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Abstract

Public transport has always been a structuring factor in urban development and form. Buses, which are one of the essential public
services, do not require expensive infrastructure, can be introduced quickly and run as frequently as necessary to meet the demand.
Budapest is known by the diversity of its transportation modes and their high frequency, nevertheless, it still faces traffic congestion
issues. Thus, the priority granting for the buses is essential to minimize the travel time delays.

This research analysis investigates the bus service's situation on the chosen corridor based on personal data collection in peak-hours
at the bus stops and on-board using GPS tracker.

This research aims to study the dwelling bus'’s impact on car delays and targets to optimize the situation by implementing bus priority.
The iterative models coded with Octave calculates the vehicles’ delays function of the arrival time and dwelling time of the bus and
analyses all scenarios depending on the time the bus is ready to leave the stop and adjusting it by either holding the bus at bus stops
or allowing an immediate departure with speed adjustment or green light extension.

The objective of the proposed priority model is not only to minimize the bus delays, but also the average vehicle delays on the different

branches of the intersection. The prioritization system takes into consideration the non-violation of the maximum holding time,

maximum green time extension and maximum red time in the intersection’s branches where the bus stop exists.
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1 Introduction

Congestion represents one of the crucial problems mainly
all the cities suffer from. Building our way out of the prob-
lem by constructing new roads and widening others is
not the answer, in most cases, it is physically impossible
(Pojani and Stead, 2015). It becomes more problematic and
crucial when it comes to narrow roads, where only one lane
is available in each direction and especially in the inner
cities (Guler et al., 2015). Public transport in Budapest is
quite reliable and fast, it represents 45% of transportation
modes and 65% of the residents used it for the daily tran-
sit in 2014 and the two features are estimated to increase to
respectively 50% and 80% in 2030 (Denke, 2017). Since
the 1970s, Budapest's public transport has been based on
the metro lines, yet the shortage of the components of the
infrastructure and the lack of interoperability force buses to
replace, permanently, the track-bound services. Following
the steps of the Western European trends, the approach

of transport planning has changed on the strategic level
by the implementation of livability targeting the cycling
infrastructure, the traffic calming, prioritization of pub-
lic transport, bus lanes' reinstatement and long bus routes
(Budapesti Kozlekedési Kozpont, 2013).

Bus service itself is composed of 237 bus lines and 2611
km of network. The bus fleet in 2014 had 87.9% of low
floor buses and provided 40% of the seat per kilometer
(7.66 billion seat-km) and 52% of the vehicle per kilome-
ter (92.5 million vehicle-km). Despite its frequency, it has
several problems such as low quality (Denke, 2017).

Several features affect the service such as the stop design
that has a significant impact on transit vehicle, on the opera-
tions of the intersection and its safety as well as the adjacent
properties and the system performance (Transit Cooperative
Research Program, 1996). The bus stop location, which can
be either before near-side or far-side, the design can have an
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impact on the traffic as some studies have found that the far-
side stops encounter less overall delays, while the near-side
stop may cause more issues (Liu and Jian, 2019).

If the bus stop is already defined, the bus priority would
help solve some of the issues and allow to beat queues in
known congestion spots, to stop them from being stuck
in traffic with all the other vehicles, and to create faster
and more reliable journey times (Ahmed, 2014). The bus
priority that shall be implemented, is the active priority
depending on the policies used in the municipality and on
the infrastructure available to detect buses. Mainly, here
the traffic lights are more interactive with the presence or
the arrival of buses (Oliveira-Neto et al., 2009).

The buses would run faster, the cycle time would be
shorter, which results in less number of vehicles, thus less
fuel consumption so the operators would achieve lower
operational costs. Besides, this would reduce maintenance
cost and increase revenues (Koézel, 2017).

The objective of this research is to study the current bus
service situation in the corridor between the bus stations
of Keleti Palyaudvar and F6 tér for a set number of buses
in the city of Budapest, Hungary, both on-board of the bus
and in the two delimited bus stops.

This study aims to develop a dwell time model using the
data collected during peak hours, which shall be used to
improve the overall bus service reliability and efficiency.
This includes the investigation of the effect of the dwelling
buses on the traffic and on the car delays for each combi-
nation of bus arrivals and time in the stop.

Afterwards, in order to improve the provided level of
service on the chosen route, the prioritization for the buses
and its consequences are tested using coded program real-
ized with the programming language in GNU Octave for
numerical computations.

Once the technique show its effectiveness and a prom-
ising enhancement in the bus service on the studied corri-
dor, an expansion can be extended for the whole bus lines.

2 Methodology

The research is based on the analysis of the data collected
personally. Thus, first of all, the measurements are real-
ized on-board using the GPS tracker OSM And application
between the bus stops F6 tér and Keleti Palyaudvar and at
the bus stops during the peak hours on weekdays. Second,
the data are examined to determine the different features
of the bus service in the corridor such as the bus's over-
all speed, the loss time, boarding/alighting time, running
time, dwell time, time wasted at the traffic light ...

Then, the third part targets to deeply analyze, on the one
hand, the effect of the dwelling bus in the stop on the vehi-
cles present in the intersection. On the other hand, the priority
allocation for the bus service and testing it with the measured
parameters. This work is made based on two iterative mod-
els for the dwell time and the priority granting that assess
all measurements through programs coded with Octave.

3 Related works

The intersections and especially the signalized ones, usually
represent a major source for vehicular delays as it involves
an interaction between different transportation modes. The
bad management of the bus stops near the intersections and
the bus dwelling at these stops might lead to the increase
of queues and the reduction of the capacity of discharge,
which shall create delays not only in one intersection but
also in the surrounding ones (Gu et al., 2014).

3.1 Impact of the bus dwell time on the traffic

The impact of the prioritization of the buses is important
for handling the traffic as the buses cause traffic issues in
case they are delayed, or dwelling in the bus stop especially
if there is no special platform for the bus stop. The small
speed adjustment or lane changing can create platoons,
which is deeply studied in the kinematic wave theory
models (Gu et al., 2014).

After arriving at the stop at 7, as shown in Fig. 1, the
dwelling bus in the bus stopping for duration S, creates
more car queue and persists for a duration of 7, during the
green time. Then, after the end of the red time the cars in
front of the bus discharge and the queue behind the bus per-
sists for 7, which is being discharged after the bus departs.

This concept shows the crucial prioritization of the bus
service and the consequences, caused by the small delays,
on the traffic.

3.2 Transit Signal Priority

Usually, the Transit Signal Priority (TSP) is used, at the
signalized intersections, in order to give priority to vehi-
cles in public transit, either by increasing the time of green
or by decreasing the time of red for the signal phases deal-
ing with the transit vehicles, where transit vehicles desig-
nate a large vehicle used to carry passengers such as buses
or the light-rail (Shaaban and Ghanim, 2018). However,
the TSP systems are unstable and based on the stochastic
criteria of the flow (Muiioz et al., 2013) and might even
create more traffic issues or the infrastructure does not
allow to have extra lane (Gu et al., 2014).
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Fig. 1 Time-space diagram of a dwelling bus in the stop
(Gueetal., 2014)

3.3 Traffic light synchronization

If the infrastructure and the techniques are available, an
implementation of an algorithm synchronizing the traffic
lights with the use of adaptive traffic control can help for
a global optimization approach to achieve a traffic lights
configuration that guarantees a sustainable improvement
of mobility patterns. (Nesmachnow et al., 2019)

The system can be predictive and help allocate the prior-
ity depending on the traffic situation and the emergency if
the bus is behind schedule, this requires more sophisticated
programs and shall be more useful in the future traffic pre-
dictive controllers (Boudhrioua and Shatanawi, 2021).

3.4 Controlled departure

The problem buses mainly face is stopping so many times,
which implies many drawbacks such as delays, high fuel
consumption, pollution .In order to optimize the bus service
without interfering in the infrastructure and use the already
existing one, several papers studied the controlled departure.
As in (Koehler and Kraus, 2006), schemes were designed
to reduce the number of stops of the buses, basically for
the stops near the intersection. Moreover, the adjustment
of the speed of the bus, which is part of the objectives of
the controlled departure, can permit the bus itself, without
stopping, to clear the intersection, and creating queues and
traffic jam or car delays. The speed adjustment is among the
prioritization techniques (Wu et al., 2016).

Among the techniques used in order to allocate the pri-
ority based on the controlled departure, we can denomi-
nate the use of semaphore control method, which is based
on two operation modes: the controlled and the immedi-
ate departure. The decision takes into consideration not
only the public transport but also the delay that car passen-
gers may encounter with the bus priority allocation, thus
it seeks complete efficiency and balance for the transport
system as a whole (Koehler and Kraus, 2006).

The used method of holding up the bus for longer at the
bus stop even though the boarding (embarking/alighting)
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has finished might seem unnecessary and a cause of delay.
However, examining the whole process, we conclude that
the late departure results in lowering the overall costs of the
intersection by reducing or preventing stops. Besides, there is
a maximum allowed holding time that needs to be respected
so that the schedule is not violated and takes into consider-
ation if the bus is ahead of its schedule, then its retention
might be helpful to adjust its timing (Zolfaghari et al., 2004).

3.5 Lessons learned

The traffic encounters several issues on the daily basis
and the lack of efficient management and the wrong bus
stop design and location can worsen the daily commuting.
These problems might require some small adjustments on
the microscopic level, like a bus stop or a corridor, which
can have a positive influence on the macroscopic level of
the transportation system.

The prioritization systems depend on different involved
parties like municipalities, economic statue and bus oper-
ators. These factors have a high influence on the type of
the priority that can be implemented within the available
infrastructure. Sometimes solutions such as TSP system
or predictive traffic controller are not feasible due to phys-
ical or financial constraints.

Thus, this paper aims to provide a reasonable and appli-
cable priority granting solution for the bus service that
shall be tested on the chosen corridor.

4 The corridor investigation

As the city of Budapest grew up, several districts began
to have a high residential concentration, such as the dis-
trict XV (Rakospalota) and the district XIV (Zugl6). Thus,
a high number of daily commuters are present in this
area varying between 74400 pax/day and 18700 pax/day
according to the data provided by the transport model 207
by BKK (Budapesti Kozlekedési Kozpont). Even though
a high number and frequent buses are present on the cor-
ridor between the main intercity and international railway
terminal in Budapest "Keleti Palyaudvar" and the previ-
ously mentioned residential areas, this corridor presents
the highest number of commuters. Physically, in different
parts of the corridor, the roads cannot be changed either by
widening or by adding bus lane.

4.1 GPS vehicle track measurement

The examination of the bus circulation through GPS
tracking is realized using the OsmAnd Application, which
works offline and has a tracking record plug-in. It tracks



156 | Boudhrioua and Sipos
Period. Polytech. Transp. Eng., 50(2), pp. 153-164, 2022

the coordinates (latitude and longitude), the speed, the
exact time, the elevation in each point, the chosen time step
for this measurement is 5 sec, this helps have more accu-
rate and precise information. These data are then saved as
(-.gpx) file, exported to Excel (.xIsx) file and analyzed.
The data collection was made for the bus line 7 on
a weekday during the morning peak on Thursday 21 March
2019 between 7 am and 9 am. The measurement was made
on two trips departing from Keleti Palyaudvar to F6 tér and
back to the departure station.
Some important information was calculated and sum-
marized in Table 1:
* the full time: is the time between the last door open-
ing and the first door closing;
 the boarding/alighting time: the time between open-
ing the doors until the majority of the passengers get
on the bus;
* the loss time: is the time during which the speed of
the vehicle is less than 5 km/h;
 the running time: full time minus the boarding time.

The estimated total journey time given by BKK FUTAR
is 23 min, which is almost the same as the one towards F6
tér, considering the loss time, it represents 32% of the total
journey time.

For the case of the journey towards Keleti Palyaudvar, as
seen in Table 1, the total travel time is higher than expected
and there was no accident or emergency. More than half
of the whole time of the journey, the speed was less than
5 km/h, this results in big fuel consumption and low-quality
service. The full time is 43 min 41 sec, while the loss time
is 31 min 50 sec representing 73% of the full journey time.

An analysis of the speed was then realized for a better
understanding of the measurement, given the total travel
distance on way is 7.86 km. Some important features were
calculated, as seen in Table 2:

* The overall average speed: it is the ratio of the full

distance to the full time

* The moving average speed: is the ratio of the full

distance to the running time of the vehicle

Table 1 Data analysis of the time measurements of the bus

To F6 tér To Keleti Palyaudvar

The full time 21 min 2 sec 43 min 41 sec

The boarding/alighting time 1 min 50 sec 2 min 28 sec

Time when speed < Skm/h 8 min 37 sec 34 min 18 sec

The loss time 6 min 47 sec 31 min 50 sec

The running time 19 min 21 sec 41 min 13 sec

Table 2 Data analysis of the speed of the bus

To F6 tér To Keleti Palyaudvar
The overall average speed 22.421 km/h 10.796 km/h
The moving average speed 24.562 km/h 11.442 km/h

The speed measurement is given in Table 2.

If we consider the total distance 7.86 km between the
two stops and the estimated time of 23 min (given by BKK
FUTAR), the average speed shall be 20.5 km/h. Here also,
the journey towards Keleti Palyaudvar presents a much
lower speed.

The analysis of the recorded data using OsmAnd for
both directions are used in order to draw the diagrams of
the speed variation function of the distance traveled by the
vehicle are demonstrated in Fig. 2.

The speed limit in the urban zones in Budapest is 50 km/h,
which has been violated in both ways. In the case of the
return journey, we see that the driver tries to catch up after
the long time wasted during the journey due to the traffic.

4.2 Vehicle occupancy and time parameters
measurements

The second measurement is realized in the two stops sep-
arately, twice in F6 tér and twice in Keleti Palyaudvar, it
aims to check precisely the number of passengers across
the section and specify the time parameters such as dwell,
running and boarding times which can characterize the
punctuality of the buses as well as the number of boarding/
alighting passengers and the pattern category.
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Fig. 2 Speed variation of bus line7 on both ways (Excel)
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Fig. 3 Sample of the vehicle occupancy and time parameters measurement
Table 3 Data analysis of buses per station
Peak hour Morning peak Evening peak
Station Fo tér Keleti Palyaudvar
Direction To Keleti (WS) From Keleti (NE) To F6 tér (NE) From Fo tér (WS)
Time 7h—8h 8h—9%h 16h — 17h 17h — 18h
S buses 41 33 33 33
Average headway 01:25 01:49 01:46 01:44
1st measurement
Sum of arrivals 781 542 1615 1574
Passen-gers
Sum of departures 1294 388 2078 1588
S buses 50 30 35 34
Average headway 01:08 01:59 01:43 01:48
2nd measurement
Sum of arrivals 1005 473 1698 1722
Passen-gers
Sum of departures 1702 385 2198 1444
S buses 46 32 34 34
Average headway 01:16 01:54 01:45 01:46
Average
Sum of arrivals 893 508 1657 1648
Passen-gers
Sum of departures 1498 387 2138 1516

The abbreviations of NE and WS are used in order to
simplify the description of the data according to the stop:

* NE: North-East

* WS: West-South

Two measurements were realized in each stop for each
direction during the morning peak and the evening peak
hours in two different weekdays, so as completely eight
measurements were done. The first measurement was
made on Wednesday 20 March 2019 and the second mea-
surement was made on Thursday 4 April 2019.

The bus lines analyzed are: 108E, 7E, 8E, 133E and 7, the
sample of the gathered information are summarized in Fig. 3.

The door closure is usually 3 to 5 sec after the end of
boarding/alighting and the departure is usually 3 to 5 sec
after the door closure. However, this differs if traffic sig-
nals exist and depends on the driver’s behavior:

* The driver might drive for a few meters, the doors

are closed and the bus waits for the traffic signal

* The driver might wait at the stop while doors are

open until the traffic light changes then doors are
closed and the bus departs.

The information gathered as seen in Fig. 3 are analyzed
and summarized in Table 3 for the two measurements for
the two-way journeys.

A high number of passengers and buses was noted in
the corridor, as seen in Table 3, and in order to understand
the passengers' flow in the corridor, the data of the average
between the two measurements, are illustrated in the Fig. 4.

People are more likely to commute from the residen-
tial areas near F6 tér towards the more busy centre, Keleti
Palyaudvar, for work, universities and daily activities as
noticed in the morning peak and come back in the after-
noon, as shown by the passengers' flow in Fig. 4.
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Avr headway 01:45

46 buses/h
Avr headway 01:16

893 pass/h 387 pass/h 1648 pass/h| 2138 pass/h

‘ Keleti Pélyaudvar ‘
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| FG tér

J
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Time: 7:00 - 9:00 Time: 16:00 — 18:00

Fig. 4 Passengers' flow in the two bus stops
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The bus stops of Keleti is busier in both directions than
the stops of F6 tér with a range of carried passengers not
less than 1516 passenger/hour to more than 2000 pas-
senger/hour. The buses in the busy directions were very
crowded despite their high frequency.

In the morning peak, the average pattern category in
Fo tér in both directions is 1 for the arrivals, meaning the
number of passengers less than 21 passengers while the
average category departure pattern is 2, between 22 and 41
passengers. In some cases, the maximum passengers pattern
reaches category 4, meaning between 53 and 83 passengers.

Which means the buses are quite empty.

In the evening peak, the bus stop of Keleti Palyaudvar
is busier with average passengers category pattern is 3,
between 42 and 62 passengers and the maximum is usu-
ally reached, i.e., category 5, between 84 and 103 passen-
gers and the buses are super full.

For a better understanding of the different correlations,
the influences of the parameters on each other and the sig-
nificance of the diverse tests as well as the significance of
the tests were analyzed using the advanced statistical anal-
ysis tool, SPSS.

The bivariate correlations determined using SPSS
between the different parameters, which gives idea about
the influence of each parameter on the other ones, are
summarized in Table 4.

The Pearson correlation value, the r-value, indicates
the linear association between two variables. The sign of
this coefficient shows the relationship's direction, and its
strength is determined by how close it is to the one of the
two extremes (Cohen, 1988).

The number of passenger arrival and departure are highly
positively correlated with the average number of passengers
based on n =289, (r=10.931 > 5) and (= 0.942 > 5) respec-
tively, which is totally normal.

The dwell time is highly correlated with the end of
boarding/alighting time (» = 0.651 > 5) and the number of
passengers arrival (r=0.502 > 5) but moderately correlated
with the number of passengers departure (3 <r=0.431<5)
and the average dwell time (3 < r = 0.497 <5). Thus, the
dwelling is mostly because of the alighting time, which is
due to the number of passengers' arrival.

The realized analysis are based on measurement both
at the stops defining the corridor and another GPS based
measurement checking the bus's behavior. This examina-
tion presents a preliminary analysis of the bus service and
its issues. These measurements shall be used in Section 5
in order to deeply analyze the dwell time, its impact and
the prioritization method as well as the benefits it shall
bring to the transport system through a coded program
using GNU Octave.

Table 4 Bivariate Correlation (SPSS)

Average passenger Dwell time N° pass arrival N° pass departure
Pearson Correlation 1 0.497%%* 0.931%* 0.942%*
Average passenger Sig. (2-tailed) 0.000 0.000 0.000
N 289 287 289 289
Pearson Correlation 0.497%* 1 0.502%* 0.431%*
Dwell time Sig. (2-tailed) 0.000 0.000 0.000
N 287 287 287 287
Pearson Correlation 0.146* 0.320%* 0.146* 0.128*
Door closing Sig. (2-tailed) 0.013 0.000 0.013 0.030
N 289 287 289 289
Pearson Correlation 0.475%* 0.651** 0.424%* 0.464**
End of boarding/ alighting Sig. (2-tailed) 0.000 0.000 0.000 0.000
N 287 287 287 287
Pearson Correlation 0.931** 0.502%* 1 0.754**
N° passengers arrival Sig. (2-tailed) 0.000 0.000 0.000
N 289 287 289 289
Pearson Correlation 0.942%* 0.431** 0.754** 1
N° passengers departure Sig. (2-tailed) 0.000 0.000 0.000
N 289 287 289 289

**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed)



5 Dwell time optimization and bus priority allocation

In the case of Keleti Palyaudvar stops (WS and NE), there
is no special platform for the bus stops and there is a pres-
ence of traffic lights, so, one or multiple buses need to
occupy a lane and while dwelling in the stop, the traffic is
disturbed. As studied in (Gu et al., 2014), the presence of
a bus creates a bottleneck situation and in the case of Keleti
stops, they are located on the downstream of the inter-
section, which creates more issues as studied in (Transit
Cooperative Research Program, 1996).

5.1 The impact of the dwelling bus on the car delays
The assumptions in the dwell time analysis are the following:

* The analysis is made inspired by the work in
(Gu et al., 2014)

* The study is made based on measuring the impact of
the existence of bus in the bus stop in the case where
there is no special curbside.

» The above has more effect on the lane where the bus
is present.

* The used abbreviations are:

* d: distance of the bus stop to the intersection

 g: the stationary inflow capacity of freely flowing cars

* Q: the capacity of the road

* O, The bottleneck capacity

¢ C,: cycle time

* G: the fixed green time in each C;

* w: the backward wave speed of the car queue

+ g: the green ratio, as in Eq. (1):

g=G/C, 0

Co.G.Q,Qg, w. d
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* t,: the time needed for the queue to be dissipated, as
Eq. (2):

t. =((1-2)Coq)/ (Q~4)

The impact of the bus is analyzed in the time interval of:

@

* The time arrival of the bus: 7,
* The time in the stop: S

The used formulas replicate the theory of kinematic
wave theory of highway traffic presented by (Ni, 2016)
based on (Lighthill and Whitham, 1955) all different sce-
narios have been realized and for each scenarios stated by
all the cases shown in Fig. 5, the delay would be calculated.
The car delays are measured within one or two cycles.

The delay is calculated as the difference between the
curve of the cars' flow without the presence of a bus and
the one determining the affected flow of cars when a bus
is present in the bus stop, as shown with the grey part in
Fig. 6, which presents an example of the method used.

The interesting cumulative count curve, the orange
one seen in Fig. 6, denoted as Y, concerns the discharge
flows of the vehicles that are affected by the bus present
and dwelling in the stop. The discharge is affected even
after the bus starts moving as studied with the kinematic
waves of the traffic flow, the bus's presence may have lon-
ger effect beyond two cycles.

For each cycle C, the vehicles' discharge without the
presence of a bus Y, is as presented in Eq. (3):

0rifi[ 0.1, ]
qt+ (Q_ q)teifte I:te’gCOJ
qgCy +(Q —q)t.ifte[ gCy.C, |

©)

ta<t, ta> g6 |
Casel_1 Casel 4 5206
LESt.Sgh| |ta+SZ(1+g)Cs
1y > g
Case 2 2 - WY
Casel_3 [:.ns;-u.} :,.+s-:(,| [ta > gCo | [ ta<te |
Casell_4 I
%—/ Casell 3 -[; Casell_6
= L, S 1, S gl
" L t
Analysis of the delay for 2 Cy [ ta>ts I [ W Casell 5
Case 1I_1 Case |l _2 )'/

Analysis of the delay for 1 Cg

Fig. 5 Diagram of scenarios used to calculate the delay
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YY: car discharge without bus
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Fig. 6 The impact of the bus arrival and dwell time on the car delays

When the bus arrives, ¢, the cars that were queued
before the traffic lights turn to green, which is assumed to
be the 0 point here, are discharged with a lower flow rate,
0, into the intersection. If the bus manages to go through
the intersection before gC,, before the end of the green
time, it does not create a long queue. After the bus leaves,
after ¢ + S, the vehicles are dissipated and the flow of the
discharge recovers to Q.

The delay of the vehicles created due to the presence of
the bus is then calculated according to Eq. (4), where £ is
an integer:

delay:J-zCO(Y—YY)dt. @)

The delay calculated can be negative or positive, if it
is positive, it means the bus creates delay over the entire
cycle length. If it is negative, this means that the bus has
a small effect but as seen from the entire studied period,
the effect does not affect the cars as seen analyzing the
whole cycle for a small duration.

In every scenario, the following features are used:

* O = lveh/sec

* ¢ =0.4sec (under-saturated situation)

* O, =0.5veh/sec

e d=100m

* w=6.22 m/s (from the measurement)

* C,=90sec (measured from the traffic lights)

* G = 54sec (measured from the traffic lights)

All the discharge curves using the collected data and
the iterative model with Octave are summarized in Fig. 7,
where the bold blue line represents the normal car flow

with no bus, the curve Y. The cases are sorted according
to the different cases mentioned in Fig. 5.

In Case II, all scenarios, 7, + S are within the 1** C, so
the bus departs in the second green time and doesn’t create
extra queues in the 2" cycle:

Case II_1: the bus comes and leaves within the green
light, thus the time in the stop, S, is small and the bus does
not create a high delay, slightly after ¢ + S, the bus doesn't
affect the vehicles anymore and leaves the intersection.

CaseII_2: the bus comes and leaves during the green light,
the longer the bus stays in the stop, the higher the delay is.

Case II_3: the bus came before the existing queue was
fully dissipated and dwelled for a small period, then it left
when it was still green and the delay affected the whole
cycle and beyond.

Case II_4: As the bus comes and its time in the stop is
all during the red light and after the existing queue is dis-
sipated, the bus does not create the queue itself, as already
the queue is due to the red lights, thus the two curves are
similar, with and without the bus. This case does not cre-
ate delay for the vehicles

Case II_5: The buses coming after the queue is dissi-
pated but while the lights are green, therefore, the bus cre-
ates a relatively small delay for the vehicles coming from
the downstream intersection

Case II_6: The bus coming during the green time,
before the queue is dissipated and dwelling until the lights
are red, create high delays for the existing queue upstream
and vehicles coming from downstream intersection

Case I, here the bus comes and stays until the second
green time

Case I 4: the bus comes during the red time and leaves
within the 2" green time, it does not create queues itself as
the lights are already red, yet it creates some delay during
the 2" green and the faster it leaves the stop, the lower the
delay is as the bus stays less in the green time.

Case I_3: the bus comes in the red light of the 1* cycle
and stays until the second red time, which creates high
delay and traffic perturbance.

5.2 Analysis of the bus priority granting
For a dense urban area, the improvement of the bus service
should take into consideration the several variables and
might be realized in developing and optimizing the total
bus stop time models. (Arhin et al., 2016)

The optimization of the dwell time does not mean the
optimization of the bus services as many other factors
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interfere in this analysis. Thus, the overall study of the
parameters and priority allocation are realized. The fol-
lowing assumptions are used:

* After the busis ready to leave at the time 7 it can have
either an Immediate Departure (ID) or a Controlled
Departure (CD).

* The speed is assumed to be constant in each scenario
and if it is needed to be changed, this is taken into
consideration.

* The priority allocation takes into consideration the
maximum green light extension and the maximum
holding time of the bus in the bus stop for the case of
the controlled departure (CD) for the benefits of the
road users.

The operation of the system begins after the doors' clo-
sure and it is ready for the departure, 7, it is measured
from the beginning of the cycle, i.e. the beginning of green
time. The decision is made according to the interval in
which T is located. The scenarios are delimited by B, C,
D, A and B, that depend on the speed of the bus with which
it can go, the cars flow, saturation flow, the average car
length, the distance of the bus stop to the intersection and
the green and red time. Then the bus, the cars delays and
the green time extension are measured using the iterative
model realized with Octave according to the scenarios.
The scenarios and the priority allocation used are detailed
in the following diagram in Fig. 8.

With the beginning of the red time, the bus is usually
estimated to face a delay, with the CD method. The aim is
to minimize this delay with considering that holding the
bus means decreasing the waiting time for the traffic light,
and compromising it by increasing the time in the stop to
serve it for longer, this also decreases the fuel consump-
tion and the number of bus stoppings. The decisions taken
in each scenario is demonstrated in Fig. 8.

A sample of the calculated green time extension, bus
delays and car delay according to the scenarios and a com-
parison with the normal car delays without bus priority using
the code is summarized in Table 5, all the data are in seconds.

With the scenario C, the bus would proceed without
changing its speed or can be going with a higher speed as
the light is already green and the cars have been discharged.

In scenario D, without exceeding the maximum green
time, the bus cannot go through the intersection without
facing a delay.

The scenario B is divided into two scenarios, B, and B,,
here an adjustment in the speed is required. In the first
part B, the light is green so the bus faces delay as queues
are being cleared after the end of the previous red time.
In the second part, B,, the bus would face higher delays
because of the queue created due to the red time, thus the
discharge of the bus is realized after the discharge of the
vehicle queue in front of it.

With the scenario A, the bus itself is clearing the inter-
section by adjusting the speed or by the holding time.

The doors are closed and the
bus is ready to depart (T,)

Receive the request |

for depariure
Controlled A Tan=<T.<T,
departure [ ¥Yes @ s
No
Mo By: 0==T < Tz,
r e By Tya==Tc==Tump Next cycle
Speed
Y ves  adjustment
< No
Immediate
departure No
Yes C: Tap==Te* Tyg
No
Green time
es extension es @
di>

Fig. 8 The diagram of bus priority allocation



Table 5 Analysis of the cars and bus delays with the allocated priority

D _ (s) previously

T D D t Scenario car

¢ bus car ext measured
1 79.813  11.0112 0 Bl 70
40 0 11.0112 0 C 206.5
54 0 57317 9.00901 D 79.2
57 22.3 11.0112 0 A 85
80 24446 11.0112 0 B2 73.5

6 Conclusion and discussion

The impact of the dwelling bus on the traffic is the main
function of the time of the bus arrival and the dwell time
in the stop. The priority granting guarantees the minimum
delays for both buses and vehicles in the two branches and
the buses, while keeping the smooth evacuation of the cars.
In this work, each bus arrival is counted separately in cycle
time and the impact of each one is separate. Thus, in the
reality, the bus benching can affect both the vehicles and
the buses' circulation. While in this presented work only
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