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Experiment (1):
How to Use Ultrasound Machine:
What Does It Consist Of & How
Does It Work?

Ultrasound machine is aspecial

medical device used in ultrasonograp s
for diagnostic and therapeutic purpost

Ultrasonography, commonly known &0
ultrasound, is a popular medici
imaging technique used in physicr“ 4
therapy and diagnostics, and which us
high-frequency sound psés and their
echoes to specific body region
Ultrasonic waves are specificall
helpful in visualizing or imaging
subcutaneous or internal  body

structures including muscles, tendons, vessels, joints or internal organs for

any pathology or lesions

Ultrasaund machine is constantly becoming very popular for its
di agnostic and therapeutic qualitie
pregnant and your obstetrician would like to monitor a developing fetus

or deter mi ne t he due d at eirculatomrr

youo.:

problems in your limb or heart and your physician needs to check your
blood flow, ultrasound is always at your service. Ultrasound machines are
successfully helping patients in reducing pain and improving the healing
process, such as generatimgat deep into muscles or breaking up minor

calcifications and bruises by creating localized vibrations, increasing

nutrients & oxygen and reducing swelling.
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A basic ultrasound machine consists of the following parts

- Transducer
50 nd
king

\v. '

S2001 How Stuff Works

9 transducer probe - probe that sends and receives the sound
waves

1 central processing unit (CPU) computer that does all of the
calculations and contains the electrical power supplies for itself
and the transducer probe

1 transducer pulse controls- changes the amplitude, frequency
and duration of the pulses emitted from the transducer probe

1 display - displays the image from the ultrasound data
processed by the CPU

1 keyboard/cursor - inputs data and takes measurements from
the display

1 disk storage device (hard, floppy, CD} stores theacquired
images

1 printer - prints the image from the displayed data

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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Transducer Probe

The transducer probe is the main part
the ultrasound machine. The transdu
probe makes the sound waves
receives the echoes. It is, so to speak,
mouth and ears of the ultrasoun
machine. The transducer probe gener
and receives sound waves using
principle called the piezoelectri
(pressure electricity) effect, which w
discovered by Pierre and Jacques Curi
1880. In the probe, there are one or m
quartz crystals called piezoelectric crystals. When an electric current is
applied to these crystals, they change shape rapidly. The rapid shape
changes, or vibrations, of the crystals produce sound waves that travel
outward. Conversely, when sound or greg waves hit the crystals, they

emit electrical currents. Therefore, the same crystals can be used to send
and receive sound waves. The probe also has a sound absorbing substance
to eliminate back reflections from the probe itself, and an acousticdens t
help focus the emitted sound waves.

Transducer probes come in many shapes and sizes, as shown in the photo
above. The shape of the probe determines its field of view, and the
frequency of emitted sound waves determines how deep the sound waves
penetrateand the resolution of the image. Transducer probes may contain
one or more crystal elements; in multj@iement probes, each crystal has

its own circuit. Multipleelement probes have the advantage that the
ultrasounc beam can be "steered" by changingithag in which each
element gets pulsed; steering the beam is especially important for cardiac
ultrasound (see Basic Principles of Ultrasound for details on transducers).
In addition to probes that can be moved across the surface of the body,
some probesre designed to be inserted through various openings of the
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body (vagina, rectum, esophagus) so that they can get closer to the organ
being examined (uterus, prostate gland, stomach); getting closer to the
organ can allow for more detailed views.

Central Processing Unit (CPU)

The CPU is the brain of the ultrasound machine. The CPU is basically a
computer that contains the microprocessor, memory, amplifiers and
power supplies for the microprocessor and transducer probe. The CPU
sends electrical currents toettransducer probe to emit sound waves, and
also receives the electrical pulses from the probes that were created from
the returning echoes. The CPU does all of the calculations involved in
processing the data. Once the raw data are processed, the @ilUHer
image on the monitor. The CPU can also store the processed data and/or
image on disk.

Transducer Pulse Controls

The transducer pulse controls allow the operator, called the
ultrasonographer, to set and change the frequency and duration of the
ultraoound pulses, as well as the scan mode of the machine. The
commands from the operator are translated into changing electric currents
that are applied to the piezoelectric crystals in the transducer probe.

Display

The display is a computer monitor that shdies processed data from the
CPU. Displays can be bla@ndwhite or color, depending upon the
model of the ultrasound machine.

Keyboard/Cursor

Ultrasound machines have a keyboard and a cursor, such as a trackball,
built in. These devices allow the opermatm add notes to and take
measurements from the data.

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@gmail.com /
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Disk Storage

The processed data and/ or images can be stored on disk. The disks can be
hard disks, floppy disks, compact discs (CDs) or digital video discs
(DVDs). Typically, a patient's ultrasound ssaare stored on a floppy

disk and archived with the patient's medical records.

Printers

Many ultrasound machines have thermal printers that can be used to
capture a hard copy of the image from the display.

| f youdre about to usmemhentheul tr as
following steps and procedures to be followed

A remove clothes or
bandages that may i
impede ultrasonic
waves from penetrating
into the afflicted tissue
or organ

A apply hypeallergic gel
& anti-inflammatory
cream to the area to be
treated '

A turn onthe ultrasound unit (place the transducer probe on the
gel and work it in circular motion for-50 minute$:.

1. the machine uses a transducer probe for transmitting high
frequency sound waves i nto the

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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2.sound pul ses traveay and hiteo t he
boundary between tissues

3. some sound waves will get reflected from the boundary
back to the probe, while others continue to travel until
another boundary is reached and then they get reflected as
well,

4. the transducer picks up the reflected rabypulses and
relays them to the machine

5. the ultrasound machine uses the sound speed in tissue and
each echod6s return time to ca
probe to the organ or tissue

6. the ultrasound unit forms a twdimensional image, which
Is a dispay of the distances and intensities of the echoes

A turn the ultrasound off & wipe the hygdlergenic gel away.

NICE NANCY 1632005 08/08/00 15:32:58
REX OB/GYN GA(LMP)=12W2D MTZ6. 5§
Mapd -

\‘ 6.56cm 12W6D%4D g2/14/01

CRL 67S6em 12860140 e2/14/01
xCRL 6.85cm 13W10%4D 02/12/01
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3D Ultrasound Imaging

In the past two years, ultrasound machines capable ofdimesnsional
imaging have been developed. In thesehines, several two

dimensional images are acquired by moving the probes across the body
surface or rotating inserted probes. The-timensional scans are then
combined by specialized computer software to form 3D images.

Doppler Ultrasound
Dopplerultrasound is based upon tBeppler Effect. When the object
reflecting the ultrasound waves is moving, it changes the frequency of the
echoes, creating a higher ST
frequency if it is moving towal ‘
the probe and a lower frequency '
if it is moving away from the
probe. How much the frequency
is changed depends upon how f
the object is moving. Doppler
ultrasound measures the change
in frequency of the echoes to
calculate how fast an object is
moving. Doppler ultrasound has
been used mostly to measure th
rate ofbloodflow through

the heartand major arteries.
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Major Uses ofUItrasound
Ultrasound has been used in a variety of clinical settings, including
obstetrics and gynecology, cardiology and cancer detection. The main

advantage of ultrasound is that certain structures can be observed without

usingradiation Ultrasound can also be done much faster thaayX or
other radiographic techniques. Here is a short list of some uses for
ultrasound:

1 Obstetrics and Gynecology

A
A

A

>

A

measuring the size of the fetissdetermine the due date
determining the position of the fetus to see if it is in the normal
head down position or breech

checking the position of the placenta to see if it is improperly
developing over the opening to the uterus (cervix)

seeing the numbeaf fetuses in the uterus

checking the sex of the baby (if the genital area can be clearly seen)
checking the fetus's growth rate by making many measurements
over time

detectingectopicpregnancy, the lifghreatening situation in which
the baby is implamd in the mother's Fallopian tubes instead of in
the uterus

determining whether there is an appropriate amount of amniotic
fluid cushioning the baby

monitoringthe baby during specialized procedwedirasound has
been helpful in seeing and avoiding they during amniocentesis
(sampling of the amniotic fluid with a needle for genetic testing).
Years ago, doctors use to perform this procedure blindly; however,
with accompanying use of ultrasound, the risks of this procedure
have dropped dramatically.

se@ng tumors of the ovary and breast

1 Cardiology
A seeing the inside of the heart to identify abnormal structures or

functions

A measuring blood flow through the heart and major blood vessels
1 Urology

A measuring blood flow through the kidney

A seeing kidney stones
A detecting prostate cancer early
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Experiment (2):

How to Use EMG Machine: What
Does It Consist Of & How Does It
Work?

EMG (electromyography)

records the movement of our
muscles. It is based on the
simple fact that whenever a
muscle contracts, a burst of
electric activity is generated

which  propagates through
adjacent tissue and bone and
can be recorded from

neighboring skin areas.

How do muscles move?

The process of course begins in the brain. Triggering muscle movements
begins in thenotor cortex where neural activity (a series ation
potential3 signals to the spinal cord, and the infonmatabout the
movement is conveyed to the redeN muscle via motor neuronsrhis
begins withupper motor neuronghat carry the signal tower motor
neurons

The lower motor neurons are the actual instigators of muscle movement,
as they innervate the muscle directly at the neuromuscular junction. This
innervation causes the release of Calcium ions imvitihe muscle,
ultimately creating a mechanical changethe tension of the muscle
[1,2]. As this process involves depolarization (a change in the

x
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electrochemical gradient), the difference in current can be detected by
EMG.

What information does EMG provide?

As EMG activity (measured in microvolts) is linearly related to the
amount of muscle contraction as well as the number of contracted
musclesi or in other words, the stronger the muscle contraction and the
higher the number of activated muscld® higher the recorded voltage
amplitude will be.

As EMG activity is even measurable when we do not display obvious
actions or even inhibit certain behaviors, EMG recordings represent an
additional source of information into cognitibehavioral processing
which would be hidden based on pure observation.
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Previous research indicates a close coupling between muscular EMG and
motor cortex EEG aeflected by significant correlations in signal
featuresuch as frequency power and phase in thei(Z5 Hz) beta

band . This emphasizes the power of EMG recordings for monitoring the
interaction of cortical and motor systems.

While EMG is clearly hegdful in understanding how people move, the use

of fEMG (facial electromyography, in which EMG signals are recorded

from the muscles of the face), can also provide information about facial
expressions.

Facial electromyography

The particular strength o
fEMG as compared td
automated or manual facia
expression analysis (that
based on the analysis of vidg
recordings), is the sensitivit
it has in detecting signalg
While more difficult to set up
than video recordings, th
data it provides is morg
robug. It can even detect th
nonvisible muscular activity,
of the face, providing
information about suppresse
expressions, or those th
otherwise do not pass t
threshold for visible activity.

This sensitivity is instrumental in understanding the hiddeteigtionally
or not) facial expressions that can lieked to aninternal emotional
state, allowing a window to see how someone is implicitly feeling.

This process can be made even more powerful if complemented with
other measures of human behavior, sagleye tracking or GSR (galvanic

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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skin response), allowing you to see where someone looks, and their level

of emotional arousal, as well as the direction of those emotions.

A basic EMG machine consists of the following parts

processing

Sensor .| Instrumentation J  High-pass
(MediTr100) ‘I amplifier filter
Low-pass i ;
P > Full wave 3 Microcontroller
filter rectifier
Data . ..
EMG System | Acquisition | Micro Muscle Activity/
(Raw Signal) [ System “| computer Fatigue Data
Oscill
SCl10sCOope Sig]]al

|
o }__,,\I Y .| AD Power
1 ) Converter Supply
Micro Task Frequencies
Computer
Preamplified  Modified Handgrip ‘I’ T
Electrodes Dynamometer with

Potentiometer

Task Simulation Software
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How to get startedwith EMG

Use surface electrodes

Surface EMG is a completely namvasive technology that allows you to
easily place EMG electrodes with stickers to the skin.

As these electrodes are nmvasive, EMG is an ideal method for
monitoring physiological processe without interfering established
routines and movement patterns.

In order to obtain higiguality data, keep in mind to always clean the
recording sites and remove makeup using alcohol rubs.

Place EMG electrodes over muscle groups of interest

Admittedly, this requires a certain level of anatomic knowledge. Only if

you know the muscle regimes involved in a specific action you will be
able to get valid and reliable signals.

Facial EMG recordings, for example, are complicated by the fact that
there arel3 muscles in the faceMost of these are controlled by the

seventh crani al nerve (t hteecérébelci al
cortex to five primary branches (temporal, zygomatic, buccal, mandibular
and cervical).

Each branch innervates muscles in different face areas, allowing for
intricate facial twists and contortions.

Select an appropriate reference site

EMG datais collected as the voltage difference between recording site
and reference site, therefore selecting an appropriate reference site is as
important as the actual recording site.

We recommend placing EMG reference channels at bony body parts such
as an elbw, hip or collar bones.

Use short electrode cables/leads

In order to minimize the amount of electrical noise picked up from
surrounding power sources, keep the length of the cables that connect the
recording electrodes with the amplifier/recording devas short as
possible.

Web site:http://engpro.mans.edu.eg/bme/ Email:bome.mans@gmail.com /
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Experiment 8):

How to Use ECG Machine: What
Does It Consist Of & How Does It
Work?

ECG (electrocardiography) is a
method of collecting electrical
signals generated by the heart.* =
This allows us to understand
the level of physiological

arousal that someone is -
experiencing, but it can also be ‘
used to better understand
someoneds psychoy

Bel ow weol | go
importance of physiological >
arousal in emotions, the physiology of the heart, how the activity €an b
measured, and what parameters are of interest.

Emotional Arousal

When people are asked to identify the cause of an increase in
physiological arousal, they often misattribute the source. We might think

we understand everyt hi ybutdubdiesshovd goi n
that this is often not the case.

An influential study bySchacter and Singer in 19&howed how this
occurs. Participants were told that their vision would besteafter they
were given vitamins. They were instead either given epinephrine (also
known as adrenaline), or a placebo drug.

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@gmail.com /
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They were then told that the the effects of the drug were the same as
epinephrine, or that they might feel some discomfort, or these told
nothing at all.

Epinephrine is known to activate the central nervous system, bringing
about such changes as increased heart rate and pupil dilation. The
participants were then placed in a waiting room with a confederate (an
actor employed by theesearchers) of the study who either pretended to
be angry, or happy.

The angry or happy conditions were a series of standardized steps (step

fifteen of the happy conditi on: NSt c
down with his feet on the table. Shortliiereafter the experimenter
returns to the room.o) that were int

of the participant.

The participant then had to complete a questionnaire about how they were
feeling. They found that not only was the emotional statethef
participant influenced by the apparent emotion of the confederate (and
more so in the epinephrine condition), but that the participants also
attributed that emotion to events entirely unrelated to the situation they
were currently in.

This suggestedhat participants (and people more generally) are less
aware of the malleability of their emotional states, misattributing how
they are influenced.

Why do we bring that wup? Letds expl a
to emotional arousal, yet the reasofor our emotional state can be
difficult to know.

With this in mind, monitoring arousal using biosensors presents an
objective alternative to the otherwise subjective inferences that
participants inevitably make. Heart activity is closely linked to
physplogical and psychological arousal, making it ideal for
understanding our mental states in greater detail.

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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How can the beat of your heart be recorded and made available for
analysis and interpretation? What i s

- z

Physiology and function of the heart

Before we dig deeper into the fundam
basics of heart physiology and function:

The heart has four chambers. The upper two chambers (left/right atria)

are entrypoints into the heartywhile the lower two chambers (left/right

ventricles) are contraction chambers that send blood out to the body. The
circulation is split i nto a Al oopo
another Al oopo through the body (sys:
The cardiac cycle refers tocomplete heartbeat from its generation to the
beginning of the next beat, comprising several stages of filling and
emptying of the chambers. The frequency of the cardiac cycle is reflected

as heart rate (beats per minute, or bpm).

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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1 The heart operates amatically T it is selfexciting (this is a unique
feature compared to other muscles in the body that require nervous
stimuli for excitation). The rhythmic contractions of the heart occur
spontaneously, but are sensitive to nervous or hormonal influences,
particularly to sympathetic (arousing) and parasympathetic (decelerating)
activity.

superior vena cava

aorta

pulmonary artery

pulmonary vein

left atrium
right atrium mitral valve
pulmonary valve doiEive
tricuspid valve left ventricle

right ventricle

interior vena cava
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How to measure heart activity?

Heart activity can be recorded in two
ways:

1. Electrocardiography (ECG,
EKG)

ECG records the electrical activity
generated by heart muscle
depolarizations, which propagate in \
pulsating electrical waves
towardsthe skin Although the
electricity amount is in fact very
small, it can be picked up reliably with ECG electrodéached to the
skin (in microvolts, or uV).

The full ECG setup comprises at least four electrodes which are placed on
the chest or at the four extremities according to standard nomenclature
(RA =right arm; LA = left arm; RL = right leg; LL = left legDf course,
variations of this setup exist in order to allowere flexible and less
intrusive recordings, for example, by attaching the electrodes to the
forearms and legs. ECG electrodes are typically wet sensors, requiring the
use of a conductive gel tocrease conductivity between skin and
electrodes.

RA = Right Arm
LA = Left Arm
RL = Right Leg
LL = Left Leg

RA - White
LA - Black
RL - Green
LL - Red

Web site:http://engpro.mans.edu.eg/bme/ Email:bme.mans@gmail.com
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Drve Motor Gear Train o
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—

ECG machine Block
Diagram

Stylus
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2. Photo-Plethysmography (PPG).

Throughout the cardiac cycle, blood pressure throughout the body
increases and decrea$esven in the outer layers and small vessels of the

skin. Peripheral bloodlow can be measured using optical sensors

attached to the fingertip, the ear lobe or other capillary tissue.

The device has an LED that sends light into the tissue and records how
much light is either absorbed or reflected to the photodiode (a light
sensiive sensor). PPG clips udey sensors and can be attached much
guicker compared to ECG setups, making the device relatively easy to
use, and less bothersome for participants.

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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Cardiac parameters of interest

Recording heart rate data gives you acceshdafollowing parameters
that can be I nterpreted with respect

Heart Rate (HR).HR reflects the frequency of a complete heartbeat
from its generation to the beginning of the next beat within a specific
time window. It is typicdly expressed as bpm. HR can be extracted using
ECG and PPG sensors.

Inter-Beat Interval (IBI). The IBI is the time interval between
individual beats of the heart, generally measured in units of milliseconds
(ms). Typically, the RRnterval is used for thanalysis.

Heart Rate Variability (HRV). HRV expresses the natural variation of

IBI values from beat to beat. HRV is closely related to emotional arousal:
HRV has been found to decrease under conditions of acute time pressure
and emotional stress (meaniigt the heartbeat is more consistent).

HRV has also been found to be significantly reduced in individuals
reporting a greater frequeneyd duration of daily worry as well as in
patients suffering from pos$taumnatic stress disorder (PTSD)For IBI

and HRV analysis, ECG sensors are recommended as they are more
sensitive to certain signal characteristics which PPG sensors cannot pick

up.

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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Experiment (4):
How to Use EEG Machine: What
Does It Consist Of & How Does It
Work?

Electroencephalography, or EEG, is the physiological method of
choice to record the electrical activity generated by the brain via
electrodes placed on the scalp surface. For faster application, electrodes
aremounted in elastic caps similar to bathing caps, ensuring that the data
can be collected from identical scalp positions across all respondents.

Your brain runs the
show. Think of the last
time you tried to solve a
crossword puzzle or
started to learn a new.
language. Recall th
last time you woke u
in the middle of a weir
dream or needed to fin
your way in a city you
have never been befor

As you think, dream, see, and sense, your brain is constantly active,
absorbing all information, compacting andcannecting existing data,
and integrating everything into a consistent experience. For you, that
experience constitutes your reality.

Your brain is alive. Your brain shapes how you see your environment,
filters or highlights objects and information mostergint to you. It
creates its own stories based on your thoughts, emotions, desires and
experiences, ultimately driving your behavior.

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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Electrical activity of the brain

The brain consists of billions of cells, half of which are neurons, half of
which help ad facilitate the activity of neurons. These neurons are
densely interconnected via synapses, which act as gatewsnysbitory

or excitatorgactivity.

Any synaptic ativity generates a subtle electrical impulse referred to as
apostsynaptic potential Of course, the burst of a single neuron is
difficult to reliably detect without direct contact with it. However,
whenever thousands of neurons fire in sync, they genaratectrical

field which is strong enough to spread through tissue, bone, and skull.
Eventually, it can be measured on the head surface.

Think of this as a constant rumble of subtle earthquakes. Taken by itself,
each burst might be too small to noticat kb several of them occur at the
same time, in the same location, and in the same rhythm, they all add up
to a megaguake that will be noticeable even hundreds

Despite its somewhat daunting name (and pronunciation), grasping the
essentials oélectroencephalography is surprisingly simple:

Electrode Aingiiess
montage
selector =
[ Hi-pass l Low-pass | Notch | Sensitivity
Electrode
test/calibrate
Analog to . ]
30 alo
Ea Jackbox digitai Writer unit
20 converter
l l Chart Ink-writing
drive oscillograph
il
Electrodes Oscilloscope | | Computer
' {
M‘—'“—-VAIE—EEJ\H‘WW
Subject
Av4
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Electrodes

Subject

EEG:

measureglectrical activity generated by the synchronized activity of
thousands of neurons (in volts)

provides excellentime resolution, allowing you to detect activity within
cortical areaseven at suisecond timescales

As the voltage fluctuations measured at the electrodes are very small, the
recorded data is digitized and sent to an amplifier. The amplified data can
then be displayed as a sequence of voltage values.

Price differences in EEG systems are typically due to the number of
electrodes, the quality of the digitization, the quality of the amplifier, and
the number of snapshots the device can take per seconds(tthe
sampling rate in Hz).

EEG is one of the fastest imaging techniques available as it often has a
high sampling rate. One hundred years ago the time course of an EEG
was plotted on paper. Current systems digitally display the data as a
continuous flowof voltages on a screen.

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@gmail.com /
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How can EEG data be interpreted?

As EEG monitors the time course of electrical activity generated by the
brain, you can interpret which areas of the cortex are responsible for
processing information at a given time:

. Occipital cortex

This part of the brain is primarily responsible for processing visual
information. EEG experiments with visual stimuli (videos, images) often
focus on effects in occipital regions.

. Parietal cortex

Parietal cortex is primarily responsible for motor fuocs and is active
during selfreferential tasksi when we are encountering objects or
information that is important to us, for example.

. Temporal cortex

human brain IS
enlarged compared to
most other mammals.
Basically, the frontal
cortex is all abougéxecutive functionit helps us maintain control, plan
for the future, and monitor our behavior. Apart from the regional
characteristics of where certain electrical activity originates, yauatso
analyze which frequencies primarily drive the ongoing activity.

Temporal cortex has o e
lateral aspects which 7 /\\, 3/\
are responsible for (N A A
. A . | p \

language  processing ‘N § /( / // F \
and speeclproduction. /| | \
Medial (inner) reglons ‘> ) ! | AN
are more active durmq W / . )
spatial navigation. ‘/ \ //J /,\ e

, Y

. Frontal cortex e 9

The frontal part of the v -
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Whenever your brain is in a certain state, the frequency patterns change,
giving insight into cognitive processes.

Delta (17 4 Hz) 1 in sleep labs, delta waves are examined to assess
depth of sleep. The stronger the delta rhythm, the deeper the sleep

Theta (47 7 Hz) i theta is associated with a wide range of cognitive
processing such as memory encoding and retrieval as well as cognitive
workload

Alpha (71 12 Hz)T whenever we dse our eyes and bring ourselves into

a calm state, alpha waves take over. Alpha levels are increased when in a
state of relaxed wakefulness.

Beta (127 30 Hz) over motor regions, beta frequencies become stronger
as we plan or execute movements of anyyloart

Gamma (>30 Hz, typically 40 Hz)i Some researchers argue that
gamma reflects attentive focusing and serves as carrier frequency to
facilitate data exchange between brain regions

Analyzing EEG data can get quite challenging. Signal processiifgcart
detection and attenuation, feature extraction, and computation of mental
metrics such as workload, engagement, drowsiness, or alertness all
require a certain level of expertise and experience to properly identify and
extract valuable information frothe collected data.

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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Types of EEG
Routine EEG

A routine EEG recording lasts for about 20 to 40 minutes.

During the test, you'll be asked to rest quietly and open or close your

eyesfrom time to time. In most cases, you'll also be asked to breathe in

andoutdeeply (called hyperventilation) for a few minutes.

At the end of the procedure, a flashing light may be placed nearby to see
if this affects your brain activity.

Sleep EEG or sleegleprived EEG

A sleep EEG is carried out while you're asleep. It maydael if a routine

EEG does not give enough information, or to test for sleep disorders.

In some cases, you may be asked to stay awake the night before the test to
help ensure you can sleep while it's carried out. This is called & sleep
deprived EEG.

Ambulatory EEG

An ambulatory EEG is where brain activity is recorded throughout the
day and night over a period of one or more days. The electrodes will be
attached to amall portable EEG recorder that can be clipped onto your
clothing.

You can continue with ost of your normal daily activities while the
recording is being taken, although you'll need to avoid getting the
equipment wet.

Video telemetry

Video telemetry, also called video EEG, is a special type of EEG where
you're filmed while arEEG recording igaken. This can help provide
more information about your brain activity.

The tesis usually carried out ovexr few days while staying in a purpese
built hospital suite.

The EEG signals are transmitted wirelessly tcomputer. The video

is also recordedypthe computer and kept under regular surveillance by
trained

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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Experiment (5):
What is a breathing machine
(mechanical ventilator)
and what does it do?

Some patients need help to breath. In this situation a il
Abr eat hi nigalsorknavh asraenechaalc: e,
ventilator i is used to assishe function of the{__
lungs. '

maintain proper levels of oxygen in the blood.
To use a mechanical ventilator, the medical t
needs some form of acc he
A tubecan be inserted into the mouth or nose to reach the lungs. This is
called intubation.

Or, a tube can be inserted into the windpipe, medically knosvtha
trachea. The procedure to create an opening in the windpipe is called
atracheostomy

Mechanical ventilators are complex machines that caradjested to
meet the needs of each patient.

The most common adjustments will affect how much effort the patient
needs to make, and how much oxygen is delivered.

Adjustments are made fairly frequently throughout the day to improve the
pati ent 0 slandemdreoproper dxygendevels in the blood.
Respiratory therapistnd physicians use protocols, or guidelines, to
adjust the controls, and they discuss chamgesimprovements with the
team on a daily basis.

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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A ventilator (VENHil-a-tor) is a machine that supports breathing. These
machines mainly are used in hospitals. Ventilators:

Get oxygen into the lungsRemove carbon dioxide from the body.
(Carbon dioxidels a waste gas that can be toxieglp people breathe
easier.

Breathe for people who have lost all ability to breathe on their own.

A ventilator often is used for short periods, such as during surgery when
you're under general anesthesia (ANTHE-ze-ah) The term
"anesthesia" refers to a loss of feeling and awareness. General anesthesia
temporarily puts you to sleep.

The medicines used to induce anesthesia can disrupt normal breathing. A
ventilator helps make sure that you continue breathing duringrgurge

A ventilator also may be used during treatment for a serious lung disease
or other condition that affects normal breathing.

Some people may need to use ventilators long term or for the rest of their
lives. In these cases, the machines can be used®uofisihe hospitdl in
long-term care facilities or at home.

A ventilator doesn't treat a disease or condition. It's used only for life
support.
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Other Names Ventilator/Ventilator Support
Mechanical ventilator

Respirator

Breathing machine

Who Needsa Ventilator?- Ventilator/Ventilator Support

Ventilators most often are used:

During surgery if you're under anesthesia (that is, if you're given
medicine that makes you sleep and/or causes a loss of feeling)

If a disease or condition impairs your lung d¢tion

The Ventilator

A ventilator uses pressure to blow air or a mixture of gases (like oxygen
and air) into the lungs. This pressure is known as positive pressure. You
usually exhale (breathe out) the air on your own, but sometimes the
ventilator does tlsi for you too.

A ventilator can be set to "breathe" a set number of times a minute.
Sometimes it's set so that you can trigger the machine to blow air into
your lungs. But, if you fail to trigger it within a certain amount of time,
the machine automaticglblows air to keep you breathing.

Rarely, doctors recommend a ventilator called a chest shell. This type of
ventilator works like an iron lurigan early ventilator used by many
polio patients in the last century. However, the chest shell isn't as bulky
andconfining as the iron lung.

The chest shell fits snugly to the outside of your chest. A machine creates
a vacuum between the shell and the chest wall. This causes your chest to
expand, and air is sucked into your lungs. No breathing tube is used with
a chest shell.

When the vacuum is released, your chest falls back into place and the air
in your lungs comes out. This cycle of vacuum and release is set at a
normal breathing rate.

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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What To Expect While on a Ventilator- Ventilator/Ventilator
Support

Ventilatars normally don't cause pain. The breathing tube in your airway
may cause some discomfort. It also affects your ability to talk and eat.

If your breathing tube is a trach tube, you may be able to talk. (A trach
tube is put directly into your windpipe thrglu a hole in the front of your
neck.)

Instead of food, your health care team may give you nutrients through a
tube inserted into a vein. If you're on a ventilator for a long time, you'll
likely get food through a nasogastric, or feeding, tube. The tubg goe
through your nose or mouth or directly into your stomach or small
intestine through a surgically made hole.

A ventilator greatly restricts your activity and also limits your movement.
You may be able to sit up in bed or in a chair, but you usually weve
around much.

Web site:http://engpro.mans.edu.eg/bme/ Email:ome.mans@agmail.com
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Patient on a Ventilator

Mechanical ventilator

blows air, or air with increased
Endotracheal tube goes oxygen, through tubes into
through patient's mouth the patient’s airways
and into the windpipe

Nasogastric tube goes
through patient’s nose
and into the stomach —,

checks the patient.

A o\ Y'Y\-\ [1 Nurse periodically

==} N7 Air flowing to the patient

L5 i AN\ /, passes through a humidifier,

7 < L%\/\ \\ //# which warms and moistens
f

3 the air

‘}':-',;_) \— : ] /
\ D | @) \( /”4,.

.\\;\, \k | /" //—— Exhaled air flowing
7, =) away from the patient
Z, ~ I Al

The illustration shows a standard setup for a ventilator in a hospital room.
The ventilator pushes warm, moist air (or air with increased oxygen) to
the patient. Exhaled air flows away from thegient.

If you need to use a ventilator long term, you may be given a portable
machine. This machine allows you to move around and even go outside,
although you need to bring your ventilator with you.

Sometimes the ventilator is set so that you can trigige machine to
blow air into your lungs. But, if you fail to trigger it within a certain
amount of time, the machine automatically blows air to keep you
breathing.

x
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Experiment (6):

Patient Monitor

Patient monitorsneasure, record,
distribute and displacombinations of
biometric values such as heart ra
SPO2, blood pressure, temperature ¢
more. Highcapability, multifunction

monitors are typically used in hospita
and clinics to ensure a hidével of

quality patient care. Portable patie
monitors are designed to be compe
and powerefficient. This allows them
to be used in remote areas or

paramedics to aid diagnosis in the fiel
enable monitoring and transmittin

data to health care providers in oth._

locations.

How to Read a Vital Signs Mortor

Electronic vital sign monitors have been common in hospitals for more than
40 years. On TV or in movies, they start making noises, and doctors and
Astat!!

nursescomaunning vy el | i ng

work the same way.
How They Work

Small sensors attached to your body carry information to the monitor. Some
sensors are patches that stick to ygkim, while others may be clipped on
one of your fingers. The devices have changed a lot since the first
electronicheartmonitor was invented in 1949. Many today have teuch
screen technoby and get information wirelessly.

t hi

If you or a loved one is in the hospital, you might find yourself paying closer
attention to it, wondering what the numbers and beeps mean. Though there
are many different makes and models of vital sigmitors, most generally
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(Y7 3: @ Blood Pressure

y Oxygen Saturation

_Respiration

The most basic monitors show ydwart rateblood pressureand body

temperature. More advanced models also show how much oxygen

yourbloodi s carr yi ng lwgathimg&ome taaevénshow u 6 r e

how much pressureisonyduminor how much carbon di o>
breathing out. The monitor will make certain sounds if@nyour vital

signs fall below safe levels.

What the Numbers Mean

Heart rate: The hearts of healthy adults typically beat 60 to 100 times a
minute. People who are more active can have slbastates.

Blood pressure:This is a measure of the force on yatteriesvhen your

heart 1 s beating (known as systolic p
pressure). Tharkt number (systolic) should be between 100 and 130, and

the second number (diastolic) should be between 60 and 80.

Temperature: Normal body temperature is usually thought to be 98.6 F,
but it actually can be anywhere from just under 98 degrees File a\ir
99 without concern.

Respiration: A resting adult typically breathes 12 to 16 times a minute.

Oxygen saturation: This number measures how much oxygen is in
your blood on a sale up to 100. The number is normally 95 or higher, and
anything below 90 means your body may not be getting enough oxygen.

x
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Experiment (7.

3D Printing Basics

A 3D Printer is a manufacturing tool used to

create thre@limensional artifacts that have be
designed on a computer. 3D printers have a
range of shapes, sizes, and types, but in ess
they are all computer controlled additi
manufacturing machines. Similar to how pay
printers lay down ink in one layer to create
image, 3D printers laydown or cure materia
layer by layer to create a thrdemensional
object.

3D printers have a huge range
applications; designers use them to test
product ideas, manufacturing companies
them to make complicated parts f
assemblies, and makerseuthem for DIY
fabrication for anything they can imagin
Although the different types and uses of ¢
printers vary widely, all 3D printers can k
simply described as tools; they allow peoj
to make things that they weren't able

make before.

x
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Step 1:What Is 3D Printing?

3D printers as machines fall under a couple different categories. They are
controlled by a computer, making them CNC, or Computer Numerical
Controlled, machines. Because of the way that 3D printers work, they are
referred to as adiive manufacturing machines. Instead of the machine
cutting or drilling parts out of a block of raw material to form a certain
shape (subtractive manufacturing), 3D printers add material bit by bit to
form their work, making them additive manufacturing hiaes. To sum
everything up, this means that 3D printers are machines controlled by

computers that add material to create a shape that you tell it to create.

x x
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Compared to other CNC industrial machines, 3D printers are inefficient
because they take on theakx of hours to make parts, while other

machines, like injection molding machines, can produce stronger, more
durable parts in minutes. Different 3D printers have different drawbacks
and benefits, but most 3D printers produce relatively weak, small parts

because of the way the parts are created. So why use 3D printing?

3D printers can be very inexpensive, so they allow anyone who has one to
make anything very easily. They let designers go straight from ideas to
reality, they allow for rapid iteration on dgss, and they can create
complicated geometries without much difficulty. In short, with just the

push of a button, you can create whatever you imagine.

x s
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Step 2: Rapid Prototyping

Unlike most other CNC machines, 3D printers have very minimal
associatesgetup costs or procedures. 3D printers can be used to produce
custom designed parts relatively quickly and cheaply, making 3D printers
one of the best rapid prototyping tools. Larger scale manufacturing
machines may require precisely machined molds ourkest for each new

part, which means that they have more setup costs and steps required to
produce content; they are set up to make hundreds or thousands of
specific parts over and over again. Using a 3D printer, a part can be
cheaply designed and made, dhen its design can be modified, printed,
and tested multiple times in rapid succession before the part reaches full

scale production.
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