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Abstract—-. The objetive of this paper is modeling of the BFU
incidence of the Panama metro line 1. This paper performed a
group of statistical analysis like: Analysis of measures of central
tendency, estimation of the characteristic equation of the data and
its determination coefficient and the non-parametric Kolmogorov-
Sminov test with three contrasts (normal, exponential and Weibull).
This research article presents the results of the modeling of the
incidence type BFU of Panama metro line 1. These results show
that the incidence BFU have a exponential statistical behaviour
and it has been decreasing in the 2017-2021. The results of
Kolmogorov-Sminov non-parametric test show that the distribution
that best fits the data of the incidences of BFU type is the
exponential distribution.

Keywords—Panama metro, incidents, braking button of
emergency(BFU).

Resumen-. El objetivo de este trabajo es modelar la incidencia del
boton de frenado de emergencia de los trenes de la linea 1 del metro
de Panama. Este trabajo realiz6 un conjunto de analisis estadisticos
como: Andlisis de medidas de tendencia central, estimacion de la
ecuacion caracteristica de los datos y su coeficiente de
determinacion y la prueba no paramétrica de con tres estadisticos
de contrastes (normal, exponencial y Weibull). Este articulo de
investigacion presenta los resultados del modelado de la incidencia
tipo BFU de la linea 1 del metro de Panama. Estos resultados
muestran que la incidencia BFU tiene un comportamiento
estadistico exponencial y ha ido disminuyendo en el periodo 2017-
2021. Los resultados de la prueba no paramétrica de Kolmogorov-
Sminov muestran que la distribucién que mejor se ajusta a los
datos de las incidencias de tipo BFU es la distribucion exponencial.

Palabras clave—Metro de Panama, incidentes, boton de frenado de
emergencia (BFU).
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1. INTRODUCTION

The study of the perturbations for metro line systems are
important because they cause that even small perturbations
propagate very quickly through the railway network, causing
more delayed trains[1]-{4][5], [6][7] and it cause low quality
of service for passengers waiting on railway platforms.
According to Martinez et al., [8] abnormally long dwelling
times occur on subway lines due, in some cases, to
breakdowns. These dwelling times at stations should be
identified and filtered as they do not represent a normal stop at
a station for the exchange of passengers. These dwelling times
at stations longer than normal will be called incidents. There
are numerous studies in the research literature related to these

abnormally long times, which are called incidents
[O1[10][11][12][13][ 14], disturbances, safety
indicators[15][16][17], failures [18], anomalies[ 19],

disruptions [20][21][22] and accidents [23]. The scope of this
paper corresponds to the study of the Bfu indicence of the
Panama Metro line 1 during the period 2017-2021.

II. DESCRIPTION OF PANAMA METRO LINE 1

Currently, the Panama Metro Network has 2 railway
lines. Both railway lines 1 and 2 of the Panama Metro have a
double track with a gauge of 1,435 mm [24] and right-hand
traffic [25]. The track is configured as a railway line fixed
directly on the viaduct. UIC54 type rails (54 Kg / m) will be
used on the main road and in the Yards and Workshops [24],
[25][26]. The Panama Metro line 1 (PML1) is a metropolitan
subway with subterranean and elevated track sections [1]
operated with a catenary-guided transport system. It began its
operations on April 6, 2014 [27][28]. Currently, the line has a
length of 16 km, connecting the northern area of Panama City
at the San Isidro station with the southern section of the City,
to the Albrook station (Fig. 1).
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This final station connects with the National Bus
Terminal of Albrook that serves the overall country and the
city. This station is, in addition, quite close to the local airport,
Marcos A. Gelabert. At present, the headway is 3:20 minutes
between 6:00 am — 8:00 am (i. e.18 train/ hour), and it is 4:30
minutes (i.e. 14 trains/hour) in off-peak hours [29].

The headway is the time distance between two
successive trains on the railway track[37]. The PLM 1
dwelling time corresponds to a range between 20 to 30
seconds[38] [39]. The operating speed at the PMLI is 32 km /
h [39]. The maximum speed of the metro rolling stock is 80
km / h [40]. At the southern bound, in the Albrook zone, the
Panama Metro line 1 has a facility for storage and
maintenance of the metro rolling stock with a surface of 10
hectares. Also, the Operations Control Center (OCC) is
located at this facility. The metro rolling stock fleet includes
trains with 3 and 5 electric coaches with multiple units, with a
maximum capacity of 800 and 1000 passengers/train
respectively [41].
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Fig. 1 Scheme of Panama Metro Line 1 (Phase 1 and Phase 2)
Source: Berbey-Alvarez[30]-[36].

III. DESCRIPTION OF INCIDENTS OF THE PANAMA METRO LINE 1

For the Panama Metro, Incidents refer to
indisposed users within the facilities (facilities), wagons and
stations of the Panama Metro Network. It includes data on
Activation of the BFU or Emergency Braking Button,
Entrapments in Elevators and Stoppage Times of the Trains of
Line 1 and Line 2 of the Panama Metro [42]-[46]. Of these
four types of incidents, the activation of the BFU is linked to
the stop times at the metro stations.

As can be seen in Table 1, the BFU incidence has been
decreasing in the 2017-2021 period. In 2017, a total of 64
BFU incidences were recorded, which represents 30.62%
(64/209) in a period of approximately 5 years. For the year
2021, from January to September, a total of 12 BFU-type
incidents were recorded, which corresponds to 5.74%
(12/209). The month with the highest number of BFU type
incidences corresponds to the month of December with a total
of 12.9% (27/209) in a period of 5 years, followed by the
month of March with 11.48% (24/209). The month with the
number of BFU incidents corresponds to the month of July

with 4.78% (10/209).
Table 1. BFU Emergency Braking Button activations. Period 2017-2021.
Panama metro line 1.

Y/M: year/month T: Total Me: Mean

ym| E| F | M| aAa|mla|lslals]o|/n|D|T]| P
2007 | 7 | 5 | 5 | 5 |6|5]|6|alalalalo]es]| 5
208 3 | 1 | 4 | 7 [3|2]2]2[6|9|4|8]51] 4
om0 | 4| 4|8 [ 372543337 s3] 4
2020 6 | 5 | 4 | 0 [4]lo 2 11 |3]0[3]29] 2
201 0 | 0 | 3 | o0 |21 4|11 x|x|x|12] 1
2|1ttt |1]1]2
T |20 ] 15 |24 | 15]2]0]|9]|2]|5]9]1]7]209
Me | 4 | 3 | 5 | 3 |4]|2]4l2]3]|5]3]7

Source: Berbey-Alvarez.
1. METHODOLOGY

This paper developed a set of statistical analysis like: Analysis
of measures of central tendency, estimation of the
characteristic equation of the data and its determination
coefficient and the non-parametric Kolmogorov-Sminov test
with three contrasts (normal, exponential and Weibull).

The conducted research methodology is described as follows:

1. Research and statistical data collection regarding
official data about the incidences in Line 1 of the
Panama Metro. To do this, the research team studied
the official data available in the Open Data Portal of
Panama [42]-[46] (See table 1). In this paper, we
select the BFU incidence over other incidences
because it could has certain impact about the nominal
trains services.

2. Analysis of the behaviour of BFU's incidences during
an approximate period of 5 years (2017-2021).
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3. The research team did perform a central tendency
analysis of the BFU’s incidence data.

4. The research team estimated what is the tendency line
that best fits the absolute frequency versus intervals
of BFU's incidences.

5. Finally, the authors did perfum a Kolmogoroff-
Smirnov test to determine the probability distribution
that provides the best fit of BFU’s incidences for
levels of confidence of 90%, 95% and 99%,
respectively. This is done for normal, exponential
and Weibull distributions.

IV. RESULTS AND DISCUSSION
A. Analysis of central tendency measures

Table 2 shows central tendency measurements based on the
analysis of 64 observations of BFU incidences occurred
during an approximate period of 5 years. The results indicate a
mean value of 3.67 BFU type incidences per month and a
standard deviation of 2.38.

The asymmetry coefficient is 0.33, this is a positive or right
asymmetry, indicating the existence of a cluster of values
located below the mean. This means there is a higher
concentration of values on the left side of the mean, with
fewer values scattered on the right side.

Moreover, the coefficient of Kurtosis determines the degree of
concentration of all data points in the central region of the
distribution. Through the coefficient of Kurtosis, it is possible
to identify the existence of a high concentration of values
(Leptokurtic distribution), moderate concentration
(Mesokurtic distribution) or low concentration (Platykurtic
distribution). The coefficient of Kurtosis of the BFU's
incidence data is -0.44, indicating a Platykurtic distribution. It
means there is a low concentration of values around the mean
of 3.67. Regarding the coefficient of variation of the BFU’s
incidence data, this turned out to be 65% (64.75%), indicating
a high value (See table 2).

TABLE 2. Results of the analysis of central tendency measurements

Statistics Value
Mean 3.67
Variance 5.65
Standard deviation 2.38
Asymmetry coefficient 0.33
Kurtosis -0.44
Coefficient of variation (%) 64.75
Maximum 9
Minimum 0
Range 9

Source: Berbey-Alvarez & Arauz

B. Frequency analysis of BFU’s incidence data

Table 3 presents the analysis of frequency of occurrence of
BFU’s incidences per month for the period 2017-2021 for
Line 1 of the Metro of Panama. As shown, the intervals with
the highest number of incidences are the ones from 2 to 3 and
from 4 to 5 incidences per month, both intervals represent
23.44% (15/64) each. These two intervals are the highest of
all, while the interval from 8 to 9 BFU's incidences per month
accounts for 6.25% (4/64), representing the lowest percentage.

TABLE 3. Frequency Analysis

I: interval, Af: absolute frequency, Rf: relative frequency, Rf %:
percentage relative frequency, facu: cumulative frequency, freacu%:
percentage cumulative relative frequency
Interval | Af Rf Rf% Facu Freacu%
FromOtol | 12 0.1875 18.75 12 18.75
From2to3 | 15 0.234375 23.44 27 42.19
From4to5 | 15 0.234375 23.44 42 65.63
From5to 6 | 10 0.15625 15.63 52 81.25
From6to7 | 8 0.125 12.50 60 93.75
From8to9 | 4 0.0625 6.25 64 100.00
64 1 100

Source: Berbey-Alvarez & Arauz

C. Line of tendency.

As shown in Table 4, the best fitting line of tendency
corresponds to the exponential characteristic equation This is
confirmed by R?. The coefficient of determination defines the
percentage of the total variance accounted for by the model.
The coefficient of regression, also named R-Square,
determines the goodness of fit of the model. It takes on values
from zero to one. As it approaches one, it indicates better
model fitness. On the other hand, as the coefficient of
determination approaches zero, the fitness of the model
weakens, implying less robust models (see table 4).

TABLE 4. Coefficient de determination

Tendency Characteristic equation R?

Exponential y = el48x 0.8504
Lineal y=-1.8857x + 17.267 0.6813
Logarithmic y =-4.28In(x) + 15.36 0.4404
Potential y = 17.025x0"7 0.3167

Source: Berbey-Alvarez & Araiz

As shown in figure 2, the characteristic equation corresponds
to exponential characteristic equation.
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FIGURE 2. Quantity of BFU's incidences vs. interval

D. Kolmogorov- Smirnov Test

Kolmogorov- Smirnov (KSt) test is a nonparametric test that
determines the goodness of fit of two probability distributions
altogether. KSt is the maximum permisible error, if this error
is not greater than the value for the null hypothesis, it is
accepted. Otherwise, the null hypothesis should be rejected.
The null and alternative hypothesis are:

Ho: analyzed data follows the X distribution
Ha: analyzed data does not follow the X distribution

As shown on Table 5, the maximum permissible error of the
BFU’s incidence data is 0.1294 (see Table 5). The decision
rule is that if the experimental test statistic (calculated value)
is less or equal to the critical statistic (theoretical), the null
hypothesis should be accepted, otherwise the null hypothesis
should be rejected, conducting to the acceptance of the
alternative hypothesis.

For the first case that shows the results of the Kolmogorov-
Smirnov test (KSt), contrasting for the normal distribution, the
null hypothesis is rejected at the confidence levels of 90% and
95%, in both cases the experimental test statistic is 0.1294.
This test statistic value is neither less nor equal to the critical
value obtained through the KSt, which is 0.1070 at the 90%
confidence level, and 0.1170 at the 95% confidence level.
However, the null hypothesis is accepted at the 99%
confidence level, given that the experimental test statistic of
0.1294 is lower than the critical value of 0.1353.

For case 2, the results of the Kolmogorov-Smirnov test (KSt)
contrasting for the exponential distribution indicate the
rejection of the null hypothesis at the significance level of
90%. This is because the experimental test statistic of 0.1294
is neither less nor equal to the critical value of 0.1288.
However, the null hypothesis is accepted at the significance

levels of 95% and 99% given that the experimental test
statistic with the value of 0.1294 is lower than the critical
values of 0.1424 and 0.1702, respectively (See Table 5).

TABLE 5. Kolmogorov-Smirnov Test Results

KsC (experimental error) 0.1294

Significance level 0.1000 | 0.0500 | 0.0100
co( Dist Normal)[47] 0.8190 | 0.8950 | 1.0350
k(n) 7.6524 | 7.6524| 7.6524
Confidence level 0.9000 | 0.9500 | 0.9900
KSt 0.1070 | 0.1170 | 0.1353
p-value >0.1

Case 1: Results

Dist.normal rejection rejection | accepted
KsC (experimental error) 0.1294

ca( Dist exponencial) [47] 0.9900 | 1.0940 | 1.3080
k(n) 7.6844 | 7.6844 | 7.6844
Confidence level 0.9000 | 0.9500 | 0.9900
KSt 0.1288 | 0.1424 | 0.1702
p-value >0.1

Case 2: Results accepted | accepted
Dist.exponencial rejection

KsC (experimental error) 0.1294

Significance level 0.1000 | 0.0500 | 0.0100
co( Dist Weibull) [47] 0.8030 | 0.8740 | 1.0070
k(n) 7.5498 | 7.5498 | 7.5498
Confidence level 0.9000 | 0.9500 | 0.9900
KSt 0.1064 | 0.1158 | 0.1334
p-value >0.1

Case 3: Results rejection rejection
Dist.Weibull accepted

Source: Berbey-Alvarez & Arauz

Case 3 presents the results of the Kolmogorov-Smirnov test
contrasting for the Weibull distribution. In this case, the null
hypothesis is rejected at the significance levels of 90% and
95% because the experimental test statistic of 0.1294 is neither
less nor equal to the critical values of 0.1064 at the 90% and
0.1158 at the 95%, respectively. However, the null hypothesis
is accepted at the 99% significance level because the
experimental test statistic of 0.1294 es lower than the critical
value of 0.1334.

As shown on Table 5, the exponential distribution is the one
that best fits the model that analyzes the BFU incidences, at
the 95% and 99% confidence levels.

CONCLUSIONS

It is important the study of the perturbations for metro line
systems because it affects the quality of service for users
waiting on railway platforms. They cause that even small
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deviations or perturbations propagate quickly through the
railway network, causing more delayed trains and it causes
low quality of service for passengers waiting on railway
platforms. In this paper, we select the BFU incidence over
other incidences because it could be a impact about the
nominal trains services.

In general, the BFU incidence has been decreasing in the
2017-2021 period by the Panama metro linel. The trend line
that best fits the BFU absolute frequency vs. interval graph
corresponds to a characteristic equation of exponential
distribution. According to the results of Kolmogorov-Sminov
non-parametric test, the distribution that best fits the data of
the incidences of BFU type corresponds to an exponential
distribution for the 95% and 99% confidence levels,
respectively.  Preliminary, the implications of this study
corresponds to its potential impact of the delays times on the
nominal trains services.

ACKNOWLEDGMENTS

The authors greatly appreciate Metro of Panama for
sharing statistical data of its operations in the Open Data
Portal of Panama. Additionally, our thanks to “Universidad
Tecnologica de Panamd”, specifically “Centro de
Investigacién e Innovacién Eléctrica, Mecanica y de la
Industria (CINEMI) ” and the School of Industrial Engineering
for their support throughout this research.

REFERENCIAS

[1] A. Berbey-Alvarez, V. Sanchez, R. Caballero, and F. Calvo,
“Passenger’s flow for a train’s coach and dwelling time using fuzzy
logic,” in 2014 International Work Conference on Bio-Inspired
Intelligence: Intelligent Systems for Biodiversity Conservation,
IWOBI 2014 - Proceedings, 2014, no. July, pp. 30-36, doi:
10.1109/iwobi.2014.6913934.

[2] (Universidad TEcnologica de Panamd) Berbey, A. et al, “Un
algoritmo de replanificacion en tiempo real basado en un indice de
estabilidad de Lyapunov para lineas de metro,” Rev. Iberoam.
Automatica e Informética Ind., vol. 11, pp. 167-178, 2014.

[3] A. Berbey, R. Caballero, F. Merchan, and F. Calvo, “A Fuzzy
Logic-Based Approach for Estimation of Dwelling Times of
Panama Metro Stations.,” Entropy 2015, 17, 2688-2705;
doi10.3390/e17052688. Entropy. ISSN 1099-
4300www.mdpi.com/journal/entropy.2015., 2015, doi:
10.3390/e17052688.

[4] A. Berbey Alvarez, R. Caballero George, J. D. S. De Bobi, and R.

G. Lopez, “A fuzzy logic inference approach for the estimation of
the passengers flow demand,” ICFC 2010 ICNC 2010 - Proc. Int.
Conf. Fuzzy Comput. Int. Conf. Neural Comput., pp. 125-129, 2010.

[5] A. Berbey, R. Galan, P. San Segundo, and J. D. Sanz-Bobi,
“‘Lyapunov based stability analysis for metro lines,”” 2008.

[6] A. Berbey-Alvarez and R. Caballero-George, “Proyecto I+D
‘Metodologias e indices de desempefio para sistemas de transporte
ferroviario’, Informe técnico financiero de la tercera etapa del
proyecto de [+D ,” Panama, Republica de Panama, 2011.

[71 F. Schanzenbécher, N. Farhi, Z. Christoforou, F. Leurent, and G.

(8]

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Gabriel, “Demand-dependent supply control on a linear metro line
of the RATP network,” Transp. Res. Procedia, vol. 41, pp. 491—
493, 2019, doi: 10.1016/j.trpro.2019.09.081.

1. Martinez, B. Vitoriano, A. Fernandez, and A. P. Cucula,
“Stadistical dwell time model for metro lines,” in Urban Transport
XIlI: Urban Transport and the Environment in the 21 st Century,
2007, pp. 223-232, doi: 10.1142/7114.

F. Sahba and R. Sahba, “Prevention of metro rail accidents and
incidents in station using RFID technology,” in 12th Internations
Symposium on Intelligent Automation and Contorl, world Autmation
Congresso, 2018, p. 4, doi: 10.4236/jssm.2010.

J. Allen, J. C. Muioz, and J. de Dios Orttizar, “On the effect of
operational ~ service attributes on  transit  satisfaction,”
Transportation, vol. 47, no. 5. pp. 2307-2336, 2020, doi:
10.1007/s11116-019-10016-8.

E. Tonnelier, N. Baskiotis, V. Guigue, and P. Gallinari, “Anomaly
detection in smart card logs and distant evaluation with Twitter: a
robust framework.” Paris, France, p. 18, 2018.

D. Graham, N. Harris, P. Melo, and R. Anderson, “Determinants of
Delay Incident Occurrence in urban metros,” Transp. Res. Rec. J.
Transp. Res. board, p. 10, 2010.

R. Madigan, “Application of human factors analysis and
classifications systems (HFACS) to UK rail safety of the line
incidents,” Accid. Anal. Prev., vol. 97, pp. 122-131, 2016.

M. Frumin and J. Zhao, “Analyzing Passenger Incidence Behavior
in heterogeneous transit services using smartcard data and schedule-
based assignment,” Transp. Res. Rec. J. Transp. Res. board, p. 24,
2012.

A. Renard and J. Charles, “Underground Railways in France:
Follow-up of Safety Indicators,” Transp. Res. Procedia, vol. 14, pp.
3342-3349, 2016, doi: 10.1016/j.trpro.2016.05.284.

M. Lyriakidis, R. Hirsch, and A. Majumdar, “Metro railway safety-
Ananalysis of accident precursors,” Saf. Sci., vol. 50, pp. 1535—
1548, 2012.

H. Zhen, F. Helin, W. Hui, and Z. Jiabing, “accident analysis and
smart management model to metro safety,” Electron. J. Geotech.
Eng., vol. 22, pp. 79-96, 2018.

J. Lu, X. Ma, and Y. Xing, “Risk factors affecting the severity of
disruptions in metro operation in shanghai, 2013-2016,” Journal of
Transportation Safety and Security, vol. 13, no. 1. pp. 69-92, 2021,
doi: 10.1080/19439962.2019.1605640.

R. Singh, D. Graham, and R. Anderson, “Characterising journey
time performance on urban metro systemas under varying operation
conditions.” London, UK, p. 22, 2019.

Z. Christoforou, E. Corbill¢, N. Farhi, and F. Leurent, “Managing
planned disruptions of mass transit systems,” Transportation
Research Record, vol. 2541. pp. 46-55, 2016, doi: 10.3141/2541-
06.

H. Sun, J. Wu, L. Wu, X. Yan, and Z. Gao, “Estimating the
influence of common disruptions on urban rail transit networks,”
Transp. Res. Part A, vol. 94, pp. 62-75, 2016.

C. Liang, M. Ghazel, O. Cazier, L. Bouillaut, and E. M. El-Koursi,
“Bayesian Network Modeling Applied on Railway Level Crossing

20™ LACCEI International Multi-Conference for Engineering, Education, and Technology: “Education, Research and Leadership in Post-pandemic
Engineering: Resilient, Inclusive and Sustainable Actions”, Hybrid Event, Boca Raton, Florida- USA, July 18 - 22, 2022. 5



[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1]

(2]

[33]

[34]

[33]

Safety,” Lecture Notes in Computer Science (including subseries
Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics), vol. 10598 LNCS. pp. 116-130, 2017, doi:
10.1007/978-3-319-68499-4 8.

H. Yu, Y. Wang, P. Qiu, and J. Chen, “Analysis of natural and man-
made accidents happened in subway stations and trains:based on
stadistics of accident cases,” in ICFMCE, 2018, p. 10.

Secretaria del Metro de Panama, “Ingenieria conceptual Linea 2.
Especificaciones funcionales, técnicas y contractuales. Tomo II.
Equipamientos.II.1 Sistema de Vias. Revisiones.” Secretaria del
Metro de Panama, Panama, Republica de Panama, p. 69, 2014.

Secretaria del Metro de Panama., “Secretaria del Metro de Panama .
Ingenieria conceptual Linea 2. Especificaciones funcionales,
técnicas y contractuales. TOMO II - Equipamientos.II.O Normas
generales.” Secretaria del Metro de Panama, Panama, Republica de
Panama, p. 95, 2014.

Secretaria del Metro de Panama, “Secretaria del Metro de
Panama.Tomo II. Equipamientos 11.8. Patios y talleres.” Secretaria
del Metro de Panama, Panama, Republica de Panama., p. 34, 2014.

C. Atencio, “El Metro de Panama4, entre los mejores del mundo,”
Periddico La Estrella de Panama, 2016.
http://laestrella.com.pa/panama/nacional/metro-entre-mejores-
mundo/23927947 (accessed Oct. 30, 2018).

Metro de Panama, “Metro de Panama,” Pagina web institucional del
Metro de Panama, 2017.
https://es.wikipedia.org/wiki/Metro_de Panama (accessed Oct. 28,
2018).

A. Berbey-Alvarez, J. Guevara-Cedefio, H. Alvarez, and F.
Mihailovs, “Panama metro line 1: Analysis of CO 2 emissions from
2015 to 2017. Principles for an eco-transportation city,” in Procedia
Computer Science, 2019, vol. 149, pp. 467474, doi:
10.1016/j.procs.2019.01.164.

A. Berbey-alvarez, “Portafolio de la asignatura TAT desarrollado
durante los afios 2014, 2015 y 2016 (Vigente).” Universidad
Tecnoldgica de Panama., Panama, Republica de Panama, 2017.

A. B. Alvarez, V. J. S. Urrutia, R. C. George, and F. J. C. Poyo,
“Passenger{\textquotesingle}s flow for a train{\textquotesingle}s
coach and dwelling time using fuzzy logic,” Jul. 2014, doi:
10.1109/iwobi.2014.6913934.

A. Berbey-Alvarez, J. Guevara, H. Alvarez, and F. Mihailovs,
“Panama metro line 1: Analysis of CO 2 emissions from 2015 to
2017. Principles for an eco-transportation city,” Procedia Comput.
Sci., vol. 149, pp. 467-474, 2019, doi: 10.1016/j.procs.2019.01.164.

A. Berbey-Alvarez and J. Guevera-Cedeflo, “Chapter 17: Railway
Engineering: Timetable Planning and Control, Artificial Intelligence
and Externalities,” in Latin American Women and Research
Contributions to the IT Field, M. Adriana Pefia Pérez Negron
(Universidad de Guadalajara, Mexico) and Mirma Mufioz (CIMAT -
Unidad Zacatecas, Ed. Mexico: GI Global, 2021, p. 25.

A. Berbey Alvarez, J. Guevara-Cedefio, H. Alvarez, and Juan De
Dios Sanz (2017), “Panama Metro Bus System and Metro Line 1:
An externalities analysis of CO2 emissions spectre.,” 2017.

A. Berbey Alvarez, F. Merchan, J. Guevara Cedefio, A. Cogley
Brown, and R. J. Caballero George, “Caracterizacion de la Linea 1
del Metro de Panama,” in Proceedings of the 13th Latin American

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

and Caribbean Conference for Engineering and Technology
Engineering Education Facing the Grand Challenges What Are We
Doing?, 2015, pp. 0-8, doi: 10.18687/LACCEI2015.1.1.239.

A. Berbey-Alvarez, J. Guevara-Cedefio, G. Castillo, H. Alvarez, and
I. De La Torre-Diez, “Perspectivas de las externalidades socio
econdmicas de la linea 1 del metro de Panamé en la productividad
urbana. Perspectives of Socio-economic externalities of the Panama
Metro Line 1 in Urban Productivity,” TRIM, vol. 13, pp. 37-56,
2017.

A. Berbey-Alvarez and J. Guevara-cedefio, “Railway Engineering:
Timetable Planning and Control, Artificial Intelligence and
Externalities,” in Latin American Women and Research
Contributions to the IT Field, M. Adriana Pefia Pérez Negron
(Universidad de Guadalajara, Mexico) and Mima Muiloz (CIMAT -
Unidad Zacatecas, Ed. IGI Global, 2021, pp. 371-395.

Metro de Panama, “Parametros,” Operaciones, 2020.
https://www .elmetrodepanama.com/parametros/ (accessed Sep. 02,
2020).

Steer Davies Gleave, “Estudio para la Integracion de la Linea 2 del
Metro con los servicios de Metro Bus,” Panama Republica de
Panama, Republica de Panama., 2017.

J. Guevara-Cedeflo, J. Aguilar, R. Torabi, and A. Berbey-Alvarez,
“Electric mobility in Panama: A review.,” in ES2DE 2018.
International Conference on Energy and Sustainability in Small
Developing Economies, Madeira Island,Portugal, July 9th to 12th,
2018., 2018, [Online]. Available:
https://www .researchgate.net/publication/328377256_Electric_mobi
lity in Panama A review.

Metro de Panama(2018), “Parametros de Operacion linea 1,” Web
page: Metro de Panama, 2018.
http://www.elmetrodepanama.com/parametros/ (accessed Oct. 30,
2018).

Metro de Panama, “ANO 2017- ACCIDENTES E INCIDENTES
DE USUARIOS,” Datos abiertos de Panama, 2017.
https://www .datosabiertos.gob.pa/dataset/accidentes-e-incidentes-
de-uduarios-de-linea-1-del-metro-de-panama-s-a-ano-
2017/resource/d8e73eb3-5ae2-4f39-a2bd-98d860beec22  (accessed
Jan. 16, 2022).

Metro de Panama, “DATOS DE ACCIDENTES E INCIDENTES
DE USUARIOS ENERO A DICIEMBRE 2018. LINEA 1 METRO
DE PANAMA S.A.,” Datos abiertos de Panama, 2018.
https://www.datosabiertos.gob.pa/dataset/269471c0-23d9-404b-
98af-df7c02c9cOac/resource/e7c1b7e5-52b0-4b9b-Baca-
2ebcS56b5f06f/download/accidentes-e-incidentes-2018.pdf (accessed
Jan. 16, 2022).

Metro de Panama, “ANO 2019- ACCIDENTES E INCIDENTES
DE USUARIOS Linea 1 y 2,” Datos abiertos de Panamé, 2019.
https://www.datosabiertos.gob.pa/dataset/269471c0-23d9-404b-
98af-df7c02c9cOac/resource/e80bad00-134£-47b1-95d 8-
£7065£8c0e6b/download/accidentes-e-incidentes-2019.pdf (accessed
Jan. 16, 2022).

Metro de Panama, “ANO 2020- ACCIDENTES E INCIDENTES
DE USUARIOS,” Datos abiertos de Panama, 2020.
https://www.datosabiertos.gob.pa/dataset/269471c0-23d9-404b-
98af-df7c02c9cOac/resource/852a4758-3¢93-4855-86¢8-
2e8bacafcb42/download/accidentes-e-incidentes-d e-usuarios-
diciembre-2020.pdf (accessed Jan. 16, 2022).

Metro de Panama, “ANO 2021- ACCIDENTES E INCIDENTES

20™ LACCEI International Multi-Conference for Engineering, Education, and Technology: “Education, Research and Leadership in Post-pandemic
Engineering: Resilient, Inclusive and Sustainable Actions”, Hybrid Event, Boca Raton, Florida- USA, July 18 - 22, 2022. 6



DE USUARIOS,” Datos de abiertos de Panama, 2021.
https://www .datosabiertos.gob.pa/dataset/269471c0-23d9-404b-
98af-df7c02c9c0ac/resource/5f44f694-2ac1-4995-b153-
bf2a9e218289/download/accidentes-e-incidentes-2021.pdf
(accessed Jan. 16, 2022).

[47] Universidad de las Palmas de la Gran Canaria, “Prueba de Bondad
de Ajuste de Kolmogorov-Smirnov (KS).” Universidad de las
Palmas de la Gran Canaria, Espafia, p. 10, 2021, [Online].
Available:
https://www2.ulpgc.es/hege/almacen/download/5/5015/Complement
0 3 Prueba de Bondad de Ajuste de Kolmogorov_Smirnov.pdf.

20™ LACCEI International Multi-Conference for Engineering, Education, and Technology: “Education, Research and Leadership in Post-pandemic
Engineering: Resilient, Inclusive and Sustainable Actions”, Hybrid Event, Boca Raton, Florida- USA, July 18 - 22, 2022. 7



