ISSN : 0974 - 7435 Volume 10 | ssue 2

LioSechn o/oyy

A Tudian Goarnal
—===> FyLL PAPER

BTAIJ, 10(2), 2014 [299-305]

Research of two-factor optimization model of a multi-lane freeway
traffic rules

Aimin Yang'*, Shujuan Yuan?, Yingna Zhao?, Qingpeng Ding!, Longge Yant
Hebe United Univer sity, Tang Shan, (CHINA)
2Qinggong Callege, Hebel United Univer sity, TangShan, (CHINA)
E-mail: aimin_heut@163.com; yuanshujuan1980@163.com

ABSTRACT KEYWORDS
Under circumstances of Ieft-driving rule, from both internal and external Traffic rules performance;
causes, to consider the difference of driving on the left or right, and we Two-factor optimization;
found that the person of driving at |eft side is dower by 0.5s than that of Safety factor evaluation
the right side, and therefore affect the safe distance between vehicles thus system.

further affecting the safety factor and traffic flow. Then in combination
with the two-factor optimization model based on performance problems of
a multi-lane freeway traffic rules to calculate the optimal solution when
driving at left side, that is an average speed of vehiclesin the second lane

should be maintained as v = 80km/h , the second lane speed limit is 85

km/h, the minimum speed limit is 75 km/h, the maximum speed limit for the
first laneis 95 km/h, the minimum speed limit is85 km/h, and we use actual
data to verify the conclusion.

Intelligent system responsetimeis negligible, we obtained that the response
time can be reduced therefore to shorten safe distance between vehicles.
Then according to two-factor optimization model based on performance
problems of amulti-lane freeway traffic rules, and the optimal speed for the
second lane should be 94knvh, and the second lane minimum speed limitis
84 km/h; highest speed limit of first laneis 104km/h, thelowest speed limit
of first lane is 94 knmvh. Finally, the traffic properties under this case are
analyzed; we found the impact on traffic performance from intelligent
system can beimproved by 11%. © 2014 Trade Sciencelnc. - INDIA

MODELING FOR THE TRAFFIC FLOW themaximumtrafficflowingnglelaneis

CALCULATION Lol
Cimax = [—= =12 1)
[+x; v I+Xx
V3, v, arethemean valueof speed upper limitand Thetotal maximum trafficflowinboth lanesis:
lower limitinthelane. x,,, x,, arethevenide-following Vs Vg

max = +
safety speedin different lanesrespectively. At thistime, I+ X3 T+Xg, @
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Figurel: Sketch map of ideal road condition

Todeterminethelength of thevehiclebody™

Thisproblem mainly researchestheinfluencefrom
vehicle speed and in-between distance, theinfluence of
vehiclelength on traffic flow(@ isvery small. Andin
China, 80% of the vehicleson thehighway aremedium
size, whichisrédatively concentrated. To smplify the
model, dl vehiclecan be seen asthesamelength. Mid-
szevehiclelengthislessthan 6 m, and takinginto ac-
count the existence of alarge vehicle, so we assume
that theaveragevehiclelengthis5 meters.

Inreality, many factors such asroad width, slope,
latera clearance, conditionsalong theroad will affect
thetraffic capacity of theroad. Assuming the correc-
tionfactor for road influencefactoras:

@lanewidth correction coefficient r,; @clear width
of thelateral correctionfactor r,; @vertica sopecor-
rectionfactor; r,; @ sight deficiency correction factor

r,; @ conditionsalong the correctionfactor r; ® The

fix of traffic conditionsmainly refersto the compaosition
of thevehicle, especially under mixed traffic condi-
tiong¥, many typesof vehicles, largeand small, thearea
occupied by different roads, different properties, dif-
ferent speeds, mutual interference, areal serioudy af-
fecting road traffic capacity, general correction factor

for thetraffic conditionsis ry.So, wetake an overall
correctionfactor as , then:
K =rroraf rsls ©)

Thechosen highway isinthe same part of theroad,
%1’07ec£zzo/o_7y C—

SO K isconstant.
Therefore, thetrafficflow cdculaionformulais:
C=KC @)
Assuming pavement widthisnot lessthan 3.75m
with roadsidelateral width of nolessthan 1.75m, and
agentlelongitudina dope. Accordingtothereference™,

to obtain correction factor: taker, =1.0, r, =1.0,
r, =1.0; dueto an open road conditions, the correc-

tionfactor for thelack of sightis r, = 0.85; according

tothesizeof the speed limit, you can guesstheroadin
somecitiesof theregion. Sotakecorrection factor dong

theroad as r, = 0.95; the better the road condition,
thebetter thetraffic condition, taking traffic conditions
correctionfactor r, = 0.85; insummary, correctionfac-

tor available K = 0.696.
Therefore, thetrafficflow calculationformulais

- Vs V4
C_0'69{5+x11 +5+x12J ©)
TWO-FACTOR OPTIMIZATION MODEL
BUILDING

According to the safety distance calculation for-
mula, weknow the speed of vehiclestravelingdirectly
determinesthesize of the safedistance. Thereforeto
decided speed traffic flow and safety. According to over-
taking traffic modelsand modd , you can build atraffic
and safety optimization modd.
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Based ontraffic flow model, therel ationship be-
tween speed and traffic flow can be obtained:
Va

C =069 +3
5+Xy; 5+Xpy

the rel ationshi p between speed and saf ety factor can
be obtained according to the overtaking model:

3
Z“li
i=1
3

To weight theimpact of speed on both traffic flow
and safety, so thetraffic condition can be optimized.
When thetraffic flow istoo large, it will causeade-
clined safety. Therefore, therelationship between traf-
ficflow and security ismutud restraint. Webelievethat
trafficflow and safety areequaly important, and there-
foretheir weight isthe same, assigning each of themas
0.5 respectively, you can create an object function, to
meke:

'r|=

(6)
When 7 isthelargest, thetraffic conditionisthe
best, sothe speed at thistimeisan optimized va ue.
And v,, v, areaveragespeedsinfirst |laneand sec-
ond lanerespectively.

z-2(C+n)

_ Vimax +V1min _ Vo max +V2min
g= SRSy, o 20 ™

Accordingtothesinglelane, thespeed limit values

| -
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are20km/ h. According to the second model overtak-
ing equation (9), (10), (11), relationship between v,
and v, canbeobtained and. According to theequation

V

2max !

(7), v, can be used to replace v,

max 1 Vimin s
Vymin @A V5.

According to the optimization model, we can ob-
tain the rel ationship between v, and the object func-

tion z . And the chart relationship between v, and 7
can be obtained as shown by Figure 2.

Figure 2 showsthat when v, = 22m/s, the opti-
mized solutionisobta ned. @ Eva uation to current traf-

ficrulesUnder thecurrent trafficrules, v, =19.5m/s.
From Figure 2, we can seethedisparity when thevaue
of 7z iscomparedwiththe optimal value. Thisshows
thereisabig optimization spaceto the current traffic
rules.When thetraffic condition issparse, thevehicle
speed v, islarger (but smaller than lane speed upper
limit). Thereforethedriving distancebetweenvehicleis
toolarge. Accordingto Figure 2, thetraffic performance
Is1.3. Withtheenglarging of trafficflow, thevehicle
speed v, decrease, and traffic performance is de-

clined.® The chosen of optimized solution According
toFigure2,

whenv, = 22m/s= 79.2km/h, thereisamaximum
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Figure2: Relationship chart between V, and object function
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Figure3: Therdation chart between improved V, and object function 7

for z , and then the best traffic performance appears.
Also known differences between maximum and mini-
mum speedsunder current traffic circumstancesis 20
km/ h. After optimization, take the second lanemini-
mum speed of 69.2 km/ h, the maximum speed of 89.2
km/h. At thispoint, thefirst laneminimum speed limit
1589.2 km/ h; themaximum speedis109.2km/ h.
Under the current rules of theroad, the speed gap
betweentheupper and lower limitsis20km/ h. Greater
speed differenceand greater influence each other result
in reduced traffic flow and poor safety performance.
Accordingly, wespeculatethat if thisdifferenceisre-
duced, it will improvetraffic performance. In thedriv-

LS

Figure4: Distribution of left drivingand right driving countries

ing process, speed ischanged. Different vehicle per-
formancea so influencesvehiclespeed. Taken overdl
consideration, wedefinespeed limit as10km/ h. to
validate the assumptions, we made therel ation graph
between v, and 7, asshown by Figure 3:

Images show the difference value between the
gpeed limitsis 10 kilometers, the object functionisbet-
ter than the sol ution of the speed limit of 20 kilometers.

Atthisspeedvauev, = 23.5m/s=84.6km/h. Togeta

round valuefor v, theoptimized solutionis: second

lane speed limitis90km/h, theminimum speed limitis
80km/h; first lane upper speed limitis 100km/h, the

T
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Hn Tudian Jounual



BTAIJ, 10(2) 2014

Aimin Yang et al.

303

————, FyurL PAPER

minimum speed limit of 90km/h. Thissolutionisthebest
oneof thishighway speed limit.

LEFT DRIVEWITH OPTIMIZATION

To analyze whether the optimization solutionin
problem one can be used to | eft-driving traffic rules,
you need to anayzethe differencesbetween | eft-driv-
ing andright-driving system. Inthisregard, wediscussed
both from interna and external cause.

Analysisto external cause

Externd factorsarediscussed from both theorigin
anddriving conditions

Discussion of the origin“®: Thereare now about
34% of theworld’s countries have adopted the system
of left drivingtraffic system, asshownin Figure 49,

Left driving or right driving is not fixed at the
begining, but theresult of long-termevolution. “Left” in
generd standsfor the United Kingdom, Japan,For Brit-
ain, their left driving system can betraced back to the
Roman Empire. In medieva Europe, left or right habit
isawaysaccording to theknight’shabits. Japan’s|eft-
habit historical reasonfor thisissmilar. Samurai long
knifeintheleft hand tofacilitate pulling thesword, the
left sdeof thebody isvulnerable.No mutual influence
between theorigin of the ‘| eft system’ and trafficrules.
Discussiononthedriving conditiong™: theleft and right
drivepedal of vehicleisal inthesameorder. Driving
the processesof both sidesarealsoidentical. Thereis
no mutud influencebetweentheleft or right drivingand
thetrafficrules.

Analysistointernal cause

Through search information®, wefound that hu-
manshaveaninstinct to avoid itsevils: in the case of
rapid human movement, when a possible danger is
found, heor shewill tilt to theleft or turningtinctively.
When carsdriveontheleft, theleft laneislow speed. If
apersonindanger occursintwo Situations: oneisturn
left to escape. Then thecar will turnto thelow speed
lane, whichisvery easily lead to accident; second, es-
capetoright after thereaction. Indaily life, most people
areright-handed. Whenthisgroup of peopleinanemer-
gency situation, you need to forcetheleft to makethe
car turnright. Thiswill extend thetimeto changelanes

or overtakingtime, and brakeresponsetime. Thetime
difference between two handsis 0.5 secondg®¥, which
can be added to the brain reaction timein themodd 1,
thenthebrainreactiontimeis2 seconds.

It can beseen | eft-driving rulesneed toincreasethe

safety distance x, betweenvehicles. Toput t =2 in

1
L= E(C +1) of optimization model builtin problem

one, you can get theoptima sol ution for maximum speed
limit of 85km/h, the minimum speed limit of 75km/h;
first lane speed limit of 95knvh, the minimum speed of
85kmv/h.

Application of themodel in theleft driving test

In 2012, cases of traffic accidents accounted for
20.3% 1 of Britain’stotd vehicles At theend of 2012,
China’svehiclesare 233 million. Policedepartment re-
ported road traffic accident cases are 3,906,000,
Chinatraffic accident occurrencerateswas 18.19% 9.
British accident occurrencerates was 2.2 percentage
pointshigher than that of China. Obvioudly, the human
ingtinct to avoiditsevilsand left-hand drive havelower
safety factor than that of right-handed, so the speed
limit should be reduced.

we can obtai n the proportion between casualties
andtota vehicles, asshowninFigure5

From Figure5weknow that right driving is safer
thanleft driving.

I ntelligent systemswith optimization

With the development of science and technology,
trangportation systems* arebecoming moreinte ligent.

S i)
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Figure5: Theproportion between casualtiesand total vehicls
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Figure6: Therdation chart of intelligent vehiclein model

Such as e ectronic monitoring, intelligent navigation,
smart cars, al of them reducetheincidence of traffic
accidentsand increasetraffic flow. Thereisabig differ-
ence between intelligent e ectronic traffic control and
human control ; the optimized traffic ruleswill be af-
fected. We have smart cars as an example to study
optimization of trafficrules.

Smart Car isthelatest scientific and technological
achievements, such asthe computer product in combi-
nation with modern automobileindustry, theintel ligent
vehiclereferstothe use of varied typesof sensorsand
smart highwaysto realize auto driving, which usually
havetheautopilot function, automatic transmissonand
automaticidentification of road. Thevehicledsohasa
variety of auxiliary computerizedfacilities.

First of dl isto assumethat thevehiclesincertain
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highway areingdled withintelligent control sysem. The
differencesbetweeninte ligent drivingand human driv-
ingaremainly that: human reaction speedisd ower than
that of the computer; and human do not fully comply
withthetrafficrules

Thereationship? betweenintdligent vehicleinthe
mode andtheinfluencing factor isshowninFig.8. The
arrow directionindicatesthe previousfactor influences
thenext facto.

Asshown in Figure 6, the impact of human and
intelligent systemsfor the proposed model inthispaper
lieinthevehiclesafety distance. Intheca culation of the
safety distance between vehicles, intelligent systemsdo
not need to consider thereactiontime. Therefore, the
optimization model can beimproved by removing re-
sponsetime. Equation (6) can beused to obtain Figure
7.

Optimal solution can be known that second lane
speed limitis94 km/ h, theminimum speed limit of 84
km/ h; first lane speed limitis104 km/ h, the minimum
speed limit of 94 km/ h.

Inthiscasetheobject function Z, =1.91, theop-

tima solutionintheorigina program Z, =1.72
So traffic performance is improved as

Zs_zz

x100% =11% Thisfactor can beknown to

2
improvetransport performanceby 11%
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Figure7: Thereationship between speed and Z
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CONCLUSION

This paper created three model sinterconnected,
thetraffic flow and safety isoptimized by varying the
speed withtheuniquevariable. Thereforeoptimal traf-
ficrulesareobtained.
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