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During the yellow phase starts of a traffic signal, the
drivers are unable to take quick decisions whether to
stop or cross the signal-controlled intersection. This
dilemma zone (DZ) can cause a mix-up among drivers
during the yellow phase and may lead to accidents. In
the present study we use a DZ prediction model for
analysis. In this study, approach speed, acceleration/
deceleration of different vehicle categories, distance to
stop line, offset of yellow time, and presence or ab-
sence of countdown timer are considered as the main
factors influencing the model. In order to address sev-
eral drawbacks associated with traditional regression-
based models, a kriging-based surrogate model has
been developed to explore the drivers’ behaviour dur-
ing the yellow phase.

Keywords: Dilemma zone, kriging model, traffic inter-
section, yellow phase drivers.

IN India, the highest number of road casualties occur at
signal intersections. According to a Ministry of Road
Transport and Highways (MoRTH), Government of India
report road accidents account for 37.8% of total acci-
dents'. Previous studies observed that the dilemma zone
(DZ) is one of the most significant parameters affecting
the safety at an intersection’.

A driver needs to take quick decision based on his
experience while approaching the signalized intersections
during the initial yellow phase. He needs to decide
whether to cross the intersection or halt before the stop
line. The virtual area immediately before the stop line is
the DZ*, where drivers get confused whether to cross or
stop at the intersection. In addition, drivers have a small
response time to react. This results in red-light violations
(RLVs) leading to safety problems at the intersections
during the yellow phase.

To reduce problems associated with the DZ, develop-
ment of drivers’ decision prediction models has gained
huge attention in the last few decades. The evolution of
intelligent transportation systems (ITSs) has led to the
effectiveness of these models. The system of sensors can
be used in these models to accurately predict the drivers’
decision at the intersections and prevent accidents like
rear-end and angular collisions.

*For correspondence. (e-mail: sabyasachibiswas01@gmail.com)
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This study was conducted to identify the factors affect-
ing drivers’ behaviour during the yellow phase by consi-
dering the presence of various vehicle types. Also, in
developing countries like India, there is less adherence
towards lane discipline, which proliferates the difficulty
in prediction modelling. In this study, a surrogate model-
ling technique is used to examine the factors influencing
the drivers’ decision-making process. A surrogate tech-
nique develops an approximate model by linking the in-
puts and outputs. It is an indirect technique to determine
the desired output at unknown inputs. The main advan-
tage of the surrogate model is its computational efficien-
cy. In the present study, the surrogate model that has been
used for studying drivers’ decision in the yellow phase is
based on the kriging approach. To the best of our know-
ledge, there is no previous study dealing with the uncer-
tainty of the drivers’ decision model using kriging
approach.

Gazis et al.' developed a deterministic model to
express the kinematic DZ based on drivers’ decision dur-
ing the yellow phase. Zegeer’ reported another method
(DZ 1I) to calculate DZ at signalized intersections. Sever-
al studies have been conducted on driver behaviour at the
signalized intersections by taking into account many fac-
tors®”. Some studies reported that few drivers utilize the
yellow phase to change the DZ at signal-controlled inter-
sections™'*!". The presence of signal countdown timer
(SCT) is another major factor, which influences the DZ'*'°.
The flashing green encourages drivers to make a decision,
on whether to cross or halt at the stop line'’. Overall, the
uncertainty of drivers’ behaviour is quite challenging to
compute in traditional DZ models. Some researchers
developed a stop—go model considering the dynamic
nature of the DZ at signalized intersection®>'®?'. The
literature review shows that different methods can be
used to explain the drivers’ behaviour at offset of yellow
phase. Among them, regression techniques are the most
frequently used methods™**'7*. However, Hurwitz et
al® studied the drivers’ behaviour during the yellow
phase using the fuzzy logic technique. Biswas and
Ghosh? conducted a comparison study on the stop—go
model using various methods, namely logistic regression,
ANN and fuzzy logic technique. They proposed a new
methodology to combine the two best models (based on
their prediction accuracy) by the weighted average tech-
nique.

It is well-known that various factors affect the drivers’
decision-making process at the signalized intersections,
namely speed, acceleration/deceleration, time to stop line
(TTS), distance to stop line (DTS), age of the driver,
presence of countdown timer, type of vehicle, type of
intersection, duration of yellow phase, green time ratio,
RLV, driver reaction time, etc.’. Additionally, earlier stu-
dies mostly concentrated on the development of predic-
tion modelling. Only a few of them analysed drivers’
decision model under heterogeous traffic conditions™’.
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Furthermore, regression technique is found to be the most
common method used for this purpose. The regression-
based stop—go model is easy to understand and hence,
suitable for on-field applications. However, for these
regression-based studies, it is simply assumed that the
dependent variable is linearly associated with the inde-
pendent variables. In this process, the least square method
is used to minimize the sum of the square of the variance
between predicted and observed values. Consequently,
the present study aims at developing a stop—go prediction
model which addresses several issues associated with the
regression model and appropriate for mixed traffic situa-
tion.

Eight different approaches at six typical four-legged
signalized intersections were selected for data collection
based on the criteria suggested by earlier studies®***. It
was observed that last-to-go and first-to-stop vehicles
during the yellow phase at the intersections need to be
considered for DZ analysis. So, all the vehicles were
segregated into different types in the heterogeneous
traffic stream. Six intersections with a large number of
passenger cars and two-wheelers (either last-to-go or
first-to-stop vehicles) posted speed limit 50 km/h from
Delhi and Chandigarh, India were considered in this
study (Table 1).

Initially, the videography technique was utilized for
data collection at selective approaches of each of the
intersections. At some sites, it was very difficult to cap-
ture a clear view of the approaches to cover at least
100 m upstream from the zebra crossing due to the pres-
ence of big trees, visual obstacles and security reasons.
So, based on suitability, one camera was installed at a
certain vantage point to capture the traffic movement,
traffic signal changes and exact location of the vehicles at
the approaching lane. It was observed that the yellow
phase varied between 4 and 5 sec at all the selected inter-
sections during peak as well as non-peak hours (data were
mostly collected during 10 am to 3 pm). Six speed traps
were virtually marked on the selected approaching road,
each at 10 m interval. The second camera captured the
traffic movement from different angles along with the
SCT at the signalized intersections.

The video-recorded data were brought to the laboratory
for extraction and further analysis. Accordingly, drivers’
behaviour during the yellow phase and the each speed of
approaching vehicle were mined from the video data.

In order to measure the approach speed, the approach
road was divided into speed traps by virtual marking of
10 m interval (Figure 1a). The approach speed (km/h)
was measured using the travel time of individual vehicles
to cross the speed trap. The displacement—time relation-
ship was used to calculate the acceleration/deceleration of
the vehicles. These 10 m speed traps were additionally
segmented into minor traps of 1 m interval to measure the
DTS more preciously (Figure 15), as recommended by
previous studies™®. On the other hand, TTS has been
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Table 1. Detailed description of the selected intersections
Target Target Approach Cycle Green Yellow
Intersection ID Location approaches movements width (m) length (s) time (sec) time (sec)
Intersection 1 (IS1)  Lodhi Road and Bhisma North-bound Through and 9 180 35 5
Pitamah Marg right turning
Intersection 2 (IS2)  Bhishma Pitamah Marg and ~ West-bound Through and 9.6 165 45 5
Kendriya Vidyalaya right turning
Lodhi Road
Intersection 3 (IS3)  Manimajara and Chandigarh- West-bound Through and 14.6 135 35 4
Panchkula Road right turning
Intersection 4 (IS4)  Chandigarh Rail Station West-bound Through and 13.6 149 29 4
Road and Chandigarh— right turning
Panchkula Road
Intersection 5 (IS5)  Zakir Chowk intersection East-bound Through and 9 200 45 5
right turning
Intersection 6 (IS6)  Zakir Chowk intersection West-bound Through and 9 200 45 5
right turning
Intersection 7 (IS7)  Pruthvi Raj Chowk East-bound Through and 10.2 270 80 5
second intersection right turning
Intersection 8 (IS8)  Pruthvi Raj Chowk North-bound Through and 7 270 45 5

second intersection

right turning

Figure 1.
1 m interval.

measured from the video. TTS is the time instance during
yellow phase when the vehicular wheel touched the stop
line at selected approach. In this context, the last vehicle
to cross the intersection during the yellow phase in a par-
ticular signal cycle is known as the last-to-go vehicle.
However, the very first vehicle which can stop before the
stop line after the onset of the yellow phase in each signal
cycle is defined as the first-to-stop vehicle. In this study,
we only considered the last-to-go and first-to-stop ve-
hicles to understand the derivers’ behaviour during the
yellow phase®. Moreover, among the 1468 vehicles se-
lected for analysis during the yellow phase, 96% were ei-
ther cars or two-wheelers (65% cars and 31% two-
wheelers respectively). The drivers’ decision model has
been developed based on 1000 data, while the model was
validated by 468 external data.

Various parameters were obtained from the available
data and detailed statistical analysis was carried out
(Table 2).
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a, Speed measurement trap on approach road at 10 m interval. b, Distance to stop line measurement trap on the same approach road at

It was observed from previous studies that logistic re-
gression method was most extensively used to predict the
drivers’ decision during the yellow phase at signalized
intersections™*'”. In this regard, a binary logistic regres-
sion that can well formulate the drivers’ decision at the
onset of the yellow phase based on all influencing para-
meters, can be represented as

n| 1 =e+aX,, (1)
1-F,

where P; denotes the chance of drivers crossing the signa-
lized intersection during the yellow phase, & is a constant,
X; is the influencing parameters of drivers’ decision dur-
ing the yellow phase, namely approaching speed of the
vehicles, acceleration/deceleration, DTS, TTS, type of
vehicle and SCT and ¢; are the corresponding coeffi-
cients of the influencing parameters.

CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020
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Table 2.

Analysis of the various influencing parameters

Stopping vehicles

Cumulative value at percentiles

Passing vehicles Comparison of
stopping and

passing vehicles

Cumulative value at percentiles

Parameters K-S test P-value 15 50 85 95 K-S test P-value 15 50 85 95 t-Test value”

Approach speed 0.32 0 11 20.4 33.2 393 0.078 0 12.1 25 41.2 5294 11.21

Acceleration/ 0.891 0.701 1.4 2.79 4.4 5.57 0.76 0.61 2.9 —0.3 2.1 4.41 9.16
Deceleration

Distance-to-stop 0.821 0.571 20 40.2 58 69.5 0.097 - 3.8 21.87 43.7 58.38 -9.13
line (DTS)

Time-to-stop 0.96 0.62 1.7 2.41 2.6 4.34 0.93 0.525 0.73 2.83 4.56 5 10.07
line (TTS)

#t-Test value at 99% confidence level.
It was observed that all these (above mentioned) inde- Yy (x) = zaiE(x), )

pendent influencing factors have significant impact on i=1

drivers’ behaviour during the yellow phase. Therefore,

logistic regression-based drivers’ decision model was Yy(x)=q,F +¢, 3)

developed by considering these factors (at 95% confi-
dence).

In the present study, we have developed a stop—go
model at signalized intersections using kriging technique.
Kriging has the following advantages compared to other
conventional approaches like regression methods:

(i) The functional form of kriging consists of two parts,
one is the polynomial trend and the other is the
Gaussian process. The Gaussian process minimizes
the spatial distance between two points according to
an autocorrelation function®®.

The kriging prediction is stochastic in nature, i.e. the
variance of prediction is obtained at any prediction
point. It should be noted that the prediction variance
is a local error measure and hence significantly
improves the approximation accuracy.

The mean kriging estimator interpolates the data, i.e.
the variance is zero at these points. Consequently,
the kriging estimator is obtained as an unbiased
linear combination of the observations with mini-
mum variance and with significantly small dataset
compared to the other conventional techniques®’. To
the best of our knowledge, no previous studies have
used the kriging technique model drivers’ decision
of stop and go at signalized intersections.

(i)

(iii)

In the present study, a prediction model was developed
based on drivers’ stop or go decision. Consequently, a
linear relationship was established to minimize variance
(prediction errors) for the unknown dataset. In this con-
text, kriging is a well-known technique to optimize the
prediction error. Wang and Kockelman®® predicted annual
average daily traffic using the kriging method.

In the present study, drivers’ decision prediction at the
signalized intersections can be expressed as follows
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where Yy(x) is an unknown function representing drivers’
decision at the signalized intersections, F,(x)=
[Fi(x), ..., Fu(x)]" € R” a known function in the regres-
sion model, a; are the regression coefficient vectors and
Fi(x) denote the basic functions in the model. & is
expected to be a Gaussian stationary process and it can be
estimated by eq. (4).

Cov=0"&x,x), ij=1..n, (4)
where &(x) is a correlation function and o is the process
variance.

E(xj, X)) e E(xf,x)
E= : : . (5)
E(x' X)) e EG LX)

The best linear unbiased prediction estimation, y of the
response y(x) at random values of x, is defined by eq. (6).
The outcomes at the sample points are expressed as

Y= {yl(x)s y2(x)n ceey yn(x)}
) =F (a+ ©)

In eq. (6), &w is an interpolation of the residuals part in
the regression model and F’(x)a is the function part of the
model. Thus, all predicted data would be accurately antic-
ipated. Where @ is defined by the eq. (8). Now & (x) is a
vector indicating the relationship between an indefinite
set of values x and all known datasets for the model

EN(x) = {&(x;, x3)sn ECx, XYY (7
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o=E"(Y -Fa). (8)

From the eqs (9) and (10), the unknown factors @ and o
can be determined

a=FTEF)IFE Y, 9)

6?2 =1(Y—Fa)T§‘1(Y—Fa), (10)
n

where F is the column vector containing the values of
F(x) evaluated at each sample value.

Various kriging methodologies have their own correla-
tion functions, which leads to an accurate surrogate.
Previous studies have used different correlation func-
tions™®

é(x[’xj):gén(awxi_xj)ﬂ (11)

where ¢, are the unknown correlation parameters,
and (x/ —x}) signifies the distance between two data
points.

Several correlation functions, i.e. Gaussian, exponen-
tial, linear and generalized exponential correlation func-
tion have been used in this study. The expressions of the
correlation functions are given below.

Gaussian:
é“:exp{—ZH”xi"—x? 2}. (12)
n=1
Exponential:
fzexp[_zgn |x[n_x;? :| (13)
n=1
Linear:
&=max{0,1-6, | x/ —x} |}. (14)
Generalized exponential:
3 =exp{—20,, |37 -] M, 0<6,,<2. (1)
n=1

In this study, maximum likelihood for 6, was computed
as

log L& x1, %5 ... x,) = D log f(x;]6), (16)
i=1
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log £ = 21og(27) + S 1og(c") +%log<| £))

+%(Y—M)T§*1(Y—Fa). (17)
20

In order to simplify the eq. (17), derivatives are taken

with respect to @ and o Further, it was considered that
the eq. (17) is equal to zero. The simplified equation is

log £ (6 glog(az)%logq £D. (18)

In the random process, £ was obtained from the proposed
model, which helps improve the model predictions. Root
mean square error (RMSE) was estimated as

1 )
RMSE = /;Z(yi—yi)z,
i=1

where y; and J; are the vectors of the actual and pre-
dicted values respectively.

The drivers’ decision model was externally validated
using data collected from different intersections.

In the present study, data collected from the eight sig-
nalized intersections were analysed. It was found that the
level of heterogeneity was similar in all of them. However,
the vehicular composition of traffic was found to vary. In
IS1, there was a higher percentage of cars, whereas in IS3
there was almost equal proportion of cars and two-
wheelers. Similarly, there was total absence of auto rick-
shaws in IS2 during the yellow phase. These factors lead
to more versatility in the collected data. Table 3 shows
that the range for DTS and TTS is notably distinct for
passing and stopping vehicles. On the other hand, the
range for speed and acceleration overlaps.

The logistic regression based drivers’ decision model
to predict the drivers’ behaviour during the offset of yel-
low phase is given in eq. (1). The probability of a drivers’
decision to cross an intersection is anticipated using vari-
ous influencing parameters. Table 3 presents the calcu-
lated model coefficients for the influencing parameters.

It was observed that the logistic model is usually rec-
ognized by models’ chi-square value (for this model it is
9.153), odds ratio, Cox and Snell R square value and
Nagelkerke R square value (Table 3). In order to interpret
the coefficient of various influencing factors (Table 3)
indicate that approach speed, acceleration or deceleration,
DTS, TTS and vehicle type had significant impact on
drivers’ decision at the offset of the yellow phase. Gates
and Noyce® have made similar observations on the driv-
ers’ decision model. However, SCT was not found to be
significantly related to the drivers’ decision during the
yellow phase®*. This proposed model indicates that cross-
ing probability of the drivers increases with increase in

(19)
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Table 3. Calculated coefficient for various influencing factors of drivers’ decision model based on logistic regression

Coefficient (@) SE Wald test dr Sig. Exp () or odds ratio
Model variables®
DTS -0.014 0.010 2.979 1 0.0016 1.014
TTS -0.502 0.124 16.293 1 0.0000 1.652
Approach speed 0.027 0.008 10.490 1 0.0010 1.027
Acceleration/deceleration 0.106 0.050 4.500 1 0.0034 0.899
Signal countdown timer 0.097 0.250 0.151 1 0.698 1.102
Vehicle type 0.589 0.217 7.361 1 0.007 1.801
Constant —-1.829 0.536 11.648 1 0.001 0.161

-2 log likelihood
524.584°

Cox and Snell R squ
0.518

are

Nagelkerke R square
0.618

SWhere approach speed of the vehicles (continuous variable), acceleration/deceleration (continuous variable), DTS (continuous
variable), TTS (continuous variable), type of vehicle (binary variable, car = 1, two-wheeler = 0) and SCT (if SCT was on = 1, if

SCT was off = 0).

Table 4. Proposed model validation dependent on correlation functions
Model prediction
Correlation functions  Field Go Stop Total Percentage accuracy*
Logistic regression
Go 230 34 264 87.12
Stop 95 109 204 53.43
Total 325 143 468
Overall accuracy RMSE-0.92 72.43
Gaussian
Go 251 13 264 95.07
Stop 3 201 204 98.52
Total 254 214 468
Overall accuracy RMSE-0.163 96.58
R*=10.93
Exponential
Go 231 33 264 87.5
Stop 10 194 204 95.09
Total 241 227 468
Overall accuracy RMSE-0.30 90.81
R*=0.8374
Linear
Go 217 47 264 82.19
Stop 11 193 204 94.60
Total 228 240 468
87.61
R*=0.8357

*The number of accurate drivers’ decision prediction by the Kriging model.

Percentage accuracy in model prediction =

Number of accrate predections by the model
X

100.

Number of actual drivers’ decision

approach speed and acceleration of the vehicles. The
overall precision of the logistic regression-based drivers’
decision model was 72.43% under the heterogeneous traf-
fic condition. However, the stopping probability anticipa-
tion on the vehicles during the yellow phase was poor in
the present prediction model (53.43%).

Previously, several stop—go models were developed
incorporating combinations of different parameters. The
base kriging approach is typically used in cases where
uncertainties of the stopping probability are involved.

CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020

The proposed model has a good R-square value (0.93)
and low RMSE value (0.163) showing the goodness-of-fit
for the model. Several correlation functions were used in
this study, though the best results were obtained with the
Gaussian correlation function (Table 4). The overall
accuracy of the kriging model was 96.58% with high pre-
cision in both stop and go anticipation based on 468 ex-
ternal data, which were not used in model development.
Table 4 gives the combination of the all four predication
matrices obtained from logistic regression method and
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Kriging methods (with three various functions). Also,
prediction for the stopping vehicles was equally good in
Kriging base prediction models with three different func-
tions. While, the passing decision predictions were com-
paratively low in the kriging models with exponential and
linear correlation functions. Table 4 also shows the out-
comes from the kriging models with Gaussian, exponen-
tial and linear functions.

Similarly, Gates and Noyce® show that the regression
based driver’s decision model overall prediction was 82%
during the validation process by 61 external data. Yang et
al®® concluded that the fuzzy logic (82.5%)-based driv-
ers’ decision model performed (in terms of accuracy)
comparatively better than drivers’ decision by logistic re-
gression (80.5%). Similar outcomes were found by Bis-
was and Ghosh®. They concluded that ANN and fuzzy
logic technique-based drivers’ decision models perform
better than the logistic regression model. However, this
outcome contradicts the conclusion drawn by Shen and
Wang'*.

Figure 2 illustrates that the possibility of crossing in-
creases as approach speed increases, TTS decreases, DTS
decreases and acceleration increases. In the drivers’ deci-
sion model, critical points (i.e. 0.5% or 50% of crossing

—— TTS 55 — B —TTS4s —&— TTS 3s

- -8 - TTS2s

—¥%—TTS Is

®

Crossing probability

0 10 20 30 40 50
Approach speed of vehicles (km/h)

0.9 —— TTS 55 — B —TTS4s —&— TTS 3s - -8 - TIS2s —%—TTS Is

Crossing probability
=}
&

Distance to stop line (m)

@ 0.9 —— TTS 55 — M —TTS4s —&— TTS 3s - -8 - TTS2s —%—TTS Is
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g o R .----" .
S 05
o 04
o O
..... -
3 03 - o
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Figure 2. Variation of drivers’ decision model for crossing vehicles.
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probability) of the crossing probability of DTS are found
to be 17.3, 30.5, and 45.0 m, when TTS is 3, 2, and 1 s
respectively. On the other hand, 0.5% of crossing proba-
bility is reached when the approach speed of vehicles is
found to be 8.5, 24.0 and 40.5 km/h and TTS is 2, 3 and
4 s respectively.

The main aim of this study was to understand of the
characteristics of drivers’ behaviour in the DZ under
mixed traffic condition. In this regards, regression-based
stop—go models are most commonly used for this pur-
pose. While, a surrogate model using kriging approach has
been utilized to develop drivers’ stop—go decision model
due to several limitations of the regression model. Cars
were found to be the most predominant vehicle category.
It is interesting to note that characteristics of stopping are
significantly different from crossing vehicles. The study
compared the three most cited and widely used kriging
correlation function models, with the same dataset.

The kriging method was highly accurate in predicting
the stopping as well as moving vehicles. Also, correlation
function is one of the major attributes in the prediction
model. Three different correlation functions were used in
this model. The Gaussian correlation function provides
the best outcomes among them. Several other influencing
parameters can be identified and added in the model to
improve the prediction accuracy. Further research to de-
velop surrogate models can be done utilizing other tech-
niques apart from the kriging model.

The present study has been carried out in major cities
in India, where non-motorized vehicles are restricted on
major roads. On the other hand, smaller city roads have a
high proportion of non-motorized vehicles. Hence, their
effect along with the drivers’ gender and age may influ-
ence the drivers’ decision at signalized intersections, and
these need to be explored in the future.

1. MoRTH, Road Accidents in India. Transport Research Wing,
Ministry of Road Transport and Highway, Government of India,
New Delhi, 2017.

2. Biswas, S. and Ghosh, 1., Modeling of the drivers’ decision-
making behavior during yellow phase. KSCE J. Civ. Eng., 2018,
22, 1-13.

3. Pathivada, B. K. and Perumal, V., Analyzing dilemma driver
behavior at signalized intersection under mixed traffic conditions.
Transp. Res. Part F, 2019, 60, 111-120.

4. Gazis, D., Herman, R. and Maradudin, A., The problem of
the amber signal light in traffic flow. Oper. Res., 1960, 8, 112—
132.

5. Zegeer, C. V., Effectiveness of Green Extension Systems at High
Speed Intersections, Lexington, KY, USA, 1977.

6. Parsonson, P. S., Roseveare, R. W. and Thomas, J. M., Small
area detection at intersection approaches. J. Transp. Eng., 1974, 44,
8-17.

7. Papaioannou, P., Driver behaviour, dilemma zone and safety ef-
fects at urban signalized intersections in Greece. Accid. Anal.
Prev., 2007, 39, 147-158.

8. Gates, T. J. and Noyce, D. A., Dilemma zone driver behavior as a
function of vehicle type, time of day, and platooning. Transp. Res.
Rec. J. Transp. Res. Board, 2010, 2149, Trans, 84-93.

CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020



RESEARCH COMMUNICATIONS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Elmitiny, N., Yan, X., Radwan, E., Russo, C. and Nashar, D.,
Classification analysis of driver’s stop/go decision and red-light
running violation. Accid. Anal. Prev., 2010, 42, 101-111.

Wei, H., Li, Z., Yi, P. and Duemmel, K. R., Quantifying dynamic
factors contributing to dilemma zone at high-speed signalized
intersections. Transp. Res. Rec. J. Transp. Res. Board, 2011,
2259, 202-212.

Rakha, H., El-Shawarby, 1. and Setti, J. R., Characterizing driver
behavior on signalized intersection approaches at the onset of a
yellow-phase trigger. IEEE Trans. Intell. Transp. Syst., 2007,
2259, 630-640.

Chiou, Y. C. and Chang, C. H., Driver responses to green and red
vehicular signal countdown displays: safety and efficiency
aspects. Accid. Anal. Prev., 2010, 42, 1057-1065.

Long, K., Han, L. D., and Yang, Q., Effects of countdown timers
on driver behavior after the yellow onset at Chinese intersections.
Traffic Inj. Prev., 2011, 12, 538-544.

Shen, J. and Wang, W., Effects of flashing green on driver’s
stop/go decision at signalized intersection. J. Cent. South Univ.,
2015, 22, 771-778.

Ma, W., Liu, Y. and Yang, X., Investigating the impacts of green
signal countdown devices: empirical approach and case study in
China. J. Transp. Eng., 2010, 136, 1049-1055.

Sharma, A., Vanajakshi, L., Girish, V., and Harshitha, M. S.,
Impact of signal timing information on safety and efficiency of
signalized intersections. J. Transp. Eng., 2012, 138, 467-478.
Koll, H., Bader, M. and Axhausen, K. W., Driver behaviour dur-
ing flashing green before amber a comparative study. Accid. Anal.
Prev., 2004, 36, 273-280.

Easa, S. M., Reliability-based design of intergreen interval at traf-
fic signals. J. Transp. Eng., 1993, 119(2), 255-271.

Li, K., Dong, S., Sun, J. and Yu, X., Study on the influence of sig-
nal countdown device on traffic safety of intersections. In IEEE
International Conference on Measuring Technology and Mecha-
tronics Automation, Zhangjiajie, Hunan, China, 2009, pp. 602—
606.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Yang, Z., Tian, X., Wang, W., Zhou, X. and Liang, H., Research
on driver behavior in yellow interval at signalized intersections.
Math. Probl. Eng., 2014, 2014, 1-8.

Sharma, A., Bullock, D. and Peeta, S., Estimating dilemma zone
hazard function at high speed isolated intersection. Transp. Res.
Part C, 2010, 19, 400-412.

Biswas, S., Ghosh, I. and Chandra, S., Influence of signal count-
down timer on efficiency and safety at signalized intersections.
Can. J. Civ. Eng., 2017, 44, 308-318.

Hurwitz, D. S., Wang, H., Knodler, M. A., Ni, D. and Moore, D.,
Fuzzy sets to describe driver behavior in the dilemma zone of
high-speed signalized intersections. Transp. Res. Part F, 2012, 15,
132-143.

Bonneson, J., Nevers, B., Zegeer, J., Nguyen, T. and Fong, T.,
Guidelines for quantifying the influence of area type and other
factors on saturation flow rate. Texas Department of Transporta-
tion, The Texas A&M University System College Station, Texas,
USA, 2005.

Biswas, S., Chakraborty, S., Ghosh, I. and Chandra, S., Saturation
flow model for signalized intersection under mixed traffic condi-
tion. Transp. Res. Rec., 2018, 0361198118777407.
Mukhopadhyay, T., Chakraborty, S., Dey, S., Adhikari, S. and
Chowdhury, R., A critical assessment of kriging model variants
for high-fidelity uncertainty quantification in dynamics of compo-
site shells. Arch. Comput. Methods Eng., 2016, 24(3), 1-24.
Kaymaz, 1., Application of kriging method to structural reliability
problems. Struct. Saf., 2005, 27, 133—151.

Wang, X. and Kockelman, K. M., Application of the dynamic spa-
tial ordered probit model: patterns of land development change in
Austin, Texas. Pap. Reg. Sci., 2009, 88, 345-365.

Received 22 November 2017; revised accepted 9 October 2019

doi: 10.18520/cs/v118/i4/654-661

CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020

661




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


