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Abstract This paper applies the ACP-based parallel intelligence methods into the networked management and control
for intelligent vehicles, and proposes the concepts, frameworks, capabilities and processes of Parallel Internet of Vehicles
(PIoV). Via the construction of artificial IoV systems that perform interaction, co-evolution, and closed-loop feedback with
IoV systems, PIoV aims to offer the human-vehicle-road-traffic information integrated IoV systems with key capabilities
including computational experiments, parallel planning and decision-making, thus realizing the effective management and
control of intelligent vehicles in the time-varying, heterogeneous, complex traffic environment with descriptive intelligence,
predictive intelligence and prescriptive intelligence.

Key words Parallel intelligence, parallel internet of vehicles, intelligent transportation systems, computational experi-
ments

Citation Wang Xiao, Yao Ting-Ting, Han Shuang-Shuang, Cao Dong-Pu, Wang Fei-Yue. Parallel internet of vehi-
cles: the ACP-based networked management and control for intelligent vehicles. Acta Automatica Sinica, 2018, 44(8):
1391—-1404

BEER W A4 (Intelligent transportation sys-  tems, ITS)M 2556k m9 N TEBER A . (5 E A3

v N €3 TR A 11 v NI /% v NI S % o |

Vs FI 9 2017-08-28 3 I 2017-10-30 FR AT AL BB AR SE A PO A 02 T8

2(1:/iz;1’1uscript received August 28, 2017; accepted October 30, ﬁﬁﬁ%fﬂ%é}iﬁﬁ@jﬁ@—ﬁéﬁﬁ\ i&a{,{@\ ;
% R EE R 4 (61702519, 61533019, 91720000, 61501461) % B« THERf . MRS AAGEZME RS, ITS fig

SO FH IR A B 5D S AT A I S G

Supported by National Natural Science Foundation of China

(61702519, 61533019, 91720000, 61501461) PRUEAC B 24 IR s ises . ettt S &5 kKR,
ASCTUESZ: K P N RAETE i, JF RSt 205 B4k Zop =l

Recommended by Associate Editor ZHANG Jun DR .
1. PRI BRSO A R AT S e R e e TR A2 B A E A E AL

100190 E 2. FHEE AL F 5 266000 HE 3. FH $E%IW%%E%IW&7I<E%‘@“&@$E@E\2H§M
BERE LA IR A T H 1 266000 FE 4. BSOS REEIURAIAL VEAE S i 2 RE AT, ,ﬁjﬁj\ﬁ:%&*mﬁ% %
TR R WS N2L 3G1 gk 5. ERRHEREEF 50 ’ SR Sk \ - ’

L PEERGHAL Kib 410073 X T FLER BRI J) . AR 5 5 4

1. The State Key Laboratory for Management and Control of NP . o N
Complex Systems, Institute of Automation, Chinese Academy *‘ZIJ HE‘ZZE%&E’ gﬁ? 1El ‘%‘EEEE ~ iEjA . EE%Z
of Sci.ences, Beijing 100.190, China 2. Qingdao Acad.emy of Iﬂi@i%ﬂ%ﬁﬁlﬁl’ﬂif%, ﬂﬂ%’ﬁ%ﬁ@ﬁ@éﬁ%@'@i@
Intélhgent I.ndustrles, angdao 266000, Chmfx 3. Vehicle In- il ?ZEIE'T:/H\:T/%T ] ﬂ?%ﬂ%’i &7&%3&[3] LR ﬁﬁ, iﬂ%
telligence Pioneers Inc., Qingdao 266000, China 4. School of N ot e s o oy

Mechanical and Mechatronics Engineering, University of Water- WJ /?\ %ﬁ& @J Zj] AN ﬁﬁiﬁ B3 EP j\ - i - Eg' E/‘J {ﬁ Yo 'fg
loo, Waterloo N2L 3G1, Canada 5. Research Center of Mili- %‘ ﬁ__E‘L\ Eig4: N E!ﬁﬁ*ﬁﬁj\jﬁ\ y%%jz‘j"%%g/l\ﬂ

tary Computational Experiments and Parallel Systems, National 0 - N Py 2 2 7R e
University of Defense Technology, Changsha 410073, China %3' ﬁE’ E&QE']'\'L‘IEE/TT?&] H/:J IRy ﬁ N Z:EEKE



1392 H )

¥ i 4%

P SN ANEE, B, EHINFHRERNA
HEIATHMWEREE: 55—, ERNM. bz
I 55 ZE RS B I 4% 1) £ AN 1T e G | T AR A
S A R — A L R S Y S B RS
(Cyber-physical-social systems, CPSS)P~6l. [
TG Y BLE B A& 4 (Cyber-physical systems,
CPS), CPSS #f A\ e HDHAIHL R BN A RS
2 BRI = T RS ER B e, BUN AR
I 8 e AL 7K P — L.

02 7R RG0S PR P o | R S = R R
80 2004 AR CPATRR TR S ERREN
PR T — Sk N A 2 2R G M DA AR S
I0 AN 2 55 R e T A R B EN T RS
(Artificial systems, A). 715525 (Computational
experiments, C). {747 (Parallel execution, P)
1) ACP ~PATE e AR & Bl BRIkl
AR BE . SCIRDRBN A TR BE . M SE BB U
SRR, NAE . ZHEE AR (Uncertainty,
diversity, complexity, UDC) 24t R . Ak
S (Agility, focus, convergence, AFC) fifE 2,
AR S CPSS RGunydse, 8. 1Pl 58
PAAERR. TR, BT ACP AT R Re ik
RWE SE G PG PASE S, 1B & SR TP AT e )
AT SEAT BRI | SEAT R SR ATe
> W BRI 5 Ay i, FEAS AT e 1o
P AN -4/ N V=S (237 i I K+ NG N
RO g N 2 g 2820 S A AR ] T A,
HHUS T BEMHER.

R, AR AT B AR X — A T AL 4
) B A PR 770 2 5 AR €I, DA AR i
Ap LS. SRR ASE IR N W @, R S
R UL BRI A SCEE MR, e TE
PAT R RIS . HEZE . P2 Bhmt 5 B2 04 Bl
JEHEBENA T AT R BEFE TAT 2 E U R R 5 5L
B TEMCERAE b, REPAT B RE A 2R 40 S ik R 5 K
WO EER G, 38t -TAT A M A S AR &R, IR BT
ACP R0 PAT ERR M R HESE . DhRE St e
XA TAESAT B4, REA AT

| PITEE B BEER. HEEE

AT R RE R AE A M L 05 Y R A PRI S
A BRI A AR R AL & 1F
SR CATERREET . HH RS TR R
PERy CPSS R 4E, i Bl SRSl i FiR B BE . S8
9K Y TN BB R SE LB OB S R BE, A
T RN SR R . SRR A Sy fige i
jj—%[30—31]'

ACP Jy i 9230 TAT B R A R A2

SRR E XN T RS (A), MARGEH A
TERMWEANTXR. ATRE. ALXR, PR
WAGWALE . wtk. ) HELEET), MRS
GEUREL R AT O AT RE; PASE PR R GLia AT
MR N T ARG A, LA S 35 1 T Sk
s (C), A /NEE” Azl KRB, i)
VSRS s AT SR VAT VA, BRI E SR
(B L B AT AT 07 58 AT AT (P) MRFT RS e
R TTE “BA” NTRGEH, Haad wilgs AL
BRI 2 005 35 [k b N L, 1k R 2R
&, BONER R R A B /NIRRT
55 br RGN M LA B S RR S SR B R S S
FATHE. ACP Jrikik Rk 1 Bk
AT

Parallel execution

ANLARS
Attificial systems

Fhr AL
Physical systems

gxperiments

EERY WRE  LESITE RBS

HH 5]
ke O TR fiE ElES ElEsEati

Bl 1 BT ACP [ FATH BEAA A &
Fig.1 Framework of the ACP-based parallel intelligence

approach

1.1 CPSS WEFEM: FHERM=ITER

CPSS 1 b5 258 Pl 8 ) 2] 3538 /- 78 H
1972 4R I BAY CFLARY — B i =i
BRI, B R = AL S 1 Y
PR S, 2R 2 TSRO BRI BRI 3 i N L
HESAL XFRE, R BE B ST R BRI A
AL R LTFAE I KR, ROl A Tkt 2 2 42T
HOITF A T NP B AR AORORS O EL B fR
E NN R e Va7 LS U S € N R A
BRI GEPA S N TR GE . AL A, T N2 B2
ARHIFRRAEE, B N FURE o AN BB BT
KR E L, HAZ DAL 55 s IR BT A B A 9%
P i, FATDATAIRE], AR T ) 4 B A
TN 425 [l gy i CPSS i R G n s BB &
4¢ (CPS) KB AR A 2 i LAl B

CPSS X51F CPS pyA%.LZZ ] Al “H iy
B8 kR, A8 CPSS o, i “N7 54,
2. REWEREM S, I HARAT A HA SIS, 5%
IR EHALUE. R R . RS
SRR, RERIMMEA UDC FHE. W52, A
FAT NI T R AL RGN, 2
Tt A g LA ) B AR G ) KB R B R KRS, 14
At S IR I R pk & R gL I, B By %



8 4 FEWREE: SPATAERRM: T ACP (% R A=A I 04 25 47 1l

1393

G R OMYEE S, BIMSES, M E S
A%y BTN R GUAT R BT IR B AT 2 e
R AR, P HA L R N RIS b
7o SGAEBUAT S 2 18] B 22 5 A AR, AR A
CRBIET ARG, WA 2 R, BEE R IR
R, H AR BLSERYZERE U838 BRSO PARS L,
PRI, BERFATAA Al AR R ST NI A 0
7 IR, B n)aE i RERS SO R S AT O R
ER BATHRE, SCHMNEGER RS R
ERITAR G YRR

Bim ST
A
BT R )
__________ i A
s ATER\ |
25 ¥ A /. i
TN EL AR N PRI }
R4 H i
: i
WyE R Y gorsion || i R4 R

K2 ARG
Fig.2 Modeling gap from Newton’s world to Merton's

world

12 PITHEMRE B N EGEIBRR

FANFRAES P BUE A RGN i
Gl AR 2 R AL G A A Y
F RT3 T T 1) Oy SORS I ML A R GEAT BBk
A A A TR e 507k, 8RRV
T ARG, B 4 M El RGNS S 1
W20, BE B ARG T — 22 PR R R A7
HERRAS, MRS B TN 2R GER0AT . 2B R G A
% Lo de SR R GEAT i R BUEAY, Rt A

Physical space

Social space

BT R 73, S EE ) H AR

XY, RGAT R “FERBUER” nET]
FRRGIAIN BRPRG”. “BRBUEH 2160
A oA BRI 24 A R RERE 5 | R GEAT I CH
R F"LO. HAGRGEAFN R, %5
SEH Y BRRES S W A 0F, e ERGT — 2Rk
AR IC YR SR AR M HERR L RAT, R GEr AT o o afe
PAGORS BRI, R R “ AT AR RETE
filid. BUUR G H A% DAL ARG H bR 253001 fE
A WO I 3R 3 R GEAT ) “BRBUE R, AR
b BT S8 H bR X — S N T ARSE, M
[NEREEALIEE S8 2R =i N - Y X i - S
13 L PR R G5 N LR G F-AT H8h, A fl 5L br
RGBT IE I HARZ .

XFAWRLG, oy 5 “HAREED 22—
5 HERGA G, w Al “fr e
20 AT 328 B HAZ il ) F Y, O B B ARt AT
AR ARG, BBARLER A 5
CHAREA RS HA S, S H ARt
At MU, DA B Q] el SE 7€ H ARt R 40
I AT N REAT 51 . TOALL U6 SEE
PPAGSE.

CPSS 2 — % S B 1) 2R 0 3 46200, i i)
CPSS fy-F-17 8 Rk R 2 3 frs. mT &
GAGA S EGIAR . BE A A EE
MIARBIE N, RGE AT R B HERPERIA 2k
AR RS 5 N A Z AT R A E 1,
FEAB LTGRO TR T E R, R
Rl Ezgmy. FE N LAt e TS, AT T —
R ACP AT RE T 58 MR ok IR A 2% R 4 1) 7
RO TARCT B AESEEE R KED, i [

Cyber space

_fffﬁ\\;l#;ﬂ“fﬂﬂ -

Y PRAl#E FIH
R TR PRAR AR 2 2 TR

Bl 3 I CPSS (P48 ek R A4
Fig.3 CPSS-oriented parallel intelligent architecture



1394 EI- A I 44 %
TPATACE 4
PtMS
iTOP: SERR &R 5% iTOP: A T&R%:
B SEH 5 VAL 225
aDAPTS® DynaCAS® OTSt®
ACWPITR B 4 £ A AT T A .

e FSEY P e
SRS i || ATRERE ) || 2SR
RoadScope® GreenPass© ranswor Fa

B4 SFATASZIE ARG PMS 4
Fig.4 Composition of PtMS

12 B BB T AN S 2 R G fild . AR, Wi 55K
bR RGCPATEALI N LRSS AT RS R “Hhaxsk
Ry, WA VA IR, RSN RS
MR SR IR (A ok A Rl . faiipdl. W fl;
KNTLARG G br R G VIMIE . BESEH3), s
IS [ LAY AT R B S BB IR Bl A il
AERE. SLIRIKEh A TIINE BB HESE B Eh RSt 5
SRRE; NAE . SRR IR L MR R
. B fRTT 5.

2 FATRIE: T ACP WERERIR
=

ACP A7 BB 7 & e AN ] T BE Al 4
b I o7 S 4 8 R R i AN 7 B v N 7 b e
2 GUEABAR] T Z MR RG T R s S
2301y VAR N N o - ¥ O ke T
F7 L BEUA R BAR B R — N A AR AR,
B CPSS SR R G MM E fF. ATEHILN
ZPAT GBI A TAREG, fEICELRE L, R5-PAT 8
REJT IR G IA TR BB FE A, H LR P47 42 M)
A R .

A R G2 — AL CPSSIL: Ry —ATF
M IRARG, RBAGUE T NGS5k
YA e, BB SHAd BRI LS8,
VP2 BRI R BN K, AR ILARIT IR R G2 A
EVE. BhASIAEE R EAE S RSN, — K
PASK, %2 28 e ) A B ] S B e K TR —
T2 A G ST T ) R AT AR AR v Y BE A, K2 3 e X DA
RABEE RIS T L2 B
AR A BB AT HE R ek, g R AR IR
P, JoA i A2 8 DA I, E AMARAS L Aok <23

s

1]

#T ACP JriAm AT <0l A G N T4
%4 (Artificial transportation systems, ATS) 7
Bl T AE Y A SEE ET s BTSSR C X4
P FER SCTAT AR BEAT IR, MR L PR AL
S LR 275 B, TR IR R G 1 B R 2 5 M
FE O W PATIAT PSSR A A AR
A, PASEEL “HESE” HBh-PAT A BLS S, ik
LIPS FR AL TAROTE.

eV AT A8l MG R R B Al B, R BE B )
fe e A BN AE 2010 4F H TR T P47 208 R 4
PtMSI, RGH AN 4 FR. PEMS i S2bR gl
RGN LA R g3 41, A A T R kAT
AT B 5458 1 aDAPTS, #E7 3850 /- i
DynaCAS, #1%f24 2] 555 OTSt; REH A
S IE IR R 5 7 i B 48 RoadScope, M 4446520
{5545 2% GreenPass, N\ T30l #4; TransWorld,
mITHA G, ZWE S KA. TR
WIF RGBT RSP 2R BT
B GREYERR IR RGN AR S, TTRE T
AR A B 5T IR B, I LI R G TNE
22 PR AR T 81 A AT 3] T R SR, U
T REFRBITRCR.

ULAEK, FEFITHIL. Bl (s . B RefmEE %
AR VAR S B e R IZ ARG, KBl =
TS PRI, FE 92 DA R N TR BE 2 SR ot —
WWAR A S s . IR HERE . A B A A
i S ARG . X TN TR0,
B0 I DA B S e A5 R LR Z TR AR, A —
EITRLEARAE L RS S 2 AR E AL
VRIERLET Y “Z A —1K” G imis g B R %



8 4 TR PATERRM: BT ACP %R 2240 I A B S 4l 1395

IETEIRIG I3 — 5T, L M2 DA KR TR REROR Y
KRt — A it T A A5 B i 5 R 3 A i (1 TR
e, NIAT AR AN S8 s, A
LW SR o G A E S AR G P A 2
R X RIESR, BB RGN ZR A - FEX 5
PEATHL GE B, 75 RN - XA —
P 85 e BT AP E SR B R ] R0k
RER—RI IR 2 N 2%, 2 B 05 THh
e O] A A B N = T R B SN PR i G
ARG, NARKEEESCE RGN GRS %
(e )N SO pErr e

3 EATEREM: #2. 1EZR, TheE SR

AT B B A R R R AT ACP P AT
BRE T ETI IR R G, 75 ) BN W) 24 25 18] 4
PRIOREN T, 456 ToLkidfs . 2R e R En. &
MLEDE =, EILBLSE . Hlees>] . 4 M4 5 b dE
AR, 5B X34 (Software-defined ob-
jects, SDO). & LW K F& (Software-defined
relationships, SDR). % & X i e (Software-
defined processes, SDP) &5 & ¥y PH4s [a] i 4 —
A (V2P), %% (V2V) | % — Brfiistht (V21) 254
G K OBl A s S 2 6. B, P T AN L
I, MEMMHANTRSE. THELE S AT T e
AR B LA E. hEEAL . PR RSP AT 4
B, SEIIAZHE ARG R A T . 425 B iSRS
R BE R ) —IRAL I 2% AT R EA
I AH K TAEAT T 4, FEM 2 B3 s P AT

WeW A S EAHEDE, R RS Sk

3.1 EBRMERGSSEN

0 00 2 0 X 9 A A 3 T 1 LR S, L
AU AP I B 1, a2 — i SR Y 5 R N 2% R
il HR R S BN Y2 SRR 2 AL, HEISC
WP R Z R BRI o B B2 2% 3
JEGEAE: G g [ I 9 ST SRS B A 2 DA S R it 1
MRS AR R R S B RRIE 55 M5 ws
SRAIEATHE S0 . TGS A, Ry G a8 . AR 55 4
B 6. BEME, -2 hH PERIEGEES
R SCRE, WE 5 k.

T KR 55 2 — Ty T 5 51 RFID (Ra-
dio frequency identification). GPS (Global posi-
tioning system). Z#HEIA . Bk FHBR IR
AR IR R IR . . IR A S RAER, 7

— 7 TR I A% ST AL R T 2 B LR R K
gz A DA RSl A 5 e IR 1 S5 e 55, R R e RS
DO SR . B RESE A L G RIS S AR M IR 55
ARBER. A5 2 A 0 281 5 R (5 B, SE 3
DRI [ FRAR s 9] 285 670 280K DL AT A BT 1,
FESARRE A RS RS, w s E
s 5N (V2D 5% (V2V)., 5%
A (V21). 58 shkkl . 458+ 0y
& =EZ e, ama M, ia
2R R N e L N PR T SR G g 46
NGH . DR HaT B AR ST SRR,
M A 1 ] ALK B RS SRUEAT AT TSR, 52
B E S ATS5 . IRSF RS HEIA I, USSR
/DS | PR AT sk @ AT H Y.
R, IR R — N A “ANAERR T 1Y
CPSS &4 Hrbd—Mr N B0, BB, &
L GEHR AT A GO AR T T, A
HIRIN L W S TR, LB RA AR, S
W0 B 55 4R B SCRE. VRN — INMRRIRI S IR 2%, %2
BRI RGETCE M ZREE . WA 27 2 250 &
S HMATHRIAREN . 2. 2R, SECL
PAE Bl =AU O XE AER . Rl Y RE 25 4t
TR “ANF I LR SR AR
[A] PN B — AR R LR, XA R 255 S8 B A AT
P RARNE . AHREE . SIS TSR AR R DA IA
>J PO DARRARSS W) 5 G IRy, A2 L B R
FHB MBI E I AR R Z 1SS (Social
signal) 152 28328 14 B R TRk

3.2 PATEBMIELR. ThRESRiE

HT ACP WP IR G| 688 H5 EEH BT 5207
R, ARSCHIASL IR Z 53 AT 9 T IR0 2R K P A T 1
Br, SRE % IEME R DR 5B I Z It Er, DA
APPPA ATSEEE L ) AR O SO A R IR R A
[l J2= UK S5 AN D) REAF R UEAT AT, Wi FE a0k
GEa ] S A BRI OB L STk B A CPSS
HIRRG G, FEHAEHIIE. LRI AT B
ARZFpREFBARGE G, R T E R ARG RM
HAEM A shSEA IR EE S, 5 TR
A R GRS G R A R AE AL AT IE AR S A2 e
NEZRF G E PSRRI T — AR A B
AFE.

L=/ NN 73 LI 7 R o e K W N
riETH S EEE RS (CPSS) BT 5K
HEZLUNIE 6 I,



1396 & ok % R 44%
ZEE
SRS A ;i b
8 <> wmity |z weitw wmts o
[y 12
fﬁ LA E i E L ;éj; ® o
[ uA
i YRS P & e
8 > ER | HEE A EEBE f;”
EE B 1 )
Syl
WLl B i
AR T B
A
. :x—xJ
i | %
” | / | 5
il 55 ! p ! : )\
I > . oo T e e ) ﬂ : T ¢ ]’“ {E
RS IR a TR - - ‘ G
BRI aﬂr~”“ 79\; @ Z//ﬂﬂ<3: G- - ; ﬁ
------ LR Asds S A
— % / o 7\\ 1
birli s - A 2G/3G/4G/SG ‘ @ D\ e SR g\' ¥ | =
Brary 1)) RSE i eE HERAN - B b s b A A e A I | L v i =] AL/
A1 AR % LBS b e
HTATS 1% TBS VaN | A
FE LMAR S IBS
H T4 DBS e mmmsmm e e A
HFHIRIIAR 5 KBS il ~—aa
""" 4 L/ AT AR AN SEER B L ™ &
. WIS 1 N et TN T ST 51
1 3 &
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i
7777777777 %
A i LT T Voo O mmn V| B
REWITEN | | ) e AT PR || S | R e | R SR

K5 ZREMEEAA R R

Fig.5 General infrastru

TAPR + TATHLE + AT

—  AL7TEM TATIT SERRZEIL
Artificial IoVs Parallel Physical ToVs

execution

RIS AR S SRR RS
HAHE | oA fie Gl
TATHAR + THHTs
6 “PAT IR R A HE L

Fig.6 Framework of PIoV

AT A PAT R 28 2 ACP J7 iR AE %
R o) BT ) ), ] s 2 LR 2 3R IO A [ 2 Y 4
PR B A S W AE S T2 i, MR G0l E
RGBT 5. B, AT
FECFR ACP i “=20 ™ 4l

cture of IoV systems

321 HB—: AILFEKM, “£KE” REIEREN
E5iEs

PN = N D5 D N S = I O
wH I, BN E R (Knowledge represen-
tation) 5ZH1iH T (Knowledge engineering) 45
T B R AR A A Y & KT R KM,
AL AT E AL R g R A AR E R &
(Software-defined objects, SDO). # {4 7& 1 i
2 (Software-defined processes, SDP) . #{f7E LI
¥4 (Software-defined scenes, SDS), i i3 %
SRR G . BF e R
W7, G IR T BT A 3 s AT SN,
AR REACIE TSI AT, ST IR M A Ak ) A
PRI RS, — N N LR R G 2D
K7 il

RA A E I 2 B R IR DT R, &
g BOA NER GRS AT AT%E, AT

E. NTEBIT, N THE . N THEN; 2R



8 4 TR PATERRM: BT ACP %R 2240 I A B S 4l

1397

REA BA T BRI RS SRR ). R IR KM
(] PR 28 0 ) 2 7 o — 2R IR BE AR, % TE I 8] 50t
MWL FHLRL FBERAUG WA GTEI, e
SCE BB Z AL 2 TR . LRI -5 p ) A7 A KL
VU, ey 3 A () LS K e S R TR A
THBM 725, A 7 Fs.

R

‘ A#T;E:Q‘E
COATA ) (TER% [ AT%E
R &%%yi‘ﬁ%%
ATt AT <:# AIRT
TR Y ARG
ATHH¥TE ATHEHA
TR T TEG
TR

K7 NLHEBRM RGN
Fig.7 Composition of artificial IoV (AIoV) subsystem

A — & TS W@ N T4
. NTAD . N TRl R G5 )
LR AT AT 5. KBRS AR 2003 41
BRI Hh AR RE Xl ARG R ARG [ S R BER,
T o) E AR W VR A 2 B b DASR s AT Bl 22 4, 5
SLAEBYAT N, HGTE 2004 4E10T F2 T AT AL
1 £ 40 (Artificial transportation systems, ATS )
fih 3 A AR5 HE 2R 1 A8 DA R B B2 28 A0 AR e A B
Sl ACP Jrkll. g2 R 50 &
SRR NFEERGE, R Petri MY T5 354
ATS HR)AL B SRR T B, AR R 5238 A
GRS HAT R, R EACE R G0 B i R LR
TR SRIG SC Ry BB T — AT X T
Sty ATSUS, 5B JXTA (kR A%, FIH P2P i#
LI FEE ATS, el 7 S B RE 1% 7 A1
AT, ST RE S I S IR A A A S A3
T ER. Li 250 ATS A4 KR T TR R,
FIAZ B REAR BRI, Bt T — T AL LA
B ATSHL Qu 25000 42t 3 g 5 2 1)
&, I TSRS CPSS ##it, i iH a5 54
FIEAT N BN, MOl BT, Meah Rkl TR SRE
PR 2R A2 1L, AR5 Sy B s TR R T B2 A R AU
REAZIE ZS 8], TET A5 Bl 2 0025 ) o (R SR A1 5L e
SV, S I0E T S TR A AR G A RN
Miao %P1 it 1 —Fhiai 7] Agent FYBIHAL 53
KT E-G, AT AN LA0H RGBT 5.
RN TN OB ek i/ @, FI] Delta3D

RS |91 DeltadD 192075 (5 2L 3D 0
FLERBEDA SR RS A s 5 (AR 7 A%5).
Sewall S5 30 i T BB A Btk T LA
WL, O A E DL T L
SIS . Vs TS, S
ATULE R T AL, e T A A P
AERERIBFIEIETF, ELAL N T R LR
533

H TS BRI R, AT 2RI 0 24
2L SR B 5 1), &
BOCHT A T 5B K B (912 B S Bt
1 5 SRR (07 R TS L
3] B VRIS S TR IR
S 2 e ST ) T RIS 2 8,
4 2 U3 ik ) SR e 70 A0,
ST FL S 66925 0 Gt A T 0GR
HIREG L2 I P BB e K
W SRS R SR BT K AT
IR, BT S SRR
A RIBIAAHE, DI Agent 5724
Agent (261, KBNS BRI i
24 Agent BB Agent 14CTL, SSHAOHIFBUE
R A A TSR E%
SHIL R TR T LA ZMAL, ]
DV 7 RS2 40 R 5 R K R 50 2
BT I, I S PR
322 BTH WHSH, BEERMRER S

RBHRE S

IR 5 A Y A T
T A, WK R R AL
Sl SN 3O, SRR, WAt
ST B L AT ORI )y AT 2
>, FFASEE ST EI G I
AT S5 VPR, T A DS 5 3 5
THE T EEE R T AR S R
YR [ 9 IR T TSI bRt
2N

SRR R BRI, L
5] GV HOR, XHET T R i 2
SR 5 UL, 0 A5
Ry BOR FRGRIIO N, % %, % B
SR TEIIE B T AU N T L et 7
FOl, S BRI PR RO B, et
SERIZ E, ATIHSRENSR 5 AR SRt
TIP3 V15 AW TR 5, 25
S RO U LA B, 0 B0 T I



1398 & ok % R 44%
AN~%= Agents #.70
7 Sy b
AT AR — rym /4@
\L he / B4
e ic) ik 47,
(T V R
i TR 8
. T N
\ ‘ =y - oy
5 Pz LR *
Agents AT Agents
K8 BT ZEAEMEBRN -4 - MIELRE R
Fig.8 Illustration of the human-vehicle-road interaction in AIoV based on multi-agent modeling
A LR KA R |
T ST | l
V5 7R 1 | 1
W Uk rEL | |
# = : i R o WRTERE
AT T~ o ‘ 3 1
> ol BN L OWDREEE | e
1T psre & b BR - ofbuEE
...... 15 \ L | : ]
...... AL EPN o EnLiEE
L0 | | |
------ | e
............... i : :
| [ i
K9 GIHESRE" RiitnE

Fig.9 Experiment design in computational experiment laboratory

W, 51z, LI 10 frs. i
PR —FP B T2 2% 38 Y. R G R 3 S W 45 73 il
TriER T PAT . AR E R M T RS T, R
27> Ef W LA TN AT e 2 B A i X, ml A
Py R O S ik W B2 Wl [N BURVE (R =D SN s
Httgls, #TA R
TFERE 10 Framit Bk & rh, F2G AP
PER: 22 5%, L5905, Baic A2 1L
TER SR REZ R 2= > . IR, Mk VP4 45E T
YEJRTIT, W E e R T K N T35 5 1 U
AEAEE T R FEZE S R R A A
I HINNE A 5 RE T, R PAT G M ) 1 58
SCI TARRME TR 2 HE SR k. 78 2003 48,
FRERZEDPS BIR 1 %7 ik %35 (Digital-vehicle
proving ground, DVPG)” pyif:&, 8 DVPG g
% DA 30 A2 B3 0k sh 2 52 0 0 A AR AR 5%, IF
2 /0 R R 2 A Y IR 55 TT(’E(B'J&U/J\&%%{WJ
R, X To NS B A AT I 2 51T TR
J1EEF 2016 4F 6 H A F T IEEE Transactjons on
Intelligent Vehicles 132054 5@ i 4 i T 3%

S (Scenario-based tests) 15 5T Iy RE Y I
i, (Functionality-based tests) Jyik, $#2H T —Ff i
SE— PR Re I HT HE S, BE S 7E L AL R R R
B e %‘ﬁiﬁx, T I A HPIR A IR F8 ok
Z0) ] F G AR Ak, 854 MR A2 3 47 55 v 2 ) 3R B
Zhp ey, H R HRIRRE R A0/ M, —H
TR FE L S5 RARRAE” , BT T 0 2R 4R 1) A 3 17 40
B RIRAS, AT FRRE B B 2 B 3R 5 BE AR
XI. Alphabet # A #0025 TA H Waymo 1)

Carcraft 5 Carcastle i |, i@ty 2 Bk 5
R ZS 18] R B RE 4R AP (L 2 B2 S IR, A5 44

AR R TESNE Y ELSE TS A AT B R,
R FE SN Y B B e s POl R B
dﬂ%ﬁﬁfﬁﬁ 20T R AR B R4 I
187 RN G H M I A 1 T 38, — T T 3R Ah 1
FUBARAERI AL, 55— 7 T A A0 B U 3k
S pt ORI, TR B AR R e ) S, 5
Waymo )75 ¥4 5 i1 7] T 2 A1 AR @S T R Y

AT LRI & (http://openpv.cn), PALEHET
FFOERIBFZERY. ok g K N EM B KY: . Petuum



8 4 TR PATERRM: BT ACP %R 2240 I A B S 4l

SIERK T
A LA T

[

Btz 5 BRI

S BT

y
— VLS ]

AT

— —
AN TR % 1 (&N &
AEAE)

1399
RIS H | |
S
A
o
I pr—
A | suirtbn |

A

itebtst [ st [ | ) | L I
AR H e s | T |
T m/uxy‘i‘ 5

v_ | 515 RIS A 5
B

mestith | Rgars [ g || i uBSH

- I ] X G
iR | B |

B 10 BRI RGBS W45 2 BL 7 T S Se

Fig.10 Framework of dynamic network assignment based on complex adaptive systems

AT Yang S5 WIGEH T — R “BLS Ik 2 6 U
S — R JC RV ), P A A BRI 6 0k
LSl ) 2 P AR A e B R AUk P A VR
71, AT A g o i DASR v 2 45 < T
155 B PERE.

RS R R AR E R — Y. FE
SRS R AR R r, FRATTHE RASRAT 2R I IR v 48 3 52
WA AT . AR R S, (HNT 40K
W REASBTIEEATEIR I R G, A “% 2] SR Bk
N, BRSO, SRR NS
AT E R T SR G AT S kM Tk AT Y
SR I VTR T BUS DARI AT (R, i 58
e, FATHURETE ) A, A SS g B
TEBBEUIRE . R AT 55, AR XA
TP IAT £ 0 Z5; [FIAE Sl 5 PP 4R
{55 W 15 /AN 3 5 L g e £ e S T i S
SR DU R IR B RE ARG SRR

3.2.3 B=H: HTIMT, FERMHERESISEES
2

PATERRMEA G5 TE R M ZEBr L 22 DA
LAL ST, i 11 s, i -5 9 s
[FI] TR DO A 7 P R AN 4R B I, A B T SRS B
(9B, BTt T 1) SR A R G T E AL L T
BRI RG] A RS 4 S, AL
PRI TG | SR R RS, B, T
LB Y A RN PR X SR s A DLy “fr
MR BA T RGGEAT IR —Fp ] fELERI. —Iy

THT, 5K PR AR [ AT R IR R L SRR R,
PEEEST L PR A N TR AR RIS S 3T
SRS B M) i A LS B AT AR 5, AR R
B CONTHEE, RS YNIEE” 5T SRR
) “REEEREE Pl T KRR, it
AR GR35 ] SR FOATIRE ST S — 7T, i
Ao BB S AT AT 9 7 2, N AR 0 g 5
S S5 RAF PSS S PR AR, AT S HLAEZR
WM. 551, WMEMER, thiR k.

ATy CPSS 5[] A IHGE Al B ) 2%
5N P 25 G A A, 2 A R A )
N — ) DA B B AR I ] A S 0162
NFEW R el NN - 5T By, St
[R) R U5 3 L e P P SR A A 2 — PR L
AR H N EAR S R MR LAY 32 L, SEHL AR
W ) 2R 58 0 28 2 [ 4 B 5 S 8t sl A
PR A 16 AR 55 AL, PR EEAE TR OR 5 R R A
TIPS S B, [RTI, N T ARA0E B P A2
23 (A ] DA 2 Wy B s 1) B PR . RERAY R A
R FRSA 28, 5 HA A Tt H, DA
AL T3 T U PR SR R R 4R MR B A R
SRS T FOAA AT 55

FEFATARIR I, R AU A AT A ~FAT
)L AT BB AT ALK AT IR T YA PR
N LT 55 S B AR TR ) 14 S PR B S L . SRS S
Wt BB Ak, S 718 RE R IR A AR USRS R
R ) 45 % B UK P BE R B, S BN A ] 2 9K
oK [ R 55 PR T8 ) R A IR 4 T 05 A2 T R Y



1400 H 3l

¥ 4%

DUACE RS TR, AT B b 30 2 AN DB i v 1) 2 T
W AR GE 1 -5 B OK, VIRER AN F B SR
AR BE I R G AR B RSl B — B fiE
Rl B Dy 8 AEZRICS 64,

AR BLAY AlphaGo WIHHLAFAT22 ] L
ATl 5P AT R B R ). AlphaGo PANZHE
F R LAURE VNG A, il A

AL ORI R E SRR MU R ALy TR AR
Bn”s FRl A F R AL R 3 (BTESER) 2T T
fili, 15 V& T ROUE S AT A SR Y RORSE /A
W7, I 5 N SEHET B AN WX 2 52 BEPAT HEAE.
N L4055 52 b g xX — i 72 (gl 12 B
), I SR E . SFATIT, NS BRAL L.
SR AR X ) S At BIL ] DA B 36 522 s 2 36 19 ) e 4

M ST SR AT AR, BBV AL, SR SRR A T .

FATERE | SRS RS A RS vervm%,au&%| |$BEEEUJE%| |ﬁﬁ%%%&ﬂ&%|

hsrs | e——d ] i ——r
| o 2
xR a 2>

bt ]] E A s

Socilalu ! ", \“\ /[ & &

space i o< g EERE A
; L 3

_____________ é2 A Eexx

]t ? ‘@'

Cyber i

space i ,”7\0/‘\

Yy e A )

i -~
Physical | [N e
: B s it

space ! 74> | o @

SEBR 4RI R R AL 20 )2 L

11
Fig.11  Architecture of PloV

B R + IV IRI IBS

HTZHBER N AT 73 SRR

TATEIRI A

TATAT

12

v
Lol
R 1 o}
SR :'*f)z & .
B R e

AT RS D . AT IT

Fig.12 Virtual interaction and parallel execution between parallel vehicles



8 4 TR PATERRM: BT ACP %R 2240 I A B S 4l 1401

4 BHESRE

A CPSS (1) BEXTZE B W3- T R G 0 #T,
FPAT R BEENE 5 ACP ki) N T 425 ) 40
i, PR T AT B AT A SR, IR AL 2
FEBAT TWRARST. PAT ZE RN 25 5 B 42 408
MLegg=3] . N TR e, BRBLsL. Al E b %5
R, GEFZEES O, T E. ERNZIcaE, PA
AR, ATSEEL. W] R O O A N R G
AN )2 R IR S5 K FN T BE e PR HEAT AT, A oK Sk A2 3
(AR BB HEL S 4 AL 1 R B A Y.

SR, ZEHE I 2 —Fhih S 3] 2 07 MEAT M
WRG, | R ARBEMSER A, EH R
B TE T BPUTARK KRR, FET IR M
HPHTFERKEFURE, HiE—ETeu R
M B PR  RIAT, AT B AR AL 2 ]
Z % (Social acceptance) 3k 7 i P H& Al 43 v i ¥
Ui A5 A5 BRI AT 325 ) 75 LA UL 1) e L
Pk HLE E ) A —.

BT EL, SPAT L. PATEE) 5PAT I Y
CL& 51 T E PrFEAT R & B, BEE XA
B R, AT EBRMAE A — DR IIET- &,
B R AR BE Al R R — Ay . &5
BAWIR BTN B AR S H i £ & 155 755K,
SPAT IR R 2 TR ) R B 5T A 1) S T g
OIVAERE B =

References

1 Lu Hua-Pu, Sun Zhi-Yuan, Qu Wen-Cong. Big data and
its applications in urban intelligent transportation system.
Journal of Transportation Systems Engineering and Infor-
mation Technology, 2015, 15(5): 45—52
(A, VIR, IR Rl B HAE T 4 e AT AR G i
Mgk, ZWBHARGE LRSS, 2015, 15(5): 45-52)

2 Li Jing-Lin, Yuan Quan, Yang Fang-Chun. Crowd sensing
and service in internet of vehicles. ZTE Technology Journal,
2015, 21(6): 6—9
(B, 2R, BBCE. FHMBEE B S 55 BB R,
2015, 21(6): 6—9)

3 Han S S, Wang F Y, Wang Y C, Cao D P, Li L. Parallel ve-
hicles based on the ACP theory: safe trips via self-driving.
In: Proceedings of the 2017 IEEE Intelligent Vehicles Sym-
posium (IV). Los Angeles, CA, USA: IEEE, 2017. 20—25

4 Wang Fei-Yue. A framework for social signal processing and
analysis: from social sensing networks to computational
dialectical analytics. Scientia Sinica: Informations, 2013,
43(12): 1598—1611
(FE IR A2 E SIS T EAELE: Mok 2GR 45 1 157
HHIEAT O vE. rPEPBlE: 5 EFRl2E, 2013, 43(12): 1598—1611)

5 Wang F Y. The emergence of intelligent enterprises: from
CPS to CPSS. IEEE Intelligent Systems, 2010, 25(4):
85—88

6 Zeng J, Yang L T, Lin M, Ning H S, Ma J H. A survey:
cyber-physical-social systems and their system-level design
methodology. Future Generation Computer Systems, doi:
10.1016/j.future.2016.06.034

7 Wang Fei-Yue. Parallel system methods for management
and control of complex systems. Control and Decision, 2004,
19(5): 485—489
(ERER. SFAT RGBS E BRGNS, 565 00,
2004, 19(5): 485—489)

8 Wang Kun-Feng, Gou Chao, Wang Fei-Yue. Parallel vision:
an ACP-based approach to intelligent vision computing.
Acta Automatica Sinica, 2016, 42(10): 1490—1500
(Enhlg, #lE, ERER SFAT0E: ET ACP RIS THE T
vE. BalbaER, 2016, 42(10): 1490—1500)

9 Meng Xiang-Bing, Wang Rong, Zhang Mei, Wang Fei-
Yue. Parallel perception: an ACP-based approach to vi-
sual SLAM. Journal of Command and Control, 2017, 3(4):
350—358
(Fokbrk, T2, Holti, T KB FAA: ACP HiEAEME SLAM
BRI . $RIE SRR, 2017, 3(4): 350—358)

10 Liu Xin, Wang Xiao, Zhang Wei-Shan, Wang Jian-Ji, Wang
Fei-Yue. Parallel data: from big data to data intelligence.
Pattern Recognition and Artificial Intelligence, 2017, 30(8):
673—681
CRlr, Ewe, I, R, T RER. AT AR B 5o
g BRI S A T8 6, 2017, 30(8): 673—681)

11 Wang Fei-Yue. H. S. Tsien’s concept for intelligence and
parallel intelligence: from LASER to inspiritment. Acta Au-
tomatica Sinica, 2015, 41(6): 1053—1061
(ERER. MBOCEIRGE: SRERNHRME 5P HiRER. 83
L2247, 2015, 41(6): 1053—1061)

12 Wang Fei-Yue. Intelligence 5.0: parallel intelligence in par-
allel age. Journal of Information, 2015, 34(6): 563—574
(FERER. 154 5.0: AT A FAT IS A &L 2R3, 2015,
34(6): 563—574)

13 Li Li, Lin Yi-Lun, Cao Dong-Pu, Zheng Nan-Ning, Wang
Fei-Yue. Parallel learning: a new framework for machine
learning. Acta Automatica Sinica, 2017, 43(1): 1-8
(B, WES(E, BACEE, H0HE, £ KER. AT — HLEERE S fYy
— SIS HES. BBk, 2017, 43(1): 1-8)

14 Liu Teng, Yu Hui-Long, Tian Bin, Ai Yun-Feng, Chen
Long. Intelligent Command and Control Systems for Intel-
ligent Vehicles: Primary Methods and Systemic Construc-
tion. Journal of Command and Control, 2018, 4(1): 22—31
(i, Tk, iR, Lk, FE. fREEN R S 5
AFEERGEH. S, 2018, 4(1): 22-31.)

15 Wang F Y. Parallel control and management for intelligent
transportation systems: concepts, architectures, and appli-
cations. IEEE Transactions on Intelligent Transportation
Systems, 2010, 11(3): 630—638

16 Lv Yi-Sheng, Ou Yan, Tang Shu-Ming, Zhu Feng-Hua, Zhao
Hong-Xia. Computational experiments of evaluating road
network traffic conditions based on artificial transportation
systems. Journal of Jilin University: Engineering and Tech-
nology Edition, 2009, 39(S2): 87—90
(B, BE, W, R, BLLE. BT AT R 50N H
W 225 B AR DL A Y T B S g. EARR 2 (22 M), 2009,
39(S2): 87—-90)



1402

H )

e

Eihd 44 %

17

18

19

20

21

22

23

24

25

Ning Bing, Wang Fei-Yue, Dong Hai-Rong, Li Run-Mei,
Wen Ding, Li Li. Parallel systems for urban rail transporta-
tion based on ACP approach. Journal of Transportation Sys-
tems Engineering and Information Technology, 2010, 10(6):
22-28

(T, FRER, R, ZREiE, SCT, ZF. BT ACP 5iEnR
HHLER T R G RN, iz 25 LR SFE, 2010,
10(6): 22—28)

Wang Fei-Yue, Dai Ru-Wei, Zhang Si-Ying, Chen Guo-
Liang, Tang Shu-Ming, Yang Dong-Yuan, et al. A com-
plex system approach for studying sustainable and inte-
grated development of metropolitan transportation, logistics
and ecosystems. Complex Systems and Complexity Science,
2004, 1(2): 60—69

(ERER, Hdchy, ki, FRE R, Wi, BARE, & XTI
B SO RRNERRGE I . IRRG SRR
22004, 1(2): 60—69)

Shen D Y, Wang X, Wang J, Guan X Y, Yang P H, Xu L.
Parallel intermodal road-rail transportation system based
on ACP approach. In: Proceedings of the 2017 IEEE In-
ternational Conference on Systems, Man, and Cybernetics
(SMC). Banff, Canada: IEEE, 2017. 444—449

Kang M Z, Wang F Y. From parallel plants to smart
plants: intelligent control and management for plant growth.
IEEE/CAA Journal of Automatica Sinica, 2017, 4(2):
161—-166

Deng Jian-Ling, Wang Fei-Yue, Chen Yao-Bin, Zhao Xiang-
Yang. From industries 4.0 to energy 5.0: concept and frame-
work of intelligent energy systems. Acta Automatica Sinica,
2015, 41(12): 2003—2016

(B, FER, BB, Bm P WAk 4.0 FIAEUR 5.0: FhE

REUR R G, PR S ik RAELE. H 3l b4, 2015, 41(12):
2003—2016)
Wang F Y, Wong P K. Intelligent systems and technology

for integrative and predictive medicine: an ACP approach.
ACM Transactions on Intelligent Systems and Technology,
2013, 4(2): Article No. 32

‘Wang Fei-Yue, Zhang Mei, Meng Xiang-Bing, Wang Rong,
Wang Xiao, Zhang Zhi-Cheng, et al. Parallel surgery:
an ACP-based approach for intelligent operations. Pat-
tern Recognition and Artificial Intelligence, 2017, 30(11):
961—-970

(ERER, kM, dmrrok, £28, £, k&R, 5. PIrFR BT
ACP R AEF AR . B0 5 AT R, 2017, 30(11):
961—970)

Wang Fei-Yue, Li Chang-Gui, Guo Yuan-Yuan, Wang Jing,
Wang Xiao, Qiu Tian-Yu, et al. Parallel gout: an ACP-
based system framework for gout diagnosis and treat-
ment. Pattern Recognition and Artificial Intelligence, 2017,
30(12): 1057—1068

(ERER, R0, Boooe, £#, B, BRW, % P 5
T ACP W~PAT MISTT RGELL. BOR S N TR G, 2017,
30(12): 1057—1068)

Bai Tian-Xiang, Wang Shuai, Shen Zhen, Cao Dong-Pu,
Zheng Nan-Ning, Wang Fei-Yue. Parallel robotics and paral-
lel unmanned systems: framework, structure, process, plat-
form and applications. Acta Automatica Sinica, 2017, 43(2):
161—-175

(PR, E0, WRE, WARBE, T, £ RER Frilas N5

26

27

28

29

30

31

32

33

34

35

36

37

38

TNRGE: HEHL. &5, R, FERHVH. Bk, 2017,
43(2): 161—175)

Yuan Yong, Wang Fei-Yue. Parallel Blockchain: concept,
methods and issues. Acta Automatica Sinica, 2017, 43(10):
1703—-1712

(3, K. P X
2017, 43(10): 1703—1712)

& IR S YT B sk,

Yuan Yong, Wang Fei-Yue. Blockchain: the state of the art
and future trends. Acta Automatica Sinica, 2016, 42(4):
481—-494

(5, FR. KPR IR S RE. A3k, 2016,
42(4): 481—494)

Wang F Y. Scanning the issue and beyond: parallel driv-
ing with software vehicular robots for safety and smartness.
IEEE Transactions on Intelligent Transportation Systems,
2014, 15(4): 13811387

Wang F Y, Zheng N N, Cao D P, Martinez C M, Li L, Liu T.
Parallel driving in CPSS: a unified approach for transport
automation and vehicle intelligence. IEEE/CAA Journal of
Automatica Sinica, 2017, 4(4): 577—587

Wang Fei-Yue. Computational theory and method on com-
plex system. China Basic Science, 2004, 6(5): 3—10

(E &K XRTERRGEOUROIT IG5 b E R 2,
2004, 6(5): 3—10)

Wang Fei-Yue. On the modeling, analysis, control and man-
agement of complex systems. Complex Systems and Com-
plexity Science, 2006, 3(2): 26—34

(ERER. RTREIERGMEBL, 7. RS ZRAGSE
JebEFlE, 2006, 3(2): 26—34)

Wang F Y, Zhang J J, Wang X. Parallel intelligence: to-
ward lifelong and eternal developmental Al and learning in
cyber-physical-social spaces. Frontiers of Computer Science,
2018: 1-5

Wang F Y. Toward a paradigm shift in social computing:
the ACP approach. IEEE Intelligent Systems, 2007, 22(5):
65—67

Wang Fei-Yue. From AlphaGo to parallel intelligence: en-
lightenment and prospect. Science and Technology Review,
2016, 34(7): 72—74

(E&ER. M AlphaGo BFA7EAE: R SRE. BHCSH, 2016,
34(7): 72—74)

Wang Fei-Yue. System engineering and management reform:
sublimation from Newton to Merton. Management, 2013,
(10): 12—19

(ERIK. R TR SEBARS: AR BT, SR,
2013, (10): 12—19)

Wang F'Y, Wang X, Li L X, Li L. Steps toward parallel in-
telligence. IEEE/CAA Journal of Automatica Sinica, 2016,
3(4): 345—348

Wang F Y. A big-data perspective on Al: Newton, Merton,
and analytics intelligence. IEEE Intelligent Systems, 2012,
27(5): 2—4

Wang F Y. Scanning the issue and beyond: Merton’s laws
and Mertionian systems for ITS. IEEE Transactions on In-
telligent Transportation Systems, 2015, 16(6): 2962—2969



81

TR PATERRM: BT ACP %R 2240 I A B S 4l

1403

39

40

41

42

43

44

45

46

47

48

49

50

51

Wang Fei-Yue. Software-defined systems and knowledge au-
tomation: a parallel paradigm shift from Newton to Merton.
Acta Automatica Sinica, 2015, 41(1): 1-8

(FECBR. BE L RGES AR A ARSI P47 T 4.
HElkaER, 2015, 41(1): 1-8)

Xiong G, Zhu F H, Liu X W, Dong X S, Huang W L, Chen
S H, et al. Cyber-physical-social system in intelligent trans-
portation. IEEE/CAA Journal of Automatica Sinica, 2015,
2(3): 320—333

Xing Y, Lv C, Chen L, et al. Advances in vision-based lane
detection: algorithms, integration, assessment, and perspec-
tives on ACP-based parallel vision. IEEE/CAA Journal of
Automatica Sinica, 2018, 5(3): 645—661

Xiong G, Wang K F, Zhu F H, Cheng C, An X J, Xie Z
D. Parallel traffic management for the 2010 Asian Games.
IEEE Intelligent Systems, 2010, 25(3): 81—85

Wang F Y. Scanning the issue and beyond: five transporta-
tions in one: a new direction for ITS from Qingdao. IEEE
Transactions on Intelligent Transportation Systems, 2015,
16(5): 2310—2317

Gilbert N, Conte R. Artificial Societies: The Computer Sim-
ulation of Social Life. London: UCL Press, 1995.

Wang F Y, Lai G P, Mirchandani P. Deployment of digi-
tal vehicle/highway technology for safety enhancement. In:
Proceedings of the IEEE IV2003 Intelligent Vehicles Sym-
posium. Columbus, OH, USA: IEEE, 2003. 204—207

Wang Fei-Yue, Tang Shu-Ming. Concepts and frameworks
of artificial transportation systems. Complex Systems and
Complexity Science, 2004, 1(2): 52—59

(LERER, Wil NTATHRGHEADEGERER. ERAS
S5 RERI2E, 2004, 1(2): 52—59)

Zhu F H, Wang Z X, Wang F' Y, Tang S M. Modeling inter-
actions in artificial transportation systems using petri net.
In: Proceedings of the 2006 IEEE Intelligent Transportation
Systems Conference. Toronto, Ont., Canada: IEEE, 2006.
1131-1136

Miao Qing-Hai, Tang Shu-Ming, Wang Fei-Yue. Design of
artificial transportation system based on JXTA. Journal of
Transportation Systems Engineering and Information Tech-
nology, 2006, 6(6): 83—90

(2959, i, £ RR. BT EH N L8R5t 32l
ERMAG TS5 HE, 2006, 6(6): 83—90)

LiJY, Tang S M, Wang X Q, Duan W, Wang F Y. Growing
artificial transportation systems: a rule-based iterative de-
sign process. IEEE Transactions on Intelligent Transporta-
tion Systems, 2011, 12(2): 322—332

Qu F Z, Wang F Y, Yang L Q. Intelligent transportation
spaces: vehicles, traffic, communications, and beyond. IEEE
Communications Magazine, 2010, 48(11): 136—142

Miao Q H, Zhu F H, Lv Y S, Cheng C J, Chen C, Qiu X
G. A game-engine-based platform for modeling and comput-
ing artificial transportation systems. IEEE Transactions on
Intelligent Transportation Systems, 2011, 12(2): 343—353

52

53

54

55

56

57

58

59

60

61

62

63

64

Sewall J, van den Berg J, Lin M, Manocha D. Virtualized
traffic: reconstructing traffic flows from discrete spatiotem-
poral data. IEEE Transactions on Visualization and Com-
puter Graphics, 2011, 17(1): 26—37

Wang F Y, Wang X J, Li L, Mirchandani P. Creating a
digital-vehicle proving ground. IEEE Intelligent Systems,
2003, 18(2): 12—15

Li L, Huang W L, Liu Y H, Zheng N N, Wang F Y.
Intelligence testing for autonomous vehicles: a new ap-
proach. IEEE Transactions on Intelligent Vehicles, 2016,
1(2): 158—166

Li L, Lin Y L, Zheng N N, Wang F Y. Parallel learning: a
perspective and a framework. IEEE/CAA Journal of Auto-
matica Sinica, 2017, 4(3): 389—395

Waymo’s fully self-driving vehicles are here
available:

[Online],
https://medium.com/waymo/with-waymo-in-
the-drivers-seat-fully-self-driving-vehicles-can-transform-
the-way-we-get-around-75e9622e829a

Tian Y L, Li X, Wang K F, Wang F Y. Training and testing
object detectors with virtual images. IEEE/CAA Journal of
Automatica Sinica, 2018, 5(2): 539—546

Wang K F, Gou C, Zheng N N, Rehg J M, Wang F Y.
Parallel vision for perception and understanding of complex
scenes: methods, framework, and perspectives. Artificial In-
telligence Review, 2017, 48(3): 299—329

Yang L N, Liang X D, Xing E. Unsupervised real-to-
virtual domain unification for end-to-end highway driving.
arXiv:1801.03458, 2018.

Wang Fei-Yue. Parallel control: a method for data-driven
and computational control. Acta Automatica Sinica, 2013,
39(4): 293—302
(ERER. Pl BUEuahmt B or k. B3k, 2013,
39(4): 293—302)

Li Ke-Qiang, Dai Yi-Fan, Li Sheng-Bo, Bian Ming-Yuan.
State-of-the-art and technical trends of intelligent and con-
nected vehicles. Journal of Automotive Safety and Energy,
2017, 8(1): 1-14

(F=5esm, W— M, T, . FReMpasE (ICV) Rk
JEBUAR S . RIE A SRR, 2017, 8(1): 1-14)

Xu W, Zhou H, Cheng N, et al. Internet of vehicles in big
data era. IEEE/CAA Journal of Automatica Sinica, 2018,
5(1): 19-35

Han S S, Zhu F H, Wang Y C, Cao D P, Xiong G, Wang F
Y. Modified K-best receiver for multi-antenna vehicular net-
works. In: Proceedings of the 2017 IEEE 20th International
Conference on Intelligent Transportation Systems (ITSC).
Yokohama, Japan: IEEE, 2017. 1—-6

Wang Fei-Yue, Wang Cheng-Hong. On some basic issues
in network-based direct control systems. Acta Automatica
Sinica, 2002, 28: 171—-176

(FETRER, FRULL. BET 100 447 il (8 A [ ) S 25 4. |
kAR, 2002, 28(S1): 171-176)



1404 H 3l

¥ 1%

T OB HEPEREE ST A
ARG P 4 ) ] 2 S e B P
FLL. 2016 AFHAF R ER PR AL S
R A AL S VA PO WL et i
hd SMERAH, N TR BRI R M 45534

E-mail: x.wang@ia.ac.cn
=2

(WANG Xiao  Assistant professor
agement and Control of Complex Systems, Institute of Au-

at the State Key Laboratory for Man-

tomation, Chinese Academy of Sciences. She received her
Ph.D. degree in social computing from University of Chi-
nese Academy of Sciences, in 2016. Her research inter-
est covers social transportation, cyber movement organiza-
tions, artificial intelligence, and social network analysis.)

B P EREBE A S T E S
RG] [ 5K e % AR
2015 4F 2016 4R | AT B R
S [ v T = 2 T e L VAR S 1 o2
) A AT 2 B 5 AR A

E-mail: tingting.yao@ia.ac.cn

(YAO Ting-Ting Engineer at the
State Key Laboratory for Management

and Control of Complex Systems, Institute of Automation,
Chinese Academy of Sciences. She received her master de-
gree from University of Birmingham and Beijing Jiaotong
University in 2015 and 2016, respectively. Her research in-
terest covers parallel driving and data mining.)

B E R B A S LT A%
ARG P 1 ) [ 52 B Sk 0 & O BT
FEHL. 2013 AFFRAFIN SR BT /RAF3E 7
WA . BRI R TAT R % )
BRI . R REACHE . JoLm R RAEROR.

E-mail: shuangshuang.han@ia.ac.cn

(HAN Shuang-Shuang
professor at the State Key Laboratory

Assistant

for Management and Control of Complex Systems, Insti-
tute of Automation, Chinese Academy of Sciences. She
received her Ph.D. degree from University of Alberta,

Canada, in 2013. Her research interest covers parallel net-
works, internet of things, intelligent transportation system
and wireless communications.)

BRE SR P T RERIBIR, B
B GOANRIS A BB B E AR P
B be A S BT T EwETE o1 E
WHFET7 o A 32 B, Nt [ 5 AT
1

E-mail: dongpu@uwaterloo.ca

(CAO Dong-Pu
sor, director of Driver Cognition and

Associate profes-

Automated Driving Laboratory, University of Waterloo,
Canada. Visiting professor at Institute of Automation,
Chinese Academy of Sciences. His research interest covers
automated driving, driver-automation collaboration and
parallel driving.)

FXER  PEPEERE B SRR A
ARG MG 4 1 R R SR AT,
I B B R P SR 5 AT R S
BERBESE ol FAE, HEFHE B
E &% St ai vt o TR, F 5
BREP ML RARBETE BEbE . EEBFFT
AT RGN TR S AL, i,
AT BE A SR B Bk ASCEAEE
#. E-mail: feiyue.wang@ia.ac.cn

(WANG Fei-Yue State specially appointed expert and
director of the State Key Laboratory for Management and
Control of Complex Systems, Institute of Automation, Chi-
nese Academy of Sciences. Professor of the Research Center
for Computational Experiments and Parallel Systems Tech-
nology, National University of Defense Technology. Direc-
tor of China Economic and Social Security Research Cen-
ter in University of Chinese Academy of Sciences. Dean of
Qingdao Academy of Intelligent Industries. His research in-
terest covers methods and applications for parallel systems,
social computing, parallel intelligence, and knowledge au-
tomation. Corresponding author of this paper.)



