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Abstract

In this paper, the hyperbolic conservation law is used to describe the change law of the traffic flow
density. Some typical examples of traffic flow problems are numerically simulated with a HPUS
high-order bounded scheme that satisfies both CBC condition and TVD constraint. The results
show that the scheme can effectively suppress non-physical oscillations near the discontinuities,
and has good performance of numerical approximation.
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ACIE L ) R — B T AR D R R T A DRSS IS B I fae T el 30 AR,
1935 4F Greenshields $& H FH 3805 -5 5 25 AR 0 A 8 B R i 5 R IR R I OC &R[1]. 1936 4F Adams 7E18
S A TE RS R A VR REA LML AR B (2], AR AR IR E R E SRR H K R . 1950 4
KA, N¥NRTEFEAREERS, W EROE ARG EBINL, James Lighthill. Gerald Whitham [3]#1
Richards [4]3 HHREFIA 0 2 (BER N A T2l i, B WA TR E S/ LR (e LWR Hig), %
FS B R EI LE O R S AR, R A A DG XU S B A T R SR IR 2R B ) B AR A R, kb
EHR T IR B B

AE L) R ) SSHRAE TR AR R Ut s e T R, — AR MR X R Rk A, TR s —
LR A AR R HABUE R o AH FERRARNAEAE T, BIMERI6 2% F 78 0 s, U A A 2 B I R] A%
WA — B ZI P2 AR T W . Y RTRAEZE T ENEBE T A G RS, WARZEME. ARE. ARE
RS o A R 22 43 R A AL B 8T A 1) RIS 8 3R i, ARSI T 2 2% Xl ) s A PR G 7 VA AL B A2 2 i 3t
e RN B R F, AL KA i [ RIS g IR, A PRAR ARV R B TR a5 i A6 T, A B it 8] I )
R R 5 i) 8 ) — P v R 1

A 124 38U A% A — Bl Xk 2 FOU (First-Order Upwind). Lax-Friedrichs #2[5], X £t Rk
JERAK, BUEFEEEI K. MH0ZE2#30 CD (Central Difference). —Frill X% SOU (Second-Order
Upwind). QUICK #%#[6] (Quadratic Upstream Interpolation for Convective Kinematic). CUI #&Z{[7] (Cubic
Upwind Interpolation)¥{E FEBUSK, EGIEWIME T Al A B S LA ERIREEE, (RAER WA EiHg i
AR XTIRA T, G ERIB AL = AR EEIR Y . N T AE WAL 4R % . Gaskell 1 Lau #2H CBC
#EN[8] (Convection Boundedness Criterion), A PARUEBUE RS S FI0HRA S, B A RS RAESE A% =00
K& . 1983 4, Harten $2H 43 ##3% TVD [9] (Total Variation Diminishing) 448 Z#% 3, 763 25 FPER
[ B CRAIE. 7 214 18 73 % 2% o AR SR — Foft B 36 2 TVD B 1) 2% 48 33 /2 BAIR #E 1) HPUS [10] (Hermite
Polynomial Upwind Scheme)=iBa 7% 2o LR A8 i 2 FE 5 B R AT B A5 B AR i sh A,
T g 3t A 32 50 ol 38 ) S5 o ) A

AL EBANRZHWT: B BINE A @R A 5, T E R 5 L T 28 SaSiAk
TR RS DL B =T RIS M HPUS A N ROAE I B s 26 DU A HPUS A% 200 [ 25 28 id i A Y
R RIS DUREAT BB AL, RS BT 0T B TR R TARSEAT fRi S 4 .

2. MLRIZERIER
2.1. LWR {&&!
FER R AR, ARLR MRS I ) AT R AL St N Rl SRR R, R T R K R 2 A )
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6tp+axf(p):0

b p= p(t,x) € [0, po | 3T ¢ MM RRGLBIEREIE, p,, Fr BB R ERE .
1 (p)= pv FITITERE, 1545 Go (7GR AT, BN IR, v SRR I SRR A
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B O BRENI A EIE, HIE £(0) =020 < p < o B, FIAWTREBE ISR 1 B RENI, 5L £ ()
NEREORIMES T2 0 < p< py M. EES (p) WAL RIS, WM B 1 LS .

AR ST S R 24 TR AR B 11, K BB AL TS0 XA o WA R B 11 b, By
n ENBRAE 1, (1=1,2,,m) » m K HHBEIE £, (j = n+Ln+2, o n+m), CABETBEN
(=12, n) » HEEERHIER p, (j = n+ Lo 2, mbm) s 2501 J AL S A B 600 R0 B 55 Tt

L WSS/
Zlf(pi (tﬂbi» = _zlf(pj (t’a./' ))
i= Jj=n+
R SF L R R 0B 20 AT R R AR SR AR R 4 ROR[12]:

CZn+1J cxn+LZ ‘Xn+hn
a a e a

A _ n‘+2,1 nJ'r2,2 ) nJ'rZ,n
an+m,1 an+nz,2 o 6‘{n-i—m,n

Hifra, (0 <a,< 1) RRESTRE, RRFEEMNEE i BTN j B0 .

I £ A S YA Y Hh T A8 SR AN B B B OCE EAE R, — AN E A X J ALY Riemann 7] ED
A RN — AN AMER) Cauchy AR, HIHAMEAE S XA 1) 2508 i BA R 2. Bkl h <18 7 #2176
AN BRI S5 KR 1) Riemann fif s HH AR — 28 XS AR 1 Riemann fEJEALTITR, N T2 X s b E] Riemann
I M — A, TR AR DA 2R [13] [14]:

1) HFE A F—HH 5 A mAy 1, &l

n+m o :1’ j:n+l,"',n+m;i:172""’n
JU

J=n+l

2) A | AT, PR R /() BLR(EE A XA ARHRE] 2 N B BB L B2 >
T T

3) UNEEE BRI, B > m . SRR SN a0 b %8, IO ¢ %
B, Moa, b FIRBBNROE R —EEREM o B, TREH — A W RIAE A X J A, Mot i o
it ARHINE 0, B q(0<q<1) ABRSHL CHNES o ERINAEREN g 0. MAE b HERRY
i (1-g)-0 .

AT DL BLAE 3 X T AbsR AR Riemann 1 BUHISE T-76 .46 % _EsRARTRROWILIA A, b T-77 R0 4R 2%
P, RT3 R AR T AAA B, T DAA RS 5 0 B ) AU AT BRI 151,

ISR WOVIBEEIHEN: prg. r00 2 Pui0- Prsror Poemo » HIETEREEKI NG RN 0
BN B 0 A R AR 7 A

max {f(pf,o)’ pi,Oe[O’o-]
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i:l,...,n
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Vv j=n+l--n+m
T fe). pelonp]

Hrh o NBERKMA, A S (0)=0mar, 1 ksl fI7E s XA A B T BN T4 T 3R &
B £ (po) < f (o), ELA AL H BRADE B/ T4 TR RuE s, B f(p,,) < f(0), —LedRifs e
S8 X AR R ST

22. X RERBE

AE I LI 0] S BEAE T A A A8 X J IR R, A SC B DL PR A X 45 4 [ B2 2 ) 7l
(A)—ZFNEE AT — 2% H B (Bottelneck 7] /); (B)M 2 N F1— 2% H K o

1. —FNE o FNI—HE b

%ﬁ (A L — 2R N a R — 25 HH B b A A BB I i f . 1 AR N B B KRR R
58 R BN @ RN b EAS X J A KTEE 7, 7 2RI s IME L N X T
AR, 01k

Fo=Fy=7. 7=min{yM™
M J AN AE R R IE I R E BN

A

fa =7y fl

Z
m\_.

2.2.2. BEANE a. b A—FHEE c
BB av b R 2% B o M B ISCm M ORI, 5 5 FDREAR I N B Hh i B Ao
USRI N v NBS b R B ¢ £E28 XN J AR BOCTUBRE s L gme, BEINRS S A U8
B AL
Casel: ﬁ%k%ﬁJ&%mﬁML%zﬁ$?$AkaMka BE, I pme g pmo < pmachf,
T 48 N 25 ) 790 430 T ISURUSEE 3o 20 St B3 i 0 M
Pe =V By=00 Pe=Fu+,
Case2: P NBRIE J A BOCTEBE 2 MK T HTE J MM B TR R, 12y prs o s o i,
WG 4% N B 1 2700 B 2 FIRE B ¢ PR 26, WO S N B TR 7 2.1 P 48k 3 v T4 L 1 Ll A3t
A ¢ Filh. BIEAESEN q(0<q<1), SR ¢ 238 FRmoCTuB R 7™, N HEK o B ¢ K5
BAG ™, i b BNEE ¢ MR (1-q)- 7™, WSS SR J b= A% e 1 92 B R e L A DA R =
g
D My z g™ ™ 2 (1-q)y™ v, WA
Fo=qr™, 7y =(=q) ™, 7=
2) By <qr T 2(1-q)y ™ WL WA

max N max max I} max

7 7/(1 ’yb yc _ya ’76 76
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max oS max
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FEY T ST 01— 4 28 A 30 37 < 7 R A
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Hrb p = p(x,0) Fom « LN AFRAL BB ERELE, [(p)=pv R, F5opamm o m i 4= m
e, IR A BRSNS Lok oy R AT 2 ) B
3.1. Z=[EER
HEK X [a,b] PRI B N AN ERI T, 8 a=x, <x, <-<x , <x , =b, FANIEHIFRT
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2 2 2 2
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YA

eH 1 {x X 1}(;&1,2,---, ), B SR LA A T 5(xj,t):§:*‘ p(x.t)dr .
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FEIX ] 7, B3 HTRE()BEAT R L i 43
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de

$eiti 5, (1)« 0308 B(x,t) « f(pyot) BIIERME.
2 J5 5l N42J7) Lax-Friedrichs HUE it &R 52 f e f HIME[16]
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Figure 1. Three neighboring mesh points and the mesh face
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XL R BB BN @), ey » B RORID SIS BRS¢, om 35050 WOA% ) 5 T M

%ﬁﬂ%%ﬁ%ﬁ%*ﬁ@?%ﬁﬁ:
S -0
U ¢, KIIUES ¢, ¢c. 0, AR, HIWIT Leonard 1ENI1L
7 ¢ B ¢U
¢ ¢D _¢U
adAg AL AU T IE N4 E 2 (Normalized Variable Formulation, NVF) 4

. 1Y, 1
¢f :[1—5kj¢c +Z(1+k)

A TR, AT
1
g, =g+ [*W% b )+

AR

RN

Forb ke[~ [17]

L1,

K

AR AR Y

RKIIEMALS ¢, FIE RS g MBE AR, 41 4 URE RE AT 2 E LTS A% K

Table 1. System resulting data of standard experiment

F 1L LMEREMRER R HEEN AR

Schemes k Non-normalized Normalized
3 1 ~ 3.
Sou -1 ¢/ :E¢C_E¢U ¢1 :E¢C
1 1 A~ 1A 1
CD 1 #, :*¢<-+E¢D " =5¢(,+5
Fromm 0 ¢ = 1( 4,) b =4 +l
=g+ 4 r =ty
1 3 ~ 3~ 3
QUICK 5 ¢/ ¢c ) ¢z _7¢b ¢/ :Z¢c +§
1 5 1 1 ~ 5~ 1
CUI - = =24 +—
: b, =20+ 30—t b =2b+3

R AT YA T E AT A2 B 2 UL B BRSE, (B 18] W g AN AL X AT S b £ 1R W e

WP A AR R . 9 T AE AR AL A A 4R %, Gaskell A1 Lau $2H 1 CBC #EN[8], 1H CBC #EN
E BB RS RS, Wei A1 Hou #2 1 BAIR

PRUESUEAS S Sk, JEABERIERUEAS SRS L, N TR

N, BP et CBC #ENI[18] [19]:
3, 1 o1
25 r(8)< L)
1 N3 qn 1,
1)< r(d)<3d.1(4) S5h.<1
(/5/’:4/; 4,21
4 = 4. <0
Ak, TVD L A E 3 — AR ' A AT SN

b <1 €424 ], 0<g <1

$, =4, p <0

¢/'=¢cs ’;21

Hig

PULL @, B BALER, g, SHAAALHRIE BAIR AENUAT TVD 20 R AEFRAE I 2 b, Sk :Ri NV 2574
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Figure 2. The regions of the TVD (shaded) and BAIR (hatched)
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3.3. XRBBR

ILERE A HF R AL B RAX TG R FN: g, =f(4), 1 Zijlema FI Wesseling fif

ISR AT AI[20], ARG TR K

1) TR R NV i G%j AT R i

2) MR NV AL f@:% f@ 1Lk
%) BRI BAIR MERUA TVD S50, RS0 I R (E R R L
5 <[o.].

WA KA 24§, <[0.1] 0, 7Rt (0,0) , Gijgﬁ (L1). A £(0)=4,.
r(3)-1-3ee r=e., aa@ﬁmu;f.ele[%,z}, w{aﬂaﬁ, RGN 5
WELG, =2, 0, =013 2 k&1 HPUS #%208:

éf={¢fc(—4¢3;‘+10¢33—8&3+¢30+2), 0<g <1
J. it

3.4. BIEIERL

A2 5 TR N R S A R o TR, o8 7 A R iHlRE . MA =B Runge-Kutta
THEXS IS AT B AL =B R-K A% 300 F
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4. BUEEBHI

KATEATEIE FH R HPUS #2000 SCHR[13] [14] [16]H AN R 5 2% 14 6 X A6 0 3k AT B A0, I
Jiang. Shu fT#& H I FH M WENO #% 302117 4000 A~ MRS 556 5 FE AT BUE LI &5 Rid v S5k, K
% ERIRN “Reference” o UL FEMESF B, = (SSP)-RK /5 iL347E CFL 41F N A .

4.1. Bottleneck |a) 5

Bottleneck 1@ A AZ AL AN ] 58 P O B — BR AR AL, — 2R BB N Road a F1— 28042 1 H % Road
b AR, J TR 258 B A A R BT s e F TP 9 B AN R R B, AT 4 26 LA AN [ P B0 B
Bottleneck [ 2 14 S5 B A ) 96 BE B — BR AL i A BE NI o B2 I S b R 2R3 2 B AR A e

HRAETH R X E[0,2] 125 A @im Ut ~F L 0,0 +0, f (p) =0, HLJ =1, [0,1]X AR RELHE K
ANBRZETE a, FTR N 8 B R AN

5i(p)=p(1=p). pel0]]
i, =, AR o EORAIRE: £ (o) = m fi(p)= -
D121 X TAI 27 5078 HD H B 220 b, X IS A AL e 8 B 5

fi(p)= p(l—%pj, pe [Oaﬂ

‘é’.az:%aﬁ, ATRE b LIORIEER: £, (0,)= max f,(p)=

el 0,—
pe0]

1
5
DU py (,x)~ py (8,x) Fr IR N a R ER b 1 ¢ N Z0AN R A0 B 19 223 2, LN =200, CFL =
0.05, NS EAS RIWE AT Loy S 26T I 7] R
T 1. WME M IO R0
£, (0,x)=0.66, xe[0,1]
p,(0,x)=0.66, xe [1,2]
pry (£,0) =025

F IR A I 2 R % FE G T B b BB KR % B, B A I [ HERS AT T LWL 31 52 388 15 ZE R A
FEIL[13]. BRI HPUS 4% 2CRERS [] 725108 0.5, 1.0, 4.0 B ISUEM, FHEE 3 5T WENO #%
s H IS AT X oA
BT 2. WME %A R T4
{pl (0,x)=0, xe[0,1]
feX (O,x) =0, xe [1,2]
Py (t)=p(1,0)=0.4

FIF HPUS #& =015 8] 798 2.0, 4.0, 10.0 B RIEUEMR, FEEE 4 5 WENO #3045 H
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0, (0,x) =0.66, X e [1, 2]
Py (1) =p(£,0)=0.25

FH HPUS #% A THEN I A] 725 0.2, 0.5, 0.7 RFREUER, JRAEE 5 T 5 TBr WENO #g X g
2 R HEAT XS B #T
H1 Pl 3~5 AT RTHPUS A% 3R] DAR ST (IS 25 8, £E 18] Wi Ak S KA EE AR A mT AAT St i AE D EE R 355 o

1+ (R T=0.5 1+ T=10 1 T=40
i o HPUS I O HPUS 3 O HPUS
Reference i Reference + Reference
08 ; 0.8 ; 08}
a | a |}
0.6 06
0af 04l
\\\\l\\\\l\\\\l\\\\ TR TS ST RS SR SR R SR 71\\1|\|\\|\\\\|\\\\
025 05 1 5 2 025 03 1 75 2 %% 05 1 15 2
X ¥ X
Figure 3. Bottleneck problem with initial and boundary data—Case 1
g = 2713 i #
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Figure 4. Bottleneck problem with initial and boundary data—Case 2
B 4. 15 2 ¥I8EEHT Bottleneck (BRI HE R

1k e T=0.2 1
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Figure 5. Bottleneck problem with initial and boundary data—Case 3
[& 5. 1§/ 3 ¥AESEHT Bottleneck [B]3RHIHE R
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OQQ,Q

J Road ¢

/Iroadb/

Figure 6. A junction with two incoming and
one outgoing roads
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Jo il ok A
P, (£,0)=0.1
Py, (2,0)=0.1

K 7~9 43 RN NS a, N b, HiH ¢ /£ N=500, CFL=0.01, f/a 743518 0.5, 1.0 i) HPUS
W RBUEM B WENO KR ZH M. HTAEUESS R A, HPUS K BUE #F T DUR L (13 L F B
WENO % X%k, HMET S %k HPUS #2T DLZERBOH A% T 1k 1) B UF & R, A R4
i TR
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Figure 7. Numerical results for Road a at T =0.5, 1.0.
B 7.T=0.5, 1.0Rf Road a KYE{ERR
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Figure 8. Numerical results for Road b at T =0.5, 1.0.
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Figure 9. Numerical results for Road c at T=0.5, 1.0.
9.T=0.5, 1.0 B Road c HYE{ER
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