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DL g ] BOSUh SR R 0 — OB Uk
u, +f(u,0(x)), =s(u,0(x)), (1)

il AE T w =u (o, t) HARFIAPR B &, Tl 5 PR (u, 0(x) ) WO T 5 28 [A) AR A A7 G B
HEURE 0(x), s(u,0(x)) NFEIAEARZ PR, 0(x) 2056 T 1Y [E] W7 &£, it 08
K23 A, AR Bt e 5 25 T ] 1

UL ] BT ) REAAAE T 22 AL BB Ui (/K | S8R B R A 3 it S5 m) v, Bz, E
ARSI ST AR AT AL B AN A B R 1 B e it ) T () R p T R Y
FELE BIPE Y, 145030 8% — A % T 9 B B0 42 T8 U Ak ST AR 5 kT L ACTELGE R 3%
A6 B TR 9 D 30 [ T S5 A R R A AR B S T B A AT LWR AR AL 05170
FIZ Rl LWR BRI 2000 BEAh Zhang 45 FET4E) LWR 08 K Zhang BURL" HE47 HE
7L BRAR T AN TR ASEROR A R R R = B SSE AR AL, BN HES Zhang R,

Xof T UL (1] DRI S e AR AR DR JH O i pR 8O T 4 i) ] T ) A T, 28 M ) — o B A% =X
JAEZ M WENO (weighted essentially non-oscillatory ) 1 RKDG ( Runge-Kutta discontinous Galer-
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X1

kin ) 75 B B AEL RS e LA B0 A Zhang F1 Lin % SHE T R (1) BIFF bR R X g
X HARFE L AR5, 3 Hh T R0 T2 (] AR AL R S50 0 ) “ BE " FE RS S ALY & Wi B,
HETTE FZ ML) Godunov \EO 1 LF S84 (EVATIE i, A3 1 VA fik (7 DT S 308 AU A28 11— B £
#6320t 8 WL 315 WENO Fl RKDG J5 k4 &, i 1 It i 2 ] W7 52 37t 3 A5
R B WENO Fll RKDG A% 3%, 1 WLSCHR[ 7,9,16,23-25 1. 7 41, Zhang %57 W 0(x) R fig7E
K I A R T 2 R R LWR AR TR AR oAb R AU SE R A DT R 12 B WENO A% SR . 1t Ah,
Bale Fl Levequem Fe TR PR A R AR R S A R RRES & i T —
TR A5 R (1) 10 52 50 A BR AR R 5. Biirger 26112V YR A ZE 1 370380 Jk (] B (1432 B 2445
B RG220 A% A Jin S50 B TE B AR AR ] AR AR 2 ) rpokg TSR A
LWR ! Riemann ff (9 HTHESE, Wang' ™! 397038 12t (o) W7 ity <7 P R i p i T2 2Kl ad 5 | AHE
J7 1 EO B R - T HEST ) EO B 25 404% 3. Chen 55 HR I T —Fh A0 HERAN TAK
2, TR At A0 1) B 22 42 LWR B, Wiens 251058 FHZ2 AL pR B, S 40 1 2 B i) B 10
o3 B A it i 1 B <P IE A Riemann [R) i) g AT fige.

SO ET XTIt 3 () BT A8 S8 AR O A AN B B9 TR (H 248 v TR S A P A 25 28 58
PLAYHES LWR B Z 42 LWR BEAY | Xof A 1 5 38 B A58 T 2% 1) S5 Ve v B 22 3 i A28 ( fif
PRAS I S PR Y ) ISR 5/ T 4% o) S M A AU A A3 I A 58 v A AN TR AR B AR 5, L mT LA 3R
TS G AR S SSE R, TR TE e BOL R B KRB AR AR G- 220 ] 52 s A i B4R 1 PR 4
I, 45 1 S AR — A7 BRI A SR, e LB (E B30 i F 58 IR A A /0 T4« Lebacque 4515
FIFAHER EAR S8 T 5 3 A B Y Riemann i, 38 FH 4% 1) 5 1 155 9 5230 S A Y Rie-
mann ANE 5 PEET, IEBA T GSOM ( generic second order traffic flow models) [ BT i 54 T
LWR BRI )43 B A Mammar 255" 45 1) ARZ ( Aw-Rascle-Zhang ) #5154 Riemann f#F1 Godunov #%
R..Zhang %32 ] CHO A& Riemann ANZEHEVE T 3575 H Riemann fi# ( Godunov i@ i) |, iF
— e AT T — R FGE AL Riemann fi (EO A1 LF SR80 78 ) AR A9 — B kg =80,
LA, Qiao 254 1R B EE 43515 WENO Ml RKDG J5 I 45 &, R AR it CHO #RY
¥ B WENO FI RKDG #% L.

ARSCHE FRIFIE TAERYSERE I K45 ) S Pk CHO BEAYIEATHE, SRAS AR 2018 B 5 1
(1) Y38 T[] BT CHO BEAY | 135 T 3L Riemann A FEPEJG, iz H R T A 7 S & WLt B, i
T B BUEAR 2055 11545 T i R W CHO 57, 55 2 5 & i T i it (] Bt CHO 4557
) — B BUE AR 2 5 3 T RALL T iR E A CHO ARRL 56 4 5 G4 T 400,

1 Ui AW CHO #EAY K HARE 2544
1.1 REEEE CHO &3

Zhang % A ADDRE “u” , il CHO B,

p, + (pV(w)), =0, (2)

w + (V). =”“<f)TV,(Vuf;”>, (3)
Hrhp =p(a,t) Alw =w(x,t) RFROIE v b ¢ B 20 0% B2 B, O w0 i EL 1R
Bov=V(w) BT 0 NEFEE, V(w) 5 R — M B -5 B ¢RI EEAPERT, Bl V' (w) <
0, 0w < py(py HHLIEREE) 0. (p) FFMHERESIEXF , 7 BT p =0, V(i)
= v (p), W CHO A1 (2) F1(3) BN LWR BRI L0 CHO AR5 LWR B A A Y.
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Zhang %5 25 AT AR ZESEBOR A R 9 LWR AR
(ap), + (apv.(p,b)), =0, (4)
Hrha =a(x) NOLE x A ZEEE b =b(x) =v, (x)/max, {v, (x) }, v, (x) B0OIE x AL H
FH UL BE PR T R (4) SAHETT LWR BRI (ELWR ),
55 CHER[ 32 ] iz H LWR SR s B 5 72 5 14 CHO A b g7 sPfE 7 72 (3) AR
R AR SCHET ELWR A8 (4) B FHOhn st B 7 f St ml A8 38 500R1 ) Pl R Y CHO AR
(ap), + (apV(w,b)), =0, (5)
a(V(w,b) —v.(p,b)) (6)
-7(oV(w,b)/ow) ’
Hr oV(w,b) /dw BT % BE BR324, H oV(w,b) /dw < OFRITFEAL(5) FI(6) A
SR W CHO #58) fiFk i CHO #5%1 (ECHO #551)  J5H2(5) F1(6) 435k ECHO il
() B S AE R A B SPE R w =p, V(w,b) =v (p,b), W ECHO #& ARk A ELWR
iR W] ECHO #iR1 5 ELWR BALEAHZA Y.
1.2 REEEE CHO # % Riemann (o] 3 & H4SF &
iap & U, aw & W, W ECHO BiRIA] 5y
U, + (UV(W/a,b)), =0, (7)
a(V(W/a,b) —v,(U/a,b))
-7(V(W/a,b)/d(W/a)) *

(aw), + (awV(w,b)), =

W, + (WV(W/a,b)), = (8)

u=(UW)", 0(x)=(a,b)",
f(u,0(x))=(f, )" =
(fL(U,W,a,b), ,(W,a,b))" = (UV(W/a,b) ,WV(W/a,b))",
s(u,0(x))="(s,,5,)" =(s,(U,W,a,b),s,(U,W,a,b))" =
a(V(W/a,b) —v (U/a,b))\"
(O’ — (v W/a,b)/a(W/a))]
W ECHO #7145 — Ay i 8t (] oSt ~P e Ay B2 (1) S ek
U +f(U,W,a,b) =0,
{Wl +,(W,a,b), =s,(U,W,a,b),

(9)
Hifi 2
1
fZ:Zfl’fl:?fz’ (10)

Hpz=w/U > 1, RIMGER EOOBEE W(=aw) SIRFE U(=ap) BIHE.
[E5E a F1 b, ECHO BAY [ Jacobi K FE N

U V(W/a,b)
f :[J/(w f]W]: V(W/a,b) a o(W/a)
VS 0 V(W + WV Wab)
a o(W/a)
FLXH R B RFIEE
W ov(Wra,b)

A=A (U W,a,b)=V(W/a,b) +
1 1( ’ 7(1‘9 ) ( (l, ) a H(W/a)
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)‘2 :)\Z(U,W,(l,b)=V(W/(l,b),
HA, <A, =V(W/a,b), £ ECHO FBALZ A ] SRR,
£ ECHO BB (9) 1, % 5,(U,W,a,b) = 0, f3 HFF UL
U +f(U,W,a,b). =0,
T SiC ). (1)
W, +f,(W,a,b), =0.
TR IWIIR 551 R
(x) (x.0) u,, x <0, 0(x) 9,, x <0, (12)
u,(x)=u(x, = x) =
‘ u,, x>0, 6,, x>0,

Hrp
u(x,0)=(U(x,0),W(x,0))", u, = (UI’WI)T’ u, = (Uz’Wz)T,
0(x) = (a(x).b(x))", 0, = (a,.b)", 0, = (as.b,)",
DFRFIER L (11) FA1(12) 24 Riemann [71] 75,
XIHTFE(8) Pisi[EI3fE (WV(W/a b)), 153
(WV(W/a,b)) W, + (WV(W/a,b)) (WV(W/a,b)), =
(WV(W/a,b) )y s,(U,W,a,b).
[l
(WV(W/a,b)) W, =(WV(W/a,b)),, (WV(W/a,b)), =A,,
75 ECHO REAL —4FIE iR

(WV(W/a,b)), + A, (WV(W/a,b)). = (WV(W/a,b)), s,(U,W,a,b). (13)
HERERNIFE(8) W AE iz B2
(UZ), + (UZV(UZ/a,b)) . =s,(U,UZ,a,b) . (14)

BHFE(T) AT TE(14) 1558 —FE N
s,(U,UZ,a,b)
—
HARFIE DT 2 (13) R (15) 77 AE BRFIE S 43 R A LR iR F“ 2-R¢ 1R
O 1-5:1EY  FHOE(E A RRIEAEE WV(W/a,b)
@ 2-H5fiFYy  FROE(E A, BRI Z .
MYREFIE LIS R E AR i Z J& 145 1E 310 Riemann AZE 7 BRAE(E A | AT A, (OATERAE
RSN R, = (U,W)" MR, =(1,00", H
A, aAlj (U.W) :W(Z oV(W/a,b) +W62V(W/a,b)j 0.

F)
VA, ‘R, =| —
P (8U’8W a(W/a) a o(W/a)?

Z . + A7 = (15)

a
VA,*R, = (Mz sz (1,0)" =0.
ou’ oW
VA, R, # 0, W 1- FE S M AR LR R, X 3 sl M B ; VAL, <R, = 0, NI 2-FFfE L
LR PR AL ERAE S, %F 4 At fa] 8 SRR (14) Bfis B R, Z IFEEL 26 145 E iR

g,
2 —rEuEAK

ECHO B 237t 38 k(] W XUt 4B A ) B2, AT B 45692 ) Zhang 5542 1110 & BRATSE LSS
SRAFE X R — B (EAR ZUFR A A6 3 1 SR ECHO A5 A 2 4% ) S 503l A AL, LT Rie-
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mann AZEEPER 3@ W=2Z UM U =W/Z" JRE8T 1k ECHO A8 | SR 7530 18 e [a] Wt i) ff
FRBER 1 f 2( 27 Fom Z S IR , T2 F & W33 oR A R AR AR AR 1 R 2, %o g il —
I@’rﬁ@%ﬂ’r\%ﬂ%f 2 1 3.LA B — N ik 1~ 3.

Sy aS T EIX ] [0,L] MBS (LY, L= (a0 X)) s Ay S %010 = Xy o, =
(%10 ¥ %i10)/2,i= 1,2, N, LS {1} GBS TR X 8], FARE 75 Z e AN
FEFAAS (AnE 1), If4h HTIEﬂfr%ﬁFIEﬂ (0,7 BRI LA Y, A ="' =" (n=0,1,
M-1) .

u?:u('xi’tn)v 0i=0(%i>, (16)
0%
1 1
=—fu<s,t">d§, 0, =ff0(§)d§. (17)
= (16) F(17) ﬁJ\ﬂUXT ﬁﬁﬁ%ﬁj\ﬂlﬁ@ﬁi*ﬁf
I, L [Nvl
X-172 X2 Xi-12 Xi+1/2 Xn+1/2 XN+3/2
X, 0 x X1 X Xinl xy Lo Xy, X
B =S s R A3
Fig. 1  Cell division for space discretization
21 %1
]‘iﬂ"l#/l\jl\:": oi $u 0i+1 ng:‘lﬁj:{jt’jg 0i+1/2 ’ 01+l/2 - 0(01 ’0L+l) ’ ;H\:EP 0 j‘j ﬁ E{Wj

JEAENE 0(0,0) = 0 s E R SHEA (1) MR, , aEUJ“”
0, Sflu,0,) < f(u),,0,,,),
015
Hofr f(u,0,) Fm 0, RS R K= (.
XU, Wi =i,i+ 1), 8, BEESCH By e (- 1] K, il

010 = .
otherwise,

F1(80,U 8,00 W ai0,0,000) =¥ (U W L a;,b)) (18)
S8 oW ai03bi010) = ¥H(W La;,b;) (19)
A8 U8, s Wi b ) A (U W b)) =0, 1=1,2 (20)
A%, H
A (8, U8 s Wiy bisyy) =0, AU W a b)) = 1)
A8 U080 Wiy a0 30000) <O AU W ay m) =0,

Hrp Y S ONIE] Y = Y U;L,I'V;’aj,bj’awl/z 7bi+1/2> , MEHT U;'l > ;, a;, bj’ Ais12 A biii -
X L A B 23 ] A ] A% K 43, ECHO R (9) i — BB (B A% =X

t ~ ~
n+l _ no_ _
Ui - Ui A i+1/2 fli—1/2> ’

(22)

I A
W =W - = Fa) + A (UL W b)),

[ AR

i+1/2

5

r n n n _
flM/z f(U UL W W:'Jr];ai’aiﬂ;bi’b”])—
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f (51+1/2U" 1+1/2U:'+l’8z+1/2W?95i+1/2W:'+1’ z+l/2;bi+l/2) é f1i+1/2’ (23)
fzﬂ/z:f <W7Ll’ Wiisa;,a ;+1;bz’bz+l>:

f (6z+1/2W” 1+I/ZW’L+19 L+]/2’bt+1/2) = fzﬂ/z (24)

R 5 AR R Vi R (R AR RSP E 7 R (40 ELWR BCRY) AT 2% Godunov \EO Fil LF 2545
SOBME T 7 IR R ECHO BB r AL, £, R f, | HORFHRISAE Y LE BUE IR

i
1+,/2 = [f1(61+1/2Un 8112 Wi i, bisrn) +
ﬁ(6i+1/2U?+1 O Wi @insbi,) —a'(8,,,U0L, —8,,,U0) ], (25)
fzﬂ/z _7[f2(5;+1/2W? s@iv25 ,+1/2) +f2<81+1/2 +1’at+1/2,b,+1/2)
" (8,1, Wiy =8,,,,W) ], (26)
o' = Hilfix(l )‘1(5z+1/2U;’L’55+1/2W7’a/+1/2’bz+1/2) I,
| Az(am/zU;’8i+1/2W;aai+1/2’bi+vz) ). (27)
gas

n n n
o —max(| A (51+1/2U 81+1/2W @ivinsbinn) 1,
n 1
| /\ <51+1/2U W a1, bin) 1),

M=t (25) F1(26) A ECHO #% () LLF (local Lax-Friedrichs ) %5 {8 i i 2. AR A% 2 10 5B 54
e, (22) BRI A B 2 CFL 244
A" =CA/a", C<1, (28)
Ho om = (27) Fiow.
22 FEEk
HER ECHO BRI (9) 6T A, FRAES A A0 UM, H Z 2 1-5-1E 51 Riemann AR, 7F

G e A 2 =2 %’n\#ﬁ( 10) ,ECHO KRR AR fRi 1

{Ut +f(U,Z"U,a,b), = (29
W,+[Z_fl(U,Z_U,a,b)]x=52(U,W,a,b), )
£
1
—f(W,a,b =
+[Z‘f2( o )l > (30)

W, +f,(W,a,b), =s,(U,W,a,b),
%7?*%€H<29)*ﬂ<30)éhﬂ7€7 ECHO AR R Ak ASE Y 1 2 7 faf AkAB 1 fn 2 o 4 s, (U, W,
a,b) =0, FHFFUIE I35 0

{Ut +f(U,Z"U,a,b), = (31)
W, +[Zf(U,Z U,a,b)], =
il
1
i a.b =
+ ':Z_fz(W’ ’ >:|T 0, (32)

WL +f2(W’a’b)x =
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Horp R (31) B — AR R TRAS & U R0 Ja i 8] Wb i S AE R, 7 R (32) 1Y
%—Aﬁﬁijﬂﬂéﬂ:ﬁ@ﬁra W )38 i (B b 1 ST H R
23 &2
X RIS oy, 27 = 2] = Wi/ U BETIOTRA(3L) BER— TR X Ul (=i + 1),
8!, WLEHE SR By, e (-, 1] HA M

{fl(timU" 081, ,U ag,b,00,) =y, (UL ZEUT a b)) (33)
AL WU Z sa s b )A (U Z2 sa,,b) =0
ff#, H
{MS,H/ZUT,Z?, @irnsbivin) =0, AU}, Z] a;,b;) = )
A8 nUL 2 ay,,b,0,,) SO, AU L2 a0 ,-+1) =0,

Hrvy, seRfly,, 2y, (U,Z]a,b,a,,,,b.,.,) , KBT U, Z7, ap, by, ai, b,
MNU,Z a,b)=0f(U,Z U,a,b)/dU.
IR (31) TEMIRE i T «,, . KO FESIE I E 5o
f1,+]/2 = (U UL 520 5a, 0., 50,,b,,) =
Fi(BLinUl 8L s Ul 3 2 50, 05b,0,) £ flm/z, (35)
fonn=Zi =20 e (36)
flm/z AT — 2 BB i i, (TR AT
Godunov i il &
fim = f9(U, Uy Z) 300 05b0000) =
min f,(U,Z'U,a;,,,,,b,1,) » u svu,,

U <U<U,

(37)
ymax fi(U, 210 a1 bi00) s Uy > U
EO {H it i
Niﬁ,/z = 10U, Uys Z) sa0,,05b0000) =
j:]max( of (U, Z'U.a.., b..0s)/0U,0)dU +
f:fmin< of (U, Z'U.a. . b..0s)/0U,0)dU +
HULZIU a0 3b0000) 1o (38)
LF iﬂdﬁ‘bﬁﬁ*
1”1/2 = [V (UL UG Z a0,05b0000) =
ST ZU s i) + AU 2 s bi) = (U = U)],
& = max max | 0f (U, Z'U,a,,,,b,0,) /U1, (39)

i min(Uy,U,) SUsmax(Uy,Up)
Ao = MaX (U, Uy) <Usmax(Uy,Uy) I (‘)f]( u,z:U,a,,,, 7bi,+1/2)/aU| s muﬁ(39)ﬂ‘7 LLF £ {H i i,
ZE b BT ORRYL(29) , R (37) 9 Godunov ¥l f, W3 ECHO #151 (9) i —B Go-
dunov #%2C .
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Atn — —
n+l _ n G G
Ui - Ui B i fli—l/2> ’
A (40)
+ g t n n ~G n n
W;”:W; Z f1+1/2_Zi—1 f1ri_l/2) + Ar"s, (U, W a,,b,) .

A,

i

FHEFL AR R (38) F1(39) 9 EO I LF (B LLF) ¥ i@ &, W4 ECHO #m ) —
K EO F1 LF (87 LLF) A% 20 FREHE , 3K (40) B At T3 2402 (28) A CFL 4504, LI o 7
ek
a” —max(l A (81+1/2U” 7611+1/2U”a z+1/2’bz+1/2) I,
| AZ(SMU?,2;5;,/21/;%,%/2,bm) ).

24 %K 3

ST RRAL(32) M AR K W =d,i+ 1), 87, WIHESN My, e (- ,1]
SN

{f2<6?+1/2W’-‘,a,-m,biﬂ/z) Y2 oW ha,b) (41)
A8, W sy b)) A (W a;,b) =0
Aifi, H
{)\(SM/ZW” Qiiprsbinn) =0, AW} ,a,,b) =0, ()
AL Wi @i b)) SO MW a,,b,y,) =

Hrfry, Eijt{g'}’zmw =72, (W?,(l 2 Qivin Jbiyn) , WM W, a, b}" Wy M0y A(W,a,
b) = BfZ(W a,b)/aW.
FRAL(32) FEMAS T «,, ,, AL RO T30 £

f2”]/2 _f (WZI9W?+1! a;,a z+19b19bz+1> -
f (6z+l/2W” 512+1/2Wn+1, 1+l/29bz+1/2> = f21+1/2’ (43)

f15+1/2 = Zn f2.+|/2 _Efzi+l/2 * (44)

Fon, T —£8 OB VT E, FTR AN

Godunov i &

e ” Wlméngfz(W @i rbiinn) s W, < W,,
fZM/Z =F2 W Wastiinibins) = max  f,(W,a.,,,,b,.1,) , Wy > Wy (45)
Wo<W<W,
EO %&{E?ﬁi‘ﬁg
Eﬁl/z = J2 (WI’Wz’aH-I/Z’ L+1/2)

f max(df,(W,a,,,,,,0,..,,)/0W,0)dW +
0

W
Jo min(afz( W,a,, abi+1/2)/aW,0>dW +f1( W’ai+1/2’bi+1/2> lwoos (46)
LF %&{E?ﬁiﬁi
2¢+1/z = fLF( W Wysa,,3b0,) =

7[f2( Wi a.., ’bi+l/2> +f2( W, ’ai+]/2’bi+l/2) - a(Wz - W})}’
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o = max max L afs( W,as,,0,000)70W 1, (47)

i min( Wy, W) SW<max(W,W;)

o= MaxX, (W, Wy) < W<max(W,,W,) l sz(W Q125 L+1/2)/8W| mu—t(‘w)ﬂ‘:’ LLF 0 {E i im 5
2 b ET R4 (30) , R (45) 1Y Godunov Wi il &, 1] 15 ECHO *‘5':%”(9)13/]#@[ Go-
dunov #&= .

n+ n At” 1 ~G 1 G
Ui = Ui - Ai (le f2i+l/2 Z?—l i j ’

(48)
— f;;’»_l/z) +At"32< Un Wn al, L)

i+1/2

t
WT-H-I — Wn _
13 I3 A

BN S SIS (46) F1(47) B9 EO FI LE( 5K LLF) ${H 08 i, W75 ECHO #im
f—Kr EO A1 LF( 8% LLF) #8320 i CFL 461458 28) 1Y o b Bidte
a' = max(l A (51'2+1/2W" Z” 8?+1/2Wn l+1/2sbi+1/2) I,

/l n 2 n
A (61+1/2W /7 61+1/2W,' @iy bin) 1)

3 HfE B

B 1 3T ELWR BRI ECHO A8 55 U8 AUB U 42 1 50 b R 1 s M 42
A F A Riemann [6) 85,3505 2 35T ECHO BRI 4258 50 1 vh U 3 J35 728 Ak 1) 52 38
Hin)BLE B 3 2T ELWR Ml ECHO A5 AU AE 8 B8 3l i 38 1h., SEBRBLLHh K i A8 1 S B 8
Yoc a4k,

31 Efi1
BEIE P 7%JL BUb(x) =1, %
a(x) = 3, x < 0.3, (49)
1, x=0.3,
P LSBT U
p(x,0)=0.20,,, (50)

Horhtp,, HMLSERTE,
75 ELWR B BOT- (-1 6 R

v.(p,b) =vb(1 -p/p,,.), (51)
oo, AT R, W1 0A 2514

U(x,0) =ap(x,0). (52)
P ECHO BRI | Bk i -2 1 i )

v,(p,b) =vb((1 + PPim™ 03700y =1 - 373 % 107°), (53)
R PR A

V(p.b) = vb L= /P . c=40,d=-08, (54)

1L +d(p/p,,) +c(p/pi,)
WhH 21k
U(x,0)=ap(x,0), (55)

V(W(x,0)/a,b) =v.(p(x,0),b) .
— B AN R A B R L =4 000m, v, =20 m/s, A, = 10m, A" =0.2 s S lia
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FRER 1 F1 2 P —B Godunov AR AL ELWR 1 ECHO #5i81 AEI45 BN & 2 Frik.

09 ] 09F
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08 F . 1=100's 08F 1=100s
- : - === 1=200s r - - == 1=200s
0.7F | 0.7F
r l N
0.6F : 0.6F
pof . p ¥
0.5F i 0.5F
N | L
04F : 04F
B I F
03F | 0.3F
N 1 r
02F L 02F
TR N TR T ST N T R R | TN (IR S N SN ST N N ST NN [ N N
0 0.2 04 06 0.8 1.0 0 0.2 04 06 0.8 1.0
(a) ELWR f& 7% (b) ECHO # %)
(a) The ELWR model (b) The ECHO model

B2 g 378 | AYACm
Fig. 2 Traffic flow densities for the lane number switching from 3 to 1
el 2 ARAF i 42 1 il ELWR B8 ECHO AU 51 Y X Riemann [n] 3 fr 21 1) (14 5258 3
POAFRBRNE , BAE 4B 3 72 1 BIRIBTAL (x = 0.3) I L o A 4% O, T et i in
HiT A AR R , 55 S PR3l S I A2 B IR A0 i A 17 L) 3T FE L 2 () A
(b) & ¥, ECHO R 55 ELWR AR BT ARAR L, 2k 1M 3 WA FE AR 2 ST B e AR 1 T, i
CHO BEALE FT13 9 ECHO AL 5 ALY,

32 Hfl2
A E%L
a(x) = {4, x < 0.3, (56)
2, x = 0.3,
K
b(x) = {1.0, x < 0.3, (57)
0.6, x =03,

A R R - R PR, E - B R BRI I S ) WK (53) ~ (55) , R — B b 4%
4, HFESEL=10000m, v, =20m/s, 7 =30s, A, = 10m, A" = 0.2 s JELILEFUPE 3 FIE
4 JIi7R.

iz R 2 i —B Godunov ¥EEUELHL ECHO #1125 SN I&l 3 i, B ROt 7 ZE 8 %1
I/ 0 B ER O R IR B b S A 1 AR A R 3 (a) (b)) B RTERIBTAL (2 = 0.3)
U B 0] S A A A ) R B ( SE MR RS SR ZE ) | HL B A B (R30S iR 2l BH FE 4k 22 0] )5 A
& W 3(b) Al(c) , HE t = 1950 s BHE AN 3(d) Frs B 5, 5 5EPRAE i 4. K 4
J3Z F—H Godunov \EO Fll LLF #8 B4l ECHO FLHIZE ¢ = 600 s 19%5 BEXT LU IR, K] 4 (a) I
(b) 43 aXF A% = 2 A1 3. IR 4 (a) B (b) H1: Toie A8 20 2 51 3, AR 1 — B Godunov \EO FI
LLF A% 2CBALL 0 45 5 22 AN K BB 1 152 25 KR 38 K, 5 38 /3 A AR AT, 341 Ui T ECHO
FiAY Riemann AR T — B g EAg = 2 1 3 B A 3A RN,



556 T B[] BT <4 8 ) 28 T A A B LA (AR AL
0.7F f % 0.7f5
L E o
0.6 °“ ! 0.6F |
i g o g
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Fig. 3 Density changes with time at a bottleneck (ECHO model)
0.7 p=—= (L) ~S——
- Godunov flux L Godunov flux
0.6 F - - - - EOflux 0.6F - — - - EOflux
T et LLF flux s LLF flux
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Fig. 4 Densities from different schemes at a bottleneck forz = 600 s (ECHO model)
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3.3 E4I3
BUEEE a(x) IEELb(x) N
b(x) = 1077, 049 <x <05,0s=<t=<30s, (58)

1.0, otherwise .,
Pl 2cF b(x) PIRREBE F oAk A A sl i, USSR ST NELLT, A GEmTT.F
7 0 B -5 T R RSO 3 -85 B R B0 ) LK (53) (54, WA S = (55) , Hidh p(,0) =
0.25p,,, KRR RS MIESEL = 2 000 m, v, =20 m/s,7 =10 5,A, =2 m,At" = 0.04 5.
FEAZE SN 5 FE 6 FiR.

(a) ELWR B8 (#3 1) (b) ECHO ##I (455X 3)
(a) The ELWR model (scheme 1) (b) The ECHO model ( scheme 3)
B 5 ZEERERTEIEL(0 s< ¢ <500 s, —BY Godunov #%3L)
Fig. 5 Evolution of density with time (0 s< ¢ <500 s, the first-order Godunov scheme )

08 =\ 0.8F
0.7 a scheme 1 (LLF flux) 0.7 3 I scheme 1 (LLF flux)
5 | Y — - —— scheme2 (LLF flux) - I - - — — scheme 2 (LLF flux)
I l i scheme 3 (LLF flux) - —_————— scheme 3 (LLF flux)
0.6 - I ! 0.6
r i -
N I B
P05k 3 p 05F
L i| B
04F 3 0.4F
g i -
03F :' 0.3F
r I B
- i :
02 I 0.2F
R T T R S A S R SR SR
0 0.2 0.4 . 0.6 0.8 1.0 0.2 0.4 . 0.6 0.8 1.0
(a)A;, =2m, Ai" =0.045 (b)A;, = 1m, A" =0.02s

B 6 ECHO HHEIEAIAME AT i BEXT LI (1 = 5005)
Fig. 6 Densities from the ECHO model with different schemes (¢ = 500 s)
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BT O 5 (a) WoRBI AR Bl 5 OS2 30 72 8] W7 A b Y 02 1o 2 321X 3, (L it 45 1) 1) ) 48 o
B R, e BT 5 (b) s W) A 3l [R5 SO 7 (] i b i 18 1l e 285 X
S8, FLBE I ) AR 3828 A0 Ak O 1] S5 A% 4% 04 i A IRH452 30, 26 B ECHO 45578 56 % 21 1 = SF-
BAGHE, BT 5 PR3 Wia 17 W) & 0 i s A A5 A 50 1| R0 2, i — 20 3R
ECHO F 81 B n] LUt A 25 Se U , ol LA A A5 Sd U, AN AE 3R - A 25 58 T i
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(Y ELWR A58 A7 {3

Kl 6 iz AR A —B LLF #5840 ECHO BOAITE ¢ = 500 s (1995 BEXT LU EL AT LR 6 (a)
F(b) AMER L, BEAE DR s 3 Fis TS L JCE 2200, W& 6 (b) s (HAE AR XS BRI
1%, 3 Bl ABHUZE R AT —E 2200, WP 6 (a) AHXT A% 3 1, A% 302 703 AR 220N 3%
Bk =X 2 A0 3 R IE I SCR A AN 26 1 S0 T as A [A]— B LLF A 2R UL i (a] | 8 5 e
A A% 2 03 B AR R 1 H A

F1 AFEMEABIIZFTE (ECHO FiRY)
Table 1 Computation times with different schemes ( ECHO model )

space step, time step scheme 1 (LLF flux) scheme 2 (LLF flux) scheme 3 (LLF flux)
A, =2m, A" = 0.04s 111.77 s 70.64 s 55.39 s
A, = 1m, A" =0.02s 483.40 s 275.28 s 220.94 s
:l__: N
4 én 1/13

ARSCHEET ELWR AR K HOssk 3 5 R 5t ml A8 ZE T8 50RN [ Hh 3 R 1) ECHO AR 5 5k
BB BALIGIE Tt CHO BERYHE T #R151 ECHO BB 24 BRA 8501 | BE S 1 A - 25 Fn A
AP, B b S e T S PR A 3 IR AR R BF 9T TR A ECHO B ALY — i B (i s X —
i, FHF ECHO #5274 Ay 3t 388 [1] Wi 0Ll <P (e A 5 8 iz & e vk i A9 21— B Bl As =X 1,
T AT R FH TR A8 — e %) 7 38 1) Oy < A A R, T 3 ] T A R (4 ELWR
FERL) | A2 ML — B Godunov (EO Fl LF( 8% LLF) 48 2, (H X% T2 2 5 F (s i), I
o R AR 2 o0 RSN (U0 ECHO #281)  E RL TR 2 8 /N — B Godunov Fl
EO M2, — R JH 17 858 19— B LF (8¢ LLF) 48 2%, B iR 2 M 8k 59 — 7 i, XA
ECHO A5 7Y Ay 3t 38 [1] W (1) 45 1) S P 5838 A 28, 1 FH I Riemann ANAR 5P T, i Ry 3 i 4 7
B & WL Wt TR ECHO B ) — B8 (A% =X 2 A 3, Hag AN A —Bi LLF 455X
Bl ECHO AAY A% 2 F 3 A m R leag =8 1 B 47 I RReR b & (HA% X 2 3 {GE
JH 3R i 5 308 2 100 DRI 194 45 1) S P A0 308 SRS AR 0 — 25 () TAE AT 2% i 15031 ECHO B — i 8K
(B A% 2 AR 5 i BB vk 45 4, i ECHO RS 9 25 B BB A% =X 0 ] % p g AR 34 40 38
% A AT A A5 ) S A 3 AR R R LA X
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A Conserved High-Order Traffic Flow Model With
Discontinuous Flux and Its Numerical Simulation

QIAO Dianliang', LI Xiaoyang', GUO Mingmin®, ZHANG Peng'"
(1. Shanghai Institute of Applied Mathematics and Mechanics ,
Shanghai University, Shanghat 200072, P.R.China;

2. Department of Aeronautics and Astronautics,Fudan University,
Shanghai 200433, P.R.China;

3. Shanghai Key Laboratory of Mechanics in Energy Engineering,
Shanghai 200072, P.R.China)

Abstract: Under inhomogeneous road conditions, a conserved high-order ( CHO) anisotropic
traffic flow model was extended to obtain a CHO model with discontinuous fluxes. Based on the
property of the Riemann invariant for the CHO model with discontinuous fluxes, the first-order
Godunov, EO ( Engquist-Osher) and LF ( Lax-Friedrichs) numerical schemes for this model
were designed with the local simplification method and the § mapping algorithm. The numerical
simulations show that, the CHO model with discontinuous fluxes is reasonable and effective. It
can describe equilibrium and non-equilibrium traffic flows, and can better describe the actual
traffic phenomena compared with the LWR ( Lighthill-Whitham-Richards) model with a discon-
tinuous flux.

Key words: CHO model with discontinuous fluxes; Riemann invariant; local simplification; &
mapping
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