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A study on traffic flow hysteresis phenomenon

of LWR model with heterogeneous drivers

Student: Kun-Ting Tsai Advisor: Hsun-Jung Cho

Institute of Transportation Technology & Management
National Chiao Tung University

ABSTRACT

This paper presents an approach to analyze the traffic flow hysteresis
phenomenon of LWR model and Car-following theory with heterogeneous drivers. In
classical traffic flow theory, thexelationship between speed and density is a linear
function. That means one speedwvalue corresponds to-exactly one density value while
the traffic condition is changing. According toreal data of speed and density which
were collected from the road detector during a time period, we found that the speed
and density curves obtained following the hysteresis loops. The reason is that there
are no exact the same human behavior between each other in real world. The analysis
shows that when add the heterogeneous drive-behaviors characteristic into the LWR
model and Car-following theory and will present the hysteresis loops on the curve of

the relationship of speed and density.
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Car-following 2% T Rt #8 B4 5 - 2 WMEET » 8% § 23— 4 5
FE o F B R - B AR T A4 7 - B k(stimuli) 0 K S
# & E el X (sensitivity) > T EE B ¥ G & hE Ju(responsibility) » H 5 &R 5

ﬁ:%'ﬁﬁrfé‘!}ii\;/ﬁ‘ﬁﬁ”iﬁ f% o

5.1.1 GM model 2 m=0, 1=0

1, L (t+AD]”
&, (t+AD) = adl (Xm()tg%x(t :t))t.)] [%() — %, (D] (5.1)
B M=0 > L=0 » B
Ry, (L+AD) = a [ & (1) — %, (V)] (5.2)

5.1.2 & Ffid ¥ 5E B il AT

n vehicles congest

# 5.1 Vehicle n e4= 453% B ¥ R X 42 &

Initial speed Sensitivity
Vehicle 1 U a
Vehicle 2 U a,
Vehicle n-1 U a,
Vehicle n U @,
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(5.3)
Afi- T BRI R IFRE CER -2 FIET R
oo T mimlm
U=U=...=U_=U=U:; Upe =—[U+U+...+U]=u (5.4)
n
n 10n
= - 0 (5.5)
algu—1+a2g3#+ ...... +angu—“ adh +adhte.. o dl,
0 0 10
B ¥ - g d e SR B~ B P EE s H AR i R
B REED B o
oog-TTT oop
u=ugl-4); U =uU,=...=U =U
K = 10n k- 10N (5.6)
a + ol +ot o, Ude o, it e, ) -ugy of
d %—ﬁﬁﬁfgzt%,éi")¢ﬂ;ap];;;f‘wg:;;ﬁ;g,uﬂ;ugﬂ _ aE B

B+ At)=—ugr,gf » FIP &7 - BRFEEY - §pd R 1

U, (t+ At) = U, (t) + B(t + At)eAt = u(1 — a, gBeAL) (5.7)

Bz F - R R dRE A EE O B - B RpENpE s B4

LEE A R
oo opo
u =u(1-4),u, =u(l—a,gBaAt) :

...... =u,
u _—l[u(l—ﬂ)+u(1—aﬁm)+u+ +u]_—u{l—
ave n 2 A

(5.8)
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10n 10n
k = - 5 (5.9)
o o, +......+a, A, u(a1+a2+ ...... +an)—uﬂ(al+a2 At)

PodRE FIL S - e R A A2 - BFE R R(IU+AD =, fua,At-1] 0 F
T - BRI R ki

Uy (t+ At) = U, (t) + &(t + A)At = U [1 —2a, BAt - ﬂajmz] (5.10)
FZRE TR iR e 22 0 - B A &+ A = —Ua,a fAL 0 FI B
T BREREE RS R D

u3(t+At)=u3(t)+&(t+m)m=u[1—a2a3ﬂm2] (5.11)

RN - T RS =3 NS sn-1 482 s n R ek i e AT o

5.1.3 ﬁifﬁ% i)
- B 104mE > G- MREE ) A R0 L 10(m/s) 0 F fRE K R A
RAZE? —tk > A u 5 o =10, =09 0ha,=0.1 > * {7 5L 558 g

5 % &_Car-following 32 # o

10 vehicles congest

# 5.2 Vehiclel~9 4= 4038 & &2 g % 42 R

Initial speed Sensitivity
Vehicle 1 10 a,=1.0
Vehicle 2 10 a,=0.9
Vehicle 9 10 o, =0.2
Vehicle 10 10 a,,=0.1
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514 it s %

%53~ niRd BEER nj §E2 T 08 B > n=1~10(¥ = m/s)

AL 1Y ok sk i % i
10 9.684019 0 NH PR 10 Hd
8.901935 9.639779 e 1iRd B 9
8.502903 9.587541 e 24RD AR 8 iRl
8.241978 9.525157 e 3iRd R T e
8.050107 9.449561 Er4ipd SRR 6IpE
7.900425 9.356172 W Sipd SR Sipd
7.779501 9.23767 Er6ipd BHRE 44pd
7.67953 9.081206 ErTIRE LR 3 e
7.595522 8.860624 Er 8iRl LR 24
7.524069 8.507742 ErO4RE LR e
7.462727 7.462727 @ r 10§52 B4R 0 4w d

%54~ nimd 2 4R noj @A od i %A n=1~10(¥ = veh/m)

R i g fir
0.060386 0.062093 Er02D LR 104m2
0.06489 0.062339 1Rl SRR iR
0.067403 0.062633 Er24m0 LR 8 ind
0.069154 0.062987 B3Rl SRR Tipd
0.070501 0.063422 Er 4R SRR 6fpd
0.071589 0.063968 SR HRE Sipd
0.072493 0.064674 ErOfmd HHE 44pd
0.073257 0.06563 Er TR SRR 3 ipd
0.073912 0.067027 B imd LR 24pd
0.074479 0.069391 ErOdRd SR | pd
0.074972 0.074972 Er 1042 AR 0 4p 2
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5.2.1 GM model 2 m=0, 1=1

& (t+At)=“('=m)[&+l(t+At)

] [&(t) - &H (t)]

(5.12)
|
(Xn (t) — X1 (t))
2 M=0-L=1> R
a
&, (t+At) = (1) - %, (D) (5.13)
1 (Xn(t)_xml (t)) [ 1 ]
# 5.5 Vehiclel~9 4= 4038 & &2 g % A2 R
Initial speed Sensitivity
Vehicle 1 10 a,=10
Vehicle 2 10 a,=9
Vehicle 9 10 oy =2
Vehicle 10 10 o, =1
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522 WiEREE

%56~ nimd 2AEE nj §E2 T 309 B > n=1~10(¥ & m/s)

i bt fi %3x
10 9.492234 Er 02D EHE 104m2
9.454572 9.447397 Er 1 jmd HRE Odpd
9.218551 9.396803 Er 24w SRR 8ipd
9.007039 9.339273 3R SRR Tipd
8.82154 9.273249 Er4ipd SRR 6IpE
8.658962 9.196604 W Sipd SR Sipd
8.515743 9.106312 Er6ipd BHRE 44pd
8.388793 8.997781 ErTIRE LR 3 e
8.275586 8.863267 Er 8iRl LR 24
8.174084 8.686379 ErO4RE LR e
8.082641 8.082641 A 104m R 0 4m 2

%57~ nimd 2 4R noj dRd od i %A n=1~10(¥ = veh/m)

Bk B A g #

0.060386 0.063176 B0 HPF 104D
0.061703 0.063435 Br 1w HE R
0.063025 0.063729 B 24w B R imd
0.064259 0.064067 LRAIKE R
0.065381 0.06446 B AdRE BYR 64D
0.066397 0.064922 B SR BHE S RE
0.067319 0.065475 B OfRE HAF 44mD
0.068158 0.066152 B TR HAE 3 RE
0.068923 0.06701 B8R HAH 24w 2
0.069625 0.068174 ErOdpd YR | 4RD
0.070269 0.070269 B 104m2 HHPFE O dRd
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5.3.1 GM model 2 m=1, 1=0

a(l,m)[%,, (t+At)
&Fﬂ(t_i_At): |
(Xn (t) — X1 (t))

B M=1->L1=0" R

] [&(t) - &H (t)]

&, (t+AD) = a[ %, (D][ % (1) — %, (D]

# 5.8 Vehiclel~9 4= 4038 & 22 g % A2 R

(5.14)

(5.15)

Initial speed Sensitivity
Vehicle 1 10 a,=0.1
Vehicle 2 10 a,=0.09
Vehicle 9 10 a,=0.02
Vehicle 10 10 a,,=0.01
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532 W%

%59 » nimd HEER nj §E2 T 08 B > n=1~10(¥ = m/s)

i bt fi %3x

10 9.550271 Er 02D EHE 104m2
8.901935 9.491091 Er 1 jmd HRE Odpd
8.596964 9.422017 Er 24w SRR 8ipd
8.374331 9.34061 3R SRR Tipd
8.199358 9.243478 Er4ipd SRR 6IpE
8.056524 9.125699 W Sipd SR Sipd
7.937101 8.979757 Er6ipd BHRE 44pd
7.835571 8.793444 ErTIRE LR 3 e
7.748179 8.546711 Er 8iRl LR 24
7.672237 8.226744 ErO4RE LR e
7.605744 7.605744 Er 1042 HHF 04p 2

% 510:& » nim?d & PP nj fwA BN % & n=1~10(H - veh/m)

R i g fir
0.060386 0.062844 Er02D LR 104m2
0.06489 0.063182 1Rl SRR iR
0.066793 0.063582 Er24m0 LR 8 ind
0.068255 0.06406 B3Rl SRR Tipd
0.069449 0.064639 Er 4R SRR 6fpd
0.070455 0.065355 SR HRE Sipd
0.071319 0.066265 ErOfmd HHE 44pd
0.072071 0.067465 Er TR SRR 3 ipd
0.072731 0.069122 B imd LR 24pd
0.073314 0.071395 ErOdRd SR | pd
0.073832 0.073832 Er 1042 AR 0 4p 2
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5.4.1 GM model 2 m=1, I=1

(1,m)[ %, (t+At)

&91 (t+At) = 05 ] [&(t)_&ﬂ (t)]

(5.16)
(Xn (t) — X1 (t))l
B M=1>L=1"- R
(24 [&H (t)]
& (t+AD) = X () —¥%,,(D) (5.17)
1 (% (=%, (1) | ]
% 5.11 Vehicle1~9 4= 4238 B &2 R X 42 B
Initial speed Sensitivity
Vehicle 1 10 a,=1.0
Vehicle 2 10 a,=0.9
Vehicle 9 10 o, =0.2
Vehicle 10 10 a,,=0.1

66



542 WS

#512i » n4md AR 0o fed T8 B o n=1~10(H = m/s)

AL 1Y ok sk i % i
10 9.398497 0 NH PR 10 Hd
9.454572 9.349794 e r 1 fR? S 9 4R
9.248558 9.295777 e 24RD AR 8 iRl
9.06957 9.235624 e 3iRd R T e
8.911471 9.168339 Er4ipd SRR 6IpE
8.770382 9.092724 W Sipd SR Sipd
8.643528 9.007341 Er6ipd BHRE 44pd
8.528794 8.910513 ErTIRE LR 3 e
8.424513 8.800481 Er 8iRl LR 24
8.329341 8.67627 ErO4RE LR e
8.242172 8.242172 @ r 10§52 B4R 0 4w d

%513 nimd P 0 RD BN % A n=1~10(¥ i~ veh/m)

VaELF gt e R 3
0.060386 0.063719 Er02D LR 104m2
0.061703 0.064005 1Rl SRR iR
0.062854 0.064326 Er24m0 LR 8 ind
0.063889 0.064686 e 3dRd B AR T i
0.064832 0.065094 e 4dRD B 6
0.065697 0.065559 CONES - LR T
0.066495 0.066091 e GIRD B 44
0.067234 0.066706 e TiRD R 3 il
0.06792 0.067419 e 8iRD AR 2 il
0.068558 0.068242 ErOdRd SR | pd
0.069153 0.069153 Er 1042 AR 0 4p 2
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PR T i r BFRER A B (g o, £ 2 a,)2 (80 2 B®E 5%
R Car-following 3L am 2. ™ » Hig di kg R 4ol 7 P &5 01§ 2 18 11
SRR TR B YR AR SRR AR L S i AR LA B2
o2 B > A5 — ik El(loop) » Flpt &3 “BAFT g I AARF P B xR
FRERAFE(q =0, =..=a,)% T > g kg S oR ™ 5 g i
SEEARES S EE UL ERE S EN T HE S SR S
B RAEE LR RS e Dl AL FR ARG BT A > 72§

)% e Bl(loop) » + iz § BF L& -
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BB o

BB
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6.2 =R

ARG A A IR BF IR R 0 A B 5 BB LWR 558 2 i
Car-following 323 » A F B2 LWR 582 2477 » B R R B B R D
FLEH (observer) Ak — F T eny BLELE > 2 L2 Car-following 2235
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