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Course name: Embedded System
Teaching medium: English

A. COURSE DESCRIPTION

3 credit, 64 Class Hours, 4th Semester 
Embedded system is a course for students majoring in computer science and applications. Learning this course, students can systematically capture the concepts, basic theory, basic knowledge, basic design methods, and related skills of embedded system. Furthermore, students will be able to learn about new technologies, achievements, and trends in embedded system and embedded operating system; be able to make appropriate use of embedded processors, in accordance with the requirements of the embedded system; be able to improve the ability to design and debug the system properly. It will lay a theoretical foundation for the following self-taught advanced course of embedded direction or for the future work of embedded direction scientific research and production; it will also provide strong technical ability guarantee for students to work.
B. METHOD OF INSTRUCTION

lecture + discussion + research-based teaching
C.  COURSE OBJECTIVES (five or six objectives; general but comprehensive)
Objective 1: Understand the basic architecture of embedded system.
Objective 2: Master the idea and method of embedded software and hardware design.
Objective 3: Master the design processes and techniques of the basic embedded system.
Objective 4: Master the basics design techniques of embedded system and common interfaces.
Objective 5: Know how to build a real time operating system.
D.  COURSE TOPICS/UNITS AND DATES

	Chapter
	教学形式及学时分配
	Methods of instruction
	Course objectives

	
	Theory Hours
	Practice Hours
	PC Practice 
	Misc
	Total Hours
	
	

	Chapter 1: Introduction
	4
	4
	
	
	6
	lecture + discussion
	1，2

	Chapter 2: GPIO / NVIC
	6
	10
	
	
	15
	lecture + discussion
	1，3，4，6，7，8

	Chapter 3: Timer
	8
	10
	
	
	17
	lecture + discussion
	3，4，6，7，8

	Chapter 4: USART
	3
	4
	
	
	6
	lecture + discussion
	3，4，6，7，8

	Chapter 5: SPI/I2C 
	4
	(4)
	
	
	4
	lecture + discussion
	3，4，6，7，8

	Chapter 6: ADC/DAC 
	5
	(4)
	
	
	11
	lecture + discussion
	3，4，6，7，8

	Chapter 7: RTOS
	2
	4
	
	
	5
	lecture + discussion
	5

	Total
	32
	32
	
	
	64
	
	



E. TEXTBOOK(S) AND REQUIRED TOOLS OR SUPPLIES
Textbook (required):  Beginning STM32: Developing with FreeRTOS, libopencm3 and GCC by Warren Gay. Apress, 2018.
Supplies and/or tools: Mastering STM32 by Carmine Noviello, leanput.com 2018


E. GRADING PLAN

	Form of Assessment
	Requirements of Assessment 
	Weight
	Course Objects
	graduation requirements

	Classroom performance
	Attendance, questions, practice
	10%
	1，2，3，4
	3.1，7.2，11.2

	Experimental grades
	Nine experimental tests
	40%
	4，5，6，7，8

	3.1，5.2，7.2，11.2

	Open-book test
	Test
	50%
	1，2，3，4
	3.1，5.2，7.2，11.2


G. COURSE COMPONENT SPECIFICS


Chapter 1 Introduction
I. Contents
1.1 The specialty, characteristic, research object and method, aim and task of this course. (lecture)
1.2 Methods of study for this course. (lecture)
1.3 The definition of embedded system. (lecture + discussion + research-based teaching)
1.4 Classification of embedded processors. (lecture + Research Teaching Method)
1.5 Classification of embedded operating system. (lecture + self-study)
1.6 Cortex-m3 architecture. (lecture + Research Teaching Method)
II. Teaching Requirements
(1) Understanding the definition of embedded system and the ability to identify embedded system in daily life.
(2) Understanding the current state and trends of embedded system.
(3) Understanding the specialty, the research object and methods, tasks of the course.
(4) Stimulating students' interests in the course.
III. Key & Difficult Points
(1) Key Points 
Characteristics of embedded system features; characteristics of embedded processor. Cortex-M3 architecture
(2) Difficult Points
Develop the ability to choose the right processor and the right embedded operating system to build an embedded system according to the user’s requirements. CORTEX M3 register organization, Stack, STM32 storage address mapping. Bit Address.

Chapter 2 STM32 Clock Configuration, GPIO and NVIC

I. Contents
2.1 STM32 clock selection and configuration. (lecture + Demonstration)
2.2 Optional function of STM32 GPIO PIN. (lecture + Demonstration)
2.3 Configuration of STM32 GPIO PIN. (lecture + Demonstration)
2.4 STM32 GPIO PINs for digital input and output. (lecture + Research Teaching Method)
2.5 STM32 NVIC functional configuration and external interrupt handling. (lecture + Demonstration)
II. Teaching Requirements
(1) Mastering the STM32 clock configuration method.

(2) Mastering STM32 clock source selection principles.

(3) Mastering the interrelationship of the optional functions of the GPIO PINs.

(4) Mastering the GPIO PIN configuration method.

(5) Mastering the realizing method of digital input and output of GPIO PINs.

(6) Master ingSTM32 NVIC function configuration and external interrupt processing methods.

(7) Mastering NVIC priority grouping and interrupt nesting.

III. Key & Difficult Points
(1) Key Points 
Clock configuration of STM32. GPIO PINs configuration of STM32. Digital input and output setting of STM32 GPIO. STM32 NVIC interrupts.

(2) Difficult Points
Application of CUBEMX’s configuration software. Application and debugging methods of the development environment. The function, realization and usage of library function. Interrupt priority grouping and interrupt nesting.
Chapter 3 STM32 Timer

I. Contents
3.1 STM32 basic timing unit. (lecture + Demonstration)

3.2 Working modes of STM32 Timer. (lecture + Demonstration)

3.3 Difference among STM32 Timers. (lecture + Demonstration)

3.4 PWM waveform output of STM32. (lecture + Research Teaching Method)

3.5 Cascade mode of STM32 Timer. (lecture + Research Teaching Method)

II. Teaching Requirements
(1) Mastering configuration method of STM32 Timer.

(2) Mastering source utilizing principles of STM32 Timer.

(3) Mastering various working modes of STM32 Timer.

(4) Mastering the cascade mode of STM32 timer.

(5) Mastering interrupt handling mode of STM32 timer.

III. Key & Difficult Points
(1) Key Points 
Configuration of STM32 Timer. Working mode of STM32 timer. Interrupt utilization of STM32 Timer 

(2) Difficult Points
Cascade operation mode of STM32 timer

Chapter 4 STM32 USART

I. Contents
4.1 STM32 USART unit. (lecture + Demonstration)

4.2 Configuration of STM32 USART. (lecture + Demonstration)

4.3 Relevant PIN configuration of STM32 USART. (lecture + Demonstration)

4.4 Communication implementation of STM32 USART. (lecture + Research Teaching Method)

4.5 Interrupt communication implementation of STM32 USART. (lecture + Research Teaching Method)

II. Teaching Requirements
(1) Mastering interface configuration method of STM32 USART.

(2) Mastering interrupt handling mode of STM32 USART.

III. Key & Difficult Points
(1) Key Points 
Relevant knowledge points of STM32 USART. Configuration of STM32 USART. Relevant PIN configuration of STM32 USART. Interrupt handling of STM32 USART.

(2) Difficult Points
Configuration knowledge points of STM32 USART and working principle of the underlying registers work.

Chapter 5 ADC/DAC Interface（Selected content）
I. Contents
5.1 Principle and channel of STM32 ADC unit. (lecture + Demonstration)

5.2 Configuration of STM32 ADC. (lecture + Demonstration)

5.3 Relevant PIN and DMA configuration of STM32 ADC. (lecture + Demonstration)

5.4 Implementation of STM32 ADC sampling. (lecture + Research Teaching Method)

5.5 Principle and channel of STM32 DAC unit. (lecture + Demonstration)

5.6 Configuration of STM32 DAC. (lecture + Demonstration)

5.7 Relevant  PIN and DMA configuration of STM32 DAC. (lecture + Demonstration)

5.8 Implementation of STM32 DAC sampling. (lecture + Research Teaching Method)

II. Teaching Requirements
(1) Mastering interface configuration of STM32 ADC.

(2) Mastering interrupt handling mode of STM32 ADC.

(3) Mastering interface configuration of STM32 DAC.

(4) Mastering interrupt handling mode of STM32 DAC.

III. Key & Difficult Points
(1) Key Points 
Knowledge points of STM32 ADC/DAC. Configuration of STM32 ADC/DAC. Relevant PIN configuration STM32 ADC/ AC. Interrupt processing STM32 ADC/DAC.
(2) Difficult Points
Sampling channel and usage of STM32 ADC.

Chapter 6 STM32 SPI/I2C Interface（Selected content）
I. Contents
6.1 Utilization and differences of STM32 SPI interfaces. (lecture + Demonstration)

6.2 Configuration of STM32 SPI interface. (lecture + Demonstration)

6.3 Relevant PINs configuration of STM32 SPI interface. (lecture + Demonstration)

6.4 SPI communication of STM32. (lecture + Research Teaching Method)

6.5 SPI interrupt communication of STM32. (lecture + Research Teaching Method)

6.6 Utilization and differences of STM32 I2C interfaces. (lecture + Demonstration)

6.7 Configuration of STM32 I2C interface. (lecture + Demonstration)

6.8 Relevant PINs configuration of STM32 I2C interface. (lecture + Demonstration)

6.9 I2C Communication of STM32. (lecture + Research Teaching Method)

6.10 I2C interrupt communication of STM32. (lecture + Research Teaching Method)

II. Teaching Requirements
(1) Mastering STM32 SPI interface working principle.

(2) Mastering configuration of STM32 SPI interface.

(3) Mastering STM32 SPI interrupt handling mode.

(4) Mastering STM32 I2C interface working principle.

(5) Mastering configuration of STM32 I2C interface.

(6) Mastering STM32 I2C interrupt handling mode.

III. Key & Difficult Points
(1) Key Points 
Relevant knowledge points of STM32 SPI/I2C. Configuration of STM32 SPI/I2C. Related PIN configuration of STM32 SPI/I2C. STM32 SPI/I2C interrupt handling.

(2) Difficult Points
Working principle of STM32 SPI/I2C interface.

Chapter 7 STM32 Real-Time Operating System

I. Contents
8.1 Real-time operating system principle. (lecture + Demonstration)

8.2 Porting a real-time operating system (lecture + Demo)

8.3 Simple demonstration of a real-time operating system. (lecture + Demonstration)

II. Teaching Requirements
(1) Mastering working principle of the real time operating system.

(2) Mastering poring method of the real time operating system.

(3) Mastering utilization of the real time operating system.

III. Key & Difficult Points
(1) Key Points 
Working principle of STM32 real-time operating system. Utilization of STM32 real time operating system.

(2) Difficult Points
Porting method of STM32 real-time operating system.
3. Experiments
Experiment 1: IDE install and usage
I. Objectives:

(1) Mastering software install.

(2) Understanding STM32 initialization procedure.

(3) Understanding STM32 configuration and utilization.

II. Requirements:

(1) Finish install the software.

(2) Finish configuration of STM32 system clock and let system works normally.

Experiment 2: Using GPIO pins

I. Objectives:

 (1) Understanding STM32 initialization procedure.

(2) Mastering STM32 GPIO PIN configuration and utilization.

II. Requirements:

(1) Finish configuration of GPIO pins and design code for LED control .

(2) Finish configuration of GPIO pins and design code for KEY input.

Experiment 3: Interrupt Handling

I. Objectives:

(1) Mastering the configuration of STM32 external interrupt.

(2) Mastering STM32 interrupt handling function.

II. Requirements:

(1) Finish configuration of STM32external interrupts.

(2) Handle STM32external interrupts and let LED work.

(3) Verify interrupt priority and interrupt nesting.

Experiment 4: Basic Timer

I. Objectives:

(1) Mastering configuration of STM32 single Timer.

(2) Mastering processing function of STM32 Timer interrupt.

II. Requirements:

(1) Finish configuration of STM32 single Timer.

(2) Handle STM32 Timer interrupt and let count++ per second.

Experiment 5: PWM Output

I. Objectives:

1 Mastering the method of realizing PWM waveform output using STM32 Timer.

2 Mastering STM32 multi-timer cascade work.

II. Requirements:

(1) Finish STM32 PWM waveform output, and adjust duty cycle, period of PWM.

(2) Realize multi-Timer cascade operation of STM32.

Experiment 6: USART Communication

I. Objectives:

(1) Mastering configuration of STM32 USART interface.

(2) Mastering interrupt handling of STM32 USART interface.

II. Requirements:

(1) Finish the STM32 USART Communication and realizes received numerical value display when the key start sends.

(2) Implement interrupt mode of STM32 USART communication.

Experiment 7: ADC Conversion（Selected content）
I. Objectives:

(1) Mastering configuration ofSTM32 ADC interface.

(2) Mastering the data reading method of STM32 ADC interface.

(3) Mastering interrupt handling of STM32 ADC interface.

(4) Mastering the DMA processing of STM32 ADC interface.

II. Requirements:

(1) Realize data acquisition of STM32 ADC interface.

(2) Implement data acquisition ofSTM32 ADC using interrupt mode and DMA mode.

(3) ADC values display using USART, or Nixie Tube, etc.

Experiment 7: DAC Conversion（Selected content）
I. Objectives:

(1) Mastering configuration of STM32 DAC interface.

(2) Mastering numerical control of DAC analog quantities.

II. Requirements:

(1) Realize data conversion of STM32 DAC interface.

(2) Implement conversion value adjustment using USART, or key input, etc.

Experiment 8: SPI Communication（Selected content）
I. Objectives:

(1) Mastering configuration of STM32 SPI interface.

(2) Mastering read and write command of EEPROM / Flash ROM.

II. Requirements:

Finish the data writing and reading of EEPROM / Flash ROM using STM32 SPI interface.

Experiment 9: RTOS
I. Objectives:

(1) Mastering configuration of RTOS.

(2) Mastering synchronization between tasks.

II. Requirements:

(1) Finish the RTOS task creation.

(2) Finish the task synchronization.
