ISSN: 2319-5967
ISO 9001:2008 Certified
International Journal of Engineering Science and Innovative Technology (IJESIT)
Volume 6, Issue 2, March 2017

Traffic flow smoothing based on individual
desired speed
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Abstract— This research examines a route instruction method that can decrease driving-related stress resulting from
variation in drivers’ desired speeds. Macro analysis reveals the characteristics of stress equilibrium distribution in two
vehicle types distinguished by differing desired speeds. Then, we perform a traffic microsimulation to verify the
effectiveness of our route instruction method in lowering stress, based on the macro analysis results.
Index Terms— Traffic equilibrium assignment, Traffic microsimulation, Desired speed

I. INTRODUCTION
One common stressor for drivers is the inability to drive at their desired speed. Hamaoka et al. [1] focused on
drivers that are forced to drive at low speeds, and showed that driving stress can be reduced by supplying
information about slow-moving vehicles ahead.
In this study, we investigate a route instruction method that can decrease the stress caused by the difference
between individual drivers’ desired speeds. Macroanalysis reveals the characteristics of stress equilibrium
distribution in two types of vehicles categorized by different desired speeds. Based on the results obtained from the
macroanalysis, we utilize traffic microsimulation to verify the effectiveness of the route instruction method in
lowering driver stress.
The remainder of the paper is organized as follows: In Section 2, we describe the link cost function used in this
research and define driving stress. Section 3 contains our macroanalysis and several examples. Then, we explain
our traffic microsimulation and present its result in Section 4. Finally, we outline our conclusions in Section 5.
II. PROBLEM SETTING
A. Link Cost Function
There is a cost associated with each link in a road network; when drivers travel on the road network, they select
their route based on link cost. In studies of traffic equilibrium assignment, the United States Bureau of Public
Roads (BPR) function is often used to denote link costs. Herein, we use the BPR function as a link cost function.
In this study, we assume that there are two types of vehicles on the road, one in which the driver wants to drive fast,
and the other in which the driver wants to drive slowly. Here, we call the former a “hurried” vehicle, and the latter
an “easygoing” vehicle. Therefore, we need to define two functions that consider the interaction between two types
of vehicle. Kawakami et al. [2] studied traffic user equilibrium assignment for a mixed flow of passenger and heavy
vehicles. Per this study, we use the following functions as link cost functions denoting travel time:

where the subscripts 1 and 2 refer to hurried and easygoing vehicles, respectively;
and
are the free travel
times of each vehicle on link ;
and
are traffic volume;
and
are traffic capacity;
is a
parameter of influence from easygoing vehicles to hurried vehicles, and
is a parameter of influence from
hurried vehicles to easygoing vehicles; and
are parameters of the BPR function.
and
refer to fare resistance and are set to
throughout, because we do not consider toll roads.
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B. Definition of Stress based on Desired Speed
To evaluate stress quantitatively, the link cost functions for driving stress are denoted as follows:

where
and
are driving stress for hurried and easygoing vehicles on link ;
and
are the desired
speeds, which are set 60 km/h and 50 km/h, respectively;
and
are vehicle velocities on link ; and
and
are travel times for link . Here, we define the link length of link as , we can derive following equations:

C. Parameter Settings
There are many studies that estimate parameters of the BPR function. Yoshida et al. [3] calculated parameters for
different road types from traffic census data. For a BPR function for each vehicle type, Kawakami et al. [2] showed
the only condition for the equilibrium solution to be
. From that result, the parameters we use are listed
in Table 1.
Table 1: Parameters of the BPR Function
Desired speed (km/h)
60

0.50

2.00

1.50

50

0.75

3.00

0.45

III. MACROANALYSIS
A. Diagonalization
In this section, we compare equal-time and equal-stress principle equilibrium assignments. In general, static traffic
assignment problems assume that traffic demand is homogeneous. However, in this study, we consider two vehicle
types. Therefore, we cannot apply the general solution method. Hence, we use diagonalization, which allows us to
partially apply the Frank-Wolfe method for efficient calculation.
Equal-time principle equilibrium assignment is formulated as follows:
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Equal-stress principle equilibrium assignment is formulated as follows:

where

and

are fixed traffic volumes on link

and

are fixed traffic volumes on link

for step
for step

under equal-time principle equilibrium, and
under equal-stress principle equilibrium. An

origin-destination (OD) pair is denoted by ; then,
and
are the traffic volumes of OD pair
under
equal-time principle equilibrium and
and
are the traffic volumes of OD pair
under equal-stress
principle equilibrium.

and

are the traffic volumes of route

principle equilibriums, respectively.

under equal-time and equal-stress

are set to 1 when link

is included in

route , otherwise they are 0.
B. Macroanalysis algorithm
The algorithm used in our macroanalysis is as follows:
1. Set the initial solution to
and the iteration number m to 1.
is the initial link traffic volume, i.e., an
all-or-nothing assignment of
.
2. Solve the relaxation problem using the Frank–Wolfe method and set iteration number m to m + 1.
3. If
is satisfied, the calculation ends; otherwise, return to Step 2.
C. Examples
We consider a 2-link network with differing lengths as our analysis domain. The simulation setting is shown in
Table 2 and equal-time principle equilibrium assignment results are shown in Figure 1. The numbers labeling the
links indicate the traffic volume of hurried and easygoing vehicles, respectively. From these results, all vehicles
select the short link when the traffic demand is 500 or 1,000 vehicles per hour in time equilibrium assignment.
When the traffic demand is 2,000 vehicles per hour or greater, some vehicles select the long link because traffic
demand exceeds capacity.
The equal-stress principle equilibrium assignment results are shown in Figure 2. The traffic volume for short links
is larger than that of long links for hurried vehicles. For easygoing vehicles, the traffic volume for long links is
greater than that of short links.
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Table 2: Macro simulation setting
Long link length (m)

5.0

Short link length (m)

2.5

Desired speed (km/h)

50, 60
500, 1000,
2000, 3000
2000

Traffic demand (vehicles/h)
Traffic capacity (vehicles/h) : hurried vehicle
Traffic capacity (vehicles/h) : easygoing vehicle

1667

Fig. 1: Time equilibrium assignment

Fig. 2: Stress equilibrium assignment

D. Mathematical Investigation
In this section, we consider whether hurried vehicles tend to choose short links and easygoing vehicles tend to
choose long links in any situation. The conditions that we consider are described below.
1. Hurried vehicles are assigned for equilibrium first and the relation of easygoing vehicles to the short and long
links is shown.
2. Easygoing vehicles are assigned for equilibrium first and the relation of hurried vehicles to the short and long
links is shown.
3. After condition 2 is satisfied, the traffic volume of hurried vehicles is converted to that of easygoing vehicles.
Then, the relation of easygoing vehicles to the short and long links is shown.
First, we consider condition 1. In this case, the hurried vehicles’ stress is equal, as described below:

Because hurried vehicles are assigned for equilibrium first, traffic volumes
Then,
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.
Here, if the stress of a short link is less than that of a long link for easygoing vehicles, the relationship would be

.
Using Equation (12),

.
However, because of the relationship

,

.
Equation (15) contradicts Equation (14); the stress of a short link is larger than that of a long link for easygoing
vehicles. Therefore, easygoing vehicles tend to select long links.
For condition 2, in the same manner, if the stress of a long link is greater than that of a short link for hurried vehicles,
the relationship would be described as below:

Because

.
, Equation (17) is true. Therefore, hurried vehicles tend to select short links.

For condition 3,
and
denote the traffic volumes of hurried vehicles for short and long links. According to
the result of condition 2, the relationship would be
.
Using Equations (12) and (15),

.
Thus,
.
According to the above consideration, it is found that hurried vehicles tend to choose short links and easygoing
vehicles tend to choose long links in any situation.
IV. MICROSIMULATION
A. Stress Function
Whether a driver experiences speed-related driving stress depends not only on vehicle speed, but also on the
distance to the preceding vehicle. Drivers do not feel stress if the distance to the preceding vehicle is sufficiently
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large, even if the vehicle speed is slower than their desired speed. Thus, we introduce a “desired vehicle distance”
that indicates the distance that a driver would like to maintain from the preceding vehicle.
The stress
of vehicle at time is expressed as follows:

,
Where
and
are the velocity and vehicle distance, respectively, of vehicle at time .
vehicle distance of vehicle .

is the desired

B. Navigation by Desired Speed
Using these macroanalysis results, we perform a traffic microsimulation that applies desired-speed-based
navigation. The expectation of stress is used as an index of route choice. In this study, we consider three navigation
policies.
(1) Let each vehicle select the route that has the lowest stress expectation when the vehicle begins travel.
(2) Let all hurried vehicles select the route that has the lowest stress expectation of the short routes when the
vehicle begins travel. Let all easygoing vehicles select the route that has the lowest stress expectation of the
long routes when the vehicle begins travel.
(3) Let all hurried vehicles select the route that has the lowest stress expectation of the long routes when the
vehicle begins travel. Let all easygoing vehicles select the route that has the lowest stress expectation of the
short routes when the vehicle begins travel.
Stress expectation
is the sum of the products of the link travel time and the difference between each driver’s
desired speed and the link average velocity, which is described as follows:

,
where
is the number of links,
is the desired speed of vehicle ,
is the link length of link , and
average velocity of link at time .
is 1 when link is included in route , otherwise it is 0.

is the

C. Simulation Model
In this study, the traffic microsimulation is performed using a traffic simulator based on the cellular automata
model [4]. We consider a network that has 9 nodes and 12 links for our analysis domain (Figure 3). The simulation
settings are shown in Table 3. The length of the inside links (link numbers 4, 6, 7, and 9) is half that of the outside
links. The velocity control of each vehicle follows the optimal velocity model [5].

Fig. 3: Analysis domain
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Table 3: Micro simulation setting
Outside link length (m)

1680

Inside link length (m)

840

Time step (s)

0.1

Simulation period (s)
(Analysis period (s))
Desired speed (km/h)

4000
(3600)
50, 60

Desired vehicle distance (m)

0–90

Vehicle type ratio
(easygoing vehicles : hurried vehicles)
Vehicle entrance rate (%)

1:1
2

D. Simulation Results
We perform a traffic microsimulation by applying the route instruction policies described in Section 4.2 to
vehicles. Of the three route choice policies, policy (1) is not based on drivers’ desired speeds. Conversely, policies
(2) and (3) decide routes according to each driver’s desired speed. Here, we call the ratio of vehicles following
policy (2) or (3) the “navigation rate.” Then, the simulation is performed by changing the navigation rate of policies
(1):(2) or (1):(3).
The results of the simulation are shown in Figure 4. The horizontal axis indicates the navigation rate and the
vertical axis indicates cumulative stress of all vehicles, where the cumulative stress is averaged over 5 simulation
trials. As shown in the figure, when navigation based on desired speed is applied, all drivers’ stress is reduced
compared with the case in which navigation disregards desired speeds. Furthermore, policy (2) decreases stress by
more than policy (3). When all vehicles follow policy (2), stress is decreased by 45% from the case in which all
vehicles follow policy (1).

Fig. 4: Cumulative stress

V. CONCLUSION
In this paper, we investigated a route instruction method that can decrease stress due to the difference between each
driver's desired speed. A macroanalysis revealed that hurried vehicles tend to select shorter routes; in contrast,
easygoing vehicles tend to select longer routes. The results of our traffic microsimulation showed that a policy that
allows hurried vehicles to drive a shorter route and easygoing vehicles to drive a longer route is effective in
lowering driving stress.
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In this study, we supposed two type vehicles, whereas drivers’ desired speeds are more various and continuous.
Therefore we have to analyze the situations that there are multi-type vehicles in our future work. In addition, we
performed microsimulation on simple road network, so that we would like to perform microsimulation on real and
complicated road networks.
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