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Syllabus of Visual C++ Programming Language and Application Technology
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RIEEANER
Course Information
BiE s Visual C+HES RN A
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School ) ] School Code
Control Engineering
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Leader Kang Zhongjian Team Members Language and
Application Technology
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Language of Instruction Chinese
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Prerequisite Pro'gran?mmg language C/C—H.-, Programming language C/C++ Experiment,
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BIEEY This course focuses on the Windows program structure, MFC programming

foundation, data acquisition and communication program design. Through learning
this course, students can understand the basic principles of Windows program, and
master the methods of developing professional application software such as data
acquisition, serial communication and network communication using Visual C++
language. By this course, it can cultivates the students' ability of software analysis and
design for engineering problems, and improve the students' professional quality as an
autocontrol engineer.( Major Objectives: 1.4,3.1,5.2)
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Learning Outcomes

Major Objectives

Objective 1: Master the basic concepts, principles
and application methods of Visual C++ language
programming, lay a technical foundation for
software design and development for solving
complex engineering problems in professional
fields.

1.4 Engineering Foundation

Objective 2: According to the requirement of
Engineering problems, the software design scheme
is formulated based on the concept of full cycle
process, and various factors affecting the design
scheme are analyzed.

3.1 Solution Design

Objective 3: Complex engineering problems in
design / development in the field of automation,
and can grasp the problem of engineering
application using Visual C++ development
language to solve and control systems, master the
design and debugging of the software system, can
realize the limitations of software development
tools.

5.2 Modern Tools (Program
Language)
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Chapter 1 Windows application (Outcomes 1. 3)
The key points of this chapter: event driven, source code structure, program debugging

method.

The difficulties of this chapter: event driven, source code structure.

1.1 basic knowledge of Windows programming

1.2 Windows application infrastructure

Experiment 1:Windows program debugging

Chapter 2 the Foundation of MFC programming (Outcomes 1. 3)

The key points of this chapter: MFC application framework, message mapping
The difficulties of this chapter: message mapping

2.1 MFC application based on frame window

2.2 message mapping

Experiment 2: Windows message mapping programming

Chapter 3 Graphics device interface (Outcomes 1. 3)

The key points of this chapter: graphical device interface, drawing tools, drawing

functions

The difficulties of this chapter: graphical device interface, drawing tools

3.1 graphical device interface




3.2 drawing tools and colors

3.3 text and fonts

Experimental 3:Windows graphics rendering and text output programming
Chapter 4 Keyboard and mouse (Outcomes 1, 3)

The key points of this chapter: keyboard message, mouse message

The difficulties of this chapter: mouse message

4.1 keyboard message programming

4.2 mouse message programming

Experiment 4: Windows keyboard and mouse programming

Chapter 5 Dialog based MFC application (Outcomes 1. 2. 3)

The key points of this chapter: dialog data exchange mechanism, control programming,

timer message, data acquisition

The difficulties of this chapter: dialog data exchange mechanism, data acquisition
5.1 dialog box application basic structure

5.2 Windows standard control program design

5.3 data acquisition and timer message programming

Experiment 5:Windows timer message programming

Experiment 6:Windows data acquisition application programming

Chapter 6 Single document MFC application (Outcomes 1, 2. 3)

The key points of this chapter: single document program structure, menu and toolbar

design, serial communication, network communication

The difficulties of this chapter: single document program structure, serial

communication, network communication

6.1 single document application basic structure

6.2 menu and toolbar design

6.3 serial communication and network communication program design
Experiment 7:Windows serial communication application programming

Experiment 8:Windows network communication application programming
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1.1 1 Teaching 1 Reading Outcome 1
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. Experiment
Exp 1 2 Experiment 2 Outcome 3
Report
2.1 1 Teaching 1 Reading Outcome 1. 3
2.2 2 Teaching 2 Homework Outcome 1. 3
) Experiment
Exp 2 2 Experiment 2 Outcome 3
Report
3.1 2 Teaching 2 Reading Outcome 1. 3
. Homework
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. Experiment
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1. Huang Weitong, Visual C++ object oriented and visual programming(3™ Edition),
Tsinghua university press, 2011.

2. Ivor Horton, Beginning Visual C++ 2013(7" Edition), Tsinghua university press, 2015,
Level 1.

3. Song Jinke etc, Visual C++ basic course of programming, Tsinghua university press,
2010, Level 1.

4. Zhang Wenbo etc, Visual C++ programming, Tsinghua university press, 2010.
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Course Description

Artificial intelligence is a branch of computer science that involves the research,
design and application of intelligent machines. This course is one of the most important
courses and modules in computer science and technology, as well as the other related
majors. Through this course, students can make development of artificial intelligence,
the basic principle and application of a preliminary understanding, and have some grasp
of the main technology and application, can inspire students' interest in artificial
intelligence, knowledge innovation and technology innovation ability training.
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Learning Outcomes

Objective 1: To recognize that a variety of artificial
intelligence technology options can be chosen to solve
complex control problems in automation field.

2.2 Recognize that there are many
options to solve the problem.

Objective 2: In order to solve the complex engineering
problems in the field of automation, the students can
design a feasible scheme of artificial intelligence
experiment based on the professional theory and the
characteristics of the controlled object.

4.1 Aiming at the complex
engineering problems in the field
of automation, a feasible
experimental scheme can be
designed based on the professional
theory and the characteristics of
the tested/controlled objects.

Objective 3: Let students learn to focus on the forefront
of the development status and trends of artificial
intelligence field.

12.2 Focus on the frontier
development status and trends of

automation
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Chapter 1 Introduction ( Objectives 1, 2)

The key points of this chapter: the basic concepts of artificial intelligence and the
structure and characteristics of artificial intelligence system.

The difficulties of this chapter: the basic concepts of artificial intelligence and the
structure and characteristics of artificial intelligence system.

1.1 Artificial intelligence---new development stage of control science.
1.2 The basic concepts and research contents of artificial intelligence

Chapter 2 Knowledge Representation ( Objectives 1, 2)

The key points of this chapter: Knowledge representation methods.
The difficulties of this chapter: Production representation, Semantic network
representation.

2.1 Concepts of knowledge and knowledge representation;
2.2 First-order predicate logic representation

2.3 Production representation

2.4 Semantic network representation

2.5 Object oriented representation

Chapter 3 Deterministic reasoning ( Objectives 1, 2)

The key points of this chapter: Deterministic reasoning methods
The difficulties of this chapter: Natural deductive reasoning, rule based deductive

reasoning

3.1 Basic concepts of reasoning
3.2 Logical basis of reasoning

3.3 Natural deductive reasoning
3.4 Resolution deductive reasoning
3.5 Rule based deductive reasoning

Chapter 4 Machine learning ( Objectives 1, 2, 3)

Key points of this chapter: Machine learning principles and types
The difficulties of this chapter: inductive learning, explanation based learning

4.1 Basic concepts of machine learning
4.2 Mechanical learning and guided learning
4.3 Inductive learning

4.4 Explanation based learning
Chapter5 Artificial neural network ( Objectives 1, 2, 3)

Key points of this chapter: Composition and principle of neural network
The difficulties of this chapter: Perception model and its learning

5.1 Artificial neural network concept
5.2 Perception model and its learning
5.3 Artificial neural network and its application

Experiment 1: Artificial neural network system primary design
Experiment 2: Artificial neural network system design and its application




Chapter 6 Expert system ( Objectives 1, 2, 3)

Key points of this chapter: Expert system and design process
The difficulties of this chapter: Expert system development

6.1 Basic concepts of expert systems

6.2 Basic structure of expert system

6.3 Knowledge acquisition

6.4 Expert system development and application examples

Chapter 7 Intelligent decision support system ( Objectives 1, 2, 3)

Key points of this chapter: Intelligent decision support system and relative new

technologies

The difficulties of this chapter: Structure of intelligent decision support system

7.1 Basic concepts of intelligent decision support system
7.2 Structure of intelligent decision support system
7.3 New technologies for decision support
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Syllabus of Fundamental of Pattern Recognition

RIEEAKER

Course Information

RIEBTR

Course Name

R R E Atk

Fundamental of Pattern Recognition

EREEHIIEFMR
> =%v1 =K s E
RIS College of Information and Fraptiss 05
School ) ] School Code
Control Engineering
‘ SRIABISATHEE
SFEA Rbie BI2E RIS A LA
. Pattern Recognition and
Leader KANG Zhongjian Team Members L .
Artificial Intelligence
g -,
RIZRIG 05292 ?—ﬁ 5
Course Code Credits
IR R - SLIG Y 0
. " Lecture Hours Experiment Hours
PIoER . e P
Course Hours * ) SCER AT
Programming 0 i 0
Practice Hours
Hours
RIMNFRT 6
Home Hours
EAE Bzt
Audience Automation
RIRES WiE
Language of Instruction Bilingual
s gaimEe EERE, MR MRLE5HESIT. ES5FRS%
p - Et Advanced Mathematics, Linear Algebra, Probability Theory & Mathematical Statistics,
rerequisite
a Signal and System
AREBELINBIENIRA S ALE A, RNIRAARGREKRIES, It
HRIRIBIL . M FIRIRE . $FEREN. MiRITED . BAEFEMAITRZRENIRA
RGN HE BEFIFEFE THREXNIRISALEREEESBELIERN
HALAE R R ARR(E 2 IBCIEB EM G X, BEANRENES, #H—PSHEXR
MEMNBETFERMR, FAREZEEXIRMNS ATEEMNELRNIR, RitAZE
EHANBRRFIITT RIFHOIECERM. (IRENEKX: 2.2, 24, 4.1)
RIEZEN

Course Description

This course focuses on the overview of pattern recognition and artificial
intelligence, the basic framework of pattern recognition, Bayes decision theory, linear
discriminant functions, feature extraction, template matching, cluster, and evaluation of
pattern recognition systems. By learning to enable students to understand the status and
role of pattern recognition and artificial intelligence in information and communication
engineering and the correct way to solve the problem of information processing.
Through this course, to further expand the electronics information knowledge of

undergraduate students, the undergraduate basic knowledge of pattern recognition and




4.1)

artificial intelligence, at the same time learning to lay a solid theoretical foundation for
students to enter the high level. (Corresponding to graduation requirements: 2.2, 2.4,

RIEEHF AN
Course Syllabus
RIZBHR EeAV B KRR
Bt 1: EBEASFHE. ETRYESRT TR
AEMBEFMINEENRBN ARG BFIRE, BT R,
RIS, S TSR | T
BEEH, THRESEREENGESMERSE.
B 2: ZEEZERNIRAIEILFEMFIRIRLE . &R
IR, BAFREKXFIE, HMRXLEFEETRESR | 24 SHEHTIEE@
RZA.
HiR 3: EEFERIMNGE, RE\EILEFERIHE
AEEMIRAHETNEE, FHAGHEZENM 4.1 IR AER
BE.
Learning Outcomes Major Objectives
RIZEMR

Learning Outcomes

Objective 1: Be able to use the knowledge of advanced
mathematics, complex functions and physics to establish
mathematical models of pattern recognition system, and to
formulate the engineering problem; can simplify or
transform multiple models and understand their
limitations.

2.1 Modeling

Objective 2: Master the analysis methods of Bayes
decision theory, linear discriminant functions, template
matching, cluster, analyze the application in engineering
problems.

2.4 Analyze complex

engineering problems

Objective 3: Master the method of feature extraction,
select suitable algorithm for recognition or prediction,
analyze and evaluate the performance and outcome of the
system or algorithm.

4.1 Research scheme

HFEAR

Topics

F1E 4it

AEELHES: RNIRAFRXAEE.
1.1 BRIRFFRA LTS R AR
1.2 {2IRBI R GHEL

$ 25 NIMHEYE

AEESMS: NHENRRIBL.

2.1 DIMHEDRIRIER

DIRTRRAN, DIMEr3GEM, SRiRE, HKRRE.

2.2 FIRR B RRFKFE

EIHEE, |, RREE, RKHE.
2.3 EZSSmEI £

2.4 BASHIFRBE MG

RAMRMGTT, ZARRSRMAT, IHEHEE, SXEHT, BE1EREE, 5%




&3t

FIE LMo LERsE
AEESMES: LMFIRIRBAE AR S BEEN E
3.1 ZeMEFI PR

3.2 RERAMEN R ¥

W E TR E.

3.3 mIMFHIREEN
3.4 HFEMTHEN

3.5 XiFEEM
RAWIBFAEN

F4E FHEMEESIEE
AEELMS: FHERR. FHEEE
4.1 HIRMALIES £

4.2 KA EHHIE
4.3 $HEFEEIRF

4.4 SIRFFEER

% 5 & 1RRITAC
AEELHS: RMBREREEAR
5.1 RMEEBERR
5.2 tEXEHEN

5.3 AIZ IR

FoE ARG
AEELHS: RETE
6.1 REHEGX

6.2 BIR¥IEEIZHE
BTE BE: EAHR
AEELHES: EARAEN
7.1 IEEREN

F8E BEAB/UM
AEESMS: BEEWM
8.1 RIZKI

8.2 BABFYM

8.3 BEMLR

Chapter 1 Introduction

The key points of this chapter: concept of pattern and pattern recognition

1.1 What is pattern recognition and artificial intelligence

1.2 The framework of pattern recognition system

Chapter 2 Classifiers based on Bayes Decision theory

The key points of this chapter: Bayes decision theory

2.1 Bayes decision theory

Bayes rule, Bayesian classification rule, decision error, minimum risk decision

2.2 Discriminant function and discriminant surface

posterior probability function, minimum risk, discriminant function, discriminant surface
2.3 Bayesian classification for normal distribution

2.4 Estimation of unknown probability density functions

maximum likelihood parameter estimation, maximum posteriori probability estimation,
Bayesian inference, maximum entropy estimation, mixture models

Chapter 3 Linear Classifiers




The key points of this chapter: linear discriminant functions, the perceptron algorithm
3.1 Linear discriminant functions and decision hyperplanes
3.2 The perceptron algorithm

Gradient decent optimization

3.3 Least squares methods

3.4 Mean square estimation revisited

3.5 Support vector machines

Large margin rule

Chapter 4 Feature Selection

The key points of this chapter: feature selection

4.1 Preprocessing methods

4.2 Class separability measures

4.3 Feature subset selection

4.4 Optimal feature generation

Chapter 5 Template Matching

The key points of this chapter: measures of template matching
5.1 Measure based on optimal path searching techniques
5.2 Measures based on correlations

5.3 Deformable template models

Chapter 6 System Evaluation

The key points of this chapter: error counting

6.1 Error counting approach

6.2 Exploiting the finite size of the dataset

Chapter 7 Clustering: Basic Concepts

The key points of this chapter: proximity measures

7.1 Proximity measures

Chapter 8 Cluster Validity

The key points of this chapter: cluster validity

8.1 Hypothesis testing revisited

8.2 Validity of individual clusters

8.3 Clustering tendency

Class Schedule &

Requirements

PN gﬁ 7% ﬁﬁ N | RI2E
1.1 2 W / Wi 2 B Bfr1.23
1.2 2 W%/ 1ie 2 B Bir 123
2.1 2 W%/ 11ie 2 = Bfr1.2.3
22 2 WR / Wig 2 B®/mAE | Bfr1.23
2.3 2 WR / Wig 2 B®/mAE | Bfr1.23
3.1 1.5 W%/ 11ie 1.5 BE/MmE | Bfr1.23
32 1.5 W/ 1hie 1.5 B®/mAE | Bfr1.23




3.3 1 W/ e 1 B®/mAE | Bfr1.23
3.4 1 W%/ 11ie 1 BE/MmE | B¥r1.23
3.5 1 W/ e 1 B®/mAE | B¥r1.23
4.1 1 W/ e 1 B®/mAE | B¥r1.23
4.2 1 W%/ 11ie 1 BE/MmE | B¥r1.23
4.3 1 W%/ 11ie 1 BE/MmE | B¥r1.23
4.4 1.5 W/ e 1.5 B®/mAE | B¥r1.23
5.1 1 W/ 1ie 1 BE/MmE | Bfr1.23
52 1.5 W% / 11ie 1.5 B®/mE | B¥r1.23
5.3 1 W/ e 1 BE/MmE | Bfr1.23
6.1 1 W/ e 1 B BH¥r1.2.3
6.2 1 W% / 11ie 1 B BH¥r 1.2.3
7.1 3 W% / iwtHe 3 B Bfr1.23
8.1 1 W%/ 11ie 1 B BHfr1.2.3
8.2 1 W% / iwtHe 1 B Bfr1.23
8.3 1 W% / iwtHe 1 B Bfr1.23
. Course . Home )
Topics Teaching Methods Assignment | Outcomes
Hours Hours
. . . . Outcomes
1.1 2 Teaching / Discussion 2 Reading 123
) . . . Outcomes
1.2 2 Teaching / Discussion 2 Reading 123
. ) ) Reading Outcomes
2.1 2 Teaching / Discussion 2 i
/Project 123
) ) . Reading Outcomes
2.2 2 Teaching / Discussion 2 .
/Project 1.2.3
. ) ) Reading Outcomes
2.3 2 Teaching / Discussion 2 )
/Project 123
. ) ) Reading Outcomes
3.1 1.5 Teaching / Discussion 1.5 i
/Project 123




) ) ) Reading Outcomes
3.2 1.5 Teaching / Discussion 1.5 ]
/Project 1.2.3
) ) ) Reading Outcomes
33 1 Teaching / Discussion 1 i
/Project 1.2.3
) ) ) Reading Outcomes
34 1 Teaching / Discussion 1 ]
/Project 1.2.3
) ) ) Reading Outcomes
35 1 Teaching / Discussion 1 ]
/Project 1.2.3
) ) ) Reading Outcomes
4.1 1 Teaching / Discussion 1 i
/Project 1.2.3
) ) ) Reading Outcomes
4.2 1 Teaching / Discussion 1 i
/Project 1.2.3
) ) ) Reading Outcomes
4.3 1 Teaching / Discussion 1 .
/Project 1.2.3
) ) ) Reading Outcomes
4.4 1.5 Teaching / Discussion 1.5 .
/Project 1.2.3
) ) ) Reading Outcomes
5.1 1 Teaching / Discussion 1 i
/Project 123
) ) ) Reading Outcomes
5.2 1.5 Teaching / Discussion 1.5 .
/Project 1.2.3
) ) ) Reading Outcomes
53 1 Teaching / Discussion 1 .
/Project 1.2.3
. . . . Outcomes
6.1 1 Teaching / Discussion 1 Reading 123
. . . . Outcomes
6.2 1 Teaching / Discussion 1 Reading 123
. . . } Outcomes
7.1 3 Teaching / Discussion 3 Reading 123
. . . . Outcomes
8.1 1 Teaching / Discussion 1 Reading 123
. . . . Outcomes
8.2 1 Teaching / Discussion 1 Reading 123
. . . } Outcomes
8.3 1 Teaching / Discussion 1 Reading 123
EZHA NG (%)
o e e ESr =Y Assessment content and Percentage Ak &= EL 45
REBER ek | PR (%)
x ) A
Course goals , i Sy} HRE R
points Daily ) . Percentage
Experiment | Final Exam
performance
C R 1
ERAN ,E*T, 2.2 10 20 30
Gradi Objective 1
rading -
H¥R 2
2.4 10 20 30
Objective 2
iR 3
Hit 4.1 10 30 40
Objective 3
ait 30 70 100




o 1. Sergios Theodoridis and Konstantinos Koutroumbas, Pattern Recognition, Second
B BB E AR e . ¢
Edition, Academic Press, 2003
Textbooks & Other . ) . . ..
Material 2. Richard O.Duda Peter E.Hart David G.Stork, Pattern Classification, Second Edition,
aterials
Wiley-Interscience Press, 2001
HE
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Notes
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Syllabus of Intelligent Optimization Algorithms with Applications

RIEEAKER

Course Information

RIEBTR

Course Name

BRMAEERENA

Intelligent Optimization Algorithms with Applications

EREIEH IS
A = 3 =%+ ) E
RS College of Information and FreapALas 05
School ) ] School Code
Control Engineering
‘ 06 A AL B R LR
A i gy | (EEEKSEARARM)
N Intelligent Optimization
Leader Kang Zhongjian Team Members . . o
Algorithms with Applications
g -,
AR 05155120 i 2
Course Code Credits
iRt - SMUie o) 0
R N Lecture Hours Experiment Hours
PIoER . e P
Course Hours * ) SCER AT
Programming 0 i 0
Practice Hours
Hours
RINFERT -
Home Hours
EREW Baifk
Audience Automation
RIRIBS 3
Language of Instruction Chinese
Fi2iRTE WMEE5ZIHE, BiTHIRIE, SiFEH
Prerequisite Probability and Statistics Theory, Automatic Control theory, Process Control
RRIER—IIERMAEENTREE, HAMAZHMNTBELRA ., EEHE
. RFBEAUFASERMUEE. ASPRIMUNT]. RE. BR, 6%
BIoris SEEANE, RUESZBARRMEMEHE—E. FE, NBERIMSHH
RitR, 5|ISFEBERNEHEE E0HCEERMLAE, HARENEI
SRR, BEFEIEFE TRERMUEEEESREE TIEPaytth it
AR AT IZRARIBAERG A, BEARENES, #H—SHREARERN
MBI ERARML, EAREZESREAUEEZEARTR, ESFEENAEH
RIZEN HWIBICRRRSEFRAVBIREGE ST (R RZEENVERIBAR S : 1.3, 5.4, 43, 12.2)
Course Description This course is an introduction to intelligent optimization algorithm, a simple and

systematic introduction of simulated annealing, genetic algorithm, particle swarm
optimization and other hot intelligent optimization algorithm. The content involves the
optimization mechanism, the flow, the technology, the example analysis guides the
algorithm application, highlights the practical technique and the structure unification.
At the same time, with the introduction of the latest research progress at home and
abroad, to guide students to learn ant colony algorithm, differential evolution and other
intelligent optimization methods, and the corresponding design and application




graduation requirements: 1.3\ 5.4, 4.3, 12.2)

research. By learning to make students understand the status and role of intelligent
optimization algorithm in control science and engineering, and the correct method to
solve engineering optimization problems. Through this course, to further expand the
optimization theory and technology of knowledge of the students master the basic
knowledge of the undergraduate intelligent optimization algorithm, and learning to lay
a solid theoretical foundation for students to enter the high level. (Corresponding to

RIEHF KN
Course Syllabus

HREBRR

Learning Outcomes

WRIZE

EEMl RIS

B 1: EEEMRA. SR FRSEREML
AR, FEESMEXIMIRATRABSLIUEE

RIAZiE)R .

1.3 EERUBAEE, 2
REEMRFREX

B#x 2: EIEN A Matlab RERIUR N EERKF
BHEERMNER.

5.4 §EIEF MATLAB {HE
M RIESE M B R E

&
Bi5 3: AN ERMUEESBERESFXNMML | 43 BRINERSTFE
[E]RRESK IR B « USSR SN o EEHIRE

T EREMUEETENENE LRI

Bfr4: 43

ARFNFEEE

122 THREREMILE AR
BARRIVRFEES

Learning Outcomes

Major Objectives

Objective 1: Master the knowledge of intelligent
optimization algorithms such as simulated annealing,
genetic algorithm and particle swarm optimization, and
apply it to solve complex engineering problems in
automation field.

1.3 Master simulated
annealing algorithm, genetic
algorithm and particle swarm

optimization

Objective 2: Grasp the application of MATLAB to
compile intelligent optimization algorithms such as
simulated annealing, genetic algorithm and particle

swarm optimization.

5.4 Intelligent optimization

algorithm can be realized by

using MATLAB simulation
software programming

Objective 3: The influence of parameters selection of
intelligent optimization algorithm on the speed and
convergence of optimization problem is analyzed and

evaluated.

4.3 Analysis of Intelligent
Optimizing Results and
Setting of Algorithmic

Parameters

Objective 4: Learn to focus on the forefront of the
development of intelligent optimization algorithms in the
field of the status quo and trends.

12.2 Pay attention to the
development status and trend

of automation

Topics

F1E fik REERL 9
AEH A AR R AR RS 6
AREAME S AR R T
11 SR i R SR 240 2




i

AR}

3)

filiik

v, BRI

SR W A, R B ) 2 A A I, s ) RS A T
YU B TC L A, AR/ R 2 N R, AR SR IR R 4y
1.2 HEERE

I [ R, 7S R

%2 & BB K (Simulated Annealing Algorithm, SAA) GEFE B#7 1, 2,

AFEH L BHUR KEER Sk Bt Tk

ARFEAE L AR KRS E

2.1 HREALLIR K SR S A

BRI, PELR KAUR K EIEHL, S IRBERTY, Sk 5 IR eE

2.2 BB K EERI BT
rgatl, RSP ARG IRSHAZREG B KRR IFERRE RN, Bk

IEHEN, SRS B

2.3 BEBUR KL R
BT BUR KA E AU SRS A BT 7L, TR KA

TSP 78 S AR o

% 3 & B (Genetic Algorithms, GA) GRRRE#7 1, 2, 3)

AR E T AR RE AR RN T T

AR A AL FLE TAESIMEIE ]

3.1 AL SARA

WAL SRR LT, SR SRR IR ANE S . FEAR S, R B
3.2 WLHEVAE R

BB AT, MR SEEN S IREERIR, A% S AU S

3.3 WLEER R

WAl XL A, . MR, BIRZLIEHEN . BESHUREL
3.4 BAEEERIR ]

BT REN RG YR, BT EE M TSP W78 5 AR .

%4 % R TFEEE(Particle Swarm Optimization, PSO) (&2 B #7 1, 2, 3)
W N EC I VAR 5 1 R R

AR B R R RE SRR T

4.1 Ry RS A




AR 0 N A 55 2 I P RS S L€/ G

4.2 R R SER BT

aA, RAEF RS, REMERE, AR, SERVERRRR, ZikdE
P

4.3 KRR SIS B H]

F TR RO B S A% s B A 1) R

%5 B HRtibEEEEN RERT P RMAGEB R 3, 4)

REE S T E A LENA(GA. PSO) PID 45 3 B8R E ik

ARFAME A RS A S R R GRS A

5.1 %T GA i) PID & g S HH 52

PID ZHU8E 5 I WUk, ARG IR B R G, SE N R BUIE$E, GA fALSs
RIS

5.2 51 PSO ¥ PID &8s 508 ¢

PSO Ak Z: Rt K5 GA RALEE BT LR RIS i), 4% i R (PR
PEL FRSENE) 73 Hrxt B

Chapter 1 Introduction (Objectives 1, 4)

Key points of this chapter: the classification of the optimization algorithm and the
computational complexity

1.1 Optimization problems and their classification

Optimization problem description, function optimization problems and
combinatorial optimization problems, deterministic and uncertain problems, constrained
and unconstrained problems, small and small problems, optimization algorithm
description and classification.

1.2 Computational complexity

Time complexity.

Chapter 2 Simulated Annealing Algorithm (SAA) (Objectives 1, 2, 3)

Key points of this chapter: the convergence analysis and design of the simulated
annealing algorithm.

2.1 Introduction and convergence of simulated annealing algorithm

The proposed algorithm is motivated by physical annealing and simulated
annealing algorithm, Markov chain, Markov chain description, and convergence of the
algorithm.

2.2 Design of simulated annealing algorithm

Initialization, state generating function, state acceptance function, annealing
function, sampling stability criterion, algorithm termination criterion, algorithm
parameter selection.

2.3 Application of simulated annealing algorithm

Based on the simulated annealing algorithm, the complex optimization and the
state production function are studied. Based on the simulated annealing algorithm, the
TSP is studied and the software is demonstrated.

Chapter 3 Genetic algorithm (GA) (Objectives 1, 2, 3)




The key points of this chapter: the genetic algorithm and design analysis

3.1 Introduction to genetic algorithms

The biological basis of genetic algorithm, the basic concept of genetic algorithm,
basic realization, characteristics and Application

3.2 Genetic algorithm theory

Implicit parallelism, Markov chain description of genetic algorithm, convergence
of genetic algorithm

3.3 Genetic algorithm design

Initialization, crossover, mutation, selection, population update, algorithm
termination criteria, algorithm parameter selection

3.4 Application of genetic algorithms

Based on genetic algorithm for system identification, genetic algorithm based on
TSP research and software demonstration

Chapter 4 Particle swarm optimization (PSO) (Objectives 1, 2, 3)

The key points of this chapter: particle swarm intelligence algorithm flow and
design

4.1 Particle swarm optimization algorithm

Particle swarm search example, particle swarm evolution mechanism, algorithm
flow and convergence

4.2 Design of particle swarm optimization algorithm

Initialization, state generating function, candidate selection, comparison / memory
mechanism, adaptive index, termination criterion

4.3 Particle swarm optimization and its application

Complex function optimization based on particle swarm optimization

Chapter 5 The application of intelligent optimization algorithm in the design
of control system (Objectives 3, 4)

Key points of this chapter: parameter tuning method of PID controller based on
Intelligent evolutionary algorithm (GA, PSO)

5.1 Parameter tuning of PID controller based on GA

PID parameter tuning problem description, construction of optimization problem,
selection of fitness function, analysis of GA optimization results

5.2 Parameter tuning of PID controller based on PSO

Analysis of PSO optimization results and comparison with GA optimization results
(optimality and convergence), control performance (rapidity, stability).
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2.2 Teaching / Discussion 1 .
Reading 1.2
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Reading 2. 3
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3.1 Teaching / Discussion 1 i Outcome 1
Reading
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3.2 Teaching / Discussion 1 .
Reading 1.2
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33 Teaching / Discussion 1 )
Reading I, 2
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Reading 2,3
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4.1 Teaching / Discussion 1 ) Outcome 1
Reading
4 ) ) ) Homework / Outcome
4.2 Teaching / Discussion 1 )
Reading 1.2
2 ) ] ) Homework / Outcome
43 Teaching / Discussion 1 i
Reading 2,3
2 ) ) . Homework / Outcome
5.1 Teaching / Discussion 1 i
Reading 3, 4
2 ) ) . Homework / Outcome
5.2 Teaching / Discussion 1 i
Reading 3, 4
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¥ RESEEZR 1. Wang L, Intelligent optimization algorithm and its application, Tsinghua
Textbooks & Other university, 2001, 1
Materials 2. Huang Y R Intelligent optimization algorithm and its application,, National Defense
Industry Press, 2008,1
3. Wang C X, Intelligent optimization algorithm and its application, Northwestern
University press,2012,1
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Syllabus of Construction Project Management

RIEEAKER

Course Information

RIZBTR

Course Name

I B &

Construction Project Management

FFighes s 2 BREBAAS
School BRERERR School Code 08
fAaRA Jaee RIZEIRA
Leader Team Members
RIS 2
Course Code 08106120 Credits 32
1R ip AT 3 LIS EERT 0
. s Lecture Hours Experiment Hours
R ) I
Course Hours = SCE% ST
Programming 0 . 0
Practice Hours
Hours
Home Hours
BR%L E L
Audience
RRIES
Language of Instruction 3
SRS b 2sr paderm st
Rz EEY, BEE,
rerequisite
ITHENEBEEEMANEERELMEREFENFR, B2 — 1K MHREA
Z8. HifRxTeEAEENERERH, B, EEZmMER~HENTTE,
MREPVEFEMEHEERARE. T, REXKBnkEtmEHRERER
R, RRE&ERENE, RAREKREH AR EIEENEN. NRENER
MHFEHRE, FEEMNNEEENERANS. EXREBMNELAFTEE—EBE
HE TR, AHELVENEMEEETEIT NILSEAM. BEXEEZNZESFE
FHERMIRMENERBNMTEAEK: BEE—cEWNEERE S EHEKRIER
MEIR, SFEMENS#E. NENIHEEFMNENTSSE, BF—EWmE
HAEENEESN; AEBNBEREEMEXRERE, EXAZMELXRSE, B
. ENETRRE, RE. BRERONSES.
RIZEN Construction project management is a discipline that studies the theories and methods

Course Description

of project management, and it is also a practical subject. The scope of the study covers
project investment, construction period, the project put into operation until the whole
process, the purpose of the study is to make the project management have achieved
the best results in the investment, construction period, quality and other aspects of the
three goals, investment benefit as soon as possible, the final recovery of investment
and achieve the purpose of investment value. The purpose of this course is to enable
students to have a comprehensive understanding of the basic content, basic principles
and basic methods of project management. By learning this course, students'
knowledge and ability to achieve the following basic requirements: basic theory and
knowledge of project management of the project, including project decomposition,
implementation process and the characteristics of the project, has a certain ability of
project organization management; familiar with the basic content and the basic




project schedule, quality and cost management.

principle and the method of the project the target management, the basic abilities of

RIZHF AN
Course Syllabus

WRIZEHR

Learning Outcomes

WRIZER

EEMl RIS

B#r 1: THIEEENEASS—RORIE

22, 55

Bir2: BENFREXSEMNIEEETE, MmBMEX. ¥
ftv Bk, @EMYER; BRHAKEED L

2.2

B#r3: AENEBGEENERRE, EARNSMELRS
%, BAENEEHRE. RE. BREENVILSEN.

5.1, 52

Learning Outcomes

Major Objectives

Outcome 1: Understand the basic concept and general process of
project management

22, 55

Outcome 2: Be able to work in the field of project management,
such as project planning, evaluation, construction, operation and
maintenance

2.2

Outcome 3: Be familiar with the basic principles, basic contents and
basic methods of project management, and be able to manage the
project schedule, quality and cost.

5.1, 52

HFEAR

Topics
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2. B REMIEMREEH
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1. BRI @it
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2. ERFIR A A5 47
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1.5 B 2R SR A
2. T B EARETE R, St SR

Chapter 1 Project and project management

The Key points of This Chapter: project and its characteristics, project
management, project organization, project team, project manager.

1 Project management

2 Project environmental knowledge

Chapter 2 Project selection

The Key points of This Chapter:various methods of project selection.

1 Elements of project selection

2 Project selection method

Chapter 3 Project scope management

The key points of this chapter: WBS formulation, scope audit and change control.

1 Project launch

2 Project scope planning

3 Project scope validation

4 Project change control

Chapter 4 Project time management

The Key points of This Chapter:activity definition, activity sequencing, duration
estimation and schedule planning.

1 Network planning technology

2 Project schedule planning

3 Project schedule change control

Chapter 5 Project cost management

The Key points of This Chapter: resource balance, earned value management.

1 Project resource planning

2 Project cost management

3 Earned value analysis

Chapter 6Project quality management

The Key points of This Chapter: quality planning, quality assurance, quality
control.




1 Project quality management plan

2 Project quality assurance and quality control

Chapter 7 Human resource management

The Key points of This Chapter: tools and methods of project human resource
management.

1 Project human resource management

2 Key tools and methods of human resource management

Chapter 8 Project procurement management

The key points of this chapter: procurement planning, supplier selection, contract
management.

1 Project procurement plan, inquiry planning

2 Procurement implementation

Chapter 9 Project risk management

The key points of this chapter: risk planning, risk identification, risk analysis, risk
monitoring.

1 Risk planning

2 Project risk identification and analysis

3 Risk monitoring and response

Chapter 10 Project communication management

The Key points of This Chapter: communication planning, performance reporting,
project conflict management.

1 Project communication planning

2 Project communication implementation

3 Project conflict management

Chapter 11 The overall management of the project

The key points of this chapter: project management.

1 Project Management Overview

2 Overall project management plan, implementation and control.
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3.2 1 Teaching. Discussion 1 Homework Outco;n €2\
3.3 1 Teaching. Discussion 1 Homework Outcome 3
3.4 1 Teaching, Discussion 1 Reading Outco;n €2\
4.1 4 Teaching 4 Reading Outcomel
4.2 1 Teaching 1 Homework Outcomel
5.1 1 Teaching 1 Reading Outcome 1
5.2 1 Teaching 1 Homework Outco;n €2\
53 2 Teaching. Discussion 2 Homework OI;\CO;H ¢
6.1 3 Teaching 3 Reading Outcomel
6.2 1 Teaching 1 Reading Outco;n €2\
7.1 1 Teaching 1 Reading Outcomel
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8.1 1 Teaching 1 Reading Outcomel
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9.1 1 Teaching 1 Reading Outcomel
9.2 1 Teaching 1 Homework Outcome?2
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10.1 1 Teaching 1 Reading Outcomel
10.2 0.5 Teaching 0.5 Reading Outcome?2
10.3 1 Teaching 1 Reading Outcome?2
11.1 0.5 Teaching 0.5 Reading Outcomel




11.2 0.5 Teaching 0.5 Reading Outcomel
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15 2 FRERI 20%
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Evaluation Percentage
Evaluation 1 Assignment 10%
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Evaluation 3 Final Exam 70%
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Materials Finance and Economics, 2009.

2. Kim Heldman, PMP Project Management Profentional Study Guide Second
Edition,2004
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Knowledge(fifth edition)
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Syllabus of Electrical equipment and low voltage distribution
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Course Information

RIEBTR

Course Name

BERESRELRR

Electrical equipment and low voltage distribution

o e EREEHIIEFMR e
FHRRE m e e
College of Information and 05
School . . School Code
Control Engineering
RA REhE RIZHIBA BlE
Leader Kang Zhongjian Team Members Electrical Machinery
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R 05303 7 3
Course Code Credits
iRt 40 SHUvical ) 8
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R 48 IR :
Course Hours N ) SEEERT
Programming 0 . 0
Practice Hours
Hours
RINERT 0
Home Hours
ERE Bzt
Audience Automation
BIRES i
Language of Instruction Chinese

FAZRIE

Prerequisite

AEYIE., BEES. EHBFRARF
College Physics, Circuit Analysis, Analog Electronic Technology, etc.

RIEE T

Course Description

KIRTZZ Bt & W FEAIPRIZIR
ZREFENFTHATERS, SHHEIN . BSITH ., #HicE, BEREFANR.
BMETEFFEERNRBNIR, FERTUHKEE. BI¥S, FFREZETES.
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L EIEARREE, BEBEMIR, EEEANBESZEMIN,
(XFRz e SR : 1.1, 4.1)

O ~h O N -

This course is a restricted course offered by automation majors. The main content of
this course is about transformers, various motors, electrical control, power supply and
distribution, electrical safety and so on. The aim is to cultivate students ' basic knowledge
of strong electricity and enrich their professional skills. Through learning, students master
the principle and parameter calculation of transformers and motors, and cultivate students '
ability to grasp the knowledge of magnetic circuit, transformer, AC DC motor, Low voltage




2. Master the working principle and parameter calcu

parameter calculation;

design.

knowledge of electrical safety.
(Corresponding to graduation requirements: 1.1,4.1)

electrical appliance, power supply and distribution, etc. Through experiments, exercise
students ' operational skills. The teaching goal of the course is:
1. Proficiency in magnetic circuit and calculation method;

lation of transformer;

3. Mastering the working principle of DC motor and three-phase asynchronous motor,

4. Grasp the principle of electrical control, and can carry on the basic control circuit

5. Learn basic knowledge of power supply and distribution, and master basic

RIEHF RN

Course Syllabus

RIZEAR

B ERIERR

B 1: BREAZEENSEFEARERL, RA5REEE)
WE A S & 2 TR0 .
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4.1 AITRISEIE A R

RIZER

Learning

Learning Outcomes

Major Objectives

Outcomes

Obijective 1: Understand and master the basic theory of motor
and electrical appliances, identify and express complex
engineering problems in the field of automation expertise.

1.1 Identification and expression
of complex engineering
problems

Objective 2: Aiming at the complex engineering problems in
the field of automation specialty in petrochemical industry, we
can use the theory of motor and electrical appliances to design
a feasible experimental scheme according to the characteristics
of the object under test/control.

4.1 Designing a feasible
experimental scheme

HFEHNE
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Chapter 1 The magnetic circuit (Learning Outcomes 1)

The key points of this chapter: Basic Law of magnetic circuit and analysis of AC core coil
circuits

1.1 Basic physical quantities of magnetic fields and their basic laws

1.2 Magnetic circuit calculation

DC magnetic circuit calculation, AC magnetic circuit calculation, AC core coil voltage
equation, AC magnetic circuit calculation, AC core coil voltage equation

1.3 Magnetic force

Magnetic force analysis and calculation, the damping measures and principles of
electromagnet
Chapter 2 Transformer(Learning Outcomes 1)

The key points of this chapter: Working principle of transformer and three-phase transformer

2.1 The structure and working principle of transformer

\oltage and current equations, under no-load and load of transformers

2.2 Working characteristics of Transformers

2.3 Three-phase transformer

The relationship between the magnetic circuit, voltage ratio and current voltage of three-phase
transformer

2.4 Special transformer

Principle of current transformer and self-coupling transformer

2.5 Experiment 1. Magnetic circuit and Transformer
Chapter 3 DC motor(Learning Outcomes 1,2)

The key point of this chapter: He (and) excited DC motor mechanical properties

3.1 Basic working principle and structure of DC motor

The basic working principle and structure of DC motors, DC motors, the relationship between
armature current and external current of generators

3.2 Armature potential and electromagnetic torque of DC motors

Derivation of voltage equations, electromagnetic torque equations

3.3 The mechanical properties of the He (and) excited DC motor, starting, braking, speed
regulation

3.4 DC generator

The principle of DC generators, self-excited generation process, self-excited generation
conditions

3.5 Experiment 2: Characteristics of DC motors
Chapter 4 Asynchronous motor(Learning Outcomes 1,2)

The key point of this chapter: Mechanical characteristics and control principle of three-phase
asynchronous motors

4.1 Basic structure and working principle of three-phase asynchronous motors

The generation of rotating magnetic field, the analysis of magnetic circuit, the relationship
between rotational speed and the number of magnetic pole

4.2 Electromagnetic power and mechanical characteristics of three-phase asynchronous
motors

Physical meanings of mechanical properties and power factors

4.3 The working characteristics of three-phase asynchronous motors

Relationship between mechanical properties and parameters

4.4 Start-up, braking, inversion and speed regulating of three-phase asynchronous motors

4.5 Single-phase asynchronous motor

The principle and magnetic circuit analysis of capacitance type, hood pole type and
phase-splitting single-phase asynchronous motor




4.6 Experiment 3: Control of three-phase asynchronous motor
Chapter 5 Synchronous motor and control motor(Learning Outcomes 1)
Key points in this chapter: Synchronous Motors and stepping motors
5.1 Synchronous Motors
Derivation of voltage equations of synchronous generators and motors
5.2 Servo motors, tachometer generators, stepper motors
Chapter 6 Relay Contact and control system(Learning Outcomes 1,2)
The key points in this chapter: Control circuits of common low voltage control apparatus and
three-phase asynchronous motors
6.1 Common low voltage control apparatus
6.2 Analysis of direct starting and negative-inversion control circuits of three-phase
asynchronous motors
6.3 Experiment 4: Use of main control appliances
Chapter 7 Basic knowledge of power supply and distribution(Learning Outcomes 1,2)
Key points of this chapter: Low voltage civil electric power supply mode, electrical safety
7.1 Low voltage distribution system structure and low voltage distribution equipment
7.2 Safety knowledge of electrical systems
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1. Yuan Weiyi Editor-in-chief, The motor and electrical control technology, Beijing institute of
technology press, 2003

2. Zhang Jihe Editor-in-chief, Fundamentals of motor control and power supply, Xi 'an
Jiaotong University Press, 2003
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Power electronics is a high-tech and it has developed very rapidly and been widely
used in recent years. As a professional course in the major of automation and
measurement and control, the focus of this course is mainly on the analysis of various
converter circuits. Through this course, the students should master the working
mechanism, switching characteristics and electrical parameters of SCR, IGBT and other
power electronic devices, and understand the basic principles of some power electronic
devices such as GTR, GTO, Power-MOSFET and so on; master the basic principles,
waveform analyses and quantitative calculation of the single-phase, three-phase
controlled rectifier circuit and the active inverter circuit , and the influence of various
loads (R, RL, RLE) on the circuit waveforms; master working principle, topology,
commutation method, waveform analysis and parameter calculation of the single-phase
AC voltage regulator control circuit, DC chopper circuit, passive inverter; be familiar
with the basic principle of PWM control method and waveform analysis of the inverter
circuit; understand the trigger, drive and protection methods of power electronic
devices. By learning this course, students can obtain the systematic and comprehensive
learning on power electronic converter circuits, controlling and driving, protection
methods and so on, which can lay the solid foundation for the professional courses in
the major of automation.
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Learning Outcomes
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Learning Outcomes Major Objectives

Objective 1: To understand and master the basic knowledge
of power electronics; To possess the ability of analyzing
power electronic circuits in the engineering issues of
automation.

1.3 Master engineering
fundamentals and expertise
for analysis of complex

engineering problems

Objective 2: To design the experimental scheme of the
power electronic device measurement and control system
according to the characteristics of the object to be
controlled and the knowledge learned.

4.1 Design feasible
experimental scheme based
on the characteristics and
professional knowledge of
measurement and control

objects
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Chapter 1 Introduction (Learning Outcomes 1)

The key points of this chapter: The concept of power electronic, the classification of
power conversion, the development of power electronics technology

The basic concept of power electronics, the status and characteristics of power
electronics, the development of power electronics, the application of power electronics

Chapter 2 Power Diodes and Thyristors (Learning Outcomes 1)

The key points of this chapter: The working principle of the thyristor; on-state
average current

2.1 Overview of power electronic devices

Characteristics and classification of power electronic devices

2.2 Power diode

The static and dynamic characteristics of power diodes; main parameters of the
power diode; major categories of power diodes

2.3 Thyristors

Four semiconductor structure of thyristor, the two-transistor model, positive
feedback principle, and off and on conditions of thyristor; static and dynamic
characteristics of the thyristor; main parameters; derived devices

Chapter 3 Single-phase Controlled Rectifier Circuit (Learning Outcomes 1, 2)

The key points of this chapter: Single-phase half-wave controlled rectifier circuit
with large inductive loads; single-phase full-controlled rectifier bridge with large
inductive loads.

3.1 Single phase half-wave controlled rectifier circuit

Resistance load; resistance-inductance load; freewheeling

3.2 Single-phase full-controlled bridge rectifier circuit

Resistance load; resistance-inductance load; EMF load

Chapter 4 Three-phase Controlled Rectifier Circuit (Learning Outcomes 1, 2)

The key points of this chapter: three-phase half-wave controlled rectifier circuit with
large inductive loads; fully controlled three-phase bridge rectifier circuit with large
inductive loads; leakage reactance effect of transformer on rectifier circuit.

4.1 Three-phase half-wave controlled rectifier circuit

Resistance load, natural commutation point, inductive load

4.2 Fully controlled three-phase bridge rectifier circuit

Circuit structure; working characteristics; two triggering methods; voltage waveform
of SCR; w aveform comparison of resistance load and resistance-inductance load control;
quantitative analysis.

4.3 The impact of transformer leakage reactance on rectifier circuit

Concept of commutation overlap and commutation overlap angle

Experiment 1 Test of Fully Controlled Three-phase Bridge Rectifier Circuit
(Learning Outcomes 1, 2)

Content: trigger adjustment and test of fully controlled three-phase bridge rectifier
circuit; test of fully controlled three-phase bridge rectifier circuit

Requirements: understand and master the working principle of fully controlled three-
phase bridge rectifier circuit; learn the adjusting and testing methods as well as the




precautions when using dual-track oscilloscope and instrument on the strong electrical
system; further deepen understanding of teaching knowledge through the actual test and

observation of the waveform; write the experimental report

Chapter 5 Active Inverter Circuit (Learning Outcomes 1, 2)

The key points of this chapter: conditions of active inverter, power balance
relationship and relative calculation of active inverter circuit

5.1 Concept of active inverter

Driving and generating state of DC motor; power transmission direction; conditions
of active inverter; forward series

5.2 Three-phase active inverter

Three-phase half-wave circuit; three-phase full-controlled bridge circuit; inverter
angle; waveform analysis; power balance relationship

5.3 Inverter failure and limitation of minimum inverter angle

Inverter failure; causes and harmness of inverter failure; the limitation of minimum

inverter angle

Chapter 6 Harmonics and Power Factor of Rectifier (Learning Outcomes 1, 2)

The key points of this chapter: Three-phase uncontrolled rectifier with capacitor
filter; current waveform of AC side; the function of DC side smoothing series inductor;
current harmonic and power factor characteristics of AC side; power factor formula and
physical meaning

6.1 Uncontrolled rectifier with capacitor filter

Using large capacitors filter, DC current, secondary current, voltage and phase
relation, without and with DC series inductor; calculation of average output DC voltage

6.2 Rectifier circuit, harmonics and power factor

Pollution on the grid generated by harmonics; non-linear load, distortion factor,
displacement factor, power factor formula and physical meaning; the relation between
displacement factor of single-phase full-controlled bridge rectifier and « , the relation
between power factor of single-phase full -controlled bridge rectifier and « ; current
harmonic of AC side and power factor characteristics of three-phase uncontrolled rectifier
with capacitor filter; output voltage and current harmonics of rectifier

Chapter 7 AC Power Control Circuit (Learning Outcomes 1, 2)

The key points of this chapter: Single-phase AC voltage regulator circuit with
inductive loads

7.1 Single-phase AC voltage regulator circuit

Resistance loads; inductive loads, output voltage and current waveform with
different o angles

7.2 Three-phase AC voltage regulator circuit

The structure of three-phase AC voltage regulator circuit; trigger mode; conduction

condition

Experiment 2 Test of Three-phase AC Voltage Regulator Circuit (Learning
Outcomes 1, 2)

Content: trigger circuit debugging; three-phase AC voltage regulator circuit with
resistance load




Requirements: understand and master the working principle of three-phase AC
voltage regulator circuit; learn the adjusting and testing methods as well as the
precautions when using dual-track oscilloscope and instrument on the strong electrical
system; further deepen understanding of teaching knowledge through the actual test and
observation of the waveform; write the experimental report

Chapter 8 Power Electronics Full-controlled Device, Drive and Protection (Learning
Outcomes 1, 2)

The key points of this chapter: characteristics of GTO, GTR, Power MOSFET and
IGBT, capacity queuing of common PE devices; switching speed queuing of common PE
devices; thyristor drive circuit, snubber protection circuit of PE devices

8.1 The common used power electronics full-controlled device

Introduction to the main characteristics of GTO, GTR, Power MOSFET and IGBT

8.2 Drive circuit

Drive circuit of thyristor, Flux reset

8.3 Protection of PE device

Overvoltage protection and overcurrent protection, the effect of the buffer circuit

Chapter 9 Passive Inverter Circuit and PWM Control Technology (Learning
Outcomes 1, 2)

The key points of this chapter: Four commutation methods and typical cases; single-
phase half-bridge inverter circuit; single-phase bridge inverter; SPWM control method.

9.1 The basic principle of passive inverter and commutation methods

Four commutation methods and commutation off principle, typical cases

9.2 Voltage source inverter

The topologies and the control strategies of the single-phase half-bridge, single-
phase full-bridge, three-phases bridge inverters

9.3 Current source inverter

The commutation principle of single-phase current source inverter circuit (parallel
resonant) series-diode thyristor inverter and the function of the series-diodes

9.4 PWM inverter and control strategy

Equivalent Area principle of PWM; two- and three-level PWM, PWM modulation
ratio, PWM control strategy; output voltage waveform and methods to change output AC

voltage

Chapter 10 DC Conversion Circuit (Learning Outcomes 1, 2)

The key points of this chapter: Buck (with LC filter) and boost DC chopper circuit

10.1 Buck (with LC filter) DC chopper

Circuit structure, working principle and waveform analysis (current continuous,
intermittent), quantitative calculation

10.2 Boost DC chopper

Circuit structure, working principle and waveform analysis (current continuous,

intermittent), quantitative calculation

Experiment 3 DC Chopper Circuit and PWM Controlling Method (Learning
Outcomes 1, 2)
Content: use the full-controlled device to form the DC chopper circuit and observe




its working state and waveform; change the pulse duty cycle of PWM wave, observe and

record output voltage waveform of DC chopper circuit; test the controlling characteristics

of chopper circuit

Requirements: understand and master the working principle of DC chopper circuit

and PWM control; learn the adjusting and testing methods as well as the precautions

when using dual-track oscilloscope and instrument on the strong electrical system; further

deepen understanding of teaching knowledge through the actual test and observation of

the waveform; write the experimental report
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Syllabus of Control Systems of Electric Drives

RIEEAKER

Course Information
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Course Name
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Control Systems of Electric Drives

=R5IEHI TSR
RS - 7 ERIRR
RIS College of Information and Fraptiss 05
School ) ] School Code
Control Engineering
. BB R BaiEH R G B EH
EIN BBl RAZEIBA @
Leader KANG Zhongjian Team Members
Control Theory
TRIZLRAE ¥
2RI 05304 i 2
Course Code Credits
iRt ’8 SHUvical ) A
. " Lecture Hours Experiment Hours
PIoER . e P
Course Hours * ) SCRE AT
Programming 0 . 0
Practice Hours
Hours
RINFERT 6
Home Hours
ERE Bzt
Audience Automation
RIRES thyr
Language of Instruction Chinese

FAZRIE

Prerequisite

HEHLSHE. BABTFRA. BaiTHRE. RIBFHA
Motor and Electrical Appliances, Power Electronics, Automatic control principle,
Analog Electronic Technology
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Course Description

FRERBHUTUN—TEWRIERE, ERSIEREENLEIH
—EZLiREE, ZRISHEEE. BHETFER. BaEHREFRIENEL
W2 FEBEARENFS, EEERENTIERERE. BRGEMEERS
LHfr R, EMERERIEHIRE. FEER PWMIERARR. RERFAFEER
ARG RE AR AR EEH, BN TS AREF PID 2 HIBIK; T H2 SVPWM i
IR, BRFERBERGHTIFLEHETREHES, HIERAESE
Hl R G R TH FILEP T SF Bl

This course is a restricted course for measurement and control specialty, it is a
very important and professional course, and based on “electrical motor and electrical
appliances, power electronic technology, and automatic control principle” and so on.
Through the learning of this course, students can master the speed regulation method
of dc motor and the structure of the speed control system, understand the concept of
feedback control, PWM speed regulation method. At the same time, students must
learn about closed-loop speed control, speed detection method and PID control
algorithm, understand the concept of vector control such as SVPWM technology.




Through this course, students have the ability to design and develop motion control
system, lay a solid theoretical foundation to enter the high level.

RIEHF KN
Course Syllabus
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Learning Outcomes
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SRR R

Learning Outcomes

Major Objectives

Objective 1: Understand and master the concept of
AC/DC motor speed control system and the composition
Ability
theoretical knowledge to analyze the identification and

of process control. to apply professional

expression of system control problems.

1.1 Grasp the basic
knowledge of mathematics,
natural science and
engineering for identifying
and expressing complex
engineering problems in
automation field, and apply
the knowledge to
identifying and expressing

engineering problems.

Objective 2: Through literature research, aiming at the
control problems of AC/DC motor speed control system,
the design objectives can be determined according to the
user's needs, and the solutions can be optimized from the
technical point of view to obtain effective conclusions.

Objective 3: Through literature research, aiming at the
control problems of AC/DC motor speed control system,
the design objectives can be determined according to user
needs, and the solutions can be optimized from various

angles to obtain effective conclusions.

2.4 Through literature
research, we can realize
that there are multiple
options to solve the
problem. We can analyze
the complex engineering
problems in the field of
automation in petroleum
and petrochemical
industries from the
perspectives of
mathematics, natural
science, engineering
foundation and automation
expertise, and obtain

solutions.
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R-B-REETIRE; Z-XLEETINR.

5.4 IFSZRKZEIAHIRA

PWM AR, SPWM EARE, EX~EMER, TEX3H RS
M

5.5 HEFEXEIFHIFAR

FEREMNES, ZHBRNBENE FREESE THESEXENXR, =1
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Chapter 1 Introduction

The key points of this chapter: the composition of the motion control system, the
torque control law and so on.

Composition of the motion control system, the torque control law and load torque
characteristic of motor in field.

Chapter 2 DC speed control system with speed feedback

The key points of this chapter: working principle, amplification factor and transfer
function of the controllable DC power supply, control law and performance analysis of
DC speed regulation system with speed feedback

2.1 Controllable DC power supply for DC speed regulating system

working principle, amplification factor and transfer function of thyristor rectifier
and PWM converter

2.2 Steady performance and mechanical characteristics of DC speed regulation
system

Requirements for speed control and steady state and open loop performance of DC
speed regulating system

2.3 DC speed regulating system with speed feedback

Mathematical model of DC speed regulation system with speed feedback,
Proportional control, Proportional integral control and steady state error analysis of DC
speed regulating system.

Chapter 3 DC speed control system with speed and current feedback

The key points of this chapter: composition, static characteristic, dynamic
mathematical model and dynamic process analysis of DC speed regulating system with
speed and current feedback.

3.1 Composition and static characteristics of DC speed regulating system with
speed and current feedback

Composition, steady state structure diagram and parameter calculation of DC speed
regulating system with speed and current feedback.

3.2 Mathematical model and dynamic process analysis of DC speed regulating
system with speed and current feedback

Dynamic mathematical model, analysis of starting process and dynamic disturbance

3.3 Design of DC speed regulating system with speed and current feedback

Dynamic performance, engineering design method of typical | system and Il system
regulator.

Expl: Testing parameters of DC speed regulating system




Testing parameters of dc motor, flat wave reactor, the armature circuit and I/O
characteristic of rectifying device, detecting device characteristics.

Exp2: Research on dynamic characteristic of irreversible double closed-loop dc
speed regulation system

Debug dynamic characteristics of double closed loop speed regulation system,
compare static properties of single closed-loop system with that of double closed-loop
system, and analyze the effect of parameters on the performance of the system.

Chapter 4 Reversible DC speed regulating system

The key points of this chapter: problems and solutions of reversible DC speed
regulation system

4.1 DC PWM reversible speed regulating system

Bridge reversible PWM converter, the transition process of system speed reverse,
energy feedback.

4.2 VV-M reversible DC speed regulating system

Main circuit and circulation, reversible V-M system with circulation, reversible
V-M system with no circulation, the transition process of system speed reverse

Chapter 5 Asynchronous motor speed regulating system based on steady state
model

The key points of this chapter: the basic principle of VVVF, mechanical
characteristics of asynchronous motor, the main types and working principle of VVVF,
basic principles of SPWM, the concept of space vector and voltage space vector
modulation and so on.

5.1 Steady state mathematical model and speed regulation method of asynchronous
motor

Steady state equivalent circuit, mechanical characteristics, speed regulating method
and air gap flux of asynchronous motor.

5.2 VVVF of asynchronous motor

The impact of air-gap flux to motor performance, flux-weakening control,
mechanical characteristics of induction motor with constant voltage and constant
frequency sine wave and so on.

5.3 Power electronic inverter

AC-DC-AC converter, AC / AC converter

5.4 Sine Pulse Width Modulation

Overview of PWM technology, basic principle of SPWM, cause of dead zone,
influence of dead zone on output waveform

5.5 Voltage space vector modulation

The concept of space vector, The relationship between stator terminal voltage and
stator flux linkage of three phase induction motor, voltage space vectors of three-phase
full bridge voltage source PWM inverter, VVoltage space vector modulation (SVPWM).

5.6 VVVF speed regulating system with speed open-loop

VVVF speed regulating system with speed open-loop.
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1. Ruan Yi, Chen Bo-shi, Automatic control system of electric drive -- motion control
system (Fifth Edition), Machinery Industry Press, 2016.
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system (Fourth Edition), Machinery Industry Press, 2012.
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Industry Press, 2009.
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Syllabus of Automatic Control Principle

RIEEAKER

Course Information

SFEHA
- B SR

Course Name )
Electrical Measurement and Control Technology

EREERITIIEFMK
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School ) ] School Code
Control Engineering
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Leader KANG Zhongjian Team Members
Control Technology
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Course Code Credits
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. " Lecture Hours Experiment Hours
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Course Hours * ) SCER AT
Programming 0 i 0
Practice Hours
Hours
RINFERY -
Home Hours
ERE Sk
Audience Automation
RRES L3878
Language of Instruction Chinese
s B 7 BHSEE. EUBEFEAR. BFBETRKR, BaithHRES
- E Motor and electrical appliances, analog electronic technology, digital electronic
Prerequisite

technology, automatic control principle, etc.

(BSMERAR) BMERARSLBFEZWH—ITEEZIR. EEZWHRBESNE
RRBELMENR, BEESREEL. HFESLESE BSNERELE
736 BT HAESIRAR KB SINE RIZFIR KM 5 AR BRHEFRAREBR ST
HHHNAYE, 2—EEMMNAMRBENTLEEZR. BERRIENFES,
fEFE ZREE UNEFME SIEFINEMIPILTG X, EBHTHERSEFRNR
TSR ARSI ,; ZREBSMEMRMERBNRIBMERS X, A
WRIZRE T RRMEMAFRRITIEN R RS TS EM. GIREIER: 4.1, 10.1)

Course Description ) . .
Electrical measurement and control technology is an elective course of

automation. This course focuses on sensors and instrument for -electrical
measurement, signal acquisition theory for electrical measurement, methods for digital
signal processing, and measurement error processing, realization of electrical
measurement and control based on microcomputer, and the application of automatic

control in the field of electrical. It is a comprehensive and highly specialized limited

course. By learning to enable students to master the basic theory and method of




electrical measurement and control, be able to carry out parameters measurement and
system control for specific electrical application, grasp the operation principle and use
method of sensors and instrument for electrical measurement, lay the initial

foundation for future scientific research and solving the engineer application..

(Corresponding to graduation requirements: 4.1, 10.1)

RIEHF RN
Course Syllabus
wEBR EEl KR AR
- N X — 4.1 $Hxf B GUER
B 1 RMBstae SN B AL A, ey | - T BEHER
O S A TE A T STHRERE, &I AITRY
IR, WITEENEIIMAR. g
KWER
7 2: WEEIERT SIS B AT AR TS, \
B )Hﬁfiﬁuim* N5 REVATITIERE T2 0.1 TR R
BIBAPM AR ITHR S .
B2 BT Learning Outcomes Major Objectives

Learning Outcomes

4.1 Can design a feasible
Objective 1: Can apply professional knowledge to design | experimental scheme for

reasonable implementation solutions for complex electrical engineering
problems related to electrical measurements. problem in the field of
automation.

Objective 2: Can summarize the feasibility and design . .
] . ] o 10.1 Can write design
process of the previously designed implementation into a »
reports.

design report.
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Chapter 1 Basic Knowledge of Measurement (Learning Qutcomes 1,2)

The key points of this chapter: Definition of measurement, Objects of electrical
measurement and control

1.1 Definition and method of the measurement

The concept and definition of the measurement, three steps for measurement, and
measurement methods.

1.2 Object of electrical measurement and control requirement

Motor and Power system are the objective. The voltage, current, power, active
power and reactive power can be measured according to different requirements. motor

control, reactive power compensation




Chapter 2 Error Analysis (Learning Outcomes 1,2)

The key points of this chapter: Classification of measurement error, error source
analysis, effective digital

2.1 The basic concept of measurements

The basic concepts involved in the measurement, measurement data, type of error,
the error representation and analysis method

2.2 The existing problems of error analysis for a specific object

Requirement of motor control and power system control, selection of error analysis
method, the existing problems to be solved.

Chapter 3 Sensors and the Signal Processing Circuit (Learning Qutcomes 1)

The key points of this chapter: Working principle and selection method of sensor,
Design of signal processing circuit.

3.1 Working principle and selection method of sensor

Types of sensors and the application method of power and non-power
measurement.PT, CT commonly used in power, the application method of voltage and
current sensor.

3.2 Design of signal processing circuit

The working principle of the sensor, the appropriate signal processing circuit will
be designed to meet the sensor output signal. The types and selection method of
operational amplifier.

Chapter 4 The Principle of Electrical Parameters Measurement (Learning
Outcomes 1)

The key points of this chapter: Measurement method of resistance, inductance, and
capacitance, the measuring principle of speed, voltage, current, and power.

4.1 Measurement method of resistance, inductance, and capacitance

The measurement principle and the realization method of resistance, capacitance,
and inductance.

4.2 Measurement method of motor speed.

Different methods used in motor speed, photoelectric encoder, and measurement
method using photoelectric encoder to measure frequency and period.

4.3 Measurement method of voltage, current and power.

Basic principle and implementation of voltage, current and power measurement.
synchronous motor.

Chapter 5 Digital Realization of Electrical Measurements (Learning Qutcomes
1))

The key points of this chapter: A/D converter index, Digital realization of electrical
measurements.

5.1 CPU Selection and peripheral circuits

The types of CPU and the application area of different CPU. A/ D converter,
measurement channels design and specification.

5.2 Digitization method

Basic principles of discretization and quantum, sampling theorem, digital signal
processing methods.

5.3 Input and output isolation circuit

Isolation of on-off signal, transmission and isolation of analog signal.

5.4 Introduction of commonly used control unit

Motor control unit, dc motor control, ac motor control, selection method of drive
control circuit used in motor control.

Chapter 6 Examples of Electrical measurement Control (Learning Outcomes




1,2)

The key points of this chapter: motor control, the control of power system.

6.1 Motor control

The application area of motor control, scheme and realization of the hardware and

software design method, motor control according to different requirements.

6.2 Power system control

The power system control, voltage, current, and power measurement method,

design idea of reactive power compensation and automatic switching device, the

hardware circuit of reactive power compensation and automatic switching device.
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Syllabus of Industrial process modeling

RIEEAKER

Course Information

RIEBTR

Course Name

TuliFF2EE

Industrial process modeling

N SRS H TIEFR s L
FriRBEE T > BRERILED
College of Information and 05
School ] ] School Code
Control Engineering
R A RERE RAZHIBA vt ]|
Leader Kang Zhongjian Team Members Advanced Control
RIEYmAG ¥
AR 05156120 7 2
Course Code Credits
i FRt 26 SLIG R 6
. " Lecture Hours Experiment Hours
EIoER . e P
Course Hours * ) SCER AT
Programming 0 i 0
Practice Hours
Hours
BN
RINF AT 24
Home Hours
ERE Sk
Audience Automation
RRES L3878
Language of Instruction Chinese

Fi2iRTE BaEHlRE . MR SHIRST
Prerequisite Automatic Control Principle. Probability theory and mathematical statistics
T IR ERE A BT ARERM—TIR2R, LEETEMUEREXE

. BEARIENFS, FFEZETIEREEENERGELSSEARSE, A&
BEAXREZERE, EEWIERNRANGESMEREELN Matlab (AESXI, TH
Matlab R R T RENTEERERFZE, FREM Matlab TREE; 15
AEERAAFEREI T EBHFEENEEN. RN LRES. (MK
EEMPEESKR: 1.3, 22, 4.1, 4.3)

N Industrial process modeling is an elective course for undergraduate students

RIZEN

Course Description

majoring in automation, also suitable for automation related majors. Through this
course, make students master the basic concepts and basic methods of modeling
industrial process, familiar with the basic algorithm, master MATLAB simulation input
signal for identification of commonly used and basic algorithm, understand Matlab
software system identification toolbox function and method of use, learn to use the
MATLAB toolbox; students learning ability theory the establishment of the
mathematical model of the industrial process. Pay attention to the development trend of

identification. (Corresponding to graduation requirements: 1.3, 2.2, 4.1, 4.3)
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SHE, B TITORASE. SRR
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— . sz . o A=) 43 I\i “TL’«\\ ’ N
R, SwE, tEEsaEns | oS
EAELEL. i
. _ Learning Outcomes Major Objectives
RIZER

Learning Outcomes

Objective 1: Understanding and mastering the basic
concepts of industrial process modeling and its main
engineering applications.

1.3 Mastering Basic

Professional Knowledge.

Objective 2: Understanding the common input signals
and classical identification algorithms in industrial
process identification, and can grasp the choice of
parameters in model identification.

2.2 Industrial Modeling

Objective  3:
identification scheme and the characteristics of the object

According to the specific system
under test, the feasible implementation steps are

designed.

4.1 Design the experimental
scheme.

Objective 4: To collect and process the experimental data
correctly, to model, analyze and explain the experimental
results, and to get reasonable and effective conclusions
through information synthesis.

4.3 Processing experimental
data,
interpreting

analyzing and
experimental

results.
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Chapter 1 Introduction (Learning Outcome 1)

1.1 Master the basic concepts of system identification, the general steps of system
identification

1.2 Prerequisites

Chapter 2 System Identification Common input signals and classic
identification methods (Learning Outcome 2)

The key point of this chapter: The statistical properties of white noise signals,
the production method and program implementation and the statistical properties
of pseudo-random signals, the method of generating and the implementation of the
program.

The difficulties of this chapter: The statistical properties of pseudo-random
signals.

2.1 White noise signal and its generating method

2.2 Pseudo-random signal and its generating method




2.3 Correlation analysis

2.4 Time domain identification of transfer functions

Experiment 1: Generation of Input Signals (White Noise, M Sequence) Method
and Correlation Analysis Method Identification and Step Response Identification

In the matlab programming environment to generate white noise and pseudo-random
sequence of the program, simulink environment in the establishment of dual-capacity tank
model to achieve step response identification and correlation analysis identification.

Chapter 3 Least Squares Method (Learning Outcome 4.)

The key point of this chapter: The basic idea of least square estimation,
statistical properties and algorithm derivation.

The difficulties of this chapter: The basic idea of least square estimation,
statistical properties and algorithm derivation.

3.1 Least square estimation and its statistical properties.

3.2 Completion Algorithm for Least Squares Estimation

3.3 Recursive algorithm

Experiment 2: Based on Matlab self - identification toolbox design experiment

Self-group dual-capacity water tank, collecting data, complete the least squares
identification

Chapter 4 Other various least squares methods (Learning Outcome 4)

The key point of this chapter: Increasing the least squares method, generalized
least squares method, Auxiliary variable method.

The difficulties of this chapter: The derivation of limited memory method.

4.1 Forgetting factor method

4.2 limited memory method

4.3 Increasing the least squares method

4.4 Generalized least squares method

4.5 Auxiliary variable method

4.6 Multi-stage least squares method

Chapter 5 Determination of model order and closed - loop system identification

(Learning Outcome 3)

The key point of this chapter: F test method, AIC Code of Law.

The difficulties of this chapter: Closed-loop system identification.

5.1 Hankel matrix method

5.2 Determinant method

5.3 F test method

5.4 AIC Code of Law

5.5 Closed-loop system identification

Experiment 3: Based on Matlab self - identification toolbox design experiment

According to the experimental requirements from the group of dual-capacity water
tank, collecting data to complete the auxiliary least square identification and order
identification.

Chapter 6 Least Squares Application Case Study (Learning Outcome 4)

The key point of this chapter: Several important parameters of heating furnace
are collected and identified and modeled.

The difficulties of this chapter: Siemens PCS7 software and multi-functional
over-control training system SMPT-1000 learning.
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Textbooks & Other 1. Wang Shubin, "system identification and adaptive control preliminary", Jilin
Materials University press 2017,8, first edition
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edition
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Syllabus of Technology of Computer Simulation for Control System

RIEEAKER

Course Information

RIEBTR

Course Name

EHRGHERAKR

Technology of Computer Simulation for Control System

— EESIEHITIIERKR s L
FriRRE AR FEERRAD
College of Information and 05
School . School Code
Control Engineering
R A R RIZERA EH R
Leader KANG Zhongjian Team Members Control Technology
- -
R 0511412 i 2
Course Code Credits
e EAY 26 SLIG R 6
. o Lecture Hours Experiment Hours
EETD . et E
Course Hours - SERR R
Programming 0 . 0
Practice Hours
Hours
WRIMNERT 26
Home Hours
ERE Sk
Audience Automation
RRES L3878
Language of Instruction Chinese

FAZRIE

Prerequisite

SEHFE. BRSO BB TR, BaEHlRE. IREHIELE
Advanced Mathematics, Circuit Analysis, Analog Electronic Technology, Automatic
Control Principle, Modern Control Theory, etc.

WRIZRE AT

Course Description

EHRSHERAZRUZSERIBRAEM, LUTENREBERNREAT
B, BEERSSRM AR AR EBN—VEEMHRE, TERZFEND
BXARHRGHENELAFSNRE, THRGHAFEREFNERANAER
. BEXRENFS, 2ENEERHRGHFHENERR NG E, $3
SERROIRE REIEFAMIERME A, B FEEE., mHHERERF, TR RS
ITHEMSR; VIZEBIRHRSGIRITEES, 21 MATLAB IE5HNEARFERGE
BREFEHRGHELNORNA. (FREEEXK: 1.3,2.3,4.3,5.4)

Technology of computer simulation for control system is a comprehensive course
which analyzes and solves problems by using the method of virtual experiment. This
course is based on many disciplines and takes computer and corresponding software
as tools. This course mainly introduces the basic concept and principle of simulation
for control systems, simulation programs of control systems and simulation software
to students. Through learning this course, students should master the basic concepts
and methods of digital simulation for control systems. For practical problems, students
could study the simulation of control systems by choosing suitable simulation
methods, establishing simulation models and completing simulation program.




requirements: 1.3, 2.3, 4.3, 5.4)

Moreover, students should study MATLAB and master its basic operations and
applications in simulation of control systems. (Corresponding to graduation
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Learning Outcomes

Major Objectives

Obijective 1: Understand the basic principle and function
of simulation; master the representation and conversion
method for different mathematical models of control
systems; master the simulation method for different
mathematical models; master the characteristics of
different simulation methods; grasp the status and trends
of the development of simulation technology.

2.3 Model
verification

reasoning and

Objective 2: Master the numerical integration method
for differential equations; master the numerical
discretization method for linear state space models;
master the frequency domain discretization method for
transfer function models; master the simulation method
for sampling control systems.

1.3 Basic
simulation

knowledge of

Objective 3: Master the MATLAB software; master the
simulation algorithm programs for typical mathematical
models; master Simulink modeling and simulation
methods; use the Simulink tools to construct the system
models.

5.4 Control
simulation method

system

Obijective 4: Master the method of data processing; have
the ability to analyze the correctness of the experimental
results and obtain effective conclusions according to the
simulation data.

4.3 Experimental verification
of simulation algorithm
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Chapter 1 Introduction (Course objective: 1)

The key points of this chapter: Classification of simulation methods;
Basic concepts of digital simulation

The difficulty of this chapter: Simulation examples of control system

1.1 Classification of simulation methods and simulation experiments of control
systems; Basic concepts in system simulation; Relationship among system, model
and simulation.

1.2 Basic process and steps of digital simulation; Digital simulation software and
application of simulation technology in engineering.

Chapter 2 Foundations of Matlab and Simulink (Course objective: 3)

The key points of this chapter: Compositions, components, and integrated
environment of MATLAB; Control system toolbox

The difficulty of this chapter: Master the programming language of MATLAB

2.1 Introduction of MATLAB

The compositions, components, and integrated environment of MATLAB; General
commands of MATLAB; The basic knowledge, basic operation and data structure of
MATLAB; The foundations of matrix and matrix operation; Drawing; Data processing
(solution of linear algebra equations and numerical solution of ordinary differential
equation); Flow control structures; Programming and debugging of MATLAB.

2.2 Introduction of control system toolbox and Simulink

Basic knowledge of Simulink; Simulation method of Simulink; Analysis and
simulation of nonlinear systems.

Chapter3 Mathematical model and transformation of control systems (Course
objectives: 1,3,4)

The key point of this chapter: The conversion between internal models and external
models

The difficulty of this chapter: The conversion of system model with non-zero initial
value

3.1 Mathematical model of linear continuous-time systems

Model transformation and implementation issues; Linear continuous-time systems
and linear discrete-time systems; Transformation of the initial state.

3.2 Model transformation based on MATLAB

System simplification of systems described by block diagram; Model
transformation based on MATLAB.

3.3 Model transformation of block diagram

Structures of control systems (series, parallel and feedback) and topology
description; Digital simulation of block diagram.

3.4 Experiment 1: Simulation based on state equation

Chapter 4 Digital simulation of control systems (Course objectives: 2,4)

The key points of this chapter: Iterative formula of Runge-Kutta method; Time
domain and frequency domain discretization methods

The difficulty of this chapter: Master Runge-Kutta method
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4.1 Numerical integration method

Euler method; Two-order Runge-Kutta method and Four-order Runge-Kutta
method; Digital simulation of high-order differential equations.

4.2 Time domain discretization digital simulation of continuous-time systems

Time domain discretization similarity method for digital simulation of
continuous-time systems; Computation of the state transition matrix; Method of
augmented matrix; Discretization similarity method for digital simulation of block
diagram; Digital simulation of nonlinear systems.

4.3 Frequency domain discretization similarity method

Method of replacement; Method of zero pole matching; Adjustable integration
method.

4.4 Experiment 2: Simulation of time domain discretization similarity method

Chapter 5 Digital simulation of sampled data control systems (Course
objectives: 2,4)

The key points of this chapter: Mathematical model of sampled data control

systems; Digital PID control algorithm

The difficulty of this chapter: Simulation model of delay link

5.1 Sampled data control systems

Structure of sampled data control systems; Mathematical models of sampled data
control systems; Difference between discretization similarity method for continuous
systems and sampled data control system; Sampling period and simulation step.

5.2 Digital controller of sampled data control systems

Difference model conversion of controller under different sampling periods; Digital
PID control algorithm.

5.3 Simulation model of delay link

5.4 Experiment 3: Simulation of sampled data control systems
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Syllabus of Computer Control
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Course Name

Computer Control
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College of information and 05
School ) ) School Code
control engineering
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Leader Kang Zhongjian Team Members Computer Control
7oy -
RI2RE 05115 ?—ﬁ 5
Course Code Credits
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LN
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z . E Automatic control principle, modern control theory, microcomputer principle,
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3.2, 4.1, 54)
N This course focuses on the composition, structure and development trend of
EZEEER) P b

Course Description

computer control system, design theory of digital controller, and the engineering
design and integrated application of computer control system. Through learning this
course, the students can master the relevant theory and practical knowledge of
computer control system design. Also, enhance the ability of students to design
feasible control schemes based on the professional theory and the characteristics of the
measured/controlled objects for the complex engineering problems in the field of
automation. In the process of system design, promote students to develop a scientific
and rigorous attitude by taking full consideration of the problems of reliability,
sustainability and so on. It lays the necessary foundation for the students to enter the
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follow-up graduation design, engineering practice and other links. (Index points
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Learning Outcomes

Major Objectives

Objective 1: By consulting the literature and
understanding the latest progress of computer
control system and control method, put forward
feasible digital control ideas through theoretical
and engineering analysis for specific control
problems.

2.4 Consulting literatures

Objective 2: Master the design theory of data
controller, carry out theoretical analysis of the
system, master the engineering implementation
process of control algorithm.

3.2 Control algorithm

Objective 3: In view of the process control
problem in the field of automation in petroleum
and petrochemical industry, design a specific
experimental scheme based on the design theory
of digital controller and the characteristics of the

object.

4.1 Experimental scheme design

Objective 4: According to the experimental
scheme, select the appropriate software and
hardware tools, and carriy out the specific
experimental research. Analyze the control results
theoretically, discuss the shortcomings of the
control scheme, and put forward the feasible

improvement scheme.

5.4 Use modern tools
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Chapter 1 Introduction (Objectives 1, 3, 4)

The key points of this chapter: Working principle of computer control system, the
composition and the classification of computer control system

The difficulty of this chapter: Composition of computer control system, distributed
and field bus control system

1.1 Composition of computer control system
Definitions of auto-control, computer control, concepts of real-time, on-line and offline
control, basic composition of computer control system.

1.2 Typical forms of computer control system




Introduce typical forms of computer control system including operation guidance system,
direct digital control system, supervisory control system, distributed control system, fieldbus
control system, computer integrated manufacturing system. Master the difference and
application area of various forms of computer control systems.

1.3 Development trend of computer control system

Understand the development history of computer control system, development history of

computer control system theory and future development trend of computer control system.

Chapter 2 Hardware design technology of computer control system (Objectives 1, 3,
4

The key points of this chapter: The hardware system of computer control system,
structures of analog input channel, analog output channel, switching value input
channel, switching value output channel

The difficulty of this chapter: Concept and type of the bus, the typical processing
link of all kinds of channel information

2.1 Hardware system of computer control system

Introduce main hardware of computer control system and the lectotype.

2.2 Structure of digital input/output interface and process channel

Structure of digital input/output interface and process channel and introduction of various
digital input/output modules.

2.3 Structure of analog input/output interface and process channel

Structure of analog input/output interface and process channel and introduction of
various analog input/output modules.

Chapter 3 Conventional and complex digital control technology(Objectives 2, 3)

The key points of this chapter: Design method of controller continuous and
discretization, principle of PID controller and improvement measures, design of
minimum beat control system

The difficulty of this chapter: Discrete method, design of minimum beat and no
ripple system

3.1 Sampling system theory

Introduce signal sampling theory, z transform theory and difference equation theory,
achieve the theoretical connection with the previous courses

3.2 Continuous design of digital controller

Continuous design idea of digital controller, discretization method of continuous
controller (forward difference, backward difference, bilinear transformation), discrete design
and improvement measures of PID controller.

3.3 Discrete design method of digital controller

Design principle and realization of minimum step control.

3.4 Pure lag control technology

Design principle and computer realization of smith predictive controller.

Chapter 4 Modern digital control technology (Objectives 2, 3)

The key points of this chapter: Discretization method of continuous state equation,
output feedback design and pole placement design method

The difficulty of this chapter: Design control law by pole assignment




4.1 Output feedback design based on state equation

Discretization method of continuous state equation and steps of output feedback design.
4.2 Pole placement design method based on state equation

Design control law based on pole placement and design of tracking system.

Chapter 5 Application program design and implementation of computer control
system(Objectives 2, 3)

The key points of this chapter: Structure of engineering digital controller, scale
transformation and configuration software and its using method

The difficulty of this chapter: Problems in the structure and design of engineering
digital controller, scale transformation

5.1 Pretreatment of the measured data

Measurement calibration and scale transformation.

5.2 Engineering realization of digital controller

Structure of engineering digital controller and reliability and flexibility issues of digital
controller in engineering design.

5.3 Industrial configuration software

Functions of general industrial configuration software including control configuration, .
flow chart configuration, trend curve configuration.

Experiment 1: Data acquisition and output

Experiment 2: Designing PID control system by Matlab

Chapter 6 Anti-jamming technology(Objectives 1, 3, 4)

The key points of this chapter: Differential mode interference and common mode
interference suppression method, digital filtering technology.

The difficulty of this chapter: Interference type and suppression method, system
grounding technology

6.1 Hardware anti-jamming technology

Suppression of series mode and common mode interferences, power supply
anti-interference measures and system grounding technology.

6.2 Software anti-jamming technology

digital filtering methods

Experiment 3: Designing minimum beat control system based on Matlab

Experiment 4: Designing PID control system by Kingview

Chapter 7 Design and implementation of computer control system(Objectives 1, 2,
3,4)

The key points of this chapter: Principles, steps and general plan document of
computer control system design

The difficulty of this chapter: Design of system overall scheme

7.1 Principles and steps of computer control system design
Principles and steps of computer control system design.
7.2 Software anti-jamming technology

digital filtering methods

7.2 Engineering design and implementation of computer control system




General plan design for computer control system, content of general plan document,
engineering design and implementation of hardware, engineering design and implementation
of software, debugging method of computer control system and considerations of operation
procedure.

7.3 Design example for computer control system

Based on engineering practice in the professional field, select computer control system
example with comprehensive content and appropriate level of technology to analyze and
design, enhance students’ visual impression to the practical engineering application of
computer control system.
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Syllabus of Robot and Motion Control System
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Robot and motion control system
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College of information and 05
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control engineering
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Leader Kang Zhongjian Team Members Control Engineering
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Practice Hours
Hours
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ERE Bahit
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RIRIBS b
Language of Instruction Chinese
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Prerequisite

BEHlSHEE. BicdRE, JEEHNRERE. dEEHITE
Electrical machinery and appliances. Automatic control theory. Process

automation instrumentation. Process control engineering
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Course Description
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1= A BTt F IR E S DAL AR R ANSTH RS, E1E
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B #raE DFNARR TIZSCPRIaI AV EE N1, IEFFE R GRIFIEET A FINAYEE
Fo (HRZEEMVER: 1.3, 3.3, 42, 12.2)

Robot and motion control system is a comprehensive and multi-discipline crossed
professional course, has certain theoretical and strong engineering practicality. Through
the learning of this course, students can analyze the motion control system of the
industrial robots and the mobile robots. This course focuses on cultivating students'
ability on the analysis of the robot motion control system and the ability to solve
practical engineering problems, at the same time developing the ability to acquire and
track frontier knowledge. (Corresponding to graduation requirements: 1.3+ 3.3, 4.2,
12.2)
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Learning Outcomes

Major Objectives

Objective 1: Master the basic principle, characteristics,
applicable scope and components of the robot motion
control systems. Master robot kinematics and
trajectory/path planning principles. Can apply the above
knowledge to the analysis of robot and motion control

system.

1.3 Basic knowledge

Objective 2: For designing / development robot motion
control problem, the modern power electronic
technology, control theory and technology, computer
technology and sensor technology are needed to achieve
the demands of high speed and high precision, and

embodies the innovation consciousness in the design.

3.3 Project Design

Objective 3: Design a simulation experiment scheme
based on the control scheme in Objective 2, and adopt a
scientific method to carry out the experiment safely.

4.2 Experimental Research

Objective 4: Pay attention to the frontier development in
the field of robotics. When encountering problems in
course design, students can actively consult literature,
communicate with teachers and classmates, to seek

solutions.

12.2 Autonomous Learning
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Chapter 1 Introduction (Learning outcomes 1, 4)
The key points of this chapter: Structures of the robot motion control system
The difficulty of this chapter: Structures and technical parameters of the robot
motion control system
1.1 Basic concepts and developing history
1.2 System compositions and technical parameters
1.3 Basic concepts and development history of motion control

Chapter 2 Motion mechanism and the actuators (Learning outcomes 1)
The key points of this chapter: Motion mechanism of robots
The difficulty of this chapter: Robots actuators
2.1 Common motion mechanism
Linear motion mechanism, the rotary motion, slow motion mechanism
2.2 Common mobile form of industrial robots
Direct coordinate robot, cylindrical coordinate robot, coordinate robot, etc
2.3 Common mobile mechanism of mobile robot
Wheel type mobile mechanism, crawler mobile mechanism, foot type mobile
mechanism
2.4 Robots actuators
Hydraulic drive, pneumatic drive, electric drive

Chapter 3 Control system (Learning outcomes 2, 3)
The key points of this chapter: Function, composition and control mode of roots
The difficulty of this chapter: Control mode of roots
3.1 Function and composition
3.2 Control mode
Single closed-loop speed control system, multi-closed loop control system




3.3 Inverted pendulum control system
Exp 1: Inverted pendulum control experiment

Chapter 4 Robot kinematics (Learning outcomes 1)
The key points of this chapter: Coordinate transformation and kinematics model
The difficulty of this chapter: Solutions of forward and inverse kinematics
4.1 Position and attitude of description
Position description, description and position description, posture of the
manipulator
4.2 Coordinate transformation
Coordinate translation, coordinate rotation, complex transformation,
homogeneous coordinate transformation
4.3 Forward kinematics
Positive transformation matrix and solving equations of motion
4.4 Inverse kinematics
Uncertainty of inverse kinematics problem, solution of the equation
4.5 Mobile robot kinematics model

Chapter 5 Trajectory planning of the industrial robot (Learning outcomes 1. 2.
3)
The key points of this chapter: Trajectory planning
The difficulty of this chapter: Joint space trajectory planning
5.1 Trajectory planning of the robot
5.2 Joint space trajectory planning
5.3 Rectangular coordinate space trajectory planning
Exp 2: Inverted pendulum control experiment

Chapter 6 Localization and navigation of the mobile robot (Learning outcomes
1. 2, 4
The key points of this chapter: Localization and navigation of mobile robots
The difficulty of this chapter: Path planning
6.1 Positioning
Orientation of model matching, road signs, GPS, inertial positioning, etc
6.2 Environment map said
Geometry, topology map, map, and grid
6.3 Path planning
6.4 Navigation

Chapter 7 Design and application example of the motion control system
(Learning outcomes 2. 4)
The key points of this chapter: Overall design and component selection
The difficulty of this chapter: Overall design
The key points of this chapter:
7.1 Performance requirements and design task
General principles, basic tasks, division of design phase
7.2 Choice of motion control system components
7.3 Applications
Inverted pendulum, welding robot, car and so on
Exp 3: Humanoid robot control experiment
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Syllabus of System Fault Diagnosis Technology
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Course Information

RIEBTR

Course Name

RGHFEISET R

System Fault Diagnosis Technology

ERSIEHTREFMR
{Bps R =3 LR
RIS College of Information and Fraptiss 05
School ] ] School Code
Control Engineering
. RGEIEI2ERAR) RIZH
EA i i | ORSHERA) R
N System Fault Diagnosis
Leader Kang Zhongjian Team Members )
Technology Teaching Team
g =
RIS 05158120 7 2
Course Code Credits
LTS LI A
N 32 ) 0
RAZFE 1 Lecture Hours Experiment Hours
Course Hours k=i 0 SEE AT 0
Programming Hours Practice Hours
WRINFERY -
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ERE Sk
Audience Automation
RIRIES L3878
Language of Instruction Chinese
s g RS BapiTHlRE, IMAITHIELS . SEEHITRE, SRe5HEST
p z . Et Automatic Control Principle, Modern Control Theory, Process Control Engineering,
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a Probability and Mathematical Statistics
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Course Description
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This course focuses on the basic concepts, the commonly used methods and the
typical industrial cases of system fault diagnosis. In this course, students will learn the
role and function of system fault diagnosis technology in the industrial process control
field, study the principles of three fault diagnosis methods, including the analytical
model based methods, data-driven methods, artificial intelligence based methods, and
understand the design ideas of the real industrial process fault diagnosis systems. This
course aims to widen the students’ frontier knowledge in control science field, improve
the students’ ability in literature searching and theory analysis, and cultivate students'

innovative consciousness and scientific research quality. (Major objectives: 2.3, 3.2,

5.4)

RIZHFE KN
Course Syllabus

RIZER
Learning

Outcomes
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Learning Outcomes

Major Objectives

Objective 1: Learn the research background of fault
diagnosis problem, be familiar with the existed fault
diagnosis methods, know the advantages and

disadvantages of different methods.

2.3 Principle Analysis

Objective 2: For the given industrial processes or devices,
make system analysis by using the learned theory
knowledge, design the reasonable fault diagnosis system.

3.2 Project Design

Objective 3: For the studied fault diagnosis system, apply
the Matlab simulation software to perform simulation

experiments and validate the used technology.

5.4 Modern Tools (System
Simulation)

HFEAE
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Chapter 1 Overview of system fault diagnosis technology (Learning Outcomes: 1)

The key points of this chapter: the basic concepts of fault diagnosis, the structure of
fault diagnosis system

The difficulties of this chapter: the structure of fault diagnosis system

1.1 Research background of fault diagnosis technology and the scheme of fault
diagnosis system

1.2 Research situation and development prospect of fault diagnosis technology

Chapter 2 Analytical model based fault diagnosis method (Learning Outcomes: 1,
2, 3)

The key points of this chapter: analytical model based fault diagnosis principle, state
observer design method

The difficulties of this chapter: state observer design method

2.1 Introduction

The principle of model based method, discussion of different modal based methods

2.2 State observer

Full-order state observer, reduced-order observer

2.3 Observer based fault diagnosis

Observer based residual generation framework, residual evaluation, threshold
determination method, fault detection and isolation method

Chapter 3 Data based fault diagnosis method (Learning Qutcomes:1, 2, 3)

The key points of this chapter: the principle of data based fault diagnosis, principal
component analysis, Fisher discriminant analysis

The difficulties of this chapter: principal component analysis

3.1 Introduction

The principle, steps and research situation of data based fault diagnosis

3.2 PCA based fault diagnosis

The principle of PCA, monitoring statistics construction, contribution analysis, fault
diagnosis steps

3.3 FDA based fault diagnosis

The principle of Fisher discriminant analysis (FDA), fault discriminant function,
difference between PCA and FDA

Chapter 4 Knowledge based fault diagnosis (Learning Outcomes: 1, 2, 3)

The key points of this chapter: the principle of knowledge based fault diagnosis, neural
network principle, signed directed graph principle

The difficulties of this chapter: signed directed graph principle

4.1 Introduction

The principle and research situation of knowledge based fault diagnosis

4.2 Neural network method

Artificial neural network, fault diagnosis procedure

4.3 Causal method

Signed directed graph, symptom tree

Chapter 5 Industrial case studies (Learning Outcomes: 2. 3)

The key points of this chapter: industrial fault diagnosis system development procedure,
fault diagnosis result analysis

The difficulties of this chapter: fault diagnosis result analysis

5.1 Case study 1: analytical model-based fault diagnosis method

5.2 Case study 2: data based fault diagnosis method
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3.1 2 2 Self-study 5
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13 5 Teaching ) Homework/Self- | Outcomel .
' /Discussion study 2,3
Teaching Outcomel
4.1 2 2 Self-study 5
42 5 Teaching 5 Homework/Self- | Outcomel «
' /Discussion study 2.3
43 5 Teaching 5 Homework/Self- | Outcomel
' /Discussion study 2.3
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' /Discussion study 3
5o 3 Teaching 3 Homework/Self- | Outcome2 .
' /Discussion study 3
EZHA RS (%) ERAAK
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1. Steven X. Ding %%, (ETHEEHIFISERA), BFIIHRRt, 2017 £
2. AFZRE, MHRE 4, (RREMESESAEES), FEXRFHMRIE, 2000 F
3. AR, R, T &, (EEIH T EESEISERAR), BEHMmR,
2011 £
4. R. Isermann. Fault Diagnosis Systems: An Introduction from Fault Detection to Fault
. | Tolerance, Springer, 2006
M RSETER : ; , . ,
1. Steven X. Ding, Model based fault diagnosis, Publishing House of Electronics Industry,
Textbooks &
) 2017
Other Materials . . . .
2. Zhou Donghua, Ye Yinzhong, Modern fault diagnosis and fault tolerant control, Tsinghua
University Press, 2000.
3. Zhou Donghua, Li Gang, Li Yuan, Data-driven industrial process fault diagnosis, Science
Press, 2011
4. R.Isermann. Fault Diagnosis Systems: An Introduction from Fault Detection to Fault
Tolerance, Springer, 2006
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Syllabus of Intelligent Control
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Intelligent Control
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RIS College of Information and Fraptiss 05
School ] ] School Code
Control Engineering
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FAZRIE

Prerequisite

BapEhlRIE, SEEFINRERE, SEEHITE
Automatic Control Principle, Process Control Instrumentation and Equipment,
Process Control Engineering

WRIZRE AT

Course Description
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This course focuses on the overview of intelligent control, the basic knowledge of
intelligent control, fuzzy control, neural network control and the realization of
intelligent control system. It can make the undergraduate students to understand the
status and role of intelligent control in control science and engineering and the correct
way to solve the problem of engineering control. Through this course learning, to
further expand the control theory and technical knowledge, the basic knowledge of
intelligent control and intelligent control system; Also study and apply the simulation
control technology of Matlab, and realize the importance of lifelong learning; At the
same time it may lay a solid theoretical foundation for students to enter the high level.
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Learning Outcomes

Major Objectives

Objective 1: Students can use the basic principles of
natural sciences and engineering sciences to abstract and
summarize complex process or objects, understand their
limitations, and express and model them with the
knowledge of intelligent control theory and technology.

2.2 The

natural science and engineering

basic principles of

science can be used to abstract

and summarize complex process

or information  processing
processes, understand  their
limitations, and express and

model with automation expertise.

Objective 2: Aiming at the complex object control
problem in the field of automation in petroleum and
petrochemical industries, based on the theory and
technology of intelligent control, the control scheme can
be investigated and analyzed, and the feasible simulation
experiment research scheme can be selected according to
the characteristics and influencing factors of the control
object.

4.1 Aiming at the complex
engineering problems in the field
of automation in petroleum and
petrochemical industries, based
on professional theory, we can
investigate and analyze the
solutions of complex engineering
problems, and select research
routes and design feasible
experimental schemes according

to the characteristics and




influencing factors of the objects.

Objective 3: Aiming at the complex object control
problem in automation field, we can select the simulation
technology of MATLAB control, simulate and study the
intelligent control scheme of complex object, and analyze
its limitation.

54 Aiming at complex
engineering problems in
automation field, we can develop
or select appropriate simulation
or design tools and technologies,
predict and simulate solutions to
complex engineering problems in
automation field, and analyze
their limitations.

Objective 4: Through the study of intelligent control
technology, the awareness and ability of self-learning
ability are initially formed to adapt to the latest
development status and trend of intelligent control

frontier.

12.2 Ability to learn
independently, to summarize and
raise questions concisely, to adapt
to and  understand  the
development of new technologies
or equipment in automation field.
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Chapter 1 Introduction (1. 4)

The key points of this chapter: the basic concepts of intelligent control and the
structure and characteristics of intelligent control system.

The difficulties of this chapter: the structure and characteristics of intelligent
control system.

1.1 Intelligent control---new development stage of control science.
1.2 The basic concepts and research contents of intelligent control

Chapter 2 Fuzzy sets and fuzzy reasoning (1)

The key points of this chapter: Fuzzy relation and fuzzy reasoning and rule-based
Fuzzy inference of fuzzy control system.
The difficulties of this chapter: rule-based fuzzy inference of fuzzy control system.

2.1 Fuzzy sets and their operations

The definition and representation of fuzzy sets, the basic operations of fuzzy sets and
the basic properties of fuzzy set operations

2.2 Fuzzy relation and fuzzy reasoning

The definition and representation of fuzzy relation, the synthesis of fuzzy relation, the
relation between linguistic variable and implication and approximate reasoning

2.3 Fuzzy inference based on rule base

The basic method of fuzzy reasoning, the properties of fuzzy inference and some fuzzy
inference

Chapter 3 Intelligent control based on fuzzy inference (1. 2. 3. 4)

The key points of this chapter: the composition, working principle and design
analysis of fuzzy control system.

The difficulties of this chapter: the working principle and design process of fuzzy
control system.

3.1 Basic concepts of fuzzy control system

Fuzzy control system, the principle and characteristics of fuzzy control system and
fuzzy control system

3.2 Basic principles and classification of fuzzy control

The working principle of Mamdani type fuzzy control system and the working principle
of T-S fuzzy control system

3.3 Fuzzy controller design process

Fuzzy input, fuzzy rules and fuzzy inference and fuzzy decision




3.4 Analysis and application of fuzzy control system
Experiment 1: The preliminary design of fuzzy control system
Experiment 2: The design and application of fuzzy control system

Chapter 4 Intelligent control based on Neural Network (1. 2, 3. 4)

The key points of this chapter: the composition and design process of neural
network control system.
The difficulties of this chapter: the design process of neural network control

system.

4.1 Basic principles of neural networks

Neuron model, neural network structure and type

4.2 Neural network control system

Design of neural network control system based on neural network controller

4.3 Analysis and application of neural network control system
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. Course . Home .
Topics Teaching Methods Assignment Outcomes
Hours Hours
. Homework
1.1 1 Teaching 1 . Outcome 1 4
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Teaching / Discussion Homework
1.2 1 1 . Outcome 1 4
/self-learning
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2.1 2 2 . Outcome 1
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Teaching Homework
2.2 2 2 . Outcome 1
/self-learning
Teaching / Discussion Homework
2.3 2 2 . Outcome 1
/self-learning
) Homework
3.1 2 Teaching 2 . Outcome 1-4
/self-learning
) Homework
3.2 2 Teaching 2 . Outcome 1-4
/self-learning
. Homework
33 4 Teaching 4 . Outcome 1-4
/self-learning
. . . Homework
34 4 Teaching / Discussion 4 . Outcome 1-4
/self-learning
. Experiment
Exp 1 2 Experiment 2 Outcome 1-4
Report
. Experiment
Exp 2 2 Experiment 2 Outcome 1-4
Report
. Homework
4.1 2 Teaching 2 i Outcome 1-4
/self-learning
. Homework
4.2 2 Teaching 2 . Outcome 1-4
/self-learning
. . . Homework
4.3 2 Teaching / Discussion 2 i Outcome 1-4
/self-learning
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EMRESERR | 1. TR 4, (FEEEHD), MMM, 2009 4, 2R
Textbooks & Other | 2. FE %, (ATLERETHI), WFEITHRREE, 2005, % 15k
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4. ZANE 4, (FreizhIBRME%), ARBEFRHIAFHR, 2007 F, #15R

5. FBH &, (FrEiHIEAL), FEXFHARAE, 2008 &£, £ 1hR

6. X 4, (BHEEH), BT T Hmdt, 2009 &, 25k

1 Li Shaoyuan, Intelligent control, Machinery Industry Press, 2009, Second Edition.

2 Cai Zixing, Artificial Intelligent Control, Chemical Industry Press, 2005, First edition.

3 Sun Zengqi, Intelligent Control Theory and Technology, Tsinghua University press, 2011,
Second Edition.

4 Li Renhou, Intelligent Control Theory and Method, Xi'an Electronic and Science
University Press, 2007, First edition.

5 Wei Wei, Intelligent Control, Tsinghua University Press, 2008, First Edition.

6 Liu Jinkun, Intelligent Control, Electronics Industry Press, 2009, Second Edition.
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Approved by
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Author Liu Bao

SKAR AR
Zhang Xiaodong
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1. FTEPLBATG, FERUHA,

2. E#ZANEBIEEN (Assignment). 323G (Experiment). FB1FIT (Attendance and Performance) . HiFpE1ix
(Midterm Exam)+ BAR#iX (Final Exam) 3.

3. PREBIKAS: M5BT 01, AR 02, LI H¥ME 03, HIEZERT 04, [FIEFFR 05, t#EF MR 06, THEFFR 07,
ZEFPT 08, EFT 09, XEK 10, HREBENEFER 11, FEHFER 12, T 0REAM 20,

4. MALHAS, FEXMRPIBHBERHEI TS
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Syllabus of Industrial Network Based Control System

RIEEAKER

Course Information

RIZRMR

Course Name

Tl ¥l 2 5

Industrial Network Based Control System

EEREIEH TIEFM
"l =" =R AD RE
FIREEE College of Information and Frapfiss 05
School ] ] School Code
Control Engineering
RA BB RIZHEIBA ERIRESNGER
Leader Kang Zhongjian Team Members Control Instrumentation
T 2,
RIZYREG 05159 a&ﬁ? 5
Course Code Credits
Nkl - SMUic o) 0
. - Lecture Hours Experiment Hours
RAER 32 R :
Course Hours * ; SCER AT
Programming 0 i 0
Practice Hours
Hours
RINERS 3
Home Hours
ERAE Baift
Audience Automation
Lot w3
£ g. Chinese
Instruction
s giBA ERRENER, SREFINRSRE, EEHTIRE
z . E Fundamental of Sensor and Detection, Process Control Instrumentation, Process Control
Prerequisite . .
Engineering
RRBEN BT U REEH R G R E A S AR EHITH R G EAR TR, fE 4
BLEAE. EHRESRENER S ZRNRESIER. BEES], EFETHEITWH
FIEHRFENMATL RHEE, ZEEHITHRFRRITESXLENERLRE . KNEEMN
F3), BITIELIKRALR, BAFENIIFRaIFERIEESD, FHRTRE, EETT
ENAZRNER, AFERENEEIRAS IS MIEIT NEM.
NN This course focuses on the overview of industrial network based control system, and the
RIEEAN

Course Description

basic framework and configuration method of software and hardware of DCS. Through
learning, the students can understand the division and developing trend of industrial network
based control system and master the flow of designing and implementing the control schemes
based on DCS. By learning, it is useful to integrate theory with practice, to improve the
students’ competence of practical operation, to broaden their horizon, to cultivate the
practical application capability. The learning of this course will provide basis for following-

up comprehensive experiments and participation of some contests.
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Learning
Outcomes

Course Syllabus
RIZBHR e EE KR FR
B¥R 1 BESSARIE P22 AR, a0t R AT 04, IR B e e
BTSRRI R . 24 RURRTR
R 2: TR RIET T %, fE GLilE: AT —
BAR 2: AP0 T R, BE A h R E LT A T .

ogRE, SR, SRS .

BAR3: PR TRE M, RENSIRYE T ZURAE AN A - 7 5K A
SERONVESERI BT 58, AT B4 Bl B A B THATIE R .

33 AREIT

BR 4: DARIBA D5 2CSe itz iy S, fE -5 AL Ak 5304 3L
T3, SRFEEAT 7 SRS, ORI AR 45 B S
i

9.3 FRATAE

Learning Outcomes

Major Objectives

Objective 1: to analysis the controlled object and propose control
scheme according to the requirements from the user.

2.4 Propose solution

Objective 2: to develop or configure the control instrumentation to
implement the algorithm or control scheme.

3.2 Develop control unit

Objective 3: to complete the control scheme design based on
process flow and requirements from the user, and to implement the
connection of control loops.

3.3 Control Scheme Design

Objective 4: to communicate effectively with other members of the
team and to carry out the plan together when implementing the
control plan in a team way, embodying the team consciousness and
the spirit of solidarity and mutual assistance.

9.3 Collaborations in team

Topics

B1E MEEHREMHE REHRD

FEER: MEERHIRADIR. FRNERZE
REMRER: MEEHIERTE

1.1 WIEE P RGN AR R

1.2 M R GEH 502K

1.3 W RGN T iRE

F2R ERFREBEHARA GREBE D
FEEN: BREF/RDCS KR, R

KEHER: EBJBTFH/R DCS KIZRM
2.1 HoneyWell DCS [ fh%

2.2 HoneyWell PKS &4;




FEIF ETVIF PCST MEHIFRETELH GREBRMR L. 2. 3. 4)

AREE: PCS7 MRS EE

A PCST HAEBME

3.1 PCS7 K%

3.2 PCS7 fEfFAZS

3.3 PCS7 FfE 5

AT ETHRPE DCS Wikl Rict- 55X GRERIFR 1. 2, 3. 4)

AFEES: WKFH DCs MM FIHAERE
AEMR: Wi K$#= DCS K%M

4.1 Wi KA DCS I ZEAL FIRE {45 14

4.2 WikH¥E DCS AT

43 #WikH¥E DCS KIgm AR AT R

Chapter 1 Overview of Network Control System (Major Objectives 3)
The key points of this chapter: the classification, feature and application occasion of network

control system

The difficulties of this chapter: the application occasion of network control system
1.1 origin and development of network control system

1.2 classification of network control system

1.3 design flow of network control system

Chapter 2 Honeywell Distributed Control System (Major Objectives 3)
The key points of this chapter: the type and feature of Honeywell DCS

The difficulties of this chapter: the framework of Honeywell DCS

2.1 type of Honeywell DCS

2.2 Honeywell PKS
Chapter 3 Design and implementation of control schemes based on PCS7 (Major

Objectives 1. 2. 3. 4)

The key points of this chapter: the framework of PCS7 and configuration

The difficulties of this chapter: the configuration of PCS7

3.1 framework of PCS7

3.2 configuration of PCS7

3.3 programming and implementation of control scheme in PCS7

Chapter 4 Design and implementation of control schemes based on JX-300 (Major

Objectivesl. 2+ 3. 4)

The key points of this chapter: the framework of JX-300 and configuration

The difficulties of this chapter: the framework of JX-300

4.1 framework of JX-300

4.2 configuration of JX-300

4.3 programming and implementation of control scheme in JX-300

N 1 9\
s | 0 73t o BN | IR

st st




Class Schedule
&
Requirements

1.1 1 W% 0 H#R 3
1.2 1 W 0.5 BF H¥R 3
1.3 1 W 0.5 8% HiR 3
2.1 0.5 W% 0 8% HiR 3
22 0.5 WRATIR 1 BF H¥R 3
" . B#R 1.
3.1 2 SHITIA G Ry 2 B
2, 3. 4
. . BAR 1.
3.2 4 S R 2 BF
2, 3. 4
. , B#r 1.
33 8 SCES/1TR 2 B&
2, 3. 4
. , BH¥r 1.
4.1 2 I /te 1 BF
2, 3. 4
. . HiF 1.
4.2 4 I /tie 2 B
2, 3. 4
X . HiF 1.
4.3 8 SR R 2 B
2, 3. 4
. Course . Home .
Topics Teaching Methods Assignment Outcomes
Hours Hours
1.1 1 Teaching 0 Outcome 3
1.2 1 Teaching 0.5 Reading Outcome 3
1.3 1 Teaching 0.5 Reading Outcome3
2.1 0.5 Teaching 0 Reading Outcome 3
Teaching / .
2.2 0.5 . . 1 Reading Outcome 3
Discussion
Experiment/ . Outcome
3.1 2 . . 2 Reading
Discussion 1. 2, 3. 4
Experiment/ . Outcome
32 4 . . 2 Reading
Discussion 1. 2, 3. 4
Experiment/ . Outcome
33 8 . . 2 Reading
Discussion I. 2, 3. 4
Experiment/ ) Outcome
4.1 2 . . 1 Reading
Discussion I. 2, 3. 4




Experiment/ ) Outcome
4.2 4 . ) 2 Reading
Discussion I. 2, 3. 4
Experiment/ ) Outcome
4.3 8 : ) 2 Reading
Discussion I. 2, 3. 4
EZHA NG (%)
kR Assessment content and Percentage o
RIZE R = o | PEREHESE | oo | RERE | T
§ aAsipte | T IR g | SEIE g
Course goals Index Scheme design Report
. Configure Exam or Percentage
points i and .
operation . . Question
implementation
R 1
. B 2.4 5 10 15
ERZAER Objective 1
Gradin 2
8 ki 3.2 5 5 20 30
Objective 2
T 3
B 33 10 10 10 30
Objective 3
w4
,E* . 9.2 5 10 10 25
Objective 4
ait 10 30 30 30 100
1. CGET MR RERIEH RA), BT BHEEEY, % TR, 2010;
2. (RANER - R ), akir . Rk DUse g, =S ACE R, 2013;
3. (EHUERI RGN H D), #EXR T, b Tl ik, 20105
. 4. { Lessons In Industrial Instrumentation), Tony R. Kuphaldt, 2012
EMREER
) 5. {Process control instrumentation technology), Curtis D. Johnson, &4 K% Hi btk , 2010
Textbooks &
Other 1. Shen Zhongyu, Zhao Jin. New type DCS based on network, Chemical Industry Press, 2010.
Materials 2. Zhang Xin, Zhang Beike. Head first-Learn process control system by Xiao Guo, Higher
Education Press, 2013.
3. Chang Huiling. Application of DCS, Chemical Industry Press, 2010.
4. Tony R. Kuphaldt. Lessons In Industrial Instrumentation, 2012
5. Curtis D. Johnson. Process control instrumentation technology, tsinghua university press,
2010
HE
More
#iE
Notes
& HRZANER/BMEE
KEHEA e M i POk
Author Sun Liang Liu Bao
Approved by

E: ATLMRERLES EEEZS NP SSRGS, RIZERERRERE AT ELMR.
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Syllabus of Soft Sensing Technology and Its Application

RIEEAKER

Course Information

RIEBTR

Course Name

N EFRAR KRR

Soft Sensing Technology and Its Application

SREEHTREFEMR
3} o 3y B =30 4
RIS College of Information and Frap e 05
School ] ] School Code
Control Engineering
‘ SUEHARKA) RiZE
ZEIN T wmy | (ANE ) RiE
N Soft Sensing Technology and Its
Leader Kang Zhongjian Team Members o .
Application Teaching Team
RIS En
AR 05133120 7 2
Course Code Credits
i FRt SLIG R
. - 28 ) 4
RAZFE 1 Lecture Hours Experiment Hours
Course Hours E#ZEat 0 SEE AT 0
Programming Hours Practice Hours
WRINFERY -
Home Hours
ERE Sk
Audience Automation
RRES L3878
Language of Instruction Chinese
s g RS BapiTHlRE, IMAITHIELS . SEEHITRE, SRe5HEST
p g . Et Automatic Control Principle, Modern Control Theory, Process Control Engineering,
rerequisite
a Probability and Mathematical Statistics
NERELSNBYNEFRARNERRE, EANTONESEZURKNE RS
I i i2. EXRRIENF IEIET, FERBTRIONSHERRS, BB
AT MAERNENEFE: ETHIEREN G AMETRIRERNNGE, HTHEK

Course Description

MERF TSP HETEIRE. BEARENES, #H—SHREARENES
T FERELEFIR, REFENCHMERAMIBILSINEES, EFRFEMAUFEIR
FMBARR. (EEEKIEIRR: 2.3, 4.1, 54)




This course focuses on the basic principle of soft sensing, the commonly used soft
sensing methods and the industrial implementation procedure of soft sensing system. In
this course, students will learn the basic concepts of soft sensing, study two kinds of
soft sensing methods, including the mechanical model based methods, data-driven
methods, and discuss some problems about the industrial practice of soft sensing
system. This course aims to widen the students’ frontier knowledge in control science
field, improve the students’ ability in literature searching and theory analysis, and
cultivate students' innovative consciousness and scientific research quality. (Major
Objectives: 2.3,4.1,5.4)

RIZHFE KN
Course Syllabus

LZEASER

Learning Outcomes

REER Bl EORIERR
Br 1: TRECNERAPARESR, RBNEE

RVEAHS, BERPNEERNELER, FEX 2.2 MRFIESER
MRN8 IR 77 AR =

Bir2: G ENTIWERE, FadiEHtagEse

SR
MBS, g AR SR . 41 REEER ST RE0T

B#r3: $XARNER L, EBIFFLTUERG

W T E(RGHE
UHBET R, SAFRUEERATNEE. 54 BRIRGFRMR)

Learning Outcomes Major Objectives

Objective 1: Learn the research background of soft

sensing technology, master the basic concepts of soft 2.2 Knowledge
sensing, be familiar with the basic idea of soft sensing, Representation and
and master the characteristics of different soft sensing Modeling
methods.

Objective 2: For the given industrial process, build

reasonable soft sensing model according to process 4.3 Model selection and
characteristics, design the corresponding experiment project design
scheme.

Objective 3: For different soft sensing algorithms, develop
5.4 Modern Tools (System

or apply the proper simulation tools for soft sensing model . .
Simulation)

predictive performance analysis.

HFEANR

Topics

B1E HUEBEARGR GREBFD

AEER: HNENARESR. E2XBE
AEMR: WUERKTE

L1. BKMEEANREEER

1.2. WAERNEXRESEARIAR

FE HNERANEXEFEE REBH1 2
FEER: ROGRPWERLSH. BIEERE, BUEMLE, ALRIERZE




KBS HETEIREF

2.1. HRBRNERLEN

BNERZGHWELREK, FLRNERFENERSE
2.2. HENTERIEE

ETFHEMMERENTE, ETHREZRERENTE
2.3. BUREBETIES X
HIERE SHER . BIEAREL

2.4, BMEERRSA

B RBER R BRI N 755k

B=F ETNEKIPNERESZ REBRF 1. 2, 3)

AEER: IEERGE. RSN RIE
AEMR: KSR EERE

3.1, MESHRETS S
SIENIRRAE, BASEINR, ETIRERNENE, ZHIe
32. RETMES S
RETNEGH RS, EFREWNEOLHNERE, =HTE

FNUE ETZxEENFNERESZE (#EBF1. 2, 3)
AEELS: EREAEGE BROZFRE

AEHL: RRDZFE

4.1 ErLMERESZE

ZuuHEARIE, RESKRR, FaotmSReTHe

4.2 ZRELSEESFZE

ZFLEVARIE, EEKRE, FRohES R

4.3 ExEVFSZ*

FrEVARE, REKME, ERMREEGE, HRIMSREIHE
4.4 RN E
/N ZREARIE, REDRME, SRERFERE, BRoME5REL

EW—: ETEREFRNENERESE

BLE ETHEMEMNERESZ (REBRF 1. 2, 3)

ABEER: BP WKL, BP MZIIZGHE . BT BP MEHRNEER
AEMS: BP RIS

5.1 HHEMEHERFE

MEMEEARTBIR, BP WL, MEIIZHLE]

5.2 ETHEMERNERR

SRR HITIR E AR LE T EUN BHRRR 505

KR BETHEMENRNERERSTE

BARE TUNBAS54H GRIZBHR 1. 2)
XEELS: HNENTUSHESE. ¥nERSHT
AEML: EEST

6.1 TR HBIN4R

6.2 EMEN SR E R




Chapter 1 Overview of soft sensing technology (Learning Outcomes 1)

The key points of this chapter: research background and basic idea of soft sensing
technology

The difficulties of this chapter: basic idea of soft sensing technology

1.1 Research background of soft sensing technology
1.2 Basic concepts and research situation of soft sensing technology

Chapter 2 Principle of soft sensing technology (Learning Outcomes 1, 2)

The key points of this chapter: soft sensor structure, selection of secondary variables,
data preprocessing method and online correction method

The difficulties of this chapter: selection of secondary variables

2.1 Basic structure of soft sensor

Basic structure of soft sensing system, the detailed steps of soft sensor development
2.2 Selection of secondary variables

Mechanical analysis based methods, data mining based methods

2.3 Data preprocessing method of soft sensor

Outlier elimination, data standardization

2.4 Soft sensor model classification

Common methods for soft sensor modeling

Chapter 3 Mechanical model based soft sensor method (Learning Outcomes
1, 2, 3)

The key points of this chapter: mechanical model method, state observer principle

The difficulties of this chapter: state observer principle

3.1 Mechanical modeling method

Process mechanical modeling, model parameter identification, mechanical model
based soft sensor, case discussion

3.2 State observer method

State observer design principle, state observer soft sensor modeling, case

discussion

Chapter 4 Multivariate regression based soft sensor method (Learning
Outcomes 1, 2, 3)

The key points of this chapter: principal component regression. partial least
regression

The difficulties of this chapter: partial least regression

4.1 Multivariate linear regression

Principle of multivariate linear regression, model solving, characteristics analysis
and case discussion

4.2 Multivariate stepwise regression

Principle of multivariate stepwise regression, model solving, characteristics analysis
and case discussion

4.3 Principal component regression




Principle of principle component regression, principal component number selection,

characteristics analysis and case discussion

4.4 Partial least squares

Principle of partial least squares, parameter selection, characteristics analysis and

case discussion

Experiment 1: multivariate regression model based soft sensor development

Chapter 5: Neural network based soft sensor modeling (Learning Outcomes

1, 2)

The key points of this chapter: BP neural network structure, BP neural network

training mechanism, BP network based soft sensing modeling
The difficulties of this chapter: BP neural network training mechanism

5.1 The principle of neural network

Basic idea of neural network, BP network structure, network train mechanism

5.2 Soft sensing modeling based on neural network

Discuss how to design neural network based soft sensor based on some typical cases

Experiment 2: neural network based soft sensor development

Chapter 6: Industrial application and analysis

(Learning Outcomes 1, 2)

The key points of this chapter: industrial implement steps of soft sensor, influence

factor analysis
The difficulties of this chapter: Influence factor analysis

6.1 Industrial case study

6.2 Influence factor analysis

Class Schedule &

Requirements

mE | oo DETE B s | emes
ZRT AT

1.1 1 i 1 Sk B#x 1
1.2 1 W 1 BF HHR 1
21 | o I 2E B 1
2.2 1 R 1 BF Bfr 1. 2
2.3 1 R 1 fEllvBE | BHfR1. 2
2.4 1 FHR/e 1 fEll/BZF | B#Rl. 2
3.1 2 HHRER 2 fEllvBE | BHfR1. 2
3.2 2 R 2 fEllBZxE | BFfR1. 2




WSS

4.1 2 2 fEll/BZ | BfRl. 2
WHR/ATIR . -
4.2 2 2 fRll/BZ | BfRl. 2
43 2 WSS 2 RlvBEZE | BfRl. 2
4.4 4 WSS 4 fEll/BZE | BfRl. 2
- BEESLWR -
S 1 2 S 2 = | BfR23
==
R . -
5.1 2 2 B¥ B#R 1. 2
WRATIR . BAR 1.
52 2 = 2 | fEdyE
2,3
N N EEWE |
K50 2 2 KL 2 e BFr 2. 3
A
T AT . -
6.1 2 = 2 | fEl/AE | BiF2. 3
2305 . -
6.2 2 = 2 | fRlwE¥ | B2, 3
. Course . Home .
Topics Teaching Methods Assignment | Outcomes
Hours Hours
1.1 1 Teaching 1 Self-study Outcome 1
1.2 1 Teaching 1 Self-study Outcome 1
Teaching
2.1 1 1 Self-study Outcome 1
59 | Teaching /Discussion : Homework / Outcome
' Self-study 1. 2
)3 | Teaching /Discussion : Homework / Outcome
' Self-study 1. 2
24 . Teaching /Discussion 1 Homework / Outcome
' Self-study I, 2
31 5 Teaching /Discussion 5 Homework / Outcome
' Self-study 1. 2
12 5 Teaching /Discussion 5 Homework / Outcome
' Self-study 1 2
Experiment ) Experiment Outcome
2 Experiment 2
1 report 2,3
il 5 Teaching /Discussion 5 Homework / Outcome
' Self-study 1. 2
42 5 Teaching /Discussion 5 Homework/ Outcome
' Self-study 1. 2




) ) . Homework/ Outcome
43 2 Teaching /Discussion 2
Self-study I, 2
) ) ) Homework/ Outcome
4.4 4 Teaching /Discussion 4
Self-study I 2
Experiment ) Experiment Outcome
2 Experiment 2
2 report 2, 3
Teaching Outcome
5.1 2 2 Self-study
1. 2
55 5 Teaching /Discussion 5 Homework/ Outcome
' Self-study I. 2,3
61 5 Class seminar 5 Homework/ Outcome
' Self-study 2,3
Class seminar Homework/ Outcome
6.2 2 2
Self-study 2,3
EZH NG (%) ERHARK
o T i S =1 Assessment content and Percentage EE5 (%)
RIZE R Index ERFFRIP Assessment
Course goals i ) < SEIH BAARE R
points Daily . . content and
Experiment Final Exam
performance Percentage
. H#r 1
EZ Y EN o 22 7 30 37
Gradi Objective 1
radin —
s HiF 2
L. 4.3 8 5 40 53
Objective 2
i~ 3
BiR3 54 10 10
Objective 3
ait 15 15 70 100
1. BT, FXTF, DRRE K, (KVERARRESEA), PERDLML,
2009.
2. AIeF &, (DA IRERTFIRAR), EREBTXFHRM, 2008.
3. F8E, BER K, (MNERARRERNA), wEIJ LML, 2000.
4. giF R, (BNERAREEARUTIHNEA), WEIT LM, 2000.
5. Fortuna L., Graziani S., Rizzo A., Xibila M. G. Soft sensors for monitoring and
control of industrial processes. Springer, 2006.
M RBERR 1. PanLideng, LiDayu, Ma Junying, Principles and applications of soft sensing
Textbooks & Other technology, China Electric Power Press, 2009.
Materials 2. YulJinshou, Advanced control technology for industrial process, East China
University of Science and Technology Press, 2008.
3. Li Haiqing, Huang Zhiyao, Principles and applications of soft sensing technology,
Chemical Industry Press, 2000.
4. Yu Jinshou, Soft sensing technology and its application to petrochemical industry,
Chemical Industry Press, 2000.
5. Fortuna L., Graziani S., Rizzo A., Xibila M. G.  Soft sensors for monitoring and
control of industrial processes. Springer, 2006.
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Syllabus of Oil & Gas Field Automation

RIEEAKER

Course Information

RIEBTR

Course Name

A H 3

Oil & Gas Field Automation

FHRFTER - ~ o vt e B BB A
School =R SERN LR School Code 03
TERA i RIZHIBA S HBEEIRIZEIBA
Leader Team Members Oil & Gas Field Automation
IR 0510713 iﬁ 2
Course Code Credits
i FRt 1 LI A 0
E Y Lj(;u;;f;l;;rs Experiment Hours
Course Hours _ SCER AT
Programming 0 i 0
Practice Hours
Hours
RINFERY 20
Home Hours
ERE Hal. MRS B EETE. AATEA A
Audience Automation,, Measurement & Control Technology and Instruments
Electronic Information Engineering, Electrical Engineering and Automation
RIRIES L3878
Language of Instruction Chinese
s giBRE LI AR EEs . H Bl 3, TR LS R TR
. Microcomputer Principle, Sensors, Automatic Control Principle, Computer Control,
Prerequisite . .
Process Control Engineering
AU GG S AR T2 58 A, WEHR. Baiii &
R LA AR 1 AR U A T SR R SR L, BRI R AR I AR
2R TRE IR AN 75 5K 5 2 MR 205641 BOH AT & B S BORTRE . P BOE .
PRI HSE A HA RAE ) H A BB A S R G, AR T 5. B9
ARIRAM ARG EGEWIHRES, A A S SRR TR S R .
The course introduces processes and characteristics of oil and gas production,
N measurement and control requirements, and corresponding schemes for automatic
RIZEA

Course Description

devices or systems. Through this course, students will determine measurement and
control requirements in the production process of oil and gas fields, analyze more
comprehensively the various constraints, and then design and develop automatic
devices or systems, which accords with a variety of automation technology standards,
industrial policies, laws and regulations, and HSE management system involved in
petroleum and petrochemical enterprises. It will train students' comprehensive design
ability of complex automation system, and improve students' social responsibility and
engineering ethic.
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Course Syllabus

RIEER Bl R IEAR

B4R 12 WA= A= I R o FL A R 2% TR () A R 4 5
Ry B RRRE R ORI SE. BalRE. BafkR
4,

P TT %

BAR 2: ORISR, Wit MBS E A 3]

WARGN, REBSHEATAVEN HEa. ER. 24, HH TR 2

PARSTAC TSR RZ R, DL K T i) 2 PR 30 15T H St (14 520 o

B#R3: BERSEES WK SO weih SOM . R S50y

fry FRIEMAHB TR
EFEIST _ -
Learning Learning Outcomes Major Objectives
Outcomes Objective 1: To determine measurement and control requirements
in the production process of oil and gas fields, and then to design
and develop control algorithm, automatic devices or systems, to
optimize schemes.
Objective 2: To be able to analyze and evaluate its potential impact
on society, health, safety, law and culture in the process of designing Refer to attached table2
and developing automatic devices or systems, and the impacts of
these constraints on project implementation.
Objective 3: To be able to write requirements analysis document,
design document, summary report, etc.
BOE &R
0.1 M Al i By
0.2 M A 1 B B I 3 2 A A 5 2 AR
0.3 Ji AL I 1 H B IR SRR VL
B1E HOGHEWMBEIMN
AEEM: (RO RERAETLE, EREA IR AS . MR R
AEMER: Sia NSRS TR A WK, Ga 2%, it
FHRE I REGETT 2
LR E3M
L1 RN TZEARFR, FOENMEFEENE
1.1.2 R E I 512 W
1.1.3 Bl AL 5T
HFEARE 114 TR BOR
Topics 1.2 it &y HEh

VA

1.2.1 thERH AR X A EE AR

1.2.2 4 EEH . A KRR

1.2.3 “AHETHE

F28 HESEBREWEIIMN

ATEpS: B A4 TE, EELAIEA LN M.

AREMR: AR SEA A T2R R WIEFR, GZaZ M, s

LIS RETE.

2.1 ¥ | stk

211 B T2 S B E N
2.1.2 GEIPHEA A 2 ) [ R

2.1.3 ffi ] VFD fifig R FE
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2.2 BEA W E Bk

221 BEEW T2 K AL EEARE

2.2.2 =M EHENE RS

2.2.3 H/KBE B IE R4t

2.2.4 B IIGINE R Gt

2.2.5 JilfRE 5 R mLEE & A3 E BN

226 KRG HBNMEENE

38 WEAKREESSMN

AZES: THMERKEEENA T TZ, BELAIREANEMNE. M.
5

REHS: SEMWERKMEENA R T 285 WETR, Sa2Ms%et, Rk
THAH R R G875

3.1y AL

3.1.1 ME T2RE KA EEN

3.1.2 AMnit = R4

3.13 MEH M ARG

3.1.4 {HPi 24t A sh ik

3.2 K |3k

3.2.1 K iE T2MAEL AS R E N
3.2.2 HLEE A=

3.2.3 JRAE LI Wi 4

3.2.4 THEE WO

3.2.5 K EERIREAR

FaxE BBEEHPERERS (SCADA)

AZES: 7 HMA I SCADA REIHE S HIp S AR
ARBEME R AR A H R A, AT A SCADA RGN .
4.1 SCADA RGNS R EARI

4.2 iR FELIRHTE (RTU) BECRACE 5 MR R

4.3 SCADA R4 EuhIhRE SR FACE . M RG-S 3L N FHFRFT
4.4 JHH SCADA 24945441

Chapter 0 Introduction

0.1 Processes and characteristics of oil and gas production

0.2 Compositions and characteristics of the oil and gas production process automation

0.3 Development of the oil and gas production process automation

Chapter 1 Wellhead and metering station automation

Focus: know the production process of wellhead and metering station, and master its contents,
compositions and characteristics.

Difficulty: Combined with the production process characteristics, measurement and control
requirements of wellhead and metering station, and various constraints, design and optimize
the corresponding measurement and control systems.

1.1 Wellhead automation

1.1.1 Basic knowledge of oil production technology and wellhead automation

1.1.2 Test and diagnosis based on indicator diagram

1.1.3 Motor control unit for pumping system

1.1.4 New energy-efficient technologies

1.2 Metering station automation

1.2.1 Metering station production processes and automation

1.2.2 Measurement principles of oil ,water and gas based on separation method

1.2.3 Flow metering for each phase




Chapter 2 Transit station and combination station automation

Focus: know the production process of transit station and combination station, and master its
contents, compositions and characteristics.

Difficulty: Combined with the production process characteristics, measurement and control
requirements of transit station and combination station, and various constraints, design and
optimize the corresponding measurement and control systems.

2.1 Transit station automation

2.1.1 Transit station production processes and automation

2.1.2 Liquid control principle for buffer tank

2.1.3 Energy-saving principle of VFD

2.2 Combination station automation

2.2.1 Combination station production processes and automation

2.2.2 Measurement and control system for three-phase separator

2.2.3 Measurement and control system for electrical dewatering device

2.2.4 Measurement and control system for heat medium heater

2.2.5 Mechanism of crude oil stabilization and light hydrocarbon recovery and automation
2.2.6 Water injection system automation

Chapter 3 Oil depot and long-distance pipeline automation

Focus: know the production process of oil depot and long-distance pipeline, and master its
contents, compositions and characteristics.

Difficulty: Combined with the production process characteristics, measurement and control
requirements of oil depot and long-distance pipeline, and various constraints, design and
optimize the corresponding measurement and control systems.

3.1 Oil depot automation

3.1.1 Oil depot production processes and automation

3.1.2 Transmission metering system

3.1.3 Airtight control system for oil tank

3.1.4 Fire fighting system automation

3.2 Long-distance pipeline t automation

3.2.1 Long-distance pipeline production processes and automation

3.2.2 Pump group control

3.2.3 Anti-surge control for compressor

3.2.4 Transceiver control for pipeline pig

3.2.5 Leak detection technology for long-distance pipeline

Chapter 4 Supervisory Control and Data Acquisition (SCADA)

Focus: know compositions and characteristics of SCADA.

Difficulty: Combined with the production process characteristics of oil and gas fields, analyses
typical cases for SCADA.

4.1 Composition and development of SCADA

4.2 Remote terminal unit (RTU) hardware configuration and a typical application

4.3 Functions and hardware configuration, software system and typical application of host station
4.4 Introduction to application instances for oilfield SCADA
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BRI

AR s HEHR s RINATS RIZBR
0.1, N _

02, 03 2 WHR 0 B¥r 1
1.1.1 1 WHR 0 BFr 1. 2
1.1.2- e _

4 3 W% 0 BHr 1. 2
1.2.1 1 R 0 BFr 1. 2

1.2.1. N 24 B St R 43 A —

2o 3 1Fisi-s 4 B¥/ZHMi/EERE BHfr 1. 2. 3
2.1.1 1 R 0 BFr 1. 2

212\ SILATT LS =
. 2 WE/ATS 0 Bfr 1. 2
221 1 WHR/ 0 BFr 1. 2
222 TN —

53 2 WR/ATIE 0 Bfr 1. 2

224, N Ry St R 4T A —
5os 2 1Fisd 4 BF/EHiitESiRE Hfrl. 2. 3
3.1.1 1 HHR 0 Bir 1. 2
3.1.2- T —

314 3 WiR/ATE 0 Bir 1, 2
3.2.1 1 HHR 0 Bir 1. 2
3.2.2- - 24 B St BB 4T A —

325 3 WHR 4 B¥/EFUMTAEERE Hfrl. 2. 3

4.1, 42 2 WHR 0 BFr 1. 2
43 2 WiR/ATIE 2 Bir 1, 2
4.4 2 WAL 2 BFr 1. 2

8 KA /ARE Hfrl. 2. 3
) Course Teaching Home .
Topics Assignment Outcomes
Hours Methods Hours
0.1.

0.2, 03 2 Teaching 0 Outcomel
1.1.1 1 Teaching 0 Outcomel. 2
1.1.2- Teaching /

3 ) . 0 Outcomel. 2
1.14 Discussion
1.2.1 1 Teaching 0 Outcomel . 2
1.2.1. ) Self-study / Seminar / Outcomel. 2.
3 Teaching 4
1.2.2 /Report 3




2.1.1 1 Teaching 0 Outcomel . 2
2.1.2 Teaching /
2 . : 0 Outcomel. 2
2.1.3 Discussion
2.2.1 1 Teaching 0 Outcomel . 2
222, .
2 Teaching 0 Outcomel. 2
223
2.2.4, ) Self-study / Seminar / Outcomel. 2,
2 Teaching 4
2.2.5 /Report 3
3.1.1 1 Teaching 0 Outcomel . 2
3.1.2- Teaching /
3 . ) 0 Outcomel. 2
3.14 Discussion
321 1 Teaching 0 Outcomel. 2
3.2.2- . Self-study / Seminar / Outcomel. 2.
3 Teaching 4
3.2.5 /Report 3
4.1, 4.2 2 Teaching 0 Outcomel. 2
Teaching /
43 2 . . 0 Outcomel. 2
Discussion
Teaching /
44 2 . . 0 Outcomel . 2
Discussion
. Outcomel. 2.
8 Project/Report 3
EiZFRKEESE] (%)
Assessment content and Percentage
RIZEHR EIR S KIEMAR | AREREEH] (%)
Course goals Index points SFETJL?IVE*E‘I' LAt &= Percentage
aily . .
‘ performance Seminar Project
AR /Report
Gradin, R 1
e Bz 3.2 10 20 20 50
Objective 1
R 2
Eh_ 6.2 2 5 8 15
Objective 2
R 3
B 10.1 13 2 35
Objective 3
(BIREKR. 5 BFFSMHEAHNEEMR. SE8N, SZ038MBMR, /EF, LR
B R&E #, HRESR, BRR, BSFER)
AgE 1. BEW. AE&E. XEULHE, WAHB3M0, FEA KT B, 2005.
Textbooks & | 2. FHf, WM AMGES HaL, AT HRREE, 2015.
Other 3. vtk WAERMMNER A, AR, 2012
Materials | 4. FAE, TobEshl 525 & RH : SCADA R4uks, T Lol AL, 2017.
5. HER, MRS IE SCADA KGR, ATl A, 2013.




1. Mao Baohu, zheng Jinwu, Liu Jinbiao. Oil & Gas Field Automation, China University of
Petroleum Press, 2005.

2. Luo Yan, Marine oil and gas instrumentation and automation, Petroleum Industry Press, 2015.

3. Wang Kehua, Oil and gas gathering and transferring instrument automation, Petroleum Industry

Press, 2012.
4. Wang Huazhong, Industrial control systems and applications:SCADA, Electronic Industry Press,
2017.
5. Huang Zejun, Oil and gas pipeline SCADA technology, Petroleum Industry Press, 2013.
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Author Hua Chenquan Approved by Liu Bao
E:

1. RgPLBARG, ZFERUHA,

2. E#ZANEBIEEN (Assignment). 323G (Experiment). FB1FIT (Attendance and Performance) . HiFE1ix
(Midterm Exam) . HAK%1{ (Final Exam) %.

3. BEaRRED: HEFRE 01, AR 02, LT¥ME 03, HLEFFE 04, {FIE5F MR 05, i@ Fx 06, HHi@F PR 07,
ZEFRT 08, EH¥ 09, XFFT 10, DREBENFER 11, FEHFEH 12, TIIFOREM 20.
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Syllabus of Advanced Control Technique
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Course Information

RIEBTR

Course Name

FRHTHIEA

Advanced Control Technique

EESIEHTIEER
RS REBRA
RIS College of Information and Fraptiss 05
School ) ] School Code
Control Engineering
R A RERE RAZHIBA vt ]|
Leader Kang Zhongjian Team Members Advanced Control
g -z
IR 05132120 7 2
Course Code Credits
i FRt 26 SLIG R 6
. " Lecture Hours Experiment Hours
R 3 I e ;
Course Hours * ) SCER AT
Programming 0 i 0
Practice Hours
Hours
WRINFERY -
Home Hours
ERE Sk
Audience Automation
RRES L3878
Language of Instruction Chinese

FAZRIE

Prerequisite

BohicHl[RIE, SIEHRERE. JIEEFITIES
Automatic Control Theory, Process Control Instrumentation and Equipment, Process
Control Engineering, etc.

WRIZRE AT

Course Description

FHIEFIRAREZREEE Bk, Rt UL FYEPAEFEEEREA,
BEREIWE=HRBEIZHE NA. KEEAEFIU T SERFEEER
2, EEZEEFENBRHTHRANTEES RS L RBIKR BB SCHITHI B AR
MITHF AT B ERATH A S RIEBE. A HARNEF. BEAIRIE
HF3, FENIZ T RERISHERISUENARINR, EERETEHIEEN
EAXBSMBEARE, MHALHEHRANEZRIDAFEBRISIANIR. (FRE
WEKRIERRS: 1.4, 3.2, 54, 43, 12.2)

This course focuses on the overview of intelligent control, the basic knowledge
of intelligent control, fuzzy control, neural network control, expert control, genetic
algorithm, and the realization of intelligent control system. By learning to enable
students to understand the status and role of intelligent control in control science and
engineering and the correct way to solve the problem of Engineering control. Through
this course, to further expand the control theory and technical knowledge of
undergraduate students, the undergraduate basic knowledge of intelligent control and
intelligent control system, at the same time learning to lay a solid theoretical
foundation for students to enter the high level. (Corresponding to graduation




requirements: 1.4, 3.2, 5.4, 4.3, 12.2)
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Learning Outcomes
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EEMI RIS AR

Bir 1: EEARES] REFTUUNESIR B E M)
HEARREBFIRIT %,

1.4 EEFRBUAEE
Zr TAZia] /LAY &l 1R

B#F 2: BEBIRITH A ERE L ZH KRBT
1EH EE R B & RATHI L

3.2 it edEiERIE %

B#x 3: E{ENA Matlab FHREITHITIHRIHAITH
By AR, T R AEHIR TR

5.435 i MATLAB %3#25CE)
SIS L

B#r 4: SATNM R B FUNIESIS R icfI B A S8
EFEF I AT HIMERERIRINT -

4.3 AR AR

B¥r 5: XERBAUFTIHTHSUENEL R
IR FnfEEA

12.2 &R SFTFHCH

Learning Outcomes

Major Objectives

Objective 1: Grasp the basic principles and design
methods of internal model control, model predictive
control and adaptive control.

1.4 Master the professional
knowledge of solving
complex engineering

problems in automation field

Objective 2: Design/develop model predictive control
algorithm and adaptive control algorithm to meet

specific process requirements.

3.2 Design advanced control
algorithms based on actual

requirements

Objective 3: Grasp the method of analyzing, modeling,
predicting and controlling the controlled object by using
software such as MATLAB.

5.4 Realization of advanced
control algorithms by using
MATLAB

Objective 4: The influence of parameters selection of
advanced control algorithms such as model predictive
control on closed-loop control performance is evaluated.

4.3 Analysis and
interpretation of simulation

results

Objective 5: Pay attention to the frontier development
status and trend of automation in petroleum and

petrochemical industries.

12.2 Access to the latest
scientific and technological
literature

AR

Topics
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Chapter 1 Introduction (Objectives 1, 5)

The key points of this chapter: The basic concepts of advance process control and
the structure and characteristics of advance process control system.

1.1 New stage of controlling the development of Science -- advance process
control.

1.2 Basic concepts and research contents of advance process control.

Chapter 2 Model based control method (Objectives 1, 2)

The key points of this chapter: Smith predictive control & Internal model control.

2.1 Smith predictive control.

Analysis of the effect of pure delay on the performance of process control and the
design of compensator and Smith predictive control.

2.2 Internal model control.

The basic principle of internal model control, the stability and robustness of the
filter, the stability of the control system, and the design procedure of the internal model

control.

Chapter 3 Model predictive control technology and its application(Objectives
1,2,3)

The key points of this chapter: The principle and design of dynamic matrix control
algorithm and the design of generalized predictive control.

3.1 Basic concepts of model predictive control technology

The basic principle, classification and application of model predictive control




technology

3.2 Dynamic Matrix Control(DMC)algorithm

Step response model, feedback correction, rolling optimization, DMC algorithm
design and simulation, control parameter selection rules

3.3 Model Algorithm Control(MAC)algorithm

Impulse response model, MAC algorithm design and simulation, control
parameters selection rules

Experiment 1 Establishment and design of prediction models

In the MATLAB programming environment, the nonparametric prediction model is
established, and the output of the controlled object is predicted by using the impulse
response/step response model.

Experiment 2 The implementation of DMC algorithm

In the MATLAB programming environment, the establishment of reference
trajectory, single variable unconstrained DMC algorithm, closed-loop control system.

3.4 Generalized predictive control GPC algorithm

Autoregressive moving average model, GPC algorithm design and simulation,
control parameters selection rules

3.5 Matlab model predictive control toolbox

Functions in Matlab predictive control toolbox, model definition, closed loop
control system.

Experiment 3 The design of predictive control using Matlab toolbox

The transformation of various prediction models, the implementation of predictive
control algorithm, the control results analysis.

Chapter 4 Adaptive control technology (Objectives 1, 2)

The key points of this chapter: The principle and design of model reference
adaptive controller and self-tuning controller.

4.1 The concept and principle of adaptive control

Background, principle, classification and development trend of adaptive control

4.2 Model reference adaptive control system

The concept of reference model, the structure of control system, the derivation of
adaptive control rate, convergence and stability analysis.

4.3 Self-tuning control system

The principle and structure of the self-tuning mechanism, the structure of the
control system.

Chapter 5 Application of advanced control technology (Objectives 2,4,5)

The key points of this chapter: Industry standard for advanced control technology

5.1 The implementation of advanced control technology in industry

Necessity and feasibility analysis, soft sensor technology, model acquisition,
system framework, implementation steps.

5.2 Industrial applications of predictive control technology

Prediction model acquisition, testing and calibration, control effect analysis,
comparison with PID control.

5.3 Application examples of adaptive control

Adaptive control scheme of inverted pendulum, adaptive model, stability analysis,

control performance analysis.
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Intelligent Control
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Control Engineering
R A RERE RAZHIBA B REF=H
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ERE Sk
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FAZRIE
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BapEhlRIE, SEEFINRERE, SEEHITE
Automatic Control Principle, Process Control Instrumentation and Equipment,
Process Control Engineering

WRIZRE AT

Course Description
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This course focuses on the overview of intelligent control, the basic knowledge of
intelligent control, fuzzy control, neural network control and the realization of
intelligent control system. It can make the undergraduate students to understand the
status and role of intelligent control in control science and engineering and the correct
way to solve the problem of engineering control. Through this course learning, to
further expand the control theory and technical knowledge, the basic knowledge of
intelligent control and intelligent control system; Also study and apply the simulation
control technology of Matlab, and realize the importance of lifelong learning; At the
same time it may lay a solid theoretical foundation for students to enter the high level.
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Learning Outcomes

Major Objectives

Objective 1: Students can use the basic principles of
natural sciences and engineering sciences to abstract and
summarize complex process or objects, understand their
limitations, and express and model them with the
knowledge of intelligent control theory and technology.

2.2 The

natural science and engineering

basic principles of

science can be used to abstract

and summarize complex process

or information  processing
processes, understand  their
limitations, and express and

model with automation expertise.

Objective 2: Aiming at the complex object control
problem in the field of automation in petroleum and
petrochemical industries, based on the theory and
technology of intelligent control, the control scheme can
be investigated and analyzed, and the feasible simulation
experiment research scheme can be selected according to
the characteristics and influencing factors of the control
object.

4.1 Aiming at the complex
engineering problems in the field
of automation in petroleum and
petrochemical industries, based
on professional theory, we can
investigate and analyze the
solutions of complex engineering
problems, and select research
routes and design feasible
experimental schemes according

to the characteristics and




influencing factors of the objects.

Objective 3: Aiming at the complex object control
problem in automation field, we can select the simulation
technology of MATLAB control, simulate and study the
intelligent control scheme of complex object, and analyze
its limitation.

54 Aiming at complex
engineering problems in
automation field, we can develop
or select appropriate simulation
or design tools and technologies,
predict and simulate solutions to
complex engineering problems in
automation field, and analyze
their limitations.

Objective 4: Through the study of intelligent control
technology, the awareness and ability of self-learning
ability are initially formed to adapt to the latest
development status and trend of intelligent control

frontier.

12.2 Ability to learn
independently, to summarize and
raise questions concisely, to adapt
to and  understand  the
development of new technologies
or equipment in automation field.
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Chapter 1 Introduction (1. 4)

The key points of this chapter: the basic concepts of intelligent control and the
structure and characteristics of intelligent control system.

The difficulties of this chapter: the structure and characteristics of intelligent
control system.

1.1 Intelligent control---new development stage of control science.
1.2 The basic concepts and research contents of intelligent control

Chapter 2 Fuzzy sets and fuzzy reasoning (1)

The key points of this chapter: Fuzzy relation and fuzzy reasoning and rule-based
Fuzzy inference of fuzzy control system.
The difficulties of this chapter: rule-based fuzzy inference of fuzzy control system.

2.1 Fuzzy sets and their operations

The definition and representation of fuzzy sets, the basic operations of fuzzy sets and
the basic properties of fuzzy set operations

2.2 Fuzzy relation and fuzzy reasoning

The definition and representation of fuzzy relation, the synthesis of fuzzy relation, the
relation between linguistic variable and implication and approximate reasoning

2.3 Fuzzy inference based on rule base

The basic method of fuzzy reasoning, the properties of fuzzy inference and some fuzzy
inference

Chapter 3 Intelligent control based on fuzzy inference (1. 2. 3. 4)

The key points of this chapter: the composition, working principle and design
analysis of fuzzy control system.

The difficulties of this chapter: the working principle and design process of fuzzy
control system.

3.1 Basic concepts of fuzzy control system

Fuzzy control system, the principle and characteristics of fuzzy control system and
fuzzy control system

3.2 Basic principles and classification of fuzzy control

The working principle of Mamdani type fuzzy control system and the working principle
of T-S fuzzy control system

3.3 Fuzzy controller design process

Fuzzy input, fuzzy rules and fuzzy inference and fuzzy decision




3.4 Analysis and application of fuzzy control system
Experiment 1: The preliminary design of fuzzy control system
Experiment 2: The design and application of fuzzy control system

Chapter 4 Intelligent control based on Neural Network (1. 2, 3. 4)

The key points of this chapter: the composition and design process of neural
network control system.
The difficulties of this chapter: the design process of neural network control

system.

4.1 Basic principles of neural networks

Neuron model, neural network structure and type

4.2 Neural network control system

Design of neural network control system based on neural network controller

4.3 Analysis and application of neural network control system
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1 Li Shaoyuan, Intelligent control, Machinery Industry Press, 2009, Second Edition.

2 Cai Zixing, Artificial Intelligent Control, Chemical Industry Press, 2005, First edition.

3 Sun Zengqi, Intelligent Control Theory and Technology, Tsinghua University press, 2011,
Second Edition.

4 Li Renhou, Intelligent Control Theory and Method, Xi'an Electronic and Science
University Press, 2007, First edition.

5 Wei Wei, Intelligent Control, Tsinghua University Press, 2008, First Edition.

6 Liu Jinkun, Intelligent Control, Electronics Industry Press, 2009, Second Edition.
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Syllabus of Systems Engineering
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Course Information
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Course Name

R IiE

Systems Engineering

SR SERITIEFR

Ry =F>1 =51 kY E
ik College of Information and Feap s 05
School ) ) School Code
Control Engineering
A BB RIZHBA EEIES
Leader Kang Zhongjian Team Members Department of Automation
B2 5
RAZHAD 05135120 *ﬁ 2
Course Code Credits
IRip Y - SIS EERT 0
. " Lecture Hours Experiment Hours
EIoER . e P
Course Hours * ) SCER AT
Programming 0 i 0
Practice Hours
Hours
TRINERT ’8
Home Hours
ERE Bt
Audience Automation
RRIES 3z
Language of Instruction Chinese
PR BaiTHRE. HRIZHES, TRRGHERAR. SEEHTIIE
ViR s 3 . L
- Automatic Control Principle, Modern Control Theory, Process Control
Prerequisite . . .
Instrumentation, Process Control Engineering
ARG IREREXATENMEHRITEEENZFERNZN I, HETHIL, &
2. HA#HE. £5%F. EBEEZINER. ZREEAaMHE L
BR, FENBIIEMEREFNEFRNER. 2. FNEMREEE. BEK
RIENEY, FEETRAZIENEARBSNGE, EEEXRGTENE
A, EFE LRGSR TR sl A ot
NN Systems engineering is an interdisciplinary field on how to design and manage
RIEEN

Course Description

complex engineering projects, overlapping cybernetics, information theory, applied
mathematics, economics, management science and other disciplines. The course is
optional for students majored in automation and introduces the modeling, analysis,
evaluation and optimization approaches rooted in engineering and that management.
This course will help students to understand the basic concepts and methodologies,
master the software toolbox, and provide students with the skills necessary to tackle the

problems of the control engineering by using engineering system approach.
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Course Syllabus
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B 1: BEANREIRG TIERMRE A TIZEREA
—IIEEMFER, ZEAGZIENERERSSH
F3iE.

2.4 ERTIZEMHIBIRTT R

Bir2: ZEHAS. @R BE. R XK
IMESHAERM, NEAR. 2FFRENEIT
73 BRI THEEITIN .

3.4 ARFN

Bir3: BRAZEIEERSZFRROPHS
RBS ML,

11.2 Z5%RE

B#r 4: ZEFIH MATALB S35 RG#H1TH
. BIE SR %,

SAMRITE (RGHERL.
PNy RE®)

Bir5: BEBARGIRENAELL, EWHNT
RIS, BR. 22 EERURTLHE
M, FIEMETRZIMAR NAIERYRIE.

6.2 HL2FM

BIEBAR Learning Outcomes Major Objectives
Learning
Outcomes Objective 1: to realize that systems engineering is a
comprehensive discipline to solve complex engineering 2.2 Solutions of Complex
problems, to master the modeling and analysis methods Engineering Problems
of Systems Engineering.
Objective 2: to access the data through literature
research, and analyze by the methods and principles of | 2.3 Principle Analysis & Literature
systems engineering to find a reasonable solution in Research
solving complex engineering problems.
Objective 3: to understand and master the optimization .
. . 11.1 Management & Decision
model and method of engineering management and
. . Knowledge
economic decision.
Objective 4: to do the research work of system analysis, 5.4 Modern Tools (System
modeling, prediction and optimization by using Simulation, Prediction and
MATALB and other software. Optimization)
Objective 5: to evaluate the impact of the solutions on
social, health, safety, law and culture from engineering . .
. o 6.4 Social Evaluation
practice, to understand the responsibility of an
engineering.
F—E RZTEHRE GREBRFED
AEESMR: RETREHRS. REIERE
i=h PN I 7 \a‘ ‘E Y 7 % N
A L1 RE IR~ ERER 1 R

1.2 ARG TR ESER

2 FE

R TIENTIEDRE. RE0HRE. RETIEHREL




B8 RGRANERGZE (REBRD
AEERMER: RETIEERTIE. Petri MIRE

2.1 RGHRE 1 AT
RGERMRIR, RGERBNEN. RGHER A

2.2 REGER T ERHA 1 Z0d
RAERENEREREN. RERENBESE REREN—RSE
2.3 Petri PR TS % 1 AT

—% Petri PIEHL, 525 Petri MIREY

FB=E Rgoth GREBRRED

AEESMS: ERSOW. BEDH

3.1 RGOk =a:)
RESMHEN.. RENTRER. REDTNER. RESTNSE
3.2 BRAMREN G E 2 2}

ERST O BEDR
FNE RZEEN REBR2. 5

AEELMER: EWEETEH

4.1 RGN LA 1 Z}
RGIFNMERS . RETNERE. RGNS BREAS
42. BREWHNTHEE 2 FHY

RERFERER . EMGRETTHIE
BT &KMMY GRERRE3)
AEERMR: Bk

5.1 ZeMERLR o) R K B AR A | S0
ZMMRIBS, EEANOERE. EHEARERR
5.2 M MXIK RS A 5 pd

BUEE, BUEBARSE. SBBRMARE. ARE. SMERKIES
BARE BEMUNEEHFERY  GRIEBAE3. 4

AEESMLR: PRERE. BRRERE

6.1 EHHX 3 Fh
ARERE. O-1 BIEEHMRIFEMESK

6.2 BFRALX! 3 Fhf

BRABFRE, BIEAXINERE. Bk




FtE ELMAY  GREBF3 O
AEERMER: MEH—HERRGEA TREZX, ENRBCE

71 —#RBERFE 2 BB
ZaiE. BENENE. Bk, THRM—ERRSE

72 RARS T ERECBKES E 3 At
BIEE. —MMRESE. R, HIRMBEE. TREE

7.3 ARSEERME D KRETE 3 At

ESIRBUE, FTE

Chapter 1 Introduction of Systems engineering (Learning Outcomes 1)

The key points of this chapter: concept of systems engineering, method of systems
engineering

1.1 Generation and development of systems engineering 1 hour

Concept and character of systems engineering, the object and application of systems
engineering

1.2 Approach and steps of systems engineering 2 hours

Working process and analysis principle of systems engineering, methodology of systems
engineering

Chapter 2 Systematic Model and Modeling Method (Learning Outcomes 1)

The key points of this chapter: modeling method of systems engineering, Petri net model

2.1 Systematic model 1 hour

Introduction of Systematic model, definition and classification of Systematic model

2.2 Introduction of system modeling 1 hour

Fundamental principle, thinking method and steps of system modeling

2.3 Modeling method of Petri Net 1 hour

General Petri net model, advanced Petri net model

Chapter 3 System Analysis (Learning Outcomes 1)

The key points of this chapter: Principal Component Analysis, Cluster Analysis

3.1 Introduction to system analysis 1 hour

The definition, characteristics, factors and steps of system analysis.

3.2 Conventional methods of system analysis 2 hours

Principal Component Analysis, Cluster Analysis

Chapter 4 System Assessment (Learning Outcomes 2, 5)

The key points of this chapter: Fuzzy comprehensive assessment

4.1 Introduction to system assessment methods 1 hour

Concepts of system assessment, system assessment and decision, steps and details of
system assessment.

4.2 System assessment methods 2 hours

Relational matrix analysis, fuzzy comprehensive assessment

Chapter 5 Linear Programming (Learning Outcomes 3. 4)

The key points of this chapter: Simplex method

5.1 Problem of linear programming and mathematic model 1 hour

Concept of linear programming, graph method of linear programming, normal form of
Simplex

5.2 Solving method of linear programming 5 hours

Simplex method, modified simplex method, dual simplex method, interior-point method




Chapter 6 Integer Programming and Objective programming (Learning Outcomes
3. 4)

The key points of this chapter: branch and bound method, objective simplex method

6.1 Integer Programming 3 hours

branch and bound method, 0-1 integer programming with implicit enumeration

6.2 Objective programming 3 hours

Mathematic model of objective programming, graph method of objective programming,
objective simplex method

Chapter 7 Nonlinear Programming (Learning Outcomes 3. 4)

The key points of this chapter: inexact line search method, variable metric method,
penalty function method

7.1 Line search method 2 hours

bisection method, golden section method, secant method, inexact line search method

7.2 Unconstrained multi-variables optimization problem 3 hours

direct method, first-order gradient method, Newton method, conjugate gradient method,
variable metric method

7.3 Constrained multi-variables optimization problem 3 hours

Penalty function method, multiplier method

Class Schedule &

Requirements

mE | on st B s | mmeEs
FY FY
1.1 1 PR/ TR 1 e/ B = B#x 1
1.2 2 W /ATIS 1 Rl 8% Bi#r 1
2.1 1 PR 1 =S B#x 1
2.2 1 WHR/TE 1 e/ BZ B#x 1
23 1 %3)/11e 1 =)= B#x 1
3.1 1 WRATIR 1 Ell/ B HiR 1
32 2 %3)/11e 2 =)= B#x 1
4.1 1 PR/ TR 1 e/ BZ B#R2. 5
42 2 K3/ 2 /B = H#R2. 5
5.1 1 WHEATE 1 e/ BZ B#R 3. 4
52 5 %3)/11e 5 e/ B = B#x 3. 4
6.1 3 WHEATE 3 e/ BZ B#R 3. 4
6.2 3 %3/118 3 e/ B % B#R 3. 4




7.1 2 PR/ 2 e/ B % B#x 3. 4
7.2 3 WA 3 fEdl/B % B#r 3. 4
7.3 3 %3/ 3 el B % B#x 3. 4
. Course . Home .
Topics Teaching Methods Assignment Outcomes
Hours Hours
. . . Homework /
1.1 1 Teaching / Discussion 1 . Outcome 1
Reading
. . . Homework /
1.2 2 Teaching / Discussion 1 . Outcome 1
Reading
) ) ) Homework /
2.1 1 Teaching / Discussion 1 . Outcome 1
Reading
) ) ) Homework /
22 1 Teaching / Discussion 1 . Outcome 1
Reading
) ) ) Homework /
2.3 1 Teaching / Discussion 1 ) Outcome 1
Reading
. . ) Homework /
3.1 1 Teaching / Discussion 1 . Outcomel
Reading
) ) ) Homework /
3.2 2 Exercise / Discussion 2 ) Outcome 1
Reading
) ) ) Homework / Outcome
4.1 1 Teaching / Discussion 1 )
Reading 2,5
. . . Homework / Outcome
4.2 2 Exercise / Discussion 2 )
Reading 2,5
. . . Homework / Outcome
5.1 1 Teaching / Discussion 1 )
Reading 34
) ) ) Homework / Outcome
52 5 Exercise / Discussion 5 .
Reading 3.4
. . . Homework / Outcome
6.1 3 Teaching / Discussion 3 )
Reading 3.4
. . . Homework / Outcome
6.2 3 Exercise / Discussion 3 .
Reading 3.4
. . . Homework / Outcome
7.1 2 Teaching / Discussion 2 )
Reading 34
) ) ) Homework / Outcome
7.2 3 Teaching / Discussion 3 )
Reading 3.4
) ) ) Homework / Outcome
7.3 3 Exercise / Discussion 3 )
Reading 3.4
ERFRKEES (%)
todm Assessment content and Percentage o
AN B TO [ 4= DIV - n
EHHR wERR | PERH o0
(V]
Grading Course goals . Daily performance RE
points ———— Percentage
EHSIHL %3 Report
Speech and Practice




Discussion
% 1
Bt 24 5 5 10 20
Objective 1
R 2
B 34 5 5 10 20
Objective 2
R 2
B 1.2 5 20 25
Objective 3
R 2
B 54 20 20
Objective 4
R 2
B 6.2 5 10 15
Objective 5
&it 15 35 50 100

1. #Inpk, EFE
B ‘A" EREAKIHEM
2. ENGE 4R, (RGIIE), MM TAHARdt, 2011, 584 hR, ERSFHE “+—
R EREHREBM/EZREREBM

3. BIfRE OF, (R IERESSEK), ARRBEAF LRI, 2006
4. XK 4, (REIEFIL) BT, BEXFHM, 2012

R, (RGIIE), M ITHkRA, 2007, 552 hE, EBSFH

M REEER
Textbooks & 1. Du Ruicheng, Yan Xiuxiao, Systems engineering,Mechanical industry press, 2007, Second
Other Materials | Edition.
2. Wang Yinluo, Systems engineering , Mechanical industry press, 2011 Forth Edition.
3. Hu Baosheng, System Engineering Principles and Practice, Xi 'an jiaotong university
press, 2006.
4. Lu Yongbo, Introduction to Systems Engineering (revision), Tsinghua university press,
2012.
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More
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Notes
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Syllabus of Internet of Things Control Technology

RIEEAKER

Course Information

RIEBTR

Course Name

IEX PFE I A

Internet of Things Control Technology

o e EREIEHITIEFMR L
FHRBE m e e
College of Information and 05
School . . School Code
Control Engineering
RA BB RIZHIBA (R
Leader Kang Zhongjian Team Members Network based Control
miosern s
R 05140 9 2
Course Code Credits
iRt o4 SMUie o) 8
. o Lecture Hours Experiment Hours
EISET . et i
Course Hours 0 SERk AT
Programming 0 . 0
Practice Hours
Hours
RINERT 3
Home Hours
ERE Bahit
Audience Automation
RIRIBS b
Language of Instruction Chinese

FAZRIE

Prerequisite

WARIE, FS5&%. SaeMFRTL. FRKESEMERM
Microcomputer Principle, Signal and System, Development of Smart Instrument,
Fundamental of Sensor and Detection

RIEE T

Course Description

KREREESNMBYERELA . SHURAEAR . MEEMBEREA . PEMIEH
ARG AR MBI R A R G5 KRR . BEXNRENE S, FFEEBIE
RN E AR SFRIE, REZEEMBRMAMARE LB, THRANEEY
BRI R TIERIBFIZ I A%, IBAFEEENR. SR BE ML
e T IROMAEES, NEERIENF IMFRMNTIEEEEAM. (IR
BRZIRE: 41, 54, 12.1)

This course focuses on introducing the overview of Internet of things, radio
frequency technology, communication technology in Internet of things, Internet of
things control system and typical applications of Internet of things. After learning this
course, undergraduate students should know the basic concepts and principles of
Internet of things, systematically understand the components and key technologies of
Internet of things, be aware of and grasp the work principle and design methods of
Internet of things control system, be able to study, analyze and solve the complex
engineering problems in the field of automation, and make a foundation for their
future study and work. (Corresponding to graduation requirements: 4.1, 5.4, 12.1)
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Course Syllabus

WRIZEHR

Bl EORIERR

H#ir 1: Sty Bt Z W GBS R T
FEIEIRE, HEWSE T HMEXRIZHI R,
RIBHNAZII REFAE, RITATITHISE

BHER.

4.1 Bt A TRISCIN 75 SRAVRE

Bir 2: St AmA TSP E R
Tigin)es, RewFF&EIER 16SE4)
BEMGEIR, FNS&KRINE e,

5.4 AEFAFERELHHEIRGEN

B47 3: T B X% IMA S T
BB ERIAR.

121 BERBFEIMAEGE IS

Learning Outcomes

Major Objectives

RIZER
Learning
Outcomes

Objective 1: Be able to design feasible
experiment solutions based on the
Internet of things control technology and
the characteristics of
measured/controlled object for the
complex engineering problems in the
field of automation.

4.1 Be able to design the feasible experiment plan.

Objective 2: Be able to develop and
select suitable simulation tools of
Internet of things, predict and simulate
the complex problems for the complex
engineering problems in the fields of
petroleum and petrochemical.

5.4 Be able to develop or select suitable simulation
tools.

Objective 4: Realize the necessity of
autonomic  learning and lifelong
learning.

12.1 Have the ability of autonomic learning and
lifelong learning.

HFEAE

Topics
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Chapter 1 Introduction of Internet of Things (Learning Outcome 2)

The key points of this chapter: the basic concepts and framework of Internet of
things, the history and related application fields of Internet of things

The difficult points of this chapter: the framework of Internet of things

1.1 Summarization of Internet of things

1.2 Development history of Internet of things

1.3 Brief introduction of application fields of Internet of things

Chapter 2 Radio Frequency ldentification Technology (Learning Outcome 1)

The key points of this chapter: the framework and work principles of RFID system,
the related RFID applications

The difficult points of this chapter: the work principles of RFID system

2.1 Classification and characteristics of automatic identification technologies

2.2 Framework of RFID system and classification of RFID technologies

2.3 Work principles of RFID system

2.4 Applications of RFID technology

Experiment 1: Monitoring of RFID tags (Learning Outcomes 1. 2. 3)

Chapter 3 Communication Technologies in Internet of Things (Learning Outcome 2)

The key points of this chapter: serial communication technologies, wireless
communication technologies, wireless sensor networks

The difficult points of this chapter: wireless communication technologies

3.1 Summarization of communication technologies in Internet of things

3.2 Standard serial communication interface

3.3 Wireless communication technologies

3.4 Wireless sensor networks

Chapter 4 PID Control Approaches (Learning Outcome 1)

The key points of this chapter: continuous and digital PID control algorithms,
parameter tuning of PID controller

The difficult points of this chapter: digital PID control algorithms

4.1 PID control algorithms

4.2 Engineering implementation of digital PID controller

4.3 Parameter tuning of PID controller

Chapter 5 Network Control System and Simulator (Learning Outcome 2)

The key points of this chapter: framework and basic principles of network control
system, design methods of wireless network control system, typical network simulator

The difficult points of this chapter: basic principles of network control system

5.1 Network control system

5.2 Analysis and design of wireless network control system

5.3 NS2 simulator

Experiment 2: Remote temperature control system (Learning Outcomes 1. 2. 3)

Chapter 6 Typical Application of Internet of Things --- Smart Home (Learning
Outcome 3)

The key points of this chapter: concept of smart home, framework and key
technologies of smart home, design of smart home control system

The difficult points of this chapter: key technologies of smart home

6.1 Introduction of smart home

6.2 Functionality and framework of smart home

6.3 Key technologies of smart home

6.4 Network based smart home control system
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Class
Schedule &

Requirements

SRS ﬁg HEANX ﬁig RINATS RiZB#R
1.1 1 W%ATE 1 B% R 2
1.2 1 WRTR 1 B BH¥r 2
1.3 2 WRATE 2 8% 5 2
2.1 1 IR 1 B% B 1
2.2 1 HRIE 1 B% B 1
2.3 1 R 1 B Hir 1
2.4 1 R 1 B Hir 1

1| 4 R 4 ;if&% BArl. 2. 3
a1 | 1 | AR e e Bi5 2
32 | 1 | R e e Bi5 2
33 | 2 | MR e e B 2
3.4 2 HRATIE 2 FiRiRE/BE ¥R 2
4.1 2 WRATS 2 FiriRE/BE BH¥r1
4.2 1 HRIE 1 FiRiREBE B 1
43 1 HRIE 1 FiRiREBE B 1
s1 | 1 | PR e S5 2
s | 1 | TEMR L e S5 2
g2 | 4 SR 4 ;tféfﬁ% Bfr1l. 2. 3
6.1 2 HHRIE 2 RIEEHBZE B#R 3
62 | 1 | TEME L e B 3
63 | 1 | TEMEL e B 3
6.4 1 HRATE 1 RIEEHBZE E#x 3




. Course Teaching Home .
Topics Assignment Outcomes
Hours Methods Hours
Teaching /
1.1 1 . . 1 Self-study Outcome 2
Discussion
Teaching /
1.2 1 . . 1 Self-study Outcome 2
Discussion
Teaching /
1.3 2 . . 2 Self-study Outcome 2
Discussion
Teaching /
2.1 1 . . 1 Self-study Outcome 1
Discussion
Teaching /
2.2 1 . . 1 Self-study Outcome 1
Discussion
Teaching /
2.3 1 . . 1 Self-study Outcome 1
Discussion
Teaching /
2.4 1 . . 1 Self-study Outcome 1
Discussion
Exp 1 4 Experiment 4 Experiment Report Outcomes 1, 2, 3
Teaching / Survey report /
3.1 1 . . 1 Outcome 2
Discussion Self-study
Teaching / Survey report /
3.2 1 . . 1 Outcome 2
Discussion Self-study
Teaching / Survey report /
3.3 2 . . 2 Outcome 2
Discussion Self-study
Teaching / Survey report /
3.4 2 . . 2 Outcome 2
Discussion Self-study
Teaching / Survey report /
4.1 2 . . 2 Outcome 1
Discussion Self-study
Teaching / Survey report /
4.2 1 . . 1 Outcome 1
Discussion Self-study
Teaching / Survey report /
43 1 . . 1 Outcome 1
Discussion Self-study
Teaching /
5.1 1 . .g 1 Defense / Self-study Outcome 2
Discussion
Teaching /
5.2 1 . _g 1 Defense / Self-study Outcome 2
Discussion
Exp 2 4 Experiment 4 Experiment Report Outcomes 1, 2, 3
Teaching /
6.1 1 . -g 1 Defense / Self-study Outcome 3
Discussion
Teaching /
6.2 1 ) ) 1 Defense / Self-study Outcome 3
Discussion
Teaching /
6.3 1 . -g 1 Defense / Self-study Outcome 3
Discussion
Teaching /
6.4 1 g 1 Homework / Self-study Outcome 3

Discussion




EzFRAEEH (%)
Assessment content and Percentage

LRk
_ | IR N gy | R
=L Dl s = REER || o
#R#2 | Course y Experiment Survey Defense
_ performance (%)
B¥r | goals | Index Report Perce
points | o | BT | |C | E ntage
IR | FR | R | R (=[0I R|F
ZAR 5 | Baf | R | &E (B |2 | B |HE|E
Grading o R IR |R| R
R 1
Rt 4.1 5 5 | s 5 (10| 5| 35
Objective 1
R 2
Rt 5.4 5 5 | 5|5|5]5 30
Objective 2
i~ 3
Rt 121 | 5 | 5 5 |10 55| 35
Objective 3
&it 10 20 30 40 100
W e E 1 FERF 4, (WEKMIEHIEM), AREFREKFLHME, 2014;
%H/ 2. OtEF 4w, (DEMBRMSIEHIRAR), FEXFHMmE, 2012,
Textbooks & | 1. "Fundamental Control of Internet of Things", edited by Zhiliang Wang, et al. Xidian
Other University Press, 2014.
Materials 2. "Internet of Things: Sensing and Control Technology", edited by Honglian Ma, et al.
Tsinghua University Press, 2012.
HE
More
#ix
Notes
KRHEAN Y2 HIZAREHAEESE) Y=
Author Chen Honglong Approved by Liu Bao

F: ATLURBERE S BAEEZA NP Z R RENLLS), RIEERERERREZINE MR,
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Error Theory and Data Processing

RIEEAKER

Course Information

TRIERFR

Course Name

RERIL SHIELE

Error Theory and Data Processing

FHRFEH - ~ o vt e P BRAKAD
School R SEFITERR School Code 05
AsA - IRIZHEIA IREEIL SRR
Leader Team Members Error Theory and Data Processing
AR 0512412 ikl 2
Course Code Credits
N ) - SLIG R 0
B et Y Lej:t;;f ;I;);rs Experiment Hours
Course Hours ) SEEE AT
Programming 0 i 0
Hours Practice Hours
IRONER y
Home Hours
EREW Sk
Audience Automation
RRES 3
Language of Instruction Chinese
s giBRE WMERERIESIT. SFHE. EHEER
o Probability Theory and Mathematical Statistics, Advanced Mathematics, Matrix
Prerequisite
Theory
NRBERMIERASNHEZLH—ITRER. XREEERFE THRMNEE
MERIREIRIR, IERFEEETHRBLIENERBREFE, EfSHML
N SRR, NEEVMITMNELER, HEEEMALRAILN, EBREMNXITR
FREEEXR, SR MERNERZE, WESISRENER, AREE
WHRFER LI EE IR E M. GIRZEEEEK 1.1, 42, 43)
RIZE T This course is an optional course of the Measurement and Control Technology

Course Description

and Instrumentation Program. The course aims at training students to understand the
measurement error theory, master the basic theory and methods for processing
experimental data, analyze and process the measurement data correctly, evaluate the
measurement result scientifically and objectively, organize experiments properly, and
select laboratory instruments and measurement methods according to the test
requirements reasonably. The course provides a theory basis for the subsequent
professional courses and experimental sections. (Index point 1.1, 4.2, 4.3)




RIZHFE KN
Course Syllabus

RIZER

Learning Outcomes

REER

EEMl RIS

Bir 1: ERERELEHERIER, BRIRENEX
REME. BRRERIFESTI, EEHRIORN
REM G ERIBILEAL.

1.1 TREHFEM

BiF 2: MBERIRENAEEEIN T RIEFNELK
R, BERER AR F RIS /5 R TSCNE

42 AIERETH AR

BiF 3: REBRAINEE, THEESFMSITNELK
BT, EBHRESHEXNRENVELRE, X

SLIGEREBRAR N R, BADHTFHEHITE 4.3 BiEALTE
AR, EUHIENRFRE, BRAEEAINER,
FRABIREHEEIEE LB

Learning Outcomes Major Objectives

Objective 1: Grasp the basic theory of error processing
and understand the definition and nature of error.
Understand the sources and types of errors, master the
methods and theoretical basis of eliminating or reducing

Crrors.

1.1 Engineering mathematics
foundation

Objective 2: Grasp the basic principle of choosing
experimental scheme and adopt scientific experimental
methods to carry out experiments from the angle of

reducing error.

4.2 Setting-up experimental
scheme reasonable

Objective 3: Use the concepts of standard deviation and
uncertainty to analyze the measurement data, eliminate
the measurement data containing gross errors. The
experimental results can be processed comprehensively
by least squares and regression analysis, establish the
mathematical model of the data, interpret the
information contained in the data, and verify the validity
of the conclusion by hypothesis test.

4.3 Data processing

Topics

F1E 410 (REBHFD
AEERMER: RERNRIR
L1 IRENBEXRERGTZ
1.2 IRERIFRIFR 57H

F2E RENEFMERSLE GREBHFD

FEERMER: RENMRSDE, FIBNREREN
2.1 BEHUREMARGIRESENERE. FFR TG E
22 ARKIREFENERRE, FIESHEREXRENGZE, FIRAEXIRERED

FBIE RENAMSHE (REBH2)




AEESMS: REMEARK. BUNMREWREE

3.1 REIRE. MHLIRENEK

32 RRREWER, RFEIRESHIRENEK

33 RESE. MMRERERN, SENEHRNEBE

F45E NEFHEE (REER2)
AEERMER: NETHEERIER. A

4.1 MEAHEENERFS. KR, 7K FE
42 MERHEENEK

FBSE KMSBRMFEZLE GREER3)
AEESES: &N FERE

5.1 RINTRIERIB

52 EMARE

FLoE EESH GREBH3I)
AEELMS: BAFENSTSRE
6.1 BV HTHIE AR S

6.2 —ILLMEYIFIZAEL. KiF
6.3 BlFAFIENAED TR EEMHEL

Chapter 1 Overview of error theory and data processing (Objectives 1)
The key points of this chapter: Sources of error

1.1 Basic concept and significance of error

1.2 Sources and classification of error

Chapter 2 Basic properties and processing of error (Objectives 1)

The key points of this chapter: Properties, classification, judgment criterion of error
2.1 Causes, characteristics and decrease strategy of random error and system error
2.2 Causes, preventing or eliminating methods and judgment criterion of gross error

Chapter 3 Synthesis and distribution of error (Objectives 2)

The key points of this chapter: Synthesis of error, selection of small error
3.1 Synthesis of function error and random error

3.2 Synthesis of system error, synthesis of system error and random error

3.3 error distribution, selection of small error, determination of best measurement

scheme

Chapter 4 Uncertainty of measurement (Objectives 2)
The key points of this chapter: Understanding and synthesis of measurement

uncertainty

4.1 Basic concept, source, classification and evaluation of measurement uncertainty

4.2 Synthesis of measurement uncertainty

Chapter 5 Least squares method for linear parameter processing (Objectives 3)
The key points of this chapter: Principle of least squares method




5.1 Principle of least squares method
5.2 Normal equation

Chapter 6 Regression analysis (Objectives 3)
The key points of this chapter: Analysis and test of regression equation
6.1 Basic concept of regression analysis

6.2 Establishment and solution of linear regression equation

6.3 Variance analysis and significance test of regression equation

Class Schedule &

Requirements

mE | Lo | memx | L wews | wEER
1.1 1 PR/ TR 1 R/ B % BiF 1
1.2 1 PR/ TR 1 R/ B % BiF 1
2.1 3 PR/ TR 1 e/ B % B#5 1
2.2 3 RIS 1 1R/ B % B4R 1
3.1 2 RS 1 el B % Bl47 2
3.2 2 RIS 1 =k B47 2
33 2 RS 1 =k B47 2
4.1 2 PR/ e 1 =S B4R 2
4.2 2 RS 1 el B % B47 2
5.1 4 PR/ TR 2 R/ BF BI47 3
5.2 4 PR/ TR 1 e/ B F BI47 3
6.1 1 PR/ TR 1 R/ BF B#R 1, 2
6.2 3 PR/ TR 2 e/ B F BI47 3
6.3 2 PR/ TR 1 e/ BF BI47 3
Topics Course Teaching Home Assignment Outcomes
Hours Methods Hours
Teaching Assignment/
1.1 1 . . 1 Outcome 1
/Discussion Self-study
Teaching Assignment/
1.2 1 . . 1 Outcome 1
/Discussion Self-study
Teaching Assignment/
2.1 3 . ) 1 Outcomes 1
/Discussion Self-study
Teaching Assignment/ | Outcomes 1
22 3 /Discussion ! Self-study
Teaching Assignment/ | Outcomes 2
31 2 /Discussion ! Self-study
30 5 Teaching . Assignment/ | Outcomes 2
’ /Discussion Self-study
13 5 Teaching . Assignment/ | Outcomes 2
’ /Discussion Self-study
il 5 Teaching : Assignment/ | Outcomes 2
' /Discussion Self-study
40 5 Teaching { Assignment/ Outcomes 2
/Discussion Self-study
51 4 Teaching ) Assignment/ | Outcomes 3
/Discussion Self-study




sH 4 Teaching . Assignment/ | Outcomes 3
’ /Discussion Self-study
6.1 { Teaching q Assignment/ | Outcomes 3
' /Discussion Self-study
6.0 3 Teaching 5 Assignment/ | Outcomes 3
' /Discussion Self-study
63 5 Teaching | Assignment/ | Outcomes 3
' /Discussion Self-study
. ERARBREH (%)
igie | .
B = Assessment content and Percentage AR EsEL 51
,T A
X (%)
Course Index FatRID HiRER ’
. . ) Percentage
goals points Daily performance Final exam
. B#r 1
EAR 1.1 10 20 30
. Objective 1
Grading
E#R2
4.2 10 15 25
Objective 2
T 3
Rt 43 10 35 45
Objective 3
&it 30 70 100
1 (GREERSHIELE) E o), Bk, MW HARYE, 2010, ZESFH
Bt—R EREIKIEM;
2. (EHTSMABHELLIR), MR, ERIBTRFHAMAE, 1995
e 3. (REEWSNA), HAE, FEISHR, 1985.
M EESE TR A , : — ,
1. Fei Yetai, Error Theory and Data Processing, the Sixth Edition, Machinery Industry
Textbooks & Other
. Press, 2010;
Materials ) ) ) ]
2. Lin Honghua, Dynamic Test Data Processing, Beijing Institute of Technology Press,
1995;
3. Xiao Mingyao, Error Theory and Application, China Metrology Publishing House,
1985.
HE
More
#x
Notes
s \ RN RBREE N
KFHEA wE R pUE
Author Bo Yingchun Liu Bao
Approved by

E: WIREFEE S AREE RGN R BT BEELH.
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Syllabus of Introduction to Virtual Instrument

RIEEAKER

Course Information

RIZBTR

Course Name

IR TR

Introduction to Virtual Instrument

FEESEHIIIEER
RHE REBRA
RIS College of Information and Fraptiss 05
School . ] School Code
Control Engineering
. SR SIE
fAaRA BB RIZEIPA & 1 N .
. Introduction to Virtual
Leader Kang Zhongjian Team Members
Instrument
ey N
RIEZmAS 05123 ?—5? 5
Course Code Credits
IR AT 4 Ml 5 ) g
. " Lecture Hours Experiment Hours
RAZERS 32 TE i
Course Hours + ) SEE AT
Programming 0 i 0
Practice Hours
Hours
RSN FE:
RINFET 1
Home Hours
EAE Bzt
Audience Automation
RiIRES 3z
Language of Instruction Chinese

FAZRIE

Prerequisite

MR ES D SLIE

Test signal analysis and processing

WRIZRE AT

Course Description

KRBESNBEMNERGENHEXIE,. LabVIEW RiZEA. ERULES
WIBREMESLIE, ERMLEBERAR. BEFIEFE TREMNEHNEARE
FEFREGEONE, Z18E R LabVIEW F&LIEG I ELULEE MR IZF
[, 753EMETG. @ERRERNFS], EFFEHN TERRERITRES TS
WItHEED, REFEEAEREIEIMNELRR. TR EKRIEIRS: 1.4,
2.4, 5.2)

This course focuses on the related standards of the virtual instrument system, the
foundation of LabVIEW programming, the data acquisition and signal processing and
the communication technology of virtual instrument. Through this course, students are
able to understand the development history and the interface standard of software and
hardware of virtual instrument, and grasp the principles, methods and skills of
designing virtual instrument testing program by using LabVIEW development
environment. By this course, it can cultivates the student’s ability of software analysis
and design for engineering problems, and improve the students' professional quality as
an autocontrol engineer.( Major Objectives: 1.4,2.4,5.2)




RIZHFE KN
Course Syllabus

RIZERR
Learning
Outcomes

REER Bl EORIERR
BiF 1: EEEMLEFEARNEARGTS, EX
7%, EEEIVERGHR RIE.
[RIBFNFE, EREEMLERRGH TIERE 14 TI2EH

BRI ALREZE, ATLSENERTE
B R A R YT T R AR E Ao

Bir 2: MERTIZCEHITHN, FHEEM
NHFRGHE R, RETITHEFRHAR.

2.4 |B)RAS AT

Bir 3: EEEMUGFTLIES, EBERE
MILEFAFE, ®iITEARRYECIRIIEE
WIEFARSZ, HXIRFHITER

52 MRIEFEFIES)

Learning Outcomes

Major Objectives

Objective 1: The basic concept and grasp the
principle of virtual instrument technology and
methods, grasp the working principle,
characteristics and design of virtual instrument
system development method, lay the foundation
for the measurement and control technology to
solve complex engineering problems in the field
of automation specialty.

1.4 Engineering Foundation

Objective 2: In the design / development of
automation in the field of complex engineering
problems, understanding of the various
measurement and control methods and the
application of measurement and control system
and the limitations of the system can recognize
that there are a variety of options to solve the
problem.

2.4 Problem Analysis

Objective 3: Complex engineering problems in
design / development of automation field, able to
master and use control system software
development language and hardware design and
debugging technology, can realize the limitation
of measurement and control technology and
development tools.

5.2 Modern Tools (Program Language)

Topics

F1E it (REEBHD

AEES: ENMSRERGS, EUNSESNE

AEMS: ENSEEARS
1.1 UL R B AR 2 FE A
1.2 EMLERIR RS NA . KRS

F 25 EMUSEEEEOSAMKRERE GREBF 1)

AESS: GPIBERAEORLZ, SCPI, VISA

AL GPIBEAEORE
2.1 GPIBIBREAOLL;




2.2 VXI B%k; PXI B%k; LX| 2%
2.3 AIYmIZ(U R ES S BRI EERAEIEF
FITF EMEEEITER GREEB#R1. 3)
AZEL: LabVIEW RIZINR, IEFGEM. XHRE. BERER
AEMS: BRGS0, STHRE
3.1 LabVIEW 4RISIFIE
3.2 1EFLEM
3.3 FE. Mm%, BRTENEETE
3.4 XHRME. BEER
SEL6 1: BIK LabVIEW FF &R
SCI6 2: LabVIEW EATEFEIT
F4E ENSEBERENESLE GREBRMR1. 2, 3)
AEEL: BEXRKE. FS7%. E5o5Wh. BHFiEE
AEHS: BEXRE. G509 BFIRE
4.1 BIERE
4.2 1FS%
4. 3 (ZSHIRHE 4. Sl o4
4. A WFIEH AR
XL 3: WIEREMESLEXR
F£5EF EMUSEBERFEEAR REBEMR1. 2, 3)
AEELS: BITEEBAR, MEBREREAR
AEMLS: BITEEEAR, MEBREREAR
5.1 BITBEHRAR
5.2 MEBEHRA
I6 4. BOBERRESR

Chapter 1 Introduction (Outcomes 1)

The key points of this chapter: virtual instrument, virtual instrument structure

The difficulties of this chapter: virtual instrument

1.1 basic concept and composition of virtual instrument

1.2 the characteristics, application and development trend of virtual instrument

Chapter 2 The bus interface technology and software standard (Outcomes 1)

The key points of this chapter: GPIB, SCPI, VISA

The difficulties of this chapter: GPIB

2.1 GPIB general purpose interface bus;

2.2 VXI bus; PXI bus; LXI bus

2.3 standard commands for programmable instruments, virtual instrument software
architecture and drivers

Chapter 3 Programming by LabVIEW (Outcomes 1,3)

The key points of this chapter: LabVIEW programming environment, program structure,
file operations, graphics display

The difficulties of this chapter: program structure, file operations

3.1 LabVIEW programming environment

3.2 program structure

3.3 strings, arrays and clusters, local variables and global variables

3.4 file operations, graphic display

Experiment 1: familiar with LabVIEW development environment

Experimental 2: LabVIEW basic programming

Chapter 4 Data acquisition and signal processing (Outcomes 1,2,3)




The key points of this chapter: data acquisition, signal generation, signal analysis, digital

filtering

The difficulties of this chapter: data acquisition, signal analysis, digital filtering

4.1 data acquisition

4.2 signal generation

4.3 signal time domain analysis, frequency domain analysis

4.4 digital filters
Experiment 3: data acquisition and signal processing experiment

Chapter 5 Communication technology (Outcomes 1,2,3)

The key points of this chapter: serial communication technology, network

communication technology

The difficulties of this chapter: serial communication technology, network

communication technology

5.1 serial communication technology

5.2 network communication technology

Experiment 4: serial communication programming experiment

Class Schedule &

Requirements

— | RA - RIM X . o e e o
NE s HEHN - PRINEATS RIZBFR
1.1 0.5 iz 0.5 B B#r 1

1.2 0.5 iz ica 0.5 B% B#r 1

2.1 1 iz 1 BE Bfr 1
2.2 0.5 W% 0.5 B Bfr 1
2.3 1.5 iz A 1.5 B% B#r 1

3.1 2 iz 2 BE B#rl. 3
3.2 2 W% 2 {EN Bfr 1. 3
3.3 2 W% 2 {EN Bfr 1. 3
3.4 2 iz ica 2 1l Bfr 1. 3
S| 2 w1 ) =5 B4 3
= ~ SRS

B’E5 _

1) 2 SLIG 2 N B#¥x 3
SR i SR

4.1 2 WS 2 1l BFfr1. 2. 3
4.2 1 iz A 1 el BFfr 1. 2. 3
43 2 iz 2 B B#r 1. 2. 3




4.4 2 Cigsd 2 fEdl/B % B#rl. 2, 3
5
M) 2 ST, 2 A B4 3
3 LIRS
5.1 3 WSS 3 ek B#r 1. 2. 3
5.2 2 WHR/TTE 2 ek B#r1. 2.3
#®E
LI 4 2 SMl, 2 e B4R 3
3 LIRS
. Course . Home )
Topics Teaching Methods Assignment Outcomes
Hours Hours
HHEAT
1.1 0.5 i —JL e 0.5 Reading Outcome 1
Teaching
1.2 0.5 Teaching 0.5 Reading Outcome 1
2.1 1 Teaching 1 Reading Outcome 1
2.2 0.5 Teaching 0.5 Reading Outcome 1
23 1.5 Teaching 1.5 Reading Outcome 1
3.1 2 Teaching 2 Reading Outcome 1,3
3.2 2 Teaching 2 Homework Outcome 1,3
33 2 Teaching 2 Homework Outcome 1,3
34 2 Teaching 2 Homework Outcome 1,3
Exp 1 2 Experiment 2 Experiment Report Outcome 3
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Syllabus of Signals and Systems
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Course Information

RIEBTR

Course Name

SRR

Signals and Systems

EREERITIIEFMK
] = 37| =51 S E
RIS College of Information and Fraptiss 05
School ) ] School Code
Control Engineering
ARA e IRAZ A S5 RS
Leader KANG Zhongjian Team Members Signals and Systems
‘mzoen -z
RIZRIG 05201 ?—ﬁ 3
Course Code Credits
i FRt 10 LI A g
. " Lecture Hours Experiment Hours
RR " AR :
Course Hours * ) SCER AT
Programming 0 . 0
Practice Hours
Hours
RINERT 10
Home Hours
ERE Sk
Audience Automation
RIRIES 3z
Language of Instruction Chinese
FAEIRIE EEHE. SMHRE. ETRE. BRSO
Prerequisite Advanced Mathematics, Linear Algebra, Complex Function, Circuit Analysis
FREZEHUTUN—TEWIRIER, ESNBHEESHFE. LM
ARG ESREEMFNIERENERSIN A ZURGESERE S
FEREABRWHEXRTEUINEA . BTIZRENFE S, EFEEEESHNS
ARG othnERER, ABRESSRGENEREBEREERTNGE, MRMN RS
SRR, EEFEERGOWEILESN A A EAHIL SRR, AFI R
HEWIRIE . EITRHAUR SR TAESFEAT T R&FAVIEIRE Al (R B K
1.3, 22, 24)
NN This course is an elective course for the students who major in automation. This
RIZ BN

Course Description

course focuses on the characteristics of the deterministic signals and linear time
invariant (LTT) systems, the analysis methods for the response of LTI systems, and the
applications on engineering fields related with students’ major. By studying this
course, the students are expected to master the basic ideas of signal analysis and
system analysis, be familiar with the basic principles and basic analysis methods of
signals and systems, and enhance the understanding of the system analysis problems.
Through the study of this course, the students could lay a solid foundation for the
theory and application of system analysis, and be ready for studying the following
professional courses, scientific research and practical work.(Corresponding to




graduation requirements: 1.3, 2.2, 2.4)
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Course Syllabus
RIEEAR EeAl SRR HRFR R
B 1: Z2ERATHRREBNMLSISNE R TIZEAERN N
. AN 22 ENHFRE
EEMRGMIES, MR SERIEASZ. i
Bir2: ZEEATHRABNCIIRERTIROBAERN | 1.3 REEDSKENK
ESHEE. g, SSREEGE. SR
HHR 3: ZIEATHRRBINMU TSR TIZ0IREAERN X
. . . . N 24 TS ZTIZERR
RYORIL, . ESREMR . BRI
Learning Outcomes Major Objectives
Wz B R
Learning Outcomes Objective 1: Master the concepts, properties,
classifications and representation methods of signals and .
2.2 Modeling

systems, for solving complex engineering issues in
automation field.

Objective 2: Master the signal computational methods in

1.3 Simulation and solving

time, frequency and complex frequency domain, for | knowledge of  control
solving complex engineering issues in automation field. system
Objective 3: Master the system analytical methods in time,

24  Analyze complex

frequency and complex frequency domain, for solving
complex engineering issues in automation field.

engineering problems
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Chapter 1 Signal and system (Learning Outcomes 1,2)

The key points of this chapter: the basic operation of signals, description of systems
and properties of systems, and the properties of impulse function.

1.1 Introduction

The definition of signals and systems, the relation between signals and systems,
signal analysis, signal processing, signal synthesis, and system synthesis.

1.2 Signal

Continuity and discrete, periodic and aperiodic, real signal and complex signal,
energy and power signals, and mathematical expression of some commonly used signals.

1.3 Basic operation of signal

The addition, multiplication, inversion, shift and scale transform of signals.

1.4 Step function and impulse function

The definition of step function and impulse function and their relationship, and the
properties of impulse function.

1.5 Description of system

The commonly used means to express systems, the classification of systems, the
establishment of input-output equation, the diagram of systems, and to transform the
diagram of systems to corresponding equations.

1.6 Characteristics and analysis methods of systems

The definition and discrimination method of linearity, time-invariance, causality
and stability of systems.

Chapter 2 Time domain analysis of continuous system (Learning Outcomes
2,3)

The key points of this chapter: the classical solution of differential equations, the
calculation of convolution integral, and the properties of convolution integral.

2.1 Response of LTI continuous system

The classical solution of differential equations, initial values at 0. and 0-, zero input
response, zero state response and full response.

2.2 Impulse response and step response

The definition and solution of impulse response, the definition and solution of step
response, the relationship between impulse response and step response, the nature of
impulse response and step response to represent systems.

2.3 convolution integral

The definition of convolution integral, the convolution solution of zero state
response, and the diagram method and the analytic method of calculating convolution
integral.

2.4 Properties of convolution integral

Algebraic operation properties of convolution integral, convolution with impulse
function, and calculus properties of convolution integral.

Chapter 3 Time domain analysis of discrete systems (Learning QOutcomes 2,3)

The key points of this chapter: The classical solution of difference equations, and




convolution sum and its properties.

3.1 Response of LTI discrete systems

The definition of difference and difference equations, the iterative method, the
classical solution, zero input response, zero state response, and full response of
difference equations.

3.2 Unit sequence and unit sequence response

The definition and the calculation of unit sequence response and step response and
their relationship.

3.3 convolution sum

The definition of convolution sum, the convolution solution of zero state response,
the tabulation method and the analytic method of calculating convolution sum, and the
properties of convolution sum.

Chapter 4 Fourier transform and frequency domain analysis of systems
(Learning Outcomes 2,3)

The key points of this chapter: the Fourier series of periodical signals, the Fourier
transform of aperiodic signals, the properties of Fourier transform, frequency domain
analysis of LTI systems, and sampling theorem.

4.1 Decomposition of signals into orthogonal components

The definition of orthogonal function set, and formulae for decomposition of
signals.

4.2 Fourier series

The formulae of Fourier series in triangular and exponential forms, the physical
meaning of Fourier series, and the properties of Fourier series for odd function, even
function, and odd harmonic function.

4.3 Spectrum of periodic signal

The concepts of unilateral spectrum, bilateral spectrum, amplitude spectrum and
phase spectrum of periodic signals, and the spectrum properties of periodical rectangular
pulses.

4.4 Spectrum of aperiodic signal

The definition of Fourier transform, and the calculation of spectrums of some
commonly used signals.

4.5 The properties of Fourier transform

The linearity, the parity, the symmetry, the scale transform, the time-shift, the
frequency-shift, the convolution, the time-domain calculus, and the frequency-domain
calculus properties of Fourier transform.

4.6 Fourier transform of periodic signals

Two methods to calculate the Fourier transform of periodic signals.

4.7 Frequency domain analysis of LTI systems

The definition of the frequency response, and the frequency domain analysis
method of continuous systems.

4.8 Sampling theorem

The sampling of signals, and the time-domain sampling theorem.

Chapter 5 S domain analysis of continuous system (Learning Qutcomes 2,3)

The key points of this chapter: Laplace transform and its properties, and S domain
analysis of LTI systems.

5.1 Laplace transform

The definition of Laplace transform and convergence domain, and the Laplace
transform of some commonly used signals.

5.2 Properties of the Laplace transform




The linearity, the scale transform, the time-shift, the complex-frequency shift, the

time-domain calculus, the convolution, the S-domain calculus properties of Fourier

transform, and the theorem of initial value and final value.

5.3 Inverse Laplace transform

Partial fraction expansion method, and to calculate the inverse Laplace transform

using the properties of Laplace transform.

5.4 complex frequency domain (S domain) analysis

S domain solution of differential equation, system function, and S domain analysis

of LTI systems.
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Course Name
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Design of Embedded Systems
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School ) ] School Code
Control Engineering
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Leader KANG Zhongjian Team Members Design of Embedded Systems
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Course Code Credits
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. " Lecture Hours Experiment Hours
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Course Hours * ) SCER AT
Programming 0 i 0
Practice Hours
Hours
WRINFERY -
Home Hours
ERE Sk
Audience Automation
RRES L3878
Language of Instruction Chinese

FAZRIE

Prerequisite

BFRITES (C/CH), BFBRTRK, MIRES
Programming language(C/C++), Digital electronics technology, Principle of

microcomputer

WRIZRE AT

Course Description

KRIEZEIUEWIRIZIR, BEFIFEZE THRHRARRGHNEKRFEE,
BEAHXMNELFIZCRMHAITRARRE SIS RITHEE . EEET STM32 &
ERBRARREFLHEAR, SFLAERGMNER, LEBEENSMEONER
SMBHIER TS, BARIBIERSE FreeRTOS HIRIBFER 535, BEIRIBLIRE
KIGTHBRARRGREEH MG . BEARRENES], FFEZEET STM32 &
HEMPRARRENEGRNRERITEZE, BEARITMALRHRARRGRBE
o (HRZEENER: 2.4, 4.1, 5.2, 10.1)

This is a selective course for students who major in automation. After learning
this course, students can understand the principles of embedded system and gain the
ability of analyzing and designing embedded systems for practical engineering
problems. Students can master the techniques of designing embedded systems based
on STM32 series MCUs, such as the usages of software tools, the usages of various
interfaces and peripherals of STM32 processors, the usages of embedded operating
system FreeRTOS. Thus they can deign embedded hardware and software systems for
practical requirements. By learning this course, students can master hardware and




software design method with STM32 processors, and gain abilities to design and
develop practical embedded systems. (Corresponding to graduation requirements: 2.4,
4.1,5.2,10.1)
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Learning Outcomes

Objective 1: For practical engineering problems,

students should realize that there are many schema for
.. 2.4 Analyze complex
designing an embedded system, and can choose a ) .
. o . . engineering problem.
suitable scheme by considering practical requirements,

cost, and feasibility of technology.

Objective 2: Students should master the hardware and

software resources of STM32 MCUs, and can design a .
. 4.1 Design research scheme
feasible embedded hardware and software scheme for

practical requirements.

Objective 3: Students should master up-to-date free
software tools and drivers for developing embedded
systems based on STM32 MCUs, including 5.2 Use modern tools
STM32CubeMX, STM32CubelDE, HAL drivers, and
embedded operating system FreeRTOS.

Objective 4: Students can write reports according to

the working process and achievement of experiments .
] . . 10.1 Write reports
or assigned tasks, can show and illustrate their work

effectively.
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Chapter 1. Introduction of embedded systems (Learning QOutcomes 1)

Key points of this chapter: The features of different embedded processors and
embedded operating systems.

Difficulties of this chapter: The features of ARM Cortex series processors.

1.1 An introduction of embedded systems

An introduction of the concept of embedded systems, its developing history and
applications.

1.2 Embedded processors

Various micro-controllers, digital signal processors, and ARM processors, especially
ARM processors of Cortex series.

1.3 Embedded operating systems

The features and applicable situations of different embedded operating systems, such
as pC/OS-I1, FreeRTOS, Linux and Android .

Chapter 2. Foundation of designing embedded systems with STM32 (Learning
Outcomes 2,3)

Key points of this chapter: The basic usage of a STM32 developing board, the basic
processes of designing and debugging software.

Difficulties of this chapter: The usage STM32CubeMX and STM32CubelDE.

2.1 The structures and interfaces of STM32 processors

The internal structures and peripheral interfaces, especially that of STM32F407.

2.2 Peripheral interfaces and devices of the developing board

The functional structures, peripheral interfaces and devices of the STM32F407
developing board.

2.3 Configuring STM32 processors with STM32CubeMX

Configuring STM32 processors with STM32CubeMX and generate C initialization
code for an IDE.

2.4 The usage of STM32CubelDE software

To learn the basic usage of STM32CubelDE, and analyze the initialization code
generated by STM32CubeMX.

Chapter 3. Interrupt System and External Interrupt (Learning Outcomes 2,3)

The key points of this chapter: The NVIC system of STM32F4 and the processes of
treating interrupts.

The difficulties of this chapter: The concepts and management of interrupt priorities.

3.1 The interrupt system of STM32F4 and the NVIC table

The concept of NVIC(Nested vectored interrupt controller) and interrupt priority.

3.2 External interrupts

The principle and usage of external interrupts. Sample: to get key input with
external interrupts.

3.3 Experiment 1:The usage of GPIO and external interrupt

To detect the input of keys and control the start and stop of a buzzer.

Chapter 4. FSMC interface and the usage of TFT LCD (Learning Outcomes 2,3)
Key points of this chapter: FSMC interface, drivers and usage of TFT LCD touch
screen.
Difficulties of this chapter: The usage of TFT LCD drivers.
4.1 The FSMC interface between MCU and TFT LCD




Principle of the FSMC interface, and the connection between FSMC and TFT LCD.

4.2 Hardware and software initialization of FSMC and TFT LCD, and the usage of
TFT LCD drivers.

The principle of FSMC interface and its usage for TFT LCD. The application of
drivers of TFT LCD.

Chapter 5. Timers (Learning Outcomes 2,3)

The key points of this chapter: The features of basic timers, general timers and
advanced control timers.

The difficulties of this chapter: The applications of a timer’s PWM output, input
capture functions.

5.1 The types and features of timers

The features and functions of basic timers, general timers and advanced control
timers.

5.2 Basic timers

How to use the update event function of a timer. Sample: toggle a LED at an interval
of 1 second under the control of a timer.

5.3 PWM generation

How to generate a PWM wave with different frequency and pulse width with a
general timer.

5.4 Experiment 2: Temperature acquisition and displaying with a DS18B20.

Using a basic timer, to acquire the temperature data from a DS18B20 and display it
on TFT LCD.

Chapter 6. RTC and its application (Learning Outcomes 2,3)

The key points of this chapter: The principles and applications of RTC’s functions,
such as alarm, wakeup regularly, timestamp, and tamper detection.

The difficulties of this chapter: The time mask configuration for a alarm, the usage
of alternate function pins.

6.1 The features of RTC

The clock source of RTC, the internal block diagram of RTC. The functions of
alarm, wakeup, timestamp modes.

6.2 Application of alarm and wakeup regularly

The application of alarm and wakeup regularly. Sample: display current time on TFT
LCD at an interval a 1 second.

Chapter 7. SD card and FAT file system (Learning Outcomes 2,3)

Key points of this chapter: Hardware interface of SD card, FAT file system and the
usage of FatFs library.

Difficulties of this chapter: The usage of FatFS driver library.

7.1 SDIO interface

The interface definition of SD card, and the interface circuit of SD card and
STM32F407 processor.

7.2 FAT file system and the usage of FatFs library

Introduction of FAT file system. How to configure the parameters of FatFS in
STM32CubeMX, and how to use the driver functions.

7.3 Experiment 3: Data acquisition of DS18B20 and data files storage by SD card

By using the RTC’s wakeup mode, to acquire temperature data from DS18B20,
display it on LCD and store it in SD card.




Chapter 8. Embedded operating system FreeRTOS (Learning Outcomes 2,3)

Key points of this chapter: The functional modules of embedded operating system
FreeRTOS. How to use it in STM32CubeMX and STM32CubelDE. The principles and
applications of multitasks and the synchronization and communication between tasks.

Difficulties of this chapter: The program structure of FreeRTOS, and the
synchronization and communication between tasks.

8.1 How to configure FreeRTOS in STM32CubeMX

The features and structure of FreeRTOS. How to configure FreeRTOS in
STM32CubeMX.

8.2 Code structure of a project with FreeRTOS

Project code structure generated by STM32CubeMX with FreeRTOS. The
initialization of FreeRTOS, and how to insert user’s code.

8.3 Multitasks in FreeRTOS

The concepts of multitasks and tasks’ priority. The creation, suspension and resume
of tasks, the initialization and startup of tasks.

8.4 Interrupts and clocks

The processing of interrupts, the switching between interrupt tasks, and time
delaying of tasks.

8.5 Synchronization and communication between tasks

The concepts of tasks’ synchronization and events. Semaphore and its operation.
Mutex-semaphore, message queue and their operation.

8.6 Experiment 4: DS18B20 data acquisition, displaying and storage based on
FreeRTOS.

To design a system which realizes DS18B20 data acquisition, displaying and storage
based on FreeRTOS multitask management.

Chapter 9. Presentation and discussion of solution for the comprehensive task
(Learning Outcomes 1,2,4)

Key points of this chapter: How to design a reasonable hardware and software
solution based on the knowledge studied in this course, and illustrate and explain the
solution reasonably and logically.

Difficulties of this chapter: The organization and illustration of design solution.

9.1 Hardware and software solution for the comprehensive task

Students are required to design a hardware and software solution for the
comprehensive task based on the knowledge studied in this course, and illustrate and
explain the solution by slides.
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Audience Electronic Information Engineering
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Language of Instruction Chinese
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p it Signals and systems, Analog electronic technology ,Digital electronic technology ,
rerequisite
9 Probability and mathematical statistics, High frequency circuits
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NN The principle of communication is a very important basic course for information
RIEEN

Course Description

specialty, and it is also one of the limited courses for automation specialty. This
course introduces the basic principles, basic performance and basic analytical methods
of the communication system. Through the learning of this course, students can
master the basic principles of information transmission, achieve the ability of
analyzing and designing digital communication system, and be ready for studying the
following professional courses, scientific research and practical work. (Corresponding
to graduation requirements:5.1, 5.3)
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Learning Outcomes

Objective 1: Master the basic principle and analysis
method of communication system, can analyze, calculate
and design the electronic information communication
system involved in complex engineering problems in
automation field.

. : o : 5.1 Analysis of engineering
Objective 2: Using probability theory, stochastic process

and advanced mathematics to solve the engineering
problems of communication system, master the
calculation method of performance index in baseband
system and various modulation communication systems.

Objective 3: Understand the basic technology of

communication system, use Simulink of MATLAB ) )
) . o 5.2 Software simulation
software to simulate and design communication system,

and understand its limitations.
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Chapter 1 Introduction(Learning Outcomes 1)

The key points of this chapter: The characteristics of digital communication system,
the information content, t the symbol rate and the information rate, the bit error rate and the
error rate.

The difficulties of this chapter: the calculation method of the information content, the
solution of main performance indicators

1.1 Communication and communication system

Basic concepts of communication and communication system, communication system
composition, classification and communication.

1.2 Information and information content

The concept of information, the formula for calculating the amount of information, the
average amount of information, the amount of information.

1.3 Main performance index of communication system

Validity and reliability

Chapter 2 Basic knowledge(Learning Outcomes 1)

The key points of this chapter: The time domain and frequency domain description of
the signal, the properties and description of the generalized stationary random process, the
generalized channel, Gauss white noise.

2.1 Determination of signal analysis

The key points of this chapter: time and frequency domains of deterministic signals,
generalized stationary random process, AWGN.

The difficulties of this chapter: definition and properties of generalized stationary
stochastic processes, statistical properties of Gauss narrow band random processes

2.2 Random process

The definition, numerical characteristics of random process, the definition and
properties of stationary stochastic process, the definition and properties of Gauss stochastic
process, narrow-band random process, sine wave plus narrowband Gauss, Gauss white
noise and Gauss white noise band limited.

2.3 channel

Channel classification and mathematical model, the impact of signal transmission,
channel noise.

Chapter 3 Digital Baseband Transmission Systems(Learning Outcomes 1,2)

The key points of this chapter: Digital baseband signal transmission system , AMI
code and HDB3 code, no ISI validation, binary single bipolar code error rate analysis
method, partial response waveform and spectrum characteristics

The difficulties of this chapter: Digital baseband signal transmission system
composition diagram, AMI code and HDB3 code rules, time domain and frequency domain
conditions, no ISI validation, no ISI highest symbol transmission rate without intersymbol
interference calculation, binary single bipolar code error rate analysis method, partial
response waveform and spectrum characteristics

3.1 Digital baseband signal and its spectrum characteristics

The key points of this chapter: Digital baseband transmission system block diagram,
digital baseband signal waveform, digital baseband signal mathematical expression, digital
baseband signal spectrum (power spectrum) analysis.

3.2 Baseband transmission common code type

Transmission code selection principle, AMI code, HDB3 code encoding and decoding
rules.

3.3 Baseband transmission characteristics of intersymbol interference and intersymbol
interference

The model of digital baseband transmission system, the mathematical representation of




intersymbol interference, the time domain and frequency domain condition of intersymbol
interference, the low pass characteristic of intersymbol interference, and the rise cosine roll
off characteristics of intersymbol interference.
3.4 The anti noise performance and the eye diagram of the baseband transmission
system
The error rate of single and binary bipolar baseband transmission system, the
formation mechanism of the eye, eye model.
3.5 Partial response and time domain equalization
The first part of the response waveform, spectrum characteristics, intersymbol
interference characteristics, correlation coding and precoding.
3.6 M sequence
Definition and production method of m sequence.
Chapter 4 Digital frequency band transmission system(Learning Outcomes 1,2,3)
The key points of this chapter: Binary digital modulation , Multi-digit digital
modulation
The difficulties of this chapter: Binary digital modulation principle, the relationship
between PSK and DPSK, anti noise performance of binary digital modulation,4PSK
4.1 Principle of binary digital modulation
ASK, FSK, PSK, DPSK principle, including the signal in the time domain
expression, spectral characteristics, modulation and demodulation method.
4.2 Anti noise performance of binary digital modulation
2ASK, 2FSK, 2PSK, 2DPSK coherent and noncoherent demodulation bit error rate
calculation.
4.3 Comparison of binary digital modulation
Comparison of spectral characteristics, comparison of anti noise performance (bit error
rate) and sensitivity to channel characteristics.
4.4 The principle of M-ary digital modulation
Multi band ASK, FSK, PSK, DPSK basic principles
4.5 Mobile communication modulation technology
The basic principle of minimum frequency shift keying (MSK) and Gauss minimum
shift keying (GMSK).
Chapter 5 Digital transmission of analog signals(Learning Outcomes 1)
The key points of this chapter: The analog signal digital process, uniform quantization,
thirteen line A, AM, TDMA
The difficulties of this chapter: The analog signal digital process, uniform quantization
quantization signal-to-noise ratio analysis, PCM group law character encoding frame
structure, PCM group code rate and bandwidth calculation.
5.1 Introduction
The process of digital transmission of analog signals.
5.2 Sampling and pulse modulation
The ideal low-pass sampling theorem is deduced and concluded, the ideal band-pass
sampling theorem is concluded, three kinds of analog pulse modulation (PAM, PDM, PPM)
are defined, and the frequency spectrum of PAM signal is analyzed.
5.3 Quantification
The principle of quantization, the concept of uniform quantization and the calculation
of the uniform quantization signal to noise ratio, the concept of non uniform quantization,
and the principle of the A law and the thirteen line method to realize the non uniform
quantization.

5.4 Pulse code modulation




The basic principle of pulse code modulation, natural binary code and folded binary
code, the thirteen line A rate characteristic coding, PCM system noise performance analysis.

5.5 Delta modulation system

Delta modulation principle, quantization noise of delta modulation system.

5.6 Time division multiplexing and multiplexing

The basic concepts of time division multiplexing, quasi synchronous digital hierarchy,
synchronous digital hierarchy.

Chapter 6 Error control coding (Learning Outcomes 1)

The key points of this chapter: Basic concepts, linear block codes, cyclic codes,
convolutional codes.

The difficulties of this chapter: the principle and method of encoding minimum code
distance and correcting ability, the linear block code encoding method, the principle of
cyclic codes, the principle of convolutional codes.

6.1 Summary

Classification of the channel, several major error control technology, the working
principle and classification of ARQ system.

6.2 The basic principle of error correcting coding

The code and code distance, minimum code distance and correcting ability.

6.3 Linear block code

The special case of linear block codes, the supervision matrix, the generation matrix,

the error pattern, the corrector, the closeness and the weight of the linear block code.
6.4 Cyclic codes
The principle of cyclic codes (the concept and operation of code polynomial, code
generation polynomial and generation matrix of cyclic code) , coding circuit of cyclic code.
6.5 convolutional codes
The definition of convolutional code, the encoding circuit of convolutional code, the

encoding principle and decoding method of convolutional code.
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This course is an elective course of measurement and control technology and instrument, automation
RIZE N and so on. This course focuses on the technical principle and development of instruments in the modern
Course industrial analysis field. Through studying this course, the students should master the principles, structures

Description

and testing methods of industrial analysis instruments for gas and liquid content detection in industrial
production process. In addition, through studying this course, the students should also have the capability
to select the appropriate analytical instrument and design reasonable analysis plan for the industrial
analysis problem in professional areas. The students can fully consider the advanced technology,

sustainability etc. in the procedure of scheme selection or design.  (Index points 2.1, 4.2, 12.3)
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Learning Outcomes

Major Objectives

Objective 1: Aiming at the problems of industrial
analysis in professional fields, select appropriate
analytical  instruments/instruments and  design
reasonable analytical schemes according to the
specific objectives and requirements of industrial
analysis.

2.1 Engineering problem analysis and scheme
design

Objective 2: Build experimental device according to
the experimental scheme, carry out the experiment
safely with scientific experimental methods, and
collect the experimental data correctly.

4.2 Scientific experiment

Objective 3: Consult relevant technical information,
self-learning and tracking of cutting-edge technologies
in this field
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Chapter 1 Introduction (Objectives 1, 2, 3)

The key points of this chapter: basic concept and technology development trend of component
analysis

1.1 basic concept of component analysis
1.2 Technical overview of industrial analysis instrument
1.3 development trend of industrial analysis instrument

Chapter 2 Thermal conductivity gas analyzer (Objectives 1, 2)

The key points of this chapter: basic principles of thermal conductivity analysis, working
principle and basic structure of thermal conductivity cell.

2.1 basic principles of thermal conductivity analysis

Gas thermal conductivity coefficient, Fourier’s law.

2.2 Detector of thermal conductivity gas analyzer

Working principle of thermal conductivity cell, basic structure of thermal conductivity cell.

Chapter 3 Oxygen analyzer (Objectives 1, 2)

The key points of this chapter: Structure principle of thermal magnetic oxygen analyzer and

structure principle of zirconia oxygen analyzer.

3.1 Thermal magnetic oxygen analyzer

Working principle, detector and the measuring circuit of thermal magnetic oxygen analyzer.
2.2 Zirconia oxygen analyzer

Working principle, detector and the measuring circuit of zirconia oxygen analyzer.

Chapter 4 Infra-red gas analyzer (Objectives 1, 2, 3)
The key points of this chapter: basic principles of infrared gas analysis.

4.1 Basic principles of infrared gas analysis

Basic knowledge of infrared ray, basic principle of infrared analyzer, Lambert-Beer law.
4.2 Types and working principle of infrared gas analyzer

Direct reading infrared gas analyzer, Compensation of infrared gas analyzer.

4.3 Structure and application of infrared gas analyzer

Instrument structure, circuit connection, instrument adjustment and application.
Chapter 5 Gas chromatographic analyzer (Objectives 1, 2)

The key points of this chapter: theoretical basis of chromatography, gas chromatography
detector, qualitative and quantitative analysis of gas chromatography.

5.1 Theoretical basis of chromatography
Introduction of theoretical basis of chromatography, basic principle of chromatography
5.2 Gas chromatography detector




Stationary phase of gas chromatography, selection of gas chromatographic separation conditions, gas
chromatography detector

5.3 Qualitative and quantitative analysis of gas chromatography

5.4 Application of gas chromatography

Chapter 6 pH value measurement (Objectives 1, 2)
The key points of this chapter: composition and working principle of pH analysis instrument.

6.1 Potentiometric pH meter
6.2 The probe pH meter and optical fiber pH meter

Chapter 7 Industrial electric conduction meter (Objectives 1, 2)

The key points of this chapter: working principle, structure and measurement circuit of
industrial electric conduction meter.

7.1 measurement principle of industrial electric conduction meter
7.2 Conductivity detector
7.3 Measurement circuit of solution conductance

Chapter 8 Humidity measurement (Objectives 1, 2)

The key points of this chapter: Definition of humidity, basic measuring method and principle,
composition and working principle of humidity measuring instrument.

8.1 Introduction of humidity measurement
8.2 Wet and dry bulb and dew point humidity detection
8.3 Lithium chloride resistance humidity sensor

8.4 Polymer humidity sensor and integrated humidity sensor
Chapter 9 Density measurement (Objectives 1, 2)

The key points of this chapter: Methods and principles of density measurement, composition

and working principle of various density measurement instruments.

9.1 Buoyancy density meter

9.2 Static pressure density meter
9.3 Gravity density meter

9.4 Vibrating density meter

Chapter 10 Moisture content analyzer (Objectives 1, 2)

The key points of this chapter: basic principle of water content analysis, composition and
working principle of crude oil moisture content analyzer including ray moisture content analyzer
and capacitance moisture content analyzer
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3.1 2 HIRATIE 2 Bl B BH¥r 1,2
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5.1 2 PR/ TR 2 /B % B#7 1,2
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6.1 1 Cizsaa i 1 R/ B % B#r 1,2
6.2 1 PSS 1 R/ B % B#r 1,2
7.1 0.5 iz aa i 0.5 R/ B % B#r 1,2
7.2 1 iz A 1 R/ B % B#r 1,2
7.3 0.5 iz A 0.5 R/ B % B#r 1,2
8.1 0.5 WAL 0.5 A= B#r 1,2
8.2 0.5 WAL 0.5 A= B#r 1,2
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8.4 0.5 /AR 0.5 1R/ B % B#r 1,2
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Topics Course Teaching Methods Home Assignment Outcomes
Hours Hours
1.1 1 Teaching/Discussion 1 Homework/self-study OTZO;HQ
1.2 0.5 Teaching/Discussion 0.5 Homework/self-study OTZO;HQ
1.3 0.5 Teaching/Discussion 0.5 Homeworl/self-study OTZO;HQ
2.1 1 Teaching/Discussion 1 Homework/self-study Outcome 1,2
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23 1 Teaching/Discussion 1 Homework/self-study | Outcome 1,2
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3.1 2 Teaching/Discussion 2 Homework/self-study Outcome 1,2
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41 I Teaching/Discussion { Homework/self-study Outcome
1,2,3
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43 1 Teaching/Discussion ) Homework/self-study Outcome
1,2,3
5.1 Teaching/Discussion Homework/self-study | Outcome 1,2
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5.3 2 Teaching/Discussion 2 Homework/self-study | Outcome 1,2
5.4 2 Teaching/Discussion 2 Homework/self-study | Outcome 1,2
6.1 1 Teaching/Discussion 1 Homework/self-study Outcome 1,2
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7.1 0.5 Teaching/Discussion 0.5 Homework/self-study Outcome 1,2
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Bir FekR A Assessment content and Percentage PREREL )
Course Index points N0 b SEFOAR A (%)
goals FATRI FAREERERS Percentage
Daily performance Final exam/ Course report
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Grading Objective 1
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&it 30 70 100
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Textbooks & |4 TE#R (Parson, W.W.) 4, (BECEIED ), BF DA, 2008 F
Other 1. CHEN You-xian, {Chemical measurement and instrumentation) , Chemical Industry Press, 2010
Materials 2. LU Wan-zhen, {Modern near-infrared spectroscopy analysis technique) , Sinopec press, 2007
3. FANG Hui-qun, {Instrumental analysis)) , Science Press, 2017
4. Parson, W.W., {Modern spectral analysis) , Science Press, 2008
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Syllabus of Wireless Sensor Networks
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Course Information
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Course Name .
Wireless Sensor Networks

— S SiEH TI2Fk s L
FriRRE S FEERRAD
College of Information and 05
School . School Code
Control Engineering
R A RERE RIZERA W25 425
Leader Kang Zhongjian Team Members Network based Control
‘@70z -
RIZHRAT 05137 ?—5.? 5
Course Code Credits
e EAY 26 SLIG R 6
. o Lecture Hours Experiment Hours
EISET . et i
Course Hours %_ L F AT
Programming 0 . 0
Practice Hours
Hours
WRIMNERT 26
Home Hours
ERE Sk
Audience Automation
RRES L3878
Language of Instruction Chinese
s gaimEe WARIE, FS5&%. SaeMFRTL. FRKESEMERM
z T

Microcomputer Principle, Signal and System, Development of Smart Instrument,

Prerequisite .
Fundamental of Sensor and Detection

KIRIBE SN B RELLEEMEHIA . TTREREBMEBHIIER . BURHERK
B\ MEEMEHENEXRFRBLUENERZD., AL, HINEBMBIEMEF X
BEAMNA. BERNRRENFES, EEERGEELLERSEITRIUAR T
RAEMERIIR . BEXRREBREAR, IBRZFEEERR. oWAFREHLTUE
SZTROMAIEESN, MEERENFEIME RN ITIEEEEM. (FREIE
KZFRE: 2.1, 4.3, 9.3)

This course focuses on introducing the overview of wireless sensor networks, the
physical layer, data link layer, network layer and transport layer of wireless sensor
networks and the related key techniques including synchronization, localization,
topology management and data fusion. After learning this course, undergraduate
students should systematically understand the components, basic principles and
technologies of sensor nodes and wireless sensor networks, be able to study, analyze
and solve the complex engineering problems in the field of automation, and make a
foundation for their future study and work. (Corresponding to graduation
requirements: 2.1, 4.3, 9.3)
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RIS Ha0IR A 03 i gE
V2

B#r 2: BEBIETRE. LIBERBRTH S ZBHILLE
HiE, WSRWEREITER. HWAER, FEd
ERERERISEANNEGL.

4.3 BELWHIEAIRE .. &
AR X SRS R AT RE
HigE

Bi% 3. {EABAAG, BESEIAEE R RAERIES
BN ELHITARUAE, AHENEIRFEAS TS
#; (ERRRA, BEBER, hEFREEHNIE,
SZEHAANER, FHITEERRK.

9.3 A&HBAE1FRE

Learning Outcomes

Major Objectives

Objective 1: Be able to identify and determine the key
sections and parameters of the complex engineering
problems for the applications of wireless sensor
networks in the fields of petroleum and petrochemical.

2.1 Be able to identify and
determine the key sections and
parameters of the complex
engineering problems.

Obijective 2: Be able to correctly collect and process the
experimental data between sensor nodes, be able to
conduct the modeling, analysis and explanation on the
experimental results and obtain the reasonable
conclusion via information fusion.

4.3 Be able to collect and
process the experimental data
and conduct the modeling,
analysis and explanation on the
experimental results.

Objective 3: Be able to effectively communicate with
team members during the project defense as a team
member; be able to coordinate the procedure of the
project defense and collect the comments from all the
team members to make a suitable decision as a team
leader.

9.3 Be able to cooperate with
others as a team.
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FEER: TRELEABMENELARS, BRSER, FREH, TRER
FRME RPN, LUK ToLk e AR ML Y 5 TR A Suis

FEMHR: TERERBNEHNEAXERAR

1.1 fRIEER L I8 R AR R 25
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1.3 AR IS W 45 1) P Ak

1.4 A IS P4 1R AR 7 B

1.5 fRIEE MAE HRBEBOR

FB2E NBABRBHELXIR

(REB#R L. 2)

FEER: BRAERSHEE, FRFNO—IREFEMEE

AEM S EESRNIZER
2.1 (RIS IR




2.2 W WAE RGN
2.3 fEIRER ) — Bkt
2.4 TRTEAR AR N 7R

BIE ARBAMEHEFSEMER GREBRFL 2)
FEER: REERBMBOMEER. MAC TR ERE Y
AERER: MAC Y

3.1 Y E
3.2 MAC X
3.3 B EPM L

BA4E ERBMEHNEEAR GREBRFL 2)
FEER: REERBMBOREIRLHG .. EARRMEEEE
AEMS: EAHEA

4.1 W} [a][E AL

4.2 ENMFEAR

4.3 BEmE

4.4 REEEH

4.5 Z4HLH]

BLE EREBNENMNBAALZEM GREBFFEL 2. 3)
EEER: REERBEMNENHFREENBSNEGF X
AEML: HEEEMIEMNRE

5.1 47 BT G A TR R
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6.2 IEEE 1451 RA5bRiE

6.3 IEEE 802.15.4 f5if:
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Chapter 1 Introduction (Learning Outcome 1)

The key points of this chapter: the basic concepts, origins, development and
framework of wireless sensor networks, the four key techniques and typical
applications of wireless sensor networks

The difficult points of this chapter: the four key techniques of wireless sensor
networks

1.1 The definition and framework of sensor networks

1.2 The characteristics of sensor networks

1.3 The applications of sensor networks

1.4 The key techniques of sensor networks

Chapter 2 Knowledge of micro sensors (Learning Outcomes 1. 2)

The key points of this chapter: the categories of typical sensors, general
characteristics and selection of sensors

The difficult points of this chapter: selection of sensors

2.1 Introduction of sensors

2.2 Classification of typical sensors

2.3 General characteristics of sensors

2.4 Applications of micro sensors

Chapter 3 Communications and Networking Techniques of Sensor Networks
(Learning Outcomes 1. 2)

The key points of this chapter: MAC layer of wireless sensor networks, MAC
protocols and routing protocols

The difficult points of this chapter: the work principles of MAC

3.1 Physical layer

3.2 MAC protocols

3.3 Routing protocols

Chapter 4 Supporting Techniques of Sensor Networks (Learning Outcomes 1.
2)

The key points of this chapter: the clock synchronization mechanisms,
localization techniques and energy management of wireless sensor networks

The difficult points of this chapter: localization techniques

4.1 Clock synchronization mechanisms

4.2 Localization techniques

4.3 Data fusion

4.4 Energy management

4.5 Security mechanisms

Chapter 5 Application Development Basis of Sensor Networks (Learning
Outcomes 1. 2)

The key points of this chapter: simulation platform and node hardware
development of wireless sensor networks

The difficult points of this chapter: simulation platform and engineering test
bed

5.1 Simulation platform and engineering test bed

5.2 Hardware development of network node

5.3 Operating system and software development

Experiment 1: Communications between sensor nodes (Learning Outcomes 1.
2\ 3)

Experiment 2: Communications between sensor node and PC (Learning
Outcomes 1+ 2. 3)




Experiment 3: Sensing and display ~ (Learning Outcomes 1, 2. 3)

Chapter 6 Technique Standards of Sensor Networks Protocols (Learning
Outcomes 1. 2)

The key points of this chapter: IEEE 802.15.4 protocol and ZigBee protocol
standard

The difficult points of this chapter: ZigBee protocol standard

6.1 The significance of technique standards

6.2 IEEE 1451 series standards

6.3 IEEE 802.15.4 standard

6.4 ZigBee protocol standard

Chapter 7 Military Applications of Sensor Network Techniques (Learning
Outcomes 1. 2)

The key points of this chapter: typical micro sensors on ground battlefield

The difficult points of this chapter: a line in the sand sensor network project

7.1 Network architecture of battlefield sensing

7.2 Typical micro sensors on ground battlefield

7.3 Introduction of a line in the sand sensor network project of U.S. forces
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1.1 1 Wi%ATS 1 /8= Hfr 1
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4.2 2 WRATIR 2 fEl/BE B#rl, 2
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6.3 0.5 0.5 e/ B % BHHr 1, 2
RS . _
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HRATIE . _
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. Course . Home .
Topics Teaching Methods Assignment Outcomes
Hours Hours
. . . Homework /
1.1 1 Teaching / Discussion 1 Outcome 1
Self-study
. . . Homework /
1.2 1 Teaching / Discussion 1 Outcome 1
Self-study
. . . Homework /
1.3 1 Teaching / Discussion 1 Outcome 1
Self-study
. . . Homework /
1.4 1 Teaching / Discussion 1 Outcome 1
Self-study
. . . Homework /
1.5 1 Teaching / Discussion 1 Outcome 1

Self-study




Teaching / Discussion Homework / Outcomes 1,
2.1 0.5 0.5
Self-study 2
Teaching / Discussion Homework / Outcomes 1,
2.2 0.5 0.5
Self-study 2
Teaching / Discussion Homework / Outcomes 1,
2.3 0.5 0.5
Self-study 2
Teaching / Discussion Homework / Outcomes 1,
2.4 0.5 0.5
Self-study 2
Teaching / Discussion Homework / Outcomes 1,
3.1 2 2
Self-study 2
Teaching / Discussion Homework / Outcomes 1,
3.2 2 2
Self-study 2
Teaching / Discussion Homework / Outcomes 1,
3.3 2 2
Self-study 2
41 1 Teaching / Discussion L Homework / Outcomes 1,
. i iscussi
g Self-study 2
Teaching / Discussion Homework / Outcomes 1,
4.2 2 2
Self-study 2
Teaching / Discussion Homework / Outcomes 1,
4.3 1 1
Self-study 2
il 1 Teaching / Discussion L Homework / Outcomes 1,
' Self-study 2
Teaching / Discussion Homework / Outcomes 1,
45 1 1
Self-study 2
Teaching / Discussion Homework / Outcomes 1,
5.1 1 1
Self-study 2
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5.2 0.5 0.5
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53 0.5 0.5
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X
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. Experiment Outcomes 1,
Exp 2 2 Experiment 2
Report 2,3
. Experiment Outcomes 1,
Exp 3 2 Experiment 2
Report 2
6.1 1 Teaching / Discussion 1 Homework / Outcomes 1,
' Self-study 2
6. 1 Teaching / Discussion 1 Homework / Outcomes 1,
' Self-study 2
Teaching / Discussion Homework / | Outcomes 1,
6.3 0.5 0.5
Self-study 2
Teaching / Discussion Homework / | Outcomes 1,
6.4 0.5 0.5
Self-study 2
Teaching / Discussion Homework / Outcomes 1,
7.1 0.5 0.5
Self-study 2




Teaching / Discussion Homework / Outcomes 1,
7.2 0.5 0.5
Self-study 2
- 1 Teaching / Discussion 1 Homework / Outcomes 1,
' Self-study 2
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ait 10 20 30 40 100
1 AFIR. FEDF 4, (TLERFIME), FEXRFLML, 2005.
2. BE, KER 4, (TEEBRBMERA), #UM T LML, 2012.
3. XEWE. I8 W, (FTE&ERENE), BT AR, 2012
¥ REEERR 1. "Wireless Sensor Networks", edited by Limin Sun, Jianzhong Li, et al. Tsinghua
Textbooks & Other | University Press, 2005.
Materials 2. "Wireless Sensor Networks technology”, edited by Jun Zheng and Baoxian Zhang.
China Machine Press, 2012.
3. "Wireless Sensor Networks", edited by Yingguan Wang and Zhi Wang. Electronic
Industry Press, 2012.
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Course Information
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School ) ) School Code
Control Engineering
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Course Code Credits
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Practice Hours
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Language of Instruction Chinese
Ff2iRi2 RS HERA . BIERE
Prerequisite Electromagnetic fields and microwave technology,Communication principle
AREEEN RIS ERARIB S WRRLRIES, UK PROFIBUS.,
T AR AR TV I B4R RIE . M IRBFE T I B &M R 55
. BEIREFES], EEZEERETWIHRANERE. BokMA, BHEE
MELIT IR D LR GRS, AL RIS L& iniE RGN FY4EPIT T
RIFEVEAL. (IRFEARE: 1.4, 3.2, 42, 54)
RIEZEN This course focuses on introducing the concept, status and development trend of
Course Description fieldbus technology, as well as the principles, network models and fieldbus based
network architecture of PROFIBUS, Industrial Ethernet and other typical industrial
fieldbuses. After learning this course, students can master the principles,
characteristics and applications of industrial field technology. It will cultivate students'
ability of preliminary design of fieldbus system, so as to lay a good foundation for the
design and maintenance of Fieldbus monitoring system in the future. (Corresponding
to graduation requirements: 1.4, 3.2, 4.2, 5.4)
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REEAR

Learning Outcomes
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Bl R IEHR

Hir 1: ZETABIEBEMEHINERER. HaedE
Wy #WED. ERMAEFEE RF XA, BE
EMIA D EHRIERE S

1.4 A BE&BFAR

B#R2: REBRB I IARE S MEK, EFMIZ
BENIAE L RS .

32 MFEAER

B#7 3: BERREIE KRR RIENIEN
H5%, FRANFOSRTERENFRLE.

4.2 FrRESEIG

Bir 4: BeBEEFERESREFUATRATIG
LARFRITR T E,

54 ERRHIAR

Learning Outcomes

Major Objectives

Objective 1: Master the key technologies of industrial data
communication and control network, such as sytem
composition, performance index, coding, error detection
and media access mode, and understand the principles and
characteristics of various fieldbus.

1.4 Fieldbus technology

Objective 2: Be able to choose and design suitable FCS
according to the characteristics and requirements of the
industrial field.

3.2 Measurement and
control scheme

Objective 3: Be able to design measurement and control
network system with fieldbus technology and carry out
experiments safely with scientific experimental method.

4.2 Conducting
experiments

Objective 4: Be able to master the design method of
fieldbus system using modern tools such as configuration

software.

5.4 Using software tools

Topics

F1E #ie GREBRFD

AEER: MFADLEHRZEHER. FCS 1 DCS RERXAHMEKR.

AZHELS: FCS F1 DCS REGHIX FIFEER .
1.1 MELAIEREHIMR. EREMNE

£ 25 BREBFSTIEHIMEEM GRIZEMRF 1
AEER: TURERESSEHREN. FixdiEmR

AEMES: HiEmasR
2.1 T HRBE RS ER S REIEIR
2.2 BIBRBEMREEENSES
2.3 TAiEHIm R E
% 3 E RS485 BITHERSZ (REEMRF1L 2)

AEES: RS485 RITIHREEORE. Modbus BRI

AEZW LS : Modbus BREML.
3.1 RS232/RS485 SB{TiHIEMLE
3.2 Modbus jEB{EHY
3.3 Modbus 1i${ B B
% 4= PROFIBUS 2% (GRIEB#r1. 2. 3\ 4)

AEZE S : PROFIBUS B&psiIgtHy, $E%. OPC BUBRZRBTAR .

KEHS: SHRAL%.
4.1 PROFIBUS R ZkHHaR%




PROFIBUS ¢HR%. FihS5Muh. RE&iFEIIEHIA

4.2 PROFIBUS 2 £RUiEETHY

PROFIBUS #1325 . #IEHEEE . MAC il

4.3 PROFIBUS DP

PROFIBUS DP V0/V1/V2, GSD 3. PROFIBUS 4 s SCE]

4.4 PROFIBUS PA

PROFIBUS PA %3#%. PROFIBUS PA &%

4.5 OPC BIBZTH™EAR

OPC ¥ #E3

4.6 PROFIBUS DP R R%i& 1t

4.7 5E38 1: PROFIBUS IR %R LA IR BITHISLIE

FSE TUXKM GREEERR1. 2)
AEEL: TIUXRAESRMEXR. TCP/IP Y.
AEMS: TCP/IP .

5.1 PAKRgER

T AKMFFEEA . TCP/IP 1Y

5.2 SERFIA K

PROFINET

% 6F TC-BUS 2% (iREEEHMF1. 2. 3. 4)
AFEEL: TC-BUSEZR, BT ERINGI, R ZBERE.
ABEML: PEI RG] REIEBREFRE.

6.1 TC-BUS #ti

PDC 2%k, MPI 2%k

6.2 TC-BUS i@ {SHiY

TC-BUS Y1 BfR. #iRHERE. NAE

6.3 TC-BUS-PDC

PDC FuhsEH, PDC MI4SCIR

6.4 L 2: TC-BUS BZ&RGIAIARiEHILIE

Chapter 1 Introduction (Learning Outcomes 1)

The key points of this chapter: characteristics of fieldbus control system, the
difference and connection between FCS and DCS.

The difficulty of this chapter: the difference and connection between FCS and DCS.

1.1 The present situation, development and application of networked
measurement and control system

Chapter 2 Fundamentals of data communications and industrial control
networks (Learning Outcomes 1)

The key points of this chapter: industrial data coding and error detection, media
access mode.

The difficulty of this chapter: media access mode.

2.1 Composition and performance index of industrial data communication
system

2.2 Data coding, error detection and control

2.3 Foundation of industrial control network

Chapter 3 RS485 serial communication system (Learning Outcomes 1, 2)

The key points of this chapter: the principle of RS485 communication interface
principle, Modbus communication protocol.

The difficulty of this chapter: Modbus communication protocol.

3.1 RS232/RS485 communication network




3.2 Modbus communication protocol

3.3 Application of Modbus protocol

Chapter 4 PROFIBUS fieldbus (Learning Outcomes 1,2,3,4)

The key points of this chapter: typical structure of PROFIBUS fieldbus, token bus,

OPC data exchange technology

The difficulty of this chapter: token bus.
4.1 Composition of PROFIBUS fieldbus
Composition of PROFIBUS bus fieldbus, master station and slave station, bus

access and control mode

4.2 Communication protocol of PROFIBUS fieldbus

physical layer, data link layer and MAC protocol of PROFIBUS fieldbus
4.3 PROFIBUS DP

PROFIBUS DP V0/V1/V2, GSD file, implementation of PROFIBUS fieldbus
4.4 PROFIBUS PA

Composition and installation of PROFIBUS PA

4.5 OPC data exchange technology

4.6 design of PROFIBUS fieldbus control system

4.7 Experimentl : PROFIBUS system knowledge and control experiment
Chapter5 Industrial Ethernet (Learning Outcomes 1,2)

The key points of this chapter: the difference between industrial Ethernet and

information network, TCP/IP protocol.

The difficulty of this chapter: TCP/IP protocol.

5.1 Ethernet overview

industrial Ethernet technology, TCP/IP protocol.

5.2 Real-time Ethernet

PROFINET

Chapter6 TC-BUS fieldbus (Learning Qutcomes 1,2,3,4)

The key points of this chapter: TC-BUS framework, Interrupt reporting mechanism,

two wire power supply and communication principle.

The difficulty of this chapter: Interrupt reporting mechanism, two wire power

supply and communication principle.

6.1 TC-BUS summary

PDC bus, MPI bus

6.2 TC-BUS communication protocol

physical layer, data link layer and application layer of TC-BUS
6.3 TC-BUS-PDC

Implementation of PDC master and salver station

6.4 Experiment2 : TC-BUS system knowledge and control experiment

Class Schedule &

Requirements

s | o st U T T
1.1 1 WRATE 1 /B = B#r 1
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6.4 4 ISM 4 s B#5 3,4
3 KRS
. Course . Home .
Topics - Teaching Methods . Assignment | Outcomes
ours ours
. . . Homework/
1.1 1 Teaching / Discussion 1 Outcome 1
Self-study
) . ) Homework/
2.1 0.5 Teaching / Discussion 0.5 Outcome 1
Self-study
) . ) Homework/
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Self-study
2.3 1 Teaching 0.5 Self-study | Outcome 1
Out
3.1 2 Teaching / Discussion 1 Self-study ulcgme
19 5 Teachi ) Homework/ Outcome
. achin
caching Self-study 12




. . ) Homework/ Outcome
33 2 Teaching / Discussion 1
Self-study 1,2
. . . Outcome
4.1 2 Teaching / Discussion 1 Self-study 19
. . . Outcome
4.2 2 Teaching / Discussion 1 Self-study e
. Homework/ Outcome
43 2 Teaching 1
Self-study 1,2
) Homework/ Outcome
4.4 1 Teaching 0.5
Self-study 1,2
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Self-study 1,2
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4.6 1 Teaching / Discussion 1
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. Experiment Outcome
4.7 4 Experiment 4
Report 3,4
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. Homework/ Outcome
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6.3 2 Teaching / Discussion 1
Self-study 1,2
. Experiment Outcome
6.4 4 Experiment 4
Report 3,4
EZHA NG (%)
_ Assessment content and Percentage .
wgsm | e |
== Index | FHIFI N ” (%)
Course goals ] i sLig &=
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performance
Exam/Report
R 1
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Syllabus of Development of Smart Instrument
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Course Information

RIEBTR

Course Name

BREURIT X

Development of Smart Instrument

EREIEH IS
RS ZES
RS Information and Control FreapALas 05
School ) ] School Code
Engineering
RA R RIZERA UERF%
Leader Kang Zhongjian Team Members Development of Instrument
RIS 5
RIZRAD 05108 q—ﬁ ;
Course Code Credits
iRt ’8 SMUie o) 20
. " Lecture Hours Experiment Hours
EIoER y e P
Course Hours * ) SCER AT
Programming 0 i 0
Practice Hours
Hours
RINERT 50
Home Hours
ERE Bahit
Audience Automation
RIRIBS b
Language of Instruction Chinese

FAZRIE

Prerequisite

BB TFHEAR, BFETFRR MIURE, (£S5 EA)
Analog Electronics Technique, Digital Electronic Technique, Principle of
Microcomputer, Sensor and Detection Basis

RIEE T

Course Description

FRIEZBUTWH—TEWRZIR. KRIEREF B FHEAREAM KM
HURESRAEMRIZNEM £, #—5F IERERNITIERERF LR,
FAE1 TIMSP430 5S4 RE R A AA TAREFIE 5 ThEE, B@rEdIE 1/O ®EHY A/D
0 D/A Be#E5, MERBAESHRERZED, REERRE. BERTEROBRER
AT EUARSEREEIEFZI 7L, PUERFEERBRB ARG EREN
ROBHERE., W REEXMSTED1EE

This course is a professional elective for automation specialty. The aim of the course is
to study the working principle, and design & development idea of smart instrumentation
on the basis of electronics and computer theory courses, grasping the high-performance
and main features of TI MSP430 series microcontrollers. Gain the knowledge of the I/O
channels for A/D and D/A convertors, frequency phase signal acquisition interface, dot
matrix display device, data serial interface communication technology, anti-interference
method, and instrument monitoring program design method. Furthermore, to develop
students to form a more powerful capability of hardware circuit and software design,
system debugging and fault analysis for a smart instrument.
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4.2 IERpRESSI IR

B#r 4: ZEET MSP430 IR HI & BE{L
T (BER) HME, P&FER AR ERT
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5.1 IR TFHEE

Learning Outcomes

Major Objectives

Objective 1: Understand and master the basic
knowledge of intelligent instruments, with the
capacity of analyzing the engineering problems in

the electronic circuit capacity.

1.3 Master the professional basic
knowledge

Objective 2: Use hardware block diagram and
software flow chart to show the design plan for an
intelligent instrument.

3.2 Design and development of

measurement and control solutions

Objective 3: Master the AD acquisition module of
a MSP430 microprocessor to collect experimental
data correctly, and model, analyze and explain the
experimental results, then obtain a reasonable and

effective conclusion.

4.2 Collect experimental data correctly

Objective 4: Master the circuit production based
on a MSP430 microprocessor for an intelligent
instrument, use the IAR debugging tool expertly,
and distinguish the difference with other

debugging software.

5.1 Design and development of

electronic circuits

HFEAR

Topics
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Chapter 1 Introduction (Learning OQutcomes 1)

The key points of this chapter: the function, composition, design ideas and
development steps of an intelligent instrument

The difficulties of this chapter: the function, composition of an intelligent
instrument

1.1 The concept, development process, function and composition for an intelligent
instrument

1.2 Modular design ideas, development steps

Chapter 2 Design of C Programming Language (Learning Outcomes 1)

The key points of this chapter: expression statement and compound statement,
program basic structure and function characteristics

The difficulties of this chapter: program basic structure and function characteristics

2.1 The basic characteristics of C language

Data type, computation, operator, expression statement and compound statement

2.2 Function and the basic structure of a program

Function body, form participation in the parameters, order, condition, cycle and interrupt
structure

Chapter 3 Basic principle of the MSP430™ Ultra-Low Power Microprocessor

(Learning Outcomes 2 and 4)

The key points of this chapter: MSP430F54X clock module composition and interrupt
systems

The difficulties of this chapter: interrupt systems

3.1 Structure and characteristics of the MSP430F54X

16-bit orthogonal structure, CPU characteristics, memory and address space

3.2 MSP430F54X clock module

Master clock, subsystem clock and auxiliary clock

3.3 MSP430F54X interrupt system

Interrupt vector, interrupt priority

Experiment 1: Familiar with the hardware and software environment of the intelligent

instrument development

Familiar with the IAR compiler environment, USB MSP430 emulator installation, the
circuit module structure of MSP430F54X circuit development board

Chapter 4 MSP430F54X On-chip Resources (Learning Outcomes 2, 3 and 4)

The key points of this chapter: MSP430F54X GPIO port, timer and ADC module

configuration

The difficulties of this chapter: timer and ADC module configuration

4.1 The GPIO port of MIO430F54X

GPIO port features, 9 registers of P1 and P2, P3, P4, P5, P6...P11 of 6 registers and PJ5
register configuration

4.2 MIO430F54X timer

TimerO AS, Timerl A3 and Timer B7 capture and output register configuration and
function implementation, PWM waveform output

4.3 MSP430F54X ADC

ADC register specific configuration, including conversion accuracy settings, a variety of
clock source selection, internal and external reference voltage source settings; built-in
temperature sensor, a variety of conversion mode features, ADC interrupt characteristics

Experiment 2: GPIO port operation

Control the light-off of the LED with keys on board; when any switch is pressed, LED

lights lit alternately, bright at the same time, or off at the same time, respectively.




Experiment 3: Timer configuration

Watchdog timer configuration; Timer A in the TAR counter with overflow time 1s, LED
light / off (for 1s); use the CCRO and CCRI1 register in Timer A, set the count mode, set the
LED light / off cycle with a period of 1s

Experiment 4: PWM Wave Output

Use the timer module to output PWM signal with a programmed duty cycle and the
frequency; to achieve the continuous adjustment of duty cycle and the frequency with keys

Experiment 5: ADC analog to digital conversion

Use the multi-channel multiple conversion mode to convert the data of the temperature
sensor, (AVCCAVSS)/2 channels

Chapter 5 Bus and Interface of the intelligent instrument (Learning Outcomes 2 and
4)

The key points of this chapter: the hardware and software configuration of UART
communication, interrupt characteristics and specific function

The difficulties of this chapter: interrupt characteristics of UART communication

5.1 Common Data Bus and Interface

Serial, parallel communication, serial communication transmission mode and
communication mode, RS232 interface definition and electrical characteristics

5.2 UART Serial Communication

The register configuration, interrupt characteristics and specific function implementation
using UART communication interface

5.3 SPI Serial Communication

The register configuration, interrupt characteristics and specific function implementation
using SPI communication interface

5.4 IIC Communication

The register configuration, interrupt characteristics and specific function implementation
using IIC communication interface

Experiment 6: UART Serial Communication

To achieve R232 communication between MSP430 USCI port and computer, and sent out
the receive data immediately; send the data collected by ADC from the serial communication to
the PC

Chapter 6 Process Input and Output Channels (Learning Outcomes 2, 3 and 4)

The key points of this chapter: ADC and DAC characteristics and selection rules,
digital output drive circuit design

The difficulties of this chapter: digital output drive circuit design

6.1 Analog input/output Channels

The overview of process input/output channel, ADC/DAC characteristics, selection rules
and common interfaces of the microcontrollers

6.2 Digital input/output Channels

The digital signal detection, pulse measurement and pulse counting; circuit structure of
digital output and drive circuit

Chapter 7 The technology of the Dot Matrix Liquid Crystal Display (Learning
Outcomes 2 and 4)

The key points of this chapter: Communication connection between dot matrix LCD
display and the microcontroller

The difficulties of this chapter: dot matrix LCD configuration

7.1 Display Technology

Liquid crystal and electro-optic effect, liquid crystal display principle and application

7.2 Dot Matrix Liquid Crystal Display




Device features of a dot-matrix liquid crystal display, the typical circuit between the display
and microcontroller interface, register configuration, encode rules of a display software

Chapter 8 The Anti-Interference Technology of Intelligent Instrument (Learning
Outcomes 2)

The key points of this chapter: three conditions inducing interference, commonly used
methods of anti-interference

The difficulties of this chapter: commonly used methods of anti-interference

8.1 The Source and Transmission Pathways of the Interferences

The coupling mode of interference signal, differential mode interference and common
mode interference

8.2 Commonly used methods of anti-interference

Grounding and shielding

Chapter 9 Monitoring Program Design (Learning Outcomes 2 and 4)

The key points of this chapter: the function and composition of the monitoring
program, the keyboard management mode

The difficulties of this chapter: the function and composition of the monitoring
program

9.1 Introduction to Monitoring Procedures

The function and composition of the monitoring program, the main monitoring program
and initialize management

9.2 Monitoring Program Design Method

A variety ways of keyboard management, display, interrupt and clock management, and
self-test of hardware failure

Experiment 7: Integrated Design Experiment of an Intelligent Instrument

Design a smart meter that collects temperature or pressure, write a LabVIEW or C language
application procedure on a PC, display the acquired data in graphical form, use the keys to
increase or decrease the acquired value, and use the corresponding LED lights instructions
beyond the range of high and low limits. Also in accordance with the student's personal interest,

students can design other types of experiments.
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Syllabus of Petroleum Instrumentation
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Course Information

Course Name )
Petroleum Instrumentation

o =B S Ti2E R i
FIREER College of Information and Fraptiss 05
School ] ] School Code
Control Engineering
ARA e RAZHIBA UEBRHF
Leader Kang Zhongjian Team Members Instrumentation Teaching
PRAZAES 0512113 ﬁéﬁi 2
Course Code Credits
i FRt 30 LI A 5
B haet Y Lej:t;;f ;I;);rs Experiment Hours
Course Hours ) SCER AT
Programming 0 i 0
Practice Hours
Hours
WRINFERY 30
Home Hours
ERE Sk
Audience Automation
RIRIES L3878
Language of Instruction Chinese
s f32 52 ﬁM%?Hﬁ\ﬁ?%?ﬁ*\ﬁﬂﬁﬂ\%@ﬁﬁﬂ\ﬁﬁlﬁﬁ%
Prerequisite Analog Electronic Technology, Digital Electronic Technology, Microcomputer
Principle, Sensor Principle, General Introduction of Petroleum Engineering
A GRS T ) ST T s B B LR IB TRAR, S0 A% RS SR PR X
BT ROR IR SRR T 540 i, A URAER 2, 524 1 A ATk
GRS R R, FEPERREAR S AR, R AR AR
MRV ERTR, R AR MRS R ] . B RE Ty, D9 )E SRR A~ ST AR
KA TAE B A
RIZEN Petroleum Instrument is elective course for Automation specialty to offer
Course Description professional, is the extension of the sensor principle, instrument design technology

foundation course, through this course, make students understand the oil industry
commonly used instrument. The basic principle, composition, main performance index
of knowledge, improve the professional quality of students of instrument the cultivation
of students' ability to use on oil, instrument selection, lay the foundation for the

subsequent study and future work.
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Learning Outcomes Major Objectives
BB Objective 1: Be able to determine the design objectives according

Learning Outcomes

to customer needs, master the basic design/development methods
and technologies of the whole cycle and process of engineering
design and product development, and understand the various
factors affecting the design objectives and technical solutions.

3.1Design and Development

Objective 2: To be able to reasonably analyze and evaluate the
potential impacts of professional engineering practices on society,
health, safety, law and culture in the field of automation in
petroleum and petrochemical industries, as well as the impacts of
these constraints on project implementation, and to understand the
responsibilities deriving from these impacts.

6.2 Engineering and Society

Objective 4: Understanding the Current Situation and Trend of the
Frontier Development in the Field of Petroleum Instruments.

12.1 Current Situation and
Trend
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Chapter 1 Introduction

The key points of this chapter: definition of petroleum instruments, classification of
petroleum instruments and characteristics of petroleum instruments

Difficulties in this chapter: characteristics of petroleum instruments

The definition of petroleum instruments, classification of petroleum instruments, technical
characteristics of petroleum instruments and the development of petroleum instruments.

Chapter 2 Oil reservoir physics experiment instrument

The key points of this chapter: the core oil saturation, core porosity, fluid permeability,
capillary force concept and its measuring method and instrument composition principle

Difficulties in this chapter: the principle and composition of various instruments

2.1 Rock and its structure, oil reservoir physical properties and reservoir physics experiment
content.

2.2 Basic concepts such as core oil saturation, core porosity, gas permeability.

2.3 Core oil-water saturation determination, porosity measurement, measuring gas
permeability, carbonate content analysis, flow experiment, core relative measurement, the
capillary pressure permeability measurement etc..

Chapter 3 Petroleum engineering instrument

The key points of this chapter: drilling, oil production and various parameters measuring
methods of oil and gas well, MWD system, instrument, dynamometer, well level gauge, well
integrated diagnostic instrument, measuring principle and method

Difficulties in this chapter: the principle and composition of various instruments

3.1 Classification of drilling parameters, classification of drilling instruments and
instruments, classification of oil production instruments and meters.

3.2 Drilling parameter measurement principle and method, typical drilling instrument and
drilling multi parameter measuring system, MWD system.

3.3 Crude oil water content analyzer, pumping well dynamometer, oil well liquid level
measuring instrument.




Chapter 4 Exploration instrument for oil and gas resources

The key points of this chapter: seismic prospecting methods; seismic exploration instrument
systems and techniques; geophone technology; delta sigma 24 bit ADC Technology

Difficulties in this chapter: the working principle of various geophones, 24 bit ADC
Technology

4.1 Geophysical prospecting concepts and the tasks and requirements of seismic exploration
instruments.

4.2 Principle of seismic exploration and composition of seismic exploration instrument
system.

4.3 Geophone technology and seismic data acquisition.

Chapter 5 Logging instrument technology

The key points of this chapter: logging instrument system composition, resistivity, induction,
acoustic wave, radioactivity, nuclear magnetic resonance and imaging logging technology,
principles and characteristics; logging while drilling principle and technology; logging
communication principle

Difficulties in this chapter: the principle and composition of various instruments

5.1 Logging knowledge, well logging technology classification and logging instrument
system.

5.2 Principles of resistivity logging, induction logging, sonic logging, radioactive logging,
nuclear magnetic resonance logging and imaging logging.

5.3 Concept, principle and technology of logging while drilling.

5.4 Logging communication technology.

5.5 Ground record system.

Experiment : Introduction of petroleum instruments

Chapter 6 Instrument design technology

The key points of this chapter: systematization, standardization, modular design, instrument
design process.

Difficulties in this chapter: implementation of instrument design.

6.1 Systematic, standardized and modular modern design method.

6.2 Design process, design analysis, instrument design method, scheme design, structure and
process design, test and test.
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Report I, 2
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Textbooks & Other | 1. Introduction to petroleum instruments, Zhao Shijun, petroleum industry press, 2011.3;
Materials 2. Test technology foundation, Wang Boxiong series, Tsinghua University press, 2003.4.
3. Principle of well logging instrument, edited by Feng Qining, petroleum industry press, first
edition (August 1, 2010)
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