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ABSTRACT
We present some results of a research with application case study format of a
simulation model. The simulation model was developed with Maple tools. The main
objective was to estimate the travel time for the proposed extension on the Metrobus
line, considering the travel time between two adjacent stations, the waiting time at
each station, and the waiting time at intersections with traffic lights.
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PROPOSAL
▪ What?

Connection between two public transportation
systems

▪ Where?

In the South of Mexico City

PROPOSAL

▪ How?

By means of the construction of two routes for Metrobus
units. Based on the data collection from the development of
a mobility project *

▪ When? Study horizon 09/2019 to 02/2020

* Mobility Project: Mobility around the main campus of
UNAM, University City (CU)
Objective: Prepare proposals to improve mobility in CU and
its surroundings, within the framework of ecosystem
services (Social Service 2020-12 / 81-166 program)

THE MODEL
Total duration T of each route
considers three important variables:
▪ 𝑇T : Travel time

▪ 𝑇S: Stop time in bus stops
▪ 𝑇TL: Traffic Lights Time
𝑇 = 𝑇𝑇 + 𝑇𝑆 + 𝑇𝑇𝐿

General assumptions in the model
1. Both routes consider 2 intermediate
stations and 3 traffics light
2. Stop Time 𝑻𝑺 , is modeled by beta
distribution
𝑇𝑆 ~𝐵𝑒𝑡𝑎(4.0878, 3.9075, 8.13, 13.35) in
seconds

Traffic Ligth TL3

3. Traffic Ligth Time 𝑻𝑻𝑳 , depends on the
total duration of the traffic light cycle and
the duration of the green light
4. Travel Time 𝑻𝑻 , this variable is modeled
by Normal, Lognormal and Weibull
distributions, which define the speed of
operation

𝑇𝑇 =
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MAPLE WORKSHEET FOR SIMULATION MODEL (1)

General parameters , Probability functions parameters, and
Parameters for result analysis (r and d)
They are designed as independent functions and used
several times in other auxiliary functions or in the
model section

It adds the values of the three components and
converts the result to minutes

(𝑇𝑇𝐿 )
(𝑇𝑇 )
(𝑇𝑆 )

𝑇 = 𝑇𝑇 + 𝑇𝑆 + 𝑇𝑇𝐿
It uses the previous functions and repeats the process r times. It stores
the data as a matrix
Calculates the confidence interval of a sample of random variables

It uses all the previous functions and shows the results in a graph

MAPLE WORKSHEET
FOR SIMULATION MODEL (2)
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What happens if we modify the parameter d?
Graph 1 Route R1 results (r=100, d=20)

Graph 2 Route R1 results (r=100, d=1000)

In replicas with a greater number of data (d),
more stable results are obtained

Graph 1 Route R1 results (r=100, d=100)

RESULTS

Graph 2 Route R2 results

(Two proposed routes - Metrobus Unit)

Graph 1 Travel time comparation between current and
proposed routes in minutes
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MAIN RESULTS
It is estimated that in both
proposed routes by
Metrobus units, the travel
time is shorter than in the
current routes by buses
and vans

CONCLUSIONS
▪ We presented a proposal for connection between two transport systems in Mexico City

and it was analyzed with a Monte Carlo Simulation Model.
▪ Proposed routes are favorable in terms of travel time.
▪ The simulation model and the analysis of results through replicas allowed to visualize

several scenarios.
▪ This proposal is studied in more detail and from different perspectives in a broader

investigation of Nieves (2020).
▪ Maple was a very useful programming language to develop simulation

models for this study, it has packages and functions that easily help to
structure these models.
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