FUAXRFRESPRAERRIZEHF AN

—. REEXFR

TFREAL TN S TR R WA 3100112008

H A FR EREECE Wil

WLHBR Analysis of Signals and Systems

BER ] Jme| | sm|  |Em| ) wir| W]

2 4 35 S S S S S
WRERA MERRE OFE®R (F%%) RE OLERRRE

WRERI O@ERE M%EREME OfkimE OEERE

ERE HAE T

FBRE [T N S i Y A O R P BT A S NN = 3B
BEYTTRS O1-1 O1-202-1 222 O3-1 032

i O4-1 O4-2 O5-1 O5-2 O (RE\EWPEFFED
MBS OFgH

5 MER O%& 5% gl 01— 2

R ok 1. (3£) Alan V. Oppenheim, Alan S. Willsky, S. Hamid Nawab. Signals and

Systems (Second Edition). H - Tk ik, 2015 4F.

x4 LB R, MEH, MNE. FE55RFCGE=R, b ). @%EE B,
BHHFRR | 2011 F

HAa | &




—. WRERAN

HCHig

55 5 R G0 iR 25 TR L E B LR AR 2 —, RN A 875 5 A2k
FER BRI, R EEMIR S TAVIRMM R, F5 5 RS- REE LR, BT ERL
FEv WIBEIN TRE S Tl B A% L IR AR

AURAE B O E (5 5 MR S PR AR RGN E I 5 5@ e RGN, B
L 5] A 5 5 A R G B iR o B B MR S A A U i S A RE S RS
LM BATIRA GG, 2RI VA5 5 5 RGN EARE R, i a5 5
5 RGUATHEE N SRIE, JEX PR S Res DIV BRRE . TP B R

LA T TURAR B 27 21 O 2 A Ak SR A M o 7 B PR S IRRR A, REAS TR IR SR B
WRITRIEZ, X fEm g E . ik 75 B AU i g B 5 4540 . JF R 530045 1
RENEREE, WHEENR, AREREFZE ST ORI LB, FRE2ENNE
EAKE . WG 55 ARG HrIIHREIR, LA LH IR, LR
FE 27 ST R 1 o) o Rtk 2 32 SOCH BB A IR AE R AOINE, ASLE Em Rt A0, A
A AE L -

English Description

Signal and System Analysis is one of the important basic courses for the Communication
Engineering major. As the foundation of the Digital Signal Processing course, it is a bridge between
basic courses and professional courses. Signal and System Analysis is a required core course for
majors such as Communication Engineering, Electronic Information Engineering, and Internet of
Things Engineering.

This course mainly studies the characteristics of signals and the properties of linear
time-invariant systems, the responses of signals through linear systems, and the important concepts
and basic analysis methods in the theory of signals and linear systems derived from them. Through
in-depth discussions on some typical signals, systems and their responses, students will have a
preliminary understanding of how to establish mathematical models of signals and systems, how to
correctly perform mathematical analysis and solutions on signals and systems, and give physical
interpretations and physical meanings to the results obtained.

Through the study of this course, students can lay a theoretical knowledge foundation for further
study and employment, and establish a solid theoretical knowledge framework, which is crucial to
improving students' ability to analyze and solve problems such as management and maintenance,
development, and design in the field of electronic information. More importantly, this course
cultivates students' awareness of diligence and practice and innovative practice, and cultivates
students' four confidences and patriotism. By learning the relevant knowledge of signal and system
analysis, students can not only acquire practical skills, but also enhance their confidence in the
socialist culture with Chinese characteristics and their recognition of the craftsman spirit in the

learning process, and establish a correct world outlook, outlook on life and values.
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% 1 %&: Introduction CZERFEHR 1-1. 2-1. 3-1. 3-2. 3-3)
(1] &R

(1) Definition, description, classification, and typical examples of signals.

(2) Step signal and impulse signal.
(3) Calculation and decomposition of signals.
(4) Definition, model, and classification of systems.
(5) Linear time invariant system.
(2] %> Hp:

The definition and properties of linear time invariant system, and will apply these

LI .

properties.

Description, characteristics, and properties of common basic signals (including
#32:  ordinary signals and singular signals) in time domain, and will apply these properties.

The method of signal decomposition, transformation, and operation in time domain.
[3]1 ERAA:
(1) Definition and classification of signals and systems.
(2) Time domain description, waveform transformation and operation rules of continuous-time
signals.
(3) Definition, characteristics, and applications of typical signals.
(4) Basic properties and time domain description of linear time invariant systems.
(4] AERAE:
(1) Distinguishing and understanding the change of the independent variable and the change of
the function value in the time domain operation.
(2) Understanding and application of limit models and characteristics of impulse signals and step
signals.
(3) The understanding, judgment, and application of the basic characteristics of the system such as
linearity, time invariance, causality, and stability.
(5] BBES:

Based on the radar ranging principle and the spectrum of radar signals, the latest concept of
lidar is introduced, and then a comparative analysis is made on the development of China and the
United States in the field of autonomous driving technology to stimulate students' interest in
learning, sense of responsibility and innovative spirit.

% 2 #: Time domain analysis of continuous time system (CGZIIRFEHPR 1-2. 2-1. 3-2. 3-3)
(1] iR
(1) The system model described by differential equation. Solving differential equations using
classical methods in the time domain. The solution of initial state, zero input response, zero
state response, impulse response, and step response.
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(2) Calculations and properties of convolution integral.

(3) Use

operator symbols to express differential equations.

(2] %3 Bir:

1.

The meaning of the characteristic equation and characteristic roots of the system, and
how to solve them. The complete response of the system and its decomposition, that is,
the sum of the zero-state response and the zero-input response, the sum of the free
response and the forced response, the sum of the transient response and the
steady-state response, and how to solve them. The definition of the unit impulse
response and its descriptive role in the system, and how to solve and apply it.

The establishment method of differential equation. Calculations and properties of

convolution integral.

[3] ERHE:
(1) Methods for solving the differential equation.

(2) Applications of the convolution integral.

[4) BESAE:

(1) Description and calculation for the 0_ and 0, states.

(2) The
(3) The

differences for various response types and their solution methods.

calculation of convolution integral.

Although the invention and application of radar ranging technology has a history of more than
70 years, the interest in this field is still strong and widespread. Many practical difficulties and new
theories attract people to further study and practice, and the innovation potential is huge. For

example,

radiation missiles, responding to low-altitude penetration, and resisting electronic interference, it is
urgent to study new concepts and theories such as radar optimization configuration and networking,
information compression and transmission, information fusion and decision-making, large-scale
comprehensive display of radar targets, and the application of artificial intelligence technology, and

establish
students'

in order to solve practical problems such as searching for stealth targets, countering

a new digital, software-based, and fully automated air defense radar network. Inspire
national pride, the spirit of continuous innovation of craftsmanship, and the spirit of

exploration of science.
% 3%F: Fourier transform CZH#HRFEHPR 1-3. 2-1. 22, 3-1. 3-3. 3-5)

(1] FRA:

(1) Fourier series analysis of periodic signals.

(2) Fourier series of typical periodic signals.

(3) Fourier transform.

(4) Fourier transform of typical aperiodic signals.

(5) Basic properties of Fourier transform.

(6) The
(7) The
(8) The
(9) The

convolution property.
Fourier transform of periodic signals.
Fourier transform of sampling signal.

sampling theorem.

(2] %3 Bir:

BEEY

The spectral characteristics of continuous-time periodic signals. The ability to use
Fourier series and Fourier transform to solve the spectrum and bandwidth of periodic
signals, and draw the spectrum graphs. The spectral characteristics of continuous-time
non-periodic signals. The ability to use Fourier transform to solve the spectrum and

%5311



1R

bandwidth of non-periodic signals, and draw the spectrum graphs.
The role of sampling, implementation methods and spectral characteristics of the

sampled signal, and the solution of the sampling theorem.

[3] ESAE:

(1)
2)
€)

4)
)
(6)
(7)

Unilateral spectrum, bilateral spectrum, and their relationship.

Spectrum characteristics of periodic and aperiodic signals.

The correspondence between time domain and frequency domain in signal waveform, basic
operation, energy (or average power) and symmetry.

Spectrum and characteristics of typical signals.

Frequency bandwidth.

Spectrum relationship between periodic signal and non-periodic signal.

The sampling theorem.

(4] %R AR

(1)
2)
€)
(4)
)
(6)

()

Understanding of Fourier series and Fourier transform.

Understanding of signal spectrum and bandwidth.

One-to-one correspondence of continuous-time signals in time domain and frequency domain.

Description, characteristics, and relationship of the spectrum of periodic and non-periodic
signals.

The conversion between continuous-time signal and discrete-time signal and their spectral
relationship.

Inter-conversion and time-domain waveform relationship between continuous spectrum and
discrete spectrum.

The application of sampling theorem.

A new technology called "ultra-wideband, short-pulse electromagnetics" is being widely used

in the fields of radar, communication, and signal processing. For a pulse signal with a very short

duration, its spectrum ranges from nearly DC to hundreds of gigahertz, with a large relative

bandwidth. The radar system that constitutes the radiation source is called an ultra-wide bandwidth

radar. Its outstanding advantages are: high-resolution ranging, deep search for invisible targets,

penetration of leaves, ground and walls, suppression of clutter and interference, resistance to

electronic countermeasures, etc. Inspire students' national pride, the spirit of continuous innovation

of craftsmanship and the spirit of exploration of science.

W

Laplace transform, s-domain analysis of continuous time system (37 #1552 H b5 1-4. 2-1.

2-2. 3-3, 3-4, 3-5)
(1] JR A

(1)

)
)
(4)

©)
(6)
™)

The definition and the region of convergence for Laplace transform. Laplace transform of
some common functions.

Basic properties of the Laplace transform.

The inverse Laplace transform.

Analyzing circuits using Laplace transforms: Steps in analyzing circuits using Laplace
transforms, Laplace transforms of differential equations, analyzing circuits using s-domain
models of components.

System functions: definition, classification, solution, and application.

Time domain characteristics are determined by zero and pole distribution of system functions.
Frequency response characteristics are determined by zero and pole distribution of system

functions.



(8) Zero and pole distribution of all-pass function and minimum phase shift function.

(9) Stability of linear system.

(10) Bilateral Laplace transform.

(11) Relationship between Laplace transform and Fourier transform.

(2] %> B#5:

i .

1.

Relationship between Laplace transform and Fourier transform. Bilateral Laplace
transform.

Laplace transform of common functions. Circuit analysis using Laplace transform
method and s-domain analysis method of continuous-time system. Solving system
functions (time domain characteristics, frequency response characteristics, stability of

linear system).

[3] EARA:

(1) Definition and basic properties of Laplace transform.

(2) The time domain characteristics and frequency domain characteristics determined by the

zero-pole distribution of the system function H(s).

(3) System analysis by the s-domain method.

(4] %R AR

(1) The region of convergence domain of Laplace transform.

(2) Plot the frequency response characteristic curve of the system by using the zero-pole method.

Take the telecommunications network as an example to introduce the composition principle of
communication methods. The core of communication revolves around the mutual adaptation
between the spectrum analysis of signals and the transmission characteristics of the system.
Emphasize that science and technology are the primary productive forces, and inspire students'

sense of responsibility and self-confidence.

% 5%: Fourier transform applied to communication systems--filtering, modulation and sampling
R ERR 1-50 2-30 24, 3-1. 3-4, 3-5)

(1] %R

(1) Responses are obtained using system function.

(2) No distortion transmission.

(3) Ideal low-pass filter.

(4) Physical realization. Perry -Wiener criterion of the system.
(5) Modulation and demodulation.

(6) Application of band-pass filtering system.

(7) Recovery of continuous-time signals from sampling signals.

(2] %3 Br:

HiE:

The concept and significance of distortion-free transmission; the physical feasibility of
the system; the significance and application of the Paley-Wiener criterion and Hilbert
transform; the role of filters; the relationship and difference between actual filters and
ideal filters; the basic method of measuring filter parameters using impulse response
and step response; the implementation method, significance and spectrum
transformation of modulation and demodulation.

The time domain and frequency domain conditions for distortion-free transmission,
and the ability to judge and apply them; the frequency response and frequency

response characteristic curve of the ideal filter.

[3] EARA:



(1) Linear distortion and nonlinear distortion and their characteristics, the causes of linear
distortion-amplitude distortion and phase distortion, conditions for distortion-free transmission
(time domain, frequency domain).

(2) The frequency response characteristics of an ideal low-pass filter, the corresponding
relationship between the impulse response and step response curves and the cut-off frequency
of the filter.

(3) Frequency domain judgment of the physical feasibility of the system.

(4) The significance of modulation and demodulation, implementation methods and spectrum
conversion.

(5) Recovery of continuous-time signals from sampling signals.

(4] RAA:

(1) The classification, characteristics and causes of distortion, distortion-free transmission, and its
role in communication systems.

(2) The role of ideal filters, frequency response characteristics, parameter measurement methods
and their applications.

(3) The physical reliability of the system and its judgment method.

(5] BBES:

Through the evolution process of communication technology, we will introduce China's
Huawei's international leading position in communication technologies such as 5G, and inspire
students' patriotic enthusiasm.

% 6 Z: Time domain analysis of discrete time System (3% URFE H A5 1-6. 2-1. 3-3. 3-4)
(1] &R A

(1) Discrete time signal-sequence.

(2) Mathematical model of discrete time system.

(3) Solving linear difference equations with constant coefficients.

(4) Unit impulse response of discrete time system.

(5) The convolution sum: definition, properties, calculation.

(2] %3 Hip:
P The type of discrete-time LTI system response and its time-domain solution method.
The definition, significance, and application of unit impulse response.
g The calculation of discrete sequences. Solving constant coefficient difference
equations and the unit sample response. Application of convolution sum.
[3]1 ERAA:

(1) Descriptions for sequential and discrete-time systems.

(2) Solving Difference Equations with Constant Coefficients.

(3) The unit sample response.

(4) Description of the input-output relationship of the system through convolution sum.

(5) Basic properties and response types of discrete-time linear time-invariant systems.

(4] RAA:
(1) The relationship and similarities and differences between discrete-time signals and
continuous-time signals.
(2) Periodicity judgment of sinusoidal sequence, and its relationship and difference with
continuous-time sinusoidal signal in periodicity and frequency domain parameters.
(3) The relation and difference between sequential operation and continuous time signal
operation.



The theory and technology of discrete time signal and system are developing at an alarming
speed. In particular, the application of "digital signal processing" formed by it is becoming more
and more extensive. In recent years, various high-speed digital signal processing chips have become
a series of products and are widely used in various real-time signal processing. Chips are the key
way to become a strong country in science and technology! Inspire students' sense of responsibility
and national pride.

% 7. z-transform, z-domain analysis of discrete-time systems (SZ3%iRFE Hbx 1-7. 2-1. 3-3.
3-4)
(1] &R A
(1) Definition, properties, and the region of convergence for the z-transform. Z-transform for the
typical sequence.
(2) Inverse z-transform.
(3) The relationship between z-transform and Laplace transform.
(4) Solving difference equations using the z-transform: steps, determination of the starting point
of the response Y(z), verification of the solution.
(5) Systems function of discrete system.
(6) Fourier transform of the sequence.
(7) Frequency response characteristics of discrete-time systems.
(2] %3 Hip:

The definition, region of convergence and properties for z-transform. Definitions of

PR . . .

system function of discrete-time LTI system.

Partial fraction expansion methods of inverse z-transform. Z-domain analysis of
#4E:  discrete-time LTI system. Relationship between system function and system stability.

Frequency response characteristics of discrete-time LTI system.
[3] ERA%:
(1) The z-transform and its region of convergence.
(2) The corresponding relationship of sequences in time domain and z domain.
(3) The relationship between z-transform and Laplace transform.
(4) System function and frequency response characteristics of discrete-time LTI system.
(5) Stability determination of discrete-time LTI systems.
(4] #ERAR:
(1) The region of convergence for z-transform.
(2) The inverse z-transform.
[5] BB(EH:
The z-transform theory has important application value in digital signal processing technology.
For example, the realization of digital filters and the analysis and synthesis of speech signals require
the use of z-transform theory for research, analysis, and design, and it is widely used in many
engineering fields. It emphasizes that science and technology are the primary productive forces and
inspires students' sense of responsibility and self-confidence.

(2D EWHF
None.
T #EERHEFER R

This course is mainly classroom-based. Classroom teaching focuses on the basic concepts, basic
theories, and basic principles of this course. The course focuses on the fundamental task of cultivating

%9 U3k 11 |



morality and cultivating people, with the overall goal of cultivating socialist builders and successors with
all-round development of morality, intelligence, physical fitness, aesthetics, and labor. It takes the basic
problems of communication systems and control systems as the background, and comprehensively
analyzes the two major research objects of signals and systems. In-depth explanation of the three major
methods of time domain, frequency domain (Fourier transform) and complex frequency domain
(Laplace transform/z-transform) to understand the general laws of signal transmission or processing
through the system. The course makes full use of offline classrooms, online teaching resources and
ideological and political cases to carry out teaching activities, give play to the role of theoretical
knowledge imparting and value guidance, improve practical skills and innovative spirit, to establish a

correct outlook on life, world outlook and values. The course hours are distributed as shown in Table 2.

R2 FRAIR
,
1 3 23 %Hﬂ‘
dF w M 7% — — —T
PR | e | BHL | Bt | R4
FlE Introduction 4 0 0 0 0
v Time domain analysis of continuous time 4 0 0 0 0
system
HI3E Fourier transform 14 0 0 0 0
R Laplace transform, s-domain analysis of
54 E . . 12 0 0 0 0
continuous-time systems

wr . - | Fourier transform applied to communication
HSE . . . 6 0 0 0 0

systems-filtering, modulation and sampling
J Time domain analysis of discrete time
56 H 6 0 0 0 0

system
R z-transform, z-domain analysis of
5T . . 10 0 0 0 0
discrete-time systems
Nt 56 0 0 0 0
it 56

Ny HEETTE

1. Teach basic principles, combine theory with practice, emphasize the principles of signal and
system analysis, and cultivate students' innovative ability.

2. The teaching method combines multi-media courseware, online teaching, and traditional teaching
to give the classroom vitality.

3. Release theoretical questions in advance to mobilize students' enthusiasm for learning and
cultivate their self-study ability, teamwork ability and ability to solve practical problems.

. BREEE

1. This course is a closed-book exam, graded on a 100-point scale. The grade is based on attendance,
regular homework, class questions, class discussions, and the final exam.
(1) Attendance and classroom communication account for 25%. Students are required to
participate in all aspects of this course and are not allowed to be absent.
(2) Regular homework accounts for 25%, mainly including comprehensive assessments such as
classroom communication, homework, and online material learning.
(3) The final grade accounts for 50%, mainly the examination score (closed-book test).

210 B3 11 3



2. If the students' missed assignments exceed 1/3 of the required amount, or the students' missed

class hours exceed 1/3 of the planned class hours, they will be disqualified from the course assessment.

I\S PP RFRREEBGHE

1. Syllabus

Assessment cycle: 4 years, revision cycle: 4 years.

Improvement measures: The course leader organizes all teachers in the course team to discuss and
put forward improvement suggestions, which will be reviewed by the head of the teaching and research
department and approved by the dean of the school.

2. Performance Assessment

Assessment cycle: 1 academic year, evaluation basis: comprehensive analysis of students' final
scores.

Improvement measures: According to the distribution of students' final scores, make corresponding
content adjustments and optimizations, and improve teaching methods.
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	信号与系统分析课程是通信工程专业重要的专业基础课程之一，同时作为数字信号处理课程的基础部分，是衔接基
	本课程主要研究确定信号的特性与线性时不变系统的性质、信号通过线性系统的响应，以及由此引出的信号与线性
	通过本门课程的学习为学生继续深造和就业过程奠定理论知识基础，能够建立起坚实的理论知识框架，这对提高学

