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Microscopic road traffic flow simulation models are increasingly being used to express the dynamic
nature of traffic flow. These microscopic traffic simulations require vehicle movements to be modeled
and calibrated. Since individual vehicles exhibit heterogeneity, the parameters within these sub-models

must incorporate some disturbances.

However, due to limited observational data, the various

parameters among individuals have not been well validated. We collected video data from an 800m
section of an urban expressway over 1 week using 11 video cameras. By tracking individual vehicles
on-screen, we can obtain vehicle trajectories. We applied this manually obtained data to investigate
individual heterogeneity of vehicle movement; in particular, we focused on multi-anticipative car
following behavior, heterogeneity among individuals and relationship between car-following behavior

and road geometry.
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1. Introduction

In most countries, the road traffic accidents are
regarded as one of the serious problems to be mitigated
urgently, and are caused mainly by human errors and
mistakes. For our sustainable society and avoiding
meaningless loss of precious lives, it is necessary to
apply an integrated road transportation safety schemes.
Among various measures to make road transportation
safer, the researchers in the field of transportation
engineering have paid much attention to ITS
(Intelligent Transportation System). In order to discuss
effective measures including ITS implementation for
mitigating traffic accidents, it is necessary to understand
the detailed vehicle movement in order to understand
the mechanism of traffic accident. Especially in
merging areas, drivers have much greater workloads
than in single stream traffic, and traffic conflicts and
accidents are more likely to occur. Also, drivers must be
aware of their own position as well as the position of
other vehicles, estimate both the longitudinal and lateral
distance between vehicles and determine the appropriate
action. It is therefore important to develop methods for
evaluating safety and improving efficiency in merging
section. Within merging areas, the most important kinds
of movement are cross-sectional, e.g., merging, giving
way and cutting in (across the stream of traffic), and
longitudinal, e.g., car-following behavior (along the
stream of traffic). All of these behaviors can cause
traffic problems. So, a comprehensive model of these
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movements requires gathering and analyzing numerous
vehicle trajectories in merging areas. Also, microscopic
road traffic flow simulation models are generally
applied to analyze how traffic changes dynamically in
response to various methods of management and control.
However, because detailed measurements of vehicle
movement are technically limited, most of microscopic
simulations are not well calibrated or validated in the
level of microscopic vehicle movement. In this study, we
use the video image data to model the microscopic
vehicle movement. Especially, we focus on a car-
following movement as a first step for improving
interpretation of vehicle movements.

Among researches for car following behavior, we
consider developing a multi-anticipative car following
model which may be more realistic. In this model,
drivers anticipate traffic conditions further downstream
by looking at the movements of several vehicles ahead
(Hoogendoorn et al., [1]). It is generally said that the
real driving behavior is variable in time and space, and
the estimated parameter may not be transferrable to
other situation. In addition, Brockfeld et al. [2] and
Schultz et al. [3] confirmed the importance of
considering drivers heterogeneity. Brockfeld et al. [2]
compared the ten different models for each driver
following pairs using data obtained from car following
experiments. From calibration and validation results,
the error difference between the best and worst model
for each driver is around 10.11~12.78%, concluding
that the diversity among driving behavior is much larger
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than the diversity of the model structures. They argued
that these results can probably not be suppressed no
matter what model is used. In contrast, Schultz et al. [3]
assumed distributed parameters and their mean and
variance are estimated by minimizing the differences
between observed and simulated behavior by the genetic
algorithm. These researches suggest the importance of
considering driver or vehicle heterogeneity. We
therefore focus the heterogeneous behavior the impact of
road geometry within multi-anticipative car following
behavior. We observed the movement of vehicles on an
expressway using 11 video cameras. Automatic and
manual vehicle identification systems developed by the
previous research (Kurauchi et al., [4]) have been used
to extract vehicle trajectories from video images. We
used manually obtained data when investigating the
individual heterogeneity of vehicle movement. By the
obtained data, multi-anticipative car following model is
constructed.

This paper has 5 sections. In section 1, we explained
the objective of this study. In section 2, we will review
the existing car following model. The used data are
explained in the third section, and the estimation results
are evaluated in section 4. Finally, we will summarize
the findings of this study in the last section.

2. Review of car-following models

A car following model, which describes the
processes how drivers control the vehicle speed in the
traffic stream, has been studied for more than half
century. Until now, researches for car following models
can largely be divided to the single car following model
and the multi-anticipative car following model.
Basically, the single car following model consider the
first leading vehicle only, whereas the follower in the
multi-anticipative car following model is assumed to
response to the behavior of the multi-leaders.

2.1. Single car-following models

Following the discussions by Brackstone et al. [5],
we categorize single car following models into five
groups. The first model is so called Gazis-Herman-
Rothery(GHR) model [6] which is perhaps most well-
known. The model has an intuitive hypothesis that a
driver’s acceleration is proportional to relative speed,
and has some relation with headway distance, which
could itself be speed dependent. The second model is the
Safety Distance or Collision Avoidance model (CA) that
the original formulation of this approach dates to
Kometani and Sasaki [7]. The base relationship does not
describe a stimulus-response type function as proposed
by the GHR model, but seeks to specify a safety
following distance within which a collision would be
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unavoidable, even if the driver of the vehicle in front
were to act ‘unpredictable’. The third model is Linear
(Helly) models. Although the first model suggested by
Chandler, Herman and Montroll in the development of
GHR equation was linear, this class of models is
generally attributed to Helly [8]. He proposed a model
that includes additional terms for the adaptation of the
acceleration according to whether the vehicle in front is
braking. Also, this model expresses relative speed-
distance relationship between the follower and leader
behavior simply. The fourth model is Psychophysical or
Action Point models (AP) which is proposed by
Michaels [9], who raised the concept that drivers would
be able to tell they were approaching a vehicle in-front,
primarily due to changes in the apparent size of the
vehicle, by perceiving relative velocity through changes
on the visual angle subtended by the vehicle ahead. The
fifth model is a Fuzzy logic-based model that uses the
concept of fuzzy logic within car-following models as
the latest distinct ‘stage’ in their development, as it
represents the next logical step in attempting to
accurately describe driver behavior. Such models
typically divided their inputs into a number of
overlapping ‘fuzzy sets’ each one describing how
adequately a variable fits the description of a ‘term’.
The initial use of this method (Kikuchi & Hakroborty,
[10]) attempted to ‘fuzzify’ the traditional GHR model
using relative speed, relative distance and acceleration.

In addition to the five groups defined by Brackstone
et al. [5] the Optimal Velocity Model proposed by Band
o et al. [11] should be reviewed here. In this model,
drivers are assumed to respond the deviation their actual
travel speed and optimal one, which is defined by a
function of the headway to the car in front, and to
diminish the deviation by giving the corresponding
acceleration to their cars. It is shown that the Optimal
Velocity Model describes the transition from free flow to
congested flow occurring spontaneously by the
collective motion of vehicles, which obey to the same
dynamical equation.

2.2. Multi-anticipative car-following models

As an extension of the single car-following models,
some multi-anticipative car following models have been
proposed to consider the effect of other vehicles or road
conditions further downstream (Hoogendoorn et al., [1]).

Lenz et al. [12] developed a multi-leader generalized
Bando model. This approach is based on a concept that
a driver of following vehicle accelerates or decelerated
based on the difference between follower’s velocity and
the optimum velocity that can have. The acceleration of
the following vehicle is expressed as follows.
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where, V(s) is an optimum speed function describing the

speed of the follower in relation to the distances to the

)

vehicles ahead; Ax;(7) is the relative distance between

the jth leader, also, v(¢) is the speed of follower at time t.

And, K; denotes the sensitivity to the jth leader that
quantifies how quickly velocities of each wvehicle
converge to the optimum velocity when they differ from
the optimal one. Note that Kjshould be positive.

Generalized Helly model (Hoogendoorn et al., [1] )is
an extension of the Linear model proposed by Helly. In
the Helly model, the following vehicle responses to the
vehicle in front only, while in the Generalized Helly
model, the follower reacts not only to the directly first
leader but also to multi-leaders. A linear relationship is
assumed using the relative speed and relative distance.
Also, the Bexelius model(Bexelius, [13]) describes
simply the multi-anticipative behavior only using the
relative speed between the follower and their leaders
ahead. Formulation of Generalized Helly model is
shown in Eq(2) which originally derived from the single
leader car-following model .

ml'f . . mz'f . . .
a,t+T) =Y a0+ g A (1) - S) (2)
Jj=1 Jj=1

where, a;(t+7T) : the acceleration of follower i at time t,
with response T

al-(-i) : the sensitivity parameter of follower i to the
relative speed with leader j for j=1,...... M,

,b’i(j): the sensitivity parameter of follower i to the

difference between the actual distance to leader j
and the corresponding desired distance of follower
i,
Avl(j ) (?) :the relative speed between follower i/ and
leader J,
Axi(j ) () : the relative distance between follower i and
leader j,

S l(/ ): the distance to leader J desired by follower i

my : the number of considered leaders of which relative
speed to the follower i
m, : the number of considered leaders of which relative

distance to the follower i
T: response time(s).

To keep the linear relationship of parameters, they
apply the following formula to determine the desired
distance to leader j (Ossen and Hoogendoorn, [14, 15]).
3

S:(‘l) =8,; T JT;Vi
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where, ng ) the desired distance between vehicle i and

the its leader vehicle j,
s, ; - the minimum desired distance at standstill between

vehicle i and its j-th leader,
7; : the minimum headway,

v, : speed of vehicle i at point in time ¢.

Generalized Helly model also has another parameters,
myj, my; representing the number of leaders of which
relative distance and speed are considered in the linear
relationship to express acceleration / deceleration of
follower. Each combination of parameters mij, my;
represents the number of leaders which driver i
responds with respect to relative speed and deviations
from relative distance and the desired following distance.
Among researches for the multi-anticipative car
following model, the research of Hoogendoorn et al.

[1,16] showed that incorporating multi-anticipative
behavior substantially improves the model re-
productivity.

From these researches, we take notice of the
difference for multi-anticipative car following behavior
by road geometry, that is, the follower behavior may
differ in the response to the behavior for leading
vehicles under different road geometry. Also, we assume
that the heterogeneity of driver behavior may exist
within the multi-anticipative car following behavior. If
we consider using Lenz model, the desired speed is
required. However, this study analyzes the multi-
anticipative car following behavior under different road
geometry condition and the desired speed may change
by the road geometry. It is relatively difficult to obtain
the desired speed in the short section. So, this study
applies only Generalized Helly model for analyzing
multi-anticipative car following behavior under road
geometry and driver characteristics among driver
behavior.

3. Video image data and vehicle trajectories

3.1. Study area

The data used in this study were obtained from 11
video cameras installed on tall buildings located near a
merging area of the Hanshin Expressway in Osaka,
Japan. The video cameras recorded all traffic movement
for 1 week beginning on 29 August 2005. The study
area is approximately the 800 meters of road section
including the merging section mentioned above. Severe
traffic congestion and accidents frequently occur in this
area and a long queue usually forms upstream of the
Moriguchi Line. For analytical convenience, we
numbered the lanes from east to west: the first and
second lanes come from the Moriguchi Line, and the



Heterogeneity in multi-anticipative car-following behavior by video image data

Y-coordinalte
(Jlongitudinal)

xcoordinate
crosssectonal)
ey

Moriguchi line &
2" Lan
3 Lane

4" Lane T}

5" Lane

Moriguchi
line

—
Straight section % \

rved sectior 4
Section 1 Sction

Section 2 £
(=X
S
=
Section3 g
2
=3
E]
v

oL B N

S5 B 2

5h T

=SS 53

DD @

Loop line

Figure 1. Study area, lane/axis definition and
division of section for all sections
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Figure 3. Extracted vehicle trajectories

third, fourth, and fifth lanes come from the Loop Line
(see Figure 1). In this area, the second lane from the
Moriguchi Line and the third lane from the Loop Line
merge, and the number of total lanes are reduced to four
lanes at the downstream side of merging section. The
vehicle trajectory data were extracted from video taken
over 15 min (08:49-09:04) on 30 August 2005. Within
this period, the traffic conditions changed from
uncongested to congested, and hereby the data obtained
can be used for analyzing the car-following behavior
under different traffic condition.

3.2 Extraction of vehicle trajectory data from
video image

We used the manual trajectory acquisition system to
collect vehicle trajectory data (Figure 2; Kurauchi et al.,
[4]). This system can record the position of each vehicle
by dragging and dropping a red square on the computer
screen. The users firstly click on the centre of the rear-
end bumper, and its position on the screen is
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automatically converted to real-world coordinates. Then,
the vehicle’s movements are recorded by dragging the
square over a 0.2-s observation time. The vehicle
trajectory record consists of the camera ID, vehicle 1D,
date, time, the vehicle location on both screen and real-
world coordinates. In the real-world coordinates, the x-
axis is perpendicular to the traffic stream, and the y-axis
is parallel to the traffic stream (Figure 1). The system
tracks vehicle trajectories independently by each camera,
and hereby obtaining the continuous vehicle trajectories
for all the study area requires connecting the trajectories
extracted from various cameras. Therefore, we
developed another system to match the IDs from
consecutive two video images. Since real-world
coordinates on each video contain errors, obtained
vehicle trajectories may sometimes exhibit an unrealistic
jump. To correct these errors, we adopted a smoothing
spline algorithm using MATLAB®. Figures 3(a) and (b)
illustrates the original and smoothened vehicle
trajectories around the merging section, respectively.
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Finally, about 2400 vehicle trajectories are available for
the analysis.

3.3 Definition of multi-anticipative car following
behavior and sample size

We assume here that drivers recognize relative speed
and relative distance to the multiple leading vehicles on
the same lane as stimuli, and accelerate or decelerate as
a response. In maximum, three leading vehicles are
explicitly considered as one affecting the behavior of the
following vehicle. The leading vehicles are numbered
from closest(1*) to farthest(3"). In our previous studies,
a following vehicle is defined as a vehicle continues to
travel within three seconds of time headway from its
leading vehicle (Hong et al., HKSTS, [17]). In this
study, the same definition of car-following is applied for
the two consecutive vehicles, and hereby the first,
second and third leading vehicles are required to have
the time-headway from the following vehicle less than
or equal to three, six and nine seconds, respectively. For
the analysis of the multi-anticipative car-following
behavior, we extracted sets of vehicles composed of the
three leading vehicles and their following one, which
are traveling on the same lane more than eight seconds.
Finally, we obtained 164 sets of multi-anticipative car
following vehicles. The average number of data
included in each set is about 120 plots (estimated by
average car following time/ observation time interval)
and this means that the car following vehicle of each set
follows from the first to third leading vehicle for
approximately 24 seconds. Its distribution for the
following time is shown in Figure 4 by each multi-
anticipative car following set.

We surveyed also the headway between follower and
multi-leaders for all 164 sets of car following vehicles in
order to confirm the distributions of time-headways.
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Figure 5. Headway between each the j-th
leading vehicle and follower

Figure 5 represents the distributions of time-headways
between the follower and its multiple leaders. The
headway between follower and the first leader(j=1) is
distributed less than 3 seconds and its mean is 1.6
seconds. The headways between the follower and the
second, the third leaders(;=2,3) are distributed from 1.5
to 4.5 seconds and from 2.8 to 7.0 seconds, respectively.

Also, to discuss the effect of road geometry we
divided the whole section into three sections: the
straight section at the most upstream side, the curved
section and the merging section at the most downstream
side in Figure 1. For convenience sake, the straight,
curved and merging sections are denoted by Section 1, 2
and 3, respectively. By the comparison of the estimated
parameters of Generalized Helly model later, this study
confirms the differences in car-following behavior by
the road geometry and design.

3.4 Procedure for parameter estimation

The Generalized Helly model can be characterized
by the parameters m; and m, as shown in equation (2).
The parameter m, represents the number of the leaders
of which relative speed to the following vehicle is
explicitly considered in the car-following model. The
parameter m, represents the number of leaders of which
distance to the following vehicle is explicitly considered.
Accordingly the Generalized Helly model should be
estimated assuming 12 combinations of parameters m;
and m, by setting m=1~3, m,=0~3(my=0 including
Bexelius model). To estimate parameters(o;, ), it is
necessary to provide the response time of the vehicle (or
driver) as the multiplication of the observation time
interval (0.2s) per vehicle locations, and hereby the
response time is assumed to range from 0.2 to 3.0
seconds. Then we estimate all the parameters including
a1 to a3 and B to f; using the least-square method. We
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Table 1. Average value of parameter and estimation results on all sections using GH model

Z
i Parameters Response Rchr?lg.eS?tll(l)ée The N.of best
o o 03 B B Bs tme(s) |\ of data set) model by each pair
(1,0) 0.73 1.02 0.62(65) -
(2,0) 047 | 0.19 1.60 0.67(103) -
(3,0) 042 | 0.16 | 0.11 1.30 0.78(126) 40
(1,1 0.60 0.07 0.92 0.65(90) -
2,1 036 | 0.20 0.05 1.15 0.70(125) -
3,1 027 | 0.10 | 0.07 | 0.04 1.34 0.75(135) 6
(1,2) 0.37 0.04 | 0.01 0.90 0.68(108) 1
2.,2) 027 | 0.13 0.06 | 0.02 1.20 0.76(132) 3
3,2 0.23 0.13 0.09 0.05 0.02 1.26 0.82(139) 38
(1,3) 0.37 0.08 | 004 | 002 | 0.93 0.74(109) 8
(2,3) 0.28 0.16 0.08 0.04 0.01 1.32 0.79(136) 15
(3.,3) 0.26 0.18 0.09 0.06 0.04 0.02 1.39 0.83(142) 48
60
Table 2. Result of Paired t-test between the single and
multi-anticipative following model 0
40
my, m Range of R value : g
(Single)-(Multi) (total 164 sets) % 30
(1,0)-(3,2) 0.44 —0.79 -18.216 £ ol
(1,0)-(3,3) 0.44 — 0.81 -14.982
(1.D-(3.2) 0.53 - 0.79 “14.800 10} \
(1,1)-(3,3) 0.53 — 0.81 -12.932 .

selected the model with the maximum determination
coefficient as the best choice among calibrated models.

4. Estimation results

4.1 Verification of multi-anticipative

following behavior

car-

Parameters are calibrated individually for each 164
set of multi-anticipate car-following vehicles. At
estimation we first set the values of m(from 1 to 3),
my(from 0 to 3) and response time (7). To ensure the
reliability of the results, we only used estimate results
whose R” values of the best model is greater than 0.5.
The mean of the parameters ¢, £ and 7 with more than
0.5 of R* values among 164 estimated parameter sets are
calculated. This study estimates the parameters of
twelve types of Generalized Helly Models with the
different combinations of m; and m, for each 164 data
sets of vehicle trajectories. Here the ‘best model’ is
defined as the model with the highest R’ value among
twelve types of Generalized Helly Models above
mentioned.

Table 1 summarizes the result of estimation. This
table shows the average of the estimated parameters,
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Figure 6. Distribution of determination coefficient R

response time and determination coefficient. It also
represents the number of sets by which the best model is
estimated for the corresponding combinations of m; and
mj. If this value is larger, then the pair of m; and m;, is
likely to describe the majority of the driving behaviors
observed. From the Table 1, average R’ increases
consistently when it increases the number of m; and m,.
Judging from the average R?, (3,2) and (3,3) seem to be
the best combinations of m; and m, (0.82 and 0.83).
When we only consider one leading vehicle (cases of
(1,0) or (1,1)), the values of the average R* were 0.62
and 0.65. Also all parameters of o and £ are statistically
significant and take appropriate signs. Moreover, the
estimates consistently decrease from 1%, 2™ to 3"
vehicle. Drivers are more sensitive to the closer vehicle.
When we compare the models of (3,2) and (3,3), the
model of (3,3) seems to have a better fit since the
number of best models is larger.

To prove that the multi-anticipative car following
explains the car following relation better than the single
one, we test the difference of the R? value between the
single car following mode and multi-anticipative
following model by the paired #-test, because the R
value itself is distributed among 164 data sets. The null
hypothesis becomes that the mean of the difference of
the R’ value between the single and multi-anticipative
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Table 3. Results of factor analysis for best model 4
within combination of #,,m,=(3,3) 3
Parameters Component
within 2
mym=(3,3) 1™ axis 2" axis =
o 0.545 -0.221 g1
o -0.109 0.767 ]
a3 0.146 0.579 g 0
B 0.562 -0.031 3 -1 Cluster
)iy 0.780 0.443 | e 3
Bs 0.794 0.365 2 2
Initial Eigen 2171 1.017 3 | - 1
values — — - — —
% of Variance | _41.788 24.502 42 0246
Cumulative % 41.788 66.289

Score for Fact 2(with 1.7times value for original value)

Figure 8. Scatter for fact 1,2 by cluster

Table 4. Average of estimated parameters among each cluster

Cluster (M) 2(A) 3(®)
Num of cases within each cluster 63 58 17
o 0.11(0.57) 0.38(0.35) 0.56(0.39)
o 0.29(0.63) 0.11(0.87) 0.59(0.40)
average (CV) a3 0.18(0.82) 0.12(0.93) 0.23(0.68)
b 0.076(0.71) 0.077(1.05) 0.099(0.93)
b2 0.060(1.02) 0.071(0.75) 0.165(0.52)
b3 0.043(0.96) 0.046(0.93) 0.097(0.67)
Average value of R” for each cluster 0.80 0.78 0.85

model is zero. We set the R” values of (1,0), (1,1) as the
single model, and those of (3,2), (3,3) as the multi-
anticipative model. From test results shown in Table 2,
each t-statistics between the single and multi-
anticipative model suggests the significant difference
between single and multi-anticipative car following
behavior. Also, the single model takes the R* values
around 0.4~0.6 while multi-anticipative model leans
toward the 0.8~1.0 (see also Figure 6). This suggests
that multi-anticipative car following model explains the
car following behavior much better than the single
model. These results provide empirical evidence that
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drivers response not only their direct leader, reacting

also the behavior of the second and even the third leader.

4.2 Driver heterogeneity

At the previous section, it was found that multi-
anticipative car-following behavior can describe the
vehicle movement better. Here, we will further discuss
the driving heterogeneity. First, analyses are conducted
for the distributions of parameter estimates and response
time for 142 sets with more than 0.5 of R” values among
total 164 sets in the case of (my, my)=(3, 3). Figures 7
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Table 5. Comparison for average value of estimated parameters for best model by each section
. Response
Section | Parameters o o o3 By B2 B3 tirrrl)e (s) R?
Straight | m1,m2=(3,1) 0.33 0.15 0.13 0.05 1.53 0.78
Curved | m1,m2=(3,3) 0.30 0.15 0.13 0.06 0.03 0.01 1.63 0.78
Merging | m1,m2=(3,3) 0.36 0.21 0.14 0.07 0.04 0.02 1.30 0.81

illustrate the cumulative distribution of parameters o, ;
and 7, and shows the parametersa; and f; representing
the effect of relative relation between the 1st leader and
its follower have the biggest values within the same
series of parameters aj(oy~as3), bj(Bi~Bs), respectively.
In other words, the following vehicle is likely to be
strongly affected by the 1st leading vehicle in front
compared with the farther leading vehicles ahead. Also,
it is clear that all the parameters and the response time
estimated are widely distributed, and hereby there is a
possibility that the car-following behaviors are diverse
among drivers.

Also, in order to analyze the heterogeneity in car-
following behavior among drivers in detail and the
possibility of classification into some groups based on
the estimated parameters, we adopted the cluster
analysis and the principal component analysis for the
estimated parameters. By the cluster analysis, the
drivers are finally categorized into three groups. We
also applied the principal component analysis to
understand the characteristics of the drivers. We found
two principal components shown in Table 3 having
larger than 1.0 of Eigen value. The Eigen value and
proportion of the first axis is 2.171, 41.79% and 1.017
and 24.50% for the second axis. Looking at the Table 3,
the first axis has larger oy and fs, and the second axis
has larger o, and o5. Therefore, if the score for first axis
is larger, the driver tends to put emphasize on the
relative speed of the 1% vehicle and the relative
distances to all three leading vehicles in front. To see
the difference of 3 clusters by the two principal axes, we
draw a scattered graph shown in Figure 8. From the
Figure 8, the drivers in the 1¥ cluster have smaller score
for the 1% axis but larger on the 2™ axis. They put rather
more importance on the 2™ or 3 leading vehicles. The
drivers in the 2™ cluster have larger score for the 1%
axis but small score for the 2™ axis. It seems that they
put their attention mainly on the relative speed of the
vehicle just in front. Finally, the drivers in the third
cluster put their attention on all vehicles.

We also compared the average and the coefficient of
variance of parameters in order to prove the difference
of response to multi-leaders by different clusters. The
results are shown in Table 4. Mostly the average of the
estimated parameters in the 3™ cluster has not only the
largest but also the smallest value in CV. The
comparison of the results between cluster 1 and 2
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suggests that average value for parameters a; £, f, and
f51in cluster 2 are larger than those in cluster 1, whereas
the values of parameters a, and a3 which explain the
relation of the relative speed with the second and third
leaders are smaller. In particular, CV for parameters a,
and a; for the cluster 1 are smaller. These results suggest
that the followers in the cluster 1 tend to respond to
relative speed with the second and third leaders than the
first leader in relatively more aggressive manner. Also,
the followers in the cluster 2 tend to respond to relative
speed with the first leader in relatively more aggressive
way. In the case of §; explaining relationship for relative
distance with multi-leaders, the clusters 1 and 2 have all
similar value. The drivers in the cluster 3 have generally
largest values of parameters and determination
coefficient.

We found that each follower can be classified largely
into three car-following clusters from the results of
cluster analysis. These results show the existence of
heterogeneity in car following behaviors among the
drivers and the possibility to classify the car following
behaviors into three major groups based on the principle
component analysis and cluster analysis for the
estimated parameters.

4.3 Multi-anticipative car following behavior
under different road geometry condition

In this section, we pay our analytical attention to the
difference of multi-anticipative car-following behavior
for the different road geometry. 118, 144 and 138 data
sets of multi-anticipative car following can be extracted,
for straight, curved and merging sections, respectively.
Also, we selected the best model whose average R® is
maximum among combinations of m; and m, for each
multi-car following vehicle. Table 5 shows the average
value of estimated parameters of the best models for
straight, curved and merging sections. While the multi-
anticipative car-following model with (m;, m,)=(3,3)
commonly has the highest capability to describe the
actual car-following behaviors without consideration of
difference in road geometry based on the analyses at
section 4.1, the best model for straight section is likely
to be the one with (my, m,)=(3,1).

The multi-anticipative car-following model with (2,
my)=(3,3) is still selected as the best one for both the
curved and merging section. From these results, we
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found that behavior of driver in straight section can
sufficiently be described only by the relative speed with
respect to the 1~3th leaders and relative distance with
first leader only. On the other hand, the model in curved
and merging section is explained well by the multi-car
following behavior responding to both relative speed
and relative distance with respect to the first, second
and third leaders. It may be because that the various
incidents may often happen at curve and merging
sections, and drivers therefore pay more attentions to
the 2™ and 3" vehicles. We further compare the
distribution and average value of response time.
Comparing results by each section, we found that the
straight section has the longest response time. We
concluded that the car-following behavior may change
by road geometry.

5. Conclusion

In this paper, we analyzed multi-anticipative behavior
for an urban expressway using vehicle trajectory of
video data from 11 cameras. We also applied the normal
least-square method to estimate parameters of the
Generalized Helly type of multi-anticipative car
following model for each vehicle trajectory data.
Accordingly, the estimated parameters of multi-
anticipative car-following model are distributed, and it
allows us to do some statistical analyses for the
estimated parameters in order to realize the actual car-
following behaviors. Applying the both principle
component and cluster analyses for the estimated
parameters can lead to our better understanding of both
heterogeneity in car-following behaviors among drivers
and possibility of classification of car-following
behaviors. In addition, we analyzed the impact affecting
by road geometry for multi-anticipative behavior.

Results for these analyses show that, first of all, the
multi-anticipative car following model can represent the
actual vehicular behaviors much better than a single-
leader car-following model. It provides result that driver
do not react on their direct leader, but reacting on the
behavior of the second and even the third leader.
Secondly, the various distributions for parameters and
response time show the existence of heterogeneity in
car-following behaviors among drivers and classified
three major groups as principal and cluster analysis are
represented possibility to classify the car following
behavior. Thirdly, the characteristics for road geometry
affect the car-following behaviors judging from the
estimated parameters of the best multi-anticipative car
following models, it needs to analyze for multi-car
following behavior consider to characteristics of road
geometry. In general it can be said that the behavior of
the first leader affects largely the following vehicle
compared to the second, third leaders, however, their
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effects upon the follower should not be ignored to make
better understanding and description of car-following
behavior under very busy traffic environment.

These findings have important implications to the
current microscopic simulation practice. Nevertheless
its model well describe car following behavior which is
the multi-anticipative model consider to multiple
leaders and road geometry, the current simulation model
not consider not only the multi- leader but
characteristics by road geometry. For future research, it
is necessary to multi-anticipative car following model
including more leaders and higher model complexity
from sufficient trajectory data. This paper utilized
manually obtained trajectory data. This system has a
very high cost per data unit, and we only analyzed
vehicle trajectories for 15 min. Improvements to the
automatic vehicle trajectory recognition system will be
indispensable for more efficient analyses.

Acknowledgments

The authors wish to thank Hanshin Expressway,
Institute of System Science and Sumitomo Electric Co.,
Ltd. for data acquisition. This work was supported in
part by National Grand-in-aid for Scientific Research
(Scientific Research B, 18360245) from Japan Society
for the Promotion of Science.

References

[1] S.P. Hoogendoorn, S. Ossen, and M. Schreude, “Empirics
of multi- anticipative car following behavior”, Transportation
Research Record, No.1965, 2006, pp.112-120.

[2] E. Brockfeld, R.D. Kuhne et al., “Calibration and
validation of microscopic traffic flow models” Presented at

83™ Annual Meeting of the Transportation Research Board,
Washington, D.C., 2004.

[3] G. Schultz, and L. Rilett, “An analysis of the distribution
and calibration of car following sensitivity parameters in
microscopic traffic simulation models”, Presented at 83"
Annual Meeting of the Transportation Research Board,
Washington, D.C., 2004.

[4] F. Kurauchi, IN.F. Queiroz, Y. lida, and A. Higatani,
“Traffic flow analysis using image processing technique”,
Proceeding of the 5th International Symposium on Highway
Capacity and Quality of Service, Vol.2, 2006, pp.329-338.

[5] M. Brackston and M. McDonald, “Car-following: A
historical review”, Transportation Research Part F2, 1999,
pp-181-196.



Heterogeneity in multi-anticipative car-following behavior by video image data

[6] D.C. Gazis, R. Herman, and R.W. Rothery, “Nonlinear
follow-the-leader models of traffic flow”, Operation Research,
Vol. 4, 1961, pp.545-567.

[7] E. Kometani and T. Sasaki, “Dynamic behavior of traffic
with a nonlinear spacing-speed relationship”, In proceedings
of the Symposium on theory of traffic flow Research
Laboratories, General Motors,1959, pp.105-119.

[8] W. Helly, “Simulation of bottlenecks in single lane traffic
flow”, In Proceedings of the symposium on theory of traffic
flow, Research Laboratories, General Motors, 1959, pp.207-
238.

[9] R.M. Michaels, “Perceptual factors in car following”, In
proceedings of the second international symposium on the
theory of road traffic flow, 1963, pp.44-59.

[10] C. Kikuchi and P. Chakroborty, “Car following model
based on a fuzzy inference system”, Transportation Research
Record, 1365, 1992, pp.82-91.

[11] M. Bando et al, “Dynamical model of traffic congestion
and numerical simulation”, Physical Review ES51, 1995,
pp.1035-1042.

[12] H. Lenz, C.K. Wanger, and R. Sollacher, “Multi-
anticipative car—following model”, The European Physical
Journal B(7),1999, pp.331-335.

[13] S. Bexelius, “An extended model for car-following”,
Transportation Research, Vol.2, 1968, pp.13-21.

[14] S. Ossen and S.P. Hoogendoorn, “Car following behavior
analysis from microscopic trajectory data”, In Transportation
Research Record, No.1934, 2005, pp.13-21.

[15] S. Ossen, S.P. Hoogendoorn, and B. Gorte, “Inter-driver
differences in car following: a vehicle trajectory based study”,
Presented at 85" Annual Meeting of the Transportation
Research Board, Washington, D.C., 2006.

[16] S.P. Hoogendoorn, S. Ossen, and M. Schreuder,
“Properties of a microscopic heterogeneous multi-anticipative
traffic flow model”, Transportation and Traffic Theory 2007,
pp-583-606.

[17] D.H. Hong, N. Uno, and F. Kurauchi, “Empirical
analysis of driver’s Car following heterogeneity based on

video image data”, The Twelfth International Conference of

Hong Kong Society for Transportation Studies, 2007, pp.401-
410.

[18] R.E. Chandler, R. Herman, and E.W. Montroll, “Traffic
Dynamic: Studies in Car following”, Operations Research.
Vol.6, 1958, pp.165-184.

48

[19] R. Herman and R.W. othery, “Car following and steady-
state flow”, Proceedings of the 2nd International Symposium
on the Theory of Traffic Flow, Ed J. Almond, O.E.C.D., Paris,
1969.

[20] T. Forbes, H. Zagorshki, E. Hoishouser, and W.
Deterline, “Measurement of driver reactions to tunnel

condition”, Highway Research Board Proceedings 37, 1958,
pp.345-357.

DaHee HONG is a PhD. candidate at
Kyoto University. She received her
Master of Engineering Degree from
University of Seoul in 2005. Her
research interests include traffic
modeling, traffic flow, and traffic
control and safety.

Nobuhiro Uno is an Associate
Professor at Kyoto University. He
received his Doctor of Engineering
Degree from Kyoto University in 1997.
His research interests include travel
behavior under provision of
information, traffic control for urban
expressway and microscopic analysis of vehicular
behavior using video image data.

Fumitaka Kurauchi is an Associate
Professor at Gifu University. He
received his Doctor of Engineering
Degree from Kyoto University in 2002.
His research interests include traffic
control and operation, traffic modeling
and network reliability analysis.

Received date: February 10, 2009
Received in revised form: May 8, 2009
Accepted date: May 11, 2009

Editor: Masao Kuwahara




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


