GUJARAT TECHNOLOGICAL UNIVERSITY

BIO MEDICAL ENGINEERING (31)
BRAIN CONTROL INTERFACE
SUBJECT CODE: 2743104
SEMESTER: IV

Type of course: Major Elective
Prerequisite:  Basic knowledge of knowledge of human biology or biomechanics
Rationale:

Teaching and Examination Scheme:

Teaching Scheme Credits Examination Marks Total
L T P C Theory Marks Practical Marks Marks
ESE PA PA (V) PA (M)
(E) (M) ESE OEP PA RP
3 2# 0 4 70 30 30 0 10 10 150
Content:
Sr. Topics Teaching Module
No. Hrs. Weightage
1 Introduction to Brain Control Interface 10 18

Fundamentals of BCI — Structure of BCI system — Classification
of BCI: Invasive, Non-invasive and Partially invasive BCI-
Brain signal acquisition, Signal Preprocessing, Artifacts removal

2 Electrophysiological Sources 10 22
Sensorimotor activity —Neuronal activity in motor cortex and
related areas- Electric and magnetic fields produced by the
brain- signals reflecting brain metabolic activity- Mu rhythm,
Movement Related Potentials — Slow Cortical Potentials - P300
Event related potential - Visual Evoked Potential - Activity of
Neural Cells - Multiple Neuromechanisms

3 Feature Extraction Methods 10 20
Time/Space Methods — Fourier Transform, Wavelets, AR, MA,
ARMA models, Bandpass filtering, Template matching, Kalman
filter, PCA, Laplacian filter — Linear and Non-Linear Features

4 Feature Translation Methods 10 20
Linear Discriminant Analysis —Nearest neighbours, Support
Vector Machines - Regression — Learning Vector Quantization —
Gaussian Mixture Modeling — Hidden Markov Modeling —
Neural Networks

5 Applications of BCI 8 20
Study of BCI Competition Il — Dataset I, II, IIl, IV and V,
Functional restoration using Neuroprosthesis - Functional
Electrical Stimulation, Visual Feedback and control - External
device controllers, Case study: Brain actuated control of mobile
Robot. Ethical issues in BCI research.
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Course Outcome:
Capable of acquiring the brain signal in the format required for the specific application
1. Well prepared for preprocessing the signal for signal enhancement
2. Ability to extract the dominant and required features and classify the signal for applications

List of Tutorials: An experimental study should be used in conjunction with a theoretical approach,
within the scope of this course.

Suggested Experimentation areas are;
1. To introduce the basic concepts of brain computer interface.
2. To study the various signal acquisition methods.
3. To study the signal processing methods used in BCI.

Review Presentation (RP): The concerned faculty member shall provide the list of peer reviewed
Journals and Tier-1 and Tier-11 Conferences relating to the subject (or relating to the area of thesis for
seminar) to the students in the beginning of the semester. The same list will be uploaded on GTU website



during the first two weeks of the start of the semester. Every student or a group of students shall critically
study 2 papers, integrate the details and make presentation in the last two weeks of the semester. The
GTU marks entry portal will allow entry of marks only after uploading of the best 3 presentations. A
unique id number will be generated only after uploading the presentations. Thereafter the entry of marks
will be allowed. The best 3 presentations of each college will be uploaded on GTU website.



