Bioeng 2696/ECE 2695:

Control Theory In Neuroscience




Course Theme:

¥Motor systems are inRuenced by ongoing
sensory signals about the movement.




Course Objectives:

¥Science : Learn the theory required to
make sense of motor systems that operate
under sensory guidance.

¥ ngineering : Discover novel applications
of engineering tools.




(The hard part:
Keeping the engineers challenged by the
engineering, and keeping the scientists
challenged by the science.

Without OlosingO the other group.)




Examples

1. Motor systems that operate under sensory guidance:
a. Head stability
b. Balance
Cc. Smooth pursuit
d. Reaching without proprioception
2. Sensory systems inf3uenced by movement:
a. Saccades
b. FiInger movements
3. Learning
a. Prism adaptation
b. Force beld adaptation
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Patients lacking proprioception
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Force Field Adaptation
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Syllabus

http.//www.engr.pitt.edu/Electrical/faculty-staff/mao/2696/

BioE 2696 / ECE 2695: Control Theory in Neuroscience (3 Credits, Spring 2009)

Description: Control theory has been an important tool for understanding the organization and operation of the nervous systems. This course int
the general principles of control theory and its application in neuroscience.

Prerequisite: Knowledge of differential equations; instructor permission required for undergraduate enroliment.
Time: Monday 4:30 pmN5:45 (lecture); Wednesday 4:30 pmN5:45 (lecture) and 5:50N6:45 (recitation).
Instructors:

Aaron Batista, Room 4073 BST3, 412-383-5482h10@ pitt.eduOffice hours: Thursdays 12:00 pmNZ:OQ pm. Location: Victoria Hall lounge.
Zhi-Hong Mao, 434 Benedum Hall, 412-624-96ii¥hozh@engr.pitt.edOffice hours: Tuesdays 4:00 pmN6:00 pm. Location: 434 Benedum Hall.

Teaching Assistant: N
Dan Bacherdhbl10@pitt.eduOffice hours: Fridays 1:00 pmN3:00 pm. Location: 1073 Benedum Hall.

Guest Lecturers:
Doug Weber, Pat Loughlin, Mark Redfern, Raj Gandhi, Peter Strick, etc.

Textbook: No textbook required. Notes will be provided on the website morning of lecture, or distributed at the start of lecture.

Website: http://www.enqr.pitt.edu/electrical/faculty-staff/mao/2696/

Evaluation: Homework and class participation 20%, literature report 10%, project 35%, midterm exam 15%, and final exam 20%.
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Schedule:

Date Topic Instructor Assignments Readings
LSM Course introduction; signals and Batista, Mao | HW 1 distributed | Heeger
(Monday) systems |
1/7TW . '

(Wednesday) Signals and systems II Mao
1/7T WR
(Wednesday., Material review, HW I hints Bacher
recitation)
HW I due
1/12 M Control theory | Mao HW 2 distributed
1/14 W Neurophysiology 1 Batista
1/14 WR HW I review, HW 2 hints Bacher
1/19 M No class (Dr. Martin Luther King's HW 3 distributed
birthday observance)
. - HW | returned Terzulo
/2 / 7 f ’
121 W System 1dentification Weber HW 2 due Poeppele
121 WR HW 2 review, HW 3 hints Bacher
HW 2 returned
126 M Control theory 11 Mao HW 3 due
HW 4 distributed
128 W Posture | Loughlin
1/28 WR HW 3 review, HW 4 hints Bacher
HW 3 returned
Posture II . i 4.du.e
212M Loughlin HW distributed
Projects
introduced
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HW 2 returned

126 M Control theory II Mao HW 3 due
HW 4 distributed
128 W Posture | Loughlin
1/28 WR HW 3 review, HW 4 hints Bacher
HW 3 returned
Posture 11 . HW 4'du.e
22 M Loughlin HW distributed
Projects
introduced
2/4W Neurophysiology II Batista Book chapters
2/4 WR HW 4 review, HW 5 hints Bacher
: . . . HW 4 returned Book chapters,
2/9 NV 3
29 M Biomechanics | Redfern HW 5 due website
2/11'W Biomechanics 11 Batista Chapter 7
V' 5 review, discussion of project:
2/11 WR HW : .11‘1 i€ u.. d.m uTvmn of projects Bacher
and literature report
: Eye movement I: behavior, anatomy, . . ,
2/16 M n _ Gandni HW 5 returned Book chapters
and physiology
. . Eye movement II: control model of Batista or
2/18 W . .
saccades Gandni
2/18 WR Review for midterm Bacher
2/23 M Interim course review Batista, Mao
2125 W Midterm (exam covers through biomechanics

IT)
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Project proposals

32M Arm movement control models I Batista due Papers
3/ 4W Optimal control Mao Chapter 8
3/4 WR Project proposal presentations students
39M No class (spring break)
J/ITW No class (spring break)
J/I6 M Arm movement control models II Batista Todorov, Scott
Physiology III: Macro-architecture of
/I8 W basal gangha and cerebellar loops with | Strick Book chapters
the cerebral cortex
3/18 WR Review of recent material Bacher
3723 M Adaptive control Mao
325 W Learning I: reach adaptation Elatista or
o ' Sabes
3/25 WR Review of recent material Bacher
3/30 M Learning II: VOR adaptati Batista or Papers
/30! earning II: adaptation Gandhi apers
4/1 W Reinforcement learning I: theory Mao
4/1 WR Review of recent material Bacher
. e . hocinlaay | Turner or Schultz,
4/6 M Reinforcement learning II: physiology Batista Montaque
4/8 W Visual stability corollary discharge Sommer Papers
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4/8 WR Project presentations | students

4/13 M Project presentations II students

4/15 W Project presentations III students

4/15 WR Review for final Bacher

420 M Course review Batista, Mao I(;lllt:rature FEVIEWS
4/22 W Final exam

16



17



References

¥ Gordon, Ghilardi, Ghez. Olmpairments in
patients without proprioceptionO Journal
Neurophysiology 73,1:361 (1991).

¥ Brashers-Krug, Shadmehr, Bizzi.
OConsolidation in human motor memory
Nature, 382:252-255 (1996).




