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Abstract

This study investigates how countdown timers installed at a signalized intersection affect the
queue’ discharge characteristics of through movement during the green phase. Since the countdown timers
display the time remaining (in seconds) until the onset of the green phase, drivers waiting in the queue at
the intersection are aware of the upcoming phase change, and are likely to respond quicker. Thus, the
countdown timers could reduce the start-up lost time, decrease the saturation headway, and increase the
saturation flow rate. This study observed vehicle flow at an intersection in Bangkok for 24 h when the
countdown timers were operating, and for another 24 h when the countdown timers were switched off. The
signal plans and timitgs remained unchanged in both cases. Standard statistical t-tests were used to
compare the difference in traffic characteristics between the ‘‘with timer” and ‘‘without timer” cases. It
was found that the countdown timers had a significant impact on the start-up lost time, reducing it by 1.00—
1.92 s per cycle, or a 17-32% time saving. However, the effects on saturation headway were found to be
trivial, which implies that the countdown timers do not have much impact on the saturation flow rate of
signalized intersections, especially during the off-peak day period and the late night period. The savings in
the start-up lost timme from the countdown timers was estimated to be equivalent to an 8-24 vehicles/h

increase for each through movement lane at the intersection being studied.
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ARTICLE INFO ABSTRACT

Article history:

This study investigates how countdown timers instabled at a signalized intersection affect
Received 11 August 2008

the queue discharge characteristics of through movement during the green phase. Since
Received in revised form 11 May 2009 the countdown timers display the time remaining (in seconds) until the onset of the green
gﬁ:ﬁt‘;‘: ;i]?;::y xiggg phase, drivers waiting in the queue at the intersection are aware of the upcoming phase
change, and are likely to respond quicker. Thus, the countdown timers could reduce the
start-up lost time, decrease the saturation headway, and increase the saturation flow rate.

Keywords: This study observed vehiclfa flow at an intersection in Bangkok for 24 h when the count-
Countdov;'n timers down timers were operating, and for ancther 24 h when the countdown timers were
Start-up lost time switched off. The signal plans and timings remained unchanged in both cases, Standard
Saturation headway statistical t-tests were used to compare the difference in traffic characteristics between
Flow rate the “with timer” and "without timer" cases. It was found that the countdown timers had
t-Test a significant impact on the start-up lost time, redueing it by 1.00-1.92 s per cycle, or a

17-32% time saving. However, the effects on saturation headway were found to be trivial,
which implies that the countdown timers do not have much impact on the saturation flow
rate of signalized intersections, especially during the off-peak day period and the late night
period. The savings in the start-up Jost time from the countdown timers was estimated to
be equivalent to an 8-24 vehicles/h increase for each through movement lane at the inter-
section being studied.

@© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The signal countdown timer is an Advanced Traffic Information System that is increasingly popular in traffic congested
Asian cities. The timer is a digital clock installed next to the signal head, continuously displaying the number of seconds
remaining for each phase of the cycle, including the changes from green to amber, amber to red, and red to green, This timer
offers drivers an exact indication of the onset of the next phase so that the drivers are able to make a better decision on how
they should respond to the upcoming change, or how they should utilize the time waiting for the onset of the green phase.
The countdown timer is often claimed to offer many benefits, including improvement of vehicle flow at the intersection, re-
duced occurrence of accidents, and the reduction of stress in drivers waiting in the queue (Kasetsart University, 2004).

One potential benefit of the countdown timer is an iimprovement in the queve discharge since the tirner alerts drivers in
the queue of the exact phase onset before the queue receives a green phase. However, there have been only a small number
of studies investigating this behavior, and the results are still mixed. This study aims to analyze the impact of the signal

* Corresponding author, Tel.: +66 0 4422 4262; fax: +66 0 4422 4608.
E-mail addresses: timanond@yahoo.com (T. Limanond), m_trans10@hotmail.com (S. Chookerd), nat_cha_ze@hotmail.com {N. Roubtengiang).

D968-090X/f$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.trc.2009,05.005
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countdown on the queue discharge characteristics during the green interval. In particular, this study attempts to investigate
whether or not the installation of countdown timers reduces the start-up lodt time, decreases the saturation headway, or
increases the saturation flow rate on the through movement at the signalized intersection studied.

2. Literature review

The majority of the previous studies that are related to the traffic light change anticipation system (TLCAS) focused pri-
marily on road safety and accident prevention aspects during the amber phase and the beginning of the red phase. The
anticipation system for the onset of the amber/red phase has been implemented for several decades in a variety of ways,
including a flashing signal phase and the green signal countdown device. The flashing signal system alerts drivers by using
the flashing green phase, or the flashing amber phase simultaneously with the solid green phase, a few seconds before the
onset of the solid amber phase. This offers drivers longer decision periods to make an appropriate decision for the upcom-
ing phase change. It is conceivable that such devices would improve safety and reduce the frequency of accident occur-
rences at signalized intersections. However, a laboratory simulation study by Mahalel et al. (1985) found that the flashing
green phase led to a higher number of improper stopping decisions, and thus increased the frequency of rear-end colbi-
sions at the intersection. Simulation studies on the flashing amber phase during the last seconds of the solid green by
Mussa et al. (1996) and Newton et al. (1997) showed similar results. The anticipation system tends to widen the time
period during which drivers are indecisive, and could thus result in an increase in rear-end collisions. Nevertheless, their
investigations found that the flashing amber phase potentially reduces severe decelerations and decreases the occurrences
of red-light violations.

TLCAS was finatly studied in the field in the investigation of Koll et al. (2004). The researchers conducted a survey at 10
intersections in Switzerland, Austria and Germany that used a flashing green phase. The results confirmed the findings of
earlier simulation studies; the flashing phase results in a longer tirne period of indecision, thus tending to increase the fre-
quency of rear-end collisions. However, the system increases the number of early stops, which in turn, reduces the occur-
rence of right-angle accidents.

A more recent version of TLCAS is the green phase countdown device. It is a countdown timer that displays nil for most of
the cycle time, but shows the time remaining before the onset of the solid amber phase as a single digit number in seconds
{from 9 to 0). This device not onty warns drivers of the upcoming phase change, similar to the flashing phases, but also noti-
fies drivers of the exact instance when the onset will occur. Lum and Halim {2006) conducted a before-and-after study of this
type of device at an intersection in Singapore. The study found a 65% decrease in red-light viclations 1.5 months after the
device was installed, but after 7.5 months the number of red-light violations had rebounded to the average level before
the instatlation. The device also increases the number of vehicular stops within 2 s into the red signal, and this effect seems
to be sustained over a long period.

Another ATIS device that is capable of influencing drivers in a similar fashion is the pedestrian countdown signal.
Although the real purpose of the pedestrian countdown signals is to offer information for pedestrians crossing the intersec-
tion, local commuters usually utilize the information from the pedestrian crossing phases to assist their decision making.
Drivers can estimate the time remaining until their signal changes by considering the time remaining in the corresponding
pedestrian signal countdown. Albeit most of the pedestrian countdown research primarily investigated its impacts on pedes-
trian behavior (Kim et al,, 2002; Keegan and O0'Mahony, 2003: PHA Transportation Consultants, 2005), there is at least one
study exploring the impact of the pedestrian countdown signal on driver behavior. Huey and Ragland {2006) compared dri-
ver behavior at two intersections in Berkeley, CA; one with the installation of pedestrian countdown signals, and one with-
out. It was found that the countdown signals resulted in fewer vehicles entering the intersection at the end of the amber
phase, This could be due to the extra information from the pedestrian countdown signal assisting drivers to make better
decisions on whether to speed up to cross the intersection before the amber phase ends, or to slow down and stop at the
intersection.

In summary, there are a few TLCAS applications that have been applied for improved traffic control, for example the flash-
ing green or flashing amber phases, the green signal countdown device, and also the pedestrian signal countdown, Most of
the previous studies focused on the accident prevention and road safety aspects of these devices, and primarily investigated
the TLCAS's impacts on driver behavior during the onset of the arnber phase and the beginning of the red phase. The results
of previous studies on these devices supports the idea that the anticipation system reduces the frequency of red-light vio-
lations and thus right-angle collisions, but could increase “indecision zone” and thus increase the frequency of rear-end
accidents.

Continuous countdown timers have been employed for less than a decade but have already become widespread in traffic-
congested cities in Thailand, Malaysia and China. Thus far, te the author's knowledge, there have been only two studies {by
the same research tearn) that have attempted to investigate the impact of the signal timer on the discharge of queued vehi-
cles during the beginning of the green phase. Kidwai et al. (2005} analyzed vehicular discharge at a non-CBD intersection in
Malaysia, before and after the installation of the countdown timer. The study found the unexpected result that the average
throughput (in units of pcu/h) reduced after the instailation, which contradicted the presumption of the researchers. How-
ever, the statistical tests performed show no significant difference between the "without timer” and the "with tirmer” con-
ditions at a 95% confidence interval. The researchers concluded that the countdown timers cause “very little effect” on the
intersection capacity, without further explanation.
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Another study, tbrahim et at. (2008}, attempted to analyze the impact of the countdown timer on traffic flow by compar-
ing the queue discharge patterns between three intersections with signal timers and three intersections without signal tim-
ers in Malaysia. Their graphical analysis showed that the mean headways for the first six vehicles in the queue at the
intersections with countdown timers were less than the mean headways of the corresponding six positions at the intersec-
tions without countdown timers. The study concluded that the countdown timer had a significant effect on the discharge
headway of the first six vehicles in the queue, though there was no corresponding statistical analysis used to prove the find-
ings. In cpnclusion, studies of the impact of countdown timers on queue discharge patterns are scarce, focus on one geo-
graphic area, yet produced mixed results, This highlights a need for additional studies to investigate the signal
countdown impact in detail, and perhaps the need to perform similar studies in other geographical areas,

3. Methodology

The saturation flow rate and the start-up lost time in this study were determined based on the conventional approach,
presented in the Highway Capacity Manual {Transportation Research Board, 2000). Fig. 1 displays a conceptual headway pat-
tern of the vehicles in the standing queue when the approach receives a green phase. The first few vehicles in the queue gen-
erally take a few extra moments to think and react to the signal change by proceeding through the intersection. The headway
of successive vehicles gradually decreases until it finally reaches a relatively stabilized interval through the rest of the queue.
This stable interval is referred to as the saturation headway.

The determination of the jth vehicle in the queue that begins to sustain the saturation headway is a challenging task. The
Highway Capacity Manual 2000 suggests the fifth vehicle to be the start of the saturation headway, however this variable
strongly depends on many locality factors, such as driving culture, level of congestion, signal cycle length, average size of
vehicles, driver's age, and driver perception. This research utilized a series of the standard t-statistics tests, similar to previ-
ous studies of Joseph and Chang (2005) and Raksutorn (2004), to identify the order of the vehicle in the queue that first sus-
tains the saturation headway. The detailed procedure is as follows:

Let H; denotes the mean headway of the ith vehicle in the queue from the measurements of a few signal cycles, which is
estimated as:

gl, = :=1Hl'x

C (1)

where Hy,. the headway of the ith vehicle in the queue measured from the cycle xth; C, the number of the signal cycles in
considerations.

Then, assume H? is the average headway accurmulated from the ith vehicle to the last vehicle in the standing queue.

T Zf«:} Z?H ix
H o &bl X 2
=S @

where Hj, the headway of the ith vehicle in the queue measured from the cycle xth; g, the last vehicle in the standing queue.
For example, Fi¢ is the average headway of all vehicles in the standing queue (accumulated from the first vehicle to the
last vehicle in the queue, estimated from a few cycles}), or F3 refers to the average headway accumulated from the third vehi-
cle to the last vehicle in the standing queue.
The identification of the ith vehicle in the queue that begins to experience the stabilized headway follows the steps below.

Headway (sec)

L =
Saturation Headway ™~ 0 77T TS %

\

i* vehicle in the queue

Fig. 1. Conceptual headway pattern of vehicles in a standing queue.
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Step 1: Determine the average headway of the first vehicle in the queue (H;).

Step 2: Determine the average headway accumulated from the second vehicle to the last vehicle in the queue, Hj.
Step 3: Use a i-test to check whether Hy is statistically different from H. If no, stop the procedure. If yes, proceed to
Step 4.

Step 4: Determine the average headway of the second vehicle in the queue (H;) and the average headway accumulated
from the third vehicle to the last vehicle in the queue (F). Then, again use a t-test to investigate whether 1, is statisti-
cally Hifferent from H§. If yes, proceed to test whether H, is statistically different from H¢,,, where n=3, 4, 5, ...,
respectively.

Step 5: Stop the procedure when H, is not statistically different from ﬁ"ﬂ. Then, the nth vehicle is the first vehicle in the
queue that sustains the saturation headway. -

When the nth vehicle has been identified, we can estimate the saturation headway (H,.} as:

Hee = ﬁg (3)
The saturation flow rate {V,,,} of the approach is simply the reciprocal of the saturation headway.
Vit == - x 3600 | @)
HS&I

The start-up lost time is determined as the sum of the additional time over the saturation headway experienced by the
vehicles in the queue before the first vehicle to reach the saturation headway. It can be estimated using Eq. (5).

n-1

SULT = 3 Hy = [(n— 1) x Hy] (5)
1

where SULT, start-up lost time (s); H;, the average headway of the ith vehicle in the queue (s); Hy,,, the saturation headway
(s); n, the order of the vehicle in the queue that begins to sustain the saturation headway.

3.1. Project site selection

After an extensive survey throughout the city of Bangkok, the Kaset-Navamin RoadfLad Pra Kao Road intersection was
selected. This is an intersection in a non-CBD location in Bangkok and fulfills all of the pre-identified conditions in the study.
The study particularly focuses on the through movement on the eastbound appreach along Kaset Navamin Road. This ap-
proach comprises of two left-turn lanes (free-flow), three through lanes and one right-turn lane. The signal phasing plan uti-
lizes a lagged right-turn phase for the east—west approach, and a split phase for the north-south approach. The intersection
is equipped with countdown timers for all of the four approaches. In general, the signal countdown timers are on operation
throughout the day except for the morning and evening peak hours when traffic police take control and manually adjust the
traffic signals. During these periods, the signal plans and timings are run unsystematically according to judgment of the traf-
fic police, and thus the countdown timers are usually turned off (displaying nil). Thus, the vehicle flows during the peak peri-
ods were excluded from the investigation.

A video camera was used to record the vehicular flow on the eastbound approach for 24 h while the countdown timer was
on operation. Exactly 1 week after the initial data was recorded, the research team requested the department of highways to
turn off the countdown timers without any modifications of the traffic signal and timings, and the flow of traffic on the same
approach was recorded for an identical 24 h. The later case was used to represent the without countdown timer conditiens,
as drivers have no knowledge of the exact onset of green phase, similar to the situation when the timer was not installed. It
was considered important to have the controt condition at the same intersection, to avoid any uncontrollable factors that
could occur when two different intersections are analyzed.

This study particularly focused on the vehicular flow on the second and third through lanes of the eastbound approach.
We utilized a standard statistical tool, the t-test, to determine whether the start-up lost time and the saturation headway of
the “with timer" condition are statistically different from those of the “without timer” case, The intersection signal operates
with a cycle length of 230 s during the off-peak day time and the night time, while it runs with a 151-s cycle length during
the late night to the early morning. Table 1 summarizes the signal operations and the traffic parameters observed on the
eastbound through lanes for both the "with timer” and the “without timer” conditions.

-As shown, the data collected was grouped into three study periods: off-peak day time, night time, and late-night time,
since each period has distinct characteristics that will affect the queue discharge patterns. The off-peak day time is the period
from 10:00 to 15:00, and there is consistently high traffic demand throughout this period. In addition, it is during working
hours, and thus most drivers seem to rush, either to reach a place of emnployment or to attend a business meeting. During the
night time, which is the period from 20:00 to 22:00, drivers generally feel less constrained by time; nevertheless, traffic de-
mand on Bangkok streets still remains high, comparable to the off-peak day time (see the observed queue lengths and the
observed throughputs in Table 1). Finally, during the late-night time (22:00-02:00), traffic demand is generally dissipated,
and drivers do not seem to hurry to reach their destinations within a given time. The broad characteristics of different study
periods are summarized in Table 2 below,
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Table 1
!
Summary of the signal operations and traffic parameters of the eastbound through lanes.
Study periods Duration” No, of cycles analyzed Cycle lengthjgreen .~ Range of obsetved Range of observed .
. time (min} . queue length {vehicte/cycle) throughput (vehicle/cycle)
With countdown timer — surveyed on 25 April 2007 ) - ' s
Day 10:00-15:00 78 230{102 14-33 . 31-57
Night 20:00-22:00 31 . 2300102 16-32 B © 32-60
Late night 21:00-02:00 185 15165 1-15 2-28
Without countdown timer - surveyed an 2 May 2007 (timer off) e _
Day ) 10:00-15:00 - 78 ' ] - 230f102, 14-37. . . "31-56
Night 20:00-22:00 N Tooe T 2300102 LT 16437 _ : 26-55"
Late night 22:00-02:00 . 189 _ _ 181765 0T g ‘ 2-28

" Morning peak and evening peak periods were excluded from the analysis, because traffic police take control of the intersection and use random cycle
phasing plans and timings.

Table 2
Characteristics of the three study periods.

Characteristics ;-

Traffic intensity . ;:
Driving mentality’ -

4. Results

Based on the gueue discharge pattern suggested in the Highway Capacity Manual 2000, the authors used the statistical ¢-
test to determine the order of the vehicle in the standing queue that first sustains the saturation headway using the five-step
process described earlier. The results are summarized in Table 3. During the off-peak day time, up to 8 and 10 vehicles pass
through the intersection before the saturation headway state emerges for the "with timer” and the “without timer" condi-
tions respectively. However, during the night time and late-night time periods, the saturation headway condition begins
from the 5th or the 6th vehicle through the intersection,

4.1. Effects of the time of day on the saturation headway

As mentioned earlier, each study period has its own characteristics that could affect the queue discharge characteristics, It
is informative to study the relationship between the time of day and the saturation headway. Table 4 summarizes descriptive
statistics of saturation headways during the three study periods under both the “with timer” and the “without timer” con-
ditions. During the periods where the timer was in use, the mean saturation headway gradually increases from 1.88 s/vehicie
during the off-peak day time, t0 1.94 s during the night period, and finally to 2.05 s during the late night period. Similatly, for
the without timer condition, the mean saturation headway progressively increases from 1.85 sfvehicle during the off-peak
day time to 2.05 and 2.09 s for the night time and the late-night time periods, respectively. These results are logical given
that the day time generally has a high level of traffic demand, and drivers are generally compelled to reach the destination
within a pre-defined timeframe. Thus, they tend to drive leaving only a small gap to the vehicle in front of them. This resuits
in the smallest saturation headway occurring during the off-peak day time. Alternatively, traffic demand is much less during
the late night period, and drivers are not compelled to rush to their destination, thus drivers tend to leave a larger gap to the
vehicle in front of them. Thus, the late night period has the largest saturation headway.

The t-tests confirm that the saturation headway depends on the time of day. As shown in Table 5, the off-peak daytime
mean saturation headway was statistically different from its nighttime counterpart at the 95% confidence interval for both
the "with timer” and "“without timer”" conditions. However the tests of the mean difference between the night and the late
night perieds provided mixed results. In the period where the timers were used the t-test confirms a significant difference in
the mean saturation headway between the night peried and the late night period, but no significant difference was found for

Table 3
Summary of the order of the vehicle first sustaining the saturation headway state,

ith vehicle §
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Table 4

Compariscns of saturation headv{Jay and saturation flow rate.

Study period First vehicle to sustain No. of data in the -+ Saturation headway (sjvehicle) Equivalent saturation
turati A i s

saturation headway saturation headway state Mean Std dev fiow {vehiclesth)

With countdown timer — surveyed on 25 April 2007 . : o

Day ' g - - 2469 1.88 0.82 1918-

Night 3 6 1024 - 1,94 6.76 1855

Late-night 5. . 454 S 2.05 .79 ] 1757

Witheut countdown timer — surveyed on 26 May 2067 (timer off) e

Day IR, [ RO 2305 : 1.85 08O 1945

Night - - 5 899 L S, 205 084 B ¥

Late-night 6. A 395 R L0208 0.85 A

Table 5

Results of t-tests checking the significance of the difference in the mean saturation headway for different study periods.

" ~Night ime™ "¢ - -
N plo?y o 5
1024000 L 1.94(076) - No

89" - 2.05(094)

Study period . Day time {off-peak)- . .- :
LN (e

188 (0.82) .
185 (0.80

: Different va'rié_nce??

WO timer

Time of day- . Late-pight cime -
With timer 154 ., £ 2.05 (0.79
er 109.(0.86

* Results from Levene's test for equality of variances at 95% confidence interval,

the “without timer” condition. One plausible explanation follows. The saturation flow rate during the night period (20:00-
22:00) and the late night period (22:00-2:00) at a typical signalized intersection without countdown timers are comparable,
as drivers are not pressured by time constraints after working hours. Although traffic demand is much dissipated during the
late night period, this does not seem to have a significant effect on the saturation headway when the intersection is not
equipped with the countdown timers. The installation of the countdown timers, however, appears to cause a statistically
significant reduction in the saturation headway during the night (see the additional explanation below), but provides little
impact during the late night.

4.2, Effects of the countdown timer on the saturation headway

Table 6 demonstrates that there is no statistically significant difference between the mean saturation headways for peri-
ods where countdown timers were in use and periods without countdown timers for most of the study periods. The restlts of
the t-tests show that the only period that did show a significant difference in the mean saturation headway (based on a 95%
confidence interval) was during the night time period. These findings imply that the installation of the countdown timers
generally has Jittle impact on the saturation headway (and thus the saturation flow) of the through movement, Perhaps, dur-
ing the off-peak day period, queuing drivers are generally forced by time constraints, so they intend to arrive at their
destination within the quickest time possible. Thus, they are likely te leave a small but safe gap to the vehicle in front while
proceeding through the intersection. This leads to the minimal saturation headway possible, irrespective of whether count-
down timers are in use or not. The installation of the countdown timer appears to have little or no impact on the saturation
headway as the daytime saturation flow rate already seems to achieve its optirnized state, After working hours, drivers seem
to feel less constrained by time, thus they drive less aggressively and tend to leave a larger gap to the vehicle in front. Some
drivers in the standing queue pay less attention to the traffic signal, so they do not react quickly when the queue begins to
move. This leads to a larger saturation headway during the night time. With countdown timers, however, queuing drivers
know the exact moment of the upecoming green phase onset, so they can react promptly. Thus the platoons of vehicles gen-
erally proceed through the intersection with less delay, which result in a smaller saturation headway during the night time

Table 6
Result of t-tests checking the significance of the difference in mean satoration headway for with and without timer conditions.

ghiut timer.!
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in intersections with countdown timers activated. Nevertheless, the same effect does not occur during the late-night time
period, possibly due to the low level of traffic demand during this period. \

It should be noted that the mean saturation flow rate during the night time period decreases by 0,11 sfvehicle when the
countdown timers are used. This makes the saturation flow rate increase from 1756 vehicles/h without timers to 1855 vehi-
cles/h with timers (see Table 4 above), an increase of approximately 100 vehicles/h. The saturation flow rate was in the range
of 1919-1946 vehicles/h during the off-peak day time, and the range of 1724-1757 vehiclesfh during the night time period.

?

4.3. Effects of the countdown timer on the start-up lost time

The analysis of start-up lost time (SULT) requires some adjustments to the previous computations in order to make a
comparison between the “with timer” and the "without timner” conditions with the same basis. First, the order of the vehicle
in the standing queue that first sustains the saturation headway has to be equai between the two conditions, otherwise one
sums more headway data than the other, Second, the saturation headways of the two conditions must be assumed to be of
the same magnitude, or else it is difficult to justify whether the estimated SULTs of one condition is higher than the other.
The adjusted values utilized in the analysis as well as the estimated SULTs are shown in Table 7.

As shown in Table 7, the mean SULTs with countdown timers are less than those without timers for all three study peri-
ods. The SULT reduces from 8.32 to 6.53 s (or a 22% reduction) during the off-peak day time period, from 5.92 to 492 s (or a
17% decrease) during the night time period, and from 5.95 to 4.03 s (or a 32% decrease} during the late-night time period.
This is logical given that queuing drivers anticipate the upcoming phase change from the countdown timers, so they are
ready to proceed through the intersection without much delay compared to when countdown timers are not used. This re-
sults in a decrease in the SULT when countdown timers are used. A series of t-tests proved that the mean SULTs between the
with and without timer conditions were statistically different at a'95% confidence interval for all three study periods {see
Table 8).

In surnmary, one can reasonably assume that the installation of countdown timers at a signalized intersection will reduce
the SULTs occurring during the beginning of the green phase for all three periods analyzed. However, each period displays a
reduction of different magnitude, The saving in the SULT was approximately 1.79 seconds per cycle {or a 22% reduction) dur-
ing the off-peak day timne. The savings in SULT were 1.00 seconds per cycle (or 17%) and 1.92 seconds per cycle (or 32%) for
the night time period and the late-night time period, respectively.

Note that the estimated SULTs calculated here should not be directly compared across different time periods in the day,
because the data was calculated based on different bases, e.g., they have a different order of the vehicle in the standing queue
that first sustains the saturation headway state, or a different saturation headway.

To further explore the impacts of countdown timers on individual vehicles in the standing queue, the paired individual
headways between the conditions with and without timers were analyzed, as suminarized in Table 9 and Fig. 2. The impact
of the countdown timers in reducing individual headways are largest on the first vehicle; 1.24 s during the off-peak day time,
0.85 s during the night time, and 1.55 s during the late-night time. The impact, however, quickly dissipated on the second
vehicle, and was further reduced for subsequent vehicles (as shown in both the table and the figure). Statistical tests dem-
onstrate that the difference in the individual headway are significant at 95% confidence interval for the first vehicle in the
standing queue only, and are insignificant for the rest of the queue. This indicates that the countdown timers have significant
effects on the headway of the first vehicles only.

5. Discussion and conclusions

The cbjective of this study was to investigate the effect of countdown timers on the queue discharge characteristics of the
through movement during the green period of a signalized intersection. A major intersection with countdown timers in-

Table 7
Comparisons of start-up Jost time,

With countdewt
Day .o ' 8-
Night .0 6.
Late night = 5

B

* Adjusted vehicle to sustain saturation headway state, to make the comparison on the same basis.
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Table 8

Result of t-tests for checking the significance of the difference in mean start-up lost time betweenywith and without timer conditions.

Time-of day With timer Without timer - Variance different?* t-Stat, p-Value
N #ie®) N #(a?)

Day 139 6.53(1.76) 122 832 (2.06) No -7.551 <0.001:

Night 51 4.92 (1.80) 35 592 (1.25) No .-2.853 0,005

Late night? 121 4.03(1.72) 137 595 (1.54) No —9.487 <0.001.

¢ Results from Levene’s test for equality of variances at 95% confidenice interval.

Table 9
The difference in mean individual headways of the first few vehicles in the standing queue for the with and without timer conditions,

Mean heddway (s) .07

Uit vehicles o v Tt S 4 5 6.
Day With timer- . 586 2,67 7250 ;233 7226 205 -
: -Without timer - 650 28T 24400 0 246 ¢ 224 225
‘Difference, 124 -020 7 0.06 ~013 - 002 v ~0.20
es i No . MNo . Mo i Noo

5410 254 2852 2as
e

S

Note: $ig. - significant, C[ ~ confidence interval.

stalled, located in Bangkok was carefully selected to be the study site. Twenty-four-hour vehicular flow on the eastbound
through lanes was recorded twice, a week apart: the first analysis was performed when the countdown timer was in oper-
ation as usual, and the second analysis was performed when the countdown timer was switched off, with the traffic signals
remaining in operation with the same signal plans and timings. The headway data was extracted and analyzed, and com-
pared to investigate the difference in queue discharge characteristics between the two conditions analyzed.

The comparison of queue discharge characteristics with and without countdown timers yields two interesting implica-
tions. Firstly, the countdown timers helped reduce the SULT on the through movernent: the mean SULTs for the periods with
countdown timers were consistently less than that those for the periods without timers for all three study periods. It reduced
SUTL by 1.79 seconds per cycle (or a 22% reduction) during the off-peak day time, 1.00 seconds per cycle (or a 17% decrease)
during the night time period, and 1.92 seconds per cycle {or a 32% decrease} during the late-night time period. The results
from t-tests demonstrated that the mean SULTs between the “with timers” and the “without timers” conditions are all sta-
tistically different at the 95% confidence interval. The countdown timer notifies drivers in the standing queue the exact time
of the green onset, 50 that drivers anticipate and react to the phase change without much delay, particularly the first vehicle
in the queue.

Secondly, the countdown timers do not have much effect on the saturation headway of the through movement, The mean
saturation headways for periods with the countdown timer were comparable to those for periods without timers during both
the off-peak day time and the late-night time periods. Given the high traffic demand and increased time constraints, the sat-
uration headway during the off-peak day time already reaches its optirized (minimal) state without countdown timers. Thus,
the installation of the timers has little effect on the saturation headway, and hence the saturation flow rate, during the off-
peak day time period. However, the countdown timers seem to alter the saturation headway after working hours, when traffic
dernand is still high, from 20:00 to 22:00 in this study. Perhaps, the countdown timers concentrate driver attention on the
upcoming green onset, so cars proceed through the intersection with shorter headways than if the timer was not operating.
Hence, the mean saturation headway was reduced by 0.09 sfvehicle. This is equivalent to a significant improvement to the
saturation flow rate of 100 vehicle/h, increasing the saturation headway from 1756 vehictes/h to 1855 vehidles/h.

From the findings above, the countdown timers seem to improve the flow of the through movement during the green
phase, Even though the timers have trivial impact on the saturation flow rate, the saving in SULTs contribute moderate
improvement on the overall flow at signalized intersections. In this study, the countdown timers were found to reduce SULTs
by 1.00-1.92 seconds per cycle, which can be translated into 0.5-1 extra vehicle/cycle. Given a cycle length of 151 or 230 s
utilized in Bangkok, an hour comprises of 15.6-24 repeated cycles. Thus, the countdown timers can be reasonably expected
to increase the throughput of the through movement by 8-24 vehiclesfh per lane. The four-legged intersection with a total of
eight through lanes (six lanes on the east-west approach plus two lanes on the north-south approach) can reasonably expect
to accommodate up to 64-192 extra vehiclesfh on the through movement of all approaches combined. Nevertheless, the
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Fig. 2. Comparison of headway patterns of the first few vehicles in the standing queue.

benefits of countdown titners in flow improvement in other locations could be significantly different from Bangkok intersec-
tions depending on many locality factors. More studies are warranted to further investigate the impacts of countdown timers
i queue discharge characteristics in a variety of sites, as well as for different turning movements, such as left-turns and
sight turns.

A ballpark estimation has shown that the benefits in terms of SUTL time saving would offset the capital costs of the count-
down timer in a few years. The current hardware cost pius installation fee of a countdown display unit in the Bangkok area is
approximately US$1715 (using an exchange rate of 35 baht: 13US). With a saving in SULTs of 1.92 seconds per cycle per lane,
the installation of a countdown timer would save a total of (1.92 sfcycleflane x 3 lanes x 15.6 cycles =) 90 5 in an hour, or
0.60 h/day. Assuming the average time cost of Bangkok commuters is approximately US$2.15/h, it requires slightly more
than 3 three and a half years {3.66 years to be exact} for the SULT time savings to compensate for the capital cost of the
equipment. Note that this approximation is for an approach with three through lanes, and does not account for the benefits
for right-turn and left-turn movements.
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It should be noted thavthis study only analyzed the vehicular flow benefit of the countdown timers. There are other major
benefits to be considered, for example, the safety implication during the end of the green phase, and the psychological effects
reducing drivers’ stress at intersections with long cycle times. The road safety aspects have been previously investigated in
the field, but still need further investigation to determine the effects across different regions and driving cultures. Even
though it has not yet been studied, the psychological aspect is potentially the greatest benefit of the installation of the count-
down timers, from the driver's point of view. Based on the author's experience, and personal communication with a range of
peoplefdrivers in Bangkok tend to appreciate the signal countdown timer because it provi-es timing information for the
green onset. Drivers can utilize their time while waiting for the green phase more appropriat. ly. Also, stress developed while
waiting in the queue for an unknown of time is quickly dissipated by the numbers shown cn the countdown timers. There-
fore, a systematic analysis of the psychological benefits due to countdown timers is encouraged for future studies.
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