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PL Course form and assesment

Medical Electronics

* Lectures: 30h
« Laboratories and projects: 30h
 Exam score: 50% of the mark
« Laboratory reports: 25% of the mark
* Project report: 25% of the mark
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Medical Electronics

Literature

« Lecture and laboratory notes

« J.D. Bronzino, ,The handbook of biomedical engineering”, CRC
Press, 1995 (new editions were published)

« R.S. Khandpur, ,Biomedical Instrumentation: technology and
applications”, McGraw-Hill, 2005.

« Wikipedia — becomes a reliable source of scientific information
(though use with caution!)

« Google books: http://books.google.pl/

« Scientific Journals: e.g. (available on-line from university sites):
— |IEEE Transactions on Biomedical Engineering
— |EEE Engineering in Medicine and Biology http://ieeexplore.ieee.org
— |IEEE Neural Systems and Rehabilitation Engineering
— |EEE Transactions on Biomedical Circuits and Systems

Also other publishers: Elsevier, Springer Verlag,..

Pawet Strumitfo
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Egyptians had skills in internal medicine,
e.g. they knew how to heal cataract
and repair bone fractures

obeyed rules of hygiene

... used elements of astrology
and magic

... the doctor was punished in case
of unsuccesfull therapy

Surgery tools pictured on the wall of the
temple Kom Ombo, Egypt

Pawet Strumitfo
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Greece

a the Greeks shifted medicine from magic to rational procedures

O Hippokrates of Kos (c. 460 BC — c. 370 BC)
the father of western medicine

O introduced principles of treatment:
observation, diagnosis, treatment and prognosis

— evidence based medicine
,The Hippocratic Oath”

Q the key ethical principle of Hipppocrates is:
Primum non nocere — "First, do no harm.*

U O

Engraving by Peter Paul Rubens, 1638

Pawet Strumitfo
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The Stone Operation
- Hieronymus Bosch
(13th - 14th century)

,Primum non nocere”

Pawet Strumitfo
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Human anatomy by Leonardo da Vinci

Leonardo da Vinci had
a permission to dissect
human corpses;

He is the Author of the
\ first comprehensive
. anatomy atlas

v, et o

Internal organs
‘| == of a woman’s body - 1509
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Medical technologies - diagnosis
(era before computers)

) first microscope
- microbiology: Robert Koch — Nobel Prize in 1905

« | Xrays: Wilhelm Roentgen in 1896 (Nobel Prize 1901)

| first ECG recordings: Willem Einthoven — Nobel Prize
in 1924 for ,explaining the mechanism of the electrocardiogram”

Diagnosis

© Einthoven Foundation

Pawet Strumitfo
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Medical technologies - diagnosis
(computer era)

Computed X-ray Tomography (CT)
(Cormack, Hounsfiled — Nobel Prize in 1979)

* | Magnetic Resonace Imaging (MRI)
(Lautenburg, Masfield — Nobel Prize in 2003)

| functional MRI (fMRI)
* | Positron Emission Tomography (PET)

* | Wireless endoscopy

Ultrasonography

Diagnosis

© 2003 Kent Medica

Pawet Strumitfo
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Narcosis

Medical technologies — treatment, therapy
(era before computers)

(chloroform, J.Y.Simpson -1847)

» | Antiseptics in surgery

* | Vaccines

« | Farmacology

Nobel Prize 1948)

Transplatations
(Ch. Barnard — 1967)
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Medical technologies — treatment, therapy
(computer era)

« | Surgical robots
(cardiology)

| Therapy planning

* | Laser therapy

* | Prothesis (hearing, sight, artificial heart,
intelligent defibrillators)

Nanotechnology

Treatment «

Pawet Strumitfo

Projekt wspoétfinansowany przez Unie Europejskg UNIA EUROPEISKA
NK@E!,IV‘?SERELEJG?ZP&'OSO w ramach Europejskiego Funduszu Spotecznego EUROPEJSKI

FUNDUSZ SPOLECZNY



http://upload.wikimedia.org/wikipedia/commons/8/88/JARVIK_7_artificial_heart.jpg
http://upload.wikimedia.org/wikipedia/commons/8/88/JARVIK_7_artificial_heart.jpg
http://cdtl.pl/index.php?strona=5
http://cdtl.pl/index.php?strona=5
http://images.google.com/imgres?imgurl=http://www.abb.com/GLOBAL/ABBZH/ABBZH254.NSF/viewunid/033D31FEE6C89150C1256D400050D130/%24file/Nanotechnology.jpg&imgrefurl=http://www.abb.com/global/abbzh/abbzh254.nsf/0/e50e3a8d39d951f4c1256d40003eae1a%3FOpenDocument&h=160&w=155&sz=23&tbnid=O46iRoROVJ8J:&tbnh=92&tbnw=89&hl=pl&start=4&prev=/images%3Fq%3Dnanotechnology%26svnum%3D10%26hl%3Dpl%26lr%3D%26rls%3DGGLG,GGLG:2005-33,GGLG:en%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.abb.com/GLOBAL/ABBZH/ABBZH254.NSF/viewunid/033D31FEE6C89150C1256D400050D130/%24file/Nanotechnology.jpg&imgrefurl=http://www.abb.com/global/abbzh/abbzh254.nsf/0/e50e3a8d39d951f4c1256d40003eae1a%3FOpenDocument&h=160&w=155&sz=23&tbnid=O46iRoROVJ8J:&tbnh=92&tbnw=89&hl=pl&start=4&prev=/images%3Fq%3Dnanotechnology%26svnum%3D10%26hl%3Dpl%26lr%3D%26rls%3DGGLG,GGLG:2005-33,GGLG:en%26sa%3DN
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What is Biomedical Engineering?

Biomedical Engineering —
application of engineering principles and techniques in medical diagnosis and
treatment (surgery).

Biomedical Engineering

Engineering

» Chemical engineering
» Electrical engineering (+optics)
* Mechanical engineering
« Computer science

 biology, chemistry, physics
in life sciences

but also

* microbiology, physiology,

pharmacology, genetics,...

Interdisciplinary field!

Pawet Strumitfo
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Medical Electronics
i Subdisciplines of Biomedical Engineering - |

[Biomechanics } ~2800 pages [Physiologic Modelling and Control)
x :

Biomaterials} it [Medical and Biologic Analysis
p—; | Biomedical S \
Biosensors} : . [Biomedical Instrumentation
7 Engineering \ )
Biotechnology} B ANDSQON [Rehabilitation Engineering
& \ l J
Medical Imaging} [Clinical Engineering
- \ 3 / i

[Medical Informatics Prosthetic Devices and Artificial Organs
/ v
[Biologic Effects of Electromagnetic Fileds
Pawet Strumitto
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Medical Electronics
#2d Subdisciplines of Biomedical Engineering - II

Biomechanics - study of static and fluid mechanics in physiologic systems
Biomaterials - design and development of bioimplantable materials
Biosensors — detection of biological events and conversion to electrical signals
Biotechnology - to create or modify biologic material including tissue engineering
Medical Imaging - imaging and analysis of anatomic detail and physiologic function
Medical Informatics - store and interpret medical data, decision making (expert systems)
Physiologic Modelling and Control - use of computer simulations to develop
an understanding of physiologic relationships
Medical and Biologic Analysis - to detect, classify and analyze bioelectric signals
Biomedical Instrumentation - monitoring and measurement of physiologic events
Rehabilitation Engineering - design and development of therapeutic
and rehabilitation devices and procedures
Clinical Engineering - design and development of clinically related facilities,
devices, systems and procedures
Prosthetic Devices and Artificial Organs - design and development of devices for
replacement or augmentation of bodily function
Biologic Effects of Electromagnetic Fields - study of the effects of electromagnetic

fields on biologic tissue
itto

You can find applications of medical electronic systems
In any of the biomedical engineering subdisciplines




Medical Electronics
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Medical Electronics

The concept of modern diagnostic system

Detection of
Qauntitative , ,
diagnostic
pargmeters evaluation Diagnostic data
Processing
(data, signals) <:>
{} Computations Classification )Diagnosis

Recording K—> @
ﬁ Therapy

[ Meta-knowlege (model) ]
- data-bases, experts’ knowlege!
- Semantic WEB, UML

Projekt wspoétfinansowany przez Unie Europejskg URIAEUROBEISKA
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Medical Electronics

Technology Standards: data, databases,

good practices ,
Pawet Strumitto
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Centralized — continuous and ubiquitous healtchcare

Acute | —  (Continous |

Hospitalization) = (Home & out-patient)

Reactive | —  [Pro-active & Preventive] [ 5o
IT) - [Assistive Technology]<; - —
(entralized | — Pervasive  Doctor |
Sampling | —  [Monitoring |

Doctor-centric| —>  Patient-centric|

Source: Bardram JE, Pervasive healthcare as a scientific discipline,Methods Inf. Med., 2008;47(3):178-185.
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International Comparison of Spending on Health, 1980—2007

Total expenditures on health

as percent of GDP

Pawet Strumitfo
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IEEE
REVIEWS IN

BIOMEDICAL ENGINEERING

A PUBLICATION OF THE IEEE ENGINEERING IN MEDICINE AND BIOLOGY SOCIETY

EMB
_ B i O I n Stru m e ntati O n TéHECg.LY COSPONSORED BY THE IEEE CONSUMER ELECTRONICS SOCIETY
- Biomedical Imaging IS
- Biomedical Signal Processing voLuM 1 meECcO  (ssN 19a7-22a9)

- Cardiovascular Engineering

- Health Information Systems

- Neuroengineering

- Tissue and Molecular Engineering

Multi-Site
Electrode Array

Present a one slide, 5 min
presentation on:

,Medical breakthroughs of the

21st ce ntury - my VieW” Conceptualizatioh for a hippocampal prosthesis, as described in the
paper “The Impact of Neurotechnology on Rehabilitation” by T. W.
Berger, G. Gerhardt, M. A. Liker, and W. Soussou, on page 177.

< IEEE

NARODOWA STRATEGIA SPOINOSCI
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Medical Electronics
Medical Electronics — lecture outline

Introduction: ﬁ
221!:‘

» biomedical engineering — history, definition \
» human anatomy and physiology (brief review)
* patient safety

Biomedical instrumentation: \ '-
* ECG, EEG, EMG, EOG, and others

* transducers,

* measuring, recording, monitoring and therapy

——
Imaging systems:
* RTG . D)
* MRI and fMRI, 2| [
- USG, - Insulin pump
» Thermal imaging
1208 Pawet Strumitto
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Medical Electronics

Anatomy and physiology of the human — brief review*

The science of structure of the living body and its functions is
known as:

Anatomy and Physiology

~

3 g oo "R VAL YEXT SAL DOWE FOW MEIBEMRER NE
3 ,-'\‘

www.youtube.com/watch?feature=endscreen&v=GnpLm9fzYxU&NR=1

Pawet Strumitfo
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st macromolecule

organelle - tissue

cell &
From dr Cyprain Wolski’s lecture: Anatomy and physiology Pawet Strumitto
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Organ systems

The organs of the body work together in systems which are usually
divided into five functional categories*:

protection

support and movement
Integration and coordination
maintenance of the body
reproduction and development

OO0 000

*) From dr Cyprain Wolski’s lecture: Anatomy and physiology

Pawet Strumitfo
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Complexity of human body http://wwiw.as.edu.au

. ||j \
. % 1) Ly
A NERVOUS SYSTEM A LYMPHATIC (IMMUNE) SYSTEM
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Nervous system (Wikipedia)

The nervous system consists of the
central nervous system (which is the brain
and spinal cord) and peripheral nervous
system. The brain is the organ of thought,
emotion, and sensory processing, and
serves many aspects of communication
and control of various other systems and
functions. The special senses consist of
vision, hearing, taste, and smell. The eyes,
ears, tongue, and nose gather information
about the body's environment.

Clinical study: neuroscience, neurology (disease),
psychiatry (behavioral), ophthalmology (vision),
otolaryngoloqgy (hearing, taste, smell)

Integration and coordination

Brain
Cerebellum

Medical Electronics
({

Spinal cord
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http://en.wikipedia.org/wiki/Peripheral_nervous_system
http://en.wikipedia.org/wiki/Special_senses
http://en.wikipedia.org/wiki/Visual_perception
http://en.wikipedia.org/wiki/Hearing_(sense)
http://en.wikipedia.org/wiki/Taste
http://en.wikipedia.org/wiki/Olfaction
http://en.wikipedia.org/wiki/Eyes
http://en.wikipedia.org/wiki/Ear
http://en.wikipedia.org/wiki/Tongue
http://en.wikipedia.org/wiki/Nose
http://en.wikipedia.org/wiki/Neuroscience
http://en.wikipedia.org/wiki/Neurology
http://en.wikipedia.org/wiki/Psychiatry
http://en.wikipedia.org/wiki/Ophthalmology
http://en.wikipedia.org/wiki/Otolaryngology
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Pfﬂb Musco-skeletal system (Wikipedia)

deltoid

The musculoskeletal system consists of

the human skeleton (which includes bones, — pectoralis major » i
ligaments, tendons, and cartilage) and "SRR biceps brachil

rectus abdominis

attached muscles. It gives the body basic by 3 \;, brachialis
structure and the ability for movement. N Abdominal extemnal /4 Y. &
addition to their structural role, the larger
bones in the body contain bone marrow,
the site of production of blood cells. Also,
all bones are major storage sites for
calcium and phosphate.

pronator teres

brachioradialis

iliopsoas —
i/ ,’

Clinical study: osteology (skeleton),
orthopedics (bone disorders)

tibialis anterior

SuppOI‘t and movement peroneus brevis J' \,
Wl
§
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http://en.wikipedia.org/wiki/Musculoskeletal_system
http://en.wikipedia.org/wiki/Human_skeleton
http://en.wikipedia.org/wiki/Bone
http://en.wikipedia.org/wiki/Ligament
http://en.wikipedia.org/wiki/Tendon
http://en.wikipedia.org/wiki/Cartilage
http://en.wikipedia.org/wiki/Muscle
http://en.wikipedia.org/wiki/Bone_marrow
http://en.wikipedia.org/wiki/Calcium_in_biology
http://en.wikipedia.org/wiki/Phosphate
http://en.wikipedia.org/wiki/Osteology
http://en.wikipedia.org/wiki/Orthopedics
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Basilar artery

PL Circulatory system (Wikipedia)

¥ . Jrtemal carotd artery
y ' J External carotid artery
“ ' External jugular vein
J o ven
a Mertebead arteries

\J
i “ Comman carotid arteries

The circulatory system consists of the

Subchvian wtery —————————.

heart and blood vessels (arteries, veins, St _—
capillaries). The heart propels the P/ iy O S
circulation of the blood, which serves as a o —f )
"transportation system" to transfer oxygen, v
fuel, nutrients, waste products, immune Wi

cells, and signalling molecules (i.e.,

hormones) from one part of the body to o

another. The blood consists of fluid that P

External dinc artery

carries cells in the circulation, including 2.
some that move from tissue to blood
vessels and back, as well as the spleen
and bone marrow.

Great saphenous vein

Femaral artery
- Femoral vein
Popliteal artery
Poplitesl ven

Small saphences wein

Anterior tibial artery

Posterior bl artery

Clinical study: cardiology (heart), |
hematology (blood)

Valve

Maintenance of the body

) 1 48N\ \
Inferior Vena Cava Dorsal digital arteries 7 NN
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http://en.wikipedia.org/wiki/Circulatory_system
http://en.wikipedia.org/wiki/Heart
http://en.wikipedia.org/wiki/Artery
http://en.wikipedia.org/wiki/Vein
http://en.wikipedia.org/wiki/Capillary
http://en.wikipedia.org/wiki/Blood
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Hormones
http://en.wikipedia.org/wiki/Blood
http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Spleen
http://en.wikipedia.org/wiki/Bone_marrow
http://en.wikipedia.org/wiki/Cardiology
http://en.wikipedia.org/wiki/Hematology
http://upload.wikimedia.org/wikipedia/commons/e/e5/Diagram_of_the_human_heart_%28cropped%29.svg
http://upload.wikimedia.org/wikipedia/commons/e/e5/Diagram_of_the_human_heart_%28cropped%29.svg
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Respiratory system (Wikipedia)

The respiratory system
consists of the nose,
nasopharynx, trachea, and
lungs. It brings oxygen from the
air and excretes carbon dioxide
and water back into the air.

Clinical study: pulmonoloqy.

Maintenance of the body

Capillary beds

Connective tissue ——

Frontal sinus —— &)
Sphenoid sinus - p o=

Nasal cavity

Nasal vestibule

Oral cavity Mucous gland i
Mucosal Iining

Pharynx
Epiglottis

Vocal fold
Thyroid cartilage

Cricoid cartilage
Trachea —

7 Apex

Superior lobe

Lobar bronchus:
Right superior

Lingular division bronchus
Carina of trachea

Intermediate bronchus
Main bronchi (right and left)
Lobar bronchus:

Right inferior
Horizontal fissure

Oblique fissure tﬁg ?:fmor
Middle lobe Oblique fissure
Cardiac notch
Inferior lobe —— Lingula of lung
Inferior lobe

Diaphragm
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http://en.wikipedia.org/wiki/Respiratory_system
http://en.wikipedia.org/wiki/Nose
http://en.wikipedia.org/wiki/Nasopharynx
http://en.wikipedia.org/wiki/Vertebrate_trachea
http://en.wikipedia.org/wiki/Lungs
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Pulmonology
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Digestive system (Wikipedia)

Parotid
Submandibular

Sublingual

‘ Salivary Glands

The gastrointestinal system
consists of the mouth, esophaqus,
stomach, gut (small and large
Intestines), and rectum, as well as
the liver, pancreas, gallbladder, and
salivary glands. It converts food into e
small, nutritional, non-toxic
molecules for distribution by the
circulation to all tissues of the body, Liver
and excretes the unused residue.

Pharynx

Oral cavity (4] Tongue

Pancreas

Duodenum y Stomach

Common \ o /— Pancreatic
. bile duct T, e ‘ duct
Clinical study: gastroenterology . e
Transverse colon

Ascending colon - IE[LrL: '11 .

Maintenance of the body Descending colon | -
Cecum ".|
Appendix |

Rectum
Anus
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http://en.wikipedia.org/wiki/Gastrointestinal_system
http://en.wikipedia.org/wiki/Mouth
http://en.wikipedia.org/wiki/Esophagus
http://en.wikipedia.org/wiki/Stomach
http://en.wikipedia.org/wiki/Gut
http://en.wikipedia.org/wiki/Small_intestine
http://en.wikipedia.org/wiki/Large_intestine
http://en.wikipedia.org/wiki/Rectum
http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Pancreas
http://en.wikipedia.org/wiki/Gallbladder
http://en.wikipedia.org/wiki/Salivary_gland
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Gastroenterology
http://upload.wikimedia.org/wikipedia/commons/c/c5/Digestive_system_diagram_edit.svg
http://upload.wikimedia.org/wikipedia/commons/c/c5/Digestive_system_diagram_edit.svg
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PL Integumentary system (Wikipedia)

The integumentary system consists
of the covering of the body (the skin),
including hair and nails as well as
other functionally important
structures such as the sweat glands
and sebaceous glands. The skin
provides containment, structure, and
protection for other organs, but it
also serves as a major sensory
interface with the outside world.

Clinical study: dermatology

Protection
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http://en.wikipedia.org/wiki/Integumentary_system
http://en.wikipedia.org/wiki/Skin
http://en.wikipedia.org/wiki/Hair
http://en.wikipedia.org/wiki/Nail_(anatomy)
http://en.wikipedia.org/wiki/Sweat_gland
http://en.wikipedia.org/wiki/Sebaceous_gland
http://en.wikipedia.org/wiki/Dermatology
http://upload.wikimedia.org/wikipedia/commons/c/cb/Skin-no_language.PNG
http://upload.wikimedia.org/wikipedia/commons/c/cb/Skin-no_language.PNG

Urinary system (Wikipedia)

The urinary system consists of the
kidneys, ureters, bladder, and
urethra. It removes water from the
blood to produce urine, which carries
a variety of waste molecules and
excess ions and water out of the
body.

Clinical study: nephrology (function),
urology (structural disease)

Maintenance of the body
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http://en.wikipedia.org/wiki/Urinary_system
http://en.wikipedia.org/wiki/Kidney
http://en.wikipedia.org/wiki/Ureter
http://en.wikipedia.org/wiki/Urinary_bladder
http://en.wikipedia.org/wiki/Urethra
http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Nephrology
http://en.wikipedia.org/wiki/Urology
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Reproductive system (Wikipedia)

The reproductive system consists Fallopian tubes
of the gonads and the internal and [ ovaries |
external sex organs. The | [/ uterus |

reproductive system produces
gametes in each sex, a mechanism
for their combination, and a nurturing
environment for the first 9 months of
development of the offspring.

Clinical study: gynecology (women),
andrology (men), sexoloqy (behavioral
aspects) embryology (developmental
aspects)

Reproduction and development
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http://en.wikipedia.org/wiki/Sex
http://en.wikipedia.org/wiki/Gynecology
http://en.wikipedia.org/wiki/Andrology
http://en.wikipedia.org/wiki/Sexology
http://en.wikipedia.org/wiki/Embryology
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Immune system (Wikipedia)

The immune system consists of the white
blood cells, the thymus, lymph nodes and
lymph channels, which are also part of the
lymphatic system. The immune system
provides a mechanism for the body to
distinguish its own cells and tissues from
alien cells and substances and to neutralize
or destroy the latter by using specialized
proteins such as antibodies, cytokines, and
toll-like receptors, among many others.

Clinical study: immunology

Maintenance of the body

Protection A scanning electron microscope image
of a single neutrophil (yellow), engulfing
anthrax bacteria (orange).
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http://en.wikipedia.org/wiki/Immune_system
http://en.wikipedia.org/wiki/White_blood_cell
http://en.wikipedia.org/wiki/Thymus
http://en.wikipedia.org/wiki/Lymph_node
http://en.wikipedia.org/wiki/Lymph
http://en.wikipedia.org/wiki/Lymphatic_system
http://en.wikipedia.org/wiki/Antibodies
http://en.wikipedia.org/wiki/Cytokines
http://en.wikipedia.org/wiki/Toll-like_receptors
http://en.wikipedia.org/wiki/Immunology
http://upload.wikimedia.org/wikipedia/commons/f/f2/Neutrophil_with_anthrax_copy.jpg
http://upload.wikimedia.org/wikipedia/commons/f/f2/Neutrophil_with_anthrax_copy.jpg
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& Endocrine system (Wikipedia) %7
The endocrine system consists of the
principal endocrine glands: the pituitary, 4’“
thyroid, adrenals, pancreas, parathyroids,

and gonads, but nearly all organs and &%= 4

tissues produce specific endocrine
hormones as well. The endocrine system

controls body processes that happen slowly,

e.g. cell growth. Hormone levels are ?‘%
influenced by stress, infection, and

variations in the balance of fluid and

minerals in blood. ;L 7
Clinical study: endocrinology 8 =£

Major endocrine glands. (Male on the left,

Integration and coordination female on the right.) 1. Pineal gland
2. Pituitary gland 3. Thyroid gland

4. Thymus 5. Adrenal gland 6. Pancreas

7. Ovary 8. Testes
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http://en.wikipedia.org/wiki/Endocrine_system
http://en.wikipedia.org/wiki/Pituitary
http://en.wikipedia.org/wiki/Thyroid
http://en.wikipedia.org/wiki/Adrenal
http://en.wikipedia.org/wiki/Pancreas
http://en.wikipedia.org/wiki/Parathyroid
http://en.wikipedia.org/wiki/Gonad
http://en.wikipedia.org/wiki/Hormone
http://en.wikipedia.org/wiki/Endocrinology
http://upload.wikimedia.org/wikipedia/commons/d/da/Illu_endocrine_system.png
http://upload.wikimedia.org/wikipedia/commons/d/da/Illu_endocrine_system.png
http://en.wikipedia.org/wiki/Male
http://en.wikipedia.org/wiki/Female
http://en.wikipedia.org/wiki/Pineal_gland
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http://en.wikipedia.org/wiki/Thyroid_gland
http://en.wikipedia.org/wiki/Thymus
http://en.wikipedia.org/wiki/Adrenal_gland
http://en.wikipedia.org/wiki/Pancreas
http://en.wikipedia.org/wiki/Ovary
http://en.wikipedia.org/wiki/Testes
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Organ systems Interrelationship*

External environment
Integumentary system

Mouth " °°¢ o The integumentary system
protects the body from the
external environment

O Digestive and respiratory systems,
in contact with the external
environment, take in nutrients and
oxygen

0 Nutrients and oxygen are
distributed by the blood

0O Metabolic wastes are eliminated by
the urinary and respiratory
systems

O,

Interstitial
fluid

Excretory
system

|

8 ¥
Anus Nitrogen-containing
Unabsorbed metabolic waste
matter (feces) products (urine)

*) From dr Cyprain Wolski’s lecture: Anatomy and physiology
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WIS U@ Y I (U V.l WebAnatomy i~ Mediea! Flectronics E

http://msjensen.cehd.umn.edu/Webanatomy
Organ Systems 1 QUIZ

1. | This system transforms food particles into a size that can be
absorbed.

Make a selection

2. | This is the most superficial organ system. (Clue: Superficial Vs. Deep)

3. |The organ system that secretes hormones, i.e., chemical messengers. Circulatory system

4. | This system helps the body fight disease. Digestive system

5. | This system removes waste products from the blood and it assists in Endocrine system
maintaining water and electrolyte balance.

6. | The parts of this system provides frameworks and protective shields lntegumentary system
for softer tissues, serve as attachments for muscles, and is also .
involved in the production of blood. Lymphatic system

7. | This system provides the forces that produces body movements. Muscular system

8. | This system provides for the intake and output of air and for the Reproductive system

exchange of gases between blood and air.

9. The system that transports items such as oxygen, carbon dioxide, Respiratory system
hormones, glucose, etc. through the body.

10. | The system that enables the production of offspring. (CLUE: Where do Skeletal system

babies come from?)

Urinary system

[ Score Test ] [ Clear Form ]

Pawet Strumitfo
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Medical Electronics Division - research

Q processing and analysis of biomedical signals
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diagnosis support,
human-machine interfaces,
systems aiding the disabled)
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o Frontal Lobe

X
L/

-

www.neuroskills.com/index.shtml?main=/tbi/brain.html
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- skin detection (Bayes classifier)
- the Kalman filter for tracking

Pawet Strumitto
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 Eclipse- and CodeWarrior-based
development environments (Carbide C++)

« SDK, phone emulator
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Stereovision

Medical Electronics

Segmented 3D scene

P. Skulimowski — ,Detection and tracking
objects in video sequences for 3D scene
auditory display”, PhD, Lodz, 2009
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Remote navigation for the visually impaired
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Medical Electronics

Magnetic resonance image analysis
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_ Medical Electronics 51
Wireless endoscope capsule .

Video frames
analysis

Wireless
endoscope capsule
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- National Institute of Standards and Technology, USA
- Asian Institute of Gastroenterology, India
- Katedra Gastroenterologii i Nefrologii UM w todzi
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Computed thermography systems

Microbolometric
thermovision camera

I 3201

2729

2257

17688 e ——
/Applications
- Medical diagnosis
- Noninvasive testing
- Evaluation of heat loss
(_ in buildings, etc. |
Pawet Strumitto
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(© Med 5ci Monit, 2011; 17(9): MT63-71 www. MEDSCIMONIT.coM S
PMID: 21873955 |

retes: 2o | Computer Software tool for heart rate variability
ubisted: 2018\ (HRV), T-wave alternans (TWA) and heart rate
turbulence (HRT) analysis from ECGs

Authors' Contribution:

N Study Design
I Data Collection Krzysztof KudrynskI'™™%, pawet Strumitto™¥, Jan Ruta?"
A Statistical Analysis
E omseron pegamion | 1stue of Bectranics, Technical Univesity of Lod, Locz, Poland
I Uierature Search Department of Bectrocardiology, Medical University of Lodz, Lodz, Poland
Il Funds Callection Source of support: Krzysztof Kudrynski is a scholarship holder of project enfitled “Innovative education...”
supported by the European Social Fund. This work has been in part supported by the Minisiry of Education and
Science of Poland research grants no. N N518 506339 in years 2010-2011
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MSc thesis - example

Remigiusz Stolarek —
»A system for wireless transmission of human
pulse’
(supervisor: Piotr Romaniuk)
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EMB |EEE Engineering in Medical Electronics
Medicine & Biology Society QIEEE

- *Preventative . CompLItathnaI

- active role of patient —\:Patient—Centric I ntel | |g ence

- patient community eParticipatory

| *Personalized
-

Delivery of Results
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l MMM (Multivariate Multiorgan Multiscale)

Multiorgan
(holistic) approach:

Multivariate:

eg.
eg. physiology of
fatigue (mental and
physical fatigue)

fMRI+Ultrasound,
MRI + PET

Medical Electronics

Multiscale
(space and time):

eg. sleep disorders
(year seasons,
circadian rhytms,
cardiac rhytms)
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LUALCONMVW
Qrneorore X PRIZE

Introducing the Qualcomm Tricorder XPRIZE.

A $10 million competition to bring healthcare to the palm of your hand.

Imagine a portable, wireless device in the palm of your hand that monitors and
diagnoses your health conditions....
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Vital signs

Vital sign Sensor

ECG, heart rate Body surface electrodes
Blood pressure Pressure cuff (Korotkov pulses)
Body temperature Temperature sensor
Respiratory rate Piezoelectric sensor
O, Saturation Optical sensor (pulsoximeter)
: N
f
www.farmaciaija. pl '-
.doz.pl/zdrowie

Fawet Strumino
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Photoplethysmography

Photoplethysmography - indirect measurement of blood volume
flowing in finger veins.

— measurement: O,, heart rate, respiratory rate, blood pressure

2
BP - llll L pZZJ N 1 :3;—3V Output
b PTT I PRl o 5 »
L - distance travelled by pulse
PTT — pulse transit time | 3 .
b — patient dependent parameter | " . ‘,_
p  —Dblood mass density kg/m3 [ \J v TF ] |

30 Q

M. Poh, K. Kim, N. Swenson, R. Picard, Cardiovascular Monitoring
Using Earphones and a Mobile Device,Pervasive Computing 2010.
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Flex circuit
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Measurement:

- concentration of medicinse,
- concentration and balance of electrolytes,

- dewatering

Paper
microfluidics

——Sensor

__1—-Adhesive

—}=Epidermis

Dermis

U Sweat

duct

[~ Sweat
glands

|— Hypodermis

= J. Heikenfeld, Your sweat may bring medical diagnostics
to Fitbits and Fuelbands , IEEE Spectrum, Nov. 2014
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Voice load

(Institute of Occupational Medicine in Lodz)

Przyspieszenie [g]

Parametr Before work | After work
Fundamenta frequency [Hz] 113,1 124,5
Average power [dB(SAL)] 33,5 31,2

il w ramach Europejskiego Funduszu Spotecznego Fonousz P
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rL Examples of future biomedical engieering

GestoNurse: A Multimodal Robotic Scrub Nurse Nurse Robot Exoskeleton on Beyond Tomorrow

www.youtube.com/watch?v=s8eTLT10QexM#t=90

Pawet Strumitfo
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& Deep brain stimulation

Brain implant capable of restoring lost _ _ _
memories (a 4 year DARPA project) Parkinson Disease implant

http://www.digitaltrends.com/cool-tech/us-military http://www.bbc.com/news/health-35734888
-developing-brain-implant-to-restore-memory/

Pawet Strumitfo

Pawel Strumillo, Il HARC Conference on Translational Research in Healthy Ageing, 2016, £6dz, Poland
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ANANERICASCUP | TRACKING FIREMEN | THE FALSE CRISIS THE ART OF FAILURE
YOUWONTFORGET | INANINFERNO INSTEMEDUCATION | Tre funny Shngs vou
THATUTS TVVEWERS | INDCOR NAVEATION F THERES CEMAND i
N THEACTON V:
P38

CANSNE NS IWHY ARE JOES SONTET | Mwalabie onire at
L] ru SPECTRUM EEEDRG

E-skin will connect people
and machines

Artist’s vison: Gina Miller, 2007

A

New material: Graphene!

Pawet Strumitfo
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Intelligent monitoring

,-...We are still living in the “mainframe” era of
healthcare ... what we need is ...the healthcare
equivalent to the low cost PC”

Andy Grow Intel Corp.
ULTH’UU ases.

your cut may be infected. 4
Please che kth Advisor

”m
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28 Be aware of ... unpredictble technological advancements

...640K should be enough for anybody..

Bill Gates (1981)
Microsoft founder

Now more information can be sent over a single cable in
a second than filled the Internet in a month in 1997

George Gilder,
Telecosm, The Free Press, New York

You can expect to have on your wrist tomorrow what
you have on your desk today, what filled a room
yesterday.

Nicolas Negroponte,
Being Digital, Vintage Books, New York (1996)

Pawet Strumitfo

EUROPEJSKI

Projekt wspoétfinansowany przez Unie Europejskg uniaevroresska [TREER
KAPITAL LUDZKI ok P
: w ramach Europejskiego Funduszu Spotecznego runpusz sroreczny RTINS




{3 Prospects are good for biomedical engineers ...
I

Medical Electronics
-

Biomedical Engineering (BME) is the fastest growing engineering
discipline with a projected employment growth of 72% by 2018.

"In industry, biomedical engineers work in corporate research,
production, quality control and management,” says Katharina Jager
from the human-resources department of Baxter, a global medical-
technology company based in Vienna. "University graduates
usually acquire leading positions after one or two years....

Naturejobs
Pawet Strumitto
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,Medical Electronics”

Prezentacja multimedialna wspoéilfinansowana przez
Unie Europejska w ramach
Europejskiego Funduszu Spotecznego w projekcie pt.

»Innowacyjna dydaktyka bez ograniczen - zintegrowany
rozwoj Politechniki tédzkiej - zarzadzanie Uczelnia,
nowoczesna oferta edukacyjna i wzmacniania zdolnosci
do zatrudniania osob niepetnosprawnych”

@ Politechnika L6dzka, ul. Zeromskiego 116, 90-924 L6dz, tel. (042) 631 28 83
PSRN Politechnika todzka www.kapitalludzki.p.lodz.pl




