
Commun. Theor. Phys. 58 (2012) 744–748 Vol. 58, No. 5, November 15, 2012

A Cellular Automaton Model for Heterogeneous and Incosistent Driver Behavior in

Urban Traffic∗

LIU Ming-Zhe (4²ó),1 ZHAO Shi-Bo (ë¸Å),1,† and WANG Rui-Li (�H|)2

1State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology,
Chengdu 610059, China

2School of Engineering and Advanced Technology, Massey University, Palmerston North, New Zealand

(Received February 3, 2012; revised manuscript received May 2, 2012)

Abstract In this paper a cellular automaton model is proposed to describe driver behavior at a single-lane urban

roundabout. Driver behavior has been considered as heterogeneous and inconsistent. Most traffic papers in the literature

just discussed heterogeneous driver behavior, to our best knowledge. Two truncated Gaussian distributions are used to

model heterogeneous and inconsistent driver behavior, respectively. The physical meanings of two truncated distributions

are indicated. This method may help enhance a better understanding of driver behavior at roundabout traffic, and even

possibly provide references for roundabout design and management.
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1 Introduction

In urban traffic, roundabouts have been considered as

an alternative traffic facility that can improve safety and

operational efficiency, compared to un-signalized intersec-

tion controls.[1] Most of roundabouts are governed by the

yield-at-entry rule (i.e., vehicles from the secondary roads

give way to the vehicles on the circulatory road).

Empirical and theoretical methods have been proposed

to measure roundabout capacity and performance such

as delay and queue length.[1] With regard to both meth-

ods, gap-acceptance criteria are commonly used.[2−3] Gap

acceptance is a process by which a minor-street vehicle

accepts an available gap to maneuver.[4] Gap-acceptance

models are, however, generally unrealistic in assuming

that drivers are consistent and homogenous.[5] A consis-

tent driver would be expected to behave in the same way in

all similar situations, while in a homogenous population,

all drivers have the same critical gap (the minimum time

interval, between two major-stream vehicles, required by

one minor-stream vehicle to pass through) and are ex-

pected to behave uniformly. As a matter of fact, driver

behavior should be heterogeneous and inconsistent. In

Ref. [6], Akcelik indicates that driver behavior is directly

related to capacity and performance measurement. More

recently, many researchers focus on roundabout manage-

ment and safety.[7−11] Those studies appeal for good driver

behavior. Therefore, driver behavior is of paramount im-

portance in analyzing traffic flow in urban networks. In

this paper a cellular automaton (CA) model integrating

two truncated Gaussian distributions is proposed to de-

scribe heterogeneous and inconsistent driver behavior at

a single-lane roundabout. This method may be expected

to enhance a better understanding of driver behavior, and

even provide references for roundabout design and man-

agement.

2 Model

A novel and realistic CA model, based on the Normal

Acceptable Space (NAS) method, is proposed to simulate

heterogeneous driver behavior and inconsistent driver be-

havior at entrances of cross traffic, respectively. The NAS

method is theoretically based on statistics and practically

based on the fine grid (the length of each cell corresponds

to 1 m in a real road, and a car is assumed to occupy 5

cells). Statistical theory is used to describe driver behav-

ior; while the fine grid guarantees population distribution

have a usual shape. The latter is extremely important

in the NAS method. If the size of CA cells is large, the

population distribution of driver behavior cannot be de-

scribed by a normal distribution. If the grid is too small

(< 1 m), sample accuracy is enhanced but it provides lit-

tle help to analyze driver behavior instead increases the

computational complexity. Note that the NAS model is

a CA-based model, developed for cross traffic at round-

abouts. In general, a driver normally decides to leave the

roundabout or not according to the distance (i.e., the num-

ber of cells) between the current position and the prede-

fined exit. When the distance approaches zero, the driver
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prepares to leave the roundabout. On the other hand, the

distance may influence the entrance of a car from the next

arm of the roundabout. Therefore, using space gap accep-

tance rather than time gap acceptance is more appropriate

to describe interacted driver behavior in this model.

In this paper, heterogeneous driver behavior and in-

consistent driver behavior are modeled within a statisti-

cal framework and then the relationship between hetero-

geneous driver behavior and inconsistent driver behavior

is discussed.

2.1 Modeling of Heterogeneous Driver Behavior

According to the central limit theorem,[12] distribu-

tion of space required for all drivers at entrances of cross

traffic is assumed to follow a Gaussian distribution. This

population distribution is referred to as GDH (Gaussian

Distribution for Heterogeneous driver behavior). There

are two pre-conditions required to judge whether a distri-

bution can be roughly viewed as a Gaussian distribution

in the central limit theorem: (i) independent sample size

N is very large and (ii) the population has a finite variance

and a finite mean.

With regard to case (i), it is clear that the number of

drivers is large, which meets the requirement of using very

large samples in statistics. Although there is still no con-

sensus of standard, on how large the sample size must be

in order to apply the central limit theorem, a sample size

of 30 or more[12] is usually regarded as sufficient. For a

population of drivers, the condition of independent sample

size N ≥ 30 is quite easily satisfied.

With regard to case (ii), each driver has his/her own

special space criteria, which are normally based on age,

gender, driving skill and so on. However, in general, these

space criteria fluctuate along a certain range and do not

have very unusual values. That is to say, a finite vari-

ance and a finite mean exist. Therefore, according to case

(i) and (ii), population distribution (heterogeneous driver

behavior) can be approximately considered as a Gaussian

distribution. The density function of GDH can be written

as follows:

f(x) =
1

σH

√
2π

e(x−µH)2/2σ2

H , (1)

where x is random variable, µH is the mean and σH is

the deviation of GDH. Thus, the value yn, defined as the

required space to enter a roundabout for a driver n, can

be determined by Eq. (2). At the same time yn repre-

sents a type of heterogeneous driver behavior. That is, in

our model, there are seven types of heterogeneous driver

behavior. Each type of heterogeneous driver behavior cor-

responds to different space requirements to enter a round-

about. In Gaussian distribution, 99.73% confidence in-

terval is given by [µH − 3σH , µH + 3σH ].[12] In Eq. (2),

a confidence interval of [µH − 3σH , µH + 3σH ] is simply

extended to be 100%. Meanwhile, µH is assumed to fall

in [0.4, 0.6]. Therefore, heterogeneous driver behavior for

driver n can be described as follows:
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µH − 3σH , if 0 ≤ pn ≤ 0.0212 ,

µH − 2σH , if 0.0212 < pn ≤ 0.1586 ,

µH − σH , if 0.1586 < pn < 0.4 ,

µH , if 0.4 ≤ pn ≤ 0.6 ,

µH + σH , if 0.6 < pn ≤ 0.8414 ,

µH + 2σH , if 0.8614 < pn ≤ 0.9788 ,

µH + 3σH , if 0.9788 < pn ≤ 1 .

(2)

2.2 Modeling of Inconsistent Driver Behavior

With regard to a single driver n at an entry of a

roundabout, the value d(n) can be viewed as the re-

quired space to enter (the number of required unoccu-

pied cells in CA models). Therefore, d(n) can be one of

a set of data sets in the data records, namely, d(n) =

{d1(n), d2(n), d3(n), . . . , dl(n)}, l = 1, 2, 3, . . ., L. L is the

number of possible values which is required by a driver

to enter the junction. The value d(n) may consist of two

independent parts:

d(n) = d + τn . (3)

That is, d(n) is a sum of a constant part d plus a ran-

dom and independent error component τn. Moreover,

the error portion can itself be thought of as a sum of m

components:[12]

τn = g(e1 + e2 + e3 + · · · + em) . (4)

Here, ei is a random variable that can only take on one of

following two values:

ei = 1, when factor i is valid,

ei = 0, when factor i is not valid.

Thus, the error τn can be roughly assumed to follow a

Gaussian distribution, i.e., τn ∼ N(0, σ2
n), if the inconsis-

tent driver behavior of driver n is sampled many times. In

fact, the basic value d stands for the driver’s habits under

normal driving circumstance, i.e., d = yn. τn is influ-

enced by many stochastic factors such as temporary road

construction, a pedestrian crossing, bad weather, night

visibility, peak hour. However, these stochastic factors

normally impact slightly on constant part d. d(n) fluc-

tuates along the basic value d. Therefore, d(n) is also

assumed to approximately follow a Gaussian distribution,

i.e., d(n) ∼ N(d, σ2
n). The possibility density function of

d(n) can be written as follows:

fn(x) =
1

σn

√
2π

e(xn−dn)2/2σ2

n . (5)

In general, a driver may accept a value which is less

than d(n), due to a long waiting time or other urgent con-

ditions, while a driver may also accept a value which is

larger than d(n), due to bad weather, night visibility or

other factors. Let xmin represents the number of minimum
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acceptable cells and xmax stands for the number of max-

imum acceptable cells for a driver to interact with other

drivers. If x > xmax, a car can pass the intersection with-

out delay and there is no interaction. Values less than xmin

are rejected, due to safety factors and values larger than

xmax do not need to be considered, due to no interaction

involved (free flow). Therefore, the resulting model can be

viewed as a truncated Gaussian distribution,[12] where the

left and right parts have been cut off. Thus, the distribu-
tion of space required for a single driver can be assumed to

follow a truncated Gaussian distribution, which is referred

to as a Gaussian Distribution for Inconsistent driver be-

havior (GDI for short). It can be mathematically written

in Eq. (6). Therefore, the value zn of inconsistent driver

behavior for the n-th driver can be expressed by Eq. (7).

According to Eqs. (6) and (7), the value of zn can be deter-

mined by Eq. (8). Therefore, inconsistent driver behavior

for driver n can be described as follows:

fn(x) =
1

σn

√
2π

e(xn−µn)2/2σ2

n , xmin 6 x 6 xmax , (6)
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µn − 3σn, if 0 ≤ p′n ≤ 0.0212 ,

µn − 2σn, if 0.0212 ≤ p′n ≤ 0.1586 ,

µn − σn, if 0.1586 < p′n < 0.4 ,

µn, if 0.4 ≤ p′n ≤ 0.6 ,

µn + σn, if 0.6 < p′n ≤ 0.8414 ,

µn + 2σn, if 0.8614 < p′n ≤ 0.9788 ,

µn + 3σn, if 0.9788 < p′n ≤ 1 ,

(7)

zn =

{

max(zn, xmin), if zn < xmin ,

min(zn, xmax), if zn < xmax .
(8)

The relationship between GDH and GDI is that for the

n-th driver the value of yn in Eq. (2) is equal to the value

of µn in Eq. (7). In other words, zn = yn+kσn. The coeffi-

cient k takes an integer value from {−3,−2,−1, 0, 1, 2, 3},
which is determined by a probability p′n in Eq. (7). In

this way, the heterogeneous driver behavior and inconsis-

tent driver behavior can be systematically simulated by

the NAS method.

2.3 Updating Rules on a Roundabout

The update rules for vehicles on the roundabout are as
follows. Let sn(t) denotes the number of unoccupied cells

in front of vehicle n at time t, vn(t) denotes the current

speed of vehicle n, and en(t) denotes the number of cells

between current position and the exit of vehicle n. The

update rules of vehicle n on the roundabout can thus be

summarized as follows: If vn(t) < min {sn(t), en(t)}, then

vehicle n keeps current speed (does not accelerate on the

roundabout); Otherwise, vn(t) < min {sn(t), en(t)} − 1.

The assumption that vehicles do not accelerate on a

roundabout is based on the following considerations: (i)

Accelerating around a roundabout provides little help to

shorten travel time. A roundabout’s geometry limits the

opportunity to speed up since the circulatory road is a

circle, not a straight line road; (ii) A car will decelerate

to avoid collision in cross traffic and (iii) A car normally

approaches a destination exit at low speed.

2.4 Exiting Rules from a Roundabout

Drivers clearly have their own destinations in mind, so

that the destination exits of each vehicle can be assigned

before entering. Characterizing a given exit for each ve-

hicle before entry is clearly more realistic than assuming

that such a decision is made once entry is affected. In

other words, the sum of possibilities to all exits is equal

to 1 for each entrance. Each exit is randomly assigned

an integer number. This number is equal to the number

of the cells that a vehicle needs to pass in order to arrive

at its destination exit. Therefore, the position of a car

on the roundabout is the number of cells between current

position and its destination exit.

3 Results and Discussion

The NAS method is applied to a case study. Experi-

ments were implemented for 36000 time steps (equivalent

to 10 hours) for a street length of 1000 cells on all ap-

proaches. Each cell in the simulation is equal to 1 m in

the real world and a unit velocity is assumed as 3.6 km/h.

Each car occupies 5 cells. Each time step is 1 second. The

average values of capacity, delay and queue length are used

to validate the NAS method. The distribution of driver

behavior in the NAS method is assumed to follow three

different Gaussian distribution, which are listed in Table

1. All driver behavior ranges within [xmin, xmax], where

xmin, xmax are different in NAS 1, 2, and 3. The stan-

dard deviation of each truncated Gaussian distribution is

assumed to be 2 cells. Table 1 shows assumed different

distributions of driver behavior in the NAS method. The

standard deviations in GDI for all drivers are assumed to

have the same value, i.e. σI = 1.

Table 1 Different driver behavior distribution.

NAS µH in GDH σH in GDH σI in GDI xmin xmax

NAS 1 10 2 1 6 16

NAS 2 14 2 1 8 18

NAS 3 18 2 1 12 24

Table 2 shows the numerical results of capacity, delay and queue length under different driver behavior distributions.

Figure 1 shows illustration of capacity, delay and queue length under different driver behavior distributions. To make it
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clear, we assume that driver behavior in NAS 1, 2, and 3 represents aggressive, normal and conservative, respectively.

Table 2 Capacity, delay and 95% queue length with different driver behavior dis-
tribution. [C] = capacity; [D] = delay; [Q] = 95% queue length.

NAS 1 NAS 2 NAS 3

Road [C] [D] [Q] [C] [D] [Q] [C] [D] [Q]

Arm 1 782 22.4 9.2 735 23 9.4 770 24.8 9.7

Arm 2 883 12 6.5 880 14 6.63 868 18 8.2

Arm 3 856 8 2.5 848 8.2 2.74 842 9 2.81

Arm 4 988 15 8.6 971 18 9.6 966 20 10

Fig. 1 Comparison of capacity, delay and 95% queue length between NAS method and conventional computational
(CC) method. Driver behavior in NAS 1, 2, and 3 see Table 1.

Fig. 2 Comparison of entry capacities estimated by the
NAS method and other models.

Figure 2 shows the capacity of a roundabout, obtained

from the NAS method and other models. It can be seen

that the proposed method is agreed well with the most

methodologies. In particular, entry capacity in the NAS 1

is very similar to the Map method, when circulating flow

is less than 900 pcu per hour. When circulating flow is

larger than 1200 pcu/h, entry capacity in NAS 3 keeps

agreement with the MAP method. The pcu (i.e., Passen-

ger Car Units) is usually used to convert heavy vehicles

to passenger car equivalence.[4] Normally, car = 1 pcu,

heavy vehicle = 2 pcu. However, entry capacity has a

few increases, but delay and queue length are slightly de-

creased in the NAS method, compared to the empirical

computational (EC) methods.

4 Summary

In this paper, we propose a novel cellular automaton

(CA) model to simulate traffic flow at a single-lane round-

about. Heterogeneous driver behavior and inconsistent

driver behavior are modeled using two truncated Gaus-

sian distributions. The relationship between entry capac-

ity and circulating flow is obtained from the NAS method.

Comparison with other methods demonstrates that the

NAS method agrees well with most methodologies. The

numerical results indicate that the performance (delay and

queue length) of roundabouts can be described well. Clas-
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sification of drivers has been modeled by many authors in

highway and urban traffic in the literature. These classifi-

cations can describe heterogeneous driver behavior, with-

out considering inconsistent driver behavior for the same
driver. This paper studies both heterogeneous and incon-

sistent driver behavior, and builds a natural link between

two driver behaviors. The simulation results indicate that

the NAS model provides a more realistic description of

driver behavior in cross traffic and gives more satisfac-

tory results than other models such CC method and MAP

model. This microscopic model will be investigated on a

network to further confirm its effectiveness and reported

later.

References
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