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£ UA JIE], BRT M 1990 4
# F #F Robotics and Automa—
tion Lab, & 5E4 M Motor
Control Group ( J& Arizona
Research Lab ), NASA/UA %
[l 5T SERC A1 CEA ( Con—
trolled Environment Agricul—
ture JGroup Z4b, BRERFCIEET !

Dynamics and Control Lab

Real-Time Embedded
Systems Lab

CIM and Flexible Manu—
facturing Automation Lab

WAVES ( Web—based Au-—
dio and Video Educational Sys—
tems ) Lab

PARCS (Program for Ad-
vanced Research in Complex

Systems ) H(»

FHRZ 56T ARMS ( Ad-
vanced Robotic Mining Sys—

tems ) Ml ATLAS ( Advanced
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Traffic and Logistic Algorith—
mic Systems ) #~E5 R I
D, EEENR, HEEERIRA
ZFIX L,

R EHELEATIEAREZ
B8 7% Arizona I R=, T HEZM
i E R 1Y Arizona 2, N2
7£ White Mountains _EfJA T
LR, +2ERN—1MEHY
EESANAFYLE, FXR
ToREX-WMGR, HEEHAR
AN,

Department of Systems and-

Industrial Engineering ( SIE )
Dept Info - College Info

SIE 350. Deterministic Sys-
tems ( 3 ) II Modeling and
analysis and design of lin—
ear deterministic systems in
both the time and frequency
domains. Input/output dif—

ferential equations, Laplace

transforms and state space
methods. Attention will be
given to modeling physical
and engineering systems and
computer simulations. 3ES. P,
ECE 207, MATH 254,

SIE 370. Design of Embedded
Systems (4 ) I II Boolean al—
gebra, combinational and se—
quential logic circuits, finite
statemachines, programmable
logic devices, simple com—
puter architecture, assem-—
blylanguage programming,
and real—time computer con—
trol. The computer is used
asan example of systems en—
gineering design; it is an—
alyzed as a system, not as
acollection of components.
3R, 3L. 1ES, 2ED. P, ENGR
102, ECE 207,
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SIE 377. Software for Engi-
neers ( 3) I Programming in C.
Modular program design and
verification, pointers and—
structures, data structures and
algorithms including: lists,
trees, graphs, searchingand
sorting. 1.5 ES, 1.5 ED. P, SIE
170. Credit allowed for only
one of thesecourses: SIE 377,
C SC 342,

SIE 383. Integrated Man-
ufacturing Systems ( 3 ) II In—
troduction to the integrated
manufacturing enterprise
andautomation. Topics in—
clude computer—aided design,
process planning, computer—
numerical control machining,
machine vision, application
of robots andautomation. 2R,
2L. 2ES, 1ED. P, SIE 260,
MSE 331,

SIE 396A. Seminar ( 1) I 1I

SIE 399. Independent Study
(1-5) [Rpt./]

SIE 399H. Honors Inde—
pendent Study (1-3) [ Rpt./ 11
I

SIE 422. Engineering Decision
Making Under Uncertainty ( 3 )
I Application of principles
of probability and statistics
tothe design and control of

engineering systems in a ran—



dom or uncertain environment.
Emphasis is placed on Bayes—
ian decision analysis. 1ES,
2ED. P, SIE330R, SIE 330L or
equivalent. May be convened
with SIE 522,

SIE 431. Simulation Modeling
andAnalysis (3 ) I II Discrete
event simulation, model de—
velopment, statistical design
and analysis of simulation ex—
periments, variance reduction,
random variate generation,
Monte Carlo simulation. 1.5
ES, 1.5 ED. P, CR, SIE 321;
SIE330R, SIE 330L. May be
convened with STE 531,

SIE 453. Deterministic Con-
trol Systems ( 3 ) T The analysis
and synthesis of deterministic
linear controlsystems, with
emphasis on design using
both frequency—domain and
state—variable approaches. 1.5
ES, 1.5 ED.P, SIE 350,

SIE 465. Financial and Invest-
ment Engineering (3 ) I Defi—
nitions and modeling of cash
flow streams, random secu-—
rities, investment and port—
folio problems. Operations
research and decision analysis
methods for investment, ca—
pacity expansion and equip—

ment replacementin a random

environment. P, SIE 305 or
equivalent calculus—based
probability course. May be
convened with SIE 565,

SIE 473. Concepts in Informa-
tion and Communication Systems
(3) II Modeling and analysis
of information and communi—
cation, systems/networks for
applications in telecommuni—
cation, systems and compu-—
tercommunication networks.
Topics selected from the fol—
lowing: signal representa—
tion, sampling, coding and
error detection, modulation,
OSI network architecture,
network protocols, delay
models of performance, rout—
ing and flowcontrol. 3ES. P,
SIE 321, SIE 340,

SIE 474. Decision Support
Systems ( 3) I Building, test-—
ing and evaluating expert
systems, computer systems
thatemulate the human and
draw conclusions based on
incomplete or inaccurate data.
Fach student will build a de—
cision support system using
commercially available expert
system shells. Students will
use many tools to test and
validate their systems. 1ES,

2ED. P, familiarity with com—

vIEWPOINT [ M ]

puters. May be convened with
SIE 574,

SIE 475. Computational
Methods for Games, Decisions,
and Artificial Intelligence ( 3 ) II
An introduction to automata,
computer representation and
optimal solution of games and
decision problems. Principles
of heuristic programming and
machine learning. A program-—
ming project is to be selected
fromareas such as game strat—
egies, graphics, recreational
mathematics, and manufac—
turing simulation. Microcom—
puter experience is empha—
sized. 1.5 ES, 1.5ED. May be
convened with SIE 575,

SIE 485. Robotics and Auto-
mation (3 ) I Methods of de—
sign and operation of general
purpose and industrial ma—
nipulation systems. Kinematic
and dynamic models of me—
chanical manipulators, tra—
jectory planning, manipulator
control, robotic vision and
other sensing techniques.2ES,
1ED. P, SIE 350 or equivalent.
May be convened with SIE
585,

SIE 495S. Senior Colloquium
(1) 1P, senior status. Open

to majors only,
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SIE 498. Senior Capstone
(1-3) I1I

SIE 498H. Honors Thesis ( 3 )
[Rpt/ 21111

SIE 499. Independent Study
(1-3)[Rpt./ ]

SIE 499H. Honors Inde-—
pendent Study (3) [ Rpt./JI1I

SIE 522. Engineering Deci-
sion Making Under Uncertain-
ty (3) 1 For a description of
course topics see SIE 422.
Graduate—level requirements
include a semester research
project. May beconvened with
SIE 422,

SIE 531. Simulation Modeling
and Analysis (3) I IT For a de—
scription of course topics see
SIE 431.Graduate—level re—
quirements include a library
research report. May be con—
venedwith STk 431,

SIE 536. Experiment Design
and Regression ( 3) IT Planning
and designing experiments
with an emphasis on facto—
rial layout. Includes analysis
of experimental and observa—
tional data with multiple lin—
ear regression and analysis of
variance. P, SIE 530,

SIE 541. Dynamic Program-
ming ( 3) IT Modeling of sto—

chastic dynamic systems and

the application of dynamic
programming techniques to
optimal decision and control
problems. Topics include in—
ventory control, admission
and flow control in queuing
systems, stochastic schedul—
ing, dynamic portfolio analysis
and computational methods.
P, SIE 321, SIE 340,

SIE 558. Fuzzy Sets in Systems
Analysis and Decision Making ( 3)
I Fuzzy numbers' definition,
operations; fuzzy regression,
interpolation and reliability,
fuzzy logic, optimization and
control; fuzzy events and de—
cision—making applications in
areas such as systems, civil,
industrial, electrical, com-—
puter engineering and water
management,

SIE 565. Financial and In-
vestment Engineering (3 ) I For
a description of course topics
see SIE 465.Graduate—level
requirements include solv—
ing an additional problem of a
moreadvanced nature on each
of two midterm examinations.
Additionally, they will be—
expected to submit a project
with a summary report. May
be convened with SIE465,

SIE 570. Real- Time Embed-
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ded Systems ( 4 ) Task alloca—
tion, task scheduling, remote
programmable field units,
real—time operating systems,
application specific operating
systems, applications in in—
dustrialprocess control, ro—
botics and automation, intel—
ligent vehicles. 3R, 3L. 1ES,
2ED. P, SIE 370, SIE 450,

SIE573. Concepts in Informa-
tion and Communication Systems
(3) II Graduate—level re—
quirements include a course
project in the subject area,

SIE 575. Computational
Methods for Games, Decisions,
and Artificial Intelligence ( 3 ) II
For a description of course
topics see SIE 475.Graduate
level requirements include a
comprehensive and intensive
programming project. May be
convened with STE 475,

SIE 583. Computer Integrat-
ed Manufacturing Systems ( 3 ) I
Modern manufacturing sys—
tems with emphasis on in—
formation requirements and
data management. Includes
CAD, CAM, CAPP, real time
scheduling, networking and
system justification. P, real
time scheduling, networking

and system justification,



SIE 584. Manufacturing Au-
tomation ( 3 ) II Current topics
in hardware for automation,
selecting and implement—
ing robots, part orientation,
computer vision, automat—
ed warehousing and material
handling, programmable con—
trollers, NC machining, on—
line computer control. Labo—
ratory projects,

SIE 585. Robotics and Auto-
mation ( 3) I For a description
of course topics see SIE 48b.
Graduate—level requirements
include two research projects.
May be convened with SIE 485,

SIE 599. Independent Study
(1-5)[Rpt./]

SIE631. Digital Systems

1EE R

F &k, 1990 FIKEE
FER/RE T2 (RPI) HENS
AZ TR, 1990 FE2T7E

Simulation (3 ) II Emphasis
on current research problems
including random variate gen—
eration, modeling, language
development and statistical
analysis of output. P, SIE
431or MIS 521A or MIS 521B,

SIE 653. Selected Topics in
Intelligent Control ( 3 ) IT Se—
lected topics covering recent
advances in intelligentcon—
trol, to be chosen from a list
including architectures, pro—
cesses, algorithms, and ap—
plications for intelligent con—
trol and systems. P, SIE 453,
SIELL8, SIE 575,

SIE 685. Advanced Topics
in Roboticsand Automation ( 3)

IT Selected topics covering

S ENIAI S ASK A e IS B3z
BB AEZ, VA58t
SIREFEE, ERAREEHRR
D EE. BEFERERE S
REFRATEIT R, IEFRERS
BRESMCHA R ERAAEES
I E R E Lz . &R
B 5 AR¥RE4W. IEEE
REZ | (IEEE Trans. on In—
telligent Vehicles) F* #g.
BHeift#xREK, 2003 F
& e J5 %4 % IEEE. INCOSE,

vIEWPOINT [ M ]

recent advances in robotics
andautomation, to be chosen
from a list including applica—
tions, kinematics, dynamics,
tactile sensing, vision and in—
telligent systems. P, SIE 585,

SIE 695A. Colloquium ( 1-3)
[ Rpt./ 12 units 1T II P, consult
department before enrolling,

SIE 699. Independent Study
(1-6)

SIE 900. Research (2-8)
[ Rpt./ ]

SIE 909. Master’s Report
(1-6) [Rpt./ ]

SIE 910. Thesis (1-6)
[ Rpt./ ]

SIE 920. Dissertation ( 1-9)
[Rpt./]1O

FiR: ECRBIFMES

IFAC, ASME A1 AAAS %
R % AR 4H 4 Fellow, 2007 3K
EXR AR _FRH ACM 7K
HEIER RS, 2014 3K IEEE
VEH R - 4EA8 %, 2021 £F The
IFAC Pavel J. Nowacki Distin—
guished Lecturer , FEHFRE
ZeRGE . BRESH. HREVLESA.
T ANERE, FITEEE. FATER.
SEATEE, i E. FIREE)
&G,
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20241 H19H, “BExRT
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L8

FEEMCEESRESES
BEERERARE
REFIRA RN AER TEHRFHOEE

FiBlE, EEEFERE. WEFIHEA
ENAER TERRFOEE, FBIEZER
EEAEUEREENER Y ARHALN ACL BiL
FEANER, ACLE+, ACLILKRA=AIEE
&, ¥ E IEEE Fellow, CAAI Fellow & [H
PRRRERM B 55, SREREARGH K,
ERBHE L —H | ETEREE, FE
LZRER, HELEMUHELEE,. BNRR
AT ERERHTIME S, BARFARIBI 200
Zh, ERNER 160 &I,
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MEMBERS ACHIEVEMENT [ £2555 ]

SESEEEIREME.

SA KT
BT “EREMTAET 7S

FEBMFSES
IERZTE R TR MR IR E (.
HRR

FoR¥k, dbEEA T A SRS TR
ZEME, 973 TE (HEZWiEW ) F173 &
SOTE (HESH) BRERER, KIHMNE
A TR B ESNE B EISWERE AR
RERE A BRA K E RS E 55 19 B 7 58 A i
HEFM. KEREARRHA_SEE, ERRH
HERERE, URESEQHERK . MRMAF
BEeREIHEE, EERARHAMPSEE
ERo

B, TEESMEERRA, K
EIRARISREISESRER, TE
Halftraa i, HEEREEN
EMHE RO E BRI AR RR R



[ SR ] MEMBERS ACHIEVEMENT

022

L B

PEEMFRLR
MBI A SIS REI S

BEE R, EELE R DA RA S REE
#. RELEMARRK., RE~UBRETE
Jii, PENEFEHESER G ARAFESE., &
ZIRFIRPEINIS &R |RESTHEX,
FRETMRZRARHB LR, 2017 EHFEATE
PRERARBLREAND ., BYIFHHERXREALA
7, 2018 SRR P EVRE P2 2 S FF IR
40 I “INHAME”, 2020 F53RHEE
Rl REESANN TEIME, FNEER
EEWREC AR ER XA EEERR .
EXRELAPFRITR “FeERE” HAT IR
RER, FERELEF=ESHEE, FER
ETIHh=EIERE,

FEBHMEFEER
FEBARRM=YHRERP OBRBERZER

RERRE, KEIMEMSHERYE R R
THERR SN, ZED R AR N
BERERIREE, PREERASRER,
EHERE S B A S A, REER
863 I RIEATIH . FHIHE K& XA K
THRAHK, BRRAEREFHEER, HE
M Bk B o Bl A R E M B o S B R SR
5%, BRERBEHEE 2 I, HEARRE
F10 W, ERPEECK 2T, HREZ 13
EB, B3 119 fE, TR ARREE 158, BHAEL
B 27 28, O

kiR ARB#H&
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SRS ETRAAEFHRERSRE

X/BXRE RNE KRB &OM LEE

ACADEMIC FRONTIER [ ZAREGE ]

TR RBAMHESNRERERNR. BIKEAERERE, EREHRIRSE IR RIVERT R, &HE
MEEE S T, V2X ( Vehicle to everything ) WERE ELANREOEER . Z2XREERE. BEL. EAXEN
AEE R R ICIRERES, NEBEMNELEEENSRZE ( Connected automated electric vehicle, CAEV ) $&{it
TEGMNERRE, HENMRESRARES, WT THERNTIRRMMAE ., X CAEV TiREfL kil
B, EoeNsh s, EAREIEE . KB, ZEE . BRI I RN IATI T A ERY A

R, MORER, EHRIMIT=1NEE 4T CAEV 1Y

BEERHIE N ERAR, DIAMNEREEX CAEV

RUTIRERCNE; ARG, MIRREZEE. BHERKE) / s E AT R R R A i d =1
T, MNEBENTRRIAREETERE, HESERIMFTIRETIEASNT; &E, XRRE. Z=H
BERIHITE CAEV TIRg izl S LU IIERAR TERTES, AN T —SRREBHITRE.

RBEE: EEEWER, HEhSE, TIRE, uitih

K UL BB BRI N E R BEIR R E 2 R E MR
EREBMRERERNHZE, 2R SEE,
SR EKRIRIERE ", AL ELRE, REE
R, AL, EESEHTREIR R R D R ROR TS T
BLRTE, SUENSREAHEAMERT, HESEE
A BUAR EHI NS E A RIVETERE ),

TR A SR E P E R SR AR E B2

1) IBFAHREFER; 2) BARERER, BREAE
FEHE, REEN ERENSmER, (HE Rk
GRS TEERBN ARG, LIAHEBZ 42X
QBT BRI SIS ERESIR T, hERE
TR TR SRR ER RIKERE 2.07
HXE T 2025 FF, 2030 1 2035 WA R E IR, A
1R, EZREE “GB/T 36980-2018 HENA
EHEEIHFERIRME" A “GB/T 18386-2017 HANIA
e EHFE RS AR IR TR PN B

rEESUESEN $£45E F1H DE 2448 2024 F 18

TAFBEREFENNEARERZRE, WE
2 from 0, EURET L, $ETR Al E RIS B AR
R E A EERE, ERERERAE SR ENE

T, H R A ISR R AR A
AER. EEK. BBEEG AMBERAERBIEA T
ENRE, SLEFTMTEE, 2020 £F 10 B, EEEEAR
“HIBETR IR LR R LRI ( 2021~2035 4 )7 #8H,

SAYLE SIS - BRATHR SR 4 = A0 Ll B3R 4=

NIRRT
sl

20254F 20304F
1 BEGEHRFEELRERR

FEHE (KW -
[T S )

U RRTA

195
n

023
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— ST BURE 2B B R

N W
wn O

\

e——

—

—_
W

[N

O RO MO S S SRS I SR RN SN N
VRPN A A

FEHLIEBRAE/ (kW + h/100 km )

%iﬁﬁiiﬁ&/kg
2 M ARFERAEREEMRE

HENE . B, BRELEIRE A LRI R R R AT S
&, I TGRSR E ., EHREXESs T (&
) RE, BEEISRERN "= B ERE ARG
ks, Ush D S5EERS. KBl S5H
JIHF . MBS E RN “=47 BT
R ARG KA, X “2030 4§ SCHUIOE I
2060 FERTSLIRAAT AT Sk R EHETLE
R, RESRER. XE, ERBEFIUAE AN
RS, ‘SR, BRENE BN ETHTREEIR
PR FRHUHTRFIE

FHRENKE R T, HAEAHERANZZE
TE, NEKREBLLERBUVCEIE, 2REEE, HE
Sk, EAIMSNRESESRERLEES, BAERIE
MEHMHERRE., RENRESBARED, BT T
BIREMEXEE SIS % ( Connected automated electric
vehicle, CAEV ) B RHYTIREILALE 1, EZERIR
R ERREITRET, WIRER BRI, S5
. BEREENKER, HEAEMRERER. B
WK R RSB TR, NERITEEE K
IR R AT R RER SRS, 2B ERE
RERFF RV EER R E, 2 AT ok REE R YR AR
o EHNZIFR, ARSCE ST THENRERE R i
5@ &SI TIREE T, RE, WREENEHET
1t E=HIEKE) / B sh B R AR BRI T B R R A
EMAEFRI=ZAT5HE, X FZE IR R
77 [ IR Y LA B ] N NI SR IR AT T 2R 0 #

g, BETHERE. #HBEMTE CAEV T8E
el B R A S B E A TAERIRFAE, FX R —2£
KRIGHEHHITTIRE,

1 CAEV Wae#hoh

1.1 EEElREHEURGE

&l 3 Fr s N EhIR ZE 47 BT AR R B A R 1S
B, TR T R N B R R A R H e AR R
H TR NBEAI AL N BERYAEAE, Reig pl /b & PR R
RS0, shIgEE i H I LR B FR LS B e
NIEEMPRAARZ R AR, FldEd, HTH
TR FIFRF R AREART RS, K5I A—E/IFF
KEERISBIREE ") SFEiisfrdfEd, BT
IR IR R DRE, SSIARK, AN, BHTEFL
BRI AL, A el AL R

Bl 77 HLt
HHE | D AR A RH AR
99.42% 0.35%
— Y] iKY
R A% 0.23%
SR l TF A1k
97.44% 0.96%
P SiEE
Bl ;}i%
IKZhfE i1 1.94%
gﬁf it 3.11%
B FE 3.7%
SR
fEBife LM
86.9% 1.79%A
feha
s R
#£)5.20%
AP PTR
e Tl B FE
Qiﬁﬁﬁii 5.0%~10.0%
|35y RNV EIba
RATEAE 5.0%~15.0%
AL FE

3 EBEIAFATSE
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b

B

WiEE, RS, 2HE 8
LEENNEEEERIG, &R
W, BB R 7 A A 14 T BE
HUARE . fh o JBE 45 URE A v Ve
FIBE T B S LM R s i —
b, FORERE L RIS 15 2 Y IX
B FER NS, mS B
RRES|JIZRBBER - I8
(B B B R BURE RO BR I, 2455
HEARTRARESION, $SHE
AT, HfSIA— T 2K
hithE s EWES|IRRES)
BRI, Z=SMESDMCHE T, #
A SH W17 30, (Han R AR
BERR G, ZBREFE ST
WA, N EEFT S,
¥ 51 ABR LB B HE it 25
FE; WIS, ZEWSIIE, A8
X EAESIEhEEHET R, KBS
BB SN A, HimESIA—
E LB s ke, B, A
56%~70% FHIH REHE 9 A LAY
fToihER 0,

SR, FHAERT A SR AT A 8
S EFEEHET . BT
YRR PN BEL 3 22 E ER AR A L FR
fi iR, PR E R SRR, RE
S 43 3 R 9 2 filt H BELZEL R,
HE MBI R, RSP, 456, &
PTTRERE; WAL BvE T
YRR, AR SR, HE Y
ETZ., HbAERE (State of
charge, SOC)., & E M % B H
RRERERRE; HOEFHEE
TR R HFEF] GBI AT 28 AR

o
HiO

f

ACADEMIC FRONTIER [ ZAREGE ]

B BREEE. KBS,
TRRESRRRE; EshiM
FAIATL B AR R E 145 68 P MEG 2 17 T JBE
PR, bR R AR A, eV
MEESERBZRTE, ERERE,
TERSREB R I TE . A P2 I Bl
B&UE T R, Jolk s
BRI TG, RIREIEHEE .

3 £ 1t 45 3 43 FE R I 5h 57
FE. O SRR A EE LI Bk 1 A
HHUA T AL #1FE, CAEV 7EiX
EARTIESGEBE RN TIREE T,
MR ERA, FMAERERE
BRI B EWEE ., shh
KGN ARG TSR, |
HEEFE R 30, 2017 £, £
[ BE IR 25 5 2 HE JR 7T 9% 1F R B

( Advanced Research Projects

0O

Agency—Energy, ARPA-E)
%t 3200 F73ETt, FHRAN=4
) “NEXTCAR” WFATIH, M
AEAEFRET —REEMNEA
ETTRERT ST T, ek Y
Sy i B BE M BR VR ZE BEARE AL B AR
W FEEPNEM B, NBEEE
T K i R R T K
frif i, FREs I WIS
S5 N 1 5 Y B ZE B AR I Bk
INE T HYRERE R AL IR 1T T 47
RAHT, MNEFFBL., ZZEMHIFE
TIRE. B X OZEEFET 8
FOZE = ¥ A s BB 55 77 THI X 22 55 P
[T RE R #HAT T 48R 4347, X
BRI, RS S AT
T, ZEFIRMETIN . ZEE e

559 2 7 P 4 75 T 43 BT TR RE
MER WA TIRETE 1, FF MDA
EHERNE . ThFER ARSI,
PRI 32 B 138 A7 6 75 T W AH K
ERBERE AR B T E T T 4%
BRI HT. SRR T K 2B i A
RBERNEESTHRMA, Z&
BRI B (S B TR L
BEFE-ZE E-RKREBEMNEZE
7 B A = A 75 T N ZE SR Y RERK
WA FTIE AT TR W, FExT
RMEEEZBARG NEWHTHM
T TRE, RRSERCER
REBERKEWTIRE LR
Ne75iE, MESETFARTET
bl BITHE NN EWTIEE
BItAt, A X HRIT BRI B
HITIREML T IE R IFITE .

1.2 CAEVEERRIRE
RBaXR

WA 4 ffrR, CAEV HIHA
T B RE & e 0 AR ] DU IR g iR
REMEREMGMRER, =HZEH
Xz / HIBEEEE A EE], DL
TENHERRERAERIERE,

1) fEREKE, CAEV IRIEE
HE RS LUN BT RN
BRI AR I B S R SE L T
GURIBE B2 B AT, TR 2 i
[H) — == MW EARETR T, Al
T AL, SR TR
AN, SCELRERR AL

2) fEBHI 2, CAEV B B
o B RS EEES . GNSS+INS

( Global navigation satellite
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[ AR&058 ] ACADEMIC FRONTIER

systems and inertial navigation systems ) H&5S:
i, BIRMGRRES . FRNLISH SR R a L AR R &
IRECERIN AR . 5, IXshiem, IXshieESE
LZUYERER, RIBEMI M) S FRHERRHE — B
E B IR, NERFERSEH T HENPHE,
H B XK /7 HIsh RIS, LI shA]
Fsh I R R R RINEhASES], DU E S
HIE AR, TRARKEIERMSIs)AE & ] HeR .

3) fEHMUTE, CAEV mJLi G0/ E |
HEAEFHIE, BRESESW, oihRRERKIREA
FE RN PRAS [ s AR PR, XA LR FE R AT R IX 5h 2R
GIRFERFIE AT LM, difmiE s XS R =YL
B, RFAERSIARFZBITHE, R, CAEV &
HIE SRR BEEEWRE) / Hlsh A REE MR ARETH
R H7ESEHIEZ AFEERKSRAEREREE
Bl RIGFEPRM, 20 4 Frx.

1.3 WEXEEXT CAEV BT3RS0

Z£ — % ( Vehicle to vehicle, V2V), & - =
( Vehicle to cloud, V2C). ZE — g ( Vehi—
cle to infrastructure, V2I) %8 V2X ( Vehicle to
everything ) MBS S, 7 CAEV 24t T X B,
RIBRE, RBESHERBAES, AN EBLE

TERERZ, IRIEM V2I SR = g EER, X
kO DURERERIBE B A Ak B AR, MR T EWRERES
FRERARIEE SR eI, R TR TERENEZ  Bix
AR =45 iE, Ll T BRI AR RE RV IR
fifk. HRIEM V2C IREN MATEERE A, k'
RIBEMEGT R, RS AESI SR EEHE
TR R R EBIE, FEIKT 5%~15% HURERE.
SR Y Sy V2V R V2T 3R B S R BT
BB IEE S, WETETIRESZRIE/RZ S
( Deep restricted Boltzmann machines, DBM )
AW A K A HE 12 17 ( Bidirectional long short—
term emory, BLSTM ) HIFEFIFTRMIAETR, L TR
[FIVE I N Y ZE i L, IR FIRR AL AT ( Model
predictive control, MPC) H{7REEEH Uik, &
BSLHLT 6% MIREREM (L. STk ' IRIE vav BEE
ZRREEEMN V2 RIBESER, Rt TREk T
BE L 1K (Particle swarm optimization, PSO ) HlI
#% BE %%~ >] #l ( Extreme learning machine, ELM )
HUZE @ TN T5 7%, LR ERH#HR MPC REE= B =TT 14,
SEEGESERERIA, AHELE T HINRUERNS, REREREIRT
13.55% . TRk #2 H T SEIN B O Ak e MR 2R
%, ZARRE V21 REWIERSH R, K@LT

Wiz TS Z e E R FEEAIRE ST, i@t X MUMNFEER, ARnsEEHE; RiE Vvav ik
ZEWR AR 516, SCITIRRIET T, R RIS B E B X R T R AR, DR L4
LA UK ES /] S R A e Ak
Liesil FLIR S
il shaig RGN
- i5oN
R SRR

< < H LI FRERR
v 40 V‘(t)d o "L VI VT & VT
chicle — 7S / QIE i/ I
e gl | L s O D0 T (%)
o 9 Sl - > B > VI gk VT % VT
P -
I EEEIESEN Lityi R T I S e LK B RGBT

4 CARV RE BRI REREXRANN
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PEES, SLEGSS SRSREA AT 7T i REE S R YRR R ]
WeAig AT 40% LAk,

TEEHIR, IRYE V2D RE VIS M S 280 BT
BTEER, STk T T AR E R E A
HH, $RH T ESTE BE RN S R A s B T i,
BEAEAEANHAE SRR, AR5 A =M B N RE
BOYHIAEFFT 34%, 5.1% F16.1%. k'™ &F val
V2V SREIMERE S, &I TS HT AR T
MZSAR/ N _FEEMSERRRS, B tuishyisa
BIFTEWRER, Uk i Vox SREUT IR S
B, HSHEWRIHIsE SRR EE, = TET
itk H B A& RIN L B irdlshis kg, St T
HIshREREIER S A WIS Birtiib, S 45
R T B BEXZ B A S (Intelligent traffic system,
ITS ) MZEFBERHIRENE, FFMIBEERE . BIR
S, TELFEFTIHIETTHRE T 285 SRR
SURAI I & R, Sk '™ i@ V2N ( Vehicle
to network ) IREUR KBS (G BRI ZERA IR K,
R T AR MR A ISR ZS, SLELT 28It
MR IUERESEL, £ SER NHINIHES SRR,
B3 1188 1% ~4% .

X REM B BN VR ERITIRE fu b (AT,
TXMNRRBELE#E A, R / I shEERE T
ERIAT BB RAENAES =1ZEH, N CAEV
FY73 RE (A1 A HL [ MM R BRI T 47 IR 53 #7 6

2 ZFEEILRER

CAEV Bl FF V2X MBS SR 4 23 &
B X 2 BN E RSN, ZREH BRI
IRASIT E B FT ARG IR, 76 LM R 22 5
HATHL, BT IEEE s, M4
gERk . BAMRERA, REERENERTE
CAEV RESUAVHISCREERTT, 2 BRTHIRFF RS,

2.1 FEERLEEEEE

ANE 5 R, TR AR B AR S E

ACADEMIC FRONTIER [ ZAREGE ]

Al
Mg Mgcosf

5 FEEEAEERER

B RR—EEAMATEE, DRI RIE AR
ZIAZES | J NI, DI RE E B A N e AR
THES ATEFERREE VM RETR IR, WEIT R
#] ( Optimal control, OPC ) [aJ&g 1 1 26-27],
minJ [V (e), F.(6), (] = H [V (t,), 1,1+
- j GIV(t), E(t), 1]dt

~

s.t. V()= fV(), F(t), 1] (1
Cr @, F(n),t]<0
E [V(tf)f tf] =0

R, V() REE; HIV (), 1] 74 5 REE b7
B GV (1), F0), (1= V() F(1) 73 B 4% 1 g 8 b7
B CIV(0),F(1), (1<0 9 4k & 48 & V(1) F =l 42
B F(1) IR ELV (6), 1] =0 9 R BHIRZS £ 3K
V() =1V (1), F(), (] NEFN BTS20,

dr
M-r=F-(E+E+E)=

F, —[Mg(f, cos0+sin0)+ (2)
%pAfCD(V(t)—VW 0]

R, MAEREGRE; F, NERESETT; F, A%
WA ST; Fy N2 SBHTT; g NEEDREG £ NE
SFEIERE; 0 VBT ; p NESERE; A NER
BROBREE R Co NEMZESEIRE; V()
NIER BT ERISERSRGE . 43— 2525 RS T
FEBEZE B KT RERE B S ZRMLRS, 0(S) MK REES

5 (KRS T % V() KA B S S 2

KA, HS(t) =S, S(t)=5
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MR S3HTEI AT, 2R A4 ER ZE 5 O A e A
S, Eco—driving 25 i i fb ZE SR IN m#al,
SCELTTRERHEI & 2 R 0 ), ek (261 &
Xt Eco—driving sl R, 48t 7 HE L A
R N B UL 7T, R T ARSI, A H
Tz IR BN — R LK ( Sequential quadratic
programming, SQP) KRf#5IE, SLHLT 7.44% 1Y
REFEDLAL. STHR [ 281 RGHAHT T RFIBh I R G 4s
R, Eco—driving 1E M R — R A X,
B EHE OPC [RIBIHI B ARG, 55128 &2 M AR &%
. REFTE., KmRENR, DUEREHBITLE
HkEZEE S S EH S BTRESHI S FINEA R,
BR [29 1 MEZRRERIZR ., #25HI1SRAES . SEHERNR 77 Xt
Eco—driving HI#F 5 BAR K # JR #4717 4347, Eco—
driving BRI TAEELHE, GiEESEX0
M L

NRAEATIE % SRR R AV 751k, BENE
R TTIERI S IR, WE 6 s,

B RECAT (7 591
Rk, v
{553 [ [42-4)
FfH BRI )
Tl Z i A L5

o g

CAEV
ERIna

i g TS A I/ IME JELER [59-601

ALK [27-28, 36, 38, 42, 45, 54, 61]
;ﬁﬂﬁﬁ\{}n\“ [34, 37, 40, 58, 62-63 ]

LB R 2 BEp il (5 o0
i) o)

6 CAEV ERILUWARRTTED K

:D/(fﬂku [26, 55-56]
s
o
ES

2.2 NATFABBSENZERMMRERE

IRIEATIRE I CAEV R (iR 5 IEE A
=, BEAEASNEER KL ( Adaptive cruise
control, ACC)[27, 34-37 1, HikigH ) (&
SRXOW D RESREX O SR

B K,

ELE RN itz s, EREd siiisiRg
( Advanced driving assistance systems, ADAS)
PLRe V2X & 8 3REBUCK T RIS EWEE B . B HE
PRIEEEE, WX ZEERI s, U R
BRI, Bt BREREERSN, BEEE
IEETERE R, AFEMEE T g, STk [27]
BT R85 B Y AR GIRE A sh A& E B 3 R 22 18R
HER, WETETERIREBHIHEEAZE (Elec—
tric vehicle, EV ) SEEJU{LIRIE, 7EHEEE_ESLB
ERROUEIRIB BR s, Fgit TR s Ll
# £ (Iterative dynamic programming, IDP),
SEULAE B A YUK A e sl HO PR OR filg . AR BL 18 e 1 BT
( Constantspeed, CS) fRESBESEEF 23.29%, #HEL
BRI T TERERAR T 2.72% .

RS B AR S g . BT E
B VO R LA AR RS T &, IR RS A
ERAURNR | BRI, B e A ZEE OPC
(R, MSEHLZESRFERRES L T HUREREDL (L. Bilan,
Sk [38 1 BT M AU i & R B Y Z= 3 i 75
ERSHREE, WE T B EER KR ZER OPC
ARG, FHRASISHEIEIESLEL T EERIE, M
& F L Bl -
Hlgs, TEIENIEUERET N HIRERE ST BRI 5.46% A
17.64%; SCHR [40 ] EFX Bt & LR £ N 3E
B, BB HEZREHIRTTEREEEE, WET
BN ERS BRSO RRTY, TR PR TR
AL T A YK IE, ARELEE AR, AR
HTTIRE 4.73%~7.04% ; FEELEhEERER, AR
T TI8E 4.03%~5.70% . SCHR ' AR HIRSE
ERS T LMTFRHERT S S 2 md B SR, DA RRRERERTHE
Sz NEH iR, RBE T EEBE R EHITIE,
FEC BT I RS IR LI RHE B BT T, &R
R, AR5 A AN IR RSN e etk (HoR
B I BEREE.

552X AR EihE IR, £5

(Proportional integral, PI) #
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SRXMA, EFTHOIREHISEE ST, HE—
HZESRZN, WREEERS~Erd, SREW
ZIBIEfT T / WO R E, WM inaese. Hit,
& B[S S WM AT A ( Signal phase and tim—
ing, SPaT) f5&. V2VIEE, EIXERFAIIETT,
SPaT HUTIM, HERZEEMIBEFENIREL, A —ERE
B R b EmeeRE T, Xk [42] ERIER T
— P CH B HEN ZE B\ TE B 75 (Improved
queue discharge prediction, IQDP), R/GHE T
sy IR HIREE, Hrh EERASSHIRIERE T AR
IR R RS, T ERBTNEHZSH TR L2
S, SLELT CAEV RS2 X ORIREFEILL. MHEL
CS Mg, ZITEEFEMMIZITI = T35 TIRE 12.48%
M 8561%. 3wk [43] fEMEZLEE OPC AN, [A
NEET 2N TNHFESRZ X O/ SPaT 8 EFIGIE
B, & T ERREFEIEH Eco-MSQ( Eco—driving
algorithm for multiple intersections with the
consideration of vehicle queues ) &ijE, FH{F IN-
TEGRATION K, W—E£ANMESZXHNE
FEM—1H 16 MES R X HHRHIEE M ETT T (5
B, &ETTSEEiTIRE 13.8%.

EFXREESRXH, HTFEERBESHHN, &
AL TR R BN 2 & R R T B 4T b ]
oAbz, IR BT R MERER ", sk
EE5 X H CAEV HYH EHRF] &, SEk [48] LA
B/MEER R R HRERIE T Ry BiR, ®EiesE
IR X AR R e, $RH T4 BEF AT
£, HEERRKHE, HEXHTGE, FrigsiEERSE
BATINAIS, SCELT TIRE 21.8%. 3CER [49 ] #HX %
EESXXOBITHRRM, WETaSBRNECE, 17
TEAERE VI NMERRORBIREL, $RHE THET Q F I
RURSEAL S I EE NS B BRI 5 1L . (T HEAS SRR,
BT ER 75 1A Al B 0 A A T RyE o Bl HAE &, K32
X OHIBITRESIHET 36.1% . SCHk [50 1 48HI T FHF
HEXX OEENEBNTINERMEE, LERB

ACADEMIC FRONTIER [ ZAREGE ]

VA AR B AR AR S B SL i, LA ZE 3 8 17 I A N 5
T BRI MRIRER RS € S S BN E AN, £
I RETTBEILE, (EEEREH, At EAEE
TR N RGP TS Rt . STk " B E S 3E
BIREAEN— RV NIRERE, B TET A
SHHNFEE SR X EEITTE, KEMBEh RN
ORI OER SR, BN, f#ETEESX
HIHE B SRS BIEE, T ERER R E . 05
HEERRM, FrignEn HEWIETE YR, RN
HERIL 29% o

I SHIRLIE AR H Y AR 2 SR R RERE AL
BTSRRI, %G HE BhVS ZE i sl i i 50 8 3 SR A
T Eh e Y BRI e R 2, ERE S R T,
MEREMEL EZH I EE, mZEE TN
L7, #H— L@ B shE ERRIAE A Re E Bl 5L F1
o, kY B R E SRR, WET TN
Bk FEBNIR ZEF S RI AT BR ER HO XU B & LA il sl
R, Hip, EERASGSHLIEE, KigEGHET
HIEhEEREERMHIsAE, DERERERRILHIE)
BiE; T BEREAEL N AR E RN A 5 T E A e
ARG, RIFEIT TR 688 IR FH
RIEESKIR, (£ RIER shEF S Al 22 e VR RIS SE 3
T REEmILHI SIS HIERER ] . AHEL CDBS ( Con-—
stant deceleration braking strategy ) =R,
THN, ZITER SRR A H shAE 2 E115 11.42% A
3.19%, FFXH & EUS ZER HYRETE R, SRk [65 ]
N B S ZE BRI BT 34, DU R AIEGE
HERRREERTNER, BH TS0 L IR
Y, FRHRYESERS R R AT A . BEES DL B bR E i E
ZWASH, KRBT BN RIUEREZ, (THEESR
R, ZITEARAREEE 16% B L,

2.3 RAREHELENFERLURRTTIE

TR T7EREE, NAT CAEV @K iR
W75 15 EBA A / B/ MEFRE 7 kLR
[26, 55*56]\ ﬁhﬁmi” [27-28, 36, 38, 42, 45, 54, 61]\ MPC [34,
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A RN =B Y R EZY F ikt R P YT
L= R

TE KRR RN RBUR I A2 —, Bk
1 Pontryagin #/NME R B E S UL SUR ES 2] T
Frge 0, BRI SE RN TR EESE
AEZRE, mERSTEELAIMAZS; Pontry—
agin H/NMEFRIOGR ML T RN L ESEME, BREIT
CIESbREE M RPN R T, )RR
fRERNAL I BEAEN EEAERRE T iRl E02
TRB R H A R R AS B R R T 00,

B A HLRI ) B AR EAR 2 B F Richard Bellman
RN “RUHEE ., GR8RENET RS
NET ARG EL, ZHEED R — R TR,
HIMEBRFHITHRE, ZLRRARIENRTEEEGN
T TR WIGIRASRIIG R A, H AR
X F EHRIIE R i B AIRASRE, DE e — 1
PLEgms 707 SR Sh AR R SR i 76 8 AR b A R
BERARARKAIEN R (1) #frEdhlE, 5
ZIBE B Al OPC [AI/s, HII

minJ [V (k), F,(k),k]=H,[V(N), N]+
S G,V (i), F(0), 1]

sV (k+1) = £, [V(K), F (k). k], (3)
k=0,1,--,N—1
C, [V (k), F.(k), k1<0,k=0,1,--, N=1,N
E,[V(N),N]=0

TE AL

J (k) k]= F%%EU JLE(R);V (k). k],
k=0,1,---,N-1,N
e e A B 18] OPC [R] i At SRS ik /2 Bell—
man J5#%, HlI

J [V(N),N1=H,[V(N), N] (5)
JTW@HzﬁﬁﬁM@WN+
JV (k+1),k+1]},

k=0,1,---,N-2,N -1 (6)
RIER (5) , BRABIVWN,NREL k=
N-1, RARK (6) , KEXT F (N - 1) IR B A&
A, FAEF(N-1D) R J[V(N-1),N-1]; 4RZRR
BE k=0, HO] B8N OPC £ F, (k) FUIRASF
IV (k), k=0, N=1, FRIEAFRANET7 Fix,

Bl 7 RSN RS TR, BRI R,
BIASHLRI T AT RABARTESE N B LR OPC (R,
EHEMZ. XHER [36] BSHR G IR ENRE
mHSeEEE, B T ETILESNENISH
RIVEE, FRNEEEA K N HER SOC AL,
H—L4E /N SOC RS R, RN T B
AIRFMELITEEARNIAE, BEANTERNZ 2R
HIFISCAT I RE R LB, 5 Advisor HIBERE
SERRFELL, SCEL T VIRE 12%. SCEk [61] EFEHZ
TR, BN T ERUERREERIER, R T
BISHIRIEE, MO TITEESE, H—5, &
RIS HIRIEIE T BRI R, 12 HE T &R
AR EE SR/ NE R IR AI AN, TR T B8

DA N-2) oo A NAL] oot SOV, N |
] S ] S |
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B, RS IR EHRIARER, SEULT ZEW LN S e
HIEAE

ENAHRIR g 2 IR A RER R B 2R BT
ToiEXN S AT RS IR AR g, A E8ut
HREIEFERBAR, HikE R EREERN, R
“UERRIME” 1O EENIZIAIE, Werbos $2HI T H
BN ISR ( Adaptive dynamic programming,
ADP) HiE, BEFHERETM (RN, £
iz, EHIRELSE ), B T EREIREFET K,
ST et E R M E E kg ', HEl, ADP &
EEH USRI RS 2 —, HEERFEEER
W skt BB ENRER 7, I B B A E
SUS R T R U, A, Bt ERZE S R T
REREOUIL AT E M (R, SR [ 81 ] M T AR MR
EERBAIRAL, FRA ADP SLUL T 7R YA 2R
RS, (TEESREH, 5% _UUsHgEtEr,
BT @ J3EEAE R FIE I N REREST HIFE(R 1.59% F12.32% .

AT E A B SR HEEEE . &5
LHPRSHIARS R G B E TR G A R i, @1
& Bl SRR AR RIBOR LIS B B, B HT
EHIRS — R EEMNUEL Bl BT E=
ANERT B B, R TR R IR S A
[RIANE 8 Fram,

Bk RO g 29
J;PC?E%U%% ’l "o
A
HARIAL | ol FHIRERE | | VO | per
A A mgon | [ R

8 BTN HIRBER A o) B A E

SCrk [37 1 M V2V B85, RF DU H 4 T
WETEBE), SEEWEEFEE I EEIELE
VERHIE, M T ZEMIYRERE (b B BB T R 5
FE 8 NMBIMIE IR TIH N7 T ERIE, X
CAEV IWZ2RTIREZ L, ik [ 62 ] K/ NEER]
RARMRIEE NAREN, & T —MNM/NMUERFRE

ACADEMIC FRONTIER [ ZAREGE ]

FEHY MPC [A], FFEENZ T A7 R R RS TE I LA
TRABHTIRAFTE

RIS = SR AR L2 R L R B E 2R B AT
BRI RS B EUR T IR B E, JFEd TE 2=
RS Rm s U ", Sz, BT RE
IX BN HYIE R ST AL U #2 ) ( Tterative learning
MPC, ILMPC), HRHABELHEFEHITAZRER, H
HROE AR ST AR 91 g 50 B0 B 4 X () 45 ) 2%
MPC 8 i F il 7R SR Z GoIR AR i HH d AT iR sh B
HIFIRE L HIN 2= EIE S, BIEREIHY ILMPC %
BAERSA GRS IR, RS T IR
IRERtEAE ), 153 T AR IRS) ILMPC 19 EiR i
B, ETTIEDEERE I SURE RPN,
G, SEATEHILIBHE AR, RAIATRZNERT
B, FAHESLEN RGBT NHT SRS, 1B
BERARESATLRZNHIT O, LT ELAR
GEsh'"" T, SCHR 871 BT ET CPSS (Cy-
berphysical-social systems ) A1 ACP ( Artificial
societies, computational experiments, parallel
execution ) WEBENIES RS, RIGTEMLS - ¥ -
ez, BT = CPSS REZRRH T -T2 MM,
NE IR ZE R HIR AL T3S,

3 I R AR 428 1) 2 — R R 12 B R 22 R0
LENEGHMAEMEE RS, REH Jang 12
O A SEERA IS S, RAET
M NEEH) B IR EIENRE ST, [FIRIEE & T 15K
WY IZEETT AR

SR [36 ] 2 T BT BHiE N AR A R IR
W E RN EI RS, SRR ERS TR EER
HIBSIARER ST, B, RSB &AL RIS IREATE
RAE., £, IEEEER, HF@Ed vav 865
HIZERERI B IERSAEE; )5, FIH Takagi—Su-—
geno BIMIIEAYRNS B ZE LAY g 1751, BEIRTZERITR
MARZS A, BEETZEIEHIT T EEEN AT
B B & R R R, ERIE SRR S22
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MEMEIR, 54t —REHET 28 ( Linear quadrat—
ic regulator, LOR) 1 29 % LOR ( Constrained
LOR, CLOR) fHEL, 22BIAITIBE 7.21% F17.29% .

B RN ARSI E BEAR R T EWBTH
RET, TERERVEIERE AR BRI E & 175
L%k, BREAREERER, RsnmEhizstEae.

S SR —FRELT E/RRERR S RN AS %
SIEE, HFEH RS EIUESR, @Edsh
TESHEHTZE, FAERRES, RNKRSEEE
EHR, ANHIEER, 7EIRRLS T HORBIEESIHIRIECT,
SEAL S TEIEEE AR IR R IR S R, R~ ER
BIRENRMALEAT RN, =2 RIS AR i
[ STt TR L0

ST TR R AE 9 Fi. B REARIVTEAR
WO HIESS, RIERE A ERAS s R T r,
S ETEIE o SHEHITZH ,, HahfEIEH T
&, WEFEAETHOIRES s RIED 7o TERTREMRFIER
BRARMHIEIR R B R, s SIEER AR B
FEH BRI RS 1, DR RZIRE M R THERR
AR, RIS n 2SR IR IEIAEORES s, 2/ H 5h
TF a UL 12 . 50 STHY B PR 215 2] — 1 2RI
R, 7RI ZIARIENLIE R A M R 0,

Wi, ek
I W imziﬁ Hta,
A
hilr,,
Rs. b <

9 sEiFIRE

SR ST E A RHIE SIS R, AT ARIE R B
HISLHI A E DR T E ET bR, g
FEXSERZESS], DIOUZE R . GIE IR . e
. R EEARSEE, DUERMEZEINEE Az
TEARE, W T BT RS IR IR &

%, G SR EN ST s SR 75 1A 5
BIBGE T 12.08% M 13.05% ., Xk HTF =A%
HRIRSE AR E RS BRI AE S E . k. SREE
B, BT ET SR E M E IR E R S ER
B TNRERBEERITTE, B IR B0 1 RIS R =
( Deep deterministic policy gradient, DDPG ) &l
IEEHIRERNINEE 5%, FEREEQ WM&
(Deep Q—network, DON ) EiEEHIZI ARG EN
CVT ( Continuously variable transmission ) £z}
FL5IhER, SLELT 14 MRESEEM 4 N EH T 85
HTFHIERIETT RETHHERR T

TEER P ARG, B SIENEEAR R
FET bR, 2@ saEdy, HFEXBRENIRE
THIERERE, Zatt, WEM., FErE. AR
SIBEZEHER, MEMNSARIENESIIA IR
LR FTHBEREARTIE,

R 1N ANEERPGARRITEN R S HT T

s
ISy

3 IRz / HEDEEIEMAES]

34 IR/ HIENEEIEM A DA

(R R TR T TR A | F() B V)
e EIRTIRE R A, HENLIRED / BB AR (L AHIER
TR RO LR B U LS AR (T,,, R,)
IR A S () F () R RERIOREE L. T s
RIRAIRI R, I SREE RN BT AT

B3 I B4 FE 1 B 5 5 B S IR B E R
76, IR B 5 14 BR T 10 B BB 2 R A1 10
o EFURIHEEIERIEEE (T,, R,) BEfEERE (&
IR ) RIAR SRS (25 ) MR RN
G, ERINEMEEEREEN (T, R), BH, (=T
sl RERG(Gio); Z SRRTEIE NIEA, T, %
HURZET | F, RS Bk 2e s 1R, TR TR
BB AR BT SIA F,p=Pu (s), P AIKENEH TS
I, u () NEREINE R, SREBE s R
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&1 EEMUORRTGERRRSDE

B
REENBTEHREEEEFZIRY, MERSESELAMINR
(Rt T RIIERI ZRM

BiRERELE RBRE, AEYORFHERENEMAF

TESEET B TRERTIKRE, FHE “EHO0R

Tk BT, ITEFHER/
Pontryagin t/MERE AIRFREAIZESRELAZRER
TR KSERER, KBRS
ST ﬂ*;ﬁf*ﬁéﬁ&ﬁé’ﬂ% OPC [, 1EF
T?tf' 1<
MPC AR RSN A ESE. IEEE,

SR

BENEEREY  REBENIELSEEEE

SAKRZILEREN, FIRERELE

RBEERATINREREE, ITEFIEEFEEEERE

FRAEREEF AT S R N TE )14k

LHRHORETERZSERR, MEMBNRENEZOIGIRE

Sl TIFREFETOEEANAE  BESHETHEERATE
(F.7) P (7. ®) P (r,.1,) L
t Lty s 2 L T 7 Il s A Y 27 50V & 5| I Sl e V4 (R 7 S
R 2R BlCReE N &R N1 Bkt
R, 7 e BiLE I HLBILA MR «
v=(1-s) 3004, W T..=f (R,)
iy b LR R BRI -
Ft=min[m, Pu (s)} : W, n (T, R,)
‘ 9%
KL o T ——
Wik, - o) e
\% 60
it B 5
W 7, & 30
208 ey N
T=T it S T T T o
00 10 20 30 40 50 60 70 80 50 100 R=R,/ (i) ST s
WHR s o F33 ipm

10 BHALEEEERES| HATHEBERIERRE

Y TRTF F e Y, W SBOREHEEITIE, HfR 0
TERRERE . TERCIRISHISERR AR5 A

Tii
F, = min {“M,Py(s)}

Ty

RS ZE Ty

V= (1—s) s
304,

rEESUESEN $£45E F1H DE 2448 2024 F 18

AL, e SE B IR B B SR DA N B A
i, TESHIRILEERs, #—SHRIERENE
RE p (s) FNZESRIK S RE 50 72 05 [ Y 2y P 3R EN G
WRISEIHR R B S F ae, B LAY AR
T, BRERITHE, LA ERERANE T
B®’iz,

3.2 IR=pAEREMLILIESITTIE
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BEITHRARNT ZRE, &
XTARENFE I PN IA ], SCER [92 ]
R T BT HE S /AU TS
B ZR 000 5 P T 2R Y IR B 5 RE 15
FIRGE, 1ZIiERINRA TR
I ZS B S ] 25 T RIS & 2R 5006
Eidlgs, @ ERNSLRRIE
T TR ITIE X B R R RS N
Mo NI EERE R RIRF
b, DURARAF SIS
&, XHR [93] M T FARRBER
WIES, HRAEERRE A ZE R IXED
FEFEORASITH IS EMNE 7, ST AR
WERR - BESHT, BHE
B %5 ERIAE LA SE R R
o SRk [94 ] DAZE ARS8
HWENEGIZE, WiE T HER
IO TR, EREE R, K|
M E R ETE N ERIT I s %
MR, R T R AR ELT
T2 1) 5 9 Al FE B IS R B HE 75 R
BHI 5. SLIAERERH, Arig
TIEAEYRTH T oA & A BN RE
oI T 1.81% A 1.67%.
SCHR [95 ] IRIEZE 2 A A E IS 2R
A i+ B 5t ( Acoustic road—
type estimation, ARTE) 3£
BB RTS8, @l EREE
R - BB R RIS E B S
HrE, BRI TEWITE, 25
REZN

3.3 HshiEmmuiEsniE

HH Eb 9K Bl e H5 Y O 40 228 i
I Bl IR TS Bk 75 T 2 R R R R S
TH B & R BRI, R E &

JE i BE 3

power, SOP),

IR A (State of
Fi 5 50 B ED
Ji5yA, HishisE . Hshitkae
LRGN,

L HEEE T E, DIEERK
FM N E R, SHR[96]
BHT 2B BHAER TR,
%77 B AR ETE R iR %
ZFaE X - e X o A,
AT E R ARG — BSTH 451 T HY
RARME T, HEEZEAHIE)
TR THISIEESEZE, L
T HIshRE 2 IR E EI ., EFXE
B S5 5E ( Antiskid brake
system, ABS) Z %W H 505
E, XHER[97] W T EHsh
JIFRERL 1B R R AR A DL N TR
WL 2s, AR ST AL
I sh e FEL A, AL S
ABS, RihEe R H Lk E
ERTHIM & R BSHIEIRET
R B B 2 A5, Sk (98]
P2 H T N E HI B0 7 R 2%
BB RPN R M B R £ B T
R E R R TTE, B
BT AU RS R S E NS
RBZRRXANBEHBERE, &
TH T B TR A T 4 1 ) B
FEE S Z DR R LB R, =L
BT 81.26% MAEEEIRR,

ENEE &6 55 mE, &
X H BE #8123 A FR AL 6 s 44 Ak
MEEHIZIRG, SR [991] 2
H T BB A sh T a1 Eh
ISZETM I sh = B L, BE®H
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S LAk RE & (B it 2 R A ) ZE 48 4T
1, FNZRETERNEIFH
RFTHENLAR, £ ROMO FHAZE
EHSER A REH, i iEnl
W R R Z BRI 60, [FIHY,
1E TR AOIL 5 B T LAV & &
BB TH, FTHE 77 A S ]G AN
HE5%~10%. £ X H iR JE Hl
BRI AL S8 B & & Hl 5h &
45, Xwk [100] &3t T ABS &
R8s, et 7 S TR
B RE, KRB R IR ERET
B, ANETHEERE, SOCHIH
NUEE, R R 2 52 ) SR
BIA B E A R, SLET
HAERIEE ABS W RS,
xof H Sl il s AT ER AL I Bh A R Y
SEHEIARS, XE T EET
BT EB IR E R S
( Integral sliding mode control,
ISMC). BEHEIRLIR, A
RITIER BB RIREES T RIRE
BT 12.13%~72% ., EH3HRE /
HLE&HEIRS, DIRSEWE
RELBEFRNZLERMER N E
tr, SCHER [102] W T H3IIE
M, EEAL, ERAYASEHER IR Sl
ARG RE A E A ELE
MR FAEEL, R T B IS NS
TEREEEIES, DERBZERRIZA N
WE, W, ZERT TR
EHIFRISIEE RS, SEE
HIshRE R EIF RIS, REREIR
FIEFT 23.33%

T I sl R A LS



REREMLML— B2 R ESURHIH
TR, ARSI IS F AR B)
R s S R O RIS
TR HBEREISR G R
FIREREIR AL 1 25,

ZEROX By / 5 e FE AR AL
HIRMESAET: 1) ¥R - BREs)
T EA S EIERENANE M
2) MELIMG RIS i, BER
2., BERAKENERHES
#; 3) HWIshHERE R ZIRT
FEALHYTHAE RS . sh77H M SOP,
HshtaE . HishEaEEE 4y
WEEH,

HHE T 1% % B H sh iR &,
CAEV g # A GNSS+INS 4H& S
i, DARZEBZSE IR EE Ik
AR, AEOEFGITER, ¥
ER ., BRI E RN
S LIS SRS TR
IR ST, Hmm@Ed il
FEALAXS] / HshEeE, SEBL “FAL
HexE - 2251777 INTIRIREREDLIL.,

3.4 ZHEEsh /CVT KUt
IXzh CAEV BYEERE(LL

wWE 10 frx, REEEDST
EIX RN, BEILEARSHTIE
R, RABMELaRERAT#H
REEHIEBENR R, ERAZHE
BFEEEE CVT Al SLEL A
S5ESIRAE, R TI/ET &
X, #imiEAERBEITHE,
[F] B AT o ZE S B sl 70 1 R AT
5 1 NVH (Noise, vibration,

and harshness ) 9177
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% P45 5 /CVTEV B £ 1
PRI 5T T B2 6 R 7E e 2 SR IS AL
OO et BN R TR, ST
R R T HTRSGET 2T H
— {K 4% 3#H 28 (Planetary auto—
mated manual transmission,
PAMT ), F& 7 HHEHL, XH
PAMT, [F]2 a5 BT
IR A R, 4R H T Y
B, iR T =REZ 0
. ( Third—degree polynomia,
TDP), AR Z I (Fifth—de—
gree polynomial, FDP ) fIt&X
%2 IR, ( Seventh—degree poly—
nomial, SDP) % E#Li8, SR
[ 109 1 XA Z LB EV
AR, RETHEHEG2EER
TEMAE R HE R B E E L -1
(Non—dominated sorting ge—
netic algorithm—II, NSGA-II)
AR AL R IE XS LS BRI B
FeitfT Tk, FREE TR
FIHR PRI, BRI AR T
4.82%~5.08%, 3HER [ 110 ] EFxf
HENRENE LIRS, RIEE®H
TG, ERImEENEEEE, L
RERELAL N B AR, &1 T P
FERES, AREfTHms T T
4.0%~7.5% HIREFENLIL.

434 X 5l B Bh VR ZE i 2R
FZ M / iR R R E R
GHNRENER KRS, B
BESNHER, S RE, KM
BT EER A, RN, SMiE
9K = 2 G o) S N7 S B RE TR

RERAETT, (8 T RS G T B
HIFIZE AR A, O RG M 175K
SIFIEI s I REH 43 B, O]\ R
FHIEWsh MR, Esh L e tRE
Mg,

Vg % X 55 ( Four—wheels
drive, 4WD ) Hiz5h{5 % & JL 5l
K s shiRE, EEAN
TR Ty H e R 3 A A
o] 18 3 A 25 3K B 6 1Y B R 4y
o, SCELBEREMAL ", STk
[113] # Hf 7 & F Pontryagin
W /INE JER PR HiT S AL D 22 43 i
I3, FEAGERIE T T
IEFETH X THA S E AR TR
A 43 1) S2 B A FE U L 1.81% A
13.36% ., 3HR [ 1141 £Xf 4WD
TTREAELE, BT mRILHESS
AR EZ BREE, BEiE
BAIE T TR T IEE R, R
JERIRSUE M 77 YA Rk, SEER
T 5% HURERENU L. STk [ 115 ]
EFXS AWD HEhRERIREREL (LS
FESTEC IR, 4R H T HEZL A
T 2 il 28 ( Nonlinear model
predictive control, NMPC ),
FF 188 1o R 2 R 15 ) 28 % NMPC
AR BRER A ER AT E S N B
SEELT FRRE HYHE A5 RE R FE R Y
BERE. NIEFF AWD HARZERISD
o R I BN I e D R AR HARE
ik [116 1 #8H T ET L2 iz
B RBHIHI sh LB TT &, 1E
EEARE S IEIAF, 5Bl
ERERK 4.3% F11.5%.
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(T, R) ©. 1) Uy 1)
(> HLBLBLEE <— B RE
FltE: PRI TEHE: P,
BAE: P=RI} IGBT Sl IFE: Py,
BURBUEE: PL=v(T,. R,) “HPBAE: P,
R, U JoL,
—r—

[ —

o ilflx &

=

|+

Ue N B
= C
VT, VTﬂL/l} VT
e

+o T VTU%} VTBJ[:T} VT. 515}
A

Illi

11 BERBEEefmbEETTHEER R EREE

4 EBREREMRIET

4.1 HEREXEMAES R

FRR R S AL P I ERTT AT il G A O [RI LR M ED
JIEE MR E R AL (Uy, L) EHREVEHEE
(Tn, R,), B& LR TEFHIREREM L,

WE 11 fror, ZABES, HERBERE (U, L)
LRV RN RIERRAR (U, 1), BE
LB TRHERE (T, R,). ZIEPHIREE IR
FE T AR SHREA B SRE R ER Ak, Hp, 3
A ZEWHE B RSN ERE (Insulated gate
bipolar transistor, IGBT ) FXfifE Py . IGBT &
TEHRFE Py MEHR N SBHE Py =EB 1R B
PURRE E AR, BFE. VIMRHEFE R 2L BlORFE P &S
SRRk,

TE AR B HAREIATT, IGBT FFRHAKE Psw FEEH
ARG IR, HERILHE U, WA IGBT R
LR 83 Y TFF R FE R E 5 IGBT FIBHRFE Pigy AEL
N SRR Py F E IS FHIEEN - KK
I TERTERE Ve SIBIERE Vs WEHIEE . HFBHTA
y EERFRE, WFHARIAT, FENBERETIE
TFETEIEATT, BlanieAA Rt Ry . SiBRE

RIFHIIREE S L SHREMDHENE (SiC met-
al oxide semiconductor field—effect transistor,
SiC-MOSFET ) 284,

FERENUAFEEATT, A SR SAE N AL
¥, FIYRIERA

3,
‘@=5R44+@):
) (10)

Eﬂ[(% + L) +( Ly )2}

2R

XA, R AR 5> B9 E T HE PRI S s Bk A FEL R 4,
R i, 7B I B A 32 3o s i A, 43 B0 iy A
i, FRRE & iy My 23 BI0 1, R 0, FOBRIASZ B 0 & 5
W SIERRE; LR L Sy BN BRI R, o,
NEVAEE, H o =2R, /30, KREKEERE LB
HUEERETTRE, 152
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3 .
7; :Epnleq |:l//f+(L‘d_qu)led:| ( 11 )
X, TONHEEERE, B, =T,+T,, T, A4l

MIRAREERE . ¥ i, ARAT (9) FIX (10), 5IANTE

ol T

rsqle

15R.p, (v +(La

L +

_qu)icd]]

T
+

{1-517“ |:l//f +(Lsd _qu)icd}

2

3 .
ije = E a];; I:(Wf + Lsdled )2 +

LT

sq” e

[I.Spu [ve+(La—L )i
mz (12) F= (13) OJAl, HHEVETERE

BT L o M T, P FIR YN i RIREL, ARSEH
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4.2. THE HIERARCHICAL SAFETY CONTROL STRUCTURE 71
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Figure 4.4: General Form of a Model of Socio-Technical Control
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