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NGHIEN CUU XAY DUNG VA UNG DUNG PHUONG TRINH LUONG GIAO
THONG TREN MQT TUYEN PHO, SUDUNG MATHLAB TiNH MAT PO
PHUONG TIEN TRONG TRUONG HQP CU THE

Lai Van Trung*, Hoang Phuwong Khanh, Quich Mai Lién
Truong Pai hoc Cong nghé thong tin va Truyén thong — PH Thai Nguyén

TOM TAT

Trong nhiing ndm gan day, cic bai toan vé giao thong dugc nhiéu nha khoa hoc trong va ngoai
nudc quan tdim nghién cuu. Viée tim mét d§ giao thong tai mot thoi diém giup ta du bao duoc cod
X4y ra tic nghén giao thong khong. Vén d¢ nay sé& duoc giai quyét thong qua viéc giai bai toan
phuong trinh luong giao thong. Bai bao trinh bay mé hinh toan hoc cho hién tuong xe luu thong
trén mot tuyén pho thong qua phuong trinh ludng giao thong. Cac tham sO mo ta chuyen dong cua
c4c phuong tién giao thong gdm tham sé mé ta mat do; tham sé mé ta van toc; tham sé mo ta luu
luong xe. Bing cach sir dung phwong phap sai phan phuong trinh dao ham riéng, bai bao giai
quyét mot bai toan cu thé cho phuong trinh ludng giao thong trén mot tuyén phd.

Tir khéa: Phwong trinh luong giao théng, mét o, lweu lwong, vdn téc, sai phan
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RESEARCHING TO BUID AND APPLY THE TRAFFIC FLOW EQUATION
ON A STREET, CALCULATE VEHICLE DENSITY
IN SPECIFIC CASES BY USING MATHLAB
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ABSTRACT

In recent years, traffic problems are interested in reseach by many domestic and foreign scientists.
Finding traffic density at a time help us predict whether traffic congestion occurs. This problem
will be solved through solving the problem of the flow equation. The paper presents a
mathematical model for the phenomenon of vehicles traveling on a street through the traffic flow
equation. The parameters describe the movement of vehicles including parameters describing the
density, velocity, flux. By using the differential derivative equation method, the paper addresses a
specific problem for the traffic flow equation on a street.
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1. Gi6i thiéu

Trong toan hoc va ky thudt luu lugng giao
thong 1a nghién curu tuong tac gitta xe cg, tai
xé va co s¢ ha ting (bao gdm dudng cao tdc,
bién bao va thiét bi kiém soat giao thong),
nhim muc dich phat trién t6i wu mang ludi
duong b véi luu lugng giao thong hiéu qua
va giam thiéu tac nghén giao thong [1].

Ly thuyét toan hoc cta luu luong giao thong
va phan tich can bang giao théng lan dau tién
duoc gidi thi€u boi Frank Knite vao nam
1920, va duogc giai quyét boi Wardrop vai cac
nguyén 1y can bang thw hai.

Mark H. Holmes [3] da gi6i thi€u mo hinh
toan hoc cho hién tuong xe luu théng trén
duong phd dudi dang phwong trinh dao ham
riéng. Van dé tim 1oi giai s6 cho mot bai
toan chuwa duoc quan tim. Bing phuong
phap s6, ma cu thé 1a phuong phap sai phan
phuong trinh dao ham riéng, bai bao trinh
bay viéc giai quyét mot bai toan cu thé trén
mot tuyén phd.

CAu triic cua bai bao gdbm 5 phan: Sau phin
giéi thiéu 13 Phan 2, trinh bay vé md hinh
toan hoc ctia bai toan ludng giao théng; Phan
3 trinh bay vé luoc dd sai phan cua phuong
trinh ludng giao thong; Phan 4 trinh bay két
qua thuc nghiém cua bai toan; Cudi cung l1a
phan két luan.

2. Mé hinh toan hoc ciia bai toan ludng
giao théng

Trong md hinh toan hoc, cac dbi tuong & day
s€ dugc xac dinh 1a 6 to6 va duong di la dudng
cao tdc. Trong bai bao chung t6i ciing gia
dinh rang cac dbi twong du nhiéu dén muc
khong can thiét phai theo ddi timg dbi tugng
riéng 1é va ta c¢6 thé sir dung gia tri trung binh.
Sau day bai bao trinh bay mot s tham s cua
bai toan.

Dinh nghia 2.1 (Ham mdt djp) Ham mat do la

ham hai bién X, t (voi X la vitri con t la thoi

gian), dwoc ky hiéu la p(x,t) va dwoc xdc
dinh boi A )~——, trong do m, la so
. P(Xo o) oA g |

lwong xe tue vi tri

Xo —AX dén vi tri X, +AX tai thoi diém
t=t,.

Gia st Ax 1a di nhé dé chi chira cic 6 o
trong vung lan cn cua diém X, nhung du l6n
dé c6 thé chita duge cic 6 to6. Khi do

Pt = fim 7%

Dinh nghia 2.2 (Ham lwu lwong) Ham luu
lwong la ham hai bién x,t (voi X la vi tri con

t la thoi gian), dwoc ky hiéu la J(Xt) va
dugc xdc dinh boi J(X%y,ty) zZm_Azt trong do
m, la s6 heong xe
chay qua vi tri X, tir thoi diém t,—At dén
thoi diém t, + At .
Gia st At  da nhd, khi do

. m
J(XO,tO)ZAItITOZ_AZtI

Dinh nghia 2.3 (Ham vén téc) Ham vén tdc

12 ham hai bién X,t (v6i X la vitricont Ia

thoi gian) duogc ky hiéu 1a v(x,t) va duoc xac
1 n

dinh béi V(Xo,to) z—ZVi , trong do v,
ni=

(i=12,..,n) la van téc cua xe the i trong

khoang thoi gian t, —Atdén t, +At va tir vi

tri x, — Ax dén X, + AX.

Tur dinh nghia 2.2 va 2.3 ta ¢6 luu lugng va

van toc dugc lién hé boi déng thirc J =pwv.

Pé 1am rd hon céc tham s trén, ta xét mo
hinh giao théng phin bé dong déu sau:
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l / | d | / d | /
LN as L

Hinh 1. Phdn bé dong déu
Gia su trén mdt doan dudng cao toc, cac xe déu cd do dai la | va khoang cach gitra cic xe déu la

d nhu Hinh 1. Khi d¢:

A ‘ . ’ A . , N ZAX , . A , .
SO xetrvitri Xx—Axdén vitri x+Ax la o4’ do @6 mat d6 dugc xac dinh

+
2AX
. 1
xt)=lim1td o=
PO =M ~T+d
A . , \ \ . R ¥ \ . 3 N VAt ,
SO lugng xe qua vi tri x tir thoi diém t— At dén thoi diém t+ At 1a W , do d6 luu luong
+
2VAtL
, . . |+d Vv
duoc xac dinh J (x,t)= lim = =——.
A0 2At 1 +d

Mot van d& dugc dat ra & ddy 1a chung ta phai thiét 1ap méi lién hé cia cac tham sé mat do, luu
lugng va van tdc. Luat can béng cho mét d6 sau day s€ thiét lap mbi lién hé gitra cac tham sb nay.
Ludt cin bang cho mgt dp (xem [3]) Dat N, 1a s6 lugng xe tlr vi tri x, — Ax dén vi tri X, + AX
tai thoi diém t,+At; N, 1a sd luong xe tir vi tri x, —Ax dén vi tri x,+Ax tai thoi diém
t, — At ; M, 1a s6 lugng xe di qua vi tri x, — Axtrong khoang thoi gian t, — At dén t, + At ; M, la
sd luong xe di qua vi tri X, + AX trong khodng thoi gian t; — At dén t, + At . Khi do
N,-N,=M,-M,. Q)
Tt dinh nghia vé mat do, luu luong va tir luat can bé“lng trén ta co:
20X( (X, ty + A = p( Xty —AL)) =24t (I (X = AX ) = (X +AX. L)) (D)

Str dung khai trién Taylor khi d6 (2) tro thanh:

1 1 1 1
2AXKp+ 2Atp, +§(At)2 P +6(At)3 Pt +..j—(p—Atpt +§(At)2 e _E(A'[)3 Pt +ﬂ

:ZA{(J ~AXJ, +%(Ax)2 I —%(Ax)g J +...j—(J +AXJ, +%(AX)2 3 ﬂL%(Ax)3 J o +ﬂ .
Rit gon hai vé déng thirc trén ta duogc
p,+0((At)")==3,+0((ax)’). )
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Cho Ax—0 va At —0khi do (3) trd thanh

a_pz_ﬁ,diéu nay dan t6i
ot oX

op O

—+—(pv)=0.

= F oY)

Xét trén mot doan dudng co6 d dai L, khi do
phuong trinh ludng giao thong trén doan
duodng nay nhu sau:

gt_p+§(pv)=o, 0<x<L,t>0,
p(x,0) =f(x), (4)
p(0.t)  =g(t),

trong d6 ham f (X) 1a mat d6 ban dau & vi tri
X tai thoi diém t=0,con ham g(t)la diéu
kién bién cua bvé‘li toan, la mat d6 & vi tri
x=0 tai thoi diém t.

3.‘Lm.)’c dd sai phan cia phwong trinh
luong giao thong

p(%;,tig) —p(X,tjy) _op

P %) +0(7) ;

Trong bai b4o nay, ta xét van téc v=a khong
d6i, khi d6 bai toan (1) la

%P2 _00<x<Lt>0,

ot OX

p(x0)  =f(x), ©)
p(0t)  =g(t).

Xétmién Q={(x1t):0<x<L;0<t<T}, chia
mién Q thanh 6 boi nhitng duong thang
x:xi,i=0,1,2,...,n;t=tj,j=O,1,2,...,m.

L T )
bat h=—,1=— ta co
n m
X =ih,i=012,...,n;t. = j1,j=012,...,m
Muc tiéu ctia phuong phap 1 tim nghiém gan
dung cua bai toan tai cac nat (i , j) .

Ap dung cong thie Taylor ta c6

(Xit) —p(X o t) o
PR P - Bt o) ()

=0,i=12,.,n-1j=12,...,m-1,

21 ot
Thay (6) vao (5) ta dugc
p(xi’tj+1)_p(xi1tj—l) 3 p(Xi+1’tj)_p(Xi—1'tj)
21 ' 2h
p(%.,0)=f(x),i=012,..,n,

Bing cach chuyén vé ta dugc

art
p(%,0)=f(x),i=012,..,n,
p(0.t;)=09(t;).j=012...m.

p(0.t;)=9(t;).i=012,...,m.

p(% ,tm) = —T[p(xiﬂ,tj)—p(xifl,tj )]+p(xi ,tH),i =12,.,n-1%j=12,...m-1,

(7)

Lugc d6 (7) duge goi 1a luge dd sai phan cua bai toan (5), no cho phép ta tinh duge mat do & vi
tri i tai thoi diém th j+1 thong qua cac thoi diém trude do.

4. Két qua thyc nghiém
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Xét trén mot tuyén phd c6 do dai khoang 10 km, gia str mdi xe c6 do dai 5.2 m, chuyén dong vai
van toc 50 km/h.

Vé6i gia thiét mat d6 ban dau tai thoi diém t=0 & vi tri x trén doan duong
X .
. 20/ 1-=| khi 0<x<1,
laf(x)= ( 2)
10 khi 1<x<10.

o 20(1-t) khi 0<t<1
diém t la g(t)= 0 i 151

va di€u kién bién cuia bai toan la mat do & vi tri x =0 tai thoi

. Bang cach sir dung Mathlab véi luge do sai phan (7) ta

. 1
duoc két qua sau vai ludi chia Ax =0,5km; At = 5 gio.

Bang 1. Két qua thye nghiém ciia bai todn (Két qua dwoc lam tron dén hang don vi)

(kmye(t) | (©0) | (052 (23] | (2] | (255] (23] | @
p(X,t)(%j 20 | 126 | 135 | 124 | 110 | 118 | 146
(x(km);t(h) (5:1) (7;3 (7.5:2) (8;%] (8;%) (9;3 (9.51)
p(x,t)(;_ej 143 | 122 | 145 | 163 | 117 | 100 | 9
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phuong trinh ludng giao thong va 10i giai sd
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