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Albstract: In huren-mechine shamed driving, the potentizl driving conflicl between the naiura | driver and the sulommied system
1% an intraciahle e, In order to effsctively address the sae, 3 conflicl resalution method hesed on conflict maodel & propased.
We maodel the decisime-mak g conl'lict between the drver and the sukmmsted system and give a defnition of decison-making
conflicl. The decision-making conflicd arses due o the diference m rjeckory preview and the perception difference hetwesn
the driver and the auomsted sydem. The decisione-making conflict 15 resol ved wsing incomplete mbormston game theary. The
ellectveness of the proposed conllict resolution method 5 demonstrated through smulstion exper iments @nd driver-m-the-loap
expermenis The results of the experiments mdicate that the proposed approach is highly effective in regolvng conflicts that
amse between the drver and the sulomsiad sysiem m humsn-msching shared dnving.

Key Words: Autonamous drving, conllic! resolution, driver-m-the-loop, humsne-mechine shared driving, game theory

1  Introduction

Mumerous studies have demonstrated the potential of
autonomows  driving in enhancing driving safety  and
improving traffic efficiency [1]. However, high hardwane
costs and inadeguate regulations have slowed down the
development and widespread adoption of swtonomous
driving. We are encountering the difficulty in the rapid
transition from asisted driving o fully avtonomows driving
[2]. The difficulty will exist for a long time.
Human-machine shared driving iz regarded as an effective
method to overcome the difficulty [3].

Human-machine shared driving i anovel technology that
combines the efforts of the driver and the automated system
to perfiorm driving tsks [4]. The driver and the sutomated
system perceive the environment, make decizions and
exocute driving decisions in pamllel. During driving, the
automated sy siem provides driving advice to te driver or
shares the driving authority of the wehicle [5].
Human-machine shared driving not only gets the benefits of
the sutomated driving but also keeps the driver in the driving
loop [6]. Despite the many benefits of human-machine
shared driving, the conflict between the driver and the
automated system iz a persistent challenge that needs to be
addressed.

Conflict in human-machine shared driving is typically
atributed to differences in perception and  preview

trajoctories betwoen the driver and the swinmated gystem [7].

Due to these differences, the driver and the awimated
system may make different assessments and  driving

* This wark is folly sopponed by the sciance md tedhnokogy pmjeat of
Siie Grid Zhejiang Bectric Power Co, Lid onder Gant B3] 1022500001
i Comespondin g anthor: Chomyoe Song )

decizions, which can lead to conflicts. The conflicts can
increase driving safety risks and even lead to security
incidents [E]. Furthermore, the presence of conflicts can
negatively affect the driver's driving operation and diminish
drivers trust in the automated system. Therefore, it is
important to address conflicts in human-machine shared
driving to promote zafe and efficient driving.

Cumrendy, most of the solutions for resolving conflicts in
human-machine shared driving rely on game  theory,
azzuming perfect information [9]. Game theory provides an
optimal  famework for analyzing the decizion-making
process between the driver and the swtomated system and is
well-suited for resolving the problem of allecating driving
rights. Game theory methods wsed in human-machine shared
driving inclede Mash egquiibrivm and Swockelberg
equilibrium.

Most  stedies on allocating  driving  rights  in
human-machine shared driving using Mash equilibriem
assume perfect information. M. Li et al. [10] proposed a
novel dynamic control assignment strategy based on oan
elliptical driving =afety field to solve the problem of
human-machine conflict during obstacle avoidance. The
Mash equilibrium solution i obtained through distribuwted
madel predictive control (DMPC) B Ma et al. [11]
desgned & shared steering controller using a Mash
oquilibrivm game strateg y that balanoes the objectives of the
driver and the awtomation =zystem by adjusting lateral
dizsplacement weights, Additionally, 3 Ji et al [12]
proposed a shared control framework based on stochastic
Mash game theory and buit a szix-stage driver-wehicle
dynamic system.

Stackelberg games are a type of non-cooperative,
TW0i- 22 0-sum, two-stage dynamic game that can be wsed to
rezolve conflics between the driver and the awtomated
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Auhorzed loensed use Imbad fo- Zhejang University. Downioaded on May 12,2025 at 13:10:11 UTC fom IEEE Xpiore. Resirictons apply_



{Ei Compendex) it3RiiF 8§

SR® “Engineering Village”, TR IP (Ei Compendex) Bk, (KM,
2024412 A3 H).

<RECORD I>
Accession number:20243216821178
Title:A Human-Machine Cooperative Scheduling Method for Integrated Energy System Based on Fuzzy
Reasoning
Authors:Li, Huang (1); Jiang, Wei (2); Chen, Lingjie (1); Song, Chunyue (3)
Author affiliation:(1) Zhejiang University, Polytechnic Institute, Hangzhou, China; (2) Center State Grid
Zhejiang Electric Power Co., Ltd, The Mass Entrepreneurship And Innovation, Hangzhou, China; (3)
Zhejiang University, College Of Control Science And Engineering, Hangzhou, China
Corresponding author:Song, Chunyue(csong@zju.edu.cn)
Source title:Proceedings of the 36th Chinese Control and Decision Conference, CCDC 2024
Abbreviated source title:Proc. Chin. Control Decis. Conf., CCDC
Part number:1 of 1
Issue title:Proceedings of the 36th Chinese Control and Decision Conference, CCDC 2024
Issue date:2024
Publication year:2024
Pages:3110-3115

:English
ISBN-13:9798350387780
Document type:Conference article (CA)
Conference name:36th Chinese Control and Decision Conference, CCDC 2024
Conference date:May 25,2024 - May 27, 2024
Conference location:Xi'an, China
Conference code:201084
Sponsor:Northeastern University (NEU)
Publisher:Institute of Electrical and Electronics Engineers Inc.
Number of references:16
Main heading:Operating costs
Controlled terms:Decision making - Man machine systems - Renewable energy
Uncontrolled terms:Cooperative scheduling - Day-ahead scheduling - Fuzzy reasoning - Human-machine -
Human-machine cooperation - Human-machine cooperative - Human-maching sysiems - Integrated energy
systems - Optimized scheduling - Scheduling methods
Classification code:525.1 Energy Resources and Renewable Energy®Issue$ ‘ll.l COs¢ Accounting -
911.2 Industrial Economics - 9122 Management o -
DOI:10.1109/CCDC62350.2024.10587794
Funding details: Number: B311J2230001, Acronym: -, Sponsor: §;
Funding text:This study is fully supported by the science and te§hsi
Electric Power Co., Ltd under Grant B311JZ230001.
Database:Compendex
Compilation and indexing terms, Copyright 2024 Elsevier Inc.

<RECORD 2>

Accession number:20244117155276
Title:Conflict Resolution Methodology Based on Conflict Model for Human-Machine Shared Driving
Authors:Li, Huang (1); Jiang, Wei (2); Song, Chunyue (3); Yan, Yuxuan (4); Zhao, Jun (3)

Author affiliation:(1) Polytechnic Institute, Zhejiang University, Hangzhou; 310015, China; (2) The Mass
Entrepreneurship and Innovation Center, State Grid Zhejiang Electric Power CO. Ltd, Hangzhou; 310051,
China; (3) Zhejiang University, College of Control Science and Engineering, Hangzhou; 310027, China; (4)
The Ant Group, Hangzhou; 310023, China

Corresponding author:Song, Chunyue(csong@zju.edu.cn)

Source title:Chinese Control Conference, CCC

Abbreviated source title:Chinese Control Conf,, CCC

Part number:] of |



(Ei Compendex}} {5t 81

Issue title:Proceedings of the 43rd Chinese Control Conference, CCC 2024

Issue date:2024

Publication year:2024

Pages:6403-6408

Language:English

1SSN:19341768

E-TSSN:21612927

ISBN-13:9789887581581

Document type:Conference article (CA)

Conference name:43rd Chinese Control Conference, CCC 2024

Conference date:July 28, 2024 - July 31, 2024

Conference location:Kunming, China

Conference code:202697

Sponsor:Chinese Association of Automation; Kunming University of Science and Technology; Systems
Engineering Society of China; Technical Committee on Control Theory (TCCT), Chinese Association of
Automation (CAA); Yunnan University

Publisher:IEEE Computer Society

Number of references:17

Main heading:Man machine systems

Uncontrolled terms:Automated systems - Autonomous driving - Conflict modeling - Conflict Resolution -
Decisions makings - Driver-in-the-loop - Human-machine - Human-machine shared driving - Incomplete
information games - Resolution methods

Classification code:1107

DO0I:10.23919/CCC63176.2024.10662487

Funding details: Number: B311JZ230001, Acronym: -, Sponsor: -;

Funding text:This work is fully supported by the science and technology project of State Grid Zhejiang
Electric Power Co., Ltd under Grant B311JZ230001.

Database:Compendex

Compilation and indexing terms, Copyright 2024 Elsevier Inc.

&
1. BLERRERKE CALIS HHES R4,
2. LR RS RISBBIEHE A R RIEE KT,




IEEE.org | IEEE Xplore | IEEESA | IEEE Spectrum | More Sites Donate | Cart | Create Account | Personal Sign In

® Access provided by: Sign Out
IEEE Xplore Browse v My Settings v Help v Zhejiang University @IEEE

AADVANCED SEARCH

Conferences > 2024 36th Chinese Control and... @

A Human-Machine Cooperative Scheduling Method for Integrated
Energy System Based on Fuzzy Reasoning IEEE !
Publisher: IEEE ‘ cite This | ENGI—ISH for i

Technical Professionals™
eLEARNING COURSE PROGRAM

Huang Li; Wei Jiang; Lingjie Chen; Chunyue Song All Authors

- >LEARNMORE. < IEEE
Full 0 < © A
Text Views
More Like This
Abstract Abstract: Reducing energy costs by using
& Optimizing integrated energy systems' day-ahead scheduling lowers operating expenses. Human optimal electric vehicles
ocument Sections

rrhadiling in mnava arciivaba and flavikla bt aaachins cehadidine can handls thoa conovadicbahiling A



2024 36 Chingae Cortrol and Dieciaion Conferences (OCDC) | 9790-8-350 387 760/24531 00 CRO24 [EEE | DOL 10 1100 0CDO6ZIS0 2024 10 587 74

A Human-Machine Cooperative Scheduling Method
for Integrated Energy System Based on Fuzzy

Reasoning
1® Husng L4 27 Wi Nang F Lingjie Chen
Palyiedhmic Instiiue The Mass Enimgreneurship and Innavation Polyiechmic Instinne
Lhejiamy University Center Fhejiamy University

Hamgrhow, China
H_husn gt wedwen

Stase Grid Phejim g Flectric Power Ca_, Lad
Hangrhou, China

Hangzhou, China
2260 AR wedwen

schyby(@sing com

4 Chumyue Song®
Callege of Contral Science and Engineering
Zhejiong University
Hangrhou, China
emiy e du en

A bt —Op timiin g it egrated energy systems’ day-ahead
scheduling lowers operating expenses. Human scheduling is
maore sccurate and Nexille, but machine scheduling can hamlle
the unpredictability of the rmoelectric demands and renewable
energy sources better. For integrated energy systems, we sugpest
# human-machine cooperation scheduling approach to Fully
leverage the benefits of both human and machine intellipen ce.
By keeping the human involved, the human-machine
couperation s heduling approach prevents the decline of human
proficiency and excessive reliance on the computer. Both human
aml computer scheduling decsion are msigned weights using
Tuzy remoning. The differences in human-maching decision-
making and prediction are taken into consideration in the
propused method. Simulation trials iDustrate the eMeacy of the
suggested human-machine cooperative sched uling strategy. The
trials' findings show that the proposed method can suecesully
lower the integrated energy system's operating cosds

Keywordi—h nman-machine cooperastive, inegrated energy
sywiem, fuzy reaswning, hemar-machine sysiem, op@mized
scheduling

[. INTRODUCTION

Toaddress a variety of energy demands, integrated energy
Sy LIS can incomporate renewab ke energy sources, natrmal gas
grids, external power grids, and heat grida It is complimentary
and multi-coupled. Energy cfficiency can be increased and
renewable energy generation volatility can be handled via
integrated energy sysiems[1].

Day-ahead schoduling optimization of integrated energy
sysems can reduce operating costs and Improve operational
cfficiency [2]. Ressach on integmated enorgy  system
scheduling optimization has focused on constructng and
solving optimization models. Dong [3] proposed a multi-
timescale optimal operation strategy for an integrated enerngy
sysem. The staegy considers integrated demand response
and eguipment responze tme. He [4] summarized the
integrated energy sysiem dispatch optimization method hased
on game theory. Game theory can effectively solve the
problem  of multiintelligence Tansactions in integrated
encrgy sysems[3). Arnef [6] proposed an integrated energy
system game model. The mode] takes into account the energy
production side, supply chain and demand zide. Chen [7]
proposed a mode] of interoperability between different enernzy
sounces inan inegrated energy gystem to achieve low-carbon
operation. More efficiently than manual dispatch, model-

Cowres pandmng aurhor: Chunyus Song.

979-8-3503-8778-0/24/531 .00 ©2024 IEEE

tased awnmatic dispatch optimization straegies can handle
flucteations n renewable energy. Machines are moreacourate
than human in predicting demand for themoslectricity] ).
Manual dispatch is more precize and adaptable, tough[9].
Unexpected  cimumstances ame better  suited  for  human
handling. In onder to lower system operating costs, human-
machine copperation haz been added to mtegrated energy
systems. The benefits of hoth human and machine schoduling
are combined in human-machine collaboration, which also
keeps the operator informed. Staying informed keeps
operators from becoming less proficient and from over-trst
in the machine.

Human-machine collaboration means that humans and
machines make decisions ogether to control the sysem|10].
In human-machine collabomtion, the rule-based approach or
game theory is the main method for decizion weight allocation.
Han [11] proposed a human-machine cooperative driving
method based on a non-cooperative game. Machines make
gaming decisions by predicting driver trajectories. He [12]
addresses  the problem of conflict i human-machine
collabomation. Liuf13] quantifies and amalyzes the conflicts
that arise in human- machine collabomation and gives a mothod
for conflict resolution. He wsed the Stmckelberg game to
constrect a human-machine collaborative control model This
mode] takes into account the delay chamctenistics of human
muscle nerves. Ezeh [14] proposed a mule-based human-
machine copperative control model for smart wheelchains,
The model wses probabilistic sharing for the assignment of
human-machine weights, Human-machine collaboration has
been studied in complex control aneas such as assisted driving
and robotics [15]. In human-machine collabomation, dy namic
allocation of human-machine decision weights can improve
the accuracy and robustness of the sy sem.

In order to fully wtilize the advantages of humans and
machines in the sched uling optimization o fintegrated energy
systems, thiz study proposes a human-machine collaboraton
mothod based on fuzzy reasoning. Fuzzy masoning is used o
assign decision weights to humans and machines. The
human-machine collaborative scheduling method can reduce
the system operation cost while ensuring that the humsan is n
the loop.

Compared to curent research on integrated energy system
scheduling, the innovation of this paper can be summarized as
follows:

3110
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