s2");
3= sym('s3);
54— sym('s4',
85— sym(s5);
ud=sym('a2');
ad=sym('a3’);
ad=sym(ud'):
dl=sym({'d]");
dS=sym('d3’);

Al=Tel 051 051 01 0:010d1:000 1]
A2 52 0a2*c2:52 2 0a2*2:00 1 0:000 1]
A3=[¢3 -53 0a3*c3:53 3 0a373:0010:000 1]
Ad=c4 054 0:54 0 c4 ad*s4:0 -1 0 000 1]
AS=[cS 45 0 0:85¢500;001d50001]

Ti-Al

T2-T1*A2
T3-T2*A3
T4-T3*A4
T5=T4*AS

we can gel in the work space the following :

bk
g
325
(0 Gl
i

- oo o




['u]ﬂ:. phde a0
P=dige=| = 5% 4 a8y (3.26)
' | o5 & 0 &+, '
\».D n @ I =

[eicit, =88y, &6~ e, N G —aes; vacee |

3
3
L
*
g
o L et P L e i 31 € WS — 5.5+ a0
I’i ‘{3 = ¢ - = - -
0.8, 4o, L () th TS s R a,08,
. 0 0 0 1
algee—¢as) | !
b fﬁi‘r&"‘ﬁ ) o lenass) age-ases taes)
S (666 -685) —agsstageg
alees —585) .
uj:-..].|- S'P % "__'.""‘-t"-i-.
i | GET85%) —BS8S Yaeas
aes=as) o alba-ss)  dias-acs+aes
e —55) Slentes)  asion-ss)
L0 0 0 1 !
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=14

coleyleese, —6as,)

—tos; = Selc (0,8 —€8284)
S, HaEns ) 5
—5, (0,68, + .05 )]

esfedescs, =515 %) ;
. oi6s — Sulcalerens) — 58,5
= —sdedin el
=3, {0588, T &8, 0}
+¢,3

(78 { e [ C5Fy ks ¥

: —sgle,(o,8, - e:8;)

5,006 —55)) ;
tr e =850

=, (00,5 +5es8s)

=50 - 65,8,

g le4 % 088, ]

—x, (eos, =88]

eyles =9,%)

=iyl b, |

(3.29)

R LA (S R e 1]
—slee, =088
—a. 5l 0m; H s ]

~d 8 8.8 F 000,

0.8, — Al (e ST, TS )
=3 | 145, —5,5.8: 1)
e s LN S5, )

=it S, + Oyl

d, + iy,
+d (o) (et =515, )

—g, (08, ey ) HaEs,

+liy a8 b l6ac — 5.5

|

d) Calculate the position and orientation of the end-effector.

The homogenenus representalion given n previnus eguation can be denote n

terms ol matrices lakes the fonn s

i
= l: s
fia

(3.50)

dy, | | Rotation
Fia | Prespective

This equation is the end cffector

main components: the rolation matrix #nd the position

Transiation i B
Scale factor

a8

B Ta
{n 0

LI
fag ¥
Fuq =
o 3

qansformation matrix @nd it consists of two

vector ol the end-effectar . The

3% rotalion matrix provides the orientation of frame i with respect Lo the base frame

and the position vector d represents the desirad position from the origin Oy 10 the
origin O, expressed in the frame QuXoYoZo[13]

equation (3.30) can also be expressed by 12 equation by substituting equation (3.29)

into it as ;
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h=oleleeg —658) - s.laa5 toas)) =55 =G —5.3
Iy =€e(e, {I‘fﬁfs'ﬁl =& 8, )~ N e s ey = afe, - ﬁ"'._wsf)
7y =cle o, o J s e — 55 ) =28,

Hp ==t =85{ey (g6 =658 b= (G a8 = =008, =65,
T =008 —Sslegleye s —om s ) =g (08 HEm ) = 6, =85
= —5(egfes Has ) 5,00 — 58 ))= 5y
s == (06s8 T 668 =8 (e e —ga8 ) =—t5y
R = ClE8 Sy 698 )=, (6565 — 838 ) = —8y8q
y = oy — 5.8 )= s s el ) = ey

r=aqe,—d e (ges Feas)taleee  gssl)l-as (ees oy ) —gen s, +ane0
= @00 O e S taey,

¥ T8 —d;_f-.;-.‘ (e 85 TS ), [-:‘L_ca,aq —x5:5,)) =25, (¢85, +¢,55;) —LE 8, 8 e
UGS T, +‘J‘|.SE‘#?.]-I a1 R

r=d tas, +dfele e =585 )= sles, +en)) H e, s + @6.8, 4,5, (ese; —5:5:)

= a8y T O P

3.3.2 Inverse kinematics

Inverse Kinematics (IK) analysis delermines the jont angles for desired
position and orientation in Cartesian space. The selution of inverse kinematic is more
difficult than forward kinematics . The transformation matrix 1,5%. . will be used

o caleulate the inverse kinematics equations a3 follow[15],[22].[21]:

To determine the inverse kinematics solution for the first joint €, as a function
of the known clements of 77 we multiplied the Link transformation inverses s shown
in equation
[T 2 =[] st xAlx £ xdn s (331)
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where
[A(“L]" x4’ =1I, I isidentity matrix . using matlab the ahove equation can he written

in form of full matrices as follow :

Eh DS On T LS GL LS, GRTSY

b LT L =4, L (3.32)
TS TR TS G S ofp X QY
0 0 0 1

efedes -s8) ~slalon =) —eles tes)
_fq":{r"": +'E'T:i:"‘::'t!j' =S (o1 48 ] Slene; —88)

ey =i, (ris}:+ &t )+ (e~ s'.‘,._t.*_)}'
I8ec —dby—ayfas ~as)
sl w0 —sloiesan B~ | = (333)
dales; ol —sdalanran) glag-5n) e +dlales —a5)-s tes)
e =5 ) e -sa)l  sleses) lees e sl —6s)

iy —ts i} 0

0 0 0 1

[

From equation(3.32), (3.23) we find [23]:

sx-6¥=0
K5 =k =—i
7S =it =0,

rys =673 =0

then : 6 = A tan 2(x, 1) (3.34)
6, = Atan 2(s..c;) (3.35)

From clements (1.2) und (2.2) we get ;

il = Fd, = =000 — 855,95y

Yy SN, — 80Ty

then :




= Ataa2si.0) 5 36

Gy Hi HEc.,

where &, =
35833
e, fag H385Cx
52852

Similarly we can solve the olher angles as the same way |

(7, = Alan2(s. .e,) 3.37)

and

'E] = ;{lﬁ_n;‘f_ﬁ'},ﬁ!ﬂ (3.3%)

3.4 Serva Mator Madeling

The servo moater is used widely in control systems for analytical purpose, it
is necessary lo establish marhematical models for servo motars. Serva motor converts
the electrical energy to mechanical energy, The mortor directly has a rotry motion,
and when combined with mechanical part it can provide translation motion for the
desired link,

The equivalent circuit of servo moter shown in Ggure(2.1) [24] The armature
is modeled 45 o circuit with resistance R, connected in serics wilh an inductance L,
and a voltage source et) . Vy(t) representing the back electromotive force (EME) in
the urmature when the rotor rotates.
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Figure 3.9: equivalent circuit of servo moter[24)
If we apply the KVI. equation for the cirewt n Ggure (3.9)(24](23] ;

R.ui u'{r']'_’-‘[fﬂ di’;[jf] =We ':! } ¥ {f ] (3.359)

This motion induces the back EMF by the angular speed of the motor shaft as follows:

Vi =Ko ()=K, % (2.40)

where ¥, (¢) is the back EMF , and ), is the shaft velocity of the motor. The

mechanical equation { Newton law of motion ) is obtained as follows :

d*601) . de)
1 et s LA
Tl =, dr* Tt

~J A )+ B 6() (3.41)
where J, is the moment of inertia of the motor and A, s the motor triction
coefficient
Based on the previous two equations when the input voltage V(2] is applicd.
the armature current i, () goes througn resiztance R, and inductance [, . producing

magnetic flux and causing the motion of the rotor according to the motor torgue as
illustrated in equation




v, (1=K,i,1) (3.42)

where 7,(f) is the motor torque produced by the motor shaft . i (f)the

armamre current ;and K, is a proportional constant.

The eguations are combined as follow :

£ e BELE
£ B0 pi =0k, if ) (3.43)
a0y FE(1)
J +18 =
(g r.fl' 2 m l.'jf Kriu [f ] {3 44}

Transforming the above two eguations using Laplace transformation, we
obtain the two equations as follows:

Lsl(s}+R T(s)=V (s)-K,50(s) (3.45)
And
J s H(s) 1 B sB(s)=K 1(5)(3.46)

Substituting (3.45) in (3.46) gives the motor speed us follows

) _ K

G T ; it
et )= 5 (8) LLs"+WL B, +RILB+EK,

{3.47)
In addition, the transfer functicn of the motor position is determined by

multiplying the ranster function of the motor speed by the tern 2 -
¥
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i) saLs” 1L 8, v LR +K K, |

(3.4%)

Flm.!.;rll'rq-!' (S:I

The hlock diagram of servo motor shown in Figure (3.10) This block diagram
represents an open loop system, and the motor has built-in feedback EMF, which
tends to reduce the current flow]25).

Edds) 7 i e | e(s) 1 8(s)
i ‘SLE ¥ Rﬂ 3215,;” + ﬂﬂm

Figure 3.10: The block diagram of serve motor[25]
3.5 Gear Ratios and Torque :

When a series of geurs is used to transmit power from a motor to a link, the
gear connected 1o the motor 13 called the driver or input gear. and the gear connectad
to the link is called the deiven or output gear.

The gear ratio is the ratio of the number of teeth on the output ge=er(the one
connected to the link) to the number of teeth on the mput gear(connected to the
motar).

Equivalently, it is the ratio of the circumference of the output gear to the
circumfercnee ol the input gear. because the number of teeth on each gear is
proportianal to the gear's circumfercace C. Also, since the formula for circumference
is C=n D und diameter (1)) is twice the radius (R} we can write ;

nd, R
GR = H—L;; = FT

The gear ratio expresses the ratio of the output torque to the input torgue.
Thus, we can multiply the werque supplicd at the molor shaft {the input) by the gear
ratio 1o find the torque at the output,




output torque = motor torgue X %
i

3.6 Trajectory planning

The problem of this section is to find a trajectory that connects the initial and
final configuration while satisfving other specilied constraints at the endpoints {c.a.,
velocity andor acceleration constraints). Without loss of peneralitv, we will consider
planning the trajectory for a single joml. sinee the trajectories for the remaining joints
will be created independently and in cxactly the same way. Thus. we will concern
ourselves with the problem of determiving &(t) .where f(i)i= a scalar joint
vanable [15].

We suppose that at time tp the joint variable satisfies

&(1,) =8, (3.49)
é(ru } =6, (3.50)
and we wish to obtain the values at t

a(r, ) =0, (3.51)

8z, )=0,(52)

Figure (3.11) shows a suitable trajectory for this melion. In addition. we want
to spﬂciff the consitaints on initial and final accelerations. [n this case, we bave twy
additional equations

&(t, ) =a,(3.5

o, )=a, (3.54)

e
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Figure 3.11: joinl space frajectory[15]
Here we illustrate two types of trajectorics;

3.6.1 Cubic Polynomial Trajeclories

We wish to generale a rajeclory belween two configurations, and we wish to
specily the start and end velacities for the twrajectory. In order 1o generate a smooth
curve such as that shown in Figure (3.10) is to vse a polynomial function of . If we
have four constraints to satisfy, then we need at minimum a polynomial with four
intlependent coefficients that can be chosen to satisfy these constraints, Thus, we
consider a cubic trajectory ol the form[15]

BlE) =a, +ai+at® +at (3.55)

Then, if we derive cquation (2.35) we get the desired velocity

) =g, + 2ot =3at’ (3.36)

and the second derivative of equation (3.33) is the desired acceleration

AMt) =2a, —ba.t (3.57)

Combinirg equations (3.55) and (3.56) with the four constraints we get four equations

with four umknowns
By = a, bayt, +ayls +ad;

Vo =8 + 2440, +3a}rj




- 2 3
8y =ay oty a8+t

-I'il.r' ==k _E'ﬂ'.tif +3ﬁ!t,:
These four equations can be combined into a single matnx equation

¢

K r, 5 5 (g
¥y o ﬂ 1 2#,] 3‘?& " 3 __‘H]
6,711 ¢ £ £ |a -
ve | |Q 26 26 367 | oy

This eguation alwavs hag a unique solution provided a nonzero time interval is

allowed for the execution of the trajectory .

3.6.2 Quintic Polynomial Trajectories

As can be seen in [gure (3.12)[15]. a eubic trajectory gives continuous
positions and velogcities at the start and finish paints imes bul discontinuities in the
acecleration. The derivative of acceleration is called the jerk. A discontinuity n
acceleration leads (o an impulsive jerk, which may excite vibration modes in the
manipulator and reduce tracking accuracyl 13).
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Figure 3.12; Cubic Polynomial Trajectories [or position, velocity, and acceleration

For this reason, one may wish to specify constraints on the acecleralion as well
a5 on the position and velocity. [n this case, we have six constraints (ope each for
mitial and fnal configurations, initial and final veleeitics, and initial @nd final
accelerations), Therefore, we require a {ilth order polynomial[ 5]

Blty=a, ~ai+ai* +al +a,t JI--::_Ji (3.59)

Using equations (3.49) - (3.54) and taking the appropriate number of
derivatives, we ublain the following equations

O, =ty +aty = ad, —ab +atl =a.r
v, =a+2ai, +3ag] +4ag’ +3a.!
Gy = 2a, Gasty ~12a27 +20a:t;

5,.- =a,+af, + :i.;.'.‘:-i % ﬂ:lf:? -i—.u,.-rf. +-asr.f
v, =a +2a1, +E-a]t;+4a‘r; =Sat)

@, =2, = 6ait, +12ay] +20a4]
and in the form of marrices we can write the previous equations as :

52




gl & 5 £ 4 9 |w]
“ 0 1 2 3 a5 e

@ (Db ae, 1265 200 ||a Al
gl ¢ & £ # 2 |l=n 360
¥y 0 1 2, 3 45 Ml

| & |O0 2 bF, 1.?..!’? Eﬂf_.} e ]

Figure (3.13) shows a quiatic polynomial trajectory with #{0) =10 Bi(2)=40

with zero initial and final velocitics and accelerations .

1
us
L]

Figure 3.13:quintic polynomial trajectory with velocity and aceeleration profiles[15] .
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3.7 Acquiring signal system

After brain signal processing in hardwarc processing circuit, the signal still
have a noise, so we build a digital filter to obtain the sipnal with very low level of

foise.

3.8 Digital processing system

Information content of EEG signals is essential for detection of many
problems of the brain and in connection with analysis of magnetic resonance images it
forms one of the most complex diagnostie lools, To extwract the most important
properties of DEG obscrvations it is neccs=sary to usc officient mathematical wols o
cnable rehiable and fast enough processing of very extensive data sets in most cases
Digital filters can be used i the initial stage of EEG dala prucéssing lo remove
power frequency from the ohserved signal and to reduce its undesitable frequency
componeats. preseuts 4 sample of 2 selected EEG charmel comparing results of 1ts
segmentation by an expert. This approach has been vsed in this case lor 4 selected
channel only even though further ¢hannels must be taken into account in the real case

as well[1]
3.9 Drecision of the Movement

The robot arm have a one servo motors and gripper. each servo molor heve
two movements, each movement have one interval of & reference sipnal.

The servo motor receive signal from PWM (pulse with madulztion) pin of the

microeontroller as pulse signal.

The next flow chart represent the project step by step.
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Figare 3.14: flow chart of whele system
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Figure 3.15: intermnal design for svstem

To comnect RasbperraPi with Arduine -

sudo apt-get install -y arduino
sudo apt-get install -y python-serial
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Feature Extraction And Classification
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Before we exlract the [eatures from the EEG signals . we necd to hiter
signals to take pure data for every movements . we design some filters to this level
s notch filter and bandpassfilter swe design code by Matlab language o test the
result then we write another code in Python language to set it on RaspberryPi
(Appendix A}

4.1 Feature extraction

In maching learning, feature extraction starts from an initial set of measured
datz and builds denved festures Inlended W be mformative. nen redundant,

facilitaring the subsequent learing and generalization steps.

When the mput data to an algorithm is too large to be processed and it is
suspected to be redundant, then it can be banslormed into o reduced sel
of Features (ulso named features vetlor). The extracted features are expeeted 1o contain
the relevant information from the input data, so that the desirec task can he performed

by using this reduced representation instead of the complets initial data

Feature extraction involves reducing the amount of resources required to
describe 2 large sel of data. When performing analysis of complex data one of the
major problems stems from the number of variables involved. Anzlysis with a large
number ot variables generally requires a large amount of memory and computation
power or a classification algorithm which over fits the fraining sample and generalizes
ooy o new samples.

Feature extraction of EEG signals 1s core issues on EEG based brain mapping
analysis. The classification of CEG signals has been performed using features
extracted from EEG signels. Many features have proved to be unique encugh to use in
all brain related medical application. EEG signals can be classilicd wsing a sct of
features like Aulo-regression, Encrgy Spectrum Density, Energy Entropy, and Linear

Complexity, However, different features show different discriminative power lor

ditterent suhjects or different trials.

LT TATE R A T o A E
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Analysiz of brain signals that provides direct communication between the
braie and a body can help patients wha suffer from ill health and several psvchic
prablems and severe motor impairments o improve ther living quality . The mental
decision and resction into control commands by analvring the hioslectrical brain
activity. A Kind ol analysis brain computer interface system based on snalysis of
EEG. Generally, the EEG has poor spatial resolution and low signal-to-roise ratio
(SNR) of sy evoked response embedded within ongoing background sctivity. To
ihstinguish signals of interest from the background sctivity various feature extraction
methods have been applied, including antoregressive models , phase . entropy, sparial
filter . wavelet transform | et It (s known that EFG signals under appropriate well
designed experimental paradigms allow a subjeet 1 convey her/his intentions by e.2.
motor imagery or cxcouling specific mental tasks Once the intentions have
manifested themselves in brain activity and have been measured by FEG, the scene is
set for advanced signal processing and machine learning technology.

Feature vectors need o be exwzcted from the EEG signals, then this [cature
veetors gre translated by machine leaming techniques like lincar discriminate analysis
or neural networks or k nearest neighbor. 1t°s helpful for classification that the EEG-
features are extracted such that they hold the most discriminutive information for a

chosen paradigm.

4.1.1 Duta Deseription

EELG signals are extracted from sophisticated machines in highly secured and
de-noised labs are prone to artifacts and several other type of non-separable noisc.
EEG signal when analyzed has a very low frequency in the range ol herte, These EEG
signals can be classified based on their frequency bands, feature extraciion is a spevial
form of dimensionality reduction. When the inpul data to an algorithm is too larec to
be provessed and 1t is suspected o be notoriously redundant (much data. but not much
information) then the input data will be transformed into a reduced representation set
of features (also numed features vectar).

Transforming the inpul data inlo the set of features is called feature extraction.
I the features extracted are carefully chosen it is capected that the features ser will
extract the relevant information from the input dara in order to perform the desired

task using this reduced represeatation instead of the full size input. Feature extraction
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mvalves simplifving the amount of resources requited to describe a large set of data
accuralely. When performing analysis of complex duta one of the major problems
stems from ihe oumber of varables involved. Analysis with a large number of
variables generally reguires a large amount of memory and computation power or 4
classification algorithm which over fits the training sample and generalizes noorly to
new samples. Feature extraction is a general term for metheds of constructing
combinalions of the variables 10 get around these problems while still describing the
data with sufficient accuracy.

With regard to the brain signal There are several wavs for feature axtraction,
including the ; Short Time Fourter transform .Fast Fouricer trans funm, principle
component analysis and Waveler Transfonm .

The autocorrelation. wavelets, and Principal Component Analysis (PCA) were
the types of the processing used. We applied these methods on the brain signal and
the best way with the result accurate in respect of this project; PCA is used to reduce
the dimensionality of the EECG signal. Minally, wavelet analvsis is used a8 a classifier
prior Lo the KNN. The aim of this work is 10 caleulate the FEG waves (delta. theta,
alpha, and bela) using Discrete Wavelet Transforms (DWT) [ollowed by discrete Fast
Fourer Transform (FET). Discrete Wavelel Transtorm (HAAR) wavelet transform

use for feature extraction and EFG signal segments classification [ 1]
4.1.2 Wavelet Analysis And Signal Feature Extraction

Wavelet transform forms a general mathematical tool for signal processing
with many appheations in COG data analysis well. Its basic use includes lime-scale

signal analysis, signal decomposition and signal compression.[1]
4.1.3 I'heoretical Concepts; Discrete Wavelet Transforms(DW 1)

The DWT means choosing subsets of the scales { & ) and positions (b ) of the
wavelet mother w (1)

W (1) =254(2 B (1 b)) a1

Choosing scales and positions are based on powers of two.which are called

dvadic scales and positions {ja=2-:bjkjk=2-,} (jand k integers). Equation (1)
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shows that 11 is possible to built a wavelet for any function by dilating a function v (t)
with a coefticient 27 | and translating the resulting function on a grid whose mterval

i5 propoctional to 27(-).

Contracted (compressed) versions of the wavelet function match the high-
frequency componcuts, while dilaled(stretched) versions match the low-frequency
components Then, by correlating the original sipnal with wavelet functions of
different sizes, the detils of the signal can be obtained at several scales. These
correlations with the different wavelet funcrions can be arranged in a hicrarchical
scheme called multi-resolution decomposition. The multi-resolution decomposition
algorithm separates the signal into “detsils”™ at differenl scales amd a coarser

representation of the signal numed “approximation™

The algorithm of the TPWT decomposition and roconstruction can be

sunmmnarized by following procedure

Given @ signal “s” of length n. Starting from s, the first step produces two seis
of coefficients: approximation coefficientscAl, and detail cocllicients ¢D1. These
vectors are ublained by convolving s with the low-pass filter Lo_D for approximation,
and with the high-pass [ilwer Hi D lor detail | followed by dvadic decimation. This is
shown in Fig. (l:a).The length of cach filter is equal 10 2ZN. If n = length (s). the
signals Foand G are of length n | 2N - 1, and then the coefficientz ¢Al and el are of
length

Floor( n-1/2)) — N)
Floor means that the length of the coefficicats rolled (o the neares| mteger.

= The next step splits the approximation cocflicients eAlinte two pirts using the same
scheme, replacing s by Al and producing cA2 and €D2 as shawn in Fig. (1.b), and so
on. So, the wavelet decomposition of the signal s énalyred at level | has the fallowing
structure; [eAl c¢Di., cD1].

* The struchare in Fig. 2 contains i= 3, as shown in the terminal of the tree.
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« Conversely, starting from cAl and cDi, the inverse discrete waveler transtorm
(IDWT) reconstructs cAi-1, inverling the decompuosition step by inserling zeros and
convolving the resulls with the reconstruetion filters,

AppraX i
Lo prass filter g Jhesvian warmppsle Confficionts
Lo _D — l 2 — Al
%
L]
i D —» ) 2 >
el
fﬁg}j puass filer [domn l..f,rm.;llr Cocfiiviens
(E1]
Favid i h_n - l 2 e LY, T
l.'-'\.
Wi D ] @ L s
Ll i
(b)
l 2 keep one sample vut of two
X convolyve with the filer X

Figured. 1+ The algorithm of the DWT, (4) one decompasition of the signal s, (b)
decomposition at vach level
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Figured.2: The tree of the multi-decomposition (mul ti-level) of the signuls
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Figured.3:- Flowchart Display The Steps Of Featurs Txtraction




Finally;

The code use to do this level and display the result we write matlah code to test the
result and then we write the code in python code to save it on RasbperryPi. we do
five level to arrive best result for this level every FLG signal that special to up
movement after five level discrete wavelet transform (haar) it's the same results

almost .each 20 up movement almost the same result in digital dats |

400 EBO KOO ey 300 £50
Time steps

B0 130 180 350 &Ca LE0 L7 5

200 280 30
Coefficient indices

4.1.4 Principal Component Analysis:-

Principal Compenent Analysis (PCA) is a powerful tool used o reduce the
dimensionalitv of the features muintoning the vanabion in information. If the number
of features e.g 30 after using "PCA" the features number reduce 1o e.g 3 .thy way to
reduce [eatures by steps of calculation &nd sometimes PCA combination some of

features with another features, How W reduce the dimensionahity?
4.1.5 PCA: Steps and Praperties:-
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1)The sumples should be normalized by calculate Mean,
2) Covariance Matnx.

3) Find the Eigen Valucs/ Eigen Vectors of Matnx .

After PCA we reduce the numbcr of features from the EEG signals |

4.2 Classilication:

EEG waves classification is achieved using an accurale wund highly
distinguishable rechoigue, The proposed method makes use of hoth the discrew
wavelel transform as well as the discrete Fourier transformn. Specially, waveler
transform is used as a classifier of the EEG [requencies. In addition, the filtered EEG
data were used as input to the wavelet transform offers a perfect success in the
rejecting undesired froquencies and permils the DWT levels to discriminate the ECG
waves only. This method offers more efficiency than previous works, which it can be

castly distinguished hetween EEC, waves

There are many categories that covers the most used algorithms in B!
classification systems, and they are: linear classifiers. nonlinear Bayesian classifiers,

nearest neighbor classifiers, nearal networks, and & combiration of classifiers:-

1. K-Nearest Neighbor (KNN)

K-Nearest Neighbor classifier is one of the simplest elassifiers, To classifv a
new data sample. we compule its distanee to all of its k nearcst neighbors. This
sample is assigned to the class in which most of these k neighhors are located. By

distance we refer to Eudlidean distance.
2 Linear Discriminate Analysis (LDA)

In this methed, the main ides is to find a hyper plane which separates data of
twir classes and maximize between class distances and minimize inter class distances.

Thus. the optimized separation 1s guaranieed.

(§ ERAE 1L



In LDA, data distribution is assumed 1o be Gaussian with equal covanance

matrices for hoth classes. Middle and inner class scattering are ohtainad from the

following formulas.

Bw= Lipj * (covy)

el

Sy — Lil4 = Ha) % {,'.tif‘-m]-[

Where S,, is the within-class scatter and 5y 15 the berween-class scatrer, p; is

prior probability, covj ts the covariance of class |.

W 1s the total average of classes and Ly 15 the average of class w.. The aim is to
lind & measure which muximize the between class scalter and minimize the within

¢lass scatter which is defined as Equation 3.4
criterion= inv"(S,) = S:

Thus. TIDA tries to maximiza this criterion.

2. Support Vector Machine (SFM)

Suppotting Vector Machine is 2 classifving method proposed . This methoé is
a powerful toel in solving ditfferent problems. The mum ided ol this method s
mapping the nonlmear mput veclors to 8 hugh dimensional feature space in which a
hyper plane cxists that separates feamres lmenrly, Tet (3. yi) |1 = 1....1] be the

training data. x; is a train sample and «y;{-1,1} is the label of sample 1.
A hyper plane can be defined as follows.

wax b=10O

Where w is a vector perpendicular o the hyper plane, x is one paint on the
hyper plane and b is the bias, If woptb = = L. x; 15 assigned to class +1 and if w.y—b
= -1 , xi is assigned to class -1. The optimized hyper plane is the one which maximize
the murgin value. The optimized margin is the one with this property that all samples

of class -1 are located on one side of it and all samples in class | are located on the




other side. As we havem = 2/w| (where m stands for margin), so [w| should he

decreased 1o produce an optimized hyper plane |

There are many theories that perform elassification operation In this project
the K-Nearest Neighbor is used to divide the signal pattern into classes .this ¢lass ig
iterated as @ single class.

4.2.1 K-Nearest Neichbor (KNY)

K-Nearest Noighbors (KNN) is known s & simple but robust classifier and is
capable to produce high performance resulls even for complex applicatioms . The
KNN uses a distance of features in a data sct to deterinine which data belunes w©
which group. A group is formed when the distance within the datz is close while
many groups arc lormed when the distance within the dam is far. In
Electroencephalogram (EEG) research, KNN is widely used as a classifier to classify
the EEG signals. For example. KNN was used (o classify epileptic and normal brain
aclivities through EEG signals .In another example, KNN was used to classify ten
samples of EEG signals for individual biometric purposcs,

K-Nearest Neighbor Advantages: Siimple .Powerful \Requires no training time.

Disadvantage : Memory intensive ,Classificarion/estimation is slow.

The way for caleulation this methad calculate the meantcenter ) for the
sample and then measure Centroid , and by Euclidean distance between the sample
and the Nearest Neighbor .

‘qilf{-lp; -'Elr: ]: + {.Pr _I?J' }1

2= =0 =@, t oot (p, =g, )

Another Classifier can we use in this project : Nafve Bayes Classifier. The
Naive Bayes Classifier technique i3 a probabilistic approach based on the so-called

Bayesian theorem.
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Data s=t from the classified
signal

Figure 4.4:Creneral Block Diagram For The Classification Level.

Next code swe write it by Matlab to testing then we write the classification
code by python , in test code the acenracy in matlab 80% . but in actual code by
python code is 63-70%.

%% % %

k=3;%k for KNN

n=3;: 4% number of samples in each class
v=10100

a=|4 54 20 0]

class1=[1234;2147; 1042 10:89123;11327];
class2=[40 17 60 20; 20 50 40 70; 70 80 43 63; 40 6 55 33,77 22 44 33|;

dist1=zeros(1,n);
dist2=zeros(1.n);

Di=zeros(1.k);
D2=servs( LK)

numl=0:
num2=i{;

for I=1:n
dist1(i=sqrtisum{(x-class1{i))."2)k




emd

fori=l:n
distZ{iy=sqrisum((x-class2ii))."2)):

end

for =1k
|muindexi=min(distl);

Ditiy=m:

distl{index=v:

el

for im1:k
[muindex [=min{disi2):
D2{ij=m;
dist{index)=y;

end

d=[D1 D2];

for i=1:k

|mLindex |[=min{d);

D2fi=m;

dist (index)=v;

if index-k
num2=num2-1:

else
wuml=puml+1;

end

end

if numi=num?
class=1:

else
class=1;

end
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5.1 Acquiring circuit of EEG signal:

5.1.1 Electrodes

Agquidng the EEG signal from electrodes C1,03,Cz that set in motor cortex

aren which is responsible on right hand movement.
5.1.2 Instrumentation Amplifier(INA)

Is the first step in the processing circuit, igures.1 shows the INA circuil.

5.1.3 High Pass Filter

Is the second step in the processing circuit, figure3.2 show the 2™ order HPF,

I'ahle 5.1 show the result of test of HPF.

Figures.2 - 2™ order [1P¥ circuit




Table 5.1 the result ol test of HPE,

Vin Frequency Vow
1y, 02 H: 440 mV
1 ¥ 0.5 H: i ¥
1%, 0.8 H= 14F
1vep 1.2 H: 152 ¥
1 ven 2 H= 15 ¥
T SH: 15F
1 Yoy 50 Hz 15F
1 Vn 60 A= 157
1o 100 H= 15V
1 Vs 200 H= 15V
1w, 280 Hz IS5 F
1 v 330 H= 15V
1v,p 400 Hz 15 ¥
1w, 311 Hz 15¥%

5.1.4 Low Pass Filter

I the third step in the provessing circuit, figureS.3 show the 2™ order LDE.

Tables.2 show the result of'test of LFE.

. L
wa Y e R 1T
3 IIi'ili'_lIl"tJlilill
a LR N RS ) UL
tllllulitti|£|i|||-
N N R
I‘Iilliiiliniitl}i*

Figures.3: 2™ order LPT circuit
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Table 5.2: The result of test of LPF.

Vi FI'EQ'H#'?JI'EJ' Vour
v 6 H= 1587
ey 10 4= 158 ¥
1 ¥a 20 H: 156 ¥
1 Yo 30 H: 148 7
] Vg 40 H: 136
Ve 45 Hz 126 7
1%y 48 H:z 120V
1 Yo 55 Hz 184
1vp, 63 Hz 840 mT”
Y e 73 Hz 700 m¥
1 ¥py 90 Hz 340 ml”
[5e 100 H= 460 m7’
1 Vs 120 H= 340 mV
| I 5 150 Hz 260 mV

5.1.5 Notch Filter

Is the fourth stage in. to cluminate the 30Hz cffect from the signal, figureS.d

show the noteh filter, Table 5.3 show the result of test of notch filter.

Figures.4: norch filter

i




Table 5.3: ''he result of test of notch lilter.

Vi Frequency Vou
I %y SH: 152V
1 Vou 10 Hz 1.5 mV
L ves 20 Hz 136 I
1 ¥y 30 H:z 1.12 ¥
L ¥ 40 Hz 640 mV’
v, 50 H- 140 ml’
1 vop 60 H: 680 m)V
1 Yop 70 Hz 880 mV”
v S0 H= 102 7
G- 90 Hz 112 ¥
Egas 100 Hz 126 ¥
1 ¥y 110 H= 130 F
1 Yp.p 120 Hz 134 F
Tvpy 1 KHz 1537

5.L.6 Inverting Amplifier

The next stage in the processing circuit to amplity a filtered signal, figures.s

show the inverting amplifier.

Fv; - - - = m owmowmoE -
- . e = w = ow w o = -
T IR ——— - - -
| = = o 4
- - -
= - o o= :
- - - - =
- - - - - =
-F_ 8 ¥ . - - - = -
r-- - e = - -0 - =
- O O E o E s = = R - =
- wm Em = = o= - —-
- - - - - - - - - -
- . W W oW O w®™ m = w oW
- w O . e s e . =
™ L I =TT
- o . o wm e e e

Figure5.5: inverting amplificr.




Figure 5.6 show the whole processing eireuit of our project

Figure 5.6: The whole processing cireuil of our project.

5.2 Robot arm testing
Our robot is an articulaled manipulator RRE., with 5 rotational joints. The

robol mounted with moving eripper al the end of the chain Figure 5.7 shows the

rohot arm




Figure 5.7: Robat Arm
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Appendix

% Notch filter(50 hertz):
a bl=burter(4,[.3891 3922].'stop"):
signal =filter(a,b,data);
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[

figure(2), plot{signal};

"o Bandpass filter(l] 4% hertz):

[c d]=hutter(4.[0.00000000001 38].handpass’):
s=abs{ filter(e,d.signal));

figure(3}, plot{s);

2 Wavelet Code:
FC L] =wavedac({=.5.haar');
A5 =wrcoefia C. L. haar'.5):
figure(4), plot(a3);

YoConvert Matrix To Vector:
veetor = A5

33V

GFIO 2 (12C1_SDA)
GPIO 2 (12C1_5CL)
GFIO 4 (GPCLKD)
GND

GPIO 17

GPIC 27

GPIC 22

33V

GPIC 10 {SPI_MOSI)
GPIC 8 (5P MISO)

5V
v
GND

1 GPIO 14 (VART_TXD)
| GPIO 15 (UART_RXD)
GPIO 18

GND

GPID 23

GPIO 24

GND

GPIO 25

GPIO 11 (SP]_SCLK) GPIO 8 (SPI_CED)
GhD GRIOT [SF’J"CEIJ ﬂe__:‘("
| s LS @ Power (6 Volts)
GPID § GND @ Power (3.3 Voits)
GPIOE GFID 12 ® Ground
GFIO 13 GND g Egﬂ; nla1 ﬂ' nputsiDutputs
GPIO 19 GPIO 18 e m;ﬂ:’;;
GPIO 26 GPIO 20 ) UART Interface
GND GRIO 21 O ID EEPROM Interface
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