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Exploration and Practice of the Full Scenario Teaching Mode of the Electrical

Machinery Course

MA Mingna  KAN Chaohao

NI Youyuan

{Seboal of Electrical and Auicenstion Engincering, Hefei University of Technobogy, Hefei, Anhui 250009, China)

Abstrac: In response 10 the problemss of fragmented scenario teaching. weak swareness of active Jearning, and lack of systematic
engineccing thinking in the Electrical Engineering course, 3 ful scenario glabal teaching model is proposed. This model depends on
diversified hybrid teaching methods both oaline and offline. It reorganizes the key knowledge points in teaching unit snd estsbhishes
a full scenario in clasroom. A problem chain is designed to drive the application and intemalization of theoretical knowledge, the
‘high-level engineering ability ouput are further acquired. Teaching practices show that the muli-dimensiona immersive classroom
is constructed by full scensno teaching mode. I i an effective toul for moistening mind. so good culivation effects of engineenng

thinking can be schieved.
Key words: hybrid type; full sceriaio teaching; problen chain
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tion to Topic Selection and Research Basis of Undergraduate
Innovative Projects in the Field of Power System

LI Shenghu
Enginccring ad Ausoration, Hefcs Usiversisy of Techeology: Helei 230009, China)

Abstract: Due to high experiment cost. rigid requirement 1 the special knowledge, slow advancement. and difficulty of mew
finding, the undergraduate innovative projects (UIPs} in the field of power system sccount for small propertion in those of the
electrical engineering, Bised on the curriculs plan and the research fields of different grasles, the suggestions to select the topic of the
UIPs related to pawer system are given. The theoretical and application basis for the LIPs is summarized.

Key words: power system; undergraduate innovative project; topic selection: research husis.
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Abstract: In mesponse 1o the mquirements of the New Engineesing Eduvation. this pupes anabyaed the existing issoes i the
teaching of Electrical Engincering conrse. 1t focined an the development of a discipline —oricned teaching model for Elecasieal
Engincering course and implemented o deep integration of diseiplinary hackgrounds within the teaching process. The rescarch
demarstrates that the deep imtegration of disciplinary bockgroumds i the teaching model enhances stisdents’ understanding und
secognition. of the spyhvation of Electrical Enginesring in theis respective fiekde 1t sbo stimalates. dudents” leaming eathosisn and
self ~dieceted leaming awarcncss, fostces their scienific and technological inmovation abdlitics, and enhances their engincering
consciousness s engincering stdents. Teacking practices have revealed that the reform of Electrical Engineering curricubim shrough
the dees integration of disciplinary hackgrounds has made corisin  achievements in improving the  elfectvenrss of Electsieal
Enginerring teaching and the sty of inendisciplinary talent cultvation,

Keywords: Electrical Engincering: intenisciplinary hackground: teacking model; teaching peactior: curriculum seform
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Abstract: With the developeen of the fimes, educationsl informatizstion i the el of higher cucation. Combined with the
requinements of talenl training in the new era, this paper puts forwand s hybrid tesching framework urder the backgroand of informatization,

and constructs & muli-souree teaching rescurce based on MOOE and SPOC. It is implemented through rain cluss The results show that this

method ot vl improves students” performance. but alsn salves the problem that it is diffienlt 1o manage large chisses.
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Teaching PWM Rectifier from Three Basic Features
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Abstract: PWM rectifier is made of fullcontrolled device, working as PWM mode, which can achieve high power
factor on the grid side . bul ils content has always been the teaching difficulty of “Power Electric Technology”. This
paper begin with the three basic features of the PWM rectifier
elementary? 107 the? profound, leading students to understand the principle of energy bidirectional flow , power

it explaining its working principle from? the?

factor contrallable and DC side

oltage control of PWM rectifier. and analyzing the reasons of the PWM rectifier cir—

cuiit as the hoost rectifier circuit, so good teaching results have been achieved.
Keywords: PWM rectifier; energy bidirectional flow: power factor: DC side voltage
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Reform and Pmactice on Curriculum Based on Engineering
Education Accreditation
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Abstraet: The graduation requisements of engineering echication scerelitation standard focus on solving complex
In this papers the

course design. iearhing mede and evalustion of “Signal Analysis and Procesing " eunicalum is isinduced. The a—

engineering prablem. The curriculum leaching design is the fundsmeatal of sbility tnini

ry-based syllabus is designed. The practice session siming st comples engineering peoblem is st up. The blend-
ing learning meocde i sed und the provess evabuation is impraved. The leaching pratice has achicved good reults.
Keywords: accreditation ability-hased ; blending bearming
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Learning of New MCU for Ci ting Practical [ ive Ab

XU Ke<jun, XU Wei, SHAO Chuni, ZHANG Yi
{Scbnd of Electrivud and Ausarmarin Enginvering , Hefet Usiversiy of Technolugy , e 30008, China)

Abistract: We choose MSP430 microcontruller that possesses the industrys lowest power consumption and the best

performance 45 a teaching and practiee object in this paper. We have a series of activies: developing erimental de—

vices, writeing teaching materials, making the multisetmicrovideo, opening an elective course, instreting

students 16 apy

or inmovation projects, organizing holiday activities, guiding students to declare college studeats

projects, rganizing holiday project act

ties, helding MCU compertition, and so on. We use learning and applica—
tions of new MCU as the starting po

o from the class to the extracurricular, from online to offline, from freshman

o senioe, and actively caltivate the
Keywords; Micro coutrol unit; teacl

novative ability of college students.

; practics
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Research and Practice on Construction of Course System
of Signal Detection, Pr ing and Impls ti

XU Ke-jun. HUANG Yun-zhi
{ Schal of Eloctricnl unel Autemstives Engisevring  Hefei Usiserily of Tocknology , Hofeé 230009, Chine)

Abstract: The construction of surriculum system is one of the main contents of the teaching rfom. According to
the charsrters of antomatian specialty and requirement of talem training, the signal is taken as the main line, the
information technology is taken as the core. and the system is taken s the guidsnce for constructing the series
course system of Signal Detection . Processing and Implementation in this paper. We optimize the teaching content
af e cwrses . provide rich teaching materials for students, strengthen the liboratory construction . and guide the
studenls” inmovation activitics in onder o achicve good results.

Keywords: signal: series courses: system construction
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bttt Testbooks: referenoe buks wnd experimentsl guide Tooks of signal messirsncit; procesing and inple
mentation series eurricutum are poblished and edited for automation and electrieal engineering majors. The series
tcaching material biikls s the conplete knowledge system of signal N

It fovcuses on training students ability 1o analyze and solve practical problems. It integrates sciendifie teaching meth—
ods and clarifics ideas. It updates tbe cantents and briefly intrickices new tcchnologics. The scrics tesching material
plnyll;mod e i promaoting educational refonn in engineering.
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Student-oriented Curriculum Group Teaching Team Construction
—A Case Study of Helei University of Technology

HUANG Yun-thi, XU Kejun

(Sl o Electrie Enginvering sd Amomation. Helei Univessity of Techoology . Helei 730008, Chima)

Abstract  Construction of outstanding teaching teams is one of the mportant sontent of implementing
the undergraduate teaching quality and teaching reform required by the Minisery of Education. This
paper introduces the ideas sbout how to construct the teaching 1eam based on the curriculum group of

it The teaching team should focus on the students.

sigmal - and i
and emphasize the learning outcomes as well as the invegration of the class teaching. the creative prac-
tice soud the seientific resenrch. An operating mechanism is also developed. The reaching ream which
plays a positive role in teaching reforms enhances the comprehensive ability of the group members and
guarantees the quality of ralent cultivation.

Key words; tesching tenm: curriculum group; student orientation
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The Internet of Things (IoT) technalogy enables data connection, information exchange, and communi-
cation for everyday items and environments through information sensing devices, so as to realize
intelligent identification. positioning. tracking, monitoring. etc. Currently, the number of terminal de-
in the IT device ecosystem involves exponential increase, posing challenges for the power supply
of these devices, As an attractive energy harvesting solution, indoor photovoltaic (IPV) is capable of
generating electricity by utilizing the light energy in various environments. This review first provides an
overview of the IPV technology; the research progress, and performance levels of various IPV materials
and devices, includi salar cells, . organic solar cells, d
sensitized solar cells, and environmentally friendly emerging thin-Alm solar cells, etc. are then reviewed:
the typical application scenarios of IPV for self-powered IoTs are further discussed: a summary and an
outlook on the IPV technology are also given.
© 2024 Flsevier Led. All rights are reserved, including those for text and data mining, Al training, and
similar technologies

Keywords
Indoor photovolcaics
Low-power (6 electronics
Solar cells

Amorphous silican solar cells
Halide perovskice solar cells
Organi salar celts

1. Introduction of indoor photovoltaics

The Internet of Things (1oT) is an ecosystem of devices con-
nected together through the cloud [1]. The IoT technology is
improving our daily lives from a variety of intelligent ways. For
instance, we can make our lives easier, safer, and more energy-
saving by ereating smart houses, cities and infrastructure [2]. The
successful implementation of laT largely depends on the func-
tionality and number of end nodes {ie., sensors and actuators)
through which we can realize the detection of the environment
parameters and equipment operation conditions as well as the
communication with each other. The number of loT end nodes is
icted to reach trillions by 2030 [3.4]. Such nodes are generally
designed to operate periodically and consume as little as micro-
wats to milliwats, however powering them for long periods
remains a challenging task, which is one of key factors for the
success of the loT technology [5,6]. At present, the use of energy
storage batteries 1o power these end nodes severely restricts the
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£-mail address: Zhouruhfus edu oo (R Zhoul

tps, 2024101621

org 11016 ey

distance and the frequency of data transmission that are directly
related to the battery life [7]; the applications are also limited to
scenarios where the battery replacement is allowed [8]. When the
IoT ecosystem grows to involve trillions of end nodes, hundreds of
millions of batteries are needed to be replaced or recharged every
day, and frequent battery replacements incur significant opera-
tional and maintenance costs [9,10)

Against this background, the energy harvesting system used to
collect environmental energy (light energy, mechanical energy,
heat energy, etc.) is proposed to replace the current battery-based
energy supply [11]. By coupling the energy storage device to the
energy collection system and periodically charging the energy
storage element via the energy harvester, the replacement of the
batteries during the life cycle of the 6T node can be avoided [12].
Indoor light is a stable, ubiquitous, and conirollable energy source
inside the buildings | 13]. Hence, efficient indoor photoveltaic (IPV),
which is capable of collecting ambient light energy from indoor

ions, are a feasible and friendly energy
solution to provide sustainable power to drive these loT nodes
[2.14). Meanwhile, the use of IPV can significantly reduce the
maintenance cost of loT electronics. Therefore, IPV is becoming an
important support for the IoT technology. Fiz. 1 depicts three

2468-6069/) 2024 Elsevier Lid. All ights are reserved, including those for text and data mindng. Al training, and simélar rechnologies.
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ABSTRACT
Indoor photovlisics (IPVs) atiract tremendous attention for powering low-power electrnics through harvesting light energy from indocr
ambient environments. ShyS, is a promising [PV light-harvesting material with a theoretical power conversion efficiency (PCE) exceeding
47% under white LED (WLED) flumination. Here, we report a simple charge-transport-layer-free (CTL-free) sandwich-structure for SbyS;
solar cells, featuring an innavative fluorine-doped tin axide/S,Sy/ Au configuration that dliminates traditional planar heterojunction compo-
nents like the commonly used CdS electron transport layer and Spiro-OMeTAD hole tzansport layer. Leveraging close-spaced sublimation
technology combined with a seed-mediated two-step deposition strategy, high-quality SbS, absorher rpers with preferential [hkl] crystallo-
‘graphic orientations, compact surface morphalogy, and suppressed interfacial defects were abiained, confirmed by sysematic structural, mor-
phological, band structure, and transient spectroscopy characterization. Benefitting from the favorable chargecarrier transport and
callection, the as-obtained CTL-free ShySa solar cells yield an impressive PCE of 5.24% under 3000 K 1000]ux WLED illumination with sipe-
ior long-term performance stabiliy. This work reveals the posabily of desging CTLfree antmony chalcogenide sla ool with decent
device efficiencies aswall asthe geat potential for acting as indoor energ) g
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With the rapid development of the Internet of Things (10T) tach-
nology, indoar photovoliaics (IFVs) have emerged a5 a promising
solution 10 address the pawer supply challenges through convering
indoar light with the low dlumination level into electriciy, such as
white LED (WLED) and fluorescent lamps (FL).™* The total number
of 10T devices is predicted to mach 41 hillion by 2027." The IPV tech-
nology is capable of extending the lifespan of IoT dlectronics and elimi-
nating the frequent rephcements of batleries to reduce mainienance
<osts, enabling the construction of sell-powered IoT systems.™” In
addition, compared with other ambient light-harvesting technologes,
suchas thermo lectric generators piczoelect ic generators, riboelectric
‘generators, radio frequency, and biofuel cells, the PV affords a rela-
tively high energy density of 3-200 mW cm™.

t present, the only commercial IV is the hydrogenated amor-
phous silicon (a-5tH) solar cell, which has standard modules with
power comversion effiiencies (PCEs) below 10%.” The low electron

and hole mobilities of 3-Si limi the collection of photogeneratad
carriers and thus the averall PCE. Emerging allematives. such as
organic photovoltaics (OFVs), dye-sensitized solar cells (DSSCs), and
lead-halide peravskie solar cells (LHPSCs), have been explored for
IPVs. However, OPVs and DSSCs rely on taxic solvents and cosly
small molocules, and LHPSGs contain lead levels exceeding the EU
restriction of hazardous substances directive (RoHS) limits. Efficient,
stable, low-cost, and eco-fiendly [PVs require further develap-
ment. ** 8h$, is an ideal candidate for IPY application due 1015 rea-
sonable bandgap (17-2.0¢V), high absorption coefficient (10° cm ™" a
the vible cangel, lov cost snd anirommenl Giendines

Mareaver, the qp 1{Q1D) structure
for SbsS, is suggested to peripa charge-carrier fransport and
benign grain boundaries if the film orientation can be well controlled.
Al present, SbaSs solar cels typically involve 2 comve ntional plarar het-
emjunction structure with the configuration of fuerine-doped tin oxide

Agpl. Py Lt 127,083007 (20255, ot 1010695 0285020
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gy ustainable Intenet of

‘With the rapid development of the Internct of Things (o) tech-
nolagy, indoar photovoltaics (IPVs) have emerged 5 2 promising
solution to address the power supply challenges through converting
indoor light with the Jow ilumination level into electricity, such as
white LED (WLED) and fluorescent lamps (FL).”* The total number
of 1T devices is predicted to reach 41 billon by 2027." The IPV tech-
nolagy & capable of extending the lifespan of 1o electronics and elimi-
‘nating the frequent replacements of batteries to reduce maintenance
costs, ensbling the construction of self-pawered IoT systems.”” In
addiion, compared with orher ambicat lighi-harvedting tchaclogis
suchas th & triboelectric
senerators radio frequency, and biofoel cals, the TPV affords 2 -
tively high energy density of 3-200 mW cm ™

At present, the anly commercial IPV is the hydrogenated amor-
phous silicon (a-SiH) solar cel, which has standard modules with
power conversion efficiencies (P(Ts) below 10%.” The low electron

and hole mobilities of a-Si:H limit the collection of phologenerted
carriers and thus the overall PCE. Emerging ahematives, such as
organic photovaluics (OPVs), dye-sensitized solar cells (DSSCs), and
lead-halide perovskite solar cells (LHPSCs), have been explored for
1PVs. However, OPVs and DSSCs rely on taxic solvents and cosly
small molecules, and LHPSCs contain lead levels exceeding the EU
restriction of hazardous sabstances directive (RoHS) kmiss. Efficen,
stable, low-cost, and eco-fiiendly TPVs require further develop-
ment."*” S5, is an ideal candidate for 1PV application due toits rea-
sonable handgap (1.7-2.0¢V), high absorption coefficient (10°cm ™" at
the visble range). low cost and environmental friendiness'
Moreover, rhrqmant—duummni(QlDﬂ crystallographic structure
for ShyS, is suggested to enable efficen! charge-carrier transport and
benign grain boundaries if the film arientation can bewdlmmm‘
At ShyS,4 solar cell ly imvolve a
erjunction structure with the configuration nfﬂ]nrmodﬂpad gl
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In Situ Seeded Growth of High-Quality PbS/CdS
Quantum Dots for Highly Efficient Photovoltaics

Yupu Zhu 0, Wengiang Kong, Shufang Zhu, Siyi Wang, Chao Lei, Jinzhang Xu, and Ru Zhou ®

Abstract—Panchromatie solar cells are of greal prospects in
virtue of the sufficient utilization of solar energy. The narrow
bandgap semiconductors such as PbS can serve as promising can-
didates for light harvesting. In this paper, we report an i situ
seeded growth of PbS quantum dots (QDs) onto TiOz films for

[41-[6]. In particular, the promising MEG effect, which offers
the opportunity o produce a quantum yield larger than 100%,
results in the achievement of a fascinating theoretical efficiency
up to 4% for QD-based photovoltaics [6], [7]. Moreover, the

the construction of PHS/CAS Q! so-

against heat and moisture of inorganic QDs is highly

lar cells. ('xnehll

of such an approach.
The prednpnslmd P80, seeds are used as nucleation sites for
‘monodisperse PhS QDs with the particle size of ~3.5 nm, which en-
sures favorable electron injection from PhS into TiO,. Meanwhile,
the CdS passivation layer is synchronously loaded along with in
sitie seeded PbS, resulting in effective passivation of defect states
at the PbS surface. Eventually, benefitted from improved carrier
‘manipulation (ic., eleetron injection and charge transport), the in
sitie ¥ power don efliciency of 2.13%, ex-
hibiting in con-
trast to the identical PhS/CAS scheme processed by the conven-
tional two-step successive fonic layer adsorption and reaction.

Index Terms—Photovoltae cells, quantum dots (QDs), semicon-
ductor growth, semiconductor nanostructures.

I. INTRODUCTION

OWADAYS, it is of greal concem to explore new-
lepe light-harvesting materials for highly efficient pho-
tovoltaics [1]-[3]. The development of photovoltaic materials
pushes forward the promotion of power conversion efficiency
of solar cells. Among a variety of materials, including silicon,
CdTe, Culn,Ga, . Se,, dyes, perovskites, etc., inorganic quan-
tum dnu {QDcl receive tremendous attention in photovoltaic

i llent features, such as quan-
tum size effect, multiple exciton generation (MEG). large ex-
tinction coefficient, cost-effectiveness. and ease of fabrication

Manuscript received November 28, 2017 revised January 17, 2018: accepicd
February 23, 2013. Date of publication March 28, 2018: date of current version
Apeil 19, 2015. This work was supporied in pan by the National Nawral Science
Foundation of China under Grant S1602088, in parthy the Natural Science Foun-
dation of Anhui

Research Funds for the Ceairal Universities under Grant JZ201THGTBO192, in
pant by the China Postdoctoral Science Foundation under Grant

superior to organic dyes and emerging organic—
inorganic lead halide perovskites [8], [9]. Up to date, a number
of inorganic QDs, such as CdS [10], [11], CdSe [12], [13], PbS
[14], [15]. PbSe [16], [17], and CulnSe, [18], [19]. have been
tried and verified to act as efficient light absorbers. Such a great
variety of QDs affords plenty of options for spectrum tailoring
and band-structure engineering. In particular, IV-VI group PbS
QDs have attracted increasing academic attention for solar cells
in view of their excellent optoelectronic properties [5], [20].
On one hand, PbS exhibits a quite narrow bandgap of 0.41 eV
for bulk materials, enabling the realization of broadband light
absorption toward the near-infrared (NIR) part of the solar spec-
trum; on the other hand, the lead series semiconductors (PbS,
PbSe, etc.) have a large exciton Bohr radii (18 nm), which en-
sures the great potential to achieve the MEG effect [21]. There-
fore, PhS QD-based photovoltaics exhibit a prominent feature
superior Lo other types of solar cells: unprecedentedly high pho-
tocurrents. Photocurrent densities exceeding 30 mA/em® have
been reported [22], [23]. Sargent group has conducted quite a
lot of excellent work focusing on colloidal PbS QD-based p-n
junction solar cells and pushed the power conversion efficiency
up to 11.6% [24].
The processing approach of QDs significantly impacts the
of solar cells [5], [12].
Disriig, the past decades, cscarchers have pxpliied.n anifber
of processing methods for the assembly of PbS QDs in photo-
voltaic application, which can be classified into two strategies,
i.e., ex sitit and in situ approaches [14], [24]. The ex situ method
typically involves the synthesis of monodisperse colloidal QDs
by hot-injection or other approach, followed by the anchoring
of QDs onto IHype wide-| b:mdgap oxides/conducting substrate
through a | ing process. Such a strategy

and Grant 2017T100313, and in part by the National Training Program of Inao-
ation for 201710359074 (C:
Ru Zhou.)
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ensures the deposition of pms)n[heslzed monodisperse QDs:
however, the resultant two-dimensional p-n junction type de-
vices suffer from limited thickness of an active QD layer (typ-
ically a few hundred nanometers) for light capluring since the
photogenerated carriers created deep inside the active layers
often involve severe charge recombination in view of a long-
distance transport via a number of hopping processes before
being separated at the p-n junction [25]. Fortunately, the in siue
method, which allows high loading of QDs into high surface

2156-3381 © 3018 IEEE. Personal use is permitted. but republication/redistribution requires IEEE permission.
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In Situ Growth of PbS Nanocubes as Highly
Catalytic Counter Electrodes for Quantum
Dot Sensitized Solar Cells

Yi Wang, Yuanzhang Huang, Haotong Li, Yusheng Zhou, Lei Wan, Haihong Niu, Yuan Li,
Jinzhang Xu, and Ru Zhou @

Abstract—In this work. a face-centered cubic phase of galena
PbS nanocubes, directly in situ grown onto

nanoerystallne solar cells is emerging at a rapid pace. includ-

was fabricated by a facile chemical bath deposition method. The
as-prepared PhS nanocubes show a highly erystalline structure

ing organic p d solar cells (DSCs),
quantum dot sensiized solar cells (QDSCs), etc. [2], These
ics aim the goals of highly efficient

and a quite uniform shape with dimen-
sions of 60-80 nm. These PhS nanocubes are demonstrated to act
as excellent counter electrode (CE) materials in quantum dot sen-
sitized solar cells (QDSCs) for electrocatalyzing polysulfide elec-
trolyte l\egﬂll‘nﬂm A CdS/CdSe QDSC constructed with a PhS
d CE yields a ower el
ficlency of 3.49%. Morcover, the performance characterizations
reveal that PbS CES exhibit comparable electrocatalytic mum to
the Cu, S CEs while
noble Pt CEs. Meanwhile, PhS CEs bypass the stability and eon-
tamination problems of CuS CEs. This work provides an alterna-
tive CE with advantages of high catalytic capability and stability
as well as the ease of fabrication.

Index Terms—Catalytic activity, counter electrode (CE), PbS
nanocube, quantum dot sensitized solar cell (QDSC), stability.

L INTRODUCTION

HE renewable and sustainable nature of solar energy en-

courages researchers to develop advanced photovaltaic
technologies for high-performance solar cells [1]. Other than
the conventional silicon-based solar cells (single-crystalline,
poly-crystalline, and amorphous silicon) and thin film solar
cells (Cu(ln,Ga)Sez, CdTe, GaAs, etc.), which have been com-
mercialized successfully for decades, a variety of new-type
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and stable drwl::ei low-cost and abundant materials, and ease
of fabrication processes. In particular, the booming perovskite
solar cells (PSCs) technology has received tremendous atten-
tion these years [3}-[6]. However, PSCs suffer from a severe
stability issue that has not yet solved [4].

Inorganic QDs have been regarded as very promising low-
cost light harvesters because of their outstanding optical and
electrical properties, such as quantum size effect, multiple exci-
ton generation. high optical absorption coefficients. large dipole
moments, solution-based processability, high stability toward
ambient environment, etc. [7]-[9]. Theoretically, QD-based so-
lar cells have great potential to exceed the S-¢2 limit of 33.7%
for single-junction semiconductor solar cells [10]. In the past
decade, extensive efforts have been devoted to construct highly
efficient and stable QDSCs. A number of QDs have been ex-
plored for photovoltaic application, mainly including binary
cadmium, silver, lead chalcogenide QDs (CdS, CdSe, CdTe,
PbS. PbSe. PbTe, AgsS. Ag.Se, ete.) [10]-[15]. ternary QDs
(CulnS2, CulnSez, AglnSez, etc.) [16]-[18]. as well as ternary
and quaternary alloyed compounds (CdSe, Te; _ ., PbS,Se; ..
CulnSe. Sz ;. Zn-Cu-In-Se, etc.) [19]-[22]. In particular, a
CdS/CdSe cosensitization system has been developed to de-
liver remarkable power conversion efficiencies (PCEs) over 6%
based on mesoparous TiO, films [23]. To date, the PCEs of
QD-based photovoltaics reach >12% [24], approaching that
of DSCs.

Although impressive development has heen achieved for QD-
SCs. the photovoliaic performance still lags far behind the po-
tential efficiency limit. At present, most of the research has been
focused on the design and optimization of photoelectrodes, in-
cluding design of QDs, construction of electron-transporting
layers (ETLs), band-structure tailoring, interface engineering,
etc. [8], [25]-[28]. It is well-known that a QDSC typically in-
volves a sandwich device structure, whlch li composed of a QD-
sensitized wide-bandgap. de, redox
electrolyte, and counter electrode (CE). As a key component of
the QDSC, the design of the CE with high catalytic activity is
of great importance for performance improvements [29], [30].
The CE determines the regeneration of oxidized mediators to

2156-3381 © 2018 IEEE. Personal use is permitted, huirtpuhdinunnlrcdhmbunon requires IEEE permission.
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Theoretical analysis and experimental verification of fractional-order RC

cobweb circuit network

Yang Liu*, Liping Chen **, Xiaobo Wu*, Anténio M. Lopes ", Fenggi Cui®, YangQuan Chen
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LE INFO ABSTRACT

Kepwore. Recent  has shown that , and that the dynamics of
Fractional-ceder circet network real devices ean be securately deseribed by Enmlmul ardee (FQ) mathemaical models. This paper nvestigates
impatance, a class of 23 n order RC cobwebs FO eireuit network with central node. Based on the KirchhofTs laws, the
Magnitude characrerisic =3 i ot b R g i
Phase charscteristics

iced, and thelr cosrectness |5 verified numerically

and by simulations. The influence of various parameters of the electrical network, namely the resistance,
eapacitance, number of cireult units, frequency and fractional order, on the impedance (s studied. Additionally,

for the fiest time, physieal experiments are presented 1o

compare the effectiveness of FO and Integer-order

eircuit networks for describing the impedance of actual physical circults. These experiments confirm that FO

eircult network
iy

form betier than the integer-order ones for representing the

characteristics of the

\pedance magnitude and phase.

1. Introduction

The modeling and simulation of electrical circuit networks has
attracted much attention in the last years, motivated by their use in
neurascience (1], physiology 2], engineering (3], and other areas.

the characteristics of lincar and nonlinear [4], time-varying
and time invariant (5], and active and passive (6] electrical networks,
including the mathematical derivation of their impedance, became the
focus of many studies. For impedance caleulation, the adoption of the
Green's function proved to be very effective when studying transport
phenomena in inhomogeneous conductors. Kirkpatrick et al. [7] used

pr
and Gsent et al. (5] adopted it to compute the cquivalent resistance
berween any two grid points in multiple infinite latice layouss. Lz-
‘mailian et al. [9) revisited the desermination of the resistance between
two points and derived an expression for it by using the Laplacian
approach. Lzmailian et al. (10) generalized previous approaches for
dmving exact expressions for the resistance between ry nodes

through difference equations and matrix transformations based on the
KirchhofPs laws. With this new method, the impedance between any
two peints in any complex circuit network could be calculated.

The theory of fractional-order (FO) calculus began a few centuries
ago, with the work of Leibniz proposing to extend the differential
calculus from integer to non-integer orders. In recent years, thanks
0 the development of approximate methods 1o salve FO differential
and integral equations [15), the FO calculus provided a new basis for
the development of various disciplines, and was successfully applied to
electrochemistry [16], biochemisiry [17), viscoelastic materials [1£],
economics [19), medicine (20, and other fields. In electrical cir-
cuits theory, researchers realized that the behavior of actual capacitor
and inductor elements can be accurately described by means of FO
models (21-23). Therefore, many FO descriptions and applications
emerged, such as the FO chastic oscillatar (24,25, the FO capaci-
tor 26,27, the FO inductor (25,29), the FO memristor [30,31], and
others. Because the FO derivative has one more degree of freedom

on non- . Tan et al. studied the
e antmk oo s gl [1113], il o VB metemcek 141,

7 Cornsponding aushor
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than the , it can describe better real circuits and
systems [32-34]. FO cireuit theory addresses the use of FO models o
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Theoretical analysis and circuit realization of
fractional-order time-delayed chaotic systems: Linear
control-based linear matrix inequality synchronization

criteria
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This study intraduces a linear feedback control methadology for achieving syn-
in fractional-order (FO) time-delayed i ishi

an order- and delay-dependent synchronization criterion through linear matrix
inequality (LMI) formulations. First, an efficient linear control strategy is intro-
duced aimed at synchronizing FO chaotic systems. This strategy is engineered
for facile implementation in circuits and practical deployment in engineering
contexts. Second, ing LMI the order- and dek

criterion facilitates the derivation of the synchronization control gain matrix,

Anhui Provincial Natural Science %
for FO

Apart from theoretical analysis, an analog experimental eircuit is designed

delayed chaotic systems in this paper. Notably, the cir-
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Grant/Awnrd Numbers: 24080851038;
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cuit design replaces conventional delay analog filter modules with all-pass flter
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Numbers: 202304a0502006 the paper utilizes an effective ion method for ly modeling
arbitrary FO i i thereby
enabling physical cin i Finall ical st i d analog
eircuit are 1o verify the
KEYWORDS

systems

1 | INTRODUCTION

As a fundamental phenomenon in physics, chaos, char-
acterized by complex dynamics, has gained vast and
ever-expanding research interests as it has been exten-
sively applied in secure communication [1], image encryp-
tion and decryption [2], signal detection [3], and so forth.
Fractional-order (FO) calculus, as an important branch
in the study of modern mathematical physics equations,
has received widespread attention at both theoretical and

circuit realization, feactional-order chaotic systems, linear control, synchronization, time-delayed

applied levels in recent years. Its unique heredity and
memory properties provide more accurate mathematical
tools for modeling complex systems, and the introduction
of FO calculus into chaotic systems is believed to produce
more complex and variable dynamic behaviors, which is
more conducive o the applications in the fields of secure
communication and information encryption [4-6]. There-
fore, it is of great significance to study the control methods
of FO chaotic systems. In general, one of the pivotal issues
reflected is chaotic synchronization behind all these appli-

© 2025 Chinese Automatic Control Soctety and John Wiley & Sons Australa, Lid
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Abstract

This study proposes an enhanced variant of the gold rush optimizer (GRO) algorithm,
termed the complex-order gold rush optimizer (CoGRO) algorithm, to address two inherent
theoretical limitations of the original GRO. First, GRO emplays a random initialization
strategy that lacks ergodicity and uniform coverage, leading to insufficient population
diversity and a higher risk of premature convergence. Second, its position update mech-
anism relies solely on current-time information without incorporating historical search
experience, which restricts the algorithm’s ability to model long-term dependencies and
escape local optima in complex multimodal landscapes. To overcome these deficiencies, we
introduce a chaotic LCS1 to enhance pop diversity through improved
ergodic coverage, and we embed a complex-order derivative mechanism into the migration
and collabaration updates to provide infinite memary capability. A comprehensive sensi-
tivity analysis is conducted to examine the influence of control parameters on CoGRO's
performance, leading to the of an optimal iguration. The
effectiveness of the proposed algorithm is evaluated using the CEC2022 benchmark suite
through ablation studies and comparative analyses with state-of-the-art algorithms. Exper-
imental results on the CEC2022 ising 12 test functi

that CoGRO significantly outperforms the original GRO, achieving an average solution
accuracy improvement of 0.84% and an average standard deviation reduction of 67.6 across
all 12 functions, with particularly notable imp hybrid and compositi

tions. Wilcaxon signed-rank tests confirm the statistical significance of these improvements
(p < 0.05). These results confirm the feasibility and effectiveness of CoGRO as an improved

imization method for complex ing problems.

suite

func-

Keywords: gold rush optimizer; complex-order; chaoti

alization

1. Introduction

Intelligent optimization algorithms can generally be divided into four major categories:
evolutionary algorithms, inclading Genetic Algorithm (GA) [1] and Differential Evolution
(DE) [2]; swarm intelligence algorithms, such as Particle Swarm Optimization (PSO) [3]
and Ant Colony Oy (ACO) [4]; physics-based for instance Simulated
Annealing (SA) [5] and Gravitational Search Algorithm (GSA) [6]; and human-inspired
algorithms, amang which are Teaching-Learning-Based Optimization (TLBO) [7], Imperi-
alist Competitive Algorithm {ICA) [8], and the recently proposed Gold Rush Optimizer.
Amaong these classes, human-inspired algorithms simulate human social behaviors or

Computation 226, 14, 124
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Abstract: This article i i fragile syne control and circuit impl

tation for incommensurate fractional-order (IFO) chaotic neural networks with parameter
uncertainties. In this paper, we explore three aspects of the research challenges, ie., theoret-
ical limitations of uncertain IFO systems, the fragility of the synchronization controller, and
the lack of circuit implementation. First, we esubh.»h an IFO chaotic neural network model
incorporating parametric uncertai 5 beyond

arder archi Second, a novel, non-fragile state-error feedback contraller is designed.
Through the formulation of FO l)vapumw functions and the application of mequa]xtv
scaling itions for as of masts
systems are rigorousty derived via the mult-order fractional comparison principle. Third,
an analog circuit implementation scheme utilizing FO impedance units is developed to

sufficient

y validate sync
namic behavior. Numerical i
findings, d

of circuit realization.

efficacy and accurately replicate the system’s dy-
and cincuit the

both

and the feasibility

),
s Keywards: chaotic neural networks; uncertainty; synchronization cantrol; state feedback
Academic Editor: Gand Stamoy control; circuits design
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driven considerable research interest in chaotic neural netivorks, owing to their d
nonlinear dynamic ch ic [5-7]. Th of such systems h
as a central research challenge, spurring rigorous investigations into control mateg,:eq,
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order models, FO enhanced accuracy for elec-
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ARTICLE INFO ABSTRACT

Kepwords: ‘The combined DC-DE power supply Is widely used in communication, serospace and other fields because of Its

Retiablley pedlctio low power consumption, high efficlency, small volume, high reliability, modularization and so on. As the core

r,m“"d ;‘m": power supply ‘component of power electranic system, lis reliability prediction research has far-reaching practical significance.
inering applicatica

In this paper, the engineering application of relisbility prediction is studied based on  eombined DE-DC power
‘supply of 17.2 KW. The predietion of the basic reliabllity based on “life profile” and the mission reliability based
on “misslon-profile” are studled. The block diagrams of bask rellability and mission reliability are established,
respectively. The MTBF Is 31,699 b, which is more than three times of the required value of the power supply.
‘The reliability of the power supply for 1 h can reach 99.999%. The reliabiliry prediction of the two aspects has
growth of the projeet, and ean also be

significance ¥
used as reference for the reliability work of other projeets

1. Introduction index.
The research on reliability prediction originated in the 19505, and

‘The rapid advancement of moder science and technology has led to
the various t and products in vari
the direction of high performance and high reliability. All kinds of
advanced being used in industry and
agriculture, transportation, scientific research, culture, education and
health and so n. The reliability of equipment is directly related to our
persanal life and national economic construction. From the political
point of view, the advancement and the reliability of the product play a
great role in improving the international status of a country, the inter-
national reputation and promation of international trade development.
In short, it is of far-reaching significance to study the reliability of the
product, whether the people’s life, the need of national ecanamic con-
struction, or the need of national defense and scientific research [1-2]
Reliability prediction is expected to be an estimate of the ability of
the product to operate reliably under a given operating condition. It is a
quantitative prediction of the reliability level that can finally be ach-
ieved by a product with a specific design, and is an indispensable
technical means for selerting the scheme, improving the design and
ensuring that the product meets the requirements of the reliability

after about 70 years of development, the current methods used for
reliability prediction of electranic products are relatively mature [3-4],
such as the data collection method based on MIL-HDBK-217, GJB299
standards [5-6]; the experience formula methad and similar products

method based on results [7]; parts

ic diagram of th ity, quality
and use environment of the companents; stress analysis method based
an the basic failure rate of companents and according to the use of the
environment, quality grades, work mode and work stress [5-9]; and
physics-af-failure-based reliability prediction methodology (10 and so
on.

In most cases, life of the product needs to be subjected to a large
number of tests befare it can be obtained, and the drawback is that it is
not economical and it is too late. Therefare, it is required to control the
reliability of the product before manufacturing, predict and distribute
the reliability in the design stage, and carry out the reliability growth
test in order to effectively control the reliability of the whole product,
have comprehensive control aver the reliable operation of the whale
praduct, and carry on the risk management to the weak links ahead of
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The ancient architeceure with wooden structures |5 vulnerabile to lightning strike damage. Whether woaden

structures have: the same abdity 1o intiate upward lightning Jeader discharges as modern

clea. To exploce this questian, experiments were canducted in the labaratoey. The strong lightming backgroand

clectric field was produced and ihe positive upward lighining leader discharges were simulaicd and observed.
[ far the posit i dry

strucrunes is il un.

wooden strucrures

undier the strang backgrourd electric field. Keeping the wouden stmactures dry may be the key to protecting the
‘wonden structures fram lightning damage.

1. Introduction and research aim

The ancient architecsure with wooden strocture bas 5 long history
and is a histoeieal and eultural treasure, which not enly contains rich
historical and cultural information but also has important
social value [1). Comprising columns, beams, rafters, and more, these
wooden elemeats nat enly fulfil structural functions but alsa exhibit
omameatal beauty. However, the wooden struetices of ancient build-
ings are vulnersble 10 lightning strike damsage 121, which may divectly
lead 1o fires in ancient buildings and cause irreversible damage 7.
According t research siatistics, the lghining sirike rate for ancient
wooden struetuees resches 228 % [4]. Therefore, lightning protection
for amcient wooden buildings s essential for cultursl heritage
preservation,

Currently, lightaing protection measures for ancient wooden struc-
tures lacgely follow modem building practices. This includes installing
lightning rods an building roofs and laying lightning

return stroke peocess, During the initial stage, a downward lightaing
leader develops from the thundercloud and propagates towards the
round for meters. Thi local streng electric
field that significantly affects protruding conductive ebjects on the
ground [Slisuch as tower tops, trees, etc.). As a result, one or more
uupward lightning leaders are initiated on these object tips, ultimately
cannecting with the downward leader. The large potential difference
between them allows the conneetion to produce 2 very strong transient
discharge, kniown as the rerurn stzoke process [5]. The initiation and
development of an upward lightning leader determine the lightaing
strike points. 90% of all ground flashes are negative in nature (7],2nd its
uspwvard lightning lesder is positive. Mast modern buildings are seel ar

i h i ive, while dry
wood structures are usually considered insubsted. An interssting ques-
tion is then raised: whether 3 wooden structure has the same ability to

Gy by i ” keow if the lightning protection

ridges and eaves. These devices safely channel the immense energy
generated by lightning strikes into the ground, thereby protecting
‘ancient wooden structures.

methods for madens buildings re applicable 10 wood-feamed ancient
buildings and how to design the propes lightning proteetion systems for
ancient architerture with wosden struesures.

Lightaing i< aialy divi — A flach and
cloud-torcloud flash. The safety of ancient wooden structures is mainly
threatened by cloud-to-ground flash, which inchudes the inifial stage and

. thane ha bean " &
ancient buildings [512]. Unlortunately, there is currently litte
research on the damage of lightning strikes 10 the wooden struetures of
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Research on the Coordinated Optimization Scheduling
Strategy of the Multi-Source Power Generation System
Incorporating EH-CSP Power Station
Tianging Gu

School of Electrical Engineering and A Hefei Lini
2022211688 i@mail hfut edi.cn

sity of Technology, Hefei, China

{hseract. To achieve cfficient accommedation of renewable energy and ensure the safe and
stable operation of the power system, this paper proposes a day-ahead and intra-day optimal
dispaich method for a multi-source power generation system incorporating an Electric
Heaters-Concentrating Solar Power (EH-CSP) plant. The proposed model consists of two
components: a day-ahead dispatch plan with a 1-hour time resolution, which determines the
generation schedule one day in advance based on load demand curves and renewable energy
output prediction curves, serving as input vanables for the intra-day dispatch: and an intra-
day dispatch plan with a 1 te ime resol over a 4-hour exceution cyele. Without
considering thermal unit stan-up/shutdown costs, the intra-day dispatch first performs
rolling optimization for hours |4 using day-shead scheduling data and ultra-shori-term
load/renewable energy forecasts. Subsequently, it predicts the next hour's load demand and
renewable output based on optimized resufts from hours 1-4, then performs rolling
optimization for hours 2-5. This process repeats 24 times to obtain #6-time-point data for
load, wind, PV, and EH-CSP plant outputs. Finally, these data are used to determine power
source dispatch schedules and system spinning reserve plans. The model is solved using the
Curve-Incremental - Strategy-based  Adaptive Particle Swarm  Optimization  (CIPSO)
algorithm. Case studics on a modsficd E 30-node system demonstrate that the propesed
method effectively enhances renewable energy utilization and reduces operational costs in
power systems.

Kepwards: EH-CSP Plant, Multi-source Power Generation System, Cll
Renewable Energy Utilization

SO Algorithm,

L. Introduction

Under the trend of increasingly severe energy shortages and environmental pollution, renewable
energy sources such as wind and solar power have experienced rapid development and expanding
grd integration due to their abundant reserves and zero-emission, renewable advantages [1].
However, the inherent high volatility and intermittency of rencwable energy exacerbate the peak-
valley difference in the power system’s cquivalent load when integrated at scale. This compresses
the spinning reserve capacity of conventional power sources, reduces the accommodation space for
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