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The course information as follows may be subject to change, either during the session because of unforeseen
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ovide the students with adequate knowledge on principles and methods of
uding signal theories and signal processing, test data processing and error
lysis of measurement system, principles for various sensors and transducers
acturing process, signal acquisition and processing method, measuring

cal quantities and experimental system design
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This course is an important professional basic course for instrumentation and mechanical and control
professionals. After completing this course, the students should know well the basic concepts and
principles of measurement and test system. Through the learning of the working principle of the sensor,
students are able to grasp the calculation method of the sensor design, understand their manufacturing
process, and grasp the processing method of the signal of the sensor in order to obtain a more accurate
signal. After completion of this course, students will be able to Understand the common physical quantity
measurement and test methods and experimental design, understand and improve the test skills of different

physical quantities, and build an actual test system according to the actual requirements.
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Chapter 1 Introduction

° The concept of test and measurement

e The basic form of the test system
e [Examples of test system
e The development direction of

measurement

° Standards and Units

Understand the basic concepts of testing
measurement and detection;

Understand the basic form of the testing
system;

Understand the development direction of
testing technology and the unit of
measuring parameter;
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Chapter 2  Sensor Static characteristics
and test data processing

° Definition, composition and

classification of sensors

e The development direction of sensing

technology and the research status
° Sensor static output curve fitting
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Understand the definition, composition
and classification of sensors;
Understand the development direction and
research status of sensing technology;
Understand the sensor static output curve
fitting method;

Emphasis understand the Least Squares
Method;

method
FE AR A RE SR b
o ZRMERE
o REUE
° AN %
i RIS BRI, I, R
. FE oy HEER. IR ERE. EEM. RENSE
. %Eﬁ R 5E SCo IR VR AN B s A B 9
. P Understand the definition, test method

Static performance indicators of sensors
° linearity
° sensitivity
° resolution
e hysteresis

and data processing method of the sensor
static characteristics:

linearity, sensitivity;
resolution, hysteresis, drifting,
repeatability, stability

° drifting

e repeatability

. stability
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Measurement data processing

*  Measurement error analysis and
processing

. The selection principle of the test
instrument

*  Measurement Data Handler
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Understand the definition, mechanism and
elimination method of errors

Understand the selection principle of
test instrument

Understand the processing method of
measurement data
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Chapter 3 Dynamic Characteristic Analysis
of test systems and sensor
The transfer function and time—domain
response characteristics of the system and
sensor
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Understand the definition and calculation
of transfer function

Understand the calculation method of time
constant of first-order system

Understand the definition and calculation
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. The transfer function of the system

° The time—domain response
characteristics of first—order
systems

° The time—domain response
characteristics of second-order
systems

method of the rise time, peak time,
settling time, overshoot, damping ratio
and natural frequency of the second-order
system
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The transfer function and frequency domain
response characteristics of the system and
sensor

° Frequency response characteristics
of zero — order systems

° The frequency —domain response
characteristics of first-order
systems

° The frequency —domain response

characteristics of second-order systems
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The Series, parallel and feedback of test
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Understand the definition and calculation
of frequency —domain response
characteristics

Understanding the Bode diagram drawing
Understand the calculation method of the
break frequency

Understand the calculation method of the
time constant, system bandwidth, damping
ratio, natural frequency

Understand how the test links are

systems connected
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Sensor testing and calibration

° definitions of testing verification
and calibration

e Standard conditions for testing

° Selection principle of test
instrument

° Calibration method of design

° Test data processing method

HiRZE. R, EE RS
Understand the meaning and difference of
testing verification and calibration,
Understanding the standard conditions of
calibration and the selection principles
of instruments, Understanding design the
calibration method, and Understanding in
using the test data to calculate such as
stability, repeatability, comprehensive
error, damping ratio and natural
frequency
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Chapter 4 One parameter measurement and
Detection
Angle and angular displacement Detection
e Measurement
e Detection
e The category of Angle sensor
e The performance index for Angle
Sensors
e The operating principle of
microsyn
e The design of microsyn

TIRMAENEBNE T, TR AR
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Understand the direct measurement method
of Angle, understand the type of Angle
sensor, Understanding the operating
principle of microsyn, Understanding the
design and calculation method of microsyn
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Manufacturing process and testing of
microsyn

° Manufacturing process of microsyn

e Testing and calibration of microsyn
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Understand the manufacturing process of
microsyn, can write test outline and test
specification of microsyn
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Moving coil Angle sensor

° The operating principle of moving
coil Angle sensor

e The design of moving coil Angle
sensor

° Manufacturing process of moving
coil Angle sensor

° Testing and calibration of moving
coil Angle sensor

T fRh P U AR R I ISR, AR
PEIREE, R THTE, 295 MR
Understanding the operating principle of
moving coil Angle sensor, Understanding
the design and calculation method of
moving coil Angle sensor, Understand the
manufacturing process of moving coil
Angle sensor, can write test outline of
moving coil Angle sensor
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e Comparison and analysis of microsyn
and moving coil Angle sensor

° Other types of Angle sensors are
introduced

° Analysis of zero signal of Angle
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Understand the similarities and
differences of the Angle sensor
Understand the components of the zero
signal of the Angle sensor

Understand the processing method of Angle

sensor sensor output signal.
e Angle sensor output signal
processing
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Chapter 4 One parameter measurement and
Detection
Torque Detection
. Introduction to torquer
. The operating principle of torquer
. Introduction to basic knowledge of
magnetic circuit
e The design of torquer
. Manufacturing process of torquer

TR AR I S G R, IR AR
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Understand the concept and manufacturing
process of torquer

Understand the working principle and
design method of torquer
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Chapter 4 One parameter measurement and
Detection
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Understand the working principle of
photoelectric encoder and the principle
of machine spindle rotate speed detection
Understand the principle and design
method of motor rotate speed detection
and signal processing
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Rotate speed measurement and Detection

. Introduction to Rotate speed
measurement of motor

e The design of Rotate speed
measurement

e Rotate speed detection signal
processing

. Manufacturing process of Speed
detector

. Photoelectric encoder working
principle

e Machine spindle speed detection
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Chapter 4 One parameter measurement and
Detection
Displacement detection
. Introduction to type of capacitance
sensor
e The operating principle of
capacitance sensors
. Signal processing of capacitance
sensors
. Introduction to displacement
detection method

TR AT, R AL R L
YRR BRAME 5 Ab 28, SR 5 A Al 77
Understand the types of capacitance
sensors

Understand the working principle and
signal processing of capacitance sensor
Understand common displacement detection
methods
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Chapter 5 Multi-parameter measurement and
Detection
Angular velocity detection system
e Angular velocity detection based on
Newtonian mechanics
e The category of Angular velocity
sensor and Equations of motion
. The operating principle of Angular
velocity sensor
e The design of Angular velocity
sensor
e The Dynamic performance optimization
of Rate test system

TR MR RIS B B I, HE R R AL
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Understand the motion equations of
various rate sensors

Understand the working principle, signal
processing and design of rate sensor
Understand the design method and
performance optimization of rate test
system
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e Angular velocity detection based on
Sagnac effection

e The operating principle of Optical
fiber Angular velocity sensor

e  The Design and manufacturing
processes of Optical fiber Angular

TR P A SRR AR AR B SR AN 1 A
BRI A AR IR AR IS 5 b3
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Understand the performance index and
manufacturing process of various rate
Sensors

Understand the working principle, signal
processing and design of Optical fiber
Angular velocity sensor

Understand the formulation of test
specification for rate test system
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velocity sensor

e The Performance index of Angular
velocity sensor

(] Rate sensor testing
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Chapter 5 Multi-parameter measurement and
Detection
Acceleration detection system
e The operating principle of
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Understand the performance index of
accelerometer

Understand the working principle, signal
processing and design of accelerometer
Understand the formulation of test
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Chapter 5 Multi-parameter measurement and
Detection

. Attitude measurement system

e The Design of IMU(Inertial
measurement unit)
The Redundancy design of IMU
Selection principles of sensors
using IMU

accelerometer . . N
. specification for accelerometer
. MEMS accelerometer testing
HoE ZSHINRI K IREL

TRESHNE, 2 IMU PR, TR
HINES

Understand the attitude measurement
Understand the design of IMU
Understand the concept of redundancy
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Chapter 6 Automatic test system design
. The application of notch filter
. The composition of automatic test
system
The interface of automatic test

system
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Understand the composition and interface
form of the automated test system
Understand the techniques for using
filters

B R gt
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Chapter 6 Automatic test system design
. Automatic Test system design for
analog quantity
e Automatic Test system design for
digital quantity

2
o I

B LT RISl R 4
Understand and design simple automatic
test system
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Quiz
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Final
Presentation
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