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ABSTRACT

In most countries the traffic rule of keeping righiobserved, multi-lane freeways often employla that requires
drivers to drive in the right-most lane unless tlaeg passing another vehicle, in which case theyarane lane to
the left, pass, and return to their former lane.oldler to know whether this rule can effectivelpmote a smooth
traffic in both light and heavy traffic, we maintpnsider four factors that are traffic flow, safetate of lane
changing and limited speed. According to car folligvtheory, modified and piecewise segment fixathmam
(FEB) model and hydrodynamic model of mixed traffie established highway traffic flow models. Adawg to the
deflection curve of segment fixed-end-beam, weaitenihe overtaking and following process of a Mehistretch
this process to the whole traffic flow system, amaittraffic flow by fluid motion, and then creake tfreeway model

of traffic flow. We gain the solution to the mottebugh the analysis of characteristic lines, tktations of flowf] ,

designed limit speéti, densit)k and rate of lane changing are showed in the fdtlngformuIa:q:karcea,

where b:'ufm,czﬂfkf - m), Mis coefficient of wave velocit)}fj is the block density if the speed is zero. We

reach a conclusion that the keeping right rule gnaavertaking can effectively improve a smoothfigzah a light

traffic, but it doesn't in a heavy traffic. But ffie jams often happen in freeways; in this cabe,keeping right rule
cannot improve a smooth traffic. To enlarge traff@wv in unit road and enhance safety, we put fodie new rule
of limit line and lane after the consideration aefety distance and maximum traffic. Take a foueléreeway as an
example, regulations as follows:

1) Limit line: we record the total number of vekiglrunning in freeways timely. When the total nunéaches the

maximum numbeN , the rule of limit line is employed in the entrasof freeways, and vehicles are not allowed to
enter until the total number of vehicles is lesantiN. This rule can guarantee enough safety digtdmetween
vehicles.

2) Driving in different lanes: the leftmost lanese dast lanes, which allow the driving of vehiclegh a speed
0f100 ~120km/h The two middle lanes are ordinary lanes, whiclowlthe driving of vehicles with a speed of
80 ~100km/h The rightmost lanes are slow lanes, which allow dhiving of vehicles with a speed 6¢~80kmh,
This rule can enlarge the traffic flow of freeways.

Key words: modified and piecewise segment fixed-end-beam jFBdrodynamic of mixed traffic, analysis of
characteristic lines, keeping right rule

INTRODUCTION
In most countries drivers should comply with traffules of driving on the right. Drivers are usyakquired to

drive on the right lane in a multi-lane highway eptovertaking, when passing another vehicle, dsineove to the
left lane, overtaking, and then track [1-3].
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We analyze sparse traffic and congestion, traffier§, safety, above or below the speed limit oeoflactors which
are not explicitly stated, in addition, it explorexcept overtaking, whether the traffic rules afitig on the right
are able to effectively promote traffic or notitlie rule of driving on the right cannot promote #mooth flow of
traffic, the paper suggests and analyzes otheiibleawiays to weigh the traffic flow, safety or othfactors
considered important, proposes new rules whichetfeatively promote the smooth flow of traffic [4-6

According to the rules of driving on the right, thehicles should travel on the right-most lane (Eyaacy road is
not allowed to use except emergencies) [7-9]. Taeement of driving is as the following Figurel.

Emerzency Shut dowm

Figurel: The most theright side of theroad

Overtaking is as Figure2.
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Figure 2: overtake

First, the paper, by conversion factor, transléiesnumber of vehicles passing the highway intoadsed vehicle
equivalent. It studies the four factors includingffic flow, traffic safety, and lane change rateldane speed limit.
According to the concept of car-following, the édighment of traffic flow model with deflection oe of segment
fixed-end-beam (FEB) simulates with the car andrtakéng process , this process will be extendedrny traffic
flow throughout the system, and used to simulagettansport of fluid motion flow , thereby freewamffic flow
system will be established [10, 11].

With the development of economy, the country's mpadion level has been rapidly enhanced, and abyuthe
traffic jam appears. In the traffic jam, in additido overtaking, traffic rules that driving on thight can not
effectively solve the traffic problems. In orderitoprove the traffic and safety, we establish tee/mules of limit
line and lane.

TRAFFIC FLOW SYSTEM ON THE FREEWAY UNDER THE RULES OF KEEPING RIGHT

When the drivers keep right traveling on the fregwallowing and overtaking is the most common pir@enon
between vehicles. Therefore, we can build traffawf model with the rules of keeping right througtudying
vehicle overtaking process. In the paper we sirewathicles’ overtaking and following process empigybeam
deflection curve of segment fixed-end-beam (FER)reuver, this process will be extended to the wialtic flow,
and then simulate the traffic flow according to théd movement, and thus build the traffic flowssgm under the
rules of keeping right.

Modified and piecewise segment fixed-end-beam (FEB)

Suppose the number of vehicles on some sectionregwhy is [, their maximum speed is respectively
® 2 (n)

vV \V/ <o,V

max? “max’ max

(1) (2) oo am
their original location are respectivel§ ©0),s70), s (0)

O Sy@ 5.5y oo @ o< g
moreover,their relationi\.é,méIX Vinax Vmax,s (O)<S (O)< <S (O)

The following is the process of vehiclie passing vehiclei +1.
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i) The time required for the process of overtaking
By analyzing the process of vehicle overtaking vehicle! + 1, the position diagram 3 is made as follows.

| B
Cﬂ

i ‘ i+1

i+l

5

Figure3: position

First calculate the car’s average speed of overtgaki
(i) (i)
V= Vmin + Vmax
2 ()

3s

: . 5 i S = — i
Write b as reaction lag t|m[e] of !in the course of overtaking, in this papé?, , the effective time of! :

t.=T -2,

Then calculate the actual distance lodvertaking in the whole process:

(i) (i)
S - anwin + Vn:1ax (T _ 2t0)
2 @
Then calculate the actual distance lot 10vertaking in the whole process:
S =vT @)
According to the Figure3:
(i) ()
Vo4 -
min max (T _ 2t0) - V(l 1)T + h + h+1
2 (4)
By simplification:
T= Zh + 2h +1 + 2(Vr(ri1;x + V(i +1))t0
VOO
max min (5)

Note: h ’h+1 are respectively referring to the safety distanfcé following i+1 and that ofi +1fo|lowing the

= oy — i+
vehicle ahead, and! 2Vmax, Ny = Ve

i) The instantaneous speed é)f in the process of overtaking
() . (i+1) . -t
max: the maximum speed of V' : the speed offl 1 when passed by, '*!: the overtaking time according

A

to the model,ti \i+1: the starting time of overtakingt,i /i+1: the ending time of overtaking.
When i is besidei +1, the speed oﬂ :

(i) =) =[1—= RO \M0N (),0+1)
v _Vi\li+1_(l ﬁl)\/rrllax-l_lglvl (6)
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. . . . i (0% 0]
From starting overtaking to the moment when theyracing neck by neck, the time spent by? T , and then
the instantaneous speed bf in the process of overtaking:

()
vmax't Stl \i+1

Vi = (Vi =V .1)) O

B 2 3
r r 3 .
{a(imi)j _Z(amej :l’ti\iﬂ Sty

Vi = (Vi =V .1)) O

| r ’ r . .
{(1_0,0))1-0)] _2((1_0,(0)-'—0)] ]’tiHlStSti/iﬂ

Vr(rilzix't 2t @)

iii)The instantaneous position o|f in the process of overtaking
According to formula (7), speed curve bfs similar to beam deflection curve of segmentdiend-beam. Suppose
the length of this segment fixed—end-beaml-is the time of overtaking isT(') compared to|—, this segment

fixed-end-beam is affected by co-work of a transeezoncentrated load and a concentrated torqeeresult is that
segment fixed-end-beam is reaching the maximunededin.

According to the formula of beam deflection curfesegment fixed-end-beam, the instantaneous positio! in
the process of overtaking is:

SOty =S +vit tst

max- ( |\i+l)

3 4
S“)(o)+vﬁi’axt—(vﬁi’ax—v“(fi“ﬂ) r 0T
(a")T(") (a")T(")
SO(t) = S () + Vit = 05(V =V (€, DT + (Vi ~VO (1)) O
[ fO-7f  osa®-7)* }
(2

_a(i))-r(i))z (L-aD)TO)3

St =

ti\i+1 <t Sti fi+1

(8)

Hydrodynamic model
According to the knowledge of hydrodynamics, théigke's traveling is simulated as fluid motion, taby;
hydrodynamic model of traffic flow rules under tinaffic rule of keeping on the right can be estsiiid.

: . N , : . . = 0 :
Vehicle density: k, traveling timel, traffic flow: q, velocity: UW, maximum velocity: U _s-dr/ B0 1 s

) . < . .
traffic flow of lane change, when vehicles move ofithe Iane,r 0,s< 0; when vehicles move into the lane,

r>0s> 0; when no vehicles mover =0s= O.

The result of modified and sectioned segment fizad-beam (FEB) model is introduced into hydrodyrramodel
of mixed traffic, the result is:

ok/ot+aq/aS"(t)=s
av® /ot +vPav® /as(i)(t) +[aq(um _V(i))/as(i)(t)]/k

+[(u, —u,)/k* (c?q/dé“)(t))—[(uW -v) /K] =0 ©)

By the analysis of characteristic line, the relatéonong traffic flow, density and rate of changiage is reached:
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u,[mk+ @L-m)k, €] k.e®<ks<k 0<as<l
u,[mk+@-mk,e"] k,e*<k<ke'-l<a<0
mu, ke* /4 ke*<k< 05ke*-1<a<0

mu, [k -(k?/k;)e®] 05ke*<ks<k -l1<a<0 (10)

"is free stream velocity, i.e. road design speed; is the maximum density at the speed of free strealority;

_ _ k _ _ _
m is velocity factor; f is the density of congestion;

K =k /4-(L-m)xk /m K =k, /4-1-mke*/m ,

; is the frequency of changing lane, i.e. the ratio
of the overtaking flow and Iane traffic.

e = HiM C= 11k (L-m) kie*<ksk 0<as<l g=bk+ce

, simplify the traffic flow formula:
Introduce the related number into formula (10), the three limiting case: frequency of changing lane
a=la=0a=-1

, employ the software MATLAB and make the diagramdensity-flow, as the following
Figure 4:

Density - flow diagram
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Figure 4: Density-flow diagram

Observing Figure 4, curvé =1lis on top of curv@ =0 in the density range of curvéB | when the traffic is
sparse, traveling on the right, the whole roaditrdfow is enhanced compared with traffic flow whéhe traffic

rules are absent. Curv@ =1 is coincided with the ax#g, that is to say, in the case of congestion thesrulf
keeping on the right cannot promote the traffic.

With the lower density and the same traffic flowne & =1 is on the left of curve@ =0 the driving safety is
enhanced under the rules of keeping on the rigimpesed with no traffic rules; with the higher depsturve a8 =1

is coincided with axisk; if there exists curved =0 in the sectionBC, the traffic flow will not change with the
density, in the sectidAD, with the increasing of densi'tS/, the traffic will decrease gradually to zero.

In summary, the rules of keeping on the right ciecévely enhance the traffic in the sparse fregwehile in the
congestion the rules of keeping on the right caendiance it.

THE NEW RULESOF LIMIT LINE AND LANE

According to the above conclusion, we know thegu&keeping right decrease the efficiency, andrties cannot
enhance the traffic in congestion. The paper, fmrelasing the traffic congestion and enhancindiariéw and
safety, puts forward new rules--- traffic lane be basis of the saturation limit line.
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Therulesof limit line
At the exit and entrance of freeway, the numbemohing vehicles can be totaled. When the total memneaches

the maximum safetyN , at the entrance the rules of limit line shouldused and the vehicles should be forbidden

until the number is less thd¥ . By simulating the braking process, the safetyaticse between the two vehicles is
calculated:

V2

219 (11)

I =vt +

V is the speed of the vehicle behin&, is the driver’s reaction timé—:-55, H s the friction factor between dry

asphalt concrete road and wheeld:/ , 9 is local acceleration of gravity.
The maximum density under the condition of keephesafety distance:

1

I +1, (12)

lo is the length of the usual vehicledomM.
The maximum safety capacity on the freeway:

N=kIL 13

L s the distance between the exit and the entrancbe freeway.
Introduce formula(12)into formula(13),the result is

_ L
[ +1, (14)
Introduce formula(11)into formula(14),the result is

_ 2wl

V2 +2/0 (Io + Vt:l.) (15)

Introduce the related number into formula(15), rémult is

_ 13721

vV’ +20.58v +61.74 (16)

rulesof lane
Take four lanes freeway as an example, the leé larthe fast one which only allows the automobitesun at the
speed of00 ~126km/h ' the middle lane is ordinary one which only allave automobile at the rate@¥ ~100km/h,

the right lane is the slow lane which only allow tautomobile at the speed 6P ~80km/h  Rules of lane is
shown as the following Figure 5:

Fast—traffic lane

Slow—traffic lane

Emergency Shutdown

Figure5: Thenew traffic rules

As is known to all, Lane change will take up masad space, following the limit line, the numbercbinging lane
duringt:
Q. =(Q-Q,)alkt/1,) (17)

Q. is the traffic decrease(Q B Qs) is the traffic flow after changing lane? is frequency of changing Ianelf

is traffic density; lk is running distance in the unit time at the fresvldensity k .
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The extra space the vehicle occupies when it clalage:

IA = (Q - Qs)qi (kt/lk]AVh:c (18)
AV s the difference between the speed of changing daud its maximum speed.

In order to get the total extra occupied spacetdube lane change, we just need to get every l&hispace; the
traffic decrease can be calculated due to extgpmed pace. Theoretically the result of everyialels space is

" Q (19)

And then the decrease traffic can be calculated:
I

Q=1
@-Q.a [lkt]AVtc

) ky/Q
_ Q*aAvit,
I +QaAvt, (20)

Set Q= Kik/4, and introduce it into formula (20),the result is:

Q. = K7k*alAvt,
S =

16, +4K kaAVt, 21)
Other variables held constant, the rate is propoati to the linear relationship between decreaséar QSin unit

time and lane-changing frequend. Since @ under the speed limit is less th&h under the right line of traffic
rules, so traffic decrease is reduced by the réillarme. Therefore, the rules of lane can improwe titaffic lane
capacity.

CONCLUSION

flow model not only use the kinetic model of engiriag, but also take into consideration the infeeiof various
factors on traffic rules under light or heavy tiaffAfter a serious deduction of math formula, wanga mock
system of traffic flow under the rule of keepinght in freeways. The parameters are actually genand reliable.
After the solving of sectioned segment fixed-endshe(FEB) model, the future whole process sequendeita
parameters can be determined. As for a vehicler &ftowing its process sequence, we can calculatedation
according to the formula, if the time is given. Base the rolling friction cannot be ascertainedhim setting of
safety distance when a vehicle is braked, the maximolling friction is supposed as the sliding tioo.

According to advanced segment fixed-end-beam (FB&jel, we can calculate a vehicle speed and latati@ny
time when it is passing other vehicles. A desigpexram enables a computer to deduct a formulaylating the
whole overtaking process of a vehicle. This moael be applied to automobile driving of intelligenahicles, and
let intelligence vehicles be equipped with the fiorcof automobile overtaking.
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