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COURSE NUMBER: EET -2225			COURSE TITLE: Embedded Microcontroller Systems
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DESCRIPTION OF COURSE 

Microcontrollers are used in automatically controlled products and devices, such as automobile engine control systems, remote controls, office machines, peripherals for computer systems, appliances, power tools, and toys. By reducing size, cost, and power consumption, microcontrollers make it economical to electronically control many more processes. In the laboratory setting, students will learn how to interface with embedded systems, which typically have no keyboard, screen, disks, printers, or other recognizable computer I/O devices, and may lack human interaction devices of any kind.


COURSE STUDENT LEARNING OUTCOMES 

· Describe the major blocks of a microcontroller system
· Compare the architecture of a microcontroller with that of a microprocessor
· Describe and calculate memory addressing
· List and discuss the programming model
· Write and test programs in C/++
· Describe standard algorithms commonly used
· Perform input and output functions from the microcontroller to a terminal as well as digital I/O and A/D conversion
· Interpret bus timing diagrams
· Identify bus structures
· Describe memory technologies and interfacing
· Define interrupt-processed input/output
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· List typical microcontroller applications
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PROGRAM OUTCOMES 

The Electronic Engineering Technology A.A.S. degree program provides students with the instruction and hands-on training to support the design, installation, testing, operation, troubleshooting, maintenance, and repair of analog and digital electronics and embedded programmable microcontroller systems. In a laboratory setting, students will learn to use common electronic test bench equipment such as oscilloscopes, digital multi-meters, function generators, and power supplies. The Electronic Engineering Technology program is accredited by the Engineering Technology Commission of ABET, https://www.abet.org. 

ABET requirements:
· Possess workplace associate traits to include motivation to problem solve through to task completion, workplace initiative and professional passion for workplace safety and functionality.
· Demonstrate the ability to perform research, problem identification and task completion in a team/group setting.
· The ability to incorporate workplace empathy and self-awareness in serving a multi-dimensional workplace environment and a culturally diverse associate and customer base. 
· The ability to demonstrate technical competence in the repair and maintenance of electrical and electronic equipment.
· Possess the ability to integrate new plant equipment and technology in support of continuous process improvements.

OUTCOMES BASED ASSESSMENT OF STUDENT LEARNING 

For this course, students are expected to demonstrate the skills associated with the Institutional Learning Goals (ILG) identified below:
1) Critical Thinking
5) Technological Competence
In class students are assessed on their achievement of these outcomes. Names will not be used when reporting results. Outcomes-based assessment is used to improve instructional planning and design and the quality of student learning throughout the college.

COURSE MATERIALS REQUIRED

Students must have the required text book, an Arduino UNO, parts kit and a scientific calculator.

TEXTBOOK(S), MANUALS, REFERENCES, AND OTHER READINGS
1. TEXTBOOK: Arduino Workshop, Second Edition by John Boxall, no starch press (2021), ISBN 978-1-7185-0058-7 (available in CSCC book store).
2. Arduino UNO (an original or quality derivative, under $30: available in CSCC book store, but it's behind the desk, you must ask for it; or, visit http://arduino.cc/en/Main/Buy/ > North America > United States for a list of authorized distributors). 
3. Parts Kit from CSCC book store (under $30).

4. 
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5. USB-A to USB-B cable to power the Arduino from PC or Mac.
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6. Scientific calculator. 


GENERAL INSTRUCTIONAL METHODS

Two-hour lecture each day and two hours of hands-on laboratory experiments each day.


STANDARDS AND METHODS FOR EVALUATION

Course evaluation will be based on performance on two written exams (Midterm and Final), two practical exams (Midterm and Final), laboratory reports, quizzes and class participation.

Exams
Two written exams, Midterm and Final, will be open book, and objective in nature.  During exams, the Internet, textbook, notes, etc., may be used  However, all work must be performed independently, without assistance from anyone. Each of the two written exams will count for 25% of the final grade.

Two practical exams, Midterm and Final, will be open book and objective in nature, but no help from anyone but the instructor.  Clarification help will not result in a grade deduction, but there will be a 5-point deduction for each technical problem for which you require help from the instructor.  Each of the two practical exams will count for 10% of the final grade.

Absence on the day of an exam will result in a score of 0 for the exam and a score of 0 for the practical exam.

Lab Reports 
Lab Reports are due at the beginning of the next class meeting.  Unless authorized by the instructor, late Lab Reports will not be accepted and will receive a score of 0, regardless of the reason.  Each Lab Report will be graded on a scale of 0 to 100.  The Lab Report scores will be averaged and count as the Lab portion (20%) of the final grade.

Participation/In-Cass Exercises 
Participation is expected each and every class meeting and is evaluated each day.  Participation consists of attentiveness and interaction during class and lab time plus completion of In-Class Exercises, as assigned.  A grade of 0 to 100 will be given each day (an absence will be given a zero), the single lowest score will be dropped, and the average will be 5% of the final grade.

Quizzes 
Quizzes on various topics will be on Blackboard and are intended to prepare you for the exams.  They are open book, just as the exams, but they can be retaken indefinitely.  Each quiz grade will be a percentage from 0 to 100; all the quiz grades will be averaged and count 5% of the final grade.

Letter grade 
Your letter grade for the course will be based on the following weighted assessments:

	Assessment
	Weighting

	Midterm Exam, Written
	25%

	Midterm Practical Exam
	10%

	Final Exam, Written
	25%

	Final Practical Exam
	10%

	Lab Reports
	20%

	Participation
	5%

	Quizzes
	5%

	TOTAL
	100%






GRADING SCALE

A traditional percentage to letter grade will be used:

	Weighted Percentage
	Grade

	90%  100%
	A

	80%   89%
	B

	70%   79%
	C

	60%   69%
	D

	0%  59%
	E




SPECIAL COURSE REQUIREMENTS

To attain success, students must be physically capable of visual acuity, chromatic vision and manual dexterity.


ATTENDANCE POLICY

Students are expected to attend all scheduled classes.  It is the student’s responsibility to notify the instructor in advance of an anticipated absence or as soon as practicable for an unanticipated absence.  Regardless of the reason for the absence, it is always the student’s responsibility to obtain missed course materials and complete any missed coursework.  If a student decides to stop attending a class, it is important to officially withdraw from the class by completing a Registration Add/Drop Form within the deadline dates specified by the academic calendar.  If withdrawal procedures are not completed, a failing grade (E) will be issued for the class.


COLLEGE SYLLABUS STATEMENTS
Columbus State Community College required College Syllabus Statements on College Policies and Student Support Services can be found at www.cscc.edu/syllabus or on the College website Quick Links “Syllabus Statements”.

WEATHER RELATED DEPARTMENT SPECIFIC POLICY 
If not covered by College Policy, relative to clinical, practicum, of other missed time due to weather related college closings.


UNITS OF INSTRUCTION 



1

	DAY
	UNIT OF INSTRUCTION
	LEARNING OBJECTIVES/GOALS
	ASSESSMENT METHODS
	ASSIGNMENTS
	DUE
DATE

	Week 1
Day 1

Tue
08/27

Unit 1
	· Digital review
· Computer & CPU Architecture
· Introduction to Arduino IDE & C-language
· Lighting an LED
· Arduino digital output
	Review basic gates and number systems
Describe general computer systems, including address, data & control bus timing
Describe CPU register structure & operation
Describe computer memory addressing & memory-mapped IO
Describe how to light an LED
Describe an IDE in general
Use Arduino IDE to create C/C++ programs
Interpret basic C/C++ syntax for statements
Use Arduino digital outputs to light LEDs
	In-Class exercises 

Quiz

Lab Exercises
	Reading, Boxall:
Ch 1 & 2, p 1-21

Quiz: 1-1 

Lab 1
	Reading: before class

Quiz & Lab:
Start of class next week

	Week 1
Day 2

Thu
08/29

Unit 1, cont.


	· Microcontroller vs. microprocessor
· Arduino UNO & Atmel processor
· C: for-loop, comparison, increment & decrement operators, functions
	Compare and contrast microcontrollers and microprocessors, including applications
Read schematics and data sheets
Interpret & create for-loops
Interpret & create functions

	In-Class exercises 

Quiz

Lab Exercises
	Reading, Boxall:
p 33-37, 

Quiz 1-2

Lab 1, cont.
	Reading: before class

Quiz & Lab:
Start of class next week 

	Week 2
Day 1

Tue
09/03

Unit 2

	· Pulse Width Modulation (PWM)
· Frequency measurement
· C: if/else, Boolean conditional operators, header files, bit-wise masking
	Interpret PWM signals:
frequency, pulse-width, duty cycle & average voltage
Use an oscilloscope to measure frequency
Use CPU registers to control PWM frequency
Implement selection with C if/else statement
Use C bit-wise operators for masking operations
	In-Class exercises 

Quiz

Lab Exercises
	Reading, Boxall:
p 37-39

Quiz 2-1

Lab 2
	Reading: before class

Quiz & Lab:
Start of class next week

	Week 2
Day 2

Thu
09/05

Unit 2, cont.


	· Piezo buzzer
· Arduino digital input: switch interface
	Use PWM to operate a piezo buzzer
Interpret & create circuits to read input from a switch
Use a switch to select between two options 
	In-Class exercises 

Quiz

Lab Exercises
	Reading, Boxall:
p 77-79 & 53-63

Quiz 2-2

Lab 2, cont.
	Reading: before class

Quiz & Lab:
Start of class next week

	Week 3
Day 1

Tue
09/10

Unit 3


	· Console/monitor IO
· Shift registers for more digital outputs
· C: random number generation, conditional loops
	
Use a serial monitor for program IO
Generate & use random numbers
Use a shift register to increase digital IO pins
Use do/while and while statements for conditional repetition

	In-Class exercises 

Quiz

Lab Exercises
	Reading, Boxall:
p 89-95 (but we will not do Project #12),
99-109

Quiz 3

Lab 3
	Reading: before class

Quiz & Lab:
Start of class next week

	Week 3
Day 2

Thu
09/12

Unit 3, cont.


	· ASCII to decimal processing
· Hex keypad input
· C: arrays, defined constants, switch statement
· Arduino IDE: installing libraries
	
Convert ASCII numeric input to decimal
Interpret array syntax and use arrays in applications
Use an array to decode the key pressed on a hex keypad
Use a hex keypad to implement a key-code lock
Use the C switch statement to select between options
Find & install useful Arduino libraries

	In-Class exercises 

Quiz

Lab Exercises
	Reading, Boxall:
p 110-3, 203-10

Quiz 3, cont.
Lab 3, cont.

	Reading: before class

Quiz & Lab:
Start of class next week

	
Week 4
Day 1

Tue
09/17



	
Midterm Review


	Reinforce topics from Units 1-3
	In-Class exercises 

Quiz
	None
	NA




	Week 4
Day 2

Thu
09/19




	MIDTERM EXAM


MIDTERM PRACTICAL EXAM



	Open-book, notes and Internet, but no help from anyone
Must be taken in the classroom at regular class time
Exam will be on Blackboard
Topics covered are all the ones in previous classes, through Unit 3

	Written exam


Practical exam
	MIDTERM WRITTEN EXAM

MIDTERM PRACTICAL EXAM
	
Both by end of class

	
Week 5
Day 1

Tue
09/24

Unit 4

	· TMP36 temperature sensor
· Displaying temperature in both Celsius and Fahrenheit
· Cascading shift registers to control two 7-segment LEDs
	
Use a temperature sensor to measure & display the temperature in either C or F
Cascade shift registers for additional IO pins
Use an array for a LUT (Look-Up Table) to display a 2-digit decimal number on 7-segment LEDs

	In-Class exercises 

Quiz

Lab Exercises
	Reading, Boxall:
p 81 (schematic only), 119-21

Quiz 4

Lab 4

	Reading: before class

Quiz & Lab:
Start of class next week

	Week 5
Day 2

Thu
09/26

Unit 4, cont.
	· Creating a digital thermometer
· Processing multi-digit decimal numbers
· C: floating point data type, modulo operator, array as look-up table (LUT)
· Interrupts
	Describe & use C floating point data types
Describe interrupts in general: what are they, how do they work, & why use them?
Describe the trigger options for interrupts
Describe Arduino interrupts
Describe how to enable & disable interrupts
Use Arduino interrupts to display either milliseconds or microseconds on the monitor


	In-Class exercises 

Quiz

Lab Exercises
	Reading, Boxall:
p 122-3, 149-52
Quiz 4, cont.
Lab 4, cont.
	Reading: before class

Quiz & Lab:
Start of class next week

	
Week 6
Day 1

Tue
10/01

	No class
	In-Service Day: No day classes
	NA
	NA
	NA

	
Week 6
Day 2

Thu
10/03

Unit 5

	· Servo motor control
· DC motor control via PWM
· Stepper motor control
· C: using the monitor for troubleshooting, C++ classes and objects
	Describe what a "servo" is & where it is used
Interpret servo parameters, such as operational signal requirements
Control a servo to position it at a specific angle Use PWM to control the speed of a DC motor
Describe the structure of a stepper motor
Interpret stepper motor parameters, such as degrees/step and gear ratio
Control a stepper motor to position it at a specific angle
Use the monitor for troubleshooting code
Interpret & use C++ syntax for class objects and methods
	In-Class exercises 

Quiz

Lab Exercises
	Reading, Boxall:
p 241-6, 247-54
Quiz 5

Lab 5
	Reading: before class

Quiz & Lab:
Start of class next week

	
Week 7
Day 1

Tue
10/08

Unit 6

	· Memory hierarchy
· Memory chips: parallel IO
· Memory chips: serial IO
· I2C serial bus
· Open collector/drain vs. totem-pole outputs
	Describe the memory hierarchy of a computer system
Use the hierarchy model to compare & contrast the relative speed, cost and capacity of its components
Compare & contrast the use of each of the memory hierarchy components in microcontroller vs. microprocessor systems
Compare & contrast the number of inputs & outputs for parallel vs. serial data memory chips
Use the I2C serial bus to connect external memory 
Describe & use both open collector/drain & totem-pole outputs
	In-Class exercises 

Quiz

Lab Exercises
	Reading, Boxall:
p 337-42

Quiz 6

Lab 6
	Reading: before class

Quiz & Lab:
Start of class next week

	Week 7
Day 2

Thu
10/10

Unit 6, cont.
	· SPI serial bus
· Digital rheostat
· C: right-shift operator
	Use the SPI bus to connect an external device
Interpret parameters of a digital rheostat
Use a digital rheostat to control the brightness of an LED
Use the right-shift operator to process a 16-bit number into separate high & low bytes

	In-Class exercises 

Quiz

Lab Exercises
	Reading, Boxall:
p 346-50
Quiz 6, cont.
Lab 6, cont.
	Reading: before class

Quiz & Lab:
Start of class next week
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