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Three-Coil Differential Eddy-Current Displacement Sensing
Technology for Rotating Workpiece Wear Detection

LU Yidi', ZHAO Jinku’, ZHAO Yufeng’, WANG Peng'
(1. Department of Precision Instrument, Tsinghua University, Beijing 100084, China;
2. Heilongjiang North Tool Co., Ltd., Mudanjiang 157000, China)

Abstract: There is a widespread demand for the online wear detection of rotating workpiece in the
industrial scenes, in which eddy-current is one of the important non-contact wear detection methods. In
order to overcome the limitations of range-diameter ratio in traditional eddy-current displacement sensor
with single-coil structure and anti-electromagnetic interference ability under complex working conditions,
a three-coil differential eddy-current displacement sensing technology was proposed for the rotating
workpiece wear detection. By optimizing the structure of the eddy-current displacement sensor with three
coils arranged coaxially and equidistantly, the signal control and processing module of the sensing system
based on the digital circuit was designed, which expanded the range ratio of the eddy-current displacement
sensor and improved the signal-to-noise ratio of the sensing signal. The test on the 1:1 recovery
experimental device shows that the technology can achieve a measuring range of 24 mm and a resolution
of 0.01 mm, which can meet the demands of online wear detection of the hob of a shield machine.

Keywords: Rotating Workpiece; Wear Detection; Eddy-Current Displacement Sensor; Range; Anti-Interference
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Simulation Analysis on Dynamic Response of Tunnel Primary
Support Under Blasting Impact

WANG Taiheng', JIANG Xinwen’, CHEN Meng', BO Pengtao', WANG Guochao'
(1. Southwest Forestry University, Kunming 650044, China;
2. Yunnan Jiaotou Highway Construction Sixth Engineering Co., Ltd., Kunming 650044, China)

Abstract: The influences of factors such as surrounding rock grade of tunnel, blasting load, support
thickness on the dynamic response of tunnel primary support under blasting impact were investigated to
provide a theoretical basis for the construction design of tunnel primary support. Taking the Mengsheng
Tunnel Project of Ruili-Menglian Expressway as the project background, taking the vibration velocity
and displacement response of the tunnel lining as the main evaluation criteria, the key monitoring points
were selected, and the numerical simulation method was used to analyze the change law of various factors
on the tunnel primary support. Findings: under the same blasting load (charge), the dynamic response
of tunnel support becomes more severe with the increase of the surrounding rock grade of tunnel; in the
blasting construction, the charge is linearly positively correlated with the dynamic response of tunnel
primary support; the support thickness is negatively correlated with the dynamic response of tunnel
primary support. Accordingly, suggestions were put forward to ensure the safety of tunnel construction,
which provides a theoretical paradigm for the engineering design of tunnel primary support.

Keywords: Tunnel Primary Support; Surrounding Rock Grade of Tunnel; Support Thickness; Charge;

Dynamic Response; Numerical Simulation
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Simulation Study on Multiphysical Field Coupling of Sealing and
Cutting Gaseous Radioisotope Light Sources Using Dynamic Laser
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(China Institute of Atomic Energy, Beijing 102413, China)

Abstract: Sealing and cutting gaseous radioisotope light sources using dynamic laser involves complex
dynamic physical processes such as heat transfer, melting, flow, vaporization, solidification and rotation.
These physical processes are influenced by each other and they are also influenced by many process
parameters, so it is necessary to adopt multiphysical field coupling simulation method to carry out the
study. By using COMSOL Multiphysics, the mathematical model was established, and the sealing and
cutting process using dynamic laser was simulated. The effects of the rotating speed of high borosilicate
glass shell and the laser power on the temperature distribution and the morphology of molten pool were
investigated. Findings: The faster the rotation speed of glass shell, the smaller the molten pool area and
the longer the sealing time. The highest temperature in the irradiated area of the glass shell of gaseous
radioisotope light source is about 1 600 °C. When the laser power is 15 W and the rotating speed of glass
shell is 400 r/min, the sealing and cutting time is about 0.65 s. Compared with the experimental results
of thermal imaging equipment, the simulation results are basically in line with the actual situation, and
the temperature distribution in the irradiated area is approximately Gaussian, which is consistent with the
assumption of laser heat source distribution adopted in the process simulation.

Keywords: Radioisotope Light Source; Sealing and Cutting Using Dynamic Laser; Multiphysical Field

Coupling; High Borosilicate; Laser Heat Source
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The Pad Recognition and Extraction Method of PCB Bare Board
Based on Machine Vision

ZHANG Dingheng', WANG Shouyin', YE Shilin', HONG Huiqun’, ZHENG Wenbin', ZHU Han’, LIN Li'?
(1. School of Electronic, Electrical and Physics, Fujian University of Technology, Fuzhou 350118, China;
2. Fujian Key Laboratory of Spatial Information Perception and Intelligent Processing (Yango University), Fuzhou 350015, China
3. Suining Branch of Xuzhou Sanxin Power Supply Service Co., Ltd., Xuzhou 221200, China)

Abstract: The pad defect detection of printed circuit board (PCB) bare board is an indispensable part of
the PCB production process. Its technology is relatively mature, but the accuracy and real-time feature
need to be further improved. A pad recognition and extraction method of PCB bare board based on the
machine vision was proposed. By integrating the key technologies such as image single channel extraction,
image denoising, image enhancement, image positioning and pad extraction, the R channel of the RGB
image was extracted for the bilateral filtering and enhancement to complete the pre-processing; the pad
location was realized by the Otsu’s method. Finally, the pad was extracted and marked in conjunction with
the minimum enclosing rectangle. A detection system platform based on the machine vision was built, the
software and hardware design were performed and the processing time of three PCB bare boards collected
in different environments were compared, showing that such a method has good real-time performance on
the premise of ensuring accuracy, and the average processing time is only 0.052 4 s.

Keywords: Machine Vision; Printed Circuit Board; Pad Recognition; Pad Extraction; Otsu’s Method;

Minimum Enclosing Rectangle
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A Radar Signal Energy Threshold Detection Method Based on Time-
Frequency Detection and Its FPGA Engineering Implementation

ZHANG Yuxiang, HUANG Ming, JIANG Chao, ZHOU Yuanhan, GUO Yuhang
(North China University of Technology, Beijing 100144, China)

Abstract: Radar signal energy detection method or time-frequency detection method itself is limited by

the accuracy of initial empirical parameters, time complexity and space complexity, which cannot adapt

to the radar signal detection in low SNR and rapidly changing electromagnetic environments. In order to

solve the above problems and promote the development of new hierarchy radar technology, a signal energy

threshold detection method using the time-frequency spectrum detection was proposed. The new method

takes advantage of the fact that most of the energy of radar signal is concentrated in the narrow frequency

band of the whole signal bandwidth, and thus captures the effective pulse by detecting the time-frequency

variation trend, which saves a lot of calculation time and logical resources for engineering. In order to

consider the requirements of FPGA engineering implementation, the division operation in the FPGA was

avoided. It is verified that the new method is suitable for detecting the common radar signals such as PFM,

LFM, SFM, TLFM, NP, etc., and can be widely adapted to SNR environments such as 0 dB, 10 dB, 20 dB,

etc. Especially, it can still realize effective recognition in the pressure test of low SNR environment of

0 dB, which holds strong engineering application potential.

Keywords: Radar Signal; Threshold Detection; Time-Frequency Detection; FPGA Engineering Implementation; Low SNR
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Application of Lean Management Pull System in Dual
Prevention Mechanism of Safety Production

XU Guolei', SUN Xiujuan’
(1. Beijing CCID Info Tech. Inc, Beijing 100048, China;
2. Beijing Polytechnic College, Beijing 100042, China)

Abstract: Safety management is an important guarantee for the healthy and stable development of
enterprises. The key path to effectively prevent and contain the production accidents is to construct a
dual prevention mechanism of classified management and control of safety risks as well as investigation
and management of hidden dangers. The lean management pull system accurately organizes all aspects of
enterprise production by starting from the final product of market demand, to promote the variety, quantity,
progress and quality of enterprise products. A theoretical framework of applying lean management pull
system into the dual prevention mechanism of safety production was proposed. According to safety target
link, safety planning link, safety execution link, safety inspection link and safety improvement link,
the framework was decomposed, and the accident occurrence was taken as the final product of the dual
prevention mechanism. Each link was decomposed into different elements. By looking for the element
with the highest weight, i.e. the evil element, the element with the greatest influence on the current link
was analyzed and managed. The Bayesian algorithm was used to dynamically find and update the evil
factors in the TPDCA, so that the influence weight of the evil factors was continuously reduced to prevent
production accidents. The effective application of lean management pull system in the dual prevention
mechanism of safety production can help the safety management of different industries and units to change
from the extensive management of “flood irrigation” to the refined management of “drip irrigation”, thus
improving the efficiency of safety management.

Keywords: Dual Prevention Mechanism; Risk Control; Hidden Danger Investigation; Evil Elements; Lean

Pull System; Bayesian Algorithm
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Intelligent Compilation and Management Platform for
Networked Train Operation Plan of Urban Rail Transit

LIU Yuran', LI Chao’, ZHANG Hanxiao', LI Jian', LIU Yuan', TANG Jinjin’
(1. Beijing Subway Operation Co., Ltd., Beijing 100080, China;
2. Beijing Jiaotong University, Beijing 100044, China)

Abstract: Considering the system design requirements of real-time, dynamic, diversity, intelligence and
safety, a set of construction scheme of intelligent compilation and management platform for networked
train operation plan of urban rail transit was put forward. The system includes basic data management
subsystem, networked transportation scheme intelligent compilation subsystem, train diagram intelligent
compilation subsystem, train diagram simulation subsystem, train diagram intelligent evaluation
subsystem, train diagram intelligent optimization subsystem and unified train diagram management
subsystem, which integrates networked train operation scheme compilation model, networked train
diagram compilation model, networked train diagram simulation model and networked train diagram
connection optimization model, and a designed evaluation index system for networked train diagram. A
prototype system consisting of algorithm server, database server and interface server, etc. was developed
and a three-layered architecture combining C/S and B/S mode was formed. The trial operation in Beijing
subway shows that the intelligent compilation and management platform for networked train operation plan
of urban rail transit based on human-computer interaction is feasible and effective. With the completion of
the platform, the preparation time of train operation plan is shortened from 5 working days to less than 1
hour, and the preparation period of the train operation plan is shortened by 80%.

Keywords: Urban Rail Transit; Networked; Train Operation Plan; Intelligent Compilation; C/S; B/S
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Research on Evaluation System of Supply Chain Digitalization
Ability of Manufacturing Enterprises

LI Yuanzhi, GUO Zhiquan
(China Software Testing Center, Beijing 100048, China)

Abstract: With the continuous impact on the global supply chain system, the construction of digitalization
ability of supply chain has become an inevitable choice to advance the new industrialization and enable
the manufacturing enterprises to achieve higher quality development. A set of objective and quantitative
evaluation system was put forward for evaluating the level of supply chain digitalization ability of
manufacturing enterprises, as to better help manufacturing enterprises to promote the transformation
process of supply chain digitalization. Based on the analytic hierarchy process (AHP) and Delphi Method,
starting from the three dimensions, i.e. supply chain material flow, digitalization process and enterprise
structure, 7 capacity units and 17 subordinate capacity modules required by the supply chain and
business of manufacturing enterprises were abstracted, their weight coefficients were determined, and the
adjustment factors of expert group were considered, thus forming the evaluation system of supply chain
digitalization capacity of manufacturing enterprises. The practical application shows that the evaluation
results of such an evaluation system can help the manufacturing enterprises master the operation status and
digitalization level of the supply chain, and provide an important reference for the digital transformation
and construction planning of supply chain for manufacturing enterprises.

Keywords: Manufacturing Enterprise; Supply Chain; Digital Transformation; Ability Evaluation; New

Industrialization
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Overall Equipment Effectiveness (OEE) Improvement on Gas
Generator Production Line of Automobile Airbag

ZHANG Jun, SHANG Yunping
(Hubei Hangpeng Chemical Power Technology Co., Ltd., Xiangyang 441000, China)

Abstract: The overall equipment effectiveness (OEE) can be used to evaluate the effective utilization
rate of equipment in manufacturing enterprises, and then to measure the production efficiency of
manufacturing enterprises and help to advance the new industrialization. Based on the present situation
of gas generator production line of automobile airbag in an enterprise, the data of beat, capacity and
shutdown were collected. Aiming at the problems of low equipment utilization rate and serious capacity
shortage, the influencing factors were identified and the corresponding improvement countermeasures
were established. After the improvement, the production beat was shortened from 25.30 s to 15.70 s,
controlled within the theoretical design beat 16 s, and the daily production capacity was increased from
3 200 to 4 500. Comparing the three factors of OEE before and after improvement, the time productivity
increased from 83.42% to 94.89%, the qualified rate of quality increased from 96.81% to 99.53%, and the
OEE increased from 60.30% to 87.18%, i.e. an increase of 26.88 percentage points. The combination of
OEE and lean management thought is well realized, and the purpose of improving equipment utilization
rate and productivity is achieved, which creates profits for manufacturing enterprises and enhances their
competitiveness.

Keywords: Overall Equipment Effectiveness (OEE); Manufacturing Enterprise; New Industrialization;

Production Beat; Lean Management
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Data Centers and 5G Base Stations Participating in Demand
Response of New Electric Power System: Development
Potential and Countermeasures

TAN Li, YU Juan
(China Center for Information Industry Development, Beijing 100846, China)

Abstract: The development prospects of data centers and 5G base stations participating in the demand
response of new electric power system were deeply analyzed, so as to provide references for the practical
application of data centers and 5G base stations participating in the demand response of new electric power
system and further to promote the integrated development of power system and communication system.
By analyzing the potential of data centers and 5G base stations to participate in the demand response, it is
found that the demand gap of new electric power system is large, and it is urgent to mobilize the demand-
side flexible resources with higher intelligence, more economy, faster response, more environmental
protection and lower carbon to meet the challenges, and digital infrastructure may reduce the power
consumption cost by participating in the demand response. The significance, realistic basis, potential
scenarios and profit model of data centers and 5G base stations participating in the demand response of
new electric power system were sorted out, and the problems faced by data centers and 5G base stations
participating in the demand response of new electric power system on a large scale were analyzed from
aspects of two levels: key technology and project pilot. Based on this, 3 countermeasures are put forward:
(1) carry out the key technology research and the key problem tackling, dig deep into the response
potential of storage resource demand of digital infrastructure; (2) discuss the cooperation mechanism and
establish a market mechanism and profit model that conforms to the electricity consumption characteristics
of data centers and 5G base stations; (3) accelerate the digital green transformation of digital infrastructure
and lay a good foundation for participating in the power grid interaction.

Keywords: Data Centers; 5G Base Stations; Demand Response; New Electric Power System; Flexible

Resource
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Research Advances on Energy-Absorbing Characteristics
of Honeycomb Structure and Its Additive Manufacturing
Application

LI Chunjie, ZHOU Qi, CHANG Xinru
(School of Materials Science and Engineering, Nanjing University of Technology, Nanjing 210094, China)

Abstract: The unique structure of honeycomb makes it hold excellent advantages in compression
and impact resistance, and more and more researchers are inspired by bionics to apply honeycomb
structure into various engineering and technological fields. The emergence and development of additive
manufacturing (AM) technology provides more possibilities for the structural design of complex
honeycomb. The research significance of energy-absorbing structure was briefly stated. Based on the
structural mechanics, the mechanical performance parameters of honeycomb structure such as relative
density and impact response were investigated, and the evaluation indexes of energy-absorbing effect of
honeycomb structure such as total energy-absorption and specific energy-absorption were listed out. The
improvement of energy-absorbing characteristics of honeycomb structure with negative Poisson’s ratio and
new bionic honeycomb structure compared with traditional honeycomb structure was demonstrated, and
the application of additive manufacturing on honeycomb structure was reviewed. Finally, the research on
additive manufacturing of honeycomb structure was prospected.

Keywords: Additive Manufacturing; Bionics; Energy-Absorbing Characteristics; Honeycomb Structure;

Negative Poisson’s Ratio
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Copper Plating Mechanism of Dye JGB and Its Effect on Microstructure

and Mechanical Properties of Electrolytic Copper Foil

CHEN Yang, DU Rongbin, ZHU Xu, WANG Hongliang, YANG Lin, SANG Fengjiao
(College of Chemistry and Chemical Engineering, Anqing Normal University, Anqing 246133, China)

Abstract: In order to study the copper plating mechanism of dye Janus Green B (JGB) and its effect
on the microstructure and mechanical properties of electrolytic copper foil, linear sweep voltammetry
(LSV) and chronoamperometry (CA) were used to explore the influence of JGB on the copper deposition
in the presence of polypropylene glycol (PPG), sodium polysulfide dipropane sulfonate (SPS) and CI".
Meanwhile, X-ray diffractometer (XRD) and scanning electron microscope (SEM) were used to analyze
the preferred orientation of crystal plane and the morphology of copper foil, and the surface roughness and
mechanical properties of electrolytic copper foil were tested. Findings: after adding JGB into composite
additives PPG, SPS, CI', the obtained copper plate will be smoother, finer and keep good gloss. Its
roughness will decrease by 20.79% and its tensile strength at high temperature will increase by 11.85%
when adding 15 mg/L of JGB.

Keywords: Janus Green B; Dye; Additive; Polypropylene Glycol; Preferred Orientation; Surface
Roughness; Tensile Strength at High Temperature
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Bidirectional DC/DC Converter Based on STM32 Single Chip
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(Information College, North China University of Technology, Beijing 100144, China)

Abstract: The charge and discharge function on the lithium battery and the function to supply the power
to the load were realized using the bidirectional DC/DC converter, to carry out the simulation on the
solar photovoltaic power generation technology. A bidirectional integrated and synchronous rectifier
Buck-Boost bidirectional DC/DC converter was designed. The main circuit of the system worked in
two modes: continuous current mode (CCM) and discontinuous current mode (DCM), and the STM32
single chip microcomputer was used for the real-time sampling and the digital logic judgment, so as to
realize the bidirectional control of photovoltaic input and battery energy storage. The experimental and
test results show that the efficiency of Buck charging circuit is higher than 92%, the control accuracy of
battery constant charging current is higher than 99.6%, and the output voltage on the load is stable in the
range of (30+0.5) V. The designed converter optimizes the circuit structure, reduces the cost, and has the
characteristics of high efficiency and high charging circuit control accuracy.

Keywords: Photovoltaic Power Generation; Battery Energy Storage; Bidirectional DC/DC Converter;
Buck-Boost; STM32 Single Chip Microcomputer

= 105 =

AR (1968 —) | WAEMEE, T, WHEBEMAN, KF,

AL (2003 —) B ZMEUA, BTHEEIEEL

(MRS H . 2023-04-12)



$10% %58 20234104

Tl 2 A Al B

Industrial Technology Innovation

Vol.10 No.5 Oct.2023

BT BX B B Al ZF

FRURFREGIMELEN RS

B EA, #RElEH, HEE, MR
6%, LAME 264005)

(& RFMEE S T8

W E: oA REFARRTR, WB X THRNNTFRRERESBRMEENZE L. U
STC89CS1 4 Ml /N & G 1F f o 4= | % #F, B DS18B20f & # frMAX301024% & &5, # it

R BEAEXEARF AR, RAREREREAMS X A HHE,

B, 1FH & E N
ZR RS E I EF HE
HRZ4 407 °C; ANENMET T, t&ﬂ&TM%%T%%A%m
ARMNEMESPCCR B R B &Y & BRI, RRERMNTE, kAKX nE
R AT S 2 B Rl A VTR K B AR I R R 4R £96.3%.

W R R B N R & M JE A fn ik
AIERANKE. MRER KW
4 %03°C, 5RTRE
EmMAfRE T,

NERERE, BA AN ANE.
KB TFREE;, Ea@EAEEN; KRG
FES%ES: TP29 NXECFRIRAS: A

K&; LA
NERS:

T# AR EIF URL: http://gyjs.cbpt.cnki.net

0 5l&

YHT, KEZFEANAAMEG, SEF itk
JEA R T E Bk TR AT R A 2 32 LA
X APAERE £, fEm AR M, THERR
%iki%&ﬁ,ﬁﬁ%%&%o%%%@Iﬂ%
IS B S, Bl WA AT I N Y
K s @,E¢T%Qu%7u@ﬁﬁm%$kﬁ
FERBLEIVER, AR M EF N AR & 5
FAGRBEHE ST, AW SEELN RO S A& 1 TRl 4

HAETms LR GETF IR (VTR “FIH7 )

EEWMA:

02F INAABEFYATFERmFUAWMA LM 5 TR
PR T P 6 0 TR Lol SE R HUE A 5T 5 2021 4F 58 ik
HHMEB A EEEDEEADE —— L “WH+5% 38
Sk B By f 0 BB I AR G T s e SR b B i LD AR A K
ARG E (S202211066018) ;5 LA K2 B 61
ZIH (8202211066023) ; & K22 K% A Q#2301 H
(X202211066112)

PLMPUG6050 [, #2131k
GAEHERYE, HFXARE LT EME
, FHIBE S HLREWFHZ

RAEAERBAN FEE HHEMK.
o F B AR
2095-8412 (2023) 10-106-10

DOI: 10.14103/j.issn.2095-8412.2023.10.014

GGk S EERE A ER ARES AL, K1)
RE JR B T % 4 5 19 1R s sh it ATl 5%, AU
Wt A AR, T E W A AR TR R R
AN A, Sz @ERE R EEEEDGE. RIE
WA, FIAEZER AP BB A R
Fz fil 3k T BRRA NI il T 2R 09 2 4RO B g o
51.85%%1144.44% , T 2L H T 2009 & AL
3.70%; 81.48% M4 NFKREEREZ T H
AN, 88.89% & 4 NN N HA T IRA] LA 4=
TEEIEFR] . BARIA11.11%0) % F A F 2R
TER M AL A, (HATLAEH, RREr X%
N B R] 2R R A T e A B Y

A N A A ARl TR 25 R R 48 b
FRESE) SEBR NEAANR, F it 2R 2 F
N F G D 55 SR JR B B ol kB IR

AT Ko Bln, BFNERELE, mﬁ%%
PR BRI, DR R R RN R SRR SR T R

m,%ﬁkﬁﬁﬁﬁmm%ﬁﬁﬁﬁﬁih,%ﬁ

= 106 =



RN, e FET PR AT N A R A AR AE I R St

X RSO, PR AR TR BT RERE L. A
SB[ E AR R T I o A R 2R s
&, Az AR AR GEE AT R AT A, FE AR
TEAGE S GO AR HE IR A B I, AR
SR R WU ) RE R R A B2 TR T, AR S _EARAIE
A A ARAE B AR SR 2R

2y
ABo

1 R RET

K HSTC89CS 1 Wl /N RGeAE k% 048 1l

k. #EICDS18B20 L A IIMAX301 0215 8 ,
SEIRRE 2 AR AR ORI 4 S5 e B A A5 1
K. LEDW R RHLCDW & WoRpr, 55§
A LB R T S B . R T D e
MPUG0S0REBZALSEIN | [F] B a5 e 1% 4 41 %55 P 1%
VE R Sl B, JOk R S B 5 e S A R
B4, A HLiEd nRF24L0 1 BB & 2615 B . T2k
P e o e N B B R LUK B
Hil3 09155, YKBInRE24L0 1A HFILED {2 7 A it
O, Rg BRI BT W E TR

KRR Tl R bk
AR
i U | S |
Ve AL = B
B ] e e o =M% %
B IR
A || i th'if
ﬁ,\: i
I AT
B RS R
2 W ERID SR, TR R TR, B

2.1 EEEKIRIT

STC89CS1HE FALE&H —HSTE L, HI)
REo Ak, HAMMME. Sk, HwER. A
WIS 1454 R &R AT, STC89CS 1 H LA B
BT B HAMBE R4 FRT/0 04,
TERWERI P4, HAPPOONFAN LR HEH. A
b, MR RALE ARG 2 EDEE, PL.O~PL.TA
UREASAE RS WE A /O L E ], 3 AT LA T £Ass 4
o R HLE/N RS W2 AR

2.2 LCD1602 B R &Rt

LCD1602 /s B 5 8 5 Al i I 1 %+,
PO~P7/EAR T i 5 8 AL+ o SUpL i 4%
P23 [T = A5 (P2.4. P2.5F1P2.6) Mt
HLCD16021RS« RWHFIES| 11 @ (L ~F o H
i, RSHI TH#HILCD f #r #E W EE 8 i &, RW
MATHEHLCD1602 B R B # T 5 #4E, HE

— D HBER R S VL OB X E. K3
LCD1602 {7~ H i I & 3 Flr ol o

2.3 (KimRERIKIRIT

A R AR HRL B SR FH T BE R B R T B e 2
kRN, AR AR V% A 00 IR 9 o R A IR Y
AT AR o ETURBY B, THELE URIIR 2 (248
WEANY 55 CCHX WIS ZE . T4 Ll g
FAR IR B 2R B A A 0 B R (5 S R T B .
R LR TR AE N B O, IR FF A
Bom, TR RO E E RN, MR
A BUIRIR B R B R B PE 5o PR IR
—EH LA 2 T B 0 R4 1 2R R A
e FEXFRE 00T, R AT A7 4 P (e 2
R E .

N E R TN P NS 2o A n I i
R B T AR R E RIS . DS18B20
AR B 5 5 GND. DQFM VDD, 5|
BT Hfh % B AS o BUR @ DQA R it

= 107 =



Tk $ A& A # Industrial Technology Innovation

20234 5H

0123456789

| 33K
II U1l vee ’J
Cl — . 39 DO
—Ixa XTAL1 P0.0/AD0 T I
T = |
: 36 D3
PO3/AD3
" P0.4/AD4 gi g‘;
GND 1 POS/ADS
II I XT;‘L P0.6/AD6 33 DG
lor) P0.7/ADT 32 D7
VCC CSK RST
GND p2o/as | 21 P20
10K P2.1/A9 e
P2.2/A10 |
|/‘“-“O o— |II P2.3/A11 |24 P23
R1 P24/a12 |25 P24
P2.5/A13 }—20 P25
29 PSEN P2.6/A14 27 P26
30 ALE P2.7/A1S 28 P27
31 EA
RS 1| P10 10 P3.0
= e— pamxp [T PIT
RW 3] P12 ' 12__ P32 Sl e g
SCT o P3.2/INTO 5 T ESP8266 RX
. P3.3/INT1 L
SDA S| P14 P3.4/T0 14 P34
L S PLS P35/ i P36
IRD 7 p16 PIGWR |—lG P37
RBD 8| p17 p3 7RD |—I—P38
2 AL/ 2 G R A
Vee GND ik, HHELTMH. AT, DS18B20
: LCD1 AR FIDQT | I #2527 HLATP2.3 51 I LA A% i 54
1 VSS o e b e e o
o o fESChRIEET, [HIDS18B20ML & 3k,
= 3 v R FT LS M 28 R 1 U 25 L L AT
o 1 AN RS TG A0 00 A SR A R 5 I
go 2 ;) L 4R o
DI 8 DI C
D2 9 D2 N NN
55— D3 D 2.4 LRME AT
D4 11 D4 —
D ARBE TR PR o v B R B A LA ok
D6 3 D6 WIT R T A JAIEE I INEESS o
D7 @ D7 R AR A AR 4 4 7E I A 9 3 s 3 i 1 03 O R
5 BLA , e o - - s
| oA ER, REAT R MR IR RO . A
+£ K HEF WKL ZREIERNBIE, XLEH L
LCD1602

K3 LCD1602 7~ Hii% &

EEh KR A M2 (HbO,) Al 4 M4l
EH (Hb) HA®REME. Yob@EiddHAn, shik

= 108 =



RN, e FET PR AT N A R A AR AE I R St

vce
R3 U2
10K
3 vDD
P23 2 e
L'l GnD
—  DSI8B20
GND

P4 AR R AR LS R ]

M S EGEIM AR R, P05 ]E A& R
KA o W RO B e B 2 AR
LG HOL, FHFHELREHIRES, MR
W AN

C
Sa(0,)=—% __%100%

A Sa(0,) M ML A ME FTE 5 Cuo,~ Cu 5 B K
HbO,« HbMJ & .
MAX30102 % &as a] [F B P & o0 =380 i
A, 2 ARE S A T IR TP B TG
MAX301021% a4 e £& 1) B A% i 21 £ 7 AL
DA 0 o 3 25 O 5 48 O b AT b B, TR B
2R AR IS K P B N ™ A BB S R AL, K H
B35 R MO S R AT OK B H AT S0 S A I
ARME" . MAX301021% B FEEE W E S TR o
SCLA| I FISD AT 43 nll i 42 B HLATP 1.3

(1)

VCC

o

U3

SCL
SDA

N AN R WD e

GND
5 MAX301021% /3% HLi &
P45, BB I2Cog O LI o 3
A HLIIP L. S & AL BEs i s 0, A TR
B R 5 5T S I AN R 7 AL BUEOE o TIRD 3 A
T O B Sk S B 20 A0 & 56 A A T A, T

RDi T YRS L0 OB AT LR s

2.5 BREIE

B 0 4G A% JE A SR 2 M MPU 6050 BE SR AW,
AT LAAR B 6> lt b A s R AN A s, g e
PRI R R B F . Y EAN
A0 Tl a7 BOE BIR A EY R E 5 R0
lg (g=9.8 m/s®) ; AT EBERSH, Kk A
RERE, I EAER/DN; M40 T LIRS,
I EER R 1g. ERRESRE A AR E 4 i
Rb, AL 1E BONE AR, R IE B AR A
B, AT SR I T 256 I s B2 28 40 F0 A
T %% f BERD DT 8, MW AL T R0 XL (K
TEE, ICAEERENT0°) I, & H .
fH, FESCBH, (UFE R % B IX A A8 f AR ME TEE
WA W NG THRE LS, 55 FIOR
Flo B, O AR EE RIS SR FEE
NARZEA R R AE 280, 2 WE R 3 A7 ik 8] A 0
TR IR G B . M E NBREIR, A
B F BE S R AR S i, 25 7 TRD B B B R A,
SRAEBEBMN . BRI NS SEE, IERTTT R A
xih ACETT IR Ry B R TR Az, s
Al Nas an a0 MEREIERRAER, NMRAT
EERL, MEES AR AN, GRS
ARG IE BESVM A

SVM=,/a’+a’+a,’ (2)

MR Y BT RS RE AR5, U N AR 7% R A2
700, HSVMEME K T0. 7¢I, FlE Bk E ik o

MPUG6050 P BRA Pt A7 5 AT LA o 2 7 3F
PR, DAsgm il AR fOR . 2CEO TR
SCLA| MiEHE It ¥R Bk 51 IP3.4, SDAS|HIE
Pt B Bs )51 3.5 5 518 ik IN Ph e R AR 1 22
R T(E T84, SRR S A it
THECH % P A 6 BT 7R o

2.6 Wi-Fig (s R it

STC89CSTH FHLHP3.0MP3. 15 H
HAUARTHEAEIEE, AT T 5ESP8266 A
nRF24L01FEH 1T (. TXDS5nRF24101347
Todamfs, W LA SL I AR AR B CRUE B

= 109 =



Tk $ A& A # Industrial Technology Innovation

20234 5H

LB U4
1
”| 2
| P34 3
P3.5 4
_ 15
16
S
18
MPU6050
6 s

H

>N

Z AR BE R D4, talt A EALBE DI T RE
PR 8 A5 7 SR AT B AL

2.7 SENS SRR E R

A AR Y I AR G T LABEAT AR, MR D RE
FERMR AN S, CRAERRER. 5
TRAIEM S R FEMEmgEe P in A =, wl LAt
—B AR E R LS R SR B A e g £ R
B ME TR o K WS 4% % 5 B R HLAYP3.3
SRR, JFKZ5 BN, [

PNPR = & 85508 N Sl AR 7, wh ] ALk g ng
A HIE
vCC
R4 L Ql
10K S$8550
LS1
Speaker
GND

17 sl
2.8 HHELZRIRE I XRIIIT

$ 95 6 S0 B 308 3 0 i s o 5

ORI = 1 B S B U= N N B & il e
o AR Ok LB . fERE R B, 4k
W T W EEREVCCHIGND S| I LLAN , I
BEEEESI SR IoO N MHiE, Wil
HR ML TO F i @G AP ok IR B 4k Fa # 5K
UTF SR B AE o RXFP IR TE AT DA S 306 4 1 i AR
5 1 D RE

2.9 HIREIKIRIT

AT SR FUSB AR f it Rt L7 5
T R R RE IR B, OF HJC YR N R LR
fts VHE, B AR IF 6 BT R A
HL O Rt L, WIS o

2 USB 4l A BLYEES, 5 VR 5
BUE —AE D2, MUSBY HHEA T ¢ HL I FLI
RT6150:05 5 il A e R Al i B 25 L, AR
PRCE B E. WRUSBWIH, REKIKE
BT 12 At ik A E D242 L. RT615048
FREMS A FL it L R R R 20 1.8 VK IH AR E T1E,
F R R B A 5.5 VN, B R R
JERRGEME o XA BT ARIIE T R AEUSBH] A
MUSBHEHL, fEUSBAS B I B 20 D1 #6021 # it 44t
B, I BB R FR AR E 1k .

3 gt
3.1 £EFEIT

R T A% U T R A 15 W NG B R 4 X
R AL, IR EARIR . O MAFESEL
M ERNE . AE TR ALY IT Sk, e I 2% i Bk
MU AL SR BORBAIE R A IEHE1T. A, W5
RAEFRBUANE . DR IMA - WA E TR
Lo BEPOREIGEEURE, — HAR M B F T,
N7 RIEEAT A R R 0 9 ik A B ST A 4 D) 46
BlE. B, WHLCD1602 B R dEfE. Rt
FEIWi-Fil(E /. & 4 R(E LCD 2R
ERIR o A RATART 2 U H TR Y ] B A AR R
B, BAMA LRGSR g, EIREE
BB REEENWI-FiEN L. ESFLmiE,
BB A o ARAE K S I IR F IRl N . B

= 110 =



RN, e FET PR AT N A R A AR AE I R St

L1

us 4m

BTI — T RG ;
819 Battery —L_F—r1—
100K

I

RT6150B-33GQW

P8 JFICHEIFTHRE Tt H L P

BT R G R, MRS ECH 2 RE 21 E0A
%ﬁoﬁT%ﬁ%ﬁ,E%ﬁﬁﬁﬁ%ﬁﬁ,%
JEEEWI-FiA R 2% o 185 19 S 038 T (HL,
AL AR R E RN SR, AT IR E LR . W%
HFHURCS AL, WEE TR,

3.2 RRBRER

TS R AT SR AT R . FFALE, B —
A1 MAE B A 7R WA B (3R o0 2 0 I 4 4
B, FATRRENSEMNTOLERER . BARN
BRPER RS Er. F£ERFET, AR
fn RN ER A DI RE I AEIE Y A AL B F A Y
TR, THBREATEE XRW. RSHENS| B,
LHFLCDHERT, B AMA I, KB R G
S fG b hl | AR E ON A E RO DL ) n AL
LCD1602. 5 A iy & A4 A 128 2 A5 W i o BB
el e = LRI NG g < 3 B T TN 82 A 1
B an 9 B/ B Hf Al AS TR A o

3.3 FiERFRIT

R BRI Eme |, A
ESP8266H Jy HL2 ill #f Y To Lol {5 A e, 442Kk 4
FI| B FEFE bR & IE 2 AL

M DS18B20L kAR I, B /e B TH)
AR o 12 AL SR 115 5 0 S s i A 4
filo MBI EIEUTLE: HE, LRI AE—
MIGH PR, FRLERT A H480~960 ns, LAFAT
SAIFRER A2, BEARBORE; AF, #Eiddh

T4k

LCD16024] 41k

KPR Y 1

LCD#R &4 ?

R FIDIRE T
A%

l

2Py

Ko A HaEfE ke

BEL S e b 2 8 B PR

DS 18B201L e i

M EFHEE, ZFE 560 pus, HAH— AR5 H

= 111 =



Tl B A £ % Industrial Technology Innovation

20234 5H

60~240 psAi HL 15 520 J 1 A7 A8 Bk i 7%

WAL LR 58 5, DS18B201% B 1] LAIE
W OLAE, FFIF 46 58 R Z0H . DS18B20 1% &
WHBEEXET, EuES 1 FNERF.
DS18B20 15 #HAER 7 a1 B 107w

DS18B20% fir

|

DS18B20
G ATAE?

R i A
5 A\DS18B20 N I A
fadiny
¢ ARt
iSRRI N=E A
5 \DS18B20
BRI
R [H]

10 DS18B20H 5 BT 7 &

fERESL R IR S I, B A 5T I SD A
I ph 5l IISCLy: 2w -, JFER — BEiS ). 28
Ja, ¥ESDASIMIHLAR, Eu— Bk, F£RxITHih
et adn . 45 1L15 5 09 A2 2 E i K SCL 5| B
M A, F SR SDA G E O IRE -, AR
K SDATI AL & o

FEI2C R EH, ik e 0k 5 7 B0 ok 15
FE, #ls2iBE—MACKESE AL 4
ACKfEF 5 NRH T, FoaEimEs, KRG L
TEH LAEUST,

PR R AR AT IR A 11T 7 o

FLAE R AEAURD
LapGlia

b

T Ay HodE R AR

.

HHE RS

v

12 e 77 ) 1,
P H H90°

TR R T AE

1 BRERAER TR



RN, e FET PR AT N A R A AR AE I R St

4 RN
4.1 st

ARG LT AASTC89CS 1 ML, A TLCDW
f RN MBI EE. LED WBon A, b sy g
ESP8266 Wi-FifZJi#F. MPU6050./0) 3 Il 4 & Jk
a, LA i IMAX 301025 25 F1IDS18B20
g . Hod ) T LA =A% AT 2500 e e
WE, ARG SRR EMRRET, K
b NN < | = R A e~ N L el o
JOEN, B TRERES, B AR,
Wi E N, 6 R BN EE 25 °C, A0 EER IMLAR
HHS 0. RER EBREZE37.5 °C, IEHLFEM
JEHIZ£60~100 bpm (bpm, AE¥EE I HE AN,
1 bpm=1/min) , IMAEMER FRN80%. Wik
FREFMBEBRLT THHRSERE, REKBME
WA I LA R T &N MR [, HXmE R th s
ek EB FAL Lo SLYHRE R B E 125778

B2 st

4.2 TREAERRIEN K

TFHEDS18B20%L & Aw 8k, W LA B 5L
. 535, HAR4MAX301021%5 845, Rl
A R B2 0 S A2 AEL 0 B A o AR i AR
LCD1602 %/~ bt B¥ Bon BAREUE, IFH RS
SWHERGEREZERH TN Lo A TRIERFAEF
TEDRZS TR0 M i R0 Hm A e S AR 5
PPGLZE A ELAF M S AT X, SL56 25 5 an
E13R. AT, AR R EESPGGO
RN 2 B RO IR, AL R A AL,
iR ZEPELE 12 bpm LA o

100

23 /bpm

\/\/«/\/\(h\/\/\[‘/\\/\/.

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

= [l 0 R PGGHir 0%
E13 O g

W R S8 (9 5 Fo 1 [RD IR 5 0 I R N
R AT E, W LA B R G A R A T AT
TR I 2 (8] o R SR BRI B T 0 3R
B s A R B, A 2 SR R AR
T o 1l S ) R ZE HA{E 2 0M0.3 °C, SR IR E
AR ZE2) 0.7 °Co

38.0

37.5

P 365 /\\/\/\ A n f \N.V\,J'\,/J\V’\“

1 3 5 7 9 11 13 1517 19 21 23 25 27 29 31
= il T R F il TR
P14 A0 1A
AR ARG MW TN R w RSl A 5 8
W R E M . B BRI S, il kA%
TR R A 1 A AT RE A5 Y ) ) DR R £ 45
IESEI i % DABA PR AE & A2 A 10 I RE A5 21 KL
IR Bl o
KT AR RS R, AT — &
FUMAL, 3G90 A6sr . 188 Ak ) Y ROk
Ao AEMK A, A T B A RN e B AR A T
AP R T B R EDIRAS . EBA MR 45 R AR B
N, LA P O B I R IR S Y ME R R A R
89.371%, XA T fim s Jo A% 14 0 A2 ik 45 AR 725 F) 9
W Z9N93.134% . N T HEBR-F- 5. D47 T i
T BT e W 5 SR RS, A e e AR RN R A
RSS2 1] 5531£96.3 %
Bt I 256 7% R B AR R R i s B AR
&, RE A B IR b ) DT R RS, 0 R AR AT T

= 113 =



Tk $ A& A # Industrial Technology Innovation

20234 5H

WG DL K A o IX RN SR G J7 5 A8 B AR 1 A R
AR ATEEYE D A A e I PR it T R
FERIIIRE

R PR IR N

PN 5 -G W 15 A o

T4k 1 91.496 0 i
“F-42 91.325 0 7
P43 90.982 0.021g e
A7 4532 0 i
AT 2342 0.033g w
AT 3 2.793 0 i
=l 0.253 0.1892 i
&2 1.341 04232 Eh
1873 2,012 0.341g 7
REN! 89.142 0.791g =
FRAE2 86.981 1.298¢ &
7k} 91213 2312¢ &
Prsl4 -90.839 1.659¢ &
TR -88.239 1.768¢ =

5 &it5itie

ACE I T —E WA EAN S BT YK
RO AT ZE B A, AR i R AE R S R AT T R
PEF k. R T ARG BRI 5. O R
i, PR TEE. Y. AR EEMR. ZR
4K TDS18B20~ MAX30102FIMPU6050%5
2 T A AR AR | RE A% A U o (A I AR S R
REfa bR, I is M o 2% fa T RE 52 B0k 0 A I . il
A RRY, YR UL EEN, R
RE % S I BEAT 0 A0 PR, A 280k W28 47 N = oM
B, NERFIRELZNE. QMEZ, ZRAE
IR EE AN U G A R R 5

HOAT, AR G000 3R R 1 E 5 58 br A 5
SARAEL, = e A R 2 BEZ 0.3 °C, 5
R IR EE R IR ZEZN0.7 °Co FEBEIAGI T, 4
FRGT FH N A 5 A PRI 5 AR A ke R4 T 45 65 1
FE, AR EIL96.3%, KKFEAR 1Bk 4 1) E
XTE & BN o AR O TT T, RS
H5PGGHI DR EGE NG, HN AR SR FIg
R TPGGHIHAE, JFHAAE—ERIEIRYE . AR

WS A AT DA H e A O S 0 e B gt B, gk
— LB ARG B A R A S

Zi b, BT AYON fA R R 28 B A LY
PEREAIIE J1, REAS O B X B 7 B R KGR AN B AL
Mo WPk ER A S5 HE . B LIRS TAE
AR UGE FE L & A PR RE £, AR & &R
28 P9 I A JRE R SE R, Ol g B AR A R
4 fe o s WA A0, O A S 45U AT S S R A
A f (8 T ST AR -

S5 Xk

(11 BEASte, Mol HEB RSN DRE . XU IR
LR B[] R R (A 4 32 URFAE, 2023(1): 59-68.

[21 SIEE. A 3R 227 T A 2 I 52 i i 58 [D].
K& HIRE, 2022.

[31 fF#, EIHIE, 2R, % 24 A 68T 200 T R &
ST, A RS S ST, 2022(11): 31-34.

[4] skBEA, EIRKE, BB 5. BT STM32HYHK M £ R AE
ZHUEA R R [I]. B T EOR, 2023, 46(8): 79-83.

[51 BRF, SEE, PREsT. B TFPGAMEFE NMER T2 M
RGEEAT[I]. T PARES, 2023, 44(1): 47-52.

[6] eI, W&, E TV S AT EANRK[I]. YK
WA, 2022, 12(11): 87-89, 92.

[71 WBreR, AR, W, & EREE MRS EM RS
W], TSRS A 3hfb 355, 2023(2): 13-17, 50.

[81 2T, 25l Z=40H, 5. PIew T 2 sl il i R 5
WAL [I]. ML AR, 2023, 13(1): 51-52.

[91 ERHE, 4BREAy, BUE], % —FhHr B STM32 1 2L A i
R[], WM B AR, 2022, 12(12): 5-6, 9.

[10] fUlgle, Ao, ey, . 26T Pk p iy w28 it &
AT R GE 0], DB A, 2023, 13(2): 59-62, 65.

[11] sk, )5 %, 28 NE, . 5T STM32 Y8 A E G
RESE R THT]. TR Bahb 2 E, 2023(1): 35-39.

[12] 256, WIS, e, % E+ 83 R Bl o8
RGN 5 #[I/OL]. AL S 6] 1-9[2023-
05-18]. http://kns.cnki.net/kems/detail/11.4762
tp.20230309.1421.008.html.

[13] {5, sl LIl B R[], SR 74
A, 2023, 46(4): 25-29.

[14] R, TR, M5, . BT ADXL345 1 AR ERE i il
BEE W], B HIE, 2022, 30(23): 11-14.

= 114 =



RN, e FET PR AT N A R A AR AE I R St

[15] XU, OO, mF M, 45, 2T nRFS51-DKAYE GELH T fEEEN:
PRI, PEEMIEL A, 2019, 9(1): 75-77.

[16] . E:TMPUG6050HI A MELEHG IR S i it 5 SLBL[D]. WEM (2000 | o, WRMEA L ARAEER LG
KR AR, 2022, TRE,

[17] £E, sk/#k, B/ANE, . H T ZHETILES AKE
BRI TN B W5 [0]. I S LR AR, 2018,
32(7): 1-7.

3

BEIH (2002—) | B, WRFFTA, ARAELE, &
TEE,

(il

BEHE (2002) | FH, IWEBEN, KBELER, WK
TR

XA (1986 —) | WAEMEE, &, WRBLZAN, WL, Jf
Vi, WEFETT R BASEB RS

E-mail: ytuliuxia@ytu.edu.cn

(R A ® . 2023-06-21)

IoT-Based Wearable Device and Vital Signs Monitoring System

FENG Yuzhu', WEI Jiannan', MA Yuxin', LIU Xia'
(School of Physics and Electronic Information, Yantai University, Yantai 264005, China)

Abstract: Fully considering the health demands of the elderly, a wearable device and vital signs
monitoring system based on the Internet of Things was built. The minimum system of STC89C51 single
chip microcomputer was used as the core control device. Pairing with DS18B20 sensor and MAX30102
sensor, the wrist temperature of human body was collected by temperature coefficient crystal, and
the data of human heart rate and blood oxygen were collected by photolysis method. The MPU6050
gyroscope was used as the sensor to collect the human deflection angle and acceleration change, taken
as the comprehensive judgment basis for fall detection. The LCD screen and buttons were used to realize
human-computer interaction. The test results show that the system can accurately measure the wrist
temperature, the average error between wrist temperature and forehead temperature is about 0.3 °C, and
the error between wrist temperature and underarm temperature is about 0.7 °C. In the aspect of heart
rate measurement, photolysis method can obtain reliable blood oxygen signal of human heart rate, and
the measured value of the system is in good agreement with the heart rate image output by PGG. In the
aspect of fall detection, the fusion of deflection angle and acceleration change can improve the accuracy
of fall detection to 96.3%. The system has the characteristics of small size, high precision, low power
consumption and wearability, with broad application prospects.

Keywords: Wearable Device; Vital Signs Monitoring; Temperature Collection; Blood Oxygen; Heart Rate;

Fall Detection
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A Signal Separation Device Using Digital Orthogonal Demodulation

ZHOU Yuanhan, HUANG Ming, YANG Jie, JIANG Chao, LAN Haoyu, GUO Yuhang
(College of Information, North China University of Technology, Beijing 100144, China)

Abstract: In order to facilitate the digital signal processing in the fields such as communication,
multimedia and radar, and to solve the problem of separating the aliasing signals, a signal separation
device using the digital orthogonal demodulation was designed. The main frequency points of the
received signals were found by frequency sweeping, and the original signals were processed by generating
orthogonal signals of the main frequency points, thus realizing the effective separation of aliasing signals.
The FPGA processing module was built, and the digital signal processing took the XC7A35T-1FTG2561
chip as the core, as to achieve a wide sampling frequency range and high processing efficiency. Without
losing generality, the separations of two-way sinusoidal signal, sinusoidal-triangular signal and two-way
triangular signal were investigated respectively, and the separated signals observed by the oscilloscope
met the expectation. By calculation, the average accuracy of frequency reaches above 97 percent.

Keywords: Orthogonal Demodulation; Signal Separation; Digital Signal Processing; FPGA; Sinusoidal Signal; Triangular Signal
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