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ABSTRACT

Asall know, the performance of traffic rules directly affect thetraffic flow
and personal safety, the paper is mainly aimed for highway traffic rules,
and according to traffic flow and safety, the paper establishes atwo-factor
optimization model based on performance problems of amulti-lane freeway
traffic rulesOUnder the circumstance of right driving: accordingto analysis,
we know that traffic flow and traffic safety determine the performance of
freeway traffic rules, both are rel ated with driving speed (the average speed
of the vehicle in the second lane take the average upper or lower speed
limit of the second lane), and both aremutual restraint. And through utilizing
mathematics and physi cs knowledgejwe build an overtaking model inthe
same lane and use area evaluation method to establish the safety factor
evaluation system, which obtains the function rel ationship between speed
and safety coefficients. Next, to establish atraffic flow model considering
the traffic lane width, lateral clear width, vertical slope, sight, along
conditions and other factors, and we obtained a function between driving
speed and traffic flow. Finally, according to the function relationship

between speed and safety factor 77, traffic flow C .
© 2014 Trade ScienceInc. - INDIA

KEYWORDS

Mathematical model;
Area of evaluation;
Traffic flow.

INTRODUCTION

Traffic rulesdirectly affect the personal safety and
traffic flow. In addition to driving ontheright, traffic
rules aso include vehicle speed and safety distance
between moving vehicles. Traffic flow, safety and other
aspectsareimportant indicators on evaluating traffic
rules. Around thetraffic rules, thefollowing questions
will bediscussed.(1) Mathematical model isset up to
measuretheinfluenceof traffic rulestothetrafficflow
and safety, to judge the performanceof current traffic

rulesunder sparsecircumstanceor trafficjam, whichis
to optimizethetraffic rulesand toimprovetraffic con-
dition and security.(2) Whether theimprovedrulesin
thefirst problem can be used to the left-driving rule
after being changed dightly, if not, what additiona con-
ditions should berequired.(3) In consideration of the
difference between intelligent system and the human
body mainly dependson thereactiontimeaswell as
theexecution degreetotherulesof therules, if vehicles
are controlled by intelligent system, what should be
changedtotherules?
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ESTABLISHMENT AND SOLUTION OFTHE
MODEL

Model preparation

Wetarget our research god tothemost widdy used
three-lanehighway, asshown by Figure 1.

Figurel: Threelanehighway

Thedefinition of lane: for thecountry driving at right
sdeof theroad, themiddlelaneisthefirst drivinglane.
Theright laneissecond, theleft oneisovertaking lane.

First, specificdefinition of trafficruleg?:

(2). Speedregulation definestheleft laneas over-
taking lane, themiddle one and theright oneasdriving
lane. The overtakinglane highest speed limitis120ki-
lometers, thelowest speed limit is 100 kilometers, the
middlelanehighest speed limitis100 kilometerswith
lowest speedis80 kilometers, and the outer lanehigh-
est peed limitis80 kilometerswith lowest speed limit
is60 kilometers.(2). Vehicles-between distanceregu-
lation, The vehiclewith aspeed of over 100 km per
hour should maintain adistance of 100 metersor more
with other vehiclesinfrontinthesamelane; thevehicle
with aspeed below 100 kilometers per hour can prop-
erly shortened thedistancewith thefront vehicleinthe
samelane, but theminimum distanceshould belessthan
50 meters.

Through aboveregulation, we know that current
traffic ruledo not giveaclear limit to safety distance, so
thisarticleisto anayzethe safety distanceand find out
gpecific cd culationmethod. Therearetwokindsof safety
distance: thefollowing safety distanceinthesamelane,
and the safety distance when overtaking vehicles.

Thecdculationformulaof vehicle-following safety
distanceinthesamelane:

Inthisformula, t, isbrainresponsetime, As is

braking distance, the brain responsetimeisabout 1.5
seconds, which isthe human responsetime between
former vehicle emergency braking and | atter driver’s
braking.

Thebraking distance? ca culation methodisasfol-
low:

As=0.1vy; +0.01v;,* —0.1v, +0.01v,,* )

vy, v, Standfor theovertaking speed and theover-

taken speed inthe samelanerespectively.
Theovertaking safety distanceiscal culated accord-
ingtothe overtaking modd inthefollowing.

Themode for speed restriction and safety factor

Theperformanceof trafficrulesaremainly reflected
in safety and traffic flowt3. In order to makethe solu-
tion clear and easy to be understood, the problem sol v-
ing process hasthree steps: thefirst oneisto build the
model of speed limit and safety factor, whichisto ana-
lyzetherelationship between speed and safety; the sec-
ond stepisto build traffic flow cal culation mode® to
analyzetherelationship between speed and safety; the
third step isto build adouble-factor model for safety
andtrafficflow, and to optimizetherules.

Becausethe speed restriction and the safety factor
aremainly interrelated through overtaking safety speed
and vehicle-following safety distance®, webuild two
models, which are: model of changing laneto acceler-
atewithout returnto origind lane, and model of over-
taking by changinglaneand returnto origind lane.

Model of changing laneto accelerate: vehicle B
entersinto thefirst lanefrom the second lane without
return to the second lane, as shown by Figure 2:

Inorder to ssimply model, to assumethe accelera-

| <Xz

Figure 2 : Schematic plot of model 1 of changing lane to

accelerate
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tion valueisnot changed in the process of changing
lane.
To assumethe safety distance of changing lanefor

overtaking asx, , the safety driving distanceasx; .
Definingx, = Ax+ x, , then:
Ax=v2t—(vlt+%at2) ©)
Vo—Vy
a
Inthisequation, v, istheorigina driving speed of
overtaking vehicle, a istheacce eration speed of theve-

hicle, v, isthespeedof vehicleA.
Tosumup:

t= @

_ (Vo—vy)?

X5 +1.5v,

) ) ©)
+0.1v, +0.01v,” —0.1v,; —0.01v,
Accordingtoformula(5), thereationship between
vehicle speed and safe overtaking distance, as shown
by Figure 3

Figure3: Relationship between vehicle speed and safe over -
taking distance

Accordingtothe highway speed restrictioninthis
paper, the highest speed restriction in first lane is
100km/h with thelowest speed restriction of 80kmvh.
Thelowest speed restriction in second laneis60km/h
with highest speed restriction of 90knmvh.

According to Figure 3, within speed restriction, the
faster the speed, thelower thedriving safety. In order
to evaluate specifically tothe safety, ‘safety factor 77°is
introduced.

Toassign v, = 90km/h . Accordingtoformula(s),

BioTechnologqy —

the safety overtaking distance x ischanged according
toy, . Figureshowsthat thefaster thevehicle, thelarger
the overtaking safety distance, which surpasses stan-
dard vehicledistance. The Figure 3isobtained from

the changing curveof x and the 50 meters standard
vehicledistance.

safe diztance I

speed m's

Figure4: Schematic diagram of shaded area

Thelarger the shaded area, thelower the sefety.

We use ‘areaeva uation method’ to cal cul ate safety
factor!®, whichisto build thefunction rel ationship be-
tween shaded areaand 7 , and combined with formula
(5), the following (6) can be obtained by assuming
shaded areaas §

Vmax

J.xzdv—SOx Av ©6)
Av isshownby Figure4
Accordingto Fgure3and formula(5), wecanwork
out thelargest areato be 53, and we definethe saf ety
factor a thismoment asthelowest 0.5, when areais0,
thesafety factor is 1.
Then, thelinear equation between safety factor and
areais.
ny=- S+ )
106
Fromthismodd, avehicleneedto accel eratewhen

overtaking, so v, =80 kilometers/hour, that is

v, = 22.2 m/s, a thistime, therel ationship between v,

and the safety distance of overtaking by changinglane
isshown by Figure 5. When speed islessthan 100km,
the distance between vehicles should not belessthan
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Figure5: Relationship between v,

50m.

Accordingtoformula(6) and formula(7), wecan
work out that the areais 42 at this moment, so the
safety factor is0.61 under current traffic rulesand the
overtakingmode.
® Theovertakingmoded inthesamelane

Thevehicleovertakesfromtherear sdein the sec-
ond lane, after overtaking from overtaking lane, and
return to the second lane. Thistype of overtaking can
bedividedinto two conditions on highway with three
lanes
(2) thevehiclein the second lane overtakesfrom the

first laneand return to the second lane, as shown

by © Figure®,
(2) Thevehicleinthefirst laneovertakesfromtheover-
takinglane, and returnto thefirst lane, asshown by

@ Figure®6:

In both casesdueto the different lane speed limit,
carsoffset angleand distance will vary when overtak-
ing.[" Thus, safety factors 77 inboth casesaredifferent

Inthe processof changing lanes, thesituationin
which theformer vehicle brakesin emergency before
therear vehiclechanging linecompletely might occurs.
Becausethe overtaking speed isfaster than thedriving
speed. In order to prevent rear-end, an adequate re-

sponsetime and braking distance® should be givento
therear vehicle, the overtaking safety distance must be
greater than vehicle-following safety distance.

Indriving the process, if thevehicleinfront brakes
inemergency'¥, therearetwo solutions: 1, to useemer-
gency brake; 2, increasing the deflection angle of the
vehiclewhen changing lanes. Known fromthecommon
senseisthat itisnot alowed to steer wheel too hard on
the highway, so we do not consider the second solu-
tion.

For theovertakingmodd, itsovertaking sefety dis-
tanceiscd culated asfollowing:

Inthecaseof that therear of thevehicleisnot com-
pletely changelanes, to ensure the safety distancein
formula (1). The overtaking safe distance™ can be
cdculated as

When overtaking, thevehicleshiftedtotheleft lane,
thelatera offset distanceis Yy, assumingthevertical
distanceahead as x then:

X=

+U VX5 =Xy )
Intheformula, offset angleis o , whenthe speed
of thevehiclewhen overtakingis v, , brainreactiontime
for braking was t, . The braking distanceis x;0 x, .
Accordingthephysical knowledge:

sino

Vs =cosa1/2a_L+ v,°
sna

v,andv, standfor thedriving speedinthefirstlane

©)

(10)

and thesecond lane. v,, islongitudina velocity when

changinglane. v, isspeed when changing laneto over-

left left
~ T
e = = = S = - SH
=) =8
. s
@® @

Figure6: Overtaking by changinglaneand thenreturntooriginal lane
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Put (9) into (8), wecan obtain:

y +tlcosa1/2a,L+ V32 + X5 — Xg
tana, sna

Inamplifiedform:

X=

1)

y
X=——+t,v,+0.1v
tang - ° 2

. , (12)
+0.01v,? —0.1v, — 0.01v,

Based on our va ue of road length and clear width,
toassign y, y=1.8m. Inpractical circumstance, the
overtaking angleisvery small, we should assign the
overtakingangleas o = 4. Weasoknow t, =1.5s.
And accordingto (9) (10) (11) (12), therelationship

among safety speed x, v, ,V; IS

X = 26.0956— 0.1V — 0.01v 5

+0.01v2 +1.6,/35.6+V,”

Accordingto(13), wecanuseMATLAB to simu-
lateand get Figure8:

(13)

Figure8: Therelationship between speed and overtaking
safety distance

Likethemode of accel eration through changing
lane, accordingto (13) and Figure 8, therdationship
between saf ety factor and areacan be determined:

1 .
=——S +1i=23
'ql 232 I |

BioTechnologqy —

(14)

n, isthesafety factor in ® of Figure6, 7, isthesafety

factorin @ of Figure6.

Itisknown that the highest speed limit inthefirst
laneis 100 kilometers/hour with thelowest speed limit
80 kilometers'hour. In the second lane, thelowest speed
limit is60 kilometers/hour with thehighest speed limit
90 kilometers/hour. In this speed range, thedriving
speed isnot evenly distributed. Weassign value aver-

agely. v,=90km/h (=25m/s),V, = 70km/h

(=19.5m/s). To put v, and v, into formula(14) re-
spectively, we can obtain safety factor respectively:
n,=0.69, n,=0.72.

Combined with theabovethree circumstances, the
three overtaking typesarerandom, sotheir we ght func-

1
tionsarethesamewith aval ue§ . Soincombination

with formula(7) and (14), we can obtain that the gen-
erd safety factor cd culationformulaof thehighway is:

=i (15)

Toput n,,n,,n, intothisformula, we can obtain
0.673 asthe safety factor for current traffic rules.

CONCLUSION

In summary, by considering the safety factor and
thetraffic flow, this paper conducted astudy on multi-
lanehighway traffic rules performance.
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