CIRAXRRLGE) BERY

— EXER
. s e o # X K B £ # : Human—computer
RELH: BARRS -
Interaction Technology
WRENA: 160527E002 B L 2
BFE: 32 WA FE: 24
Lo FEt: 8 EALFR: O
FRFR: FHFER ERAEN: HEA
. . FERE: CIEFREFRIT. THENA R
BARMF: #5 i TR

—. REENT

AREEUENH LTV EBR, BEFRAAR I E R BENFAFLANTTRE, AR
BEEAFEHR R RZAME, ARM Cortex R HEM, W HMHIF LINE, EANIHEH
e GP10/ 7 Bt £ /PWM/ADC £ 5%, & | 4k i 15 # & UART/I2C/SP1 # =, TCP/IP [ %
WEEZH, FANABRERENTNHREBEEAL., BTARENFY, LFLEER
ARRGWBMAR BT LT &, FFHESF R WA #ATRARN R AN L%kt RRE
BEw/, AR FEAENEE FFEeB R GEME =m0 TRENER IR RHELE
AR, RFELRAFEATRBNER. EHF L, RHBRRIRAENRFL, L%
A A B 9f o ST B B S T U8 2R o AR F v L AR,
=\ HEFBF

FAETRX|TRENF TG, MIZES:

mif: EEBRARXRRRITH AR,

Bl REFEEGARRREM. R RT A R SR 19 B 3 F 86 7 5

R Ao aE A B ERIR, HEEREANKXTE T LRI T,
M. #FEANBES5FIEK

(TREFIIFRAFETIFRE, BHEARALERAFIAE. RFEEEL, N
FREMKRZ IR, BENEERRE, AoRBRENRIEREEEX, RARERELD

Ay
EV/REET BENE. BR. R ; ¥IER
1.1 ARM & B E 8 7
ARM R BB H ¢ Rk R E VI3 ##
ERER FIRA '
% 1% ARM | 1.2 ARMAEZE /N | ARMAERWRAE. £ M3 #
5 SN X ARM 4b 2 % BB A AVROM & 2 | W1
ﬁhw X EA L3 ARM AL 27 A B ARAE R R A B K El 181z
ik AR VI3 42
1.4 ARM 4LFE ey
ARIAEENT | s s nn I
kil
2.1 HEXER ARM I EARZEEA . FH, ¥F, F M3 g
2.2 A BB TEH VI3 f#
A28 ARM AL FE B 8 A T R
go% | % 48 ARM A0 3E 219 8 F TAEME R i
AEBEZ |23 ARMAERZNGT | ARIREZBHNGEHETEAANIANEF#EE | 4 | MEH
G 7% A Mig iz
. M3 %
2.4 FHEHHER ARMAEEEXATHEFEL A —
ey




Ay
B/ RERT BENE. EX RE ; Y ER
M 5z Al
ARIAEEH TR RH RGBT | |
2.5 REAHE . Mgz
M Rz Al
VI ff
20 AR Cortex =\ ol Cortex - A9 A Mt iz
A9 WM \
M Bz Al
3.1 ARM 384 MR | ARM 354 B #1R M %
3.2 ARM#E4A W E K .
] ARM 364~ 90 75 B 354 09 £ A A X Mtz
# 3 \
M 5z Al
3.3 ARM 3549 T3t .
o ARM #8489 F 4L 77 R Mgz
A &5
TN VI
BEZARMM” T 4 @iz
% 3F ARM 1 57
M B A . 4 | mEm
P 25 ARM %4 4L # 35 AR AL 4 4 Tt
M 5z A
VI
3.6 ARM 4 X 454 ARM 4~ % 45 4 Mtz
M 5L A
VI ##
3.7 MAEHERAS | ARMHAERS Mgz
M 5L A
3.8 FTidE A ARM =I5 A M
3.9 HEANE | ARM A4 NF M
‘;1 REEARN | ot sz oh e psa wE#
‘;2 AEEIEM | R Bxynostd12 A2 B3| B4 M it
4.3 WEZET ARM 4% 5 T A4 M3 fg
5 4 = 4.4 FHBERSR ARM 1% & 2 N4 M %
Exynos4412 4—'5 FREAES ARM % AR 2T A4 2 | MEM#
RERER f6 S E B R OR
) S0 B RO A HE 0 A4 M
(EE: 3=
4.7 REHEET RENEETNA V2 42
rapiy
4.8 GPIO %75 GPIO 3/ REA-4 Mtz

M Rz




Ay
B/ RERT BENE. EX RE ; Y ER
‘ VI
;}9 RREHER | o mwmen g @it
M 5z Al
VI# ##
4.10 SPI gt ¥t | SPI HheEN-4 Mgz
M Rz Al
4.11 12C B 0 o g \ .
6 12C R EENA Mgz
M Rz Al
4.12 UART # 0 3 & ) A
, UART 32 10 3 BE A28 Vit iz
e W5 A
VI ff
4.13 ADC He6 ¥ 7T | ADC ZhEN-4H Mg fz
MRz Al
PLXRBEEER | o pwrruma @ 47
R
5.2 Exynostdl2 % Exynos4412 % & 1 $ /-4 VI f§
it R
5.3 Bxynostdl2 = Exynos4412 B JEE B Z H N4 M3 i
BEERS
5.4 LED/KEY # 3t LED/KEY #£ 3/~ 48 M fi#
5.5 UART A& 3k UART 3£ A4 M2 %
5.6 4 E LIS B BN VI fg
55 m | VRS A RS-85 5 m A4 D #
Exynos4412 ks
] 5.8 3-AXIS £ & # 2
L HF R sk 3-AXTS % B B /) 4 VI
A 5.9 in E R BHE
" I R B )4 M
5.10 AR F AN B VI ff
5.11 ADC B3k ADC # 3 A28 VI
5.12 LCD #3# LCD #& 3k /- 28 VI3 fg
‘;13 BRXEIR | ppsmomnng @ i
;14 TSR e s rmmna W
5.15 USB A3k USB #£ 3k 4~ 28 VI3 f#
% 6 = M #
Exynos4412 | 6.1 GPIO 472 GPIO o e 1d B & 77 & 1F i 2 | Mgk
O gy 12 M 5z A




Ay
BN/ HEET BEAE. BR. R ;: ¥ ER

1l o W1
;Z¢%ﬂ§ﬁ%% ARM A58 B o 0 R A B A @Bt
R A

R

6.3 RFEATHE B O fE 4. UART 1z F 7 &1 Mgz
M5 A

VI f#

6.4 PWM Z 2472 | PWM Z B B0 EFFHE K PWM TERE Mgz
Yo

VI f#

6.5 MMU 4 %2 MMU #y 1E I & T 1E i A2 Mgtz
Yo

E: ECEIBRRT —EAFTHEIA,

B4, it BUl. W, SRR A,

A Eik, REKRTAE, & EREK, L, HACILE
FREE AR, FA, RESIMBE LN ERATHRR. AN, RICEFETMERNIIE., B
TR, BEA . KBS BE, BT FNASERS. 2% BB B4,
KE; MR, Rt BEHNEFREA. SHATFIMAR, Jeel
R AT F N A AR NI E X A ik, Habitkl, €1, &, FREAWEN, HEFIFL.

i — 2R EH
T b Bt ROk AT,

SRAS (LR, JESHERS, &I
I3 FENE | (B0 | G4 | 2% | 2%
EBTH 4% FEHR 2
5 2% | £% | A% | %8 | %3
N [ #AR BE | BE
1 1/0 525 1/0 B #& 4] LED 1T 5 4 30 1 i e 2
| RIAEETHE | BUEREAMIT | BAAR | | | | BE | BE |
% BT 2 T % 45 B ow
— BRI EOEER | BOAR P
i 15 52 he -
3| ®EAEXE BEHE R B B0 | e |2
e | REEHABENE | BAKR ot | %
o I BT R g |0 N e |
| BEADBRRERE | BARR ot | %
51 AMDE&XE 55| B o (i Bf Oy o |2
o | EEPMFETAR | BARRK o | %
6| PIMHDERE | curppnens | B4 e T
[ RAEIREAAL | BARR P
T ETREE 5 e | 0 U e e |
- Wi 120 BOFKEK | HARRK IAE | IIE
8 12 % MEWTHEEGES | B4 O | e |2
e TREREEAE. B, A B QFE, TREANEEMNTE. SUEMTE.
B,

R HERE

N ERAR

ATRBEZTERXRFREFR+EZ RN T %,

E TR HEER, REMKR: FEH 10% + FarfEd 20% + 2% 25% + 41 &R




45%.
€. EMESEH
(—) M
(ARM Cortex-A9 & AKX A, HIRFE 2018 4, ISBN: 978-7-111-59764-3
() 2FHEEXH
CLYRiE = 2 F1RT-2 T ARMAR R Z49) B IR F & 2021 4, ISBN: 978-7-5124-3386-1
(EARRARITE T K EZEKR) HRFE 2017 4, ISBN: 978-7-302-47932-1

flEA: (REATA) A
A (FREAEME) BN
@il (&) ITEE: 2023 4 8 A



{Embedded Systems)) syllabus

1. Basic Information

Course Name: Embedded Systems Name in Chinese: # \ 3 % 4
Course No.: 160527E002 Total Credits: 2

Total Hours: 32 Lecture Hours: 24

Lab Hours: 8 Computer Lab Hours: 0

Offering College: Petroleum Institute Corresponding Majors: Computer

. Prerequisite: C language programming,
Course Type: Elective o T
computer composition principle

I1. Course Introduction

This course is a professional elective course for computers, and an introductory course for
electronic system design and integrated circuit application development. This course mainly
includes an overview of embedded systems, ARM Cortex processor architecture, software and
hardware development environment, basic internal hardware modules GPIO/timer/PWM/ADC
module, general peripheral communication interface UART/I2C/SPI interface, TCP/IP Network
protocol and its implementation, the internal mechanism of embedded operating system and its
transplantation, etc. Through the study of this course, students will be able to master the concept of
embedded system and its development methods, and be able to use what they have learned to
develop and design embedded systems. This course covers a wide range, reflecting the basic
knowledge and comprehensive application of three or four courses in electronic disciplines such as
analog circuit, digital circuit and software foundation. It has high requirements for students' practical
ability. In teaching, highlight the characteristics of equal emphasis on theory and experiment,
allowing students to master and digest knowledge in the continuous cycle of theory and practice.
III. Course Objective

After completing this course, students should be able to:

Knowledge: master the technical knowledge of embedded system design;

Ability: improve students' hands-on ability in embedded system hardware and software design
and solving practical problems;

Awareness: Establish a sense of communication and teamwork, and jointly complete the
development and design of embedded projects;
IV. Contents and Requirements

Chapter/Unit Contents and Key Points hrs Requirements

1.1  History and
History and development of ARM

development of ARM MComprehension
processors
processors
Chapter 1 - -
1.2 Introduction to | Features and architecture of ARM
Overview of MComprehension
ARM processor processors
ARM 2
ARM processors are divided into A, R,
Embedded 1.3 ARM processor ) MMemory
and M series processors according to )
Technology series MComprehension

different applications

1.4 Chip selection of )
Chip selection of ARM processor MComprehension
ARM processor

Chapter 2 | 2.1 Data type The basic data types of ARM: byte, | 4 MComprehension




Chapter/Unit Contents and Key Points hrs Requirements
ARM halfword, word
processor 2.2 Processor working | Introduce the 8 working modes of the MMemory
architecture mode ARM processor MComprehension
2.3 Storage system of | ARM processor storage space size and MMemory
ARM processor large and small storage format MComprehension
2.4 Register | Register distribution in ARM processor MMemory
organization mode MComprehension
) 7 exceptions of ARM processor and its
2.5 Exception ) ) Memory
) corresponding  processor  working )
handling MComprehension
mode
2.6 ARM Cortex-A9 )
) ARM Cortex-A9 core architecture MMemory
core architecture
3.1 Overview of ARM
) ) ARM instruction set overview MMemory
instruction set
3.2 The basic format | ARM instruction set coding and basic MMemory
of ARM instructions format of instructions MComprehension
3.3 Addressing mode ) ) ) MMemory
) ARM instruction addressing mode )
of ARM instructions MComprehension
34 ARM memory ) . MMemory
) ) ARM memory access instructions .
Chapter 3 | access instructions MComprehension
ARM 3.5 ARM  data
] o ' MMemory
processor processing ARM data processing instructions 4 )
) ' } ] MComprehension
instruction nstructions
system 3.6 ARM branch . ) MMemory
) ) ARM branch instructions )
nstructions MComprehension
3.7 Coprocessor ) ) MMemory
. ) ARM coprocessor instructions )
nstructions MComprehension
3.8 Miscellaneous ) ) ) )
) ) ARM miscellaneous instructions MComprehension
nstructions
3.9 Introduction to ) ) )
Introduction to other ARM instructions MComprehension
other commands
4.1 Introduction to o ) )
) ARM processor function introduction MComprehension
processor functions
4.2 processor pin | ARM Exynos4412 processor pin )
) ) ) ; MComprehension
introduction introduction
Chapter 4 - — - -
4.3 Core unit ARM core unit introduction MComprehension
Introduction
4.4 Memory system ARM memory system introduction ) MComprehension
to
4.5 Multimedia | Introduction to ARM Multimedia )
Exynos4412 ) _ ) ) MComprehension
Processing Unit Processing Unit
Processor
4.6 External
connection and | External connection and )
o o ) MComprehension
communication communication interface introduction

interface




Chapter/Unit Contents and Key Points hrs Requirements
4.7 System Peripheral
Uni System peripheral unit introduction MComprehension
nit
4.8 GPIO unit GPIO function introduction MComprehension
4.9 General Interrupt | General interrupt controller )
) ) MComprehension
Controller introduction
4.10 SPI functional
) SPI function introduction MComprehension
unit
4.11 I2C interface
) ) 12C interface function introduction MComprehension
functional unit
4.12 UART interface
) ) UART interface function introduction MComprehension
functional unit
4.13 ADC functional
) ADC function introduction MComprehension
unit
5.1 Overview of the ) ) )
) ) Overview of Experimental Teaching )
experimental teaching MComprehension
System
system
5.2 Exynos4412 | Exynos4412 storage module
MComprehension
storage module introduction
53 Exynos4412 )
Introduction to Exynos4412 Power
Power Management MComprehension
Management System
System
5.4 LED/KEY ) ) )
LED/KEY module introduction MComprehension
module
5.5 UART module UART module introduction MComprehension
Chapter 5
P 5.6 Infrared receiver Infrared receiver introduction MComprehension
Exynos4412
5.7 CAN/RS-485 o
Experimental o CAN/RS-485 communication interface )
communication ) ) 2 MComprehension
Teaching . module introduction
interface module
System
5.8 3-AXIS sensor ) )
Design 3-AXIS sensor module introduction MComprehension
module
5.9 Temperature | Temperature sensor module
] ) MComprehension
sensor module introduction
5.10 Audio Module Audio module introduction MComprehension
5.11 ADC module ADC module introduction MComprehension
5.12 LCD module LCD module introduction MComprehension
5.13 Camera interface ) ) ) )
Camera interface module introduction MComprehension
module
5.14 TF card/SD card ) ) )
TF card/SD card module introduction MComprehension
module
5.15 USB module USB module introduction MComprehension
Chapter 6| 6.1 GPIO | GPIO function description and detailed 5 MMemory
Exynos4412 programming register explanation MComprehension




Chapter/Unit Contents and Key Points hrs Requirements
component MApplication
programming | 6.2 Interrupt ) MMemory

ARM processor interrupt response )
example Controller . MComprehension
) process and related control registers o
Programming MApplication
Introduction to serial port, detailed MMemory
6.3 Asynchronous ) o )
explanation of UART communication MComprehension
serial programming ) o
register MApplication
MMemory
64 PWM timer | PWM timer register and PWM
MComprehension
programming workflow o
MApplication
MMemory
6.5 MMU .
) The role and workflow of MMU MComprehension
programming o
MApplication
Lab Contents (if applicable)
Stude Lab
Lab
Project Contents Apparatus Units nts/G Cate hrs
Type
roup gory
. I/O port control LED | Embedded Yer.lf Yer.lf
I/O experiment . 30 1 icatio | icatio 2
light test box
n n
Tri he ARM if if
ARM processor . rigger the . Embedded Yer'l Yer'l
. . interrupt control light 30 1 icatio | icatio 2
interrupt experiment . test box
by pressing the button n n
. Data transmission

Serial . . .

.. with the computer Embedded Desi | Desi
communication 30 1 2
. through the ARM test box gn gn

experiment .
serial port
Real-time clock Control the hghF on Embedded Desi | Desi
. and off by real-time 30 1 2
experiment . test box gn gn
clock timer
Real-time acquisition
A/D conversion of pin voltage value Embedded 30 | Desi | Desi )
experiment through A/D test box gn gn
conversion
Control the buzzer by
PWM buzzer PWM generating Embedded 30 | Desi | Desi )
experiment sound waves of test box gn gn
different frequencies
Watchdog Use watchdog to Embedded 30 1 Desi | Desi )
experiment reboot the system test box gn gn
Obtain real-time
. position information Embedded .Verhlf .Verhlf
12C experiment of the gyroscope test box 30 1 icatio | icatio 2
through the 12C n n
interface

V. Teaching Method

This course mainly adopts the method of classroom teaching + experimental verification.




VI. Evaluation

Assessment method: final exam. Grade composition: 10% attendance + 20% usual homework
+ 20% experiment + 50% final exam.
VII. Textbook and Reference

(1) Textbook

"ARM Cortex-A9 Embedded Technology Tutorial", publication year 2018, ISBN: 978-7-111-
59764-3

(2) Reference

"Assembly Language Programming-Based on ARM Architecture" publication year 2021,
ISBN: 978-7-5124-3386-1

"Embedded System Design and Development Practice" Publishing Year 2017, ISBN: 978-7-
302-47932-1



