$43% 1 A =i Vol.43  No.1
2013%E1H25H ADVANCES IN MECHANICS Jan. 25, 2013

B ZE MR AR R H o2 P

'S

///} —/i\-i.

5 R MU R 5 J1 5 50, Lilg 200092

E SOEREMER S, BT ER R R, & R AU AC B AT 5 A A AF SR SR ERE X i 2 8 A AE
I TR . B AR DR ] R G, SO AR RS S TR T R AR IR R AR B X — 1 I i
ANTTIE . DR 0 S B A R Ot VR P B A TR A IO N N IS 0 A A % A S A ) H BB A L
AL A ERE R 7 X AR AT SCUE K W B A SO JeRiR 1A SR 1] A0 [R] M 45 1A I i 4 0 BR i A 2.
HUHR FOX R h A2 AR () RBL R IOBT T, JF 46 B ATOE U AR A 2. R a S R & 10— SR i,
iZ HY I 2 0 R GE BV R IRANAZ A 5 S 2000 S I8 AL IR i R S R e [ 0 % A R AR R B D1 BRI
B T LA S G g0 L S A2 P R % Al 3 2 S F T i B LR AR LR, ST DASS 5 S IS B0 T A B AT N
MNTR] A WL A5 25 A 1 28 — R o 28, DR Sl A8 BT 1) A S B 42 ) SR o S 4R A — 8 IO S B KA, kE il T W)

AL 7 I i S8 DR 3R 32 ol ) 52 308 3 2 1 A 2
X #21A

hE 4SS 0322, U491 RAFRIDAS: A

il

1 35l

201H 22304 A LAK, B 425 1) R FE AN RLHE (1
BEA, NSRS A I 75 K H 2 5 0. K& B A
AR BE A E I E Pk, Hil T AE
PRUR A PR, 0 b — 5T Ve 2 T A A
DA K AZ i A B I AN 2, 3 B0l it 7 AP
i, S U N as T AR, e, o E
JeE 53 4% 2 ) . S I b FEAME AR T AT RCR,
i B AR T A8 TG G, A, XA [ BT AR A 15
BIME MR R, V2 YU & K28 N B S8R
i) AT FE oK, M ATT AN B T T AR A S AH
A B AR R, BT T B R AT a2 T R DL T
L P AEHLE.

LA 1 28 R AL AR b AT A2 933K, #5138
e B TR TR L TR AT, I SR R 5
B R OK A R A A R T 4 3 SRR A
P E NI EZ e R R SR PE P E I s D

W kE H #1: 2012-02-19, 18 8 H #: 2012-11-19

SRR, EARRILAE A B B K, 54

XE4%S: DOI:10.6052/1000-0992-12-012

JTESL IR S B AR AR o SR AR R S T R
WL AH EAE H DL . 35328 2 2 T 30U I vk 57
) 2 0 R B R R A T M 18 S AL (6] A rp A
BN ZE AR A ELAT R B AMAAT Dy e RO BR
St A R PR AT 7T, RT RA R R B AS w ML A RF AL K 7
IE AT Re e, XF 1 2250 B 3h I8 R g8 DA RE AL
it 7 G0 A PSS E BRI . PR DA K I ) B AT
R, BIIR R TR G B+ 0 A e E R
BB R AR B — R0 b A A A ER B A
IR, BRBE 2 I HLAT 32 BAR 2 LR B, Hop
FER B TR RS bR it . B0 e DL
LA L E & AR E (OB BT 2%, Fid)5E
R, R M B R SE T AR
AITPE. o m B A PR R A K i T A
JH B2 2 I 3 3K > B HOR R

AR F R 3 P e o B R, T DURE 2 3R
2 (100 S22 A T R IR i (D L e L i), B
) ALAE AT 20 - 38 il 1 92 0 4T 3 2 T £ e ]

* X H 2R S 15(11032009), SR RS IEABHIR Y 55 B 5 TEE G A0 b T LA RH(B302) B I H

T E-mail: xujian@tongji.edu.cn



30 Al =

peid & 2013 & & 43 &

JE 30, A 53X SRS I iR ) B 2 A T g T
Jr R EE22E SR AL bk T iy (EE AR )[R () BR), R 25 B
SR A5 AT Bl (R ek 1) AR ) B 25 A B AT A
A (NI B s 13 ) <2 1] FRY A ) Jo) 3. 55 3 2R I 3 1)
B R I AR B i J7 R, A AT T
B ZANIIE R H IR, 32502 4418 Bl I,
BV 2470 AT 468 R AT iy 4 313 2 U1 H AR 1 s (18] )
. 3 I IR A S 2 H I AE R B A v AR
H Y S 9T 2 203 Lt A R B 0, 5 ) AL S B
AR ER G ALY 7E Greenshieldstf- 3 ff) 22 38 S
) B L IS et FH R 356 W ) LA A SRR AIE AE 2 Tt
T ) E A

EH T e N i 32 B4R 22 DR R I sE ), e A
ZHCRNM R EAAE R A Davis D438 I %
BB AU, I 45 =) HLAE 32 2R 3015 5 5 1 SN I
1£0.75~1.0 s [8]. Green 181 1R ¥5 &) A1 52 21| ) 3] 3%
5T RSN AR HEAT 0 38, R R B W A, 15
N NEIR b SRR SN ORI R IV VAR R PN
Mehmood %% 18] 42 & =] AL 1) 0] 45 1t 16 AT 70 25, 4
A s S B i RN (9 ) 3ok S 2 I At S R AL
A A AR AE (5 8 P 0] 48 ) L S 5 R (R K
175 190 B3 0601 185 400 ) o ) AL e I IR DR 20N PR 5 W

B AR A B SN I 2 WLAE AE, T LG 4R 5 R
AT N A 2. (H B AT oC T R o AR Y 1
KELZER LT D290 508 A £ X AL & J AL R B
IS 3T ) 2 00 R A Y % Loy Z I R AT RG4S
20104F, 1 X B i 2 59 BR St A% Y ) SipahifE HH Atay 32
O 1) 4 RO — i g T AR A AR E M A M
W Tk fE. (H 2 SAE T M R R A B AT N
J FePE A ) I AERL I, 6 2R SR R S 4 3 B ) 2
1T AT ER T, JE T AR, A 3 X I 2 A PR
G AT [ oy 2 B D1 R AT SR
Je v AT A S IA) A [A) 34 8 1) I iy PR AR Y. L
X AR BN ) FAFAE R 7 IR, R B AE
I i PR O AR Y o (R AU R B R AR RN

2 BYHEERIRMIRE

H# C A R 2 AR 2 PR A 1, (H
T B R G AR ERT BAV D948, BRIV S i R Ot
BRI I i O T R R At AR Y N S i B R Ok
A% R RN i s 4534 B G ARARY. R TH RATTH IE —
I — R e H R A LR &R, JF HoAR
B JAE Y 0 R A7 AE IR L 7 A% S 1 4

AR RE T, BATERF A REE T A 2 8 A A o
W B S RA R A R R .

2.1 ZHBETFERIRMAZT

201 28504, WM HE L RO LRI, &
TE SRS ST AL G AT Kb, MR IT AR SEE, R A IR
AR N — AN ICTF IR 3, T2 L — A JE BhisE
W ZE BN 1) 5 A% 7 1 77 :0R8 3)). T J&Pipes BOYE fir
A A HLAE 7 7 A B E R R E 2N, &
T AN R G AR A R R 1) 2 ST A AR A
U T A A IS sh L, K S F LA A
BV 5 i 3 A S B0n N B 38 B8 VR 4R ) i
(1925 8 Hp, DA S IR 22 4 2 BRI B 1 A8 3 3% £ 1)
H 1. PipestA 4 FR B 4= &AL AT 7 F1ME 5 5o B
i H OB I SR BUAT By, FEANAFAE — 38 B I R ZE 3R,
X AR AR A MR ). T 72, ChandlerZs BY
1B 52 T ML R SR 50 FH 6 32 AR R4 5 7 98k
17 EL 2% RS 7 = AL 38 1 s A7 — S (1 3
IRIXAN S8, HESL T A — A I i 2 4 R gt A Y

in(t) = A@na(t = 7) — dn(t — 7)) (1)

A, an(t), @n(t), @n(t)7 0l 27 42BN SEndl 42
(AL B AR B, ¢+ O R HL ORI, AN
U R B 38 I ) B 11 T 30 R e 1 A A R
X > 1/2 BAZE B SRR, B AT DUE H
i 2 5 W AZ S I A FaE M. ChandlerE A @ it
SR SI2 T 22 T 25 506 00 1 A R A A X
FHOG. H B T B AL (1) v A7 A5 A 42 40 I s R e K B
G, T AR TGV R S B W 5% B 1) ¥ S S IEIR R
38 P 25 P ) AE 26 M X R, T & Chandlerdg i 7 —
S g AR Y (1 AR, R U RO — AN S AT
ZE A0 T8 RN AT 4R 25 A PR AT DG IR AR 2R P R B, T A
FAUE F L Gazis® PAZ L BAE K, 2 —
AT — % A GHRAEL A

clin(@)™ [Ens1(t —7) — @t — 7)] @)

[Az, (t — 7))

Zn(t) =

Hb, Az, (t) = g (1) — 2, (O TR 0 WG 5017
Hin + UM 4235 8180, Tm, 1, cRAFFEHEL 7 N
A MU ZE A0 FE G P A 5 19 I B i, X LA
i S 55 T ) s 8L B Dl 2, B X LR E R HLAE
Hok [ J R 1) A 4 Tl 1

Zhangs B3IEF 5 CHRAE & 3 47 F& 52 M 2 4T,
RIS AF AR — AR, T A X S B A
T, AN PR M EE 200, R B 2 RN 2 i ek i



# 1 M

TREESE - I AR R AR T R MO B L B 31

S BE, IXAE 2 ZE ] R RN AR B 3 Rt 2
M A, 9, AddisionZE B4-3514E GHRASE 7Y 47 vt
WIM—AN KT EEBEMIEL MRS R (A, (t —
7) — D), X H.D, &R Fnili 4 1) AR 45 a) .
T i, FIHLLE R BE AR o R AR G N,
TR 25 18] 10 KN ok B B R B B R ERBEAT M,
W TR EFH A R A Addisioni® i X 3 i
% 1 () 30 2% A) 22 38 ¥ A0 i s X A e PR T
T, KB I i A At S B — e (L, BEE 4
WMEEN B, &RAERLIES, FHEW
HIE s AT T, IX 5 22 38 5 G055 M 06 2% 1 i i
BURGX — FH M — 8 A BORfh T B,
¥ Addision?E A7 Sty % I 1R A 2 1 IR 7S 100 e O 4%
YR E Az, (t — 7) — Dy, RGBS RS
B, 0T T 3 A AR R G AESUL A B
BT, BEE NI S AR . KRG 5
T AR M A HL R BRI ML,

Cazis ¥ 15578 (2) Mo Fo A5 I O R A0E i iR A R AR
BRI 5 25 i br e, BE R JLH4E, R 2 % H 2%
RFEm, 2 M REAS PY H— B %A
F—MAGLS —MAEFER. RARRFIAE
AN 8] 10 25 B ST458, i BLUAS [R) W)L 2 (8] S 87 B
WAFAEHE ZE 5, T2 a0 SR 3k £ 9258 B9 FE AR AS [/ ]
et B R A R A S, AR ERLHE YD, X
HAe RN REENAS. thitim = 0,1 = 14
A BTN R R AT DL AR 2 000 2 5 1) 1 5 B A R
KRR m=1,1=14% B FHEMATLIHRA
FHAC I T B B 2% B 0 R, X B Edie B IR H B
A% FH P AN [R] A5 R R 43 Sl 4 0 e IR AN b 2
Uit. Avon PO H 8 4y )45 F 3AAS [8] (Fm, 140 &
KA IR R 7 F WL, T Fe R0 0 S AT B B AN [
Z AT A

2.2 BELER IR AR R

£ i I i SR St e R X A A2 3 AL AR 1] ) A
KA, MR IRIEAZ I H b A 28R 1 3h A i AL
174, Bando&§ [0 it A LA R AC 8 3% 2E 1 3
AR AR R AR A AR A R
AU ER BER FZ, mIMLAEREE Hfn st 2 M H O
3 B 5 DA B IR RF — B TR L T A
JERRY, B 5, BandoSs WK S I W IX AN 2 8055
JEBER, $ YT 0P A A

— dn ()] 3)
Hh, o NBURREL, V()RR R K, X

Zn(t+7) = alV(Az,(t))

S5 IS B i 5 AL IR i A ) AL B B2 IR . Ban-
dofs FH 40 v S0 8005 400 65 15 21 10 410 A 3 52 o 3

V(Azy,) = 16.8[tanh 0.086(Ax,, — 25) + 0.913] (4)

I8 I 6 A2 I8 ¥ A) U R ar A B K Bl 0 AT
REE R, A5 B — AN R AC I B E  E A
I AR, F8 2 B K T I SR I A I A 2R K
Az Davis 44203 BU1005 4= R AL LB Y (3), K
Pl Bandolf i A A 18 FE 455 28 rp il S I R az o /s T
TSI A 8 3 e A I T ORI . R R i, S
b b 24 ) BB 3 K T Bando>R 15 14 s F ) i B,
WAHZIEIEE KA. T ~Z&Davis A LL T AN J7 1 K
BIEBLRY ) H— 58 S — AN e pR 4,
= DA RINLRT B B B R R B (R R AR T
MAAELE N FEIR., T2 52 H LR eboadt i iy 3 A1
Aok B ALY
in(t) = VdesiredT_ Tp(t) (5)
HAT PRI A, X B E 5 TR T, (¢) H N
%, BEAR T RE R 1 2 Bk 2R

Vor,
Ve sired —
desived { min{Voy, vnst (t — 7)1,

Vov < vp(t)
Vov > vp (1)
(6)

He Vo, = V(Az,(t —7) +TAv, (t — 7)), Av,(t) &
AH KT I BE, 72w ML LI ¥, A Ak BR BV AT BN
(). S E AR A AT AT RLER I 21 58
BB FE AL, T HLSRAS I B m) 5 ZE T AL
) It S P 4 1 B 3. BT 9 45 SR AR L ZE A
Fe 08 M AN UMK T =ML e 2 BN 3 R /D, 38 5 ZE A
HEMZ DH KA.

Orosz5 43-500R FDavisf ot B AL, B &
F LN A 25 TR ) ORI R R BT SR
Ak BE bR 2

0, 0<h<1
V(h) = Umax[(h - hstop)/3]3 (7)
ey A

HA, hpop /B ZE A BE, WA U0, 70 70 22 718 45 () BE AN
HAATHIE R, s 2 — N8, R MACHEE R
BT 40 B A7 v 10 07 20, 3% % 2k B 0 B 1 ARk
TR AN A, Y E D TE
PRI, AR AR, X — A& B WL bR K
AT A T R R % R T g, A T R AT e A EE
ZE ¥ 93 BT, Orosziz A B Engelborghs i) F B ¥ 3
43 77 FEEUE 3K A 28 DDE-Biftool PV 26 J5 43 M T 34
B NEARWETHRRN 14T N, R H—



32 Al =

peid & 2013 & & 43 &

BB T ST R BRI 1 IS i ER Ot A% A Hopt 43 72 v
SRRV AR (077 3%, P L B I N5 42 4l i) 55 3R
LEPERRI AR ST AP, B JE SO AL TS RE AL R B
AR FERRL. 3T J LA, Orosz SUEAT 1 W 1A 7
SCH AR, — T T 32 F f508 B H0UE 28 #0 BFpdde-
cont P2 R ST I A A4 1o L ASE Y vl G A 1 28
WaARZVEIL . 55—y, R i R N 2 B &
238 F 428 1) R e e, T HL A IS A O R G AT s A
AT BT zh i R P w5 200 I 1)

DAL ASE R f) AF 90 2 A B P4 A A 3000 R 2% A
NOREE ), ELN DO R H AL B TR
BEL T B 2 Ab, SRR R IE A7 AR A — 2 )
H.LE AT Wegner P31 S B4 43 A 415 Y, X R4
ieRey N POB Y R EREROIIR N NA A AT
S R Bt 3o R v AL FRD S5 I 5 2 R R AR R S
JEA5 5 B4, Shamoto®§ P4 38 i Si P 5 4 iE
SE T AR RN P 5 AR S R A AR A A DR R
.

2.3 AXEBWRRIER

Treiber® 195125 F& 7l 22505 0 2k 6 A 1) 31
P BE P 22 5 10 5 000 o S R ek 3 R A AN K AR
CAE RS PO YR =N SO ORI N IS NAOh AT
H— N E S B SO EL 5 T PR G R e
P

1
s | (En0 (8 GEalt), Ada())
(0 [1 (acgm) (== >]

(8)
Forn, 6 A i i A, — U 4. @)Y R il
I BLAE L. s, (8) J9t I 20 22 (B) B, o2 24 AR
ST AN B G B, Ros W

(1), Ad(t)) = s + 5 [Enl)
)

(n); T, (t)Amn (t)

T %@+52®@§ 9)
2orh, sV PR B, T g e 4 i [ [
B, () 2 4 g5 R IId B, o(™) g 2 4 AR i ook
ARy Eit RNV i [ S IE = < B e i €
Treiber® 1561 SHg &) ML IR B B BN i i N 1) 45 284
P i A SEINNE LN BB B = VNS
2 A — R Y
B (t) = a™[Axy, (t — 7), &0 (t — 7), Adp (t — 7)] (10)

o, 73R U O3 10 B LN N3 JEE R K a ™
T2 () B . R AR B B o R DA 7 A R R X g

JE KA €. Treiberds H 725 B 53 11 S5 7 B i 32k e 1)
s A] DU I 25 RS BT T 2 8 4R AT N SR IR A B
Kesting® BT g8y SR A 70 N 282 3 03 2425
FTE I B A ACCHE R & 2 i HH ACC K
JIT o5 BB ) 389 25 SE AR A B IR BN 1 AT R TR AR

2.

2.4 BHERIMAREAIZHIRE

A2 B 2E (14 17 7 AN S 368 9 B AR 1) A S W] LA
NZCIBEI IR ARG, BT LG5 I 52 8 1 %€, I\
FERf R S SR U, A TR R S A AT
(A% sE M. Sk, Konishi%s PSIEE -0 A0 i LAY,
FEASE A A S TN I S 54 1) IO, R e A2 3
P IR AR e M, S B S G 3% R K H ). AL
FRY AR 5 e 1547 1] B A R4 Oy

Ba(t) = alF (A, (1) — &a(t)] +ua(t) (1)

Hi, un(t) = k(Azn(t) — Az (t — 7)) SRS i
R IME T, R AR Y 2 A 4R 8] PR AR 2 4
) BE 2 2 RAIE . kyr 43 3R s I o 48 2 A
Jitr. Konishi A #2  BASWL a tH Kk, 45 HH A2 Il B ZE 11
B X FREF AR AL TR BERL R LA T — AN A0 A
AN H I 78 G Ak . B 22 0 N i S 4 o O vk
P T A SR I AR E 1, S I A 3E B E
(K9 H . AH 2 e ) 7 58 LA f ] 2 B 04 R 22 gk
— L EE.

BBk, A — SR R B T @ AR
(e s T DXk, I SRS R (1 e A SR AR KB ). B
Y I A 25 RS A 7 A A0 2 445 5 10 e R SR O
BERY HE) 325 AT 7 E 2 MRS B 2 00k
I 917 25 40 BR gt 4SS R (59641 ok X 17 5 O 22 6 2R 1)
TRV SR T RN IE IR T S B A R .
REACIE R MK, (R HEAT T 2 N EWER
(R i AR 15 T AT

EHERSS T & AR A IR R, A —
S At 1 BN R Bt ASE Y LK Wi Newell [651— iy 455 744

Tn(t+7) = Fp[Az,(t)] (12)

X, F, = V = Vexp{-AV Az, (t) — d} £
R 7 A BE R A X BV, dRIN )RR ZE I B
RBR I, 224 e 1) DA S U R 40 76 ) ek 4
(328 B AT DA A 110 A a5 AR R e A A 3l T R ) i
BB AR A, b Ak A R B 25 ZE (A1 L A 6 R
£ RIS SRS %o ) AL S I 5 M 16 4B 1P 2 3 R Ot A
Y 166-67) AR i HH BE A S B A AR L, 2
PAZ 188 VR



# 1 M

TREESE - I AR R AR T R MO B L B 33

3 FHEMRMRESDIUKMARER

iy 2 90 R Ot A 28 P A A R S AR R AR
SRR RS M 23 A DL SR AR R ARGt Bl )
TR b &R ES PLags T AR IR AR Y
e M 2 BT AR RR SR A9 7. X g 7 25 (68 o 22 3@ I A
R o LG T A N S A EARATT A AR A
AN SV I il XA S H ) L EL . 2 R B I
BMATAE B FXE A2 I8 7= IR 2. Orosz %5 (091
Sl R R IR A R Bt A A R e 1t Bl T AT
HIF 0 B S, DRT O I i R A R o ) 2 T
R FCRARA B SO AT B0 e AR rh i 2 2
WL RA FEREAT 1 AH O L4

A I A A v Al R RS R R R Rl
LRAFAEA ) BT IR B 5%, 2 0 T R SR AL T A i
BENP B AR, B A (] o 22l i 2% BEAIR A X e, i &=
HEE LT RS KR, LWL TR
B 2T, BIERES DU E 2 (Al BE A1 AT 3. &%
T A R v I X3, A R B R R I S i 92,
AL TR B . AR E AT
IG5 B2 55 v % B 1) v a] X33, 7E ex TR B A 43
X ERABERIL R, BVFEA S DL TR, 225
it 18 R I A Il AR X 18] 22 K AR AHAE . Herrman-
n%E 701 Fi8 HA A0 Il I o o 1 B AR s S S
FEVLI — B A AR 5 A8l B Y A 1Y) 53 2 IR A K
TRETFUG T e SRR b 43 20 LB () AH S A 7T

Igarashi®§ (U9 5 i B Newellf¥] — i i i 2R 4ih
BB BFR 3 STRAR B 7 20 IR N T Re 8 Mg Al 3R
553 20 77 A ) B SRR, R b 3k L — SRR R R AL
ith 1E U] ek Ok A AR A B e B, ik 3 R
6] BEAE o3 20 2 4, (E I i 5 FL At 452 28 2 2507 Y
E WG OLR, RN HIE BE T 7R ZE 0% R R SR X
WA Z BRI, — R E R SR
— AR ) B FE R AR R — AN AN R ) B 2R U AR
IAF, UL SY R AR AR TR AE T T A
HIHopfs3 7. WG S Hopfs 7 W H B, 7 1 228
Tt A P o AN T B — B AH AR (BRI SO AR TR I-
garashi% (TLVF 0 AE AT 25 ) A0 A o A 7Y ':F‘, ]
TR 38 50 I 2R A 35 02 d 0 0 I B R Hopf 73 7 7
AEH. IR o SR (R e R IR TR 2 A A o B
BRI, AT SR AT LASKRAS AT 16 20 20 e, A — R A4k
TR R U EVE MBI, s — S s T AR A
B 2811 3l ) 2 1 43 2 B SR 5 R B AR R o 1)
DB,

Gasser® 7218 I 23 2 BEA& 1518 TC I i 8 A0

PR A ) o T AT . 3 B — T SRR AR A o
BRI A, DRI TG v T SR A A ARG i 1 A T o A
TR P LRATAMM LSRRG IR,
M43 2 T 53 20 F6 BA Al 5~ 35 22 1A) BE 2 0000 ff b
KR, X HGasserfF 2] | — > HlgarashiAs [[] {1 45
1w, RIAC I8 L3 S AR 1) R AR A — o 2 A i T
1% S Hopf 43 70 K A, I St I Hopt 73 7 . 7] e 7~
A ST R AR, AT AL T 3 B R RS R
T BT B A A0 P bR B TE 20, Gasser®é [73) i
FHBUE S8 30 B Auto, X5 R8T AR SO 2 20 (L
JENE R HCN ZE 0] PR 1 R ) DA R R LIS AT X
AR R R 5 AT . BE LR B, BE & B K
B 2 500 AR Ak, 85 e e a7 AR I A AR
filt, Bt — 20 R A AT T R 43 307 A A B () A T
TR, 1EGasser W 70, 200 1 &) B s B I v X
AR R W2, 1 AN S BB L
AT N, FEAROEIS F o 7 AR SL bR As 1l
50 IR R AR Fop <2 A5

Orosz B X AS H I ¥t 2l /1 2 4t 53 78 30 T i )
s A0 A AR TR TR i 23 7 B G A Davistfg gt it
Y IR i e A T AR Y 3 T B 40 i AT B 4
PO FE B EOR T NN B A B AR e v R L
TE R FE R L. T i R R O R 52
FH K & ZE B 4 R B i A 5 1 2 S AR 2R 1 R 4,
TEREAT 20 28 A 7 T, B A2 E#e 4 A I8 & BUE
eI, HATAE — & B A

Orosz%5 W31 ey Jafff 501 H 35 25 4 A 1) B ¥ R
Ut R G4 SR A AT R, 0 B 2 TR B F 38
() 85N 4 20 B AT BUE 1 0. W98 R B0 24135
R PEAL T3 — BOE H A B, 35 AR, XA R
e DX K /N 55 20 A AR AT s o 1) AL A %
LT B EE 5 M BUR R IS X AN R B R, &
o PR AR AT b O RO, R RS S I R
R 55, Y85 R AR X oK. i — P @ i
5P 35 42 (8] BE A RBUEE 2R B0M) B U S 30T T Y
HEAT BB 53 2547 N o Hr, DA S 4 Sl 4 (2 1) R /)N
T 5 /ME R BE B 7 SR s R GER B LT N
) R, RILR A 2w AL RS 5 1
U 78 73 55 (4% B0 ZE 5 2 TR) O RIE 8 4 4 R
A 2 B 3 A8 A7 B ook B2 BB 78 40 KN, ZE4 A
251k, H R I B 550 3 2 7R3 ARt L Al A5
S8

Orosz%5 WAHE— B RIEFC T B 1750 40 41 R 1) 1)
iR O R g, AT BUE R T AN R A E
21 V) Y HOT 1 43 2 JEL AR, BT S ZE A L



34 Al =2

peid & 2013 & & 43 &

RGP EA M — LI R 1E 5 25 4 8] 5 F0 )
BB A 22 H02H B R W 2 801 1 N gk AT 2 0 1
AN [ 23 T6) 95 800 N2 1) s 2 A il 28 42 HE Jp KR /)
WIRHE, 5 /1N HO0S B 1 Il 5 it 4 R A Hopf 73 78
fth 2. BV 50V e A JE Ok IR S 7 JE Y i
FH A5 /N B BOR A8 ). B AE oA 2 HOIUE 1 1%
N, EHCE I B BR N 43 7 S RO AT BUE I, K
W SIRME RIS, PR T A2 A LA
() DX gk, BT EH o /)N U8 B S ) R E R R, DA K
R E AT E B A7, X LA R
I Y M b i VT N I A = N [ Yl
2. R I S AR R B e I A AR =X, A AR
JE ) JE S0k I35 AR 8 I Al A 2. X A
R g 1 R 5 A i B 2 AR R 8 K — B
IR A P 26 22 V8 %, B0 N 21 A (1) 58 38 i A
Hh AEEATT R A IS ) 7 7E AR OR 23 1 B A5 1 A2 18
BB (R LN ), o6f A2 AR R 52 it A 25 22
M. B0 FE R I, 24 AR ) 3 2 HUDUE 15 10
T, BEE EWEE B98N, 51 R AR E e AR
IR 5 A8 AR 2 23 08 W T A A A T AT I A JE 4 T
B, T O S 0 BT A7 DL B B TA] B9 S
PR, 3X B Orosz{X e 8 £t X 5 22 17505 22 1E AT 0 4L
BB FURIL T — 5B I R, (HX A A RE AR 5
S5 I SIZ o 5 3 Y K R A 4 I R R Bt R S
SN =& 13 J1 4T 8.

F T B ) BUE IE R ﬁ:pdde—cont 7 7},
A A5 AIF 5T R 22 0 2L RS T i R b 2R Bt ) B )
1T NN AT g, RN Orosz 1481k BL33%0 4 22 il )
JIFAT e M B AR K& I E WA B & 5t
I3 )15 AT N, T 1 B33 42 Bl Sk i 5. it 72
RIS R R R G, KA TG S Hopt oy 725, 7 4E
T AL ST 205 R A A R AT B ZE A AUk
A7 ISR AS X3, FF 4 =] AL S N I ¥ 7 A7 £ A
13 RUR A AR X B i Ve ST . B AP AR A X I
WA BUR 3 715 LR R T AR T 28 I8 i 4
AL TR TR G B i SR Bt S R 2 [ R R SR SR AR AL A
ISV B B A A R AE — A 8 R AR
B2 T A KA. T o I s R G A5 2 A
BPAE — AR /N B 20 (B fn =] AL AR Z2) 3k mT BAS K
PIE1R 5 B FE AR AR, I v R o A AR X b 2
T3 S A R 5 B A AT 1) 58 0 B ZE R AL AR 1Y
RS AS IR AEAE, P 13X P SR ASE Y AH LW
Z I F P gE. Ak, Orosz i F A2 8 i 23 43 i B ok
J TR AR X AN AN R RTEE P 3l R XF LR AS [/ 52
WAL, I8 B st AN [R) A 2 T) AH A2 1) I 77

28, MBS 25 4 A7 B AT DU B RS 35 57 i =
i kaoE, WA LUE — € AT EE P 3h 2 T FH A2 2]
AEEFF A A AL WA T — P
R B WK FEAR R 53 72 3 1547 4, 3
MBS A E R R B ESHKET U ERE
52 T % 3 2E B B VB L 3X B Orosz B 0K T
MRS 73 34T DR M e 21) 5 W 1) 97 £ % Bk AR ] ok
FE R 4 2 K L (1) 2 O A 3 Sl s ko) o W A T
T A B A3, B BN FROE B A8 8 R 9 AR X
RS E LR S Y AT T 1) 28 8 I A A
A, 3% U B A AN A 25 00 BB 50 38 il i B A I, FEAS
RE 8 77 8 7~ 350 ) Ui 5 B ZE U R AR A LR, AT ikt A
O _E B 58 AL RIATLAS ANAT 9 B IR iy SR Gt A5 1Y A
3153 U E. Oroszig i, WA X AFAE, XF
TGRS E A —EMESE .
1 B T o B T 4 ) R A R T I E 1
R iR/ T Ol =1BT /N O o W O = TR
A DX 35 1) A7 7 B SR 7 ) B3 6 200 () e 2% 8 I 3
LRI BT B (W46 2 ). Ehan3RATT AT DA T
1 [T 38 {56 45 22w LICHg T P O 8 3 s AR W 4
2 G PN E A B, AT B T O T
(BT 46 H 3010 15 1) 38 S0 i AsE =X ) 22 38 1 28 A
(1) AH AZ.

ZERRAE R A B8 AT B R R X R ] UK (HB)
1) 52 W) P A2 3 1% € () T 1, 54958 @ T AR I G
T A AE B OR AT PR BOE B4, R R %
& H 2l & AT 1) A5 ok B B PR I 459 18] (1) A XT3
B UL R A BEAS S, R ERE B 2 5 it T A 4
WitEs), BARH TS BAL M UL 3 )1 54T N
RGN NCIB RN EP I SYNE A Jal: ) SN
OGN TIRZ. OroszZ5 1491 N i i R Bih 455 784 HE
TR BB RE N AR, R T ks
N2 G I R O A 2R AN [ R B R 49 a2 B
T I 2 AR, AN S/ 2 1) B 2 5 R R
SE 1) JE BRR 5 A8 @ X, K ik Bt v] e AR AR
TE ) JE B AR B X 3 AN [ Y O B2 ¥ Hopf 4y
2T e A AL, X TURE EINE A B8 7%
S AT N RE I, A Rt — 2P AT

b TH P AT R R BE A 4 T, X
I {5 1K X A POl B — e AR R LR, T
J&Orosz% (461 3% FH 5 ~F 4 X6 R M (I Hopt 43 72 70 Bt
Jrvk, BAg BERR T AW R RS S
PR35 A2 A 1 O¢ R (H S B AR BT 5 R AR AT 5
BB I, 5EUE 25 RY& R EA .

R iy R Ot A5 Y A 1) 4 2 I Rt AL A H T I



# 1 M

TREESE - I AR R AR T R MO B L B 35

AW, BL BB RIE T A AN AN SR A G I (1
S HREENLE RN B . WMREES L
NS 2 R R, T RE A5 B NS 1 3h
J1H T IAR. Gasser®s T LA TEA MRS oS
A AG TR FERE T T R I T — S AT N X
ST 1 23 70 I R 0] e R 2 b B SEAS B R —
T 1Y) B ZE A AT — SR

4 ZitERE

T THT 25 7 I i SR B A AR e L 4y 20 I R )
FURERE. A RT LU B H AT AE SOz R
AR R, MR T AR AR B
TEHopt43 72 i 40 AT LT 3K 8 43 FRATT A A 2 5T
WA BT B DA I i 5 A0 il A Ok R 56
Mg LT 4 i

(1) TERERL N7 T T, 20 B i PR O A AL H
AT 2 AR /D, T I i A0 A 3 R A Y B AR AT DA
AT IR 2 &) i B 7E E 447 1 U sh A A,
EATSSRAFAE — oA . H—, S5 e B I ¥y ) Ak 2
H A 3B e N A, 2 JLR A [F]RE S
Tiif A7 AE 22 7 LU AN [ w] B S S I i AN 7] 3K 26 55 52
I L 200 I i 1R B AR 4y (791 3K B 34 0 i R BRI
gE L5 S A e SO A R e ) IS, B
HTAE 9 IR 35 10 3 8 A 28 AN 2 8 A %o 3k 2 5% ] AL
SN RN, AR ST b LA S U6 UE B I R s A
B, Ba, PO I IR AR A i e A R AR L
H AR E T8 B A B 1) PR TG A, X A T B AR
TSR EAEERE, UETEERIES
(122 3E 5 11 I B Sasoh 5 761K 2 5 46 18 L )0 5
AN BB R B B R o I T AL T AN R 4R TE 1)
FH B2, R 2 A B B R i — 20 K e B e LA,
Jamison5 (770K B i BR il A5 Y 4E e 2] o VR R 1R
BLRIE AT A, 8 ED S 2 Chandler$2 H 1 5 8 51
I 97 BR Ot A Y 7 PN TE %A SR, a0 2R v
AT R R A, W2 77 A JE v R ) A2 AT R, b an =2
TR A

(2) FEBFIFE N A ITIH, B T 450 ER O A
BRI R FE b, 22 2R A2 35 50 A IR A E TR AT AT
i RIS 38 SO0 A I A R DX, H T I 9 24 0 R
th B 2 R B AR A ) 2 S BN AR S I AE
ARG BN BRGNS SIS LT
T B AR R AE. T B8 ) AR R AR S I R 2 1
AT AR BTG AR D>, A AL s) )
AT NI 5T 2 SR AE L Im FHoptsr 75 E. T &

RUEST AT AT IR R IS I 3= 1 2S5l 7
IR, AEFIRNRG

(3)  FEWFFTF-BLITTH, B i B Ot RE R v 35 5]
ML MER E M AR Z BAR Tk M3y
J5 T 78V AR 8 2R AT B E G PR A TE B,
FLaplaceZ #: fllFourier?® #t 77 2 Sk 45 2| #4) 51 i fa
JE M 2% A, B R G Uy v Ol A R BRI B ok
Ao, A FH IR AR AT B B ) R AR T R, a3 T SR AT i
[ Fe e i Ft. ] T RE A (79038 i e 4k 42
iz 3l O, g A% 0 ek B A A AR R XA
I R Gt AR Y e 4 7 28 0 BT 22 SR U SE 4R A
BEAT, R Orosz % UM 5 ~F £8 X Bk 14 I Hopf 2
WO T T EEAS B T 2R R B S iR A R
Mt RIEA. HE2SHERNEREG —CmE
PR, XUl BT H T B 0 I i 4 A0 R AR R R A M B
J1FAT N BB 7 A etk — PR L.

(4) 1E J NI i 2 405 A2 AR 2 5% 2R 07 1,
H AT R SR b S A I S B &R E S
BUR R A FEDRIBEAE 5 T 8 NI BL K& 3
IR PEAE. WAL 2 1) 2~ 3 4R R BE AR AL T A2 dl
WIS ARE VE L SR RS S B )1 AT AR
PR SN I VR A 73 20 2 B0 s I s 5 A
BRSO A 1 N 5 22 il B U s B0 R B
T IE 7 A e Bl B i A BR Gth 3ot B2 A i kR 1) 5 e A %
L e] 4 ) E ORGP AR Y AZ JE B ZE, 0 IR N o 7
SR AR LA BN J1 AT TR B R L

pGBO N TR NN S R T S L i X 11
PRI ASE R P B AT AT AN LA 0 T4 H— L
ME .

T 2838 R G ih J 318 B R DL AT N g —
MNEIRWAEL M R H 2T AL OSBRI
AR] R EAE 5 ) 5 M) DA R 5 W) 1) 52 P8 4 S 2 — 2
R TSI I N . A R R A
A 1 B ) AR A B SE I =R A 8 B S AT N,
BTGV i R S PR A8 JE e R 2R MR R 7 AR
TR RATHR 3 A U Y i . H—, m LR
A4 3 R 5 ) a2 OGS T BN AL (R B ) S AT R
Wi 2% G B B 1801 SRyt AT AT DA R A A A 4y
B AR 22 1 ok BORAS AU, 3 S m] LM g i #E.
N T IE R LI W AN S HE 3 Al B AT,
FATTAT LU "L AS RS 5 S 8L SE 3R A [F] 1) 25
JE, TAS &5 A N 58 4 A0 B I . I s, AT RA
Vg IS S 2 00 R Bt AR Y A T B 22 4R TE A ELRR S HL
A7 £ T8 F% I 25 PR BIF 9 oK.

I if7 2 0 R Ot A 2R e — AN B OR R AL R



36 7 ¥ it J& 2013 % 43 &
E {—52%@[ E/J H—j‘ %%Ajlzéf ri Zij] jj % é}‘ﬁ L = uﬂi% resence of Time Delays, IFAC Time Delay Systems Work-
o hop, Italy, 2006
AR YE T T AT AR, I B R A DA K e 4R ey T :
. s e SN 11 Sipahi R, Niculescu S I. Some remarks on the characteri-
bl ‘I‘é,'fi Zj] jj 1T j‘j EI(] e 0 *ﬁ E”5 i l;_E[ XE 1& zation of delay interactions in deterministic car following
Rt SR P SO OB, R AL models MINS, Kyoro, Japan, 2006
L, (7o) 12 Greenshields B D. Reaction time and automobile driving.
XE ﬁ*?‘@%w\ ':F' l’:':ll ﬂ—l B’J — AT jj tt ﬁ” ﬂ%u BN Journal of Applied Psychology, 1936, 20:353- 358
Bt LLh 2t i F 3 24 0 B ik 40 07 RE 2RO o A O 13 Gr_egnshle?ds B D. F{{eactlon time and traffic behavior.
- [81-84] 3% = . Civil Engineering, 1935, 7(6): 384- 386
1% [ ) %Hﬁ&’ﬂ]ﬁﬁﬁﬁpx %i%% ): E’J%*EPE”E% 14 Davis L C. Modifications of the optimal velocity traffic
AIZ;E i %FE H{] lj‘] T’**}L %]J mod:l ;00(;13101;’11(1; (;e;l’:;yg)él;le to driver reaction time. Phys-
ica A, , : -
XL:‘HEH i’% E/] ﬂ;ﬁk*ﬂ R /T’kt*ﬂ* Ii H&XL»{%% 15 Mehmood A, Easa S M. Modeling reaction time in car-
E{] %% IEJ ﬁ ﬁ/\%?j& /ﬁﬁ 'IJ\ H/] %{2 [85-87] following behaviour based on human factors. Internation-
N al Journal of Applied Science, Engineering and Technol-
Eﬂ:lﬂﬁ ﬁa'ﬂ]?ﬁéy\ﬁj‘ ?ﬁxﬂﬁ%?ﬁﬁ’lﬁmbﬁﬁ % ogy, 2009, 5(2): 93-101
BN BB N S &, i ARtk E 16 Eﬁiﬂ'ﬁf‘*% . SR, G AR
»e, % £
NV
JPEROM R, B R RIS AR ZHF 1y genm maem, A mimmie 5k JE o EEGE
T P AZ 38 B0 71 24T 9 o0 M, 45 3w AL SR I i 45 i?;— 2%0}%0 RN T L —
2 s v e g = . 18 s S AR 22 T I—
PHR 205 AN SRR 15 B KR, kT B SSIA, AL R R, 2011
T LR N B RIS i S A S B SE e A 5y i 52 19 Rothery R E. Trafﬁc Flow Theory, 2nd edn. Transporta-
N — " . tion Research Board Special Report 165. 1998
— > H e T 2
D[’ﬁj. % el ﬁ’ AJ U‘ }\)\ H z E/J ﬁﬂ ﬁ EE M ﬁ@% ES éﬁ 20 Subramanian H. Estimation of car following models. Mas-
EIZEJ:Z: [7] [X. iﬂﬁ EI’(] ﬁQ 1‘%;‘& I: A ﬁ/}lL 1‘% piyl EP sachusetts Institute of Technology, 1996. 1-93
/e e o) 21 Brackstone M, McDonald M. Car-following: A historical
1| Y D ] il N
13 2 11 2 Fh *%ﬁ:%ﬁr%{j%EF%iEﬁXL%%*% review. Transportation Research Part F 2, 1999, 2(4):
A A SLHLF D AT B85 5 3 ZE A ) — Fb 181-196
Sk 22 Hoogendoorn S P, Bovy P H L. State-of-the-art of vehicu-
gy 277k, BT R DLAR 95 A 5] A 2K ) A2 i i%‘%’]‘% & Y
lar traffic low modelling. Journal of Systems and Control
TR 2 I BT A2 38 47 1) SR e (1) ) e B Ak 2 Engineering, 2001, 25(4): 283-304
T 3 [59] 23 &FE, T8 RERRELEREE IR, ZliEh &
' 4 T2 515 8, 2001, 11(13):220-225
24 KB B, RE, (CHEH. WEBERIT LR, ARERHEL,
& F ok 2004, 21(4) :108-113
. o 25 Tampere C. Human-kinetic multiclass trafficlow theory
1 Chov.vdhury D’. Santen L, Schadschneider A. Statistical and modelling: With application to advanced driver as-
physics of vehicular traffic and some related systems. sistance systems in Congestion. The Netherlands: Thesis
Physics Reports, 2000, 329: 199-329 Series. 2004
2 Helbing D. Traffic and related self-driven many-particle 26 Toledo T. Driving behaviour: Models and challenges.
systems. Reviews of Modern Physics, 2001, 73(4): 1067- Transport Reviews, 2007, 27(1): 65-84
1141 . ) 27 Yanlin W, Tiejun W. Car-following models of vehicular
3 Bellomo N, Delitala M. On the mathematical theory of ve- traffic. Journal of Zhejiang University Science,2006, 3(4):
hicular traffic flow I. Fluid dynamics and kinetic modeling. 412-417
Mathematical Models and Methods in Applied Sciences. 28 Baogui C, Zhaosheng Y. Car-following models study
2002, 12 (12): 1801'1843' ] progress. In: Proceedings of the Second Internation-
4 Shvetsov V I. Mathematical modeling of traffic flows. Au- al Symposium on Knowledge Acquisition and Modeling,
tomation and Remote Control, 2003, 64(11): 1651-1689 2009. 190-193
5 Nagatani T. The physics of traffic jams. Reports on 29 Atay F M. Complex Time Delay Systems. Berlin:
Progress in Physics, 2002, 65: 1331-1386 Springer, 2010. 297-320
6 Nagel K. Still following: Approaches to traffic flow and 30 Pipes L A. An operational analysis of traffic dynamics.
traffic jam modeling. Operations Research, 2003, 51(5): Journal of Applied Physics, 1953, 24(3): 274-281
685-710 31 Chandler R E, Herman R, Montroll E W. Traffic dynam-
7 Bando M, Hasebe K, Nakanishi K, et al. Delay of vehicle ics: Analysis of stability in car following. Operations Re-
motion in traffic dynamics. Japan J Indust Appl Math, searsh,1958, 7(1): 165-184
2000, 17: 275-294 32 Gazis D C, Herman R, Rothery R W. Non-linear follow
8 Green M. “How long does it take to stop?” methodological the leader models of traffic flow. Operations Research,
analysis of driver perception-brake times. Transportation 1961, 9: 545-567
Human Factors, 2000, 2 (3): 95-216 33 Zhang X Y, David F J. Stability analysis of the classical
9 Mahmassani H. Transportation and Traffic Theory: Flow, car following model. Transpn Res. B,1997, 31(6): 441-462
Dynamics and Human Interaction. The Netherlands: El- 34 Addison P S, Low D J. A novel nonlinear car following
sevier, 2005. 245-266 model. Chaos, 1998, 8(4): 791-799
10 Sipahi R, Niculescu S I. Analytical stability study of a 35 Addison P S, Low D J. A nonlinear temporal headway

deterministic car following model under multiple delay in-
teractions. At Invited Session Traffic Dynamics under P-

model of traffic dynamics. Nonlinear Dynamics, 1998, 16:
127-151



F 1M RS o I R R AR B R Ay 2 IR 37
36 A, HME. —RIELMEEWIR ST R E S 5 B traffic capacity. Phil Trans R Soc A, 2010(368): 4585-

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

P, 2B 2], 2009, 7(4): 6-11

Gazis D C, Herman R, Potts R B. Car following theory
of steady state traffic flow. Operations Research, 1959.
499-505

Edie L C. Car following and steady state theory for non-
congested traffic. Operations Research, 1961, 9: 66-76
Aron M. Car following in an urban network: simulation
and experiments. In Proceedings of Seminar D, 16th, P-
TRC Meeting, 1988. 27-39

Bando M, Hasebe K, Nakayama A. Dynamical model of
traffic congestion and numerical simulation. Phys. Rev.
E, 1995, 51: 1035-1042

Bando M, Hasebe K, Nakanishi K, et al. Analysis of opti-
mal velocity model with explicit delay. Phys Rev E, 1998,
58: 5429-5435

Davis L C. Comment on “Analysis of optimal velocity
model with explicit delay”. Phys Rev E, 2002, 66: 038101
Orosz G, Wilson R E, Krauskopf B. Global bifurcation in-
vestigation of an optimal velocity traffic model with driver
reaction time.Phys Rev E, 2004, 70 :026204

Orosz G, Wilson R E, Krauskopf B. Bifurcation and multi-
ple trafficjams in a car-following model with reaction-time
delay. Physica D, 2005, 211(3-4): 277-293

Orosz G, Stepan G. Hopf bifurcation calculations in de-
layed systems with translational symmetry. J. Nonlinear
Seci, 2004, 14: 505-528

Orosz G, Stepan G. Subcritical Hopf bifurcations in a car-
following model with reaction-time delay. Proceedings of
the Royal Society of London A, 2006, 462(2073): 2643-
2670

Orosz G, Krauskopf B, Wilson R E.Traffic jams dynamic-
s in a car- following model with reaction-time delay and
stochasticity of drivers. Sixth IFAC Workshop on Time-
Delay Systems, P Pepe and A Germani eds, IFAC, 2006
Orosz G. Exciting traffic jams: Nonlinear phenomena be-
hind traffic jam formation on highways. Phys Rev E, 2009,
80: 046205

Orosz G, Moehlis J, Bullo F. Robotic reactions: Delay-
induced patterns in autonomous vehicle systems. Phys.
Rev. E, 2010, 81: 025204

Orosz G, Moehlis J, Bullo F, et al. Dynamics of delayed
car-following models: human vs. robotic drivers. ENOC
2011, Rome, Italy. 2011. 24-29

Engelborghs K, Luzyanina T, Roose D. Numerical bifur-
cation analysis of delay differential equations using DDE-
BIFTOOL. ACM Transactions on Mathematical Soft-
ware, 2002(2): 1-21

Roose D, Szalai R, In Numerical Continuation Methods
for Dynamical Systems. Springer, New York, 2007. 359-
399

Wagner P. Fluid-dynamical and microscopic description
of traffic low: A data-driven comparison. Phil Trans R
Soc A, 2011(368): 4481-4495

Shamoto D, Tomoeda A, Nishi R, et al. Car-following
model with relative-velocity effect and its experimental
verification. Phys Rev E 2011, 83: 046105

Treiber M, Hennecke A, Helbing D. Congested traffic s-
tates in empirical observations and microscopic simula-
tions. Phys. Rev. E, 2000, 62: 1805-1824

Treiber M, Kesting A, Helbing D. Delays, inaccuracies
and anticipation in microscopic traffic models. Physica
A, 2006, 360: 71-88

Kesting A, Treiber M, Helbing D. Enhanced intelligent
driver model to access the impsct of driving strategies on

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

7

78

79

4605

Konishi K, Kokame H, Hirata K. Decentralized delayed-
feedback control of an optimal velocity traffic model. The
European Physical Journal B, 2000, 15: 715-722

Herman R, Montroll E W, Potts R B, etal. Traffic dy-
namics: analysis of stability in car following. Operations
Research, 1959, 7 (1): 86-106

Lenz H, Wagner C K, Sollacher R. Multi-anticipative car-
following model. The European Physical Journal B, 1999,
7(2): 331-335

Sawada S. Nonlinear analysis of a differential-difference e-
quation with next-nearest-neighbour interaction for traffic
flow. Journal of Physics A: Mathematical and General,
2001, 34: 11253-11259

Ge H X, Dai S Q, Dong L Y, et al. Stabilization effec-
t of traffic flow in an extended car-following model based
on an intelligent transportation system application. Phys.
Rev. E, 2004, 70: 066134

Wilson R E, Berg P, Hooper S, et al. Many-neighbour in-
teraction and nonlocality in traffic models. The European
Physical Journal B, 2004 39(3): 397-408

Lei Y, Zhongke S. Nonlinear analysis of an extended traf-
fic flow model in ITS. Chaos, Solitons and Fractals, 2008,
36: 550-558

Newell G F. Nonlinear effects in the dynamics of car fol-
lowing. Operations Research, 1961. 207-229

Tomer E, Safonov L, Havlin S. Presence of many stable
non-homogeneous states in an inertial car following model.
Phys. Rev. Lett., 2000, 84: 382-385

Safonov L A, Tomer E. Multifractal chaotic attractors in a
system of delay differential equations modeling road traf-
fic. Chaos, 2002, 12(4): 1006-1014

MAZE, THEE, WEDE @R 2B R0 RS
iR RS THE, 2006, 24(8): 23-26

Orosz G, Wilson R E, Stepan G. Traffic jams: dynamics
and control. Phil Trans R Soc A, 2010, (368): 4455-4479
Hermann M, Kerner B S. Local cluster effect in different
traffic flow models. Physica A, 1998, 255: 163-188
Igarashi Y, Itoh K, Nakanishi K. Bifurcation phenomena
in the optimal velocity model for traffic flow, Phys Rev E,
2001, 64:047102

Gasser 1,Sirito G,Werner B. Bifurcation analysis of a class
of “car following” traffic models. Physica D, 2004, 197:
222-241

Gasser I, Sirito G, Werner B. Car following traffic models
II: Variable reaction times and aggressive drivers. Bulletin
of the Institute of Mathematics Academia Sinica (New Se-
ries), 2007, 2(2): 587-607

Gasser I, Werner B. Dynamical phenomena induced by
bottleneck. Phil Trans R soc A, 2010, 368: 4543-4562
Sipahi R, Niculescu S I. Slow time-varying delay effects
robust stability characterization of deterministic car fol-
In: Proceedings of the 2006 IEEE, In-
ternational Conference on Control Applications, Munich,
Germany, 2006

Sasoh A. Impact of unsteady disturbance on multi-lane
traffic flow. J. Phys. Soc. Jpn., 2002, 71: 989-996
Jamison S, McCartney M. A vehicle overtaking model of
traffic dynamics. Chaos, 2007, 17: 033116

Wilson R E. Mechanisms for spatio-temporal pattern for-
mation in highway traffic models. Phil TransR Soc A,
2008, 366: 2017-2032

Zhou J, Peng H. Range policy of adaptive cruise control
vehicles for improved flow stability and string stability.
IEEE Trans Intell Transpor Syst, 2005(6): 229-237

lowing models.



38 Val 2 yiis & 2013 4 5 43 %

80 Batista M, Twedy E. Optimal velocity functions for car- systems, Science in China Series E: Technological Sci-
following models. J Zhejiang Univ-Sci A (Appl Phys & ences, 2009, 3: 698-708
Eng), 2010, (7): 520-529 85 Schonhof M, Helbing D. Criticism of three-phase traffic
81 Faria T. Normal forms for retarded functional differen- theory. Transportation Research Part B, 2009, 43: 784-
tial equations with parameters and applications to Hopf 797
bifurcation, Journal of Differential Equations, 1995, 122: 86 Kerner B S. Three-phase traffic theory and highway ca-

181-200

82 Das S L, Chatterjee A. Multiple scales without center
manifold reductions for delay differential equations near
Hopf bifurcations, Nonlinear Dynamics, 2002, 30: 323-

pacity. Physica A, 2004, 333:379-440
87 Kerner B S. Introduction to Modern Traffic Flow Theo-
ry and Control: The Long Road to Three-phase traffic

335 theory. Springer, 2009

83 Nayfeh A, Order reduction of retarded nonlinear systems- 88 Boccalettia S, Kurthsc J, Osipovd G, etal. The synchro-
the method of multiple scales versus center-manifold re- nization of chaotic systems. Physics Reports, 2002, 366:
duction. Nonlinear Dynamics, 2008, 51: 483-500 1-101

84 Xu J, Chung K W, Chan C L. A perturbation-incremental 89 BXHLFY, 4. FIFH A R A B S EUR S R A MRS, 1
scheme for studying hopf bifurcation in delay differential EEEAR, 2011, 43(5): 894-904

REVIEW OF TIME-DELAYED CAR FOLLOWING MODELS

AND BIFURCATION PHENOMENA"
XU Jiant XU Ronggai

School of Aerospace Engineering and Applied Mechanics, Tongji University, Shanghai 200092, China

Abstract In car following theory of traffic dynamics, human drivers need a finite period of time to process
stimuli of preceding vehicles and make a decision, which is attributed to human physiological factors. Since
mechanical devices also need time for sensing, computing and actuating, time delay seems unavoidable even in
autonomous cruise control systems. As a result time delays should be considered as an inherent factor in car
following theories of traffic dynamics. One of the key problems in need of study is how time delays affect the
traffic flow patterns and their evolutions. In this paper, time-delayed car following models which are continuous
in both time and space are firstly surveyed. Then the progress in the dynamic behaviors based on bifurcation
theory is reviewed. Defects of these models and the corresponding bifurcation research are pointed out in this
summary. Finally we conclude that research on dynamic behaviors of time-delayed car following models with
traffic flow parameters based on bifurcation theory are of great significance and necessity. By means of such
research, the underlying mechanisms of traffic jam formation and evolution can be better understood. Traffic
jam patterns can be categorized from a synchronization perspective through classifying dynamic behaviors
in parameter plane, and hence, different traffic control strategies can be put forward by traffic management

department based on the above jam patterns.

Keywords traffic flow, car following models, time delay, traffic jams, bifurcation
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