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Department of Biomedical Engineering
Faculty of Engineering Science
Tel. 972-8-6479627 Fax. 972-8-6479628

Course Name: Biomedical Engineering Laboratory 1 (Processes)

Course Number: 367.1.2043

Required Prior Courses: Cell Biology (367.1.1011)
Introductory Chemistry for Bio-Medical Engineering
(367.1.1531)

Lecturers:  Guy Avraham
Email: guyavr@post.bgu.ac.il
Office: Building 64, Room 209
Office hours: Tuesday, 9:00-11:00

Course Description (by labs)

1. Electrochemistry. The use of oxidation-reduction reaction and calculation of

standard potential from Nernst equation.

2. Acids and Bases. Measurement of acidity level by pH indicators and titration

procedures.

3. Spectroscopy. Absorption spectrum, Beer-Lambert law, the use of a UV-VIS

spectrophotometer.

4. Cell Cultures. The use of optical microscope and centrifuge while work with cell
cultures, cells separations, cells counts- both manually and by using basic

techniques of image processing.

5. Thin Layer Chromatography (TLC). Separation of solvents using Thin Layer
Chromatography (TLC).

6. Microfluids. Analyses of the physical properties of microfluids using image

processing techniques.

References:
1.  Moodle (course site): http://moodle2.bgu.ac.il/
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Structure of final course grade:

1. Safety exam — 5%

2. Entrance exams — 25%

3. Instructor evaluation during the lab — 15%
4. Final reports — 55%

Estimated weekly schedule:
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Week Chapter
1 Electrochemistry

2-3 | Preparatory lab

4-5 | Acids and Bases

6-7 | Spectroscopy

8-9 | Cell Cultures
10-11 | Thin Layer Chromatography (TLC)
12-13 | Microfluids
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Course Name: Requlation and Registration of Medical Devices Under Development

Course Number: 367-1-4951

Required Prior Courses: No prior requirements

Lecturer: Dr. Eyal Lerner

Email: elc@eyallerner.info

Reception hours: to be announced

Course Description (by topics)

1.

Introduction to regulation and registration. Medical Technologies and the Medical
devices (MD) field in this space. The concept of Regulation, Registration,
Standardization and the differences between them. Where and when registration is
mandatory. Which are the bodies who perform registration, regulation and
standardization? Accreditation vs. certification. 1SO system and standards. The
International Medical Device Regulators Forum (IMDRF) [Global
Harmonization Task Force (GHTF)].

Historical review.
Overview on the FDA History, how it started, key legislation timeline

Overview on EMA History, EU structure its laws and directives, EMA and its
establishment
Overview on the Medical Device Department in the Israeli MOH, The 2012 Medical

Device Act.

Registration of medical devices. Definitions and classification of medical
devices. Prerequisites for registration. The registration process in USA (PMA,
510k, De-Novo). The registration process in the EU, CE mark, 1ISO 13485 and
Notification bodies (NAB). The registration process in Israel and the role of
Israeli Registration Holder (IRH).

Development of medical devices. Design controls, Design of experiments (DOE),
Product Development Protocol (PDP), Device Master Record (DMR), Design History
File (DHF), Device History Record (DHR). Preclinical studies and clinical Studies.


mailto:elc@eyallerner.info

BEN-GURION UNIVERSITY OF THE NEGEV
P.O.Box 653, BEER-SHEV A 84105, ISRAEL

Department of Biomedical Engineering
Faculty of Engineering Sciences
Tel. 972-8-6479614 Fax. 972-8-6479628

5.

Transfer of medical device from development phase to production
Technical transfer file (TTF) its content and dynamics. Statistical controls, process
capability index, Cp, Cpk, UCL, LCL. Post marketing modifications.

Quiality aspects. What is quality and can it be measured, how quality assurance and
quality control correspond with quality, how quality is "build" into the product.
Quality Standards of the medical devices and pharmaceutical industry: Good
manufacturing Practice (GMP), Good Laboratory Practice (GLP), Good Clinical
Practice and GAMP. Quality by design (QbD), verification and Validation: design

validation, method validation and process validation.

Advance quality aspects. Premises, infrastructure, buildings and utilities. Records
and documentation. Preventive and corrective action (CAPA), Deviations,
Complaints, Post marketing surveillance, Quality concepts: TQM, Taguchi method
and Six Sigma. Sampling and sampling techniques.

Registration —extensive. Review of medical devices registration path in Canada,
Australia and Japan.
Comparison between the various registration paths for medical devices in USA

Comparison between the various registration paths for medical devices in the EU
The Theranos case

References:

1.
2
3
4.
5

6.

QSR FDA (21CFR820)

EU directives: 93/42/EEC (MDD), 98/79/EC and 90/385/EEC

1SO 13845:2015

Israel Medical Device Act (2012)

Q2(R1) ICH- Validation Of Analytical Procedures: Text and Methodology

The Theranos 483's; David Amor at 10x 2016 conference
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Department of Biomedical Engineering
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Structure of final course grade:
1. Final Exam —100%

Estimated weekly schedule:
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Week Subject
1. Introduction to regulation and registration
2. Historical review
3. Registration of medical devices
4, Registration of medical devices
5. Development of medical devices
6. Development of medical devices

Transfer of medical device from

7. development phase to production

Transfer of medical device from

8. development phase to production

Transfer of medical device from

9. development phase to production

10. | Quality aspects

11. | Quality aspects

12. | Registration —extensive

13. | Registration —extensive




BEN-GURION UNIVERSITY OF THE NEGEV
P.O.Box 653, BEER-SHEV A 84105, ISRAEL

2532 1’99 -12 HVIVHIININ
84105 yaw N1 ,653 .1.0

Department of Biomedical Engineering
Faculty of Engineering Science
Tel. 972-8-6479627 Fax. 972-8-6479628

411.1.4022 AxX1972 DMANX

MYYWN 'Y 200ND

ORIV NO1INY NPYHNH
ND1INN SY1NIY NONMPAn
08-6479628 DP9 08-6479627 Nabv

JI'X191-1" NOTINA T N KK 3TN *¥* 11 10:00-13:00 w0 e

N¥INN DY NNNINN X1 NNYIN
M8V DO T | D™MpNN DMANK O NKoND Xan | 2/11/2016 | 1
-N"MDO 22NN N0 TIpA
NX191 ,N121N9 N'91NVI9N,NMOI9N
VA XN Pinen N0 A2
N1 TIPA
901" O™N '9ND MM 71901 TNAX DIV Y WX | 9/11/2016 | 2
N'TN .07 921 2% MHNN% 100
DO TIPIPX :TPNN ¥ NRTpNn
IR NOM N TAM T, NTRA TN
MY DO T "2 OMONLVPOX | 16/11/2016 | 3
,2% 21¥'p DINN2 DO TN DMANX
2AYP MYI9N1 N5 NADMTONUVPON
np 0N T 22 NIXI9T NPTOINMIXD DMANX | 23/11/2016 | 4
NINIXNA 21PN MTo™N% Xan | 30/11/2016 | 5
nnay X 'O mHoNNN NNAX DX N91A NPTl
mnown
"Ny HMX 'onNo N'IVIXN NOM N2WN,ORN | 7/12/2016 | 6
mHoNn ¥ NRTPNNA TRTNY MNNONN
1P/72annlan NMUXDDO NYNN DA%V NN | 14/12/2016 | 7
TDOX MAD YT | X X NX191 DINN2 DO TN DMANKX | 21/12/2016 | 8
M
NTA PN T | MM N2D1NMI2 DO TN DMANKX | 28/12/2016 | 9
KR
195127 T DMy NX1972 DO TIN DMANX | 4/01/2017 | 10
-1MN "p 'oNM9 | DK DY MITTINNND DO T3 MaNno | 11/01/2017 | 11
TV MKN MXMA DY
LoD 'ON9 ma¥n - NN 1 Doon waon | 18/01/2017 | 12
8y T
,O0 '9N9 mAa¥n - N1'N2 - 11 DDON wa9n | 25/01/2017 | 13

M8y T




"'vun Y"nw 411.1.4022

D'"'O0TIN NNINNSY ]'II']'LI|7 NI'Yyan :axIv] DANK [01ipn DY

NI7NN ¢ DI7T'OINKSI [INAX NIV'Y N7 DRI D'RWI 112N NNDN 1011 NIhuvn
MIMNN DR ¥, 21 -0 NRN2 NRID9IA DNANKI NINDY NI'YA 19002 TRAN' 01PN .NINDY
OIZn NV .N'RIDI-I'AN NOTINN DINNNA D'MA'? NIINND 21 DNUPN [INARD 'YX NP0
NN DIANKYI NINDWY NI7NNA 719101 [IN2XA DI'D NITAIVA NI'YYAN DK D'0ITIVOY A'¥NY7
.0"IPN NIRINND WNXK WID'NI NIM'PN NI'0TINN NI'van

.(MIT71 3') yiawa AR¥IN NIvY wiw 101N NIDNN

'X 200Nn0 101IEN TVIN

JI'RI9I NOTIN [IWRY ININYT D'TN7N (DTN

.NI7'moa 1002 ol 10T NIY'T

TI'RI9 N [NND / D' TA7 Ny¥n — (001N 9102 WAIM) N1IM1'N0 NTIAY 1NIYN NV'Y
JI'0TIN NIV'WA

nn7wn? nina |3'XI NRHANI NIAN NI1'790' TN D'NNIN D'R9N 7Y [N O NIXRXINN NINJI)
.onww'wnn 1inxk 80 2 nindin nwnAT nn'y ,NNXT TINYT .0IWD |9IX2

NL71PON ,'7'T 'RIDIN TOINN 019N7 , A7 TIZN WNN — '90I' 0N 'DND 011N TN
JURMIAN 'WTNnY

yTAY? NOZIFON ,N'RN DA DA77 NR'7Nnn — [I'vy DT
JINMAN



BEN-GURION UNIVERSITY OF THE NEGEV
P.O.Box 653, BEER-SHEV A 84105, ISRAEL

2)2 1992 -12 HOVIV9ININ
84105 yavw 9N31 ,653 .1.90

NINIDTIA NDTINY NPYPNN
NOTINN YNy NOMPIN
08-6479628 ©pa 08-6479627 av

Department of Biomedical Engineering
Faculty of Engineering Science
Tel. 972-8-6479627 Fax. 972-8-6479628

N9 NN (0MNPa aw
367-1-3301 ;27127 p0R
TRPINLPOYRY K122 ,MINIR TI20VY K122 ,0790W00 229238107 NN 1272 ONIN

ANT-12 777 "7

benyoav@bgu.ac.il :%°n°X— %17 oy 2°0I7IW07 DY MAWPNTT 1IN

(204 777,64 732 :77WR) 97 TIT WK QRN - 793P MY

:no3nn
SPEIPN 717020 23
volosvet@post.bgu.ac.il :5°°»°%— 237nn oy 2°0IT00a YW NMWRNAT 19N

20 717 WRIN DIRN2 -107Y° 077 12 DI 172 DY

;912950

-1’2 MR MN*HY PNI5N7 D027 IR 2NN NPRIDI-1°27T FOTITT MTID’ DR LITIVO? NIPA? TV T 0P
MNIRT MNPA DR 1720 ,07RT 7132 DPAPPIDT NIPHIVIR NIDWH OV M2 21927 0P .N1PRIDD

1PN DRI NPRIDT MDA PIONT D°HIAT MNP IR IR MNIK D771 N0°I7 2°37177 DR ,0°N717907
.0°917-"N221 NIRDINA DORYAIT QO O1RIDT T°PWIR 1R ,1D 11D ORIDI-1A NWIN2 Wiawa PINvead

Y I
1. J.G. Webster, "Medical Instrumentation, application and design,” WILEY.

2. Course website (Moodle)

:07P2 TR 1NR IDINY ONPT MW7

(72yn n2m) 70% -nrnae
5% - (AW P2 A MMav e

D°VITIVOT .NODTIN WAIN 712V .07 230 aY aORIN® VP10 KW (7wan n2n) .25% — v e
.IN22 VPOIDIT DR 10X WIT


mailto:benyoav@bgu.ac.il
mailto:volosvet@post.bgu.ac.il

BEN-GURION UNIVERSITY OF THE NEGEV
P.O.Box 653, BEER-SHEV A 84105, ISRAEL

2)2 1992 -12 HOVIV9ININ
84105 yavw 9N31 ,653 .1.90

NINIDTIA NDTINY NPYPNN
NOTINN YNy NOMPIN
08-6479628 v 08-6479627 99V

Department of Biomedical Engineering
Faculty of Engineering Science
Tel. 972-8-6479627 Fax. 972-8-6479628

SNIDIRW 5D Y WA BOIAT 1Y

no NNYINN XY vy
1 INIDN NIWONY7 XIan 1
1 YN — 'RI9T NIWONYT NKIAN 2
4 DTN 9122 D''7MYN-I"aN 0'7RYI0190 DNign +
4 IWUNN - DTN 9122 D''7MYN-1'aN DYXR'YI0190 DN 3
5 D"'7MYN-1'"2 DY7XR'YI0I9 NT'TA7 NITNORZIN 4
3 NINIX TI2A'YI DM2N 5
6 NI'RI9 DTN NIDWN7 DA DIYY 6
6 YN — NI'RI9Y DTN NIDWNY? 0'2an DY 7
2,78 DTN NDIWNI NITTNAI NIV 8
12 'XI9N NIN'T NIDWN 9
13 D''719'0 DPNN 10
14 n'mun nin'va 11
D'VITIVO 7Y NIAXN 12
D'VITIVO 7Y NIAXN 13




(367.1.4221) n'721 n'UOIXN :7"'VYWUN Q1IN TVONO

,N1'"MIO NP'OOIN ,A10'? ,N'OINA NP'UDIX ,NIDAXRNN ,N"N D72 ,0"1N7 N'UOIN (0NN 1NIXR'N

T NDAYN  nirodnip

nixnwn 201.1.0101 ,'%2 njp'ro 203.1.1471 ,nimix 12'v? xian 367.1.4241 :01p nivaT
NI'RIN NIRNINOT
:NX1IND 720
(bilenca@bgu.ac.il) 30 12,309 771N N7 10702 XN
13:00-16:00 '"w'7w mr :nxIIN NIy
UNIN DINNA D727 NI
(ronishaa@post.bgu.ac.il) 63 12,117 27Tn ,0Mm [X'7 :N7220NNn
12:00-13:00 1w m' :nx1IN NIvY

YNIN DIKN2 Zﬁ'71|7 nyy

(1272 0-100 x1n OiZn 7w DAI'YA NHV) O [I'Y YA

nwan nanm .MATLAB 1 2 miw* 77n 07700 0'7220n 7w 0'oo 5-6) na nimay - 10% .1
N'NAN [I'XWD 211X 00N 7w 910N [I'Ya 7771w n'an NI 72 yxmn iy .(hiim
.N7un1 56 XN (IN2 OX 110 WNKYT) N'OIoN

. MATLABI L1YV'X7 TI2'N DY DNY'YONT7 VD TV NIN 72 ANM) N'o10 N1'Na - 90% .2
(N7RYYT ' 5 " nrkpnk” nirmana-a1 nike 20 jnana

:0111I2N NITIRI Y775 .NI7RUN 7V T2 (121 DA'WNYT NIRXINN 170n2 1N1'Y 0N NIT .3
NITA 5 Ty X7 N L(R7RwN 'wip? oknna) Nima 0.5-2.5 2 ndth oni nRw D
N'NAN [I'XWD 211X 00N 7Y 910N [I'X7 190N 012120 NITIR 171D 01N 17nna Ta7
[AT2 NITIRAN 7¢ DIWA NY' nxnn .n7uni 56 XN (IN' 0X 11079 1NKRY) N'o10N
JIRXNN

01N 190

1. E. Hecht, Optics, Addison Wesley (2001)
2. L. V. Wang and H-I. Wu, Biomedical Optics, Wiley (2007)
3. B. E. A. Saleh and M. C. Teich, Fundamentals of photonics, Wiley (1991)
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Department of Biomedical Engineering
Faculty of Engineering Science
Tel. 972-8-6479627 Fax. 972-8-6479628

Course Name: Cell Biology
Course Number: 367-1-1011

Required Prior Courses: no prior requirements

Lecturers:  Guy Avraham
Email: guyavr@post.bgu.ac.il
Office: Building 64, Room 212
Office hours: Sunday, 15:00-17:00

Course Description (by chapters)

1. Introduction. What is Life?; cell as the smallest unit of life; history of cell
discovery; basic cell structure; two basic types of cells: Prokaryotic, Eukaryotic;
common chemical elements of life; chemical bonds: covalent, non-covalent, ionic;
biomolecules: proteins and amino acids, poly- and monosaccharides, lipids,
nucleic acids and nucleotides.

Life. Ch. 1 — Studying Life, Ch. 2 — Small Molecules and the Chemistry of Life,
Ch. 3 — Proteins, Carbohydrates, and Lipids
The Cell. Ch. 2 — The Composition of Cells

2. Plasma Membrane. Membrane composition; the phospholipid bilayer:
phospholipids, steroids (cholesterol), glycolipids; membrane proteins: the fluid
mosaic model, mobility of membrane proteins; glycocalyx.

The Cell. Ch. 2 — The Composition of Cells, Ch. 13 — The Plasma Membrane

3. Trans-membrane Transport. Passive diffusion; facilitated diffusion: transport
protein- carriers and channels; active transport: primary (driven by ATP
hydrolysis) vs. secondary (driven by electrochemical gradient); endocytosis.

The Cell. Ch. 2 — The Composition of Cells, Ch. 13 — The Plasma Membrane

4. Cytoskeleton. Roles of cytoskeleton in support, locomotion, and inter- and intra-
cellular communication; structure, organization, and functions of: Microfilaments
(actin filaments), Intermediate filaments, and Microtubules.

The Cell. Ch. 12 — The Cytoskeleton and Cell Movement
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Department of Biomedical Engineering
Faculty of Engineering Science
Tel. 972-8-6479627 Fax. 972-8-6479628

5. Mitochondria and Respiration. The role of metabolism in energy consumption;
organization and function of mitochondria; the genetic system of mitochondria;
the mechanism of oxidative phosphorylation: the electron transport chain and
chemiosmotic coupling; chloroplasts and photosynthesis.

The Cell. Ch. 3 — Cell Metabolism, Ch. 11 — Bioenergetics and Metabolism

6. Nucleus and Nucleic Acids. Nucleus structure: envelope and pore complex;
Nucleotides; the structure of DNA: the model of Watson and Crick, DNA
replication; nuclear DNA: levels of organization, histones and non-histone
proteins, structure of chromosomes.

The Cell. Ch. 2 — The Composition of Cells, Ch. 4 — Fundamentals of Molecular
Biology, Ch. 5 — The Organization and Sequences of Cellular Genome, Ch. 9 —
The Nucleus

7. Cell Division. Phases of cell cycle; cell cycle regulation and checkpoints:
regulators of cell cycle progression; the events of M Phase: mitosis (nuclear
division) and cytokinesis (cytoplasm division); meiosis and fertilization.

The Cell. Ch. 16 — The Cell Cycle

8. Gene Expression: Transcription of DNA to RNA. Expression of genetic
information: colinearity of genes and protein, types of RNA; transcription in
prokaryotes: RNA polymerase, negative and positive control of transcription;
Transcription in eukaryotes: differences between eukaryotic and prokaryotic
systems, RNA polymerases and General Transcription Factors, regulation; post-
transcriptional modifications of MRNA in eukaryotic cells.

The Cell. Ch. 4 — Fundamentals of Molecular Biology, Ch. 7 — RNA Synthesis

and Processing
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9. Gene Expression: Translation of mRNA to Protein. mRNA as a template;
tRNA and the genetic code; rRNA and the ribosome; translation stages: initiation,
elongation and termination; regulation of translation; mutations: point, insertion,
deletion, silent and non-silent.

The Cell. Ch. 4 — Fundamentals of Molecular Biology, Ch. 8 — Protein Synthesis,

Processing, and Regulation

10. Protein Sorting and Transport. The Endoplasmic Reticulum: smooth and
rough, structure and function; the Golgi apparatus: structure and function;
vesicular transport; Lysosomes.

The Cell. Ch. 10 — Protein Sorting and Transport

11. Cell Signaling and Communication. Signaling molecules and their receptors:
modes of signaling, types of ligands and receptors; intracellular signal
transduction.

The Cell. Ch. 15 — Cell Signaling

12. Cell Death. Programmed cell death: apoptosis. Caspases and regulators; cancer.
The Cell. Ch. 17 — Cell Death and Renewal, Ch. 18 - Cancer

13. Cell Renewal. Stem cells and the maintenance of adult tissues; embryonic stem
cells and therapeutic cloning.
The Cell. Ch. 17 — Cell Death and Renewal

References:

1. Geoffrey M. Cooper and Robert E. Hausman, The Cell- A Molecular Approach, 6"
Edition, ASM Press and Sinauer Associates, Inc., 2013

2. David Savada, David M. Hillis, Craig Heller, May R. Berrenbaum, Life: the Science of
Biology, 10™ Edition, Sinauer Associates and W. H. Freeman, 2014

3. Bruce Alberts, Alexander Johnson, Julian Lewis, Martin Raff, Keith Roberts, Peter Walter,
Molecular Biology of the Cell, 5™ Edition, Garland Science, 2007

4. Moodle (course site): http://moodle2.bgu.ac.il/
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Structure of final course grade:

1. Final Exam— 80%
2. Preparatory questions 5%
3. Home assignments — 15%

Important- Preparatory questions and home assignments grades only count for students
who pass the final exam.

Estimated weekly schedule:

Week Chapter

1 Introduction

2 Plasma Membrane

3 Trans-membrane Transport

4 Cytoskeleton

5 Mitochondria and Respiration

6 Nucleus and Nucleic Acids

7 Cell Division

8 Gene Expression: Transcription of DNA to RNA

9 Gene Expression: Translation of mMRNA to Protein

10 Protein Sorting and Transport

11 | Cell Signaling and Communication

12 Cell Death

13 Cell Renewal
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John W. Hill and Ralph H. Petrucci, Terry W. McCreary and Scott S. Perry " General
Chemistry"; Ralph H. Petrucci, William S. Harwood and Geoffrey Herring " General
Chemistry: Principles and Modern Applications”; K.W. Whitten, R.E. Davis, M.L. Peck
"General Chemistry — with Qualitative Analysis”; B. Mahan, "University Chemistry";

Emanuel Manzurola, "Fundamentals of Chemistry" (heb).
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1) Robot dynamics and control / Mark W. Spong, M. Vidyasagar, New York:
Wiley, 1989
2) Introduction to robotics: mechanics and control / John J. Craig, Upper Saddle
River, N.J.: Pearson/Prentice Hall, 2005
3) Telesurgery / Sajeesh Kumar, Jacques Marescaux (eds.) Berlin; New
York: Springer, 2008
4) Research papers that will be uploaded to course website
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Course name: Introduction to robotics and applications for Biomedical Engineering
Course number: 367-1-4971

Lecturer: Dr. llana Nisky
e-mail: nisky@bqu.ac.il
office: 64/105
office hours: Monday 14:15-16:00

TA: Milstein Amit
e-mail: amitmil@bqgu.ac.il
office: 64/102

Credits: 4

Classes:
Lecture: Tuesday 09:00-12:00
Recitation: Sunday 09:00-11:00
Laboratory: recitation time slots + additional time slots will be posted

Requirements and grading policy:
3 Homework assignments 10% (elective)
2 Laboratory assignments 10%
1 Programming assignment 20%
Final exam 60% (or 70% if no homework)

Prerequisites:
203-1-1351 Physics 1
367-1-2323 MATLAB
367-1-3581 Introduction to Control Theory

Topics:

1) Introduction

2) Rigid motions and homogeneous transformations: representation of position,
representation of rotation, Euler angles

3) Kinematics: forward kinematics, Denavit-Hartenberg convention, inverse
kinematics, velocity kinematics, the manipulator Jacobian

4) Statics: dependence of forces and torques at the joints on external loads

5) Dynamics: momentum, energy, inertia tensor, the virtual work and Euler-Lagrange
equations, equations of motion, Neuton-Euler formulation

6) Control: trajectory planning, joints-space control, Cartesian control, force control

7) Introduction to haptics and virtual environments

8) Teleoperation: control laws, two-port representation of teleoperation channel,
network functions analysis, stability and transparency, alternatives

9) Medical robotics: minimally invasive surgery, robotic surgery, telesurgery,
rehabilitation robotics, neuroprostheses.

Literature:
1) Robot dynamics and control / Mark W. Spong, M. Vidyasagar, New York:
Wiley, 1989


mailto:nisky@bgu.ac.il
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2)
3)

4)
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Ben-Gurion University of the Negev
Introduction to robotics: mechanics and control / John J. Craig, Upper Saddle
River, N.J.: Pearson/Prentice Hall, 2005
Telesurgery / Sajeesh Kumar, Jacques Marescaux (eds.) Berlin; New
York: Springer, 2008
Research papers that will be uploaded to course website

Tentative weeks schedule:

Week | Lecture Recitation Assignment | Assignment due
handed out
1 Introduction, rigid body - -
transformations
2 Forward kinematics Transformations
3 Inverse kinematics Forward Homework 1
kinematics
4 Jacobian Inverse kinematics
5 Jacobian Jacobian Homework 2 | Homework 1
6 Statics Jacobian + Lab Lab 1
7 Dynamics Lab - kinematics Project Homework 2
8 Dynamics + Control Statiscs
9 Haptics Dynamics Homework 3 | Lab 1
10 | Teleoperation Control Lab 2
11 Robotic surgery Lab - control Homework 3
12 Rehabilitation Lab - control
Project consulting
13 Neuroprosthetics Project consulting Lab 2
14 Programming 1
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1. J.G. Webster, "Medical Instrumentation, application and design,” WILEY.

2. Course website (Moodle)
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Course Name: Biomechanics Lab
Course Number: 367-1-3043

Required Prior Courses:

1. Strength of Materials for Biomedical Engineering, 367-1-3531
2. Biomedical Engineering Laboratory 3 (Devices), 367-1-3063

Lab Instructors:

1. Mr. Nadiv Dharan

E-mail: dharan@post.bgu.ac.il
2. Mr. Erez Sulimani

E-mail: erezsul@post.bgu.ac.il
3. Ms. Natalie Kaduri

E-mail: nataliek@post.bgu.as.il
4. Mr. Ifath Nudel

E-mail: nudeli@post.bgu.ac.il
5. Ms. Mor Ben-Or

E-mail: morbeno@post.bgu.ac.il
6. Ms. Tal Dachlika

E-mail: taldac@post.bgu.ac.il

Course Description:

The course is composed of five lab experiments:

1. Ultrasound: We will learn about the physical principles of sound waves via using an
Ultrasonic transducer system. We will measure the distances sound waves travel in
different media and derive its velocity. We will measure the focal length of different
transducers and compare the results to sound wave theory.

2. Motor Learning Experiment - Adaptation to Force Field: We will learn about the
experimental paradigm that demonstrates the sensorimotor system adaptation to
environmental changes while performing basic hand reaching movements. The
experiments will be conducted under different force fields. The adaptation process
will be monitored by adding random catch trials and analyzing the hand movements
errors in various parts of the experiment.

3. DNA Streching by Optical Tweezers: We will get familiar with the optical tweezers
system, which is able to capture micron sized object by exerting forces via a focused
laser beam, and learn about the biophysical properties of polymer such as DNA. We
will perform stretching experiments on small DNA segments and build a force
extension curve in order to extract the biomechanical parameters of this molecule.

4. Flow Analysis in COMSOL: We will implement basic topics in fluid dynamics, such
as laminar flow, turbulence, developed flow, entrance length, Reynolds number,
continuity equation and Navier-Stokes equations. We will construct and solve
cardiovascular models in the final elements software COMSOL, which enable us to
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investigate various physical problems when an analytical solution is absent. With
these models we will learn about typical flow phenomena in the body's blood vessels
and compare them to basic analytical solutions. The case of Atherosclerosis will be
studied.

5. Surface EMG: we will get familiar with the biomechanical and neurophysiological
properties of skeletal muscles under contraction, rest and fatigue conditions by
recording Surface EMG signals. These signals will be measured as a function of
muscle load and contraction velocity. Regular and pathological signals will also be
compared.

References:

10.

11.

12.

Baker W.D., Pulsed Ultrasonic Doppler Blood-Flow Sensing, IEEE Transactions of
sonic and ultrasonic, 17 (1970).

Wells P. N. T., Absorption and dispersion of ultrasound in biological tissue,
Ultrasound in medicine and biology, 1 (1975).

Gill RW., Measurement of blood flow by ultrasound: accuracy and sources of error,
Ultrasound in medicine and biology, 11 (1985).

Shadmehr R. and Mussa-Ivaldi F. A., Adaptive Representation of Dynamics during
Learning of a Motor Task, The Journal of Neuroscience, 14 (1994).

Wagner M. J. and Smith M. A, Shared Internal Models for Feedforward and
Feedback Control, The Journal of Neuroscience, 28 (2008).

Marko J. F. and Siggia E. D., Stretching DNA, Macromolecules, 28 (1995).

Wang M. D,, Yin H., Landick R, Gelles ], and Block S. M., Stretching DNA with
optical tweezers, Biophys. ]., 72 (1997).

Motomiya M. and Karino T., Flow Patterns in the Human Carotid Artery
Bifurcation, Stroke, 15 (1984).

Cheng C. et. al,, Atherosclerotic Lesion Size and Vulnerability Are Determined by
Patterns of Fluid Shear Stress, Circulation, 113 (2006).

Basmajian J. and De Luca C. ., Muscles Alive: Their Function Revealed by
Electromyograph, 5t edition, Williams and Wilkins, Baltimore (1985).

Latash M.L., Neurophysiological Basis of Movement, 214 edition, Human
Kinetics, Champaign (2008).

Staudenmann D., Roeleveld K., Stegemanand D. F. and van Dieén J. H.,
Methodological aspects of SEMG recordings for force estimation - A tutorial and
review, |. Electromyogr. Kines., 20 (2010).

Structure of final course grade:

1.
2.
3.

Pre-lab exam 10%
Pre-lab report 30%
Final report 60%
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Basic laboratory measuring instruments: oscilloscope, digital multi-meter, function
generator, AC and DC measurements and basic circuit components such as: resistors,
capacitors, inductors, diodes and transformers, LP and HP filters, resonance, rectification
circuits, transient response measurements, and BJT transistors.
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1. T.L.Bergman, A.S. Lavine, F. P. Incropera and D. P. DeWitt, Fundamentals of Heat
and Mass Transfer, 7" Edition (2011).
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Digital systems and Computer Structure (DSCA)

367-1-3761
Academic Year: 2016
Instructor: Dr. Ron Shmueli, ron.shmueli@gmail.com
Course Structure:
Lecture: 3 hours, 3 points
Practical session: 1 hours, 0.5 points

Prerequisites: None
Objectives

This course introduces students to the basic concepts of digital systems, and the basics of
computer architecture.

The first part of the cours focuses on the fundamentals of digital system design: Binnary
codes, Boolean algebra, Logical design, Logic moduls sequantial circuits, Registers,
Counters, Minimization methods, analysis and design. Both combinational and sequential
logic will be covered.

The second part focuses in the basics computer orgaization an design (CISC, RISC)
Assembly and Assembler, and Register transfer notation (RTN) .

Lecture topics by weeks

Part 1 - Digital Systems

Week | Topic(s)

1 Motivation and Introduction to Digital Systems Number Systems in different
bases. Binary arithmetic. Binary Codes — BCD, Gray, Ex-3, 2's Compliment
and 1's compliment representation.

2 Boolean Algebra, Boolean operators, True tables, Boolean variable and
functions. Canonic representation of Boolean functions. DE Morgan rules,
Universal functions,

3 Karnouglt maps. Combinational logic and Implementation with Logic Gates,
Static hazards.

4 Logic Modules- Full adders, full substructures. Multiplexers, Decoders,
Comparators. Carry Select Adders(CSA).

5 Implementation of Logic functions with logic Modules (Mux, Dec). Subtraction
in 1's and 2°s compliment. .

6 Memory elements and Flip flops, Asynchronous Ripple Counters, Shift registers.
Synchronous systems in Mealy/Moor models, States diagrams, States tables.

8 Design and analysis of sequential systems.

~
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Part 2 — Computers architecture

Week | Topic(s)

1 | The digital computer as multi-level machine, Von Neumann architecture and
Bus System. Register transfer language (RTL)

2 Basic Computer instructions, addressing modes and the basic instruction cycle.

3 | Abstract and concrete Register Transfer Notation. The design of the control
unit ALU and the data path.

4 | Assembly and machine language

Textbooks and Recommended Bibliography:

1988 — M. Mano 7w 19077 1 1-7 2°P79 01370 N1PNID0 NIDIWR — AmMnoi v on R L1

2. M. Mano, C Kime “Logic and coputer design fundamentals” 2" Ed., Prentice Hall
2001
3. M. Mano, "Digital Design" , Prentice Hall , 1984

4. Mano M .: Computer System Architecture, Prentice Hall, 1993.

5. David A. Patterson and John L. Hennessy, "Computer Organization & Design"
Morgan Kaufmann Publication Inc, 1998.

Calculation of Final Grade:

Final exam: 90 %

Homework assignments: 10%
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Course name: Introduction to Stochastic Processes
Course Number: 411-1-3061
Required Prior Courses: Calculus, Linear Algebra, Probability
Lecturers:  Maoz Shamir Ph.D.

Tel: +972-(0)8-647 7324

Email: shmaoz@bgu.ac.il

Office: Building M6, Room 529

Course Description

1. Introduction - probability theory. Probability axioms. Random Variable.
Probability density function. Functions of random variables. Multi-dimensional
random variables. Characteristic functions. The conditional expectation estimate.

2. Introduction — estimation theory. Definition of the problem. Maximum
Likelihood. ‘Optimal’ estimator. Optimal linear estimation.

3. Definition of a stochastic process. Classification of stochastic processes.
Examples of stochastic processes. Stationary processes. Ergodic processes.

4. Markov processes: Markov chains. Markov processes in continuous time. The
Master equation. Birth-death processes. Fokker-Planck approximation. Gaussian
processes (Wiener process, Poisson process). Langevan approach.

5. Basic filtering theory. Passage of processes through memoryless systems. Passage
of processes through time-invariant systems. Autocorrelation functions and
spectral densities of stationary processes. Passage of stationary processes through
linear, time-invariant systems. Narrow-band processes. Matched filter. The
Wiener filter.

References:

1") Random processes in physics and chemistry. N VanKampen RECOMENDED
2) Probability, random variables and stochastic processes. Athanasios Papoulis & S.
Unnikrishna Pillai.

3) Probability and random processes. Grimmett & Stirzaker.

4) Neural networks and learning machines. Simon Haykin

Structure of final course grade:
1. Final Exam —100%
2. Home assignments — must obtain a passing average at 80% of assignment to
attend the exam.
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Estimated weekly schedule:

Week Description
Introduction: probability a

Introduction: probability b

Introduction: Random Gaussian variable

Introduction: Estimation theory

Stochastic process - general

Markov processes: Markov Chains

Markov processes: continuous time and Master equation
Markov processes: One Step and Poisson

Markov processes: Fokker Planck theory

Markov processes: Gaussian Processes

Markov processes: Langevin approach

Basic filtering theory: Passage of processes through linear systems
Basic filtering theory: The Wiener filter
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. (GUI) »a7 wnnwn pwnm editor, command processor, debugger, profiler, publisher

NPINN NPYNPIN : DINIAN DIRYNN NN NDIN MINN naws Matlaba vinsaw poynn onpn
;097 ,(DXNN YW MDIWN) DN ,MFIVN) DN NN ,DOX0IPDI NPIPNI ,NPHION)

mana v (function handles) ovVP»2IRD NPXPINNT YINIWY DIVNRIID NPXPIND NN
TIDY 91D MDY D8y NN NION I (handle graphics) 0»97) DXVP»2IN HY Y57NN
DY MMYNI MION P90 NP 1915 .GUI NN 00 DMIDN DN DY DAY ,NNNN
DOVPMIIN NNNM XY DY MTIDM NP H91D MIIN HY 1NN 1221 DNV NP Simulink
.Matlab mpa xvann XN 29>

TNY DD

Introduction to the Matlab programming environment and programming language with an
emphasis on practical skills necessary for solving problems in bioengineering. The
material covers the programming environment including the editor, command processor,
debugger, profiler, publisher and the graphical user interface (GUI) development tool. It
also covers many elements of the programming language in great depth including
numerical and matrix manipulations, functions and scripts, data structures, function
handles, graphics and handle graphics, symbolic math, image processing, file
manipulation, and GUI functions. There will also be a basic introduction Simulink and
coverage of good programming practice and the basics of Object Oriented design as it
applies to Matlab coding.
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Real functions, limits, continuity and derivative of a function, composition of
functions, chain rule, inverse function and its derivative, integration methods, areas
calculations, polar coordinates, multivariable functions, limit of a function, partial
and directional derivatives, gradient, double and triple integrals, vector function of a
scalar variable, line integral, Green's theorem, divergent and rotor, Gauss and Stokes
theorems
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Name of Department

Name of the module: General and Molecular Genetics

Number of module: 04111-2211

BGU Credits: 3

ECTS credits:

Academic year: 3¢ and 4th
Semester: first semester

Hours of instruction: 3 weekly hours of

lecture including laboratory demonstration

Location of instruction:

Language of instruction: Hebrew

Cycle:B.S.C
Position: basic - obligatory

Field of Education: the discipline and main

area in which the module is belong to.

Responsible department: Microbiology,

Immunology and Genetics department.

General prerequisites: Cell biology and

genome structure and biochemistry.

Grading scale: 0-100

Course Description: Lectures focused on the basis of human genetics and its significance on human

health. The developed technologies and them impute in health management. The course includes
assignments, written and laboratorial, designed to teach genetics from theory to practice in the individual
and family life, as well as in different cultural and ethnic groups. Lectures include basic interdiction to
genetics and terminology; methods and technologies for testing genome (genome, chromosomes and
genes); hereditary patterns and chromosomal aberrations, as well as specific example; genetics and

cytogenetics of cancer; genetic counseling, personalized medicine; theory and practice.

Aims of the module: Teaching the basis of human genetics, genes and chromosomes, hereditary

patterns, genome testing methodology -developed technologies, computerized database, and the role of

genetics in medical management.

Objectives of the module: Understanding the genetic changes and their influence on our lives as

individuals and as a society: theory practice and advanced technologies and their effect on the medical
field.

Learning outcomes of the module: On successful completion of the course, the

student should be able to:
1. Understand the molecular and chromosomal basis for genetic syndromes.
2. Understand the mechanisms causing genetics syndromes.
3. Integrate of various genetic aspects.
4. Understand the differences in hereditary patterns.
5. Understand the significance of the genetic changes and seek for solutions
regarding individual, family and social health.
6. Know and understand the advanced technologies

Attendance regulation: required attendance in laboratorial classes only.

Teaching arrangement and method of instruction: lectures, laboratory classes and exercises.




Lecturer: Esther Manor
Contact details:

Office phone: 972-8-6400258.
Email: manore@bgu.ac.il

Office hours: one weekly hour.

Module evaluation: at the end of the

semester the students will evaluate the module,
in order to draw conclusions, and for the

university's internal needs

Confirmation: the syllabus was
confirmed by the faculty academic
advisory committee to be valid on

2016-7 (academic year)
Last update: 24/5/16

Name of Department

Assessment:
1. Exercises and laboratory assignments - 30 %
2. final exam - 70%

100%

Work and assignments: 3-4 written assignments designed to practice learned theory, to be completed

in two weeks. Laboratory attendance, including laboratory reports. A final exam on all learned material.

Time required for individual work: in addition to attendance in class, the students are

expected to do their assignment and individual work:

Written assignments might take up to 2 hours.




Name of Department

1. Module Content\ schedule and outlines:

2. Introduction—from Mendel to the new millennium: hallmarks and concepts in Human Genetics.

3. Cytogenetics: The chromosome, the chromosome map and karyotype, methods used in cytogenetics:
a) Classical methods (G-banding, Q-banding, C-banding, NOR)
b) Molecular cytogenetics — FISH, SKY,CMA, PCR,NGS

4. Meiosis, Mitosis — Cell division: somatic and germ cells, gametes formation: sperm cells versus oocytes.

5. Chromosomal aberrations:
a) Numerical changes, b) Structural changes, c) Invisible structural changes (Imprinting, uniparental disomy)

6. Chromosomal Syndromes: aneuploidy in autosomes (Down, Pataux, Edward), aneuploidy in sex chromosomes
(Turner, Klinefelter etc.) other changes and their syndromes: Prader Willi, DiGeorge, Angelman, Cri du chat

7. The Genome and the gene, types of mutations, methods to identify mutations.

8. Positional cloning, linkage analysis, polymorphic markers, working methods with polymorphic markers,
homozigosity by decent, disequilibrium linkage.

9. Mendelian inheritance concept and rules: recessive inheritance, consanguinity and diseases: Tay-Sachs, CF,
Albinism, Sickle cell anemia, codominant inheritance ( blood groups, Rh).

10. Dominant inheritance: Neurofibromatosis, Osteogenesis Imperfecta, Achondroplasia, Marfan, Huntington,
Myotonic Dystrophy.

11. Sex linked inheritance: X-linked: dominant (Fragile-X ), recessive trait (Hemophilia) inactivation of X
chromosome, Y linked. Mitochondrial inheritance.

12. Multifactorial traits, quantitative traits, the threshold theory, cleft lip and palate, Central nervous system defects,
heart disease, diabetes.

13. Genetic screening: Fragile X syndrome, CF, and others. Prenatal diagnosis, Genetic counseling.

14. Cancer- Cytogenetic and molecular genetics. Chromosomal changes in cancer and their significance. Genetics of
solid tumor ( BRCA, APC).

15. Personalized medicine.

Required reading:
Additional literature:

1. Medical Genetics. Jorde, Carey, Bamshad, . Updated Edition

2. Genetics in medicine Thompson and Thompson, updated Edition

* All learning material will be available to the students on the module's website (high-learn)/ library/ electronic

documents available to BGU students.
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Syllabus

Ben-Gurion University of the Negev

Department of Physiology

Human Physiology 2 for Biomedical Engineering
Course # 411-1-3616
Coordinator: Prof. David Golomb
Semester 2, 2017

Course Description: The course focuses on excitable systems. The students study

basic cellular, synaptic and system neurophysiology and cardiac physiology.

Course Objectives: The students will know neurophysiology and cardiac physiology

at a level that will enables them to read and understand research papers.

Course Structure:
Lecture: Wednesday, 14:15-16:00, Building 97 Room 204.
Thursday, 10:15-12:00, Building 97, Room 202.
Exercise (Computer Lab): Sunday, 12:00-14:00, Computer room (10), Goldman
building (M6), starting on Mar. 13.
Total # of Points: 4.5

Course requirements: (Include required pre-courses, compulsory attendance, etc.)
1. Mandatory attendance in flipped class, exercises and computer labs, and submittal of all
lab reports.

2. Comprehensive reading of all mandatory reading material.

Structure of Final Course-Grade:

Component Weight
1. Final Exam 100%
2. Exercises, Lab reports, 10%
3. Not answering questions in flipped class seriously  (-10%)

Total: 110%



If the sum of points is larger than 100, the student will get the grade 100.

A "Pass" requirement regarding final exam: Yes

Lecturer Details:

Prof. David Golomb

Reception hours: Sunday, 14:00-15:00, Goldman (Faculty of Health Science) Building,
Room 427 (call or send E-mail to set up a meeting).

E-mail: golomb@bgu.ac.il Telephone: 08-6477325

Prof. llya Fleidervish
E-mail: ilya@bgu.ac.il Telephone: 08-6477335

Prof. Alon Friedman

E-mail: alonf@bgu.ac.il

Teaching Assistant Details:
Mr. Erez Wolfson, ejwolf@gmail.com

Mr. Udi Vazana, udi.vazana@gmail.com
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Description of Meetings

Bioelectricity:

1. 15.3.17 — Prof. llya Fleidervish - Passive properties of membranes and cells I: resting
potential.
Reading material: Ref. 1, Chapter 3; Ref. 2, Chapter 7; material on Moodle site.

2. 16.3.17 - Prof. llya Fleidervish - Passive properties of membranes and cells II: time constant,
space constant, cable equation.

Reading material: Ref. 1, Chapter 3; Ref. 2, Chapter 8; material on Moodle site.

3. 22.3.17 — Prof. David Golomb — Action potential.
Reading material: Ref. 1, Chapter 4; Ref. 2, Chapter 9; material on Moodle site.

4. 23.3.17 — Prof. David Golomb — The Hodgkin—Huxley model.

Reading material: The students can read the PowerPoint presentation of the lecture.
Intercellular communication:

5. 29.3.17 Prof. David Golomb — Prof. David Golomb — Synapses, electrical and chemical,
presynaptic mechanisms.

Ref. 1, Chapter 5: Synaptic transmission.

6. 30.3.17 Prof. David Golomb - Synapses, presynaptic and postsynaptic mechanisms.
Ref. 1, Chapter 5: Synaptic transmission.

Heart:

7.5.4.17 - Prof.llya Fleidervish — Introduction, Electrical activity of the heart .

Ref. 3, 5th edition: Chapter 13: section B 357-362, section C 362-382, or

Ref 3, 7th Edition: Chapter 14: section B 382-386, section C 387-406

Physiology of the Central Nervous System:

8. 19.4.17 - Prof. Alon Friedman — Introduction to the central nervous system.
Reading material: Ref. 1, Chapter 7.



Intercellular communication:

9. 20.4.17 - Prof. David Golomb - Synapses, postsynaptic mechanisms.
Reading material: Ref. 1, Chapter 5: Synaptic transmission.

10. 26.4.17 - Prof. David Golomb — Synaptic plasticity.
Reading material: The students can read the PowerPoint presentation of the lecture.

Heart:

11. 27.4.17 - Dr.llya Fleidervish — ECG and Arrythmias
Ref. 3, 5th edition: Chapter 13: section B 357-362, section C 362-382, or
Ref 3, 7th Edition: Chapter 14: section B 382-386, section C 387-406

12. 3.5.17 Dr.llya Fleidervish — Heart as a pump
Ref. 3, 5th edition: Chapter 13: section D 381-400, section E 400-409.
Ref 3, 7th Edition: Chapter 14: section D 407-427, section E 428-437.

13. 4.5.17 Dr.llya Fleidervish — Circulation. Regulation of Circulation.
Ref. 3, 5th edition: Chapter 13: section D 381-400, section E 400-409.
Ref 3, 7th Edition: Chapter 14: section D 407-427, section E 428-437.

14.-10.5.17 Dr.llya Fleidervish — Advances in Cardiovascular instrumentations.
Reading material: XXX

Physiology of the Central Nervous System:

15. - 11.5.17 - Prof. David Golomb — The eye.
Reading material: Ref. 1, Chapter 9.

16. - 17.5.17 — Prof. Alon Friedman— The chemical senses: taste and smell.
Reading material: Ref. 1, Chapter 8.

17.- 18.5.17 — Prof. David Golomb — The central visual system.
Reading material: Ref. 1, Chapter 10.

18. - 24.5.17 — Prof. Alon Friedman — Epilepsy
Reading material:

19. - 25.5.17 — Prof. David Golomb — The auditory system.
Reading material: Ref. 1, Chapter 11.



1.6.2017 — Day after Shavuot.
7.6.17 — Student's day

20. - 8.6.17 — Prof. David Golomb — The auditory and vestibular system.
Reading material: Ref. 1, Chapter 11.

21. - 14.6.17 — Neuropsychology of learning and memory.
Reading material: Ref. 1, Chapter 24 — Memory system. From "Introduction” to "The temporal
lobes and declarative memory", and "The neocortex and working memory".

22. - 15.6.17 — Prof. David Golomb — Place and grid cells. Flipped class!
Reading material: Ref. 1, Chapter 24 — Memory system + articles.

23.-21.6.17 — Brain mechanism of emotion.
Reading material: Ref. 1, Chapter 18 — Brain mechanisms of emotion.

24. - 22.6.17 — Prof. David Golomb - The somatosensory system
Reading material: Ref. 1, Chapter 12

25. — 28.6.17 — Prof. David Golomb — The motor system.

Reading material: Ref. 1, Chapter 13.

26. - 29.6.17 — Prof. David Golomb — The motor system (2).
Reading material: Ref. 1, Chapter 14.

Recitations

13.03.17 - TAOl.a - Erez Wolfson - Passive Membranes
20.03.17 - TAOl.b - Erez Wolfson - Passive Membranes
27.03.17 - TA 02.a - Erez Wolfson - Active Memebranes
03.04.17 - TA 02.b - Erez Wolfson - Active Memebranes

10.04.17 - TA 03.a - Erez Wolfson - Action Potential.



01.05.17

08.05.17

15.05.17

22.05.17

29.05.17

05.06.17

19.06.17

- TA 03.b - Erez Wolfson - Action Potential.
- TA 04.a - Udi Vazana - Synapses.

- TA 04.b - Udi Vazana - Synapses.

- TA 05.a - Udi Vazana - Synapses.

- TA 05.b - Udi Vazana - Synapses.

- TA06.a - Udi Vazana - Heart.

- TA 06.b - Udi Vazana - Heart.



Total:

Prof. Golomb 10

Prof. Amitai 9

Dr Fleidervish 7
26

References:
A. Course textbooks (state only books that appear in the above table)

1. M. Bear, B.W. Connors, M. Paradiso, Neuroscience, exploring the brain, 4™ edition, 2016
(or 3" edition, 2007)

2. Eric R. Kandel, J.H. Schwartz, and Thomas M. Jessell, Principles of Neural Science.

3. Vander et al., Human Physiology, 5™ or 7t edition.

B. Other References (only from 1990 and onward)

4. Recommended also free textbook on the web:
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=neurosci.TOC&depth=2
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Bibliography (will be supplied by the lecturer by the beginning of the course):

1. Introduction to Health Physics. Herman Cember, Thomas E. Johanson. Fourth
edition 2013.

2. Cytogenetic Dosimetry: Application in Preparedness for response to Radiation
Emergencies. IAEA. 9/2011.

3. Biological Indicators of Absorbed Radiation and Biological Dosimetry. B.S.Rao-2012.

4. Quick Reference Information-Radiation. Radiation Emergency assistance

center/training site (REAC/TS) Oak Ridge institute for science and education, 2011.
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The use of biomarkers for the determinations of exposures and dose exposures to

ionizing radiation

Syllabus:
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>

10.
11.

12.
13.

14.

15.

Radiobiology: Adaptive Response, Genomic Instability, Bystander Effects.

lonizing Radiation and Radiation type embitters ( alpha, beta, gamma, X, noitrons).
Biomarker types.

The philosophy of the use of the different biomarkers.

Isotopes and radiological events.

Cell biology, macromolecules, radiation compounds formed in the cells after ionizing
radiation events, DNA repair mechanisms.

Physical Dosimetry and ionizing radiation detectors.
Radiotoxicology and Radiotoxicological methods.
Dose estimations to ionizing radiation exposures by using radiotoxicological
parameters/models and physical dosimetry.

Radiation exposure biomarkers and biodosimetry determinations.

Retrospective Dose determinations by using different biomarkers, models and
methods.

Medical ionizing radiation exposures (X-rays, Technetium etc.).

The various aspects of dose exposures for medical needs and specific calculations of
doses to organs.

L)

Biomedical instrumentations, current/future relevant biological and chemical
methods.
Future perceptions and direction of biodosimetry.

Bibliography (will be supplied by the lecturer by the beginning of the course):

1.

Introduction to Health Physics. Herman Cember, Thomas E. Johanson. Fourth
edition 2013.

Cytogenetic Dosimetry: Application in Preparedness for response to Radiation
Emergencies. IAEA. 9/2011.

Biological Indicators of Absorbed Radiation and Biological Dosimetry. B.S.Rao-2012.
Quick Reference Information-Radiation. Radiation Emergency assistance
center/training site (REAC/TS) Oak Ridge institute for science and education, 2011.
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Ben-Gurion University of the Negev

Department of Physiology

Human Physiology 2 for Biomedical Engineering
Course # 411-1-3616
Coordinator: Prof. David Golomb
Semester 2, 2017

Course Description: The course focuses on excitable systems. The students study

basic cellular, synaptic and system neurophysiology and cardiac physiology.

Course Objectives: The students will know neurophysiology and cardiac physiology

at a level that will enables them to read and understand research papers.

Course Structure:
Lecture: Wednesday, 14:15-16:00, Building 97 Room 204.
Thursday, 10:15-12:00, Building 97, Room 202.
Exercise (Computer Lab): Sunday, 12:00-14:00, Computer room (10), Goldman
building (M6), starting on Mar. 13.
Total # of Points: 4.5

Course requirements: (Include required pre-courses, compulsory attendance, etc.)
1. Mandatory attendance in flipped class, exercises and computer labs, and submittal of all
lab reports.

2. Comprehensive reading of all mandatory reading material.

Structure of Final Course-Grade:

Component Weight
1. Final Exam 100%
2. Exercises, Lab reports, 10%
3. Not answering questions in flipped class seriously  (-10%)

Total: 110%



If the sum of points is larger than 100, the student will get the grade 100.

A "Pass" requirement regarding final exam: Yes

Lecturer Details:

Prof. David Golomb

Reception hours: Sunday, 14:00-15:00, Goldman (Faculty of Health Science) Building,
Room 427 (call or send E-mail to set up a meeting).

E-mail: golomb@bgu.ac.il Telephone: 08-6477325

Prof. llya Fleidervish
E-mail: ilya@bgu.ac.il Telephone: 08-6477335

Prof. Alon Friedman

E-mail: alonf@bgu.ac.il

Teaching Assistant Details:
Mr. Erez Wolfson, ejwolf@gmail.com

Mr. Udi Vazana, udi.vazana@gmail.com
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Description of Meetings

Bioelectricity:

1. 15.3.17 — Prof. llya Fleidervish - Passive properties of membranes and cells I: resting
potential.
Reading material: Ref. 1, Chapter 3; Ref. 2, Chapter 7; material on Moodle site.

2. 16.3.17 - Prof. llya Fleidervish - Passive properties of membranes and cells II: time constant,
space constant, cable equation.

Reading material: Ref. 1, Chapter 3; Ref. 2, Chapter 8; material on Moodle site.

3. 22.3.17 — Prof. David Golomb — Action potential.
Reading material: Ref. 1, Chapter 4; Ref. 2, Chapter 9; material on Moodle site.

4. 23.3.17 — Prof. David Golomb — The Hodgkin—Huxley model.

Reading material: The students can read the PowerPoint presentation of the lecture.
Intercellular communication:

5. 29.3.17 Prof. David Golomb — Prof. David Golomb — Synapses, electrical and chemical,
presynaptic mechanisms.

Ref. 1, Chapter 5: Synaptic transmission.

6. 30.3.17 Prof. David Golomb - Synapses, presynaptic and postsynaptic mechanisms.
Ref. 1, Chapter 5: Synaptic transmission.

Heart:

7.5.4.17 - Prof.llya Fleidervish — Introduction, Electrical activity of the heart .

Ref. 3, 5th edition: Chapter 13: section B 357-362, section C 362-382, or

Ref 3, 7th Edition: Chapter 14: section B 382-386, section C 387-406

Physiology of the Central Nervous System:

8. 19.4.17 - Prof. Alon Friedman — Introduction to the central nervous system.
Reading material: Ref. 1, Chapter 7.



Intercellular communication:

9. 20.4.17 - Prof. David Golomb - Synapses, postsynaptic mechanisms.
Reading material: Ref. 1, Chapter 5: Synaptic transmission.

10. 26.4.17 - Prof. David Golomb — Synaptic plasticity.
Reading material: The students can read the PowerPoint presentation of the lecture.

Heart:

11. 27.4.17 - Dr.llya Fleidervish — ECG and Arrythmias
Ref. 3, 5th edition: Chapter 13: section B 357-362, section C 362-382, or
Ref 3, 7th Edition: Chapter 14: section B 382-386, section C 387-406

12. 3.5.17 Dr.llya Fleidervish — Heart as a pump
Ref. 3, 5th edition: Chapter 13: section D 381-400, section E 400-409.
Ref 3, 7th Edition: Chapter 14: section D 407-427, section E 428-437.

13. 4.5.17 Dr.llya Fleidervish — Circulation. Regulation of Circulation.
Ref. 3, 5th edition: Chapter 13: section D 381-400, section E 400-409.
Ref 3, 7th Edition: Chapter 14: section D 407-427, section E 428-437.

14. - 10.5.17 Dr.llya Fleidervish — Advances in Cardiovascular instrumentations.
Reading material: XXX

Physiology of the Central Nervous System:

15. - 11.5.17 - Prof. David Golomb — The eye.
Reading material: Ref. 1, Chapter 9.

16. - 17.5.17 — Prof. Alon Friedman— The chemical senses: taste and smell.
Reading material: Ref. 1, Chapter 8.

17. - 18.5.17 — Prof. David Golomb — The central visual system.
Reading material: Ref. 1, Chapter 10.

18. - 24.5.17 — Prof. Alon Friedman — Epilepsy
Reading material:

19. - 25.5.17 — Prof. David Golomb — The auditory system.
Reading material: Ref. 1, Chapter 11.



1.6.2017 — Day after Shavuot.
7.6.17 — Student's day

20. - 8.6.17 — Prof. David Golomb — The auditory and vestibular system.
Reading material: Ref. 1, Chapter 11.

21. - 14.6.17 — Neuropsychology of learning and memory.
Reading material: Ref. 1, Chapter 24 — Memory system. From "Introduction” to "The temporal
lobes and declarative memory", and "The neocortex and working memory".

22. - 15.6.17 — Prof. David Golomb — Place and grid cells. Flipped class!
Reading material: Ref. 1, Chapter 24 — Memory system + articles.

23.-21.6.17 — Brain mechanism of emotion.
Reading material: Ref. 1, Chapter 18 — Brain mechanisms of emotion.

24. - 22.6.17 — Prof. David Golomb - The somatosensory system
Reading material: Ref. 1, Chapter 12

25. — 28.6.17 — Prof. David Golomb — The motor system.

Reading material: Ref. 1, Chapter 13.

26. - 29.6.17 — Prof. David Golomb — The motor system (2).
Reading material: Ref. 1, Chapter 14.

Recitations

13.03.17 - TAOl.a - Erez Wolfson - Passive Membranes
20.03.17 - TAOl.b - Erez Wolfson - Passive Membranes
27.03.17 - TA 02.a - Erez Wolfson - Active Memebranes
03.04.17 - TA 02.b - Erez Wolfson - Active Memebranes

10.04.17 - TA 03.a - Erez Wolfson - Action Potential.



01.05.17

08.05.17

15.05.17

22.05.17

29.05.17

05.06.17

19.06.17

- TA 03.b - Erez Wolfson - Action Potential.
- TA 04.a - Udi Vazana - Synapses.

- TA 04.b - Udi Vazana - Synapses.

- TA 05.a - Udi Vazana - Synapses.

- TA 05.b - Udi Vazana - Synapses.

- TA06.a - Udi Vazana - Heart.

- TA 06.b - Udi Vazana - Heart.



Total:

Prof. Golomb 10

Prof. Amitai 9

Dr Fleidervish 7
26

References:
A. Course textbooks (state only books that appear in the above table)

1. M. Bear, B.W. Connors, M. Paradiso, Neuroscience, exploring the brain, 4™ edition, 2016
(or 3" edition, 2007)

2. Eric R. Kandel, J.H. Schwartz, and Thomas M. Jessell, Principles of Neural Science.

3. Vander et al., Human Physiology, 5™ or 7t edition.

B. Other References (only from 1990 and onward)

4. Recommended also free textbook on the web:
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=neurosci.TOC&depth=2

.10 ,8 n"™TN 9NN Nnipa AXIY? NV "2 INtEN' 01IAN1 NITAYN
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Department of Biomedical Engineering
Faculty of Engineering Science
Tel. 972-8-6479627 Fax. 972-8-6479628

Course Name: Biomedical Engineering Laboratory 1 (Processes)

Course Number: 367.1.2043

Required Prior Courses: Cell Biology (367.1.1011)
Introductory Chemistry for Bio-Medical Engineering
(367.1.1531)

Lecturers:  Guy Avraham
Email: guyavr@post.bgu.ac.il
Office: Building 64, Room 209
Office hours: Tuesday, 9:00-11:00

Course Description (by labs)

1. Electrochemistry. The use of oxidation-reduction reaction and calculation of

standard potential from Nernst equation.

2. Acids and Bases. Measurement of acidity level by pH indicators and titration

procedures.

3. Spectroscopy. Absorption spectrum, Beer-Lambert law, the use of a UV-VIS

spectrophotometer.

4. Cell Cultures. The use of optical microscope and centrifuge while work with cell
cultures, cells separations, cells counts- both manually and by using basic

techniques of image processing.

5. Thin Layer Chromatography (TLC). Separation of solvents using Thin Layer
Chromatography (TLC).

6. Microfluids. Analyses of the physical properties of microfluids using image

processing techniques.

References:
1. Moodle (course site): http://moodle2.bgu.ac.il/
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Department of Biomedical Engineering

Faculty of Engineering Science
Tel. 972-8-6479627 Fax. 972-8-6479628

Structure of final course grade:

1. Safety exam — 5%

2. Entrance exams — 25%

3. Instructor evaluation during the lab — 15%
4. Final reports — 55%

Estimated weekly schedule:

ORIV NO1INY NPYHNH
ND1INN SY1NIY NONMPAn
08-6479628 DP9 08-6479627 1YV

Week Chapter
1 Electrochemistry

2-3 | Preparatory lab

4-5 | Acids and Bases

6-7 | Spectroscopy

8-9 | Cell Cultures
10-11 | Thin Layer Chromatography (TLC)
12-13 | Microfluids




Course name: Advanced data analysis
Course number: 367.2.5461

Syllabus: This is an introduction to Bayesian statistics for the purpose of analysis of
biomedical data. We cover the fundamentals of Bayesian statistics from a practical
perspective with an emphasis on leveraging the technical skills and understanding of the
engineering student and presenting the material in a way that will be accessible to those
with an engineering background. The course will involve Matlab programming and will
provide a very cursory introduction to R programming. The topics covered in the course
include probability as a description of conditional knowledge, Bayes rule, exact solutions
to Bayesian estimation problems, MCMC algorithms, Bayesian software packages
(JAGS, OpenBugs), Bayesian estimation of parameters of continuous distributions,
hierarchical models, power and model comparison, and GLM as it is applied to linear and
logistic models and to univariate and multivariate ANOVA.Reading material:

Doing Bayesian Data Analysis, 2nd Edition, John Kruschke. Elsevier Press 2014.
https://sites.google.com/site/doingbayesiandataanalysis/

You can purchase an e-version of the book at a 30% discount here:
https://sites.google.com/site/doingbayesiandataanalysis/purchase

Format: Weekly lectures will cover the material in the relevant chapters of the book.
Reading the material is highly recommended. Exercises are from the book and must be
submitted via Moodle. Exercises are due on midnight before the following lecture. There
will also be 3 projects. These will be build gradually over the course of the semester to
match the material we are learning. At the end of the course, each student will present the
data they analyzed and the analysis they did in the projects. Finally, there will be an
online, closed-book 1 hour quiz that students can take at any time during the last week of
the semester.

Grading:

Exercises: 30%

Projects: 30%

Final project presentation: 20%
Final quiz: 20%

Lect | Date | Topics Chapters Exercises Projects

ure #

1 The idea of 2,3,4 2.2,4.6
Bayesian data
analysis and
Bayesian
probability

2 Bayes Rule and 5,6,25.1, |5.2,6.2,6.3 Discuss project 1: prior and
exact Bayesian 25.2.1, posterior predictive data
analysis 25.2.2



https://sites.google.com/site/doingbayesiandataanalysis/
https://sites.google.com/site/doingbayesiandataanalysis/purchase

3 MCMC for 7,25.2.3 7.3, write MCMC
approximate sampler
Bayesian solutions
4 OpenBugs and 8, JAGS and OpenBugs | Project 1 due
JAGS OpenBugs | on existing data
5 Applying Bayes to | 16, 25.1 16.1, 16.2 Project 2 discussion:
continuous data Parameter estimation and
inference on your data
6 Passover
Hierarchical 9,253 9.1,9.2 Project 2 due
models
7 Regression and the | 15, 17 17.1,17.2
generalized linear
model
8 Model comparison | 10 10.2, online exercise
9 ANOVA 19 19.1,19.3 Project 3 discussion:
hierarchical model on your
data
10 Multivariate 20 20.1, 20.2
ANOVA
11 Power 13 13.2,13.3,13.4
12 Logistic 21 21.1,21.2 Project 3 due

regression
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Department of Biomedical Engineering
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1. Lathi B.P., Linear Systems and Signals, Oxford University Press, 2005.
2. Oppenheim A. V., Willsky A. S., and Nawab S.H., Signals and Systems, Prentice
Hall, 1997.
3. Moodle course site
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White, F.M., Fluid Mechanics.
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Fox, R.W., Pritchard, P.J., McDonald, A.T., Introduction to Fluid Mechanics.

Shames, I.H., Mechanics of Fluids.
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Introduction to SolidWorks environment : 2D modeling, creation of sketch, restriction,
Sketch definition, Sketch tools, linear and circular sketch pattern, 3D modeling,
Copy/Move of object, Drills and holes, drawing sheets, Assembly and drawing assembly.
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e Introduction to Biosensors - From Electric Circuits to Immunosensors. Yoon, Jeong-
Yeol, (Editor), 2" Edition, Switzerland, Springer (2016). eBook is available on
Moodle.
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Course title: Biosensors Techniques, Instrumentation, and Applications

Course humber:
367-1-4761

Instructor:

Dr. Hadar Ben-Yoav

e Office: Building 64, Room 204

e Email: benyoav@bgu.ac.il Telephone: 08-6479717

e Office hours: Mondays 14:00-16:00 (schedule by email in advance is required)

TA:
Mr. Doron Yariv
e Office: The location will be decided during the first recitation.

e Email: yarivdo@post.bgu.ac.il  Telephone: 08-6461939

e Office hours: Tuesdays 12:00-13:00 (schedule by email in advance is required).

Course Description:

Emerging technologies for clinical diagnostics and personalized health monitoring provide
diverse problems in biosensing, where students can increasingly apply their skills. This course
provides a thorough review of fundamental concepts of biosensing systems, principles of
common detection methods, and modern applications of biosensors. Students will obtain a
detailed understanding of cutting-edge biosensing techniques, the instrumentation used and the
application space. Students also will develop skills in using current literature as a source of

knowledge.

Course Outcome:

At the end of the course, students will have the ability:

e To identify the fundamental components of biosensing techniques;

e To analyze the performance of published biosensing results;

e To describe the scientific principles of the biosensing transduction mechanisms;

e To comprehend a new biosensing technique by reading published manuscripts;

4
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e To identify applications for biosensing technologies.

Textbook:
None.

e Recommended book: Introduction to Biosensors - From Electric Circuits to

Immunosensors. Yoon, Jeong-Yeol, (Editor), 2nd Edition, Switzerland, Springer (2016).
eBook is available on Moodle.

Course Structure:
e Lecture: 3 hours; 3 hours; Tuesdays between 8:00-11:00; Room 16; Building 34

e Recitation class: 1 hour; Tuesdays between 11:00-12:00; Room 324; Building 90

Course Requirements:

1. Basic course in chemistry (Introductory Chemistry for Bio-Medical Engineering or
equivalent course)

2. Physics 2A and 2B or equivalent courses.

Homework

Problem sets will be assigned approximately every week. Students will be given one week to
complete the problem sets. Late submissions are not accepted. Solutions will be made available
immediately after the problem sets are due. Students are responsible for obtaining the solutions

and reviewing them to verify their answers on the homework assignments.

Class preparation assignments

A short text and one or two problems will be assigned approximately every week to prepare
for the class. Problem sets is not mandatory; students are given 2 point bonus to the final grade
for turning in a valid attempt throughout the whole semester. It is recommended to work on
assignments in groups. Helping others work through the problems is an excellent way to learn

the material.
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Final project assighment

Near the end of the semester, students will submit a detailed report. The topic will be a review
of a biosensing technology of the students’ choice for a specific societal need. The format of
the report will be given with the assignment.

Grading:

Component Weight
1. Homework 25%
2. Final project 75%

Total: 100%

Communications

Outside of the classroom, the primary mechanism for communications is the discussion board
on Moodle in addition to office hours. It is strongly recommended that students subscribe to
all forums on the discussion board. When students have questions about problem sets, reading
assignments, project, etc., the students should not directly e-mail the instructor, but instead
should post their question onto the appropriate discussion forum. Anonymous posts are
welcome. The instructor will promptly respond to any posts on the discussion board. The use
of the discussion board enables all students in the class to view any questions that were asked
and answered, as if the questions were asked in the classroom. In addition, students are
encouraged to use the forums to discuss topics in the course with their peers from class.

Engaging in these discussions will improve the student’s grasp of the course material.

Tips for success

e Attend all class sessions and participate actively in the discussion session.

e Ask questions about the material in class and on the discussion forums.

e Work on recitation preparation assignments in groups. Helping others work through the
problems is an excellent way to learn the material.

e Subscribe to the discussion forums so that you are able to monitor questions/answers from

peers, the instructor, and the TA.
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Course schedule (subject to change)
Week 1:

Primary concepts in biosensing (analyte, transducer, output signal)

Week 2:

Lab-on-a-chip micro-systems

Week 3:

Types of analytes and their relation to biological functions

Week 4:

Reactions at the interface of the transducer

Week 5:

Fundamentals of bioelectrochemistry

Week 6:

Electrochemical biosensors

Week 7:

Optical biosensors

Week 8:

Plasmonic biosensors

Week 9:

Mechanical biosensors

Week 10:

Methods for biosensor micro- and nano-fabrication |

Week 11:

Methods for biosensor micro- and nano-fabrication 11
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Week 12:

Whole cell biosensors

Week 13:

Multi-sensor arrays



Course 367.1.4281
Digital Image Processing

Course Grading

20% Exercise sheets: 4-5 problems sheets (including Matlab assignments) will be handed out
during the semester. Each enrolled student will be required to solve them and hand them in 2
weeks later (Late submissions will not be accepted and a zero mark will be given).

80% Final exam: Each enrolled student will be required to take a written exam at the end of
the semester.

Course Description

Week 1: Introduction, two-dimensional signals and systems |

Week 2: Two-dimensional signals and systems II

Week 3: Image sampling

Week 4: Image quantization (Lloyd-Max quantizer)

Week 5: Image processing, restoration and reconstruction | (introduction)
Week 6: Image processing, restoration and reconstruction Il (point operations)
Week 7: Image processing, restoration and reconstruction Il (spatial filtering)
Week 8: Image transformations (DFT, DCT, Hadamard)

Week 9: Video processing

Week 10: Radon transformation

Week 11: Multiresolution representation of images

Week 12: Optical imaging | (wave equation, thin lenses, diffraction)

Week 13: Optical imaging Il (4f systems, Fourier transform by a lens)

Textbook
1. Anil K. Jain, Fundamentals of Digital Image Processing, Prentice Hall, 1989

2. Rafael C. Gonzalez & Richard E. Woods, Digital Image Processing, Prentice Hall, 2002
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1. Anil K. Jain, Fundamentals of Digital Image Processing, Prentice Hall, 1989

2. Rafael C. Gonzalez & Richard E. Woods, Digital Image Processing, Prentice Hall, 2002



Course 367.1.4851
Biomedical Optics

Course Grading

10% Exercise sheets: 4-5 problems sheets (including Matlab assignments) will be handed out
during the semester. Each enrolled student will be required to solve them and hand them in 2
weeks later (Late submissions will not be accepted and a zero mark will be given).

90% Final exam: Each enrolled student will be required to take a written exam at the end of
the semester.

Course Description

Week 1: Introduction, electromagnetic waves |

Week 2: Electromagnetic waves |l

Week 3: Absorption, scattering, fluorescence

Week 4: Geometrical optics | (thin lenses, ray tracing)

Week 5: Geometrical optics Il (transfer-matrix method)

Week 6: Wave optics | (Huygen's principle, Fresnel and Fraunhofer diffraction)
Week 7: Wave optics |l (4f systems, spatial filtering, interference)
Week 8: Tissue light propagation |

Week 9: Tissue light propagation Il

Week 10: Ballistic optical imaging

Week 11: Diffuse optical imaging

Week 12: Optical coherence tomography | (time domain)

Week 13: Optical coherence tomography Il (frequency domain)

Textbooks

1. E. Hecht, Optics, Addison Wesley, 2001

2. L. V. Wang and H-l. Wu, Biomedical Optics, Wiley, 2007

3. B. E. A. Saleh and M. C. Teich, Fundamentals of photonics, Wiley, 1991
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1. E. Hecht, Optics, Addison Wesley, 2001
2. L. V. Wang and H-l. Wu, Biomedical Optics, Wiley, 2007
3. B. E. A. Saleh and M. C. Teich, Fundamentals of photonics, Wiley, 1991
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1) Robot dynamics and control / Mark W. Spong, M. Vidyasagar, New York:
Wiley, 1989
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3)

4)
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Introduction to robotics: mechanics and control / John J. Craig, Upper Saddle
River, N.J.: Pearson/Prentice Hall, 2005
Telesurgery / Sajeesh Kumar, Jacques Marescaux (eds.) Berlin; New
York: Springer, 2008
Research papers that will be uploaded to course website

Course name: Introduction to robotics and applications for Biomedical Engineering
Course number: 367-1-4971

Lecturer: Dr. llana Nisky

e-mail: nisky@bgu.ac.il
office: 64/105
office hours: Monday 14:15-16:00

TA: Yarden Sharon

e-mail: shayar@post.bgu.ac.il
office: 64/209

Chen Avraham
e-mail: henye@post.bqu.ac.il
office: 64/209

Credits: 4

Classes:

Lecture: Wednesday 08:00-11:00
Recitation:
Laboratory: recitation time slots + additional time slots will be posted

Requirements and grading policy:

7 Homework assignments 10% (elective)
2 Laboratory assignments 10%

1 Programming assignment 20%

Final exam 60% (or 70% if no homework)

Prerequisites:

203-1-1351 Physics 1
367-1-2323 MATLAB
367-1-3581 Introduction to Control Theory

Topics:

1)
2)

3)

4)
5)

Introduction

Rigid motions and homogeneous transformations: representation of position,
representation of rotation, Euler angles

Kinematics: forward kinematics, Denavit-Hartenberg convention, inverse
kinematics, velocity kinematics, the manipulator Jacobian

Statics: dependence of forces and torques at the joints on external loads
Dynamics: momentum, energy, inertia tensor, the virtual work and Euler-Lagrange
equations, equations of motion, Newton-Euler formulation


mailto:nisky@bgu.ac.il
mailto:shayar@post.bgu.ac.il
mailto:henye@post.bgu.ac.il

6) Control: trajectory planning, joints-space control, Cartesian control, force control

7) Introduction to haptics and virtual environments

8) Teleoperation: control laws, two-port representation of teleoperation channel,
network functions analysis, stability and transparency, alternatives

9) Medical robotics: minimally invasive surgery, robotic surgery, telesurgery,
rehabilitation robotics, neuroprostheses.

Literature:

1) Robot dynamics and control / Mark W. Spong, M. Vidyasagar, New York:
Wiley, 1989

2) Introduction to robotics: mechanics and control / John J. Craig, Upper Saddle
River, N.J.: Pearson/Prentice Hall, 2005

3) Telesurgery / Sajeesh Kumar, Jacques Marescaux (eds.) Berlin; New
York: Springer, 2008

4) Research papers that will be uploaded to course website

22127722 NY0I1NN
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Tentative weeks schedule:

Week | Lecture Recitation Assignment
handed out

1 Introduction, rigid body transformations | Transformations -
2 Rotations, forward kinematics Rotations Homework 1
3 Forward kinematics Forward kinematics | Homework 2
4 Inverse kinematics Inverse kinematics | Homework 3
5 Jacobian Jacobian Homework 4
6 Statics + Inertia Statics + Inertia Homework 5
7 Dynamics Lab - kinematics Lab 1
8 Dynamics + Trajectory planning Dynamics -
9 Control + Haptics Dynamics Homework 6
10 Haptics + Teleoperation Control Homework 7
11 Robotic surgery Lab - control Lab 2
12 Rehabilitation Project consulting
13 Neuroprosthetics Project consulting
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1. Kandel, Schwartz, and Jessell, “Principles in Neural Sciences”, 2000, McGraw-
Hill Medical Publishing Division

2. Scilliano, and Khatib, “Springer Handbook on Robotics”, 2nd edition, 2016.
http://sci.scientific-direct.net/c/1383555/fbd8b952eec63a09/4

3. Kern, “Engineering Haptic Devices: A Beginner's Guide for Engineers”, 2009,
Springer

4. Current scientific papers list will be provided
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Course name: Introduction to robotics and applications for Biomedical Engineering
Course number: 367-1-4971
Lecturer: Dr. llana Nisky
e-mail: nisky@bgu.ac.il
office: 64/105
Credits: 3
Classes: Monday 09:00-12:00
Requirements and grading policy:
Paper presentation  50%
Project 30%
Class participation  20%
Prerequisites:
Topics:
Haptics describes anything related to the sense of touch; it is to touching what graphics is
to seeing. While we often think that vision is probably the most important sense for
humans, it is very difficult to perform many everyday tasks without the sensation of
haptic information that includes proprioception, perception of forces, and tactile
perception. In fact, when patients lose their haptic sense, they also loose their ability to
move, at least until they learn to use vision to compensate for the missing information. In
particular, haptics is extremely important for the ability to contact the environment safely,
both for humans and robots. The perception of haptic information requires some form of
energy exchange with the environment, and therefore, active exploration is key factor in
the formation of a haptic percept. This unique quality makes the haptic sense interesting
and important for the control of robots as well as for understanding of human motor
control.
1) Introduction to haptics: proprioception, kinesthetic force, and tactile sensing;
2) Physiology of touch — signal acquisition, amplification, and transmission; Sensory
cortex and neural representation;
3) Psychophysics and signal detection theory — quantifying haptic perception;
4) From haptic sensing to haptic perception — exploratory procedures, multisensory
integration, perception of mechanical properties;
5) Haptic illusions, sensory augmentation, and sensory substitution, computer
haptics — altering haptic perception;
6) Haptic sensing in robots;
7) Active sensing in biological systems (humans, rodents) and in artificial systems
(robots)
8) Applications to medical robotics — neuroprostheses and minimally invasive
robotic procedures.
Literature:
1. Kandel, Schwartz, and Jessell, “Principles in Neural Sciences”, 2000, McGraw-
Hill Medical Publishing Division
2. Scilliano, and Khatib, “Springer Handbook on Robotics”, 2nd edition, 2016.
http://sci.scientific-direct.net/c/1383555/fbd8b952eec63a09/4
3. Kern, “Engineering Haptic Devices: A Beginner's Guide for Engineers”, 2009,
Springer
4. Current scientific papers list will be provided
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Course name: Introduction to robotics and applications for Biomedical Engineering
Course number: 367-1-4971

Lecturer: Dr. llana Nisky
e-mail: nisky@bqu.ac.il
office: 64/105

TA: Mor Farajian
Reut Nomberg

Credits: 4

Classes:
Lecture: Monday 14:00-17:00
Recitation:  Sunday

Requirements and grading policy:

Homework assignments 10%
Programming assignment ~ 10%
Final exam 80%

Prerequisites:
203-1-1351 Physics 1
203-1-1471 Physics 2
201-1-9841 Regular differential equations
201-1-0071 Complex functions
201-1-0041 Fourier analysis
367-1-2323 MATLAB

Taken in paralel with:
367-1-4241 Introduction to signal processing
367-1-2151 lto circuits theory

Topics:

Representation of systems by transfer functions and state equations. Contrllability and
observability. Methods for system ability analysis. Systems specifications, system types. The
control problem, feesback properties. feedback systems, PID controller, BIBO stability and
asymptotic stability; Frequency response and the Bode plot; stability analysisby using the Nyquist
method. Phase margin and Gain margin, The Root -Locus method. Introduction to adaptive control
applications to biomedical Engineering.

1) Dynamical systems: electrical, mechanical, thermal, chemical, equivalency.
linearization

2) System representation: differential equations, transfer functions, state equations,
block diagrams, frequency response, Bode plot

3) System properties: controllability and observability, stability, asymptotic stability,
BIBO stability

4) Feedback control: root locus, Nyquist method, gain margin and phase margin, PID
control, lead phase, lag phase, state feedback

5) Introduction to adaptive control and digital control

6) Examples from Biomedical Engineering and a computer exercise
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Literature:
1. Kuo, Automatic Control Systems, Prentice Hall
2. Ogata, Modern Control Engineering, Prentice Hall
3. Franklin et al., Feedback Control of Dynamic Systems, Addison-Wesley
4. Khoo, Physiological control systems: analysis, simulation, and estimation, IEEE
press
Other introductory control textbooks
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1. Leif Sornmo and Pablo Laguna, Bioelectrical Signal Processing in Cardiac and
Neurological Applications, Academic Press, 2005.
2. Arnon Cohen, Biomedical Signal Processing, CRC press, Inc, 1986
3. JohnR. Deller, John H. L. Hansen, John G. Proakis, Discrete-Time Processing of Speech
Signals, Wiley-IEEE Press; Reprint edition, 1999.
4. Moodle
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