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Course Purpose

The invention of a microprocessor has brought highly sophisticated
instruments into our everyday life. Numerous computerized appliances, of
which microprocessors are integral parts, wash clothes and prepare
coffee, play music, guard homes, and control room temperature. Sensors
and actuators are essential components in any device that uses a digital
signal processor. The processor is a device that manipulates binary
codes generally represented by electric signals. Yet, we live in an analog
world, where such devices function among objects that are mostly not
digital. Moreover, this world is generally not electrical (apart from the
atomic level). Digital systems, however complex and intelligent they might
be, must receive information from the outside world and operate upon
objects in that world. Sensors are the interface devices between various
physical values and electronic circuits that “understand” only a language
of moving electrical charges. In other words, sensors are eyes, ears, and
noses of silicon chips. Actuators, on the other hand, are the “hands”, of
the silicon chips, enabling them to change their environment based on
sensor input.

This course aims to provide you with the knowledge of the essential tools and
techniques to:

. Model sensors using transfer functions

. Select and use appropriate sensors and actuators in your systems
. Compensate for systematic and random sensor errors

. Appropriately connect sensors and actuators to a digital systems

. Write programs for reading sensors and controlling actuators

Learning
Outcomes

By the end of the course the students are expected to:

. lllustrate the role of sensors and actuators in embedded and smart
systems.

. Describe sensor and actuator technologies and their limitations.

. Simulate simple sensors.

. Compensate for systematic and random sensor errors

. Design control circuits and programs for simple sensors and actuators.

. Identify current and future trends in sensors and actuators

. Augment basic sensors and actuators with intelligent behavior

. Implement a sensor node deployment scheme




. Apply fault tolerance techniques to simple sensor nodes

. Apply adaptive sensing to a specific sensing problem

Prerequisites

None Corequisites None

Course Content

The course is taught in a period of twelve weeks covering the following
topics:

¢ Unit 1 introduces the process of starting from transducers to sensors and

actuators to smart sensors and actuators

Units 2 deals with sensor characteristics

Unit 3 deals with various sensor types and their principles of operation

Unit 4 deals with actuator types and characteristics

Unit 5 deals with interfacing sensors and actuators to a digital system such

as a microprocessor

Unit 6 focuses on actuator control

e Unit 7 deals with common case studies and programming examples using
sensors and actuators.

¢ Unit 8 discusses getting from measurements to data

¢ Unit 9 discusses wireless sensor networks

e Unit 10 discusses advanced concepts in wireless sensor networks such as
clock synchronization

¢ Unit 11 discusses adaptive and hierarchical sensing

¢ Unit 12 discusses fault diagnosis systems, and in particular, fault tolerance
for sensors, and mechanisms of fault detection. .

Teaching
Methodology

The course is structured in units that are conducted with the help of material
available online described in the module study guide. The primary resources
are narrated presentations that introduce the course material together with
practical examples and exercises to enhance the material learning process

based on the textbook(s).

Other resources include research papers and online tutorials in presentation or

video format.

Online short post-lecture quizzes are used to assess the level of student
understanding and provide feedback. Student questions are addressed through
online interaction both synchronous and asynchronous (chat sessions and
forum discussions).

The online forums are also used for further student participation activities such
as short group exercises. Examples are developing preliminary requirements
and specification documents.

Part of the requirements of the course is an assignment that concerns

programming/design of a small embedded system or parts of it.
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Assessment

The Students are assessed via continuous assessment throughout the
duration of the Semester, which forms the Coursework grade and the
final written exam. The coursework and the final exam grades are
weighted 50% and 50%, respectively, and compose the final grade of
the course.

Various approaches are used for the continuous assessment of the
students, such as dynamic online activities, online quizzes, group
project design, implementation and presentation. The assessment
weight, date and time of each type of continuous assessment is being
set at the beginning of the semester via the course outline. An indicative
weighted continuous assessment of the course is shown below:

. One individual modeling assignment: 10%
. A presentation: 5%
. One individual design assignment 15%
. Two dynamic online interactive activities: 2x10%= 20%
. Final written exams 50%

The criteria considered for the assessment of each type of the
continuous assessment and the final exam of the course are: (i) the
comprehension of the fundamental concepts and theory of each topic,
(i) the application of the theory in solving related problems and (iii) the




ability to apply the above knowledge in complex real-life problems.

The final assessment of the students is formative and summative and is
assured to comply with the subject’s expected learning outcomes and
the quality of the course.
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