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ABSTRACT

The purpose of this research is to develop a new dynamic macroscopic
model. In this research, we introduce the traffic fields and mobility into this new
model. The traffic field is subdivided into-external field and internal field, the
external field is caused by the external conditions in the roads and the internal
field is caused by the interactions between thezadjacent cars. We assume that all
cars move fast or slowly according to the magnitude of traffic field. Mobility is
a key factor to affect the behaviors of vehicles and the thresholds of traffic fields.
We design a microscopic model first and calibrate the model by the result of our
simulator. The simulator is designed based on CA model. We define the
magnitude of acceleration and deceleration in the simulator according to Monte
Carlo computing technique. After that, we derive the macroscopic model from
the microscopic one. It is the reason that every variables and parameters in this
research are meaningful. Besides, we define a new variable, Driver’s inertia, to

describe the shock caused by the lane-changing behaviors.
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CHAPTER 1

Introduction

Intelligent transportation systems (ITS) are the systems that employ advanced
information and communication technologies to the operations of existing transportation
systems in order to ensure traffic safety, improve traffic congestion, and decrease
environmental impacts. For the purpose of ITS applications, a real-time prediction is needed.
Managing traffic real-time in congested road or networks requires a clear understanding of
traffic flow operations. For this purpose, during the past fifty years, there were a wide range
of traffic flow theories and models, which were developed to answer these research questions.

1.1 Research Motivation and Objection

Traffic flow models are classified into microscopic and macroscopic models. The former
model can use to describe slight moevements of-vehicles and to correct the model itself
according to the behaviors of drivers. But using. microscopic models wastes much time to
simulate all traces of vehicles. That is the-reason why simulator can’t be used as real-time
prediction, especially in large scale ‘networki~Even- though the development of computer
decreases the simulation time in recent years, we'" still can’t use microscopic models to do
real-time prediction. Macroscopic models based on fluid dynamic equations have been
proposed by a large number of groups (ref. Lighthill, Whitham [27], and Payne [43]).
However, there is a huger controversy over the applicability of traffic flow and the validity in
these models.

There are many immeasurable parameters and variables in the past macroscopic models
such as relaxation time. Though most of the models are focused on no-signal and
one-dimension traffic flow, there are some problems in the backward traffic flow. Also, the
behaviors between adjacent cars are neglected in these models. Even though the purpose of
many new macroscopic models was to overcome most drawbacks of old ones in recent years,
it complicates the models at the same time. We can’t find the answer of the complicated
models analytically unless using some numerical methods. Finite difference method is the
most famous way to solve these models, but it reduces the efficiency of simulator especially
for solving speed. Another problem of complicated models occurs because these models
introduce many assumptions from gas kinetic field. The variables and parameters of gas
kinetic field can’t be explained well in traffic field.
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We define a new variable called traffic field in this research. The traffic field is
subdivided into external field and internal field, the former field is caused by the external
conditions in roads and the latter field is caused by the interactions between adjacent cars. \We
assume that all cars move fast or slowly according to the magnitude of traffic field and derive
a new macroscopic model from a microscopic one. The method ensures physic meanings of
all variables and parameters. Finally, we define a variable called mobility to represents the
behaviors of different drivers.

1.2 Research Scope and Procedure

In the evolution of transportation, dynamic traffic management seems to be a feasible
way to relieve congestion. According to the types of field data and applications, dynamic
traffic researches can be classified into three categories, that is the dynamic origin/destination
(dynamic O/D) estimation, the dynamic traffic flow theory, and the dynamic traffic
assignment. A complete dynamic management system includes three kernels, and the relation
between them is illustrated in Figure 1.1. Since'whole procedure is a cycle, each part can be
an initial step. If the dynamic travel cost (or travel time) of each path in the network is known,
the dynamic origin/destination table will be generated from the dynamic O/D model. If the
dynamic travel cost (or travel time) of eachilink-and.the dynamic O/D table in the network are
known, the path flow will be obtained by the dynamic assignment model. If flow on each path
is known, travel time and dynamic link flow are obtained from dynamic traffic flow model.

This research derives a traffic flow model to predict travel time. The scope of the
research is showed as the dotted frame in Fig1-1.

Because we define the traffic fields and the mobility in this research to derive a
macroscopic model, we explain the meanings of them first. After that, we discuss the
movements of cars caused by traffic fields and derive a model according to the movements.
Finally, we design a simulator to prove our assumptions and calibrate all parameters in the
models. The flowchart of this research is illustrated in Fig 1-2.



dynamic traffic

assignment model

A 4

dynamic path
flow

A 4 A 4

model model

dynamic O/D dynamic traffic flow

A 4

A 4
dynamic O/D dynamic link
flow and
table .
travel time

/

/

Research Scope

Figure 1-1 The architecture of dynamic traffic management system

Explain the Meanings of Traffic Field and Mobility

\4

Derive a Macroscopic Model According to Traffic Field and Mobility

l

Design a General Simulator

\4

Adjust the Model and Calibrate the Parameters

l

Conclusions

Figure 1-2 The flowchart of this research




CHAPTER 2
Literature Review

To develop a macroscopic traffic flow model, we derive it from a microscopic
one in this research. For the purpose, we start with past microscopic and macroscopic
models in this chapter. For developing a simulator based on CA models, they would
be reviewed briefly later. A brief summary of traffic flow model would be described in

the end of this chapter.

2.1 Microscopic Traffic Flow Models

The movements of all vehicles in the road are described in microscopic models
more completely than in macroscopic ones. We could adjust all behaviors slightly
base on microscopic models. We review: some important microscopic traffic flow
models from 1950 and focus on car-following behaviors to be the basis of simulator in

this section.

2.1.1 Stimulus — Reaction Function
Microscopic models are designed based on car-following theory which is derived
from Reuschel(1950)[47] and Pipes(1953)[46]. Gazis, Herman, and Potts[15]
explained the car-following theory completely in 1959. They assumed all cars move
in alignment and keep a safe distance from each other to avoid incidents. For keeping
a safe distance, the velocity of following car should be adjusted according to the
leading car. We derive Eq. (2.1) from stimulus-reaction function:
Mz, (1) = A%, = %,.), 2.1
x,(t) denotes the location of nth car, M denotes the weight of car, 4 denotes a
sensitive parameter, and A denotes the reaction time. If divers situate in equilibrium
traffic flow, we can combine M with A to be a sensitive term. In steady state, if the
leading car changes its’ velocity to be u, the following car will also move with
velocity u . We let the distance between adjacent cars to be 4, =x, —x,,, and obtain
h—hy=M(u—-u,)/A from the initial condition. Because the distance is the

reciprocal of density, we can derive Eq. (2.2) from above-mentioned equations:
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k™ —kg' =M@u—uy)/ A or u=u,+(A/ M)k~ —k;) (2-2)
k; denotes the jam density. Except the discussion of basic theory, Gazis[16]

also derived the sensitive term showed as Eq. (2.3):

X (t)

(%, (1) =%, () (2.3)

o denotes the constant, m denotes the power parameter to response to the relation

A=ax

between the reaction time and the sensitive term, and / denotes the power parameter to

response to the relation between the gap and the sensitive term.

2.1.2 Four Restrictive Functions

The purpose of these functions is keeping a minimum safe distance between two
adjacent cars. If the following car maintains a safe distance from the leading car, it
can move and brake safely. All restrictions are described as follows:
A. Spacing Restriction

The following car must keep:a safe distanee for the purpose of safety:

Vo1’

S=PYKV, +K; xC

(2.4)

In Eq. (2.4):

S : Safe distance

P Effective length of the leading car

K; : Reaction time of the following car

K> : Constant » 1m/s in MKS

Vr - Velocity of the following car

Vi - Velocity of the leading car

D Average deceleration of the following car

C : Constant > when Vr >V C=1, otherwise C=0

B. Acceleration Restriction
The maximum distance that general car can reach in a unit time.

C. Stopping Restriction
The distance that cars can reach in a unit time when they meet a red light or some
other conditions to induce them to decelerate

D. Turning Restriction

When drivers make a turn and receive a centrifugal force at the same time. They



must decelerate to avoid losing the control of car.
Above-mentioned restrictions are the limit of the maximum distance that general

cars can move in a unit time.

2.1.3 PITT Model
PITT is a FRESIM model in CORSIM developed by FHEA. Its’ theory is
keeping a space headway:
H=L, +kxV,+10+bxkx(V, V) (2.5)

In Eq. (2.5):

H : Space headway(ft)

Vr - Velocity of the following car

Vi : Velocity of the leading car

L; : Length of the leading car

k @ Sensitivity of the driver
b  : Constant, when V;=Vr<10,C=0.1, otherwise, C=0

For keeping above-mentioned gap, the aceeleration of the leading car is:

olx, - XL L 10—V xE) - bxkx(V, -V |
(T2+2><k><T) (2.6)

A4, =

In Eq. (2.6):
Ar : Acceleration of the following car
Xr : Location of the leading car
X, * Original location of the following car

v. * Original velocity of the following car
T Scanning gap(sec)

, The velocity of the following car is V, =V, + 4, x(T —c) when we take the
reaction time into account. To avoid traffic accident, PITT designs three constricted

functions [25].

2.1.4 Behavioral Threshold Model
There are two unreasonable assumptions in stimulus-reaction function:
1. There are interactions between adjacent cars no matter how long the distance
between them is.

2. When relative velocity is constant, the velocity of the following car is
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constant.

The following car, in fact, will accelerate when the distance or the relative
velocity between the leading car and itself is large. If the distance between two cars is
large enough, the movements of following car would be unrestricted. The
above-mentioned behaviors represent a special car-following phenomenon showed as
Fig 2-1[26]:

A Cap
Perception Threshold dxl Perception Threshold

Mo Eeaction Area

Eeaction Area Eeaction Area

i -
-d Larger velocity difference smaller velocity difference 4 gy

Figure 2-1 Relative movement between leading and following cars

Wiwdemann[53] introduced the Psycho-Physical Spacing Model into
microscopic simulator and designed the INTAC Model to be the Behavioral Threshold
Model. He assumed that cars move in single lane and have no lane-changing
behaviors. In Behavioral Threshold Model, traffic flow conditions are classified into
three reaction areas: (1) Perceived Reaction (2) Unconscious Reaction (3) No

Reaction. Above-mentioned phenomenon is showed in Fig. 2.2:



DX

" Met Distance
between two cars
MAXDXT—
Eeaction Threshold
Free Flow Area SDV,
Maximum Following Distance — /—( . Approach Leading Car Area
Car-Following Area ~1 1y BX
. . ) \Y RN EEEL b SESE S
Minimum Following Distance = ™ OPD\ ----- Jr
Braking Artea AX
Length of leading car —* ~— ~— ~— _ L
o Danger Area .
-DV s * 4DV
Larger « I b Smalle

Figure 2-2 Relation of'béhavioral threshold model

The meaning of each threshold is:

A.
B.

AX: Desire distance between two cars-when the following car is static.
BX: When the velocity difference between two cars is small, it is a
minimum distance that following car desire.

SDV: It is the velocity difference perceived threshold of following car
when the distance between two cars is large.

SDX: The range of SDX is 1.5~2.5 according to the difference
between different drivers.

CLDV: 1t is a velocity threshold when the gap between two cars is
small and the velocity of the following car is larger than the leading
one. It is calculated from SDV and random factors.

OPDV: It is a velocity threshold when the gap between two cars is
small and the velocity of the following car is smaller than the leading

one.



2.1.5 CARSIM
CARSIM(CAR-Following Simulation Model) was developed by Benekohal[4].
Vehicles are classified into five classes in CARSIM showed as follows:
Al: General driving behaviors with the velocity which is under the
maximum velocity
A2: General driving behaviors with the velocity which is equal to
maximum velocity
A3: The vehicles which are starting to move
A4: The driving behaviors with enough gap:
X, - (X, +7,.(DT)+0.5(44)DTY )2 L, + K (2.7)
In Eq. (2.7) -
X+ Location of the leading car
Xr : Location of the following car
L; : Length of the leading car
K Buffer distance between two cars

DT : Scanning gap(sec)
A4 . The acceleration-and.deceleration in this condition

AS5: The driving behaviors-whieh-limit to safe constraints
A5 is a combination of A4 and some safe constraints showed as follows:
X, - (XF +V,.(DT)+ 0.5(A5)(DT)2)— L -K>
[V, +(45)DT)|(BRT),
maximumof| | sy prysrr)s Vet UDTE X,
2(MX.F) 2(Mx.L)

(2.8)

In Eq. (2.8) :
BRT : Reaction time to brake safely
Vi . Velocity of the leading car in the end of time step
MXF : Maximum deceleration of the following car
MX.L : Maximum deceleration of the leading car
A5 - The acceleration and deceleration in this condition

2.2 Static Macroscopic Traffic Flow Models

Velocity, density, and flow are three important factors in macroscopic



models. Their relation showed as Eq. (2.9):

q =ku

(2.9)

Greenshield [20](1934) and Olcott [41](1955) showed that an approximate linear

relationship between speed and density of traffic exists, whereby, as the average

speeds of vehicles increase, the density of the traffic stream decreases. Greenberg

[19](1959) suggested that an equation describing the steady state relation between Q

and k, or between u, the velocity of the stream, and & could be derived by assuming a

particular equation of state for the fluid. Characteristics and distributions of hourly

volumes and average speed are discussed by Vaughan [52](1970) , Gazis, and Knapp
[14](1971) , Makigami, Newell, and Rothery [28](1971). Other research results of the

static macroscopic traffic flow model are summarized in Table 2-1 and Table 2-2.

Table 2-1 Table of single-regime models

Single-regime models

Equations

Greenshields model (1934)

u= uf[l—iJ
kj

4
u=u,ln ?

Greenberg model (1959)
Underwood model (1961) u=u,e
Northwestern's model (1967) ALY
u=ue (¥/k2)

Drew model (1968)

U=

(k](ﬂﬂ)/Z
Uy 1- k_

Pipes-Munjal model (1967)

u

k

u, : free flow speed k; : congested density

u, : critical speed

k, * critical density

o

10

reference: May(1990)




Table 2-2 Table of multi-regime models

Multiregime models  |Free-flow regime Transitional-flow |Congested-flow
regime regime
Edie model u=ue k;
u=uyln| —
(1961) (k<k,) — k
(k>k,)
Two-regime linear model k Ve
u=u,|l-— u=u,l-—
(1967) k; - &
(k<k) (k>k)
Modified Greenberg constant speed | ( k’j
u=uylnf —
model (1967) - "k
(k<k,)
(k=>k,)
Three-regime linear model k k k
u=u,|l-— u=u,|l-— u=u,|l-—
(k <k) (k,<k<ky) |(k=k,)
k; * specified traffic density > i=1.2.3.4

reference: May[29](1990)

2.3 CA Models

A more recent addition to the development of vehicular traffic flow theory is
cellular automation (CA) or particle hopping method. Although CA is first proposed
long ago (Gerlough)[17](1956), CA has begun to receive wide attention of statistical
physics community only after the simple formulation by Nagel and Schreckemberg
[37](1992). In CA, a road is represented as a string of cells, which are either empty or
occupied by exactly one vehicle. Movement takes place by hopping between cells.

CA is defined as follows. Each vehicle can have an integer velocity between 0
and u_, . The complete configuration at time step ¢ is stored, and the configuration at
time step ¢+2 is computed from that, i.e., using a parallel or synchronous update. All

vehicles execute in parallel the following steps:
(1) Let g (gap) equal the number of empty sites ahead.

(i) If u>g (too fast), then slow down to u=g (rule 1); otherwise if u<g (enough

11



headway) and u <u,___, then accelerate by one u=u+1 (rule 2).

(ii1) Randomization: If after the above steps the velocity is larger than zero (u>0),
then, with probability p, reduce u by one (rule 3).

(iv) Vehicle propagation: Each vehicle moves u sites ahead (rule 4).

Pesheva et al. [44](1997) proposed a CA (particle hopping) to describe 1D traffic
flow under a bottleneck situation. Then Rickert [50](1996) extended CA to a two lane
traffic condition. Furthermore, Chowdhury [5](1997) a two-lane traffic with two kinds
of vehicles. CA also can be built as a control model. Hattori [22](1999) and Jin et al.
[24](1999) applied CA to signalize intersection with periodic boundary condition.
With respect to the capacity of the signalized intersection, Nagel [36](1996) and
Nagatani [35](1996) considered the several different acceleration effects of vehicles in

CA models.

Nagel [36](1996) compared the other models to CA and made some conclusions

as follow:
(1) Robust computing: CA ,is known to be numerically robust especially in

complex geometries.

(i) University: Intuitively, a relatively simple microscopic model should be able
to show the essential features of traffic jams. One might even speculate that
the critical exponents of traffic jam formation are universal.

(iii) Towards minimal models: The present results show that close-up
car-following behavior is not the most important aspect to traffic model. The
important crucial aspect is to model deviations from the optimal (smooth)
behavior and the ways in which they lead to jam formation. Another
important aspect, which seems far from obvious, is the acceleration behavior,
especially when there are other vehicles ahead, since it is the acceleration
behavior that mostly determines the maximum flow out of a jam (which may
be a simple traffic light).

(iv) Traffic dynamics: Fast running and easy to implement CA can be very useful
in interpreting measurements.

(v) Microscopic simulation: CA is inherently microscopic, which allows one to
add individual properties to each vehicle.

(vi) Stochastic and fluctuations: Last but not least, CA are stochastic in nature,

thus producing different results when using different random seeds even

12



when starting from identical initial conditions. The traffic system is
inherently stochastic and the variance of the outcomes is an important

variable itself.

CA is a kind of microscopic models and inherits the advantages and
disadvantages of them. Although its concept is posed many years ago, the physical
models are presented recently. It is claimed that it has the potential to model and
describe real problems well. However, in motorcycles and vehicles mixed traffic,
motorcycles are not restricted in single lane. Their motion should be treated as
two-dimensional behavior. As researches, which are proposed by car-following theory
in Taiwan, the model may become very complicate and the behavior may not be easily
modeled anymore. In addition, the more complicate CA induce much more robust

numeric can be forecasted.

2.4 Dynamic Macroscopic Traffic.Flow Models

Lighthill and Whitham [27](1955).and Richards [49](1956) are the first
people that presented the macroscopic kinetic traffic flow model. The basic theory of
their model is that traffic is comversed and that there exists a one-to-one relation
between velocity and density. The LWR model can be viewed as a good and basic
approximation. Mathematically, LWR model states that the density & and flow Q

satisfy
ok (x,1)

= +V-0(x,1)=0 (2.10)

where ¢ denotes time and x denotes position. Eq. (2.10) expresses the
conservation of vehicles. In addition, Q, k and velocity u are assumed to satisfy
O=ku(k). From these assumptions, Eq. (2.10) has the solution k=F(x-ct), where F' is
an arbitrary function (the initial condition), ¢ is the wave speed and ¢=dQ/dk . Eq.
(2.10) implies that in homogeneities, such as changes in density of cars, propagate
along a stream of cars with constant wave speed ¢ with respect to a stationary

observer.
The assumption of u=u(k) is a steady state assumption of velocity, which

means that velocity changes instantaneously as density changes. It is certainly not

13



valid in some traffic flow situations. To overcome the steady state assumption of

velocity, Payne [43](1979) used a motion equation to obtain time variant speed.

V)= V- (R0 o, () -) @11)

where u,(k) is an equilibrium speed-density relation and 7 is the relaxation
time. Parpageorgiou[42](1982) used Euler-like discrete Form which shows as Eq.

(2.12) to improve the efficiency of Payne’s models in computer.

au ou 1 v
W = Lt () —ul—
o T o T B mul =

k, (2.12)

Michalopoulos, Yi, and Lyrintzis [34](1993) developed a semi-viscous model,
which substitutes a viscosity term into Eq. (2.11), show as Eq. (2.13) and (2.14):

ou ou 1 » Ok
—+ k" — 2.13
L e T(k){[uf(X) u]—ak” =} (2.13)
2
Py w2 kb2 e OE (2.14)
ot oxal ox ox

Michalopoulos and Pisharody [31](1980) and*Michalopoulos et al. [32](1980,
1981) also employed the LWR:model and shock wave analysis to derive an isolated
real time signal control. Del Castillo-et al. [10](1994) proposed an expression for the
reaction time of drivers as a function of traffic density in the PW model. Later, Del
Castillo, and Benitez [12](1995a, 1995b) presented a functional form for the
speed-density relationship. This functional form is made up of a nondimensional
spacing the equivalent spacing and of a function, the generating function, whose
argument is the equivalent spacing. This functional form is derived by means of two
different arguments. The first argument is based on the set of properties that the
volume-speed-density relationship should satisfy. The second one arises when applied
to a dimensional analysis of a generic car-following model.

In addition to the LWR model, Baker [1](1981) and Daganzo [7](1994) brought
up different dynamic macroscopic traffic flow models. Baker considered the
continuity, jam-packed, diffusivity, and fluidity of the traffic flow. He used the speed
as the main viewpoint, and introduced the concept of velocity field to construct
velocity potential model. Moreover, Baker [2](1983) derived the hydrodynamic model

of the traffic flow. The key point of the model still lay on the conditions of crowded
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traffic flow and fleet diffusion. The model is a molecule dispersive equation which
uses the end of the road as the boundary conditions of the free traffic flow. It is used
to analyze the periodic traffic flow characteristics of signal intersections. It is as well
as the Schrodinger equation in the quantum physics. Daganzo use the concept of cell
propagation to construct the time-space variations of traffic flow of a single
entrance/exit highway, concluding the formation, propagation and diffusion of fleet.
The purpose of using cell propagation is to find the locations where the density
changed, that is, the locations where the density is not continuous, just as the shock

wave analysis does.

2.5 Summary

A useful dynamic model must support a correct data about flow and travel time.
Obviously, we find some drawbacks in past literatures:
A. There is no relation between variables m'static models.
B. Scholars usually introduce static model. or experiential model into motion
equation and neglect whether they have physic meanings.
C. There is lack of the descriptions of each factor in past motion equations.
We overcome above-mentioned ‘drawbacks to design a new dynamic traffic

models.
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CHAPTER 3
Single Lane Traffic Flow Model

For describing the movements affected by vertical distance between cars,
macroscopic models are usually designed as one-dimension models. These models also
represent the effects caused by speed difference between leading and following cars.
There are four sections in this chapter: (1)We explain the meanings of the traffic fields
and mobility in first section and design a general microscopic model based on Newton’s
laws and some practical behaviors. (2)We describe the details of our simulator and the
assumptions about moving behaviors of cars in second section. (3)We use the data of
the simulator to verify the model designed in first section. (4)We derive a macroscopic
model from microscopic one in latest section. The studies about muti-lane would be

discussed in next chapter.

3.1 Traffic Fields and Mobility

We assume all cars would be ‘affected by a external field according to Newton’s
laws in this research. The magnitude of field is based on all external factors such as
gradient, number of lane, geometrical design, and so on. Moreover, there is a force
between two adjacent cars which is defined as internal field in our study. It is the reason
that car equivalent, and the distance and the speed difference between cars are the
factors to affect the magnitude of internal field. We believe that the acceleration is
affected by internal fields according to Newton’s laws. It is the reason that we define the
force to put cars moving in light traffic called external field and the extra-force in heavy

traffic called internal field. So we define a total field showed as Eq. (3.1):

E = E external + E internal (3 1)

total

3.1.1 Internal Field
In last section, we describe the fields affected by distance between cars which are
defined to be inverse proportion in Newton’s laws. There are some problems in above

assumption. For example, if two cars move closely, the following car would decelerate

16



based on Newton’s laws. But we know that if cars move closely, the following driver
would maintain his velocity to be the same as the leading car if he contains a safe
distance. Another special example is that if two cars move apart a long distance but the
leading car move much slower than the following one. The following car would
decelerate even though the distance between them is large. Because of above-mentioned
reasons, we determine the field not only affected by distance in this research.

We observe the practical behaviors to find that drivers make decisions to decelerate
or accelerate according to the time that they would bump into the leading car if both two
cars contain constant velocity. We define it to be the probability of bump (POB). The
internal fields and POB must be direct proportion by the definitions.

Before finding the correct relation between internal field and POB, we assume that
POB to the power of y and the internal field are direct proportion. Another issue is
about the relation between the same lane and different lanes. Lateral movements of cars
are not like vertical ones. No mattér car or bus, lateral movements are lane-changing
behaviors. It is better to define athreshold, to- control the movements about
lane-changing behaviors. Because the problem about motorcycles in Taiwan is heavier
and heavier, we retain the possibility-to study.the movements of motorcycles. For the
purpose, we subdivide internal field into.vertical and lateral field:

E Ey o +E (3.2)

Internal — In,Latera In,Vertical

Figure 3-1 represents the lateral and vertical fields of vehicle 0 caused by vehicle 1

and vehicle 2:

Figure 3-1 Internal fields between vehicles
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For simplifying the model, we define the magnitude of vertical field to be M times
of the lateral one. That is because drivers are more sensitive to vertical change in
practical condition. A special phenomenon is that vertical fields must produce lateral
force in traffic. It means that drivers will change lane if the leading cars move slowly or
the distance between them is smaller than their safe distance. We assume the internal
fields of vehicle 0 in Fig. 3-1 to be:

€y U U

X, 1
Eq iy yerican = — (=) (3.32)
£ X —X,
0 x1 U, g—U e 0o~ U,
EO,In,Lateral = _[elo(;)y _620 (;)7 =2 ( y y ) ] (33b)
& X=X Xy =X M y,-y,

In Eq. (3.3a) and (3.3b), ¢ denotes the effect parameter, e, and e,, denote the
equivalents of vehicle 1 and vehicle 2 relative to vehicle 0. It must be especially noticed,
the particle not only be affected by adjacent particles but all particles in the space in

Newton’s laws. However, cars are only affected by ‘adjacent cars.

At the beginning of this section, we discuss two-special cases to describe why we
can’t use Newton’s laws in traffic..In.Eq. (3.3a) and Eq. (3.3b), we neglect these two
problems between adjacent cars. So we-overcome the problems by defining e to be the
function of speed difference between cars in this research. We also define a new
variable §. If the speed of the leading car is 6 meter/second higher than the following car,
still the following car accelerates even though they move closely. 6 denotes a function
of distance between adjacent cars. The relation between & and the distance is inverse
proportion. Because of above-mentioned assumptions, Eq. (3.3a) can be subdivided into
Eq (3.3c) and Eq (3.3d) :

£ o [u, —u, +0(x, —xo)](uo —Ml)y if u,—u, +35(x,—x,)=0 (3.3c)

0,In,Vertical
& xl - XO

=0 if uy—u, +0(x,—x,)<0 (3.3d)

E

0,In,Vertical

The factors to affect 6 will be discussed in following sections.
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3.1.2 External Field

In section 3.1, we define the external field to be affected by external environments.
Another evidence to prove the existence of external fields is that vehicle must accelerate
or decelerate even though there is no car near it. It is convenient to define external field
to be a function of desire speed. Unless driver reaches his desire speed, he would
continue to change his velocity. The external field shows as follows:
u, —u,

ZLul

E

(3.4)

Ex . Vertical =

In Eq. 3.4), u, =u,(k,p,,p,......), p denotes an environmental parameter, which
includes gradient, weather, and so on. 7, denotes the time which the cars need to

change it’s velocity from u, to u,.

3.1.3 Mobility

In this research, the meaning of mobility is the potential of drivers to change their
status. It means the potential to-accelerate, -decelerate, and change lane. In following
sections, mobility is a key parameter in traffic flow-models. It decides each driver’s
choice about lane-changing behaviors. and the magnitude of desired speed. The details
of mobility will be discussed in following sections:

Before next section, it must be noticed that we don’t care about lateral field. So the

fields in following sections represent vertical (the way car moving) fields.

3.2 Behaviors and Simulator of Microscopic Models

One-dimension traffic flow models are most popular models, LWR and PW models
are the most well-know two. In one-dimension models, cars are moving in alignment. It
distributes all density in one line and simplifies traffic problems. We will calibrate the
parameters in latest section and discuss the problems about muti-lane in next chapter.

We design a microscopic simulator to calibrate all parameters and verify the model
which we have designed in last section. The assumptions in simulator are showed as
follows:

(1) Transfer the density to be the amount of cars and put them in the road

according to normal distribution.
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(2) Distance between each car must be larger than a smallest distance (8 meters).

(3) The arrival of cars is based on Poisson distribution.

(4) The time step of the simulator is 3 seconds.

(5) The behaviors of cars refer to CA models.
We don’t refer to Greenshields’ or Greenberg’s models in our simulator, so we need to
define a series of reasonable moving behaviors:

(1) Each car has a maximum speed (free flow speed).

(2) Distance between each car must be larger than 8 meters.

(3) The speed of the following car shows as follows:

xlead (t) B xﬁﬂl‘?w (t) + l x (ulead (t) + ulead (t + At)
At 2

U oo (t+Ar) = min[uf, U foliow (t) + rand x At, ]
(3.5)
(4) rand in Eq. (3.5) is calculated by Monte €arlo computing technique.
rand denotes a magnitude of acc¢eleration. We calculate it by Monte Carlo computing

technique to find the measurement of area in speed-time diagram.

Accelerating

area

Decelerating

area

Figure 3-2

Speed-time diagram about Monte Carlo computing technique
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We use Fig. 3-2 to define the magnitude of rand. In Fig. 3-2, the vertical axis
denotes speed and the lateral axis denotes time, the measurement of area in Fig. 3-2
denotes distance. A, B, C, D, E represent areas, L,;,L,s, and L, ~ L, represent lines.
u, denotes free flow speed, u, denotes the speed of the following car at time 0, and
t, denotes the time step of simulator. The meanings of each lines are showed as table
3-1:

Table 3-1 The meanings of each line in Fig.3-2

L, Maximum accelerating line of the following car

L, | The upper-bound keeps the following car to avoid bumping into the leading car
L, The line represents that the following car maintains a constant speed

L, |The lower-bound keeps the following car to avoid bumping into the leading car
L Maximum decelerating line of the following car

Fig. 3-2 is an example for explaining the meanings of each line. All procedures are
described as follows:

l. The bound condition which ‘avoids-aceident is showed as Eq. (3.6):

At ) (ulead (t) + ulead (t + At)
2

ufollow (t) At < Xiead (t) - xlag (t) FAX ( 3.6 )

If Eq. (3.6) is satisfied, we simulate the accelerate area because no accident
happens. On the other hand, if any accident happens, we simulate the

decelerate area.

2. We set a variable k=0 and put N points in accelerating area (or decelerate area
according to step 1) randomly. After that, we connect every point to origin
(where time and speed equal to 0). Once a connecting line limits to maximum
accelerating line to avoid bumping into leading car, set k=k+1. (In Fig. 3-2,
B represents the accelerating area and C represents the decelerating area where

the following cars would not bump into the leading car.) Finally,

%VX accelerating area (or decelerating area) is the satisfied area.
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3. The satisfied area calculated in step 2 and original area (C, D, and E if in
accelerating area, E if in decelerating area) are combined to be a total area. We
draw an approximate line (L,, and L,; in Fig. 3-2) and get an area around

approximate line and L, . If the area is the same as total area, the approximate

line will be the acceleration at that time step.

The maximum difference between Eq. (3.6) and CA models is the latest term in Eq.
(3.6). We introduce A (mobility) into latest term to represent drivers’ perception of the
leading cars. The range of mobility is from 0 to 1. Besides, for describing drivers’
behaviors well, time step of simulator is designed to be 3 seconds. That is because cars
need enough time to react to the leading cars such as to decelerate or change lane. But 3
seconds is too long for the version of CA. If we don’t introduce mobility into the latest
term of Eq. (3.6), cars will move 3 seconds and stop 3 seconds when traffic is heavy.
The magnitude of mobility is defined randomly in the simulator. The flowchart of

simulator is showed as Fig. 3-3:

Put all cars in road according to density

A 4

All cars move forward

v

A 4

t=t+ At

No

If t>¢

i Yes

End

Figure 3-3 The flowchart of 1-D simulator
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3.3 Calibration of the Parameters and Verification of the Model

In this section, we calibrate all parameters in the models based on the simulator
designed in last section. Main equations are (3.3¢) and (3.3d) and main parameters are
¢ and o.

3.3.1 Calibration of o
o is a magnitude of speed. When the speed of the leading caris & meter/ second
larger than the following one, the following car will accelerate even though two
adjacent cars are near. It is obvious that 6 and the distance between two cars must be
inverse proportion. It means that when two cars are nearer, speed of the leading car must
be higher to make the following one to accelerate. Of course, J is not only affected by
the distance between two cars. We can find out the other factors rely on simulator.
For simplifying the data, we sift useless data from the output of the simulator. The
data we need must satisfy the following constraints:
1. Accelerating behaviors
2.  Total magnitude of acceleration must be larger than the magnitude only caused
by external field.
After that, we get Fig. 3-4:

~ifhe speed difference between two cars

Y

. hie distance between two cars ()

200 2o 300 350

Figure 3-4

The relation between the distance and speed difference of two adjacent cars
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In Fig. 3-4, the lateral axis denotes the distance between two adjacent cars and the
vertical axis denotes the speed difference between them. The free flow speed is 60 Km /
hour and the jam density is 125 vehicle /Km. The range of mobility is from 0.1 to 0.4.
We can find that the gradient of straight line in Fig. 3-4 is 6 and which is calculated in
Eq. (3.7):

_2-(x —xo)u . C24(x —xp)

= 3.7
Atew, T At G-D

5:uf

For finding out the relation between ¢ and mobility, we subdivide Fig. 3-4 into Fig.
3-5:

20

13
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-10

-13

=20 20

Figure 3-5

The relation hetween & and maohilitv
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Because we only retain the data with no internal field, Fig. 3-5 is an expected result. We
know that the behaviors of drivers are affected by mobility if the internal fields exit (see

Eq. 3.5). The phenomenon is proved again by the result of simulator.

3.3.2 Calibration of y
y denotes a parameter which represents the relation between the POB and the
internal fields. We rewrite Eq. (3.3) to get Eq. (3.8)
E I ouy—u, .,

=— if u,—u, +6(x, —x,)=0 3.8
e~ 76 —x)] 5(x1_x0) o — Uy +0(x; —x;) (3.8)

We change the vertical and lateral axis to obtain Fig. 3-6:

3 3
*
A=0.1 s & s A=02 o
2.5 i 2.5
14 + iy *
2 i 2 bl I
bd [ L4
s +y
3 +* bl ¥
L P‘;., L3 24
Pl -
sa*f -
1 L 1
* -
0. 0.3 b
*
""
1] i " 0 F o
0 1 7 3 4 5 0 1 2 3 4 5
3 3
i *
A=03 i A=04
25 - 25
o *
¥, ol i
el - "
2 -z* '- Py 2 :“ Ld
*
* »
2% ? sEr
L3 7 LS Vs
. " “! -y -
’ﬁ P
1 1 L 3 ‘- '4
* - ¥
1 o
0.5 + + 0.5 =
¥, a4 g
+ - ¥
1] e, , | i . L% 10
0 1 2 3 4 5 0 1 2 3 4 5
Figure 3-6

Unreasonable relation between POB and the internal fields
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In Fig 3-6, the vertical axis denotes the POB which is calculated from

X _)% oy The wunit of it is second. The Lateral axis is calculated from
0 1

EO,[/
(ug —u, +5(x; —x,))

The result of Fig. 3-6 is unreasonable because the points in the frame should not exit. It
means that to calculate POB from ™ _X% —u is unsuitable. There is high speed in
0 1

these points to lead to smaller u, —u,. The phenomenon also leads to a larger POB
indirectly but it should not exit in practical condition.

The unreasonable phenomenon exits because we neglect the effects of mobility
when we calculate the POB. In practical condition, the following driver has an ability to
predict the trace of the leading car. Once the driver of the following car can predict the
trace of the leading car, the POB .will be smaller.- Mobility also affects the ability to
predict. Radical drivers (with high mobility)-have.smaller POB but conservative drivers
(low mobility) have higher POB. According to the assumptions, we must redefine the
formulation of POB showed as Eq. (3.9)

Probability “of bumpzﬂ

3.9
u,—A-u, (3.9

According to Eq. (3.9), we obtain Fig. 3-7 from Fig. 3-6:
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There is an important message in Fig. 3-7. For the purpose to analyze the relation
between the POB and the internal fields, we must discuss two conditions separately.
These two conditions depend on whether the POB is larger than the time step. Because

time step is 3 seconds in this research, Fig. 3-7 must be segmented into Fig. 3-8 and Fig.

3-9:
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The relation between the POB and the internal fields
(When the POB is smaller than the time step)
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In Fig. 3-8, when the POB is smaller, deceleration is larger and vice versa. In Fig.
3-9, it seems that the distribution of points is irregular. In fact, if the POB is smaller
than the time step, drivers must decelerate to avoid bumping into the leading cars. When
the time step is smaller, the phenomenon is more obvious. When mobility is larger, the
phenomenon is more unobvious. So, we formulate the relation between the POB and the
internal fields showed as Eq. (3.10a) and Eq. (3.10b):

E —A- _
~ LAy, G Ry (3.10a)
u,—u, +o(x,—x,) & X, —x, u,—A-u,
Eo = —Eo g~y it R o (3.10b)
’ ’ u, —A-u,

We also finds out that when mobility 4 is larger, y is larger from the result of
simulator. According to the curves in Fig. 3-8, we define y =1+104 roughly to

calibrate & 1n next section.

3.3.3 Calibration of &
Before calibrating ¢, weé review . Eq. (3.3),-(3.7), and (3.10) to formulate
microscopic internal fields showed as Eq. (3.11):

[ty —u; +6(x, _xo)](uo —A-u y

Eon =
£ X, —X,
. X X
if uy—u, +0(x;,—x,)=20 and ——— > At (3.11a)
u, —A-u,
Eo,m :_EO,Ex — U
. X X
if uy—u, +0(x;,—x,)=20 and ————< At (3.11b)
u,—A-u,
Ey,=0 if u,—u, +0(x;, —x,)<0 (3.11¢)
2. (x. —
5(x, —xy)=u, — LX) 3.11d)
At
y=1+104 (3.11e)

According to Eq. (3.11) and the result of simulator, the calibration of % is

showed as Fig. 3-10
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Figure 3-10  The magnitude of % with different mobility
In Fig. 3-10, the vertical axis denotes-different samples and the lateral axis denotes

the magnitude of % It is obviously. that % is affected by mobility. For simplifying

models, we define different magnitudeof % according to different mobility. The

result of simulator is showed in Table 3-2:

Table3-2 Statistic date of % and mobility

Magnitude of mobility Average of 1/¢ Standard deviation of 1/¢
0.1 10. 20 3. 84
0.2 22. 14 15. 84
0.3 35. 58 20. 25
0.4 75.52 43. 20
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3.4 Macroscopic Single-Lane Models

Eq. (3.4) and (3.11) represent microscopic models. For calculating real-time
informations, macroscopic models are needed especially to simulate large scale

network.

3.4.1 Macroscopic Internal Fields
The distance between cars in microscopic models is a reciprocal of the density in
macroscopic ones. The derivation of macroscopic internal fields is showed as follows:

E - [uo—ul+5(x1—x0)](u0—/1-u1)7

In

€ X = Xo
:[uo—u1+5(x1—x0)] n(A)- ( u1)7
€ X = Xy
=77(/1) (”o_ul);ﬂrl +77(1) O xo Nuy —u,)’
3 (x, = xy)” & (¥p— xp)”
_ n) (”0_“1)7;r1 +77(/1)5(x1_ 0)( ”1)7
& (x;—xp) € X, — X
- - ID L mn ) ) ) 5 (3, - xy (T My
& (xl_x ) X, — X,
__n(ou . ’7(/1)5(1() u’
g Ox’ £

Conditional parts are showed as follows:

Uy —u, +0(x;,—x,)=0
U, —u, oO(x, —x
= 0 1+ (l 0)
X — X X — X

:>—a—u+5’(k)20
ox

>0
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“hTY S Ay
u,—A-u,

uy—A-u, 1
> —=< —
X, — X, At

U, —u 1

Y Gy

ou 1

= -n(l)—=<—

n( )ax A

According to above-mentioned derivations, Eq. (3.12a) is obtained:

E, = —’7(;) ZZ: k- ’7(;) 5(k) ZZ; if—Z—Z +8'(k)> 0 and—n(i)g—z si
(3.12a)
In Eq. (3.12a), y'=y+1, 6'(k),n(A),and A are additional variables and
parameters.
According to Eq. (3.7):
5'(k):x1bfxo —§=uf-k—2A (3-12b)

A denotes the time step. According to'above-méntioned derivations, we obtain:

U, —u u, —A-u
77(1) 0 1: 0 1
X, — X, X, — X,
Uy —A-u, _u,—u,
=>n(l)= > =1

Uy —u, Uy —u
Because the range of A is from 0 to 1, 77(4A) must be larger than 1. The result of

simulator is showed in Table 3-3:

Table3-3 Statistic data of 7(4) and mobility

Mobility Average of n(A4) Standard deviation of7( 1)
0.1 1.295 0.254
0.2 1.242 0.383
0.3 1.386 0.512
0.4 1.360 0.659
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Table 3-3 represents that the standard deviation of 7(1) only be affected by
mobility. If the internal fields are Eq. (3.11b) and (3.11c¢), we obtain:

E, =-E, —u if—a—u+5’(k)2021nd—77(/1)a—uSl (3.12b)
Ox ox A

E =0 if %+5'(k)<o (3.12¢)
X

In Eq. (3.12a) and (3.12b), &' and & can also be represented by & '(%) and
s(W).

3.4.2 Macroscopic External Field

We define the microscopic external field to be a function of each driver’s desire
speed. But it needs aggregate variables to represent macroscopic models. We introduce
the well-know relaxation-term to-describe-the external field in this research. It must be
noticed that the equilibrium velocity would not only be the function of density. Some
external environments must be taken into account, t00. Formulation of the external field

is showed as Eq. (3.13):

u,—u

=t = (3.13)

Ex,Vertical
T

In Eq. (3.13), u, =u,(k,p,,p,......), p denotes the external environments such as
gradient, weather, and so on. Because there is no data to calibrate equilibrium velocity,
we introduce May’s definition (1967):

u, =u, e)qv(kij)_o‘5 (3.14)
3.4.3 Summary

All procedures about simulation are showed as follows:

(1) Define the type of the internal field according to the different thresholds.
(2) Choice a magnitude of 7(1) according to Table 3-5

(3) Choice a magnitude of % according to Table 3-4

(4) Define the behaviors of cars according to the external fields and some other
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parameters.

The macroscopic model is showed as Eq. (3.15):

0q Ok du
——+—=0 > =FE +FE. ~g=ku
ox | or ar e
n(A)you” | n(d) ow .. ou ou 1
E =- —k— o(k if-—+0(k)=20and—n(A)—<—
i e ox’ £ ( )8x7 y ox %) n( )ax A
E, =-E. —u if—a—u+5'(k)ZOand—ry(/%)a—uSl
ox ox A
.. Ou ,
E =0 if —+0'(k)<0
ox

E, :ueT—u S (k) =up k=) ue=ufexp(£)°‘5 vy =1ty =2+101

J

(3.15)
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CHAPTER 4
Multi-Lane Traffic Flow Model

We derive a multi-lane traffic flow model in Chapter 4, which is combined with
several 1-demension single lane traffic flow models. These kinds of models had been
published by Michalopoulos, etc. (1980), maximum difference of these kinds of models
is that the right-hand-side term of the conservation equation is not zero. Lane-changing
flow rate must be defined in these kinds of models. But we think not only conservation
equation should be corrected but also motion equation, too.

The key point is that the shock caused by different lanes is larger than the shock

caused by original lane when the amount of changing density is the same:

] Lane-changing point Outside lane
Velocity 4
u(k)  f---- TR - 8 S5 F R W TR
: Changing density from k to k + kc
N e AN
Time
: Inside lane
Velocity :
u.(k) e e S S EEEE
: Changing density from k+ kc to k
U (k+k,) --== TT T TTTTTTssssssssossssosssooooes

t, Time

Figure 4-1 The shock caused by lane-changing behaviors

Fig. 4-1 represents the change of density when the lane-changing behaviors happen.
In Fig. 4-1, the vertical axis denotes the time, and the lateral one denotes velocity. If the
initial velocity of inside and outside lane are the same and the density are k +k, and k.

t, is the time that the lane-changing behaviors happen. Before t_, the velocity of

C
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inside and outside lane change toward its’ equilibrium velocity. After t_, the amount of
density(kc) shifts from inside lane to outside lane and causes large shock to traffic. So,
we adjust not only conservation equation but also motion equation to satisfy
above-mentioned phenomenon. We will describe the details of multi-lane simulator in
the first section of this chapter. We design a microscopic multi-lane traffic flow model
and discuss the shock caused by lane-changing behaviors in the second section. We
transfer the microscopic model to be the macroscopic one and verify its’ parameter in

latest section.

4.1 Microscopic Behaviors and Simulator

In this section, we describe the behaviorssof drivers in multi-lane models and
define the lane-changing constraints. :The' relation between mobility and the
lane-changing behaviors will be discussed, too. Besides, an additional variable “driver’s

inertia” will be explained in 4.1.2:

4.1.1 The Lane-Changing Constraints

There is a series of constraints for drivers to judge whether they change lane in the

multi-lane models. In this research, we define three constraints:

1.  When drivers do lane-changing behaviors, it must increase the distance
between them and the leading car.

2. If a driver wants to change lane, he must consider the distance between him
and the car behind him in target lane.

3. There must be an interval of designed time between each lane-changing
behaviors of the same car. It means that drivers can not change lane at every
time step,

The purpose of third constraint is to avoid ping-pong phenomenon. Of course, all

constraints will be affected by mobility in this research.

36



0 1
R et viats P >
X2 =Xo X3 =X,
S e L EEEEEEE >
X =%
Figure 4-2

An example about the lane-changing constraints

In Fig.4-2, vehicle 2 is our target. If vehicle 2 wants to change lane, it must satisfy the

following constraints:

Xp =%, 2(Xa—Xz)‘[:l-“"(/ﬂtmax_/12 )] (4-1)

XZ_XOZ[UO"_(ﬂ’max_ﬂ’z)'uo]'At (42)
2

t2,nochange = (ﬂ’max - 2’2) 'tnochange (43)

In Eq. (4.1), (4.2). and (4.3), A, IS 1inoursimulator (the range of mobility is from O
to 1). It is obviously that drivers with high mobility have low thresholds to limit them

doing lane-changing behaviors.

4.1.2 Driver’s Inertia

When the following cars move with constant leading cars for a long time, drivers
of the following cars can predict the behaviors of the leading cars more exactly. Driver’s
inertia represents above-mentioned phenomenon. The magnitude of driver’s inertia will
increase when the following time increases. In the single lane models, driver’s inertia is
1. But the lane-changing behaviors appear in multi-lane models. Once a driver change
lane, he can not predict the behaviors of the car in front of him well immediately. So, we

adjust Eq. (3.5) to be Eq. (4.4):
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u follow (t + At) = min[uf u follow (t) +rand x At!

% l’Ilead (t) + uIead (t + At)

Xiead (t) ~ Xollow (t) n ¢ % A
At 2
(4.4

¢ denotes the driver’s inertia. We define that every drivers need three time steps to

predict the behaviors of the leading cars completely. So, Eq. (4.5) is obtained:

¢=Min[1U/] (4.5)

t" is the number of time step.

4.1.3 The Procedures of Simulator

are:

According to 4.1.1 and 4.1.2, the assumptions of microscopic multi-lane models

(1) Transfer the density to be the-amount of cars and put them in the road
according to normal distribution.

(2) The distance between -each. car must be larger than a smallest distance (8
meters).

(3) The arrival of cars is defined based on Poisson distribution.

(4) The time step of simulator is 3 seconds.

(5) The behaviors of cars refer to CA models.

(6) Inatime step, cars move forward first and then change lane.

We don’t refer to Greenshields’ or Greenberg’s models in our simulator, so we define a

series of reasonable moving behaviors:

(1) Each car has a maximum speed (free flow speed).

(2) The distance between each car must be larger than 8 meters.

(3) Eq. (4.4) represents the speed of following car.

(4) rand in Eq. (4.4) is calculated by Monte Carlo computing technique which
has been described in chapter 3.

(5) Eg. (4.1), (4.2), and (4.3) must be satisfied if cars want to change lane.
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The flowchart of simulator is showed as follows:

.| Putall cars in the road according to the initial density

I

Whether the safe distance is

satisfied?

l Yes

———»| Lane-changing behaviors

\ 4

Moving behaviors

No

Whether t>t

max

End

Figure 4-3

The flowchart of multi-lane simulator
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The details of lane-changing behaviors are showed in Fig. (4-4):

No Whether the distance between the

leading car and itself increase?

Whether the distance between itself and the

car behind it in target lane is longer enough?

Whether the interval of the time between

twice lane-changing behaviors is enough?

Yes l

Change lane

Figure 4-4

Flowchart of the lane-changing judgment
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4.2 Microscopic Multi-Lane Traffic Flow Model

There are different internal fields from single lane models in multi-lane models .

We review the internal fields of the single lane models:

[uy —u, +5(x, — X, )](u 1)7

£ X, —

Eo,ln =

if u,—u, +5(x, —x,) =0 and 7% S At (311

0 ]
First, we introduce driver’s inertia into Eq. (3.11a):
E - [ug — Uy +5(X —X,)] (Uo —¢-/1-u1)},
o & X, — X,
if U<l + 5 X)20 and — 2 X0 >At  (4.6)
—¢g-A-U;

It is obviously that driver has:a high mobility is more sensitive to driver’s inertia.

Besides, we derive Eq. (4.7) because of ¢ <-1:

U, —¢-A<U -A-u
0 ¢ l)y ( 1);/
X, — X X, — X

( (4.7)

In Eq. (4.7), drivers who just do lane-changing behaviors make a larger initial field than
drivers who have change lane for a long time to the cars behind them. It proves the
assumptions in the beginning of this chapter.

Although the meanings of parameters are identical between single and multi-lane
models, some of them must be calibrated again in multi-lane models. We discuss these

parameters in next chapter.
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4.2 Macroscopic Model and Calibration of the Parameters

We derive the model from Eq. (4.6):

Eo,ln _ [uo —u, + 5(X1 — Xo)] (uo — ¢ A 'ul)y
& X; — X,
_ [UO—U1+5(X1— )] (ﬂ«) ( ul);f
& - X,
_ n'(A) (U —ug)"™ n(ﬂ) B Upy,
= . (Xl—-Xo)7+l( S (X = X )(Xl )
To obtain Eq. (4.7):
g, o AN 1) g0 4.7)
’ g ox’ P ox”

It must be noticed that Eq. (4.7) represnts that all:cars just change lane for a short time.
It is unreasonable to introduce Eq: (4.7)-into our. macroscopic mode.

Because the amount of lane-changing behaviors is expressed by density, we
assume original density is k and shift =k, to-adjacent-lanes. Eq. (4.8) is derived from Eq.
4.7):

n"(A) ou”

E,, =-
0,1 /
" e X

¢ X (4.8)

!!ﬂ:
n()k kk

Eq. (4.8) is a kind of proportional representation. When the amount of lane-changing
behaviors is larger, the shock caused by it is larger.
n'(A) isdefinein Eq. (4.9)

Py (o
X, — X, X, — X,
5 (4.9)
=>n'(4)= (%)y

According to the result of simulator, statistical data about 7'(1) is showed in Table

4-1:
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Table 4-1 Statistical data between 7'(41) and mobility

Mobility Average of 7n'(4) Standard deviation of 7'(1)
0.1 1.317 0.273
0.2 1.282 0.447
0.3 1.497 0.659
0.4 1.520 0.952

When mobility is larger, the standard deviation of 7n'(4) is larger.

We don’t define a new equation to calculate the amount of lane-changing behaviors.

So, we introduce Michalopoulos’method into this research to obtain our macroscopic

model:
0q; ok, du,
G‘X 6t Q| dt i,In 1;EX ql 1500
" 14 " y
E o =~ TP I ) SIS (K, ) 2 Oand—"(2) S <
’ & ox’ & ox” OX ox A
.. Ou ou 1
E . =—-E _ —u if —+0'(k.)>0and—n"(A <=
i,In i,Ex i OX ( ') 77( )aX A
E, =0 it iy 5k, )<0
' OX
E _ U, U N 5'(k )—U -k _y ~ U =U., ex (ﬁ)_o'5 sy =1+y=2+104
iEx — T i)=Y oK A e = Uy pkj Yy = V=
(1)= ()45 ()
77 _ki—'_kl,c77 |+k|,c77

Qi =& {lki (Xt =At) =k (X,t = A)] = (Kihy0 —Kig )} +
a; ik (Xt =A) =k (x,t = At)] = (K(i 4y — ki )}
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Ko =0t an TR0t = A0 =k (Xt =A0T = (K0 —Ko D+
e an RO = A) =K (X = AOT (K1~ )}

0 it [k (xt—A) =k, (xt—At) <k,

Fijm = k“max |k (x,t—At) =k, (x,t—At)| -k, if |k (xt—At)—k,(x,t—At)>k,
0~ ™A

(4.10)

In Eq. (4.10), i denotes the number of car. Eq. (3.10) is the models of middle lane. If
someone wants to describe the inside lane, he must adjust i+1 to i+1. If someone

wants to describe the outside lane, he must adjust i+1 toi-1.
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CHAPTER S5
Contribution and Future Works

5.1 Contribution

We derive a new macroscopic traffic flow model based on microscopic one. It
makes all variables and parameters having physic meanings. If physic meanings exit,
field data can help us to calibrate the parameters conveniently. Variables in the model
can also be adjusted to fit different condition easily.

We introduce traffic fields and mobility into the new model. The traffic fields
represent the power that push cars to accelerate or decelerate. Dividing the fields into
the internal field and the external field can simplify the movements of cars. Different
magnitudes of mobility can be applied to describe different driving behaviors in the
same road (Drivers in inside lane must have different mobility from in outside lane).

There is no backward flow in this new traffic flow model because of the
definitions about thresholds. For example; we have three kinks of the internal fields in

different situations.

5.2 Future Works

1.  We don’t verify the fitness of equilibrium velocity. It should be calibrate
according to field data.

2. Mobility should not be the only factor to affect &. Maybe some other
factors are neglected when we design the models.

3. The .aAmount of lane-changing behaviors is still calculated from past
methods. It should be designed according to the field data.

4. We don’t discuss the rationality about numerical simulation in this research.
It could be verified through a suitable finite difference method.

5. Two-dimension model is needed to analyze the behaviors of motorcycle. We

define the meanings of the fields. The meaning of energy in traffic should
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be defined in future work. Energy could be the threshold of lane-changing
behaviors.

6. Mixed flow is the final work to describe real behaviors of vehicles.
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