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Abstract
Bus travel time analysis is significant to provide useful information to the users for proper journey planning. This
study investigated the bus travel time in Klang Valley, Malaysia, which includes the centered city Kuala Lumpur and
the state of Selangor. Two bus routes T786 and 851 which cover suburban and urban region have been studied. The
data is collected day-to-day. For each link, it is filtered according to morning peak and evening peak, and the travel
time is found dual modes, which is well accommodated by the mixture of Burr distribution. The analysis results show
that the two-component finite mixture of Burr distribution is viable solution to explain the link travel time. The aim
is two-fold. First, the bus travel time data is fitted by the mixture of Burr distribution, subsequently the computation
of reliability metrics is carried out. A skew-width method with median based buffer index is considered to measure
the reliability. The buffer index of 851 which covers urban region is found relatively high compared to T786. The
links which connected by the signalized intersections and junctions tend to show low reliability. For suburban route
of T786, the low reliability may be due to the last station. It is found that an additional of 5 minutes waiting time is
necessary.
Keywords: Burr, bus operator, mixture distribution, reliability, travel time

1.

this paper, we examine the travel time of two particular bus routes of T786 and 851 temporally and
spatially. T786 mainly covers residential and institution, while 851 passes through mostly governmental offices and commercial district. For
each day, the travel time is filtered according to
the peak hour; where the morning peak is defined
by 7am-10am and the evening peak is defined by
5pm-8pm. For both routes, the travel time pattern
of all links is analyzed and it is observed that some
links presents dual modes.
Travel time exists in continuous domain. The
spread of the data which contribute to pattern construction can be measured by distributional function. The travel time patterns habitually exhibit
heavily right-skewed. However, dual peak is either common observed in the pattern because of
the daily peak periods. It is of the interest to study
the travel time patterns by fitting to some distribution function. It is aimed that more insight is
gained upon the fitting, i.e. the skewness can be

Introduction
Bus travel time is always a major concern for road
users to plan ahead their travel journey. The travel
time estimation is usually done intuitively without
a proper study or an investigation, most of the users understand the bus arrival time based on experience. Although the travel time is easily known
with real-time operating system nowadays, however, the understanding of the travel time pattern
from the historical data is significant, as reliable
analysis can be a good indicator for road users to
gain better understanding on the traffic condition
spatially and temporally, especially for the firsttime users.
This paper focused on the study for bus travel time
in Klang Valley region, which aims to provide a
comprehensive analysis on travel time of two bus
routes covering Central Business District (CBD)
and suburban region. The data is collected day-today, from June to December in 2014 and it contains a total of ten bus routes in Klang Valley. For
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measured to determine the reliability. An implication is given based upon the analysis results of the
reliability. It is found that the reliability of the bus
route which covers urban region is relatively high
compared to the bus route which covers suburban
region. For some links, the waiting time at the particular bus stop could be up to 5 minutes. This
study considers fitting the travel time data with a
2-component finite mixture of Burr distribution
(MBD), and the favorable results have been obtained. It is believed that none of the relevant
study found in using MBD fitting. This study suggests a plausible solution in bus travel time modelling.
Fitting bus travel time data with probability function is feasible for pattern diagnosis. The variability of the travel time gives uncertainty to the road
users that they may not know the exact bus arrival
time. Therefore, one can understand the travel
time better with the distributional function. Probabilistic models provide plausible solution to
measure the reliability. This could at least give
certain confidence level to the road user to expect
the arrival time. Over the past decades, many of
the existing study focused on continuous distributions such as lognormal, gamma, Weibull, exponential and loglogistic to describe the travel time
distribution ((Polus, 1979), (Xue et al., 2011),
(Mazloumi et al., 2010), (Kieu et al., 2015))).
Some applied normal distribution based on large
sample size, which is the most common distribution has been used in the modelling, simply because of the elegant properties and readily applicable results. Such application may not be appropriate in terms of accuracy, neither suitable for the
interpretation, as the data may not be certainly
normally distributed. Burr XII distribution is an
appropriate model to explain highly right skewed
data because of its flexibility. (Susilawati et al.,
2013) studied travel time variability on urban
roads with Burr XII distribution. The approach is
nonetheless appropriate for description because
dual peaks are commonly seen in most of the
cases of daily travel time. For instance, it is expected that the peaks are usually shown in the
morning and in the evening during weekdays. For
such bimodality, mixture model often takes good
care of such phenomena and its interpretation.
Here, we aim to discuss the fitting of day-to-day
travel time data with the MBD distribution. The
analysis shows promising results to outperform all

unimodal distributions, and for some links it is
competency with Gaussian Mixture Models
(GMM).
It has been common to apply standard deviation
to measure the reliability. In transportation modelling and reliability, standard deviation is used to
measure the variation from the estimated mean
travel time. Larger standard deviation simply
means that the variation is higher, and hence the
travel time reliability is low. Such approach is
simple and direct, however it is not a good option
for the skewed data, which is very likely happened
in travel time data. The reliability metrics which
uses skew and width based on percentile is considered instead to provide better interpretation
(Van Lint et al., 2005), as the measure is based on
median which is not sensitive to outliers. The percentile with probabilistic models based is calculated to measure the reliability, and it works well
also for the data presenting skewness.
The objectives of this paper are to fit the travel
time with MBD, and the analysis of the reliability
is subsequently carried out. The secondary day-today data is provided by Rapid KL (a public transportation own by Prasarana), and the data is filtered for the peak in the morning 7am to 10am and
the peak in the evening 5pm to 8pm. The result
indicated that dual modes is presented in the travel
time for both routes. For reliability analysis, it is
expected that the route which covers urban shows
relatively low reliability. See the analysis results
in later section. The organization of the paper is as
follows. Section 2 briefs some existing study in
travel time modelling. Most of them emphasizes
the fitting of unimodal distributions and GMM,
none of them considered mixture of Burr distribution. Data resources and methodology are discussed in Section 3. Two routes are chosen here;
one covers downtown KL which passing by the
Central Business District (CBD), and another
route covers suburban regions dominant by the
residential areas and educational institutions. The
details of all links and google map are provided
along for better visualization. An explanation of
the data collection is given. Section 4 reported significant findings. It is observed that the MBD outperformed all unimodal distributions, and it is
competitive with GMM. Higher reliability is observed in the suburban bus route and implication
is provided based on the analysis. Section 5 concludes.
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2.

Deep Neural Network (DNN) is used for travel
time prediction. Noor et al. (2020) applied Support Vector Regression (SVR) to analyze the impact of explanatory variables on travel time of Urban City Bus data in Petaling Jaya, a main business district in Selangor. Result shows the weather
has the least influence for travel time. Yu et al.
(2017) applied survival models and regression
analysis to predict the travel time of campus bus
service. Such method resulted in good prediction
on the travel time associated with uncertainties.
Other relevant studies in travel time modelling involved simulation study to examine and to improve the bus service reliability, see Moosavi et al.
(2020). Liyanage et al. (2020) suggested on-demand bus service rather than scheduled bus services, and the analysis results show superior benefits of the on-demand bus service. Both piece of
works contributed significantly in sustainability
practice.
Travel time exists in an uncertainty context. It is
much appropriate to capture the travel time pattern by stochastic models. There have been many
investigations in travel time modelling and reliability with probability density function in past
three decades. The earlier research was carried out
by Taylor (1982) who discussed the section travel
times with normal distribution. Since then, the application of unimodal distributions such as normal,
log-normal, log-logistic and Weibull has been
commonly applied for travel time reliability. See
Mazloumi et al. (2010), Ma et al. (2016), Shariat
et al. (2019) and Büchel et al. (2020). Taylor and
Susilawati (2012) shows that the bus travel time
reliability is appropriately fitted by Burr distribution, and the travel time on urban roads often presenting dual modes (Susilawati et al., 2013). A recent study by Low et al. (2021) analyzed the bus
travel time in Klang Valley region with Burr distribution. The result favored to the Burr distribution makes this study possible, where we may
consider to explain the dual modes scenario of the
travel time in Klang Valley region with a mixture
of Burr distribution. The usage of applying unimodal distribution to capture travel time has been
quite established. Highly right-skewed distribution could be easily explained by the heavy rightskewed distribution such as Weibull and its limiting distribution of Burr distribution. However,
one of the important characteristics of the travel
time which often presenting dual modes is usually

Literature review
In developing country, travel time modelling is
particular of the interest in transportation study as
it plays an important role for a proper city transportation planning. Some modelling study is
found in private transportation travel time modelling in various environments such as arterial roads,
expressway and urban road network (Yu et al.,
2020; Chalumuri et al., 2014; Shi et al., 2017)
were conducted. This paper suggests a viable solution to explain the travel time modelling in public mode bus operators with mixture distribution.
For public transportation, the study of travel time
modelling especially in bus operation is necessary.
Reliable estimation on bus travel time is not only
to secure the confidence of bus passengers, it also
beneficial to the bus-service company as it serves
as an indicator for route condition. With the analysis results, the arrival time can be clearly tabulated at every bus stop station. The passengers can
roughly understand the average travel time from
station to station. Therefore, travel time efficiency
can be improved if a proper travel time estimation
and reliability analysis are carried out.
Time series methods have been widely used in estimating the travel time, as the travel time exist in
time context, one can find many studies focus on
using seasonal and trend patterns for description.
Autoregressive integrated moving average
(ARIMA) and Seasonal ARIMA are considered to
address such problems. Comi et al. (2017) and
Comi et al. (2020) applied time series approach in
analyzing the travel time in Ukraine and Rome respectively. Despite of the analysis results provide
promising prediction which could be offered to
the authority for service enhancement, the approach is however a matured approach in past few
decades, and the normality assumption is also a
hurdle in the modelling as for such assumption is
not always fulfilled by the real situation. Other approaches emerged in conjunction with time series,
such as Kalman filtering and Machine Learning
models of Artificial Neural Network (ANN). Fan
and Gurmu (2015) compared the performance
among historical average, Kalman filter and ANN.
The results show that the ANN outperformed the
counterparts. A mathematical-based model is developed by Wong (2009) to estimate regional bus
travel time with ANN. Yuan et al. (2020) designed
a mechanism of Recurrent Neural Network (RNN)
to capture the dynamic temporal behavior and a
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neglected in the literature. Although the mixture
of Gaussian models has been considered to deal
with dual modes, but for both peaks to appear normal is subsequently a further argument. This
study aims to fill up the gap of the study. A mixture of Burr distributions is introduced to handle
the dual mode in travel time, which we found it
appears in the day-to-day data, for both routes 851
and T786.
Mixture distribution is well-known to cater multimodality data in statistical study. In transportation
modelling, it emerged as an important analysis
tool for travel time modelling. Sun et al. (2018)
classified the traffic flow in real-time with Gaussian mixture models (GMM) for better traffic operation and management. (Guo et al., 2019) analyzed the travel time collected from radio frequency identification technique (RFID) in urban
road networks with GMM. Comparison has been
done with the unimodal distributions and the results show that GMM defeats the counterparts.
Similar study has been carried out by Ma et al.
(2016) but focus on modelling the travel time variability for bus operations. Yang and Wu (2016)
considered mixture models for fitting freeway
travel time data. Three mixture models which
have been discussed in the paper, i.e. mixture
Gaussian, mixture gamma and mixture lognormal.
The results show all mixture models are competence. Similar study has been found by Guessous
et al. (2014). The mixture of two gamma and two
normal distributions were considered to estimate
the travel time distribution under different traffic
conditions. To the best of our knowledge, the application of mixture distributions in transportation
field is limited, especially in bus operating system.
We aim to propose a mixture model, with 2-component of finite mixture of Burr distribution to fit
the travel time data. The period of the data is 6
months long, and it is collected via Global Positioning System (GPS) within Klang Valley region.
The analysis results show that mixture of Burr distribution is competent to the existing GMM, and
it could be considered as a viable solution in further analysis.
3. Data resources and methodology
3.1 Data resources
The travel time data within Klang Valley is investigated in this study. Klang Valley is located in the
centre of Malaysia. It comprises a Federal Territory of Kuala Lumpur and six districts in Selangor,

i.e. Petaling, Klang, Gombak, Hulu Langat, Sepang and Kuala Langat. The secondary data is
provided by Rapid KL, a public transportation
system built by Prasarana Malaysia. We focus on
the Rapid KL bus data. Two bus routes are considered in this paper, namely 851 (old route number B115) and T786 (old route number T786). Bus
route 851 focuses on the service in Central Business District (CBD), while T786 covers the suburban area. RapidKL buses services covers 6 key
areas of the Klang Valley. Route 851 is part of
Damansara area coverage while T786 is operated
under Lebuhraya Persekutuan area. For both bus
routes, the AVL system provides the details such
as bus stop ID, street name, route ID, stop ID, stop
name and the distance between the bus stops.
Some information such as stop ID, stop name and
distance are given in Table 1.
Figure 1 shows the Google map of the bus routes.
The total length for bus route 851 is 18.263km and
for T786 is 10.277km. Both routes are considered
intermediate and short length respectively, and
they covered different area in Klang Valley. For
bus route 851, it focuses on the service in Central
Business District (CBD), while T786 covers the
suburban area. RapidKL buses services covers 6
key areas of the Klang Valley. Route 851 is part of
Damansara area coverage while T786 is operated
under Lebuhraya Persekutuan area. The characteristics of the bus routes are given in Table 2.
Both routes cover different area of Klang Valley.
For 851, the route focus on Kuala Lumpur (KL)
downtown area, which includes the central business district (CBD), such as Masjid Jamek and
Pudu. In contrast, T786 operates in Petaling Jaya
region, one of the main districts in Selangor. Comparable to 851, it covers suburban, which is dominated by the residential area and the institutions.
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Table 1. Route and Stop ID.

6-month data set, from June to December 2014
and it was day-to-day collected by Global Positioning System (GPS) from 6:00AM to 12:00AM.
For this study, the daily data is filtered for the peak
in the morning (from 7:00AM to 10:00AM) and
in the evening (from 5:00PM to 8:00PM). For
both routes, we study the travel time in the temporal and spatial scale. The travel time for each
link is in aggregated attributes for every 10
minutes. As an exemplification for aggregated
time, the travel time captured by the GPS for busses travelling along the respected link from
7.00am to 7.10am will be accumulated. It is a subsequent accumulation for a duration of 10 minutes.
This study combines the aggregated time for both
the morning and evening peak hour periods for
each link. For instance, given bus route 851, a link
simply means that from the Stop ID 1004342 to
the Stop ID 1002080, and the link length is
0.596km. We will investigate the travel time for
every link of both routes and identify the links that
show bimodality during this period. It is observed
that dual modes appear in the travel time is observed.

Table 2. Characteristics of the bus routes.

The data is secondary, and it is filtered in the consideration of temporal and spatial aspects. It is a
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(a)

(b)
Fig. 1. Google map of bus routes (a) 851 and (b)
T786.

3.2 Methodology
3.2.1 Mixture of Burr distribution
Mixture distribution has an established history in
statistical field. It is also known as compound distribution. It has been defined to cater multimodality data. This study considers a mixture of Burr
distribution to explain the travel time data. The
proposal of using mixture of Burr distribution to
fit the travel time data is the core contribution in
this paper. See recent study for mixture of Burr
distribution by (Aslam et al., 2018). To the best of
our knowledge, fitting the travel time with mixture of Burr distribution is novel in transportation
modelling. We aim to fit the dual peaks travel time
with the mixture of Burr distribution.
PA m-finite mixture of a distribution is defined by
the density with is the parameter
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The mixture of Burr distribution is carried out via
Jupyter Notebook that supports Python programming language. A few modules like lmfit and
numpy packages were used. It is a semi supervised learning approach. Maximum likelihood estimation is used to estimate the parameters. The
Burr mixture model is then compared to other distributions such as GMM, including some unimodal distributions, which will be elaborated in
next subsection. It is observed that the mixture of
Burr caters well for the travel time of some links.
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3.2.2 Evaluation approach
(A)
Distribution fitting
Most of the existing reviews emphasizes the fitting of unimodal distributions. This is because the
travel time usually performs highly skewed distribution. However, dual mode is possible presented
in travel time, especially when the daily peakhour framework is considered, as shown by Figure 2. For comparison purpose, we fitted the data
with lognormal, Weibull, gamma, normal and
GMM. Table 3 tabulates the probability distribution functions and the parameters for readers’ reference.
Table 3. Probability density function and the parameters.

RST
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This study considers a 2-component mixture of
Burr distribution, where m = 2. The pdf is given
as follows.
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Where < 0, and VT , V] , JT , J] are all positive.
The corresponding cumulative distribution function is given by
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kl\mn
(1)

ks#t
4.

(B) Performance Evaluation
Model selection is always significant to evaluate
the performance. Akaike Information Criteria
(AIC) is applied here to justify the model viability.
The formula of AIC is 2ν - 2 ln L where ν is the
number of parameters of the distribution and ln L
is the estimated log-likelihood function.
3.3 Reliability
Standard deviation is usually carried out in transportation engineering field to measure the reliability. However, it is suitable for the data which is
normally presentable. It is suggested to use other
measurements such as range and interquartile for
the data presents skewness. This paper applied
skew-width methods by Van Lint et al. (2005) to
measure the reliability. For such metrics it is considering to interpret the skewness by cumulative
distribution function. The median-based Buffer
Index (BI) represents an additional buffer time required in addition to the median of the travel time.
For instance, considering a 95% confidence interval, with a median of 300 seconds and BI value of
0.6, an additional of 180 seconds are needed for
travelers to arrive on-time. The BI is defined as:
(ij a (j)
gh$
(j)
The skewness of the travel time is a ratio. The numerator subtracts the median from the 90th percentile, and the denominator subtract 10th percentile from the median. This ratio covers the range
of 40% observations above the median, and thus
it captures the tail and the skewness of the data
Taylor et al. (2012). Similarly, the width of the
travel time is also defined as the ratio, where the
numerator takes the subtraction of the 10th percentile from the 90th percentile, and the denominator simple be the 50th percentile of the travel
time. The equation of the skewness and the width
travel time metrics are provided as follows.
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Results and discussion
4.1 Distributional fitting
The link travel time is fitted by the (1) mixture of
Burr distributions. Some existing distributions
have been fitted with the data for comparison purpose. The distributions considered here are the
well-know (2) Gaussian Mixture Model (GMM),
the unimodal (3) Burr, (4) lognormal, (5) Weibull,
(6) gamma and (7) normal distributions. We run
the fittings for all links of both routes, but some
results have been presented here due to the sake
of brevity.
We reported the findings from the data fitting.
First, it is found that the pattern of all links is outperformed by the mixture models, compared to
the unimodal distributions. In addition to that, it is
further justified by AIC that the mixture of Burr
distribution obtained slightly lower than the
GMM for certain links. The analysis shows that
the hypothesis of performing mixture of Burr distributions in explaining the link travel time is
plausible, as the lower AIC indicates a better fit
for the model. We first discuss the route 851. The
results show that for some links where the mixture
of Burr distribution performed slightly better than
GMM. For instances, the link 1000488 and
1001071 gives lower AIC values, which the AIC
indicator suggests that the mixture of Burr is more
presentable. The bimodality of the links presented
is predicted due to the route characteristics which
operates around several tourist attractions spots
such as Merdeka Square, Tugu Negara and the
Sultan Abdul Samad Building. These national
monumental are located along the busy street of
this bus link. For some links, the mixture of Burr
distribution is observed to be competent with the
GMM. For instance, for the link 1004342, the AIC
values of MBD and GMM are 32.11 and 31.20 respectively. This is the starting point of the bus
route situated at a busy area with LRT facilities
and surrounded by the 4 signalized intersection
street. The bus operating along this 0.6 kilometre
link travels approaching Bus id 1002080. As for
link 1002080, it has exhibited an evidence of bimodality because of its shorter length and the in-
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fluence that the bus stop is located within a commercial area such as the mini market Mydin. Susilawati (2013) and Ma et al. (2016) states that bimodality usually present in shorter links of the
routes. Result has proven that the travel time are
not fitted by unimodal Burr distribution with finite parameters, and this concluded that the mixture models has captured a better result. It is enlightened to observe that for both links 1001183
and 1000597, GMM fails to carry out the distributional fitting due to the parameter constraint.
Link 1000597 is the longest link in route T786,
measuring 4.4 kilometres. This part of the route
lies at the Board of Examination, Ministry of education and is interconnected with busy roads in
Hartamas. Together with that is a mosque and an
institute situated nearby. Burr Mixture model
ranks as the best model to fit the data of link
1000597. Furthermore, it has also the advantage
to cater the travel time for both short and long
links. Results has also shown that Burr Mixture
model fits nicely to the travel time data for Route
T786.
Route T786 is a shorter route compared to 851
which consists of links passing through educational institutes and residential areas, which the
coverage is in suburban region. From the analysis
it provides strong justification that the mixture of
Burr distribution is a plausible model in the travel
time analysis. MBD performs well to explain the
pattern of both routes spatially (urban and suburban) and temporally (peak hours). See Table 4 for
the performance evaluation and parameter estimation of the distributions. Also, the travel time of
three links, i.e. 1002080, 1002142 and 1001509
has been presented together with MBD. Figure 2
shows that the MBD fits nicely to the travel time
data. Our analysis provides strong justification
that the mixture of Burr distribution is a plausible
model in the travel time analysis.

(b)

(c)
Fig. 2. MBD fittings for links (a) 1002080, (b)
1002142, and (c) 1001509.
Table 4. Performance evaluation and parameter
estimation.

(a)
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It is reported that the link 1001509 of route T786
and the link 1001071 of route 851 have poor reliability. The buffer time is 4.74 and 3.45 respectively, indicating that more additional travel time
is required relatively to median. For instance, the
travel time median for link 1001509 is about 1.23
minutes. The buffer time of 4.74 simply means
that 4.74 times more than 1.23 minutes, which
equivalently an additional of 5.83 minutes is
needed for a traveler to travel the link. The analysis can be served as an indicator, which is very
useful to the users to understand better the travel
time and its reliability for each route link. It is believed that one of the contributing factors for link
1001509 could be the interconnectivity of this
link to busy roads in Hartamas. Besides that, link
1001509 is the last station of route 851. The result
could be caused by the congestions at the station.
As for link 1001071, it is observed that the 1.205
km section is in between a stretch of two junctions.
The bottleneck junction along this link which connects a street from where Asia School of Business-Residence could affect the flow of the traffic.
Besides that, with the governmental offices (Public Works, Bahagian Perundingan Pengurusan
Aset, JKR Malaysia) around might give rise to the
low travel time reliability during peak hours. On
the contrary, link 1002080 from route 851 and link
1002142 from route T786 had revealed the best
travel time reliability among the links. This is in
consideration of the fact that link 1002080 operates along a short stretch of a main road, travelling
on a straight 0.3 km road with only 1 signalized
intersection. To add on, there was no any disruptions flow caused by junctions or bottlenecks. The
same condition had been observed for link
1002142. The link travels along a 0.1 km road
with no signalized intersection in between. It is
evident that these could be the factors that contribute to the high travel time reliability for these
two links.
The reliability analysis has been analyzed for all
links for both routes. Table 5 tabulates parts of results due to sake of brevity. The finding implies
that for the links which connected by signalized
intersections and junctions may get lower reliability. Therefore, it is reasonable to give tolerance of
the travel time according to the buffer index for
each respective links, i.e. an additional of 2
minutes bus arrival time is expected at the link
1004342.

4.2 Interpretation and reliability metrics
Equation (1) and (2) are calculated based on percentile values for the travel time distribution.
Equation (1) with more than one indicates that users has greater delay with respect to the travel time
median. In general, as Equation (1) increases, it is
more likely for a user to experience high travel
time compared to the median. Equation (2) indicates the spread of travel time distribution. The
larger the value, the higher the difference between
two extreme values compared to the median.
Large values of both parameters give an indication of low reliability, which means the uncertainty of the travel time is increased.
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possible in the last station. The findings of this
paper serve an important information for the users and the bus service company. Also, the information is a factor in order to carry out a relevant
study of benefit-cost analysis in the near future.

Table 5. Performance evaluation and parameter
estimation.

6.

5.

Concluding remark
Since the quick and massive developments over
the past few decades, road congestion has been a
major issue in Klang Valley, especially the areas
that located in the center, such as KL downtown
and its connectivity of Petaling Jaya. The issue
remains unsolved and the road traffic condition
is getting deteriorated with improper traffic design as time goes by. Delay in bus travel time
may cause inconvenience to the passengers, for
the bus service company, losses is expected if
passenger reduction happened due to the uncertainty of the travel time. Proper time management can be well done with a feasible solution
on a reliable travel time estimation. This paper
provided an insight for the travel time pattern of
bus routes T786 and 851, which covers suburban
and urban region respectively. The investigation
started with the diagnostic of the travel time pattern, by using a mixture of Burr distribution. The
mixture of Burr captured the travel time in temporal-spatial aspects. The MBD well performs to
estimate the dual modes travel time for the links
of both routes, with different route characteristics
is taken into the consideration. Results showed
that the travel time of some links is well fitted by
the distribution, and it is competitive with the existing GMM. Certainly, the unimodal distributions (Burr, Lognormal, Weibull, Gamma and
Normal) provide poor fitting when the data presents dual mode. Subsequently, we study the
travel time variability with skew-width approach.
Results indicated that low reliability is observed
in the urban route. This may be affected by the
attraction spots, the number of intersections and
the length of the links. For bus route in suburban
region, it is expected that a delay of 5 minutes is

7.
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