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Abstract

Start-up lost time is one of the parameters of a signalized intersectionghsures the efficiency of the road. It
displays the difference between the drivers' traffic characteristics and behavioceptiBe and reaction time vary from
driver to driver, and this heavily influences the value of stattsiptime. The introduction of signal countdown timers at
signalized intersections intends to reduce this conflict and atfic tproblems. Meanwhile, Manila, the capital of the
Philippines, has felt a surge in the volume of road vehicles ipasieCOVID period. The traffic congestion pushed people
to look for alternative means of transportation, which is by ridingotorcycle. This led to the evaluation of the start-up
lost time of motorcycles at signalized intersections with a signal counttilmer (SCT) and without an SCT using headway
distribution analysis. The evaluation of the study was based on the diald¢allected at the two intersections in Manila.
Different traffic parameters were collected, evaluated, and analyzed undé#fahent countdown timer states. It has been
found that the start-up lost time of a motorcycle at the interseettorSCT is 1.65 sec/cycle/lane, which is relatively lower
than that at the intersection with non-SCT, with a start-up lostiue of 1.82 sec/cycle/lane. On top of that, the start-up
lost time of motorcycles at both intersections has outperformed thes@ddfycle/lane fix value of start-up lost time
proposed by the Highway Capacity Manual. Additionally, the atitur headway at SCT intersections was lower than that
at non-SCT intersections; this means vehicles at SCT intersections crassdtifester than those aimSCT intersections.

A higher capacity of signalized intersections was also evaluated 3@& was present. The study found that the presence
of a signal countdown timer increases the operational performancealiztg intersections.

Keywords: Start-up Lost Time; Signalized Intersection; Reacfime; Signal Countdown Timer; Headway Distribution
Analysis

1. Introduction

One of the parameters which set out the efficient road mobility of a signalizedayighthe "Start-
up lost time". Start-up lost time is established as the added time, usuallpimisethat is consumed by the
first few vehicles lined-up in a queue at any signalized road, usually in an ititersas a required allowance
due to the reaction of the drivers upon the green-light phase (S. Caliskan€ltiskun Atasever, S. Tanyel,
2017).

The Highway Capacity Manual (HCM, 2010) defined start-up lost time as thefsiima differences
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between the saturation headway and the headways of the first few vehicles. ThisQ¥htts tdcommend a
standard of 2.0 seconds per phase as a standard value of starttimpeloktowever, in the study of Li and
Prevedouros (2002), it suggested that start-up lost time varies ffbsed/phase to 2.0 sec/phase. Recent
investigations have calculated a lost time value that is outside the given range etealione. These studies
pronounced that start-up lost time varies depending on the disparatecwafiitions and has a high tendency
to change.

One condition to be considered is the difference between the driverg théfracteristics and
behavior. A driver at a stop line needs to decide when to start and acceleradelin-green transition of a
traffic signal. Perception/reaction time varies from driver to driver. Thisilyeiafluences the value of the
start-up lost time phase (S. Caliskanelli, F. Coskun Atasever, S. Tanyel, 20t&JuTe this conflict, modern
signalized intersections introduce a signal countdown timer to help drivers snakea decision. The
installation of signal countdown timers reduces many traffic problems, such as fuel consumption, drivers’
mental anxiety during queuing, accidents, collisions, and improves the lsesl/wfe (Jatoth, Singh, & Mehar,
2020).

In the Philippines, specifically its capital city, Manila, a gradual rise in the volunzadfuehicles is
being observed due to the easing and removal of COVID protocols estthtry enters its post-COVID period.
This results in an increase in human mobility and, thus, contributes to tafigestion. Due to this, people
have resolved to a much more practical means of transportation, nonthath#ansportation by motorcycle.
It is well observed that the use of motorcycles is much less of a hassle tcauseass of transportation in a
city that has a reputation for having very bad traffic situations (Cynthi@)202

A recent study by the Asian Development Bank (2020) finds that there waspeoximately 26%
increase in the total volume of registered motorcycles in the Philippines fromaRGES On top of that, by
2021, the Philippine motorcycle market had grown by 12.9% (Motorcycles B@22). This statistical
information clearly showed that motorcycles are changing the structure odatie and highways in the
Philippines, especially in urban areas.

It is evident that the composition of the vehicles crossing the roads of Mahita is not the way it
used to be, with motorcycles being the major trend due to their confomitiitythe traffic conditions of the
city. Taking that into account, the performance of signalized intersectiontsilgg@guestion as many changes
happen overtime. Lost time is a crucial factor to take into account when ewvglttaireffectiveness of a
signalized intersection. The goal is to evaluate the start-up lost time of motorcgcségimalized intersection
within Metro Manila. This helps in the investigation concerning queue lecytle length, traffic congestion,
and most importantly, drivers’ characteristics and behavior.

The intersections that will be used in the study are among the busiest intersgithionthe city so
that the data that will be gathered is reliable and acceptable to other neighboring cities. ifibersections
that will serve as study areas have one specific different characteristic; one ialiaeggimtersection with
SCT, and the other one is a signalized intersection without the presence of SCT.

2. Objectives of the Study:

To evaluate the start-up lost time at signalized intersection with signal countdownSigiergnd
nonSCT. Specifically, this study tried to determine the following:
To differentiate the start-up lost time of an SCT intersection and a non-SCSedtien.
To identify the effect of motorcycle volume to the start-up lost time.
To assess the lost time due to the driver attributes which occur at signalized intersection.
To determine the effectiveness of signal countdown timer at signalized intersenti@rms of
their respective start-up lost time.

PoONPE
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3. Methodology:

The procedural approach to the study was presented below in Figuteddvided a conceptual
framework developed specifically for the start-up lost time evaluation at a sighedieesection. A series of
collections of data necessary for the determination of start-up lost time havebltegerd. Data collection was
done to measure different traffic parameters, such as time headway and sdtovatiate. These parameters
are measured and analyzed using a videographic method. The data collectéiteusiagtioned method have
undergone headway distribution analysis. The start-up lost time of mc&sdp each lane per cycle at a
signalized intersection has been determined using headway distribution analgsisarSatequate number of
startupslost time per cycle has been obtained, statistical treatments such as regression adaResassam
correlation were used to provide an analysis and interpretation of theedlcdata. Start-up lost time has been
assessed by utilizing headway distribution and statistical treatment.

The start-up lost times of motorcycles within each flow have been assessed ustmgnbieed
concepts of headway distribution (time headway method) and the theoretiaabféonstart-up lost time given
by the Highway Capacity Manual. The obtained values of start-up lost timee been divided into two
categories; start-up lost time values obtained in a signalized intersection with S®itrenud SCT. It was then
integrated into a series of statistical treatments such as regression analysis, Peatatiorcaand analysis of
variance.

DATA COLLECTION

SIGNALIZED NTERSECTION

WITHOUT
SIGNAL
COUNTDOWN
TIMER

WITH SIGNAL
COUNTDOWN
TIMER

weuT
HEADWAY
DISTRIBUTION
ANALYSIS

PROCESS

STATISTICAL
TREATMENT

ASSESSMENT
OF

START-UP
LOST TIME

CONCLUSION

Figure 1.1 Conceptual Framework in Assessment
of Start-up Lost Time

3.1 Headway Distribution — Time Headway M ethod:
Time Headway is the time gap between two successive vehicles that passes over a refaténee p
road section. Headways can be determined by using the formula:

Time Headway,h = T,,,, — T, (eq’n.l)
Where h = headway
T, = First Vehicle

Tp-1= Succeeding Vehicle
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3.2 Saturation Flow Rate:

Saturation Flow Rate is a parameter that estimates the particular movement of a vehicle. Selomakarte
is expressed as the headway between vehicles in seconds (s) that moves sdaquoeéition, divided into
3600 seconds (s) per hour.

Saturation Flow Rate,§ = 3600/H (eq'n. 2)
Wherein, H= average saturation headway
s = saturation flow rate

3600 = total number of seconds within an hour

3.3 Capacity:

Since continuous movement of one phase for an hour is generally notteerfor signals, capacity is the
saturation flow rate adjustment that takes real signal time into account. It nsattieum hourly flow of
vehicles allowed in an intersection under different traffic, signalization, or roactwaaltions, and is calculated
using the formula:

C=8§%*= (eq’'n. 3)

ala

‘Wherein, c is the capacity in vehicle/hour.

S is the saturation flow rate, taken usually in vehicle /h our

% is the ratio of the effective green time in seconds to cycle

length.

3.4 Cycle Length:

Cycle length is the full signal time allocated on all phases of the traffic light indigattuding any interval
changes. Shorter cycle lengths account for a larger total of lost time compéyadaocycle lengths, while
more phases occur on longer cycle lengths compared to shorter cycle lemgttas a result, has lesser lost
time. It tends to starve the flow of traffic.

The basic empirical formula for minimization of intersection delay of cycle lengths is:

_ (15+L+5) R
&= Svi (eq’'n. 4)

Wherein, C is optimum cycle length measured commonly in seconds.

L is the unutilized time per cycle measured in seconds typically taken as

a total of the vehicle signal change intervals; and

SY; is the critical lane volume for each phase / saturation flow.

3.5 Saturation Headway:
Saturation Headway is the absolute minimum time separation of vehicles in queue whene they
improbable to follow each other. It is the average headway commonly measseetnds per vehicle.
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3.6 Data Collection:

The study was stationed on a footbridge above each of the two interséatitims data collection.
The data were collected over a one-week course (Monday to Sunday) khaliaim®during the morning (7:00
AM - 10:00 AM) and afternoon peak hours (4:00 PM:00 PM). The data gathered during these timeframes
was used for the calculation of the start-up lost time in the area of study.

Recording the traffic conditions using video recording devices has beénaisapture events in real
time. The researchers used manual processing of the recorded vide@sndimt of time on the Signalized
Countdown Timer (SCT) stoplight, non-SCT stoplight, the volume of ropttes ahead of the queue, and the
discharge headway of motorcycles on both SCT and non-SCT intersectioamang the data that the
researchers have recorded.

3.7 Data Analysis.

The start-up lost times of motorcycles within each flow have been assessed usomglired
concepts of headway distribution (time headway method) and the theoretical fiomatéat-up lost time
given by the Highway Capacity Manual. The obtained values of start-up lostdiradoben divided into two
categories; start-up lost time values obtained in a signalized intersection with SCT and 8@folt was
then integrated into a series of statistical treatments such as regression analysis, Pealettoncand
analysis of variance.

In a typical analysis of a signalized intersection, each vehicle in queue will sulatyisgit for their
traffic signal to turn from redlight to greenlight, and when they do, eablcle will leave its corresponding
lane and cross the intersection beginning with the first vehicle and so otiniEheeparation between the
vehicle departures which is the time it takes for the first vehicle to crosmhiause and the next vehicle to do
the same. This time difference is a quantifiable parameter known as time headd/aysyaare commonly
measured in seconds.

Figurel.2 illustrates the idedi time headway usingnactual road scene.

Figure 1.2 Parameters for Time Headway Method (cross-sectional vie

4. Resultsand Discussion:

In theory, start-up lost time is determined by getting the sum of the tffaeedce between the first
five headways and the saturated headway given in equation 1. During ¢medsgvmanual observation, a
combined total of 627 start-up lost time values were gathered from the twedtitans, 401 start-up lost times
were extracted from Juan Luna-Tayuman SCT intersection, while 226 weréHe Recto-Abad Santos non-
SCT intersection. Presented below are the descriptive statistics of the start-up lost &@&sanid non-SCT
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intersections, respectively.

Table 1.1 Descriptive statistics of start-up lost time population of SCT intersection.

Mean SFd'_ Median Minimum  Maximum Cotkience.
Deviation Interval (95%)
1.65 0.81 1.6 0.02 5.99 0.08

Table 1.2 Descriptive statistics of start-up lost time population of non-SCT

intersection.
Mean SFd'_ Median Minimum  Maximum Contidanos
Deviation Interval (95%)
1.82 0.85 1.69 0.11 6.625 0.11

According to the 2010 highway capacity manual, the value of start-tiginos in general when no
observations were made is 2.00 seconds per cycle. Conversely, thgdimdithe study showed in the
tabulations above that the average start-up lost times for motorcycles from &@dna8CT intersections were
0.35 and 0.18 seconds less than the suggested value by HCM, respedtiaeiy efuivalent to 17.5% and 9%
percentage difference. Also, it can be deduced that the estimated vatnd®th intersections were not spread
widely, as reflected in the very low standard deviation value. Regalgirgphfidence interval values of 0.08
for SCT and 0.11 for non-SCT, it can be recalled that a confidetmwahindicates where the population
parameter is likely to reside or fall. This means that it helps the study estimatduthefva random startp
lost time sample. In this context, the study was 95% certain that when a quatoofycles crosses the
intersection, the estimated value of their start-up lost time would be 1.68 séconds for the SCT intersection
and 1.82 + 0.11 seconds for the non-SCT intersection.

Table 1.3 Comparison of ebtained parameters from the two intersections with

different traffic light conditions.

Juan Luna-Tayuman Intersection Recto-Abad Santos Intersection

Parameters (on average)|
‘ ge) With Signal Countdown Timer Without Signal Countdown Timer

Start-up Lost Time, SLT (secs) 1.66 1.82
Saturation Headway, H(secs) b ¥ 1.27
Queue Length, Q(veh in queue) 10 8
Saturation Flow, S (vphgpl) 3243 2835
cycle length,C (secs) 137 180
Actual Green Time, G (secs) 58 80
Effective Green Time, g(secs) 57.34 79.18
Capacity, ¢ (veh/lane) 1357 1247

The comparison of the evaluated start-up lost time and other parametersdbtisiqng analysis for
both intersections is shown in table 1.3. The analysis of the data cottimine start-up lost times of both
intersections outperformed and below the fix value of 2.00 se@andycle suggested by the HCM. On top of
that, it is very clear that the difference in lost time values between the two intersectmmficant, with the
non-SCT intersection being slightly higher than the SCT intersection. This sisppthrer observations and
studies where intersections with a signal countdown timer have a lower starstufinie value than
intersections without a signal countdown timer. Based on the results, the presaraminfdown timer at a
signalized intersection has a significant effect on the reaction time of motorclegre wiaiting to maneuver in
front of the queue. Two important points to note are that: (1) there is @adedn the start-up lost time of
motorcycles when a signal countdown timer is present in the intersection, antli¢®s/evaiting to cross a
non-SCT signalized intersection take more time to operate.

Table 1.4 Summary of Start-Up Lost times From Current Study, Highway Capacity
Manual, and Foreign Studies.

SUMMARY Start-up Lost time (sec)
scT | Non-scT
Highway Capacity Manual 2.00
Current Study 1.65 1.82
India 2.9 4.8-5.8
Foreign Studies Sri Lanka 1.06-4.62
Turkey 2.32
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Based on Table 1.4, the average start-up lost time in seconds, focyotdsy was 1.82 for a hon-
signalized countdown timer and an average time of 1.65 seconds foakzsigrrountdown timer. Comparing
the value of other start-up lost time, the lowest start-up lost time for tmictarles was 1.06 seconds. There is
a difference of 0.76 seconds and 0.59 seconds for thestactlp lost time of motorcycles when compared to
foreign studies.

Both local and foreign results implemented the first five vehicles of the same ryatemaorcycle
only) in front of the traffic queue, and both intersections traffic conditiare heterogeneous in nature.
Significant factors that affect start-up lost time were observed for both localr@mghféirms. Factors such as
traffic authorities controlling traffic flow, sudden lane changes, and motoristg jist before the green light
are common characteristics that influence and compromise the precision of data.

From Table 1.4, it can be observed that there is start-up lost time valuestet the 2.00 secs given
by HCM, these numbers correspond to non-motorcycle vehicles. With thedhiotevhaving the highest start-
up lost time (4.62 seconds). The foreign study concluded that thertiige PCU value and the vehicle size, the
higher the start-up lost time of the vehicle.

For the study in India, the start-up lost time value for an intersesiibout a timer range from 4.8
seconds to 5.8 seconds, while both junctions resulted in 2.9 seddosistine for an intersection with a timer.
In comparing the values of the current study, there is a significant difeer@n2.98 and 3.98 seconds in
intersections without timers and a 1.25 second difference in intersections with fiomtire start-up lost time.

The results in Table 1.4 showing a higher value for a hon-signalizeddooun timer in comparison
to a signalized countdown timer are due to factors such as traffic enfornedlocw the traffic, discharging
before the green phase of the traffic light, and the category of vehicle. Oihéndnand, the start-up lost time
for both intersections without a timer in India also resulted in a higher vatnpaced to with a timer; the
results were due to the presence of a countdown timer decreasing the averadelaaytaf vehicles, and
countdown timers reduce the start-up lost time of discharging vehicles.

Both intersections, local and foreign, are heterogeneous in nature and athéesache trend, with
intersections without timers having a higher start-up loss time compatieasswith timers. The trend of the
results is attributed to factors such as vehicle category, queue length, andstvecerof traffic authorities
controlling the traffic flow.

For the study in Turkey, the average start-up lost time resulted irs@c&ads, which is above the
standard 2 seconds per phase given by HCM. In comparison with thepstast-time of the study, which has
a start-up loss of 1.82 seconds and 1.65 seconds, the différetweeen the two intersections is 0.5 seconds
and 0.67 seconds, a lower value difference compared to other foredggsstu

According to Minh and Sano (2003), vehicle acceleration is a part of starsiuprie alongside start
reaction time. This indicates that vehicle acceleration can be attributed to the categdviglef vehicle size
and Passenger Car Unit (PCU) value, and that it has a significant effect on whettartthp lost time is
higher or lower than the standard start-up lost time of 2 seconds/phasédygithe Highway Capacity Manual
(2010). Also, for all studies, the motorcycle has the lowest vehicle size and Passendsgit Czlue out of all
vehicle categories, which resulted in the lowest start-up lost time value, a clear indicatiomotorcycles
leading in front of the queue on the traffic lane leads to overall lower stéostiime.

5. Conclusion:

The study aimed primarily to evaluate the value of start-up lost time of mokescusing headway
distribution analysis. In addition, the presence of a signal countdownwiaseconsidered because it has been
observed based on other studies that the reaction time of drivers leading thésoqueuapromised when the
signalized intersection has or does not have a SCT. Based on the resultdaté ttracted from the seven-
day observation, both intersections, SCT and non-SCT, have outpetftrenfix-value of start-up lost time
given by the Highway Capacity Manual. The SCT intersection yielded a 1.65debé#rne start-up lost time
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for motorcycles, while the non-SCT intersection yielded a 1.82 sec/cycle/lane distirpe for motorcycles.

It is clearly evident that SCT intersections have a lower start-up lost time valuareoimp non-SCT
intersections. In theory, it is ideal for an intersection to have a loweugtéwst time because start-up lost time
is one of the parameters that describe the performance of a signalized interSgauifically, start-up lost
time measures how efficient the serviceability of the intersection is.

Based on the collected data, an analysis of linear regression was used to deteraifeettbf motorcycle
volume on the start-up lost time. It shows that there is a significant relatiorethipdm the queue length and
start-up lost time in intersections with and without a signal countdown timer)(Eoth analyses of
intersections with and without SCT resulted in a positive trend, which means that asubdength increases,
the start-up lost time also increases. It is statistically clear that the higher the mfimioéorcycles lined up at
a stoplight, the higher the value of start-up lost time that can be cainpetause the reaction time of the
drivers at a stoplight is also dependent on the motorcycle in front of theam &lso be concluded that as more
motorcycles are stacked up in a queue, the average saturation headway decreases, cdotihoeifimgrease
in start-up lost time.

The study compared the reaction times of local drivers to those ofrfatigers based on the start-up lost
time computed at the intersections. For the local driver attributes, the signalizédiogautimer intersection
has a 1.66 second start-up lost time, while the non-signalized countdowtintiensection has a 1.82 second
start-up lost time, both of which use motorcycles as the vehicle categortheaodndition of traffic flow is
heterogeneous. For the foreign driver attributes, the motorcycle in Sri baskhe lowest start-up lost time
value of 1.06 seconds, while the individual vehicles in India have the higfiagstp lost time value of 5.8
seconds. Considering the values and traffic conditions of both local eeidrifstudies, the vehicle category,
vehicle size, and nature of the traffic flow are huge factors in the value ofigtiarst time, whether it is higher
or lower based on the 2.0 sec/phase given by the 2010 HCM Manual. The reseastheoncluded that out
of all the vehicles, motorcycles have the lowest value of start-up lost time ithledtital and foreign studies,
indicating that motorcycles are the most efficient vehicles to lead in front of the tradfie ¢t lessen the time
delays for every traffic cycle.

The study calculated the start-up lost time for two intersections, where bolts sperformed the
suggested value of start-up lost time in the Highway Capacity Manual. Coriytfem researchers evaluated
the results from the intersection in order to identify the effects of signata@own timers on Filipino motorists.
For the intersection that operates with a signal countdown timer (SCT), the resul6®vaschnds, which is
approximately 20% faster than the fix value of start-up lost time. Meanwhildeantersection that utilizes a
standard stoplight system (non-SCT), the lost time value was 1.82 seconds Jswvkitharound 10%
faster. With a 10% difference between the two evaluated values of start-up logh#@mesearchers have
concluded that having a signal countdown timer is more effective in redsteirigup lost time during a cycle
change at an intersection. These results show that the motorist can perceidsiirechange of cycle using a
countdown timer during the change from red to green. A much fastemsesgime was more notable in the
intersection employing a countdown timer, which resulted in a faster traffic flow adtéirghfew vehicles.
The effectiveness of these signal countdown timers may be efficient in creating araféibléow with a
minimum delay per cycle change.
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