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ABSTRACT KEYWORDS
Therule of driving automobileson theright requiresdriverstodriveinthe Keepright rule;
right-most lane unlessthey are passing another vehicle. When overtaking, The number of thetraffic flow;
the drivers move one lane to the | eft and retune to their former travel lane Thetrafficflow model;
after passing. First, this paper presentstwo mathematical modelsto analyze The congestion index model.

this rule. Second, the integral equation between the distance which the
overtaking vehicle has driven and the distance which the previous |
vehicleshave drivenisformed and thedriving hours t, whichthe changing

line vehicle spends on the changing line conforms to the following
condition:

Vo —apte + \/(amtC -vg)?+2a,C
a

to>
m

It justifies that the overtaking vehicles should spend some time on the
changing line before returning to the original 1ane which can reduces the
frequency of lane changing and is conducive to the improvement of traffic
flow.  © 2014 Trade Sciencelnc. - INDIA

ASSUMPTIONS of traffic rule- the keep right rule can be analyzed by

establishment of traffic flow mode and traffic conges-

1 Thehighwayinthispaperisnorampandnotraffic tionindex model on thecondition of light traffic and
accident; congestion.

2 Thehighwayinthemode ignorestheinfluence of

. \ Thepreparation of themodels
other vehiclesof the overtaking laneonthe over-

takingvehide: Definition
3 The Safety distance between two adjacent carisa Thestudy of vehiclesontheroad, if dl thevehicles
constant. aredriving along asingle path to the samedirection,
thereisneither overtakinginthefleet, nor vehiclesen-
MODEL ONE tering or leaving thefleet. Then thetraffic flow modd-

namely traffic flow model through can be built up by
Onthebasisof theabove conditions, thefeasibility  comparison of traffic movement ontheroad to thefluid
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movement inthepipdine.
Definition

Supposeat thelocation of x whosedistancefrom
the standing point of the road is, in the period of
(t,t + At) ,thenumber of vehiclespassing through the
pointis Q(x,t,t + At) , then theinstantaneoustraffic
flow a thelocation x a thetimet is:

o= o S ®

Cdled asthetraffic flow and vehicleflow for short.
Definition
Q(X, X+ Ax,t) isthe number of vehiclespassing

through theroad section x and x + Ax respectively at

thetimeof t, thenthedensity of thelnstantaneoustraf-
ficflowis

px) = im S8 @

Called asthe density of the Instantaneoustraffic
flow at thelocation x at thetimet .

Definition

Supposethe equation of themotion for avehicle
isx = X(t) , then the speed of thevehicleis
X(t) = u(x(t),t) (©)
Thetrafficflow model

First, the change on the number of thevehicleson
the road section (x,x+ Ax) in the time period
(t,t + At) needsto be considered. Then at thelocation
of x, the approximate number of carsinto the road
sectionis q(x,t) At theapproximatenumber of vehicles
out of theroad sectionfromthelocation of x + Ax IS
g(Xx+ Ax,t)At . Thusthe number of vehiclesin this
road section in thetime period of (t,t + At) hasin-
creasedto(q(x,t) — q(x + AXx,t))At . Second, theden-
sity of the traffic flow has changed from p(x,t) to
p(X,t+ At) duringthetimeperiod of At . Therefore,
the gpproximatenumber of vehideswhich hasincreased

in the road section is(p(x,t + At) — p(Xx,t))Ax. On
the condition that no vehicles can enter or leave the
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road section from any other places, so thefollowing

equation can hold water:

(P(X, T+ At) — p(X, 1))AX = (q(x,t) —q(X + AX,1)A (4
Divide Ax - At ontheboth sdesof theaboveequa

tion, Ax — 0, At — 0, thenthefollowing equation can
be concluded:
[/
ot * ox 0 ©
The above equation istraffic flow continuity equa
tion.
Considering thelanethevehicleswill occupy dur-
ing their overtaking, the mechanical model for traffic
flowisfollowing:

o, 09 _

ot ox

Jou, ou 1 da(u, —u)

ot ox p oX ©)
+%‘(UW—U)_(UW—U)S=O

[ ox p P

Intheaboveequation, u,, iswaveveocityand u, is

themaximum of thewavevd ocity.

Theanalytic solutions of equation (6)can becalcu-
lated by theAnalysisof characteristicline. Therelation
amongthetrafficflow, dendty and therateof linechang-
ingisasfollows:.

(uf(mp+(1— m)p;€e?), pse® <p<p',0<as<l

us (mp+(1-m)pse?), pse* <p<pe’-1<a<o

Q=<%mufpjea, pe®<k<05pe®-1<a<0
2 ™
muf(p—p—e’a), 0.5p;e" <p<p;e® -1<a<0
p.

L j

Inaboveequation, U, isfreevelocity, namely the

speed limit of theroad. p; isthemaximumdengity at
the speed of freevelocity. misthe coefficient of wave
velocity. p; isthejamdensity at thespeed of (.

. P 1-m) ,, Pj (1-m)e*
pPi_p@=m . P pr{d-m)e

4 m 4 m

a istherateof linechanging, namely theratio be-
tween theflow of theovertaking vehidesand thetraffic
flow onthelane.
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Thesolution of thetr affic flow modd

Itisknownfromtheequation(7)and Figurel, if the
number of thelanechanging(a > 0), itwill onlyincrease
thethroughput at the high speed and low density and it
will not affect thethroughput of theroad. If the number

of thelanechanging (a < 0) , itwill reducethethrough-
put of theroad. On the basi c road section of aclosed
highway, each linechangingisthe processthat theve-
hicleleavesonelaneand then entersanother lane. If the
vehicleleavesthelane, it will reduce the capacity of
throughput of theorigind lane. If thevehicleentersan-
other lane, it will have no effect on the capacity of the
occupied lane. Therefore, theline changing on the ba-
sic road section (including the whole process of the
vehicleleaving onelaneand then entering another lane)
will only reducethe capacity of throughput of thewhole
road. Onthebasisof (7), thereationship between the
average frequency of lane changing per lane onethe
wholeroad and the capacity of throughput. Itisknown
from equation(8), theincrease on thefrequency of lane
changing will reducethe capacity of throughput of the
road.

1
C =0ma =Zmufpjea -1<a<o0

®)

Data analysis
Thedatain chart 1 isfrom 12 observation sites of

Flow dens

=

Beijing Shenyang expressway for 48 hours. Thenum-
ber of thetrafficflowis /(pcu-h™-In™?)

Chart 2 isabout the rel ation between the number
of thetraffic flow and thefrequency of thelinechang-
ing. According tothestatistic data, thefrequency of the
linechangingisat themaximumwhenthetrafficflowis
neither in congestion nor sparsity. thefrequency of the
line changing islessfrequent, when thetrafficflowis
sparse or smooth and the frequency of theline chang-
ing becometheleast whenthetraffic flow isin conges-
tion. Whenthevehicdeischangingtheline, it will cause
conflicting pointswhich will affect thetraffic, reducing
thetraffic capacity, lowering thequality of theroad ser-
viceand theoperation safety of thefreaway, resultingin
traffic congestion and accident.

Whenthetrafficflow issparse or smooth, thereare
alot of gapsonthedriving lane. Theroad conditioncan
meet thedrivers’ needsand their expectations of speed,
therefore, they do not need to overtake, which reduces
thefrequency of lane changing.

When thetrafficflow isin theintermediate state of
smooth and jam, the vehicle at the slow speed have
negative effect on therear vehiclewhich can not meet
thedrivers’ expectations of the speed, so the overtak-
inglaneprovidestheposshility of overtaking and boosts
thedrivers’ expectation of the speed. Overtaking and
lane changing becomefrequent.
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Chart 1: Flow density diagram
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TABLE1

Thenumber of Thefrequency of Thenumber of

thetrafficflow thelinechanging thetraffic flow

Thefrequency of Thenumber of

theline changing

Thefrequency of

thetrafficflow theline changing

230 0.090 458 0.160 696 0.140
256 0.093 468 0.180 716 0.160
288 0.095 480 0.220 736 0.130
350 0.200 486 0.180 756 0.130
370 0.260 505 0.230 772 0.140
385 0.230 516 0.160 790 0.130
396 0.240 532 0.170 800 0.110
408 0.170 548 0.160 828 0.130
413 0.160 564 0.200 840 0.140
422 0.200 588 0.140 852 0.130
428 0.240 600 0.150 876 0.090
438 0.240 614 0.140 889 0.076
445 0.250 656 0.130 896 0.060
449 0.180 672 0.110 908 0.058
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Chart 2: Thediagram of relations

When thetrafficisin the congestion, thedriving
speed on thedriveway islow and the gap between the
vehiclesaresmall which prevent thedriversfrom over-
taking. Thusthefreguency of thelinechangingisless
frequent.

Traffic congestion index model

Supposeat thetimeof ¢ thenumber of thevehicles
is Q onthehighway Ax inlength.
Definition

On the highway, Q (X, x+ Ax,t) symbols the

timet . Thenumber of thevehiclesonthelanej from
thestarting point x to theending point x + Ax can be

asfollows:

_ QX x+Ax1)

' AX

Theequationisat themoment of t thetraffic den-
styonthelane whichisaAx inlength.
Definition

For atwo-way four lane highway, traffic density
is p, . Thetraffic density of the overtaking laneis p, .

P2
Pt Py
thetraffic congestion assessment index at the moment
of t ontheroad section Ax of atwo-way four lane

TheratioisR= . Riscalled asthedegree of
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highway tothe samedirection.
The above assessment index reflectsthe degree of
the congestion and sparsity on the highway at the mo-

ment of t. R= R(t) isanew method to assessthede-
greeof the congestion. For bidirectiona multi lane, the

traffic density of the overtaking lane needsto be con-
Sdered asnumerator. Thus

R=_Pn_

n
n
Zpi
i1

When theratio approachesto O, the vehicleson
theroad are sparse. It can be concluded that the num-
ber of the overtaking vehiclesis sparseat the moment
of t ontheroad section. Thetrafficissmooth onthe
lane. Whentheratioisincreasing, it can be concluded
that thenumber of the overtaking vehiclesisincreasing.

©

1
Whentheratioisaround ﬁ’ it can beconcluded that it

start to overtake other vehicles and changeto another
lanewhichwill increasethetraffic pressureof the over-
taking lane and a so causethetraffic jam ontheover-
taking lane. At the sametimeit will affect the capacity
of thethroughput.

Onthebasisof thetrafficflow at thedifferent time
of Chengdu freeway (Figure 2), the chart of timeand
congestion index can bedrawn asfollows(chart 2)

Theratio of congestion

Ontheactua condition of thefreeway, thetraffic
flow iscompartively heavier inthemorningandinthe
afternoon comparing to the other time period. Theroad
capacity of throughput isreducing. Thefrequency of
thelanechanging and overtaking arebothincreasing. It
can be seen from the chart that the higher of thefre-

TABLE2

The flow of
overtaking vehicles of congestion

. . Theratio
time traffic flow

_ _ _ _ 7:00 6145 701 11.40%
iscongestion onthisroad section. 800 11513 2372 20.60%
Thesolution of thetrafficcongestionindexmodel  9.00 11885 2520 21.20%
Onthecondition of sparsetraffic, thedistancebe-  10:00 10710 2121 19.80%
tweenvehiclesislarger andthereislessoccurrenceof ~ 11:00 9459 1286 13.60%
overtaking. Rissmall and approachesto 0. Onthe 12:00 8559 1061 12.40%
condition of congestion, thedistancebetweenvehicles  13:00 9697 1503 15.50%
isnarrower which can not meet thedrivers’ expecta  14:00 10401 1966 18.90%
tionsof th(_a drivingat thehi gh speedand thedriver_swi ' 15:00 10669 2070 19.40%
tend t(_) driveon the overtaking laneto meet t_he| reX- 1600 11608 2310 19.90%
pectations on speed. On aoneway four lane highway, 1700 12713 o771 21.80%
. . 1 N . 18:.00 10459 1998 19.10%
Risapproachingto - toonedirection. Thedrivers °
2 19.00 6878 798 11.60%
I
25, 00%
20. 00% /m\ /,r*' ’/\\
15. 00% / \\‘/ \
10. 00%
5. 00%
0. ODE" 1 1 1 1 1 1 1 1 1 1 1 1
P & P FPFPPFPE SIS S
DR R N L P 2P EE M P B
Chart 3: Timeand congestion index
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guency of thelanechangingis, the higher the conges-
tionindex will be. So the conclusion can be made as
follows: In acertain range the frequency of thelane
changingisindirect proportion tothe congestionindex.
When the congestion index isincreasing, theroad ca-
pacity will decrease.

MODEL TWO

Multi —ane highway requeststhedriver todriveon
themost right lane. When overtaking, thedriversmove
to alane on theleft. After the overtaking, the driver
drivesback totheorigina lanewhichwill occur two
lanechangesintheovertaking process. Fromtheandyss
of theproblemfour, theincreasing of thelanechanging
frequency will bereducetheroad capacity.

Suppose the two vehicles A and B drive on the
highway at the initial speed of v, and v, respec-
tively, v, <v,, and thetwo vehicles need to keep the

safety distance L, . B startsto overtake at the acceler-

ated speed a and movesto theleft lane. Thedriving
distance of B can be cal culated by the physical kine-

1
maticsis V,t + 5 at” Aisdrivingatthesameinitia speed
anditsdriving distanceis vt . WhenB isovertakingA,

vthr%atZ—v1 =2L, and

1
(Vz_V1)2_4X§aX(_2LS)>O is known, so the

overtaking time is

() + \/(VZ —V,)? +4aL
B a

highwayis | inlength. B isdriving a the steady speed
of v, . If A canovertake safely constantly, then the num-
ber of overtaking of A inthewholejourney is:

S

t

.suppose the

L

_ L-a
Vot Vo (=(vy = Vi) +4/(v, _Vl)z +4a-L,)
Theaccelerated speed a hasagreater influence
on the number of overtaking comparing to other fac-

BioTechnology —

N =

(10)

L
tors. Thusthemaximumnumber of overtekingN = = —

can beandyzed on the distance of overtaking. Thecon-
dition of successiveovertakingisasoincludedinthe
equation. So the distance of the overtaking must be
limited.

Thelimited driving distanceistransformed to the
limited minimumdriving time. Sotheintegra equation
between thedriving distance of the overtaking vehicle
and thedriving distanceof thenumber of | vehiclescan
be set up.

tot+to ) il

j (vy +amt)dt>v0to+(|+1)LS+ZLi
t c
c i=1

(1)

t. representsthetimefor linechanging(s) .t, rep-

resentsthetimelength of overtaking(s),t istime, rep-
resentsthe speed of the overtaking vehicleat thetime

of t, (m/s) .V, istheinitial speed of thecar in front

(m/s) . &, the maximum accelerated speed of the
overtaking vehicle(my/s?) . L, isthesafety distance be-
tweentwovehicles(m) . L, isthelengthof thevehicle

(m) . v t,isthedriving distance of thevehicleinfront.

Z Li isthetotal length of theprevious | vehicles

i=1

Thesolutionof(11) is.

1 . .
Eamtg +(amte = Vo)to > (i + L +2Li
i=1

(12)

thedriving time of the overtaking vehicleonthe over-
taking linet, from thesolution of (12)meets

Vo—anto—Vy + \/(amtc —Vo+Vy )? +2a,C
t,>

(13)

am

WhereC= (@ +)L,+ > L,

i=1
Indl, theovertaking vehicle can not go back tothe
origina laneimmediately after theovertaking. It should
remain on theovertaking lanefor aperiod of timeand
then go back itsoriginal lane. Thefrequency of lane
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changing can bereduced and the number of thetraffic
flow can beimproved by thisway.
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