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1 Summary

The objective of this study was to develop a computer program aimed at facilitating
transport planners to improve mobility in cities by measuring the level of accessibility of
public transport. The methodology applicable by the user of the

software was to measure accessibility in the different areas of the city through available

public data and its own criteria.

To develop the software, the methodology consisted of seeking information on the concepts
accepted as appropriate for modern urban planning and its central link with the accessibility
of public transport to all areas of a city. From this information, programming in Matlab
continued, obtaining a program that met the objective, which, once achieved, was validated,
applied and proposed improvement measures in the city of Santiago de Cali (Colombia).

Indeed, the validation of the program was carried out in two phases, in the first, when it

was used to study the accessibility of the southern area of Santiago de Cali, where the
elaboration of transport routes is proposed that, if implemented, would help improve spatial
accessibility in the area, and secondly, the spatial accessibility of 34 cities in the world was
evaluated, including among them the 27 capitals of the 27 member states of the European Union

The main conclusion is the usefulness of the software to evaluate transport routes,
transport systems and cities from the point of view of spatial and topological accessibility.

A relationship was found between the type of city and the spatial accessibility of transport
in it, being low in cities built under the garden city model and the ideas of Le Corbusier,
compared to the modern model of cities built for people, regardless of its historical context.

Keywords: Public transport; accessibility: mobility, GIS

1-Summary 1



Machine Translated by Google
ERS ESCUELA TECNICA SUPERIOR
”“ OLITI DE INGENBEROS D CAMINDS,
A : CAMALES Y PUERTOS

Abstract

The objective of this study was to develop a computer program aimed at facilitating transport
planners to improve mobility in cities by measuring the level of accessibility of public transport.
The methodology applicable by the software user was to measure accessibility in the different
areas of the city through available public data and their own criteria.

To make the software, the methodology used consisted of searching for information on the
concepts accepted as appropriate for modern urban planning and their central link with the
accessibility of public transport to all areas of a city. Based on this information, programming was
continued in Matlab, to obtain a program that met the objective, which, once achieved, was
validated, applying it and proposing improvement measures in the city of Santiago de Cali
(Colombia).

Indeed, the validation of the program was carried out in two phases, in the first one, when it was
used to study the accessibility of the southern area of Santiago de Cali, where the development
of transport routes that would help to be implemented to improve spatial accessibility in the area,
and, secondly, the spatial accessibility of 34 cities in the world was evaluated, including among

them the 27 capitals of the 27 member states of the European
Union

The main conclusion is that the utility of the software has been demonstrated to evaluate transport

routes, transport systems and cities from the point of view of spatial and topological accessibility.

A relationship was found between the type of city and the spatial accessibility of transport in it,
being low in cities built under the garden city model and the ideas of Le Corbusier, with respect
to the modern model of cities built for people, independently of its historical context.

Keywords: Public transportation; accessibility: mobility, GIS
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Introduction

Getting from one place to another has always been a puzzle for people in the growing cities of the modern
world. People are forced to travel for various reasons, both routinely and sporadically. The mobilization of
people generates social and economic dynamics in each city and gives life. The challenge for the city
government lies in how to achieve this mobility in the most efficient and friendly way possible, both for the
people and for the city's own social, environmental and economic sustainability.

For people to move around in cities there are basically two means of transport, private and public. The layout
of cities favoring the use of the automobile intensified its use, but its negative effects have been noted in
problems of traffic jams, pollution, confusion, respiratory and even mental illnesses, before which the local
governments and the citizens themselves they see the use of public transport as the most economical and
effective solution, which, however, must be improved, to make people prefer it over individual transport.

Aiming to contribute to improving the perception and use of public transport by citizens, this work was
undertaken with the aim of developing software that facilitates planning urban mobility based on the
measurement of the level of accessibility of the different areas of any city. of the world for those who need to
get around them using public and pedestrian transport.

To fulfill this purpose, the work was organized with a summary, the presentation of the indicated general
objective and the partial ones that allowed it to be achieved, by establishing the guiding parameters that the
urban planner must use to support mobility in public transport and on foot within the cities. different areas of
each city, the design of the software and its validation.

The scope of the work was to structure a digital program, capable of facilitating urban mobility, applicable
both to transport systems in operation or in project, which processes the information that is entered and
throws data easily interpretable by developers, for on it. define the organization of public transport routes,
defining planned stops in key places in each area of the city, so that people can take-leave the transport
within 400 meters of their place of origin-destination.

The research method followed was based on studying the concept of the city, to understand what type of city
people can live in better, in the city where people move in cars at 60 km/h or in which they can move on foot
at 5 Km/h, in the words of the urban planner Jan Gehl, who in his studies managed to demonstrate that the
friendliest cities for human life are those in which people can move on foot at this speed, for which cities
must be equipped with a public transport system that allows the citizen to travel about 400 meters on foot
between the boarding point and the public transport drop-off point, for which the stops must be located
keeping at that distance the key sites that are of most common interest to the city dweller

2-Introduction 3
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On this basis, the following in the investigative method was to conceive the digital modeling
that would allow this premise to be achieved, for which Matlab was used, as it is the
appropriate system to address the task of collecting and processing massive matrix data to
achieve the proposed objective, which, once achieved, required validation was carried out,
taking the city of Santiago de Cali, located in the department of Valle del Cauca, in Colombia,
as the primary scenario, seeking to verify that the software was

capable of making it easier for the urban planner to establish travel routes by public transport
and on foot that make cities more accessible to people.

Indeed, the method followed made it possible to achieve the central specific objective,
designing and structuring the Dgis software, on the principle outlined by Jan Gehl, cities for
people, thanks to the fact that the stops of the public transport system are planned focusing
on the principle of fixing them in places within whose radius of 400 meters the key places
required by citizens are found.

Thus, this work contributes by providing a digital tool capable of facilitating the urban planner
to establish travel routes by public transport and on foot that make cities more accessible to
people.

Once the objective of structuring a first model of the program has been achieved, the superior
implication arises, encrypted in continuing to perfect the Dgis software over time, by gaining

more knowledge about urban planning and citizen mobility, which will allow perfecting the
solutions.

The physical infrastructure of a city makes sense as long as people can enjoy it because it is
accessible, for this they must be able to move around it easily, so the developer, and his
boss, the ruler, must plan to ensure that public transport Mass transit and walking are
complementary, that is, they are harmonized, in such a way that people on forced walking

routes can move within a maximum radius of 400 meters
indicated.

The greatest limitation of the Dgis software is that the software does not take into account
other factors when designing routes, such as the economic factor, satisfaction surveys,
dangerousness of some streets, topography of the streets or the legal factor in the territory. .
That is why a human being is always needed to operate it and analyze its results.

2-Introduction 4
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3 Objectives
This work has the following objectives:
3.1 Overall objective

Develop software that facilitates planning urban mobility based on the measurement of the level of
accessibility of the different areas of any city in the world for those who need to get around them using public

and pedestrian transport.
3.2 Specific objectives
To achieve this general objective, these specific ones must be achieved:

« Establish the guiding parameters to be used by the urban planner to support mobility by public transport
and on foot within the different areas of each city.

» Generate software capable of making it easier for the urban planner to establish travel routes by public
transport and on foot that make cities more accessible to people.

« Validate the software through at least one case study, where its functionality can be tested.

3-Objectives
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4 Scope of work

Urbanism is understood as an integrality, where transport is a fundamental aspect, to make the
city vital, walkable, as modern urbanists and social scholars formulate in their concepts. On this
basis, it is intended to generate a tool capable of measuring the topological and spatial
accessibility of a transport system within each area in each city, as a means to be able to do
better urban planning.

The tool envisioned is a digital program, capable of facilitating urban mobility, applicable both to
transport systems in operation or in project, which processes the information that is entered and
provides data that is easily interpretable by developers, to define the organization of urban
areas. public transport routes, defining planned stops at key places in each area of the city,
allowing people to take and leave transport within 400 meters of their place of origin-destination.

The software must work on both Windows and Mac OSx, as they are the most widely used
desktop operating systems in the world.

4-Scope of work 6
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S Approach and justification of the problem

The aim of investigating public transportation in the city of Santiago de Cali and its effect on
the population is based on the premise that transportation is an essential need for citizens,
since moving within a large city, for economic or social, is a daily operation that must be
supplied with own or public means or with a combination of both. (Ramirez-Cajigas, 2018).

To reaffirm the above, it is specified that “You must be aware that public transport has effects on the
socio-cultural configurations of the city. Cities have emerged as strategic territories for a whole range of
essential social, economic and political processes of our era: economic globalization, international
migration, the affirmation of services and the financing of producers as the driving sector of growth in
advanced economies, the new poverty, among other things, and as strategic places for theorizing these
processes (Sassen, 1991 and 1994). As a return of the city to the forefront of the social sciences, one
can consider the representation of the social question in urban terms, the projection of the separation
between marginalization and integration (Dubet, 1994; Rosanvallon, 1995)” (Sachs-Jeantet, nineteen
ninety five).

Thus, transportation affects the daily lives of those who use it and those who lack it.
access to it, that is why research on accessibility to public transport is justified. While there
are various approaches to accessibility, this study focuses specifically on topological and
spatial accessibility.

Therefore, not guaranteeing the mobility of citizens reduces the chances that they will have
economic development and a better quality of life, but it also reduces the city's ability to
generate social and economic dynamics, as a social conglomerate, which implies reducing
its ability to attract tourism, investment and opportunities for economic action for its
inhabitants (Ramirez Cajigas, 2018).

Consequently, the disadvantage limits access to activities of life in society, this can reduce
the quality of life, the happiness of people, contribute to making decisions that are not
suitable for them and of course contributes to increasing exclusion. society among members
of society. (Luke, 2011).

On the other hand, accessibility to transport, the type of city and the scale on which the city
is built positively or negatively affect those who live in a city (Gehl, 2014). From this
perspective arises the objective of developing software that facilitates planning urban
mobility based on the measurement of the level of accessibility of the different areas of any
city in the world for those who need to move around them using public and pedestrian
transport.

For topological accessibility, the software must measure transport routes and evaluate their topology by

means of equations defined by researchers of the past, for which the result is simple from the
computational point of view, as they are matrices, whose values indicate the result to the researcher.

5-Approach and justification of the problem 7



Machine Translated by Google

ey FRSI FSCUELA TECNICA SUPERIOR
|"| O3 (TECT DE INGENREROS DE CAMINGS,
¢ VALEN CAMALES Y PUERTOS

The spatial accessibility of an entire city is more complex to understand, since it is necessary to know city
theories, concepts of well-being in the city, given by authors from different disciplines, such as Jane
Jacobs and Jan Gelh, it is in this field where transport and urbanism they mix. The result is an application
that integrates a concept capable of measuring the accessibility of any area of the world, this is achieved
by applying the key concept of cities for people coined by Jan Gelh in his books, and giving it a global
mathematical interpretation, which can be summarize in the area of influence, demarcated by a circle

with a radius of up to 400 meters, which exists between each stop and the place of origin or destination
of the user.

The software is valid for its function of finding topological accessibility, in the southern area of Santiago
de Cali, Colombia, and in its function of spatial accessibility, evaluating 34 cities in the world.

5-Approach and justification of the problem 8
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6 Methodology

All research methods led to the study of the concept of the city, and within this, the historical
city, recognizing that current cities are the result of historical processes that have led to having
urban centers, aimed at getting people to live in them. in an increasingly better way in individual
and collective terms.

Likewise, the predominant urban ideas or approaches were studied over the last centuries,
leading to a clear understanding that the concept of the city and its implementation have been
developed from different fields of study.

Once the main approaches on which urban planning and the mobility of the people born in it
have been established, the concept of the 5Km/h city was chosen as the appropriate one for the
intention of the work, this speed refers to the speed of a fast-walking pedestrian (Gehl, 2014),
over the city concept of 60 km/h, this speed refers to a car going 60 km/h in a city, in cities
around the world this is the maximum speed in others it is 50 km/h (Gehl, 2014), although the
WHO has recommended a maximum urban speed between 40km and 50km, given that at higher
speeds the pedestrian has a higher risk of death (World Health Organization, 2013) .

The average speed at which pedestrians move in summer is 14.2 minutes per km, which
corresponds to 4.2 km per hour. In winter the average is 10.3 minutes per km, or 5.8 km per
hour (Gehl, 2014).

The concept developed by the urban planner Jan Gehl, basing the decision that the friendliest
cities for human life are those in which people can move on foot, which means that many people
converge on its streets, who, for being so just walk side by side

is socializing, and from that closeness, is more inclined to deepen that socialization through the
possibility of dialogue.

Matlab was used to program the digital model, as it is the appropriate system to address the
task of collecting and processing massive matrix data to achieve the proposed objective.

Once a designed and structured program capable of working was obtained, the obligatory
validation was carried out, taking as a scenario the city of Santiago de Cali, located in the
department of Valle del Cauca, in Colombia, seeking to verify that the software is capable of
facilitating The urban planner establishes public transport and walking routes that make cities
more accessible to people.

In Cali, the area of the city that is accessible to a pedestrian using collective public transport
was evaluated, understanding that the pedestrian takes the transport service and when getting
off has his destination at a maximum distance, which will be defined with the theory investigated.
This process has been repeated in 34 other cities around the world, thus doing a second
validation of the program in these, managing to test its computing power.

6-Methodology 9
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Thus, once the functionality of the program was completed, the methodological process was
completed, in order to materialize the certain materialization of providing a useful tool to support
the continuous exercise of urban planning.

6-Methodology 10
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7 Theoretical framework

This section contains the main theoretical references that support the work presented here.
Starting from the state of the art, which contains elements of how to understand the city, land use
planning, transport accessibility and segregation, mathematical urbanism and accessibility,
healthy city transport and mass public transport and the environment.

7.1 state of the art

Research on urban planning and transportation has been carried out since the construction of
the first cities, being a subject in which there is a wide state of the art, having faced the problem
from mathematics, empiricism, observation as towards Willian H. Whyte, imagination and trial
and error. Table 1 below summarizes the analytical racket on the matter:

7-Theoretical framework
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Table 1 Bibliography used in the theoretical framework

Category and year of the edition used

Article

‘ url (if you

have one)

Author(s)

Publication year

; abstract

Charter of Athens (1933 - 1942)

Le Corbusier, Jose Luis Sert

1942

Itis a document resulting from the International Congress of Modern Architecture (CIAM 1933) and published in 1942, it stipulates criticism and ideas
on how cities should be built, it was and is an urban planning guide. Guide that many authors consider contrary to the ideas of walkable cities, since in this
one the automobile and monumentality are praised.
It is an urban planning document that must be read, which helps to understand the reason for the existence of cities and neighborhoods. It is important
to highlight that it is written in order to make cities hygienic, green and beautiful to look at.

Death and Life of Big Cities (1961)

Jane Jacobs

1961

Fundamental book for pedestrian urban planning, a book written by a journalist Jane Jacobs, here the author writes about her disagreement with the cities of

architects, urban planners, engineers and politicians, | know that they moved away from common sense at the time of planning and they focused on
building for their egos.
He criticizes the garden city proposed by Howard, he criticizes the zoning that is also seen in the radiant cities of Le Corbusier, a green space in the city
only makes sense if there is a reason to carry out a social activity in it.

The city model that Jacobs proposes is based on the neighborhood, on the block in the neighborhood, she says that it is essential to promote good life in

the city and with it security, a neighborhood where people can be friends, where there are reasons to be on the street at any time of the day, to generate

civility and mutual respect among those who live there by creating places where time and ideas can be shared. Therefore, according to Jacobs, it is

necessary to design urban environments where you can walk, over urban environments where you can drive a car.

The street must be the space of relationship and not only a bridge between origin and destination, it is necessary to introduce shops, good chairs, public
services, not to compete for the place but to share it. Jacobs also criticizes the gentrification to which neighborhoods are subjected.

Include the experience and reality of the common human being, according to Jacobs, it should be included in the planning, the inclusive planning of the
minorities

urban modeling

Michael Batty

1976

A mathematical book written by the famous Michael Batty, dedicated to urbanism, it is an excellent book to understand urban modeling, planning, land
use, zoning, transportation, construction, projections, etc. Urban models are an aid for city prediction, try to save time, money and avoid urban failures.

The Social Life Of Small Urban Spaces

William H. Whyte

1980

It is an obligatory book in urban planning, it is generated from an investigation in which blocks, parks, green areas, acinated areas, areas with high
density, etc. are studied. It was studied because people of all ages used a certain place.
The questions that are asked What makes a place successful within the city? Why do some squares work and others don't? ¢, . | study in depth
the pleasure of using places to chat about unimportant topics and how this makes people happier.
The book is separated into interesting chapters about places in the city and activities that are carried out in them, there are interesting facts about the book,
for example, where there are more women than men, urban space is better thought out, people walk faster in big cities, People generally choose to gather
near pedestrian corridors where they see people passing by, seating spaces should be between 6 and 10 square feet (and leaving at least 1 foot line of
chairs for every 30 square feet).
Go to common sense, for example, the water sources of the parks should not have prohibitions on their use "you cannot put water in front of people and
then pretend that you do not enjoy it".

accessibility indicators and their decision-
making role in investments in transport
infrastructure

Andres Monzon of Caceres

1988

This doctoral thesis, which deals with

these are il that try to quantify the ease or difficulty that users of the transport
system have to reach destinations. The study was carried out on the community of Madrid, a comparative analysis of three road plans in Madrid is made,
evaluating them with the indicators.

Social Town Planning (1999)

Clara H Greed

1999

A very interesting book, which introduces the reader to the concept of social urbanism, through which it is hoped to teach that the planning process
must be reflective of the people for whom the urban environment is planned, including gender, race, culture and opinions.
The agenda of the "social aspects of planning" within urban planning. This inevitably leads to a consideration of issues such as urban governance,

social policy, inequality, sustainability, and planning theory. This book further develops the theme of research into the construction of urban realities and,
therefore, of social urbanism.

7-Theoretical framework
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Table 2 Bibliography used in the theoretical framework 2

This book is a compendium of recommendations for urban planning, although it was written in England, it has recommendations that can be
applied anywhere, the book was born with the idea of complementing the design guidelines of the United Kingdom.

urban design compendium Llewelyn-Davies 2000
0 P V! Itis very useful because it tries to show what kind of policies can be taken, for urban regeneration, it has instructions on transport, housing,
walkable city, urban density, landscape, urban mobility, environment, etc.
Article in
Environment and Studying the movement and behavior through observations of groups of pedestrians, it is pointed out in this document that pedestrian dynamics
Self-organizing pedestrian movement Planning B Planning Dirk Helbing, Peter Molnar, llles J Farkas, Kai Bolay 2001 show various collective phenomena, for example, formation of lanes and oscillatory flows through bottlenecks and can be micro-modeled
and Design May mathematically.
2001
the humanization of urban space hi L L ; i . . -
(2006) Jan Gel 2006 Modified edition of Life Between Buildings, in Spanish and summarized
Itis a compendium of recommendations when building gardens, parks and the urban planning that is related to these, always being old designs
5 that are durable. Take nine European countries as an example and try to have case studies with photographs and plans of the gardens studied.
Jens Balsby Nielsen, Torben Dam and lan 2007

European Landscape Architecture (2007)

Thompson
P It tries to teach the developer the importance of detail when designing, how aesthetics affects wear and tear from day to day, plan to last.
. ) Itis a book that is made up of 14 essays, on how to design the landscape, how to correctly convey an idea in the design of the landscape, what
Representing Landscape architecture Marc Treib 2008
(2008) larc Treil tools to use in modeling the landscape. It is a call to link the representation to thinking, about the graphic representation, that is to say, it puts the
idea first.
Itis an educational text for civil engineers that aims to inform about the urban planning process in the United States of America, the text is a basic
City Planning for Engineers, manual on urban planning, focused on the areas of urban planning where civil engineers are required.
Environmental Engineers and Surveyors Kurt W. Bauer 2010
(2010) It shows the concepts used in the planning of neighborhoods and cities, both new and classic. It shows the urban design in its entirety but
not in depth.
The first edition was written in the 80s, however, for this work the 2011 edition is used, in this the deficiencies of the urbanism that existed in
the 70s according to the author are pointed out, it tries to explain the importance of building a city for people, laying the foundations for the book
Life Between Buildings (2011) Jan Gehl 2011 9 p Pl P g a city for people, laying

"cities for people”, then there are 3 types of human activities in the city according to Gehl: necessary, optional and social. Emphasizing the social
ones as activities that only take place in a quality public space.

This is a book of mathematical models based on operations research, a discipline that began in the Second World War (United Kingdom), seeks

to use the resources that are available in the most optimal way, in the cities they have a defined number of resources and with these resources it

operations research Hamdy A. Taha 2012 must be urbanized.

This book has interesting examples where an urban planning decision has to be made and the solution is reached through a mathematical
model, trying to arrive at the best possible solution.

7-Theoretical framework 13
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Cities for the People (2014)

Jan Gehl

2014

The author gives with this book a guide on how to build cities and urban spaces, focused on the walkable city of 5km/h and not the city for
cars. Itis here that Gelh generates the concept of cities for people.
For this author, the city must be an environment that provides happiness, comfort and facilitates human relationships, he addresses the problem
of urbanism from the basic concept that it is built for human beings, he gives us advice on how to generate safe, healthy spaces, with the human
physical scale, designed for our senses in other words is to generate a "habitat for the beings that live there".

Cities Alive Towards a Walking World
(2016)

Gregory Hodkinson

2016

This report shows the benefits of walkable cities (economic, social, environmental and political) and sets out measures to improve
walkability, illustrating them through case studies. The report challenges decision-makers to be more aware of the direct and indirect benefits of
more walkable cities and provides guidance on how these could be achieved.

theories and history of the
contemporary city

Carlos Garcia Vizquez

2016

This book brings a historical account of the city, in a brilliant way it relates the historical facts, the different disciplines and the policies that were
given over time. The author separates history with the formation of three types of city which he calls the metropolis, megalopolis and metapolis.

The importance of history in urbanism, the same that is marked by urban anthropology, architecture and different philosophical worldviews. It is
a must-read book for any urban planner, understanding the city as a historical and intellectual entity.

design of the spatial distribution of the
routes of the mio system according to
the quality of service perceived in the
commune 18

David Alejandro Ramirez Cajigas

2018

In order to propose an adjustment of the spatial distribution of the routes of the MIO system in commune 18 of Cali, to improve the
perception of the service by users. The present degree work was carried out, which had as an analysis support the great mobility survey 2015,
the basis of the study that allows issuing the report ¢ Cali, how are we going?, additionally, a pilot test was applied, processed using the IBM

SPSS Statistics 23 program. , which focused only on commune 18, in order to know in particular the perception of the MIO transport service in
the sector. Which, together with a broad and deep information collection, based on primary information provided by MetroCali, as the managing
entity of the MIO transport system, and the pertinent secondary information, allowed reaching the indicated objective, to which was added the
technical evaluation with topological measures. of accessibility of the existing routes and the proposals. Based on this, it was concluded that
the routes and bus stops should be organized within the commune 18 of Cali, taking care that users find a bus MIO bus stop within a maximum
radius of 300 meters, and that between bus stops the distance allows the bus driver achieve a greater speed in their displacements, which
altogether allows the user to reduce the travel time, leading to a better perception of the service provided by the transport system. In this work,
route travel times are improved without altering waiting times at bus stops and guaranteeing good accessibility.

Safer Cities Through The
Design

https://publicat
ions.wri.org/cit
iessafer/es/

Ben Welle, Qingnan Liu, Wei Li, Claudia Adriazola
Steil, Robin King, Claudio Sarmiento, Marta

Obelheiro

2019

This freely accessible text on the internet addresses the challenge of providing road safety for 1s and drivers, safer cities.
Itis proposed in the urban design recommendations focused on the pedestrian city and mass transport, shortening travel times, reducing

pollution, the possibility of having accidents and, in general, having cities that provide a better quality of life to those who live there.

7-Theoretical framework
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7.1.1 Understanding the city

There are as many reasons for travel as the activities that a city offers, if you want to make software for public

transportation, it is important to understand the city, because transportation helps its citizens to move around it.

7.1.1.1 Designing cities

"Man is man's greatest joy" says the Danish poem Havamal,

with an anonymous author, who teaches, as the journalist Jane Jacobs wrote in her work Life and Death of Big
Cities, and the architect Jan Gehl, in his work Cities for People, that cities have to be built with the dimension
human, cities whose purpose is to achieve interaction between the inhabitants of the city, since, certainly,
people are the ones who best give people happiness, which leads to moving away from the trends of the free-
standing building, the one proposed by Le Corbusier.

But regardless of how the buildings where people are sheltered are distributed, designed and built, the transport
of people continues to be the problem par excellence within cities, as can be seen by noting how since the
1960s the private automobile fleet , began to invade public space, displacing people to the background, which
should have been assumed as a problem to be corrected due to the number of maleficences that it was
empirically and scientifically proven to bring to citizens, for which it had to be recovered and returned. to
incorporate the walk as a public policy, reinforcing the public space as a space for political, social and economic
interaction. (Gehl, 2014).

Emphasizing mobility on foot, a good public transport system, bicycles, and the integration of public spaces
with these means of transport, brings with it significant advantages in people's happiness and health, reducing
the personal, institutional, and social costs of a sick population. on an ongoing basis, whether mild or severe.
(Gehl, 2014).

The volume of automobiles depends to a great extent on the city's capacity to offer roads for them, there is the
example of Copenhagen, where an extensive network of bicycle lanes was introduced, which produced a
significant increase in this means of transport. See Figure 1

Evolution of bicycle use in Copenhagen.

7-Theoretical framework fifteen
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Figure 1 Evolution of bicycle use in Copenhagen (Gehl, 2014)

The reduction of traffic in the city center can go through various strategies, urban tolls, reduction
of parking spaces, tax benefits for cyclists, streets only for pedestrians or cyclists, improving

public space to facilitate interaction between people

among other proposals that can be devised and implemented. Figure 2 Figure 3 (Gehl, 2014).

The pedestrianization of streets generates an economic change in the region, since businesses
are generated and economic dynamics are made possible in them, for example, in Copenhagen
and Melbourne a true revolution of small businesses has been experienced over the years
thanks to the promotion of pedestrian streets and the use of bicycles. (Gehl, 2014).

7-Theoretical framework
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Figure 2 Permanence activities on summer days thanks to pedestrianization (Gehl, 2014)
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Figure 3 Pedestrian traffic in Melbourne (Gehl, 2014)

The following illustrations Figure 4, Figure 5, Figure 6 show as simple actions,

how doubling the number of public seats manages to increase the number of people who visit a
sector, which has been observed in Aker Brygge, Oslo, Norway, and in the boulevard del rio, in
Cali, Colombia, where the number of people who frequenting these places increased.

Figure 4 Cali River Boulevard

7-Theoretical framework 18
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The quality of the urban built environment determines the type of activities carried out by people
living in an urban area, as can be seen in Figure 7 High quality of the urban environment vs. low
quality.

7-Theoretical framework 19
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Figure 7 High quality of the urban environment vs low quality (Gehl, 2014)

When designing a city, one must think about the physiological aspects of the human being, the size,

the ability to see, the speed with which one walks, the position in which people orient themselves and their
type of locomotion, meaning this therefore the premise of working to scale and perspective

human (Gehl, 2014).

Within the design of pedestrian places, the ability of the human being to see objects, distinguish objects,
see easy expressions, distinguish people and the natural human-nature interaction must be taken into
account. Contact with a building on the street occurs in normal situations only between the ground floor
and the fifth floor, that is why the ground floor should be designed to attract the attention of the
pedestrian, putting colors, designs, restaurants, shops , among other constructions that may be striking
to us as human beings (Gehl, 2014).

Two classes of cities are then distinguished, the city to go by car, the 60km/h city,

which is characterized by large avenues, signage with huge letters, separate buildings and sidewalks
without anything that attracts attention when walking, an example of these cities is Dubai. On the other
hand, there are the cities for 5km/h where you can see

many shops and shelves accompanying the citizen while walking, these cities invite movement on foot,
an example of this type of city is Venice (Gehl, 2014).

7-Theoretical framework twenty
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The scales must be designed according to daily activities, what Gelh calls materialized cities
according to the human senses, automobiles and traffic generate

problems for design on a human scale, since these two aspects require extensive areas for their
operation. Buildings should not be designed to amaze from a distance, buildings and distances
get bigger while the people who use them remain small.

The dispersion of people should be avoided, urban life is a process that feeds on itself, for this
it must be planned with urban densification in mind. They seek to reduce the routes, think about
the origins and destinations and have a basic hierarchy of importance.

The combination between attractive urban space and people enjoying those spaces is essential,
a poorly planned high-density sector makes it difficult for people to want to go out and enjoy
their neighborhood (Jacobs, 1961) (Gehl, 2014).

We must avoid building psychological barriers that prevent people from leaving, these barriers
are dark streets, skyscrapers, narrow streets and not keeping proportion of urban space. The
urban planner must try to achieve a daily environment in which there is permanence of the
pedestrian on the street terraces. Figure 8 (Gehl, 2014).

7-Theoretical framework
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Figure 8 On the left, correct examples of the city, on the right, examples of what not to do
(Gehl, 2014)

The city has to be safe, so that people from different socioeconomic groups have the
possibility of attending the same places, inequalities generate a tendency for certain sectors
to hide from the rest of society, closed communities are generated, places with security
guards private and hide behind bars and barbed wire, this hinders the ability to create safe
places, for Jane Jacobs the same neighborhood where she lived offered security due to the
ability of interaction between neighbors. (Jacobs, 1961).

Quote-“If we can strengthen urban life to the point of getting people to walk and spend
time in public spaces, security, both perceived and real, will increase. The presence of
others is always a good indicator that a place is considered safe and pleasant. There
are “eyes on the street” and “eyes on the street” as well, meaning that whatever is
happening is interesting and meaningful, both to the people on the street and to those
watching from surrounding buildings. When people use public space, everything
around them becomes more significant and important to look at. A vital city becomes
a city that is valued and also safe”

(Gehl, 2014).
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It is expected that urban centers will not exceed 1 km in diameter, so that people can reach the
services offered by the urban center on foot. Direct routes, as short as possible for human
beings, if it is possible to build bridges and tunnels for cars, so the pedestrian crosses the level
it is even possible to make connections between streets separated by buildings

(Gehl, 2014).

We must avoid building cities like Brasilia, large green areas that do not invite you to do anything,
buildings separated from each other, they are concrete islands. This is the city of Le Corbusier
(Jacobs, 1961).

Principles of planning for the congregation of the people of Jan Gehl, are shown below in graphs
guoted from his book cities for the people, indicating before the key principles of urban planning
defended by this author:

1. The different urban services must be located in such a way that it is not necessary to walk
far to go from one to another and so that there are always people and events around
them. (Gehl, 2014).

2. It is necessary to integrate city services until urban versatility, more diverse experiences,
social sustainability and a sense of security are achieved in each of the districts (Gehl,
2014).

3. Design the public space so that people feel that it is a stimulating place
and safe to walk or bike. (Gehl, 2014)

4. Work to strengthen incentives that encourage people to stay longer
time in public space (Gehl, 2014).

7.1.1.2 Designing a neighborhood for walking

Foot traffic increases sales to street retailers, in other words, it increases jobs in the city and
improves the purchasing power of those who live there. In New York City it was recently shown
that transforming an underused parking area into a pedestrian plaza in Brooklyn has led to a
dramatic 172% increase in retail sales (Arup Group, 2016).

The pedestrian spends on average 65% more on purchases when leaving home than drivers, it
is known that investing in cycling or in a pedestrian zone generates a return of 11.8 dollars for
each dollar invested. (Arup Group, 2016).

When designing the urban layout of a city, the distance that the pedestrian will travel must be
considered, considering the best way to connect the place with the pedestrian, the means of
transport, providing direct links with the bus stops. (Arup Group, 2016).

A network should be created, generating access to the entire area, reducing the distance
necessary to walk between two places, a network spacing between 80 and 100 meters seems to
be the ideal size for countries with garden cities, however, for dense urban centers
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it should be 50 to 80 meters. (Davies, 2000). See Figure 9 for an aerial view of city blocks in
3 different cities, Portland, Philadelphia, and London.

London West End

Figure 9 an aerial view of city blocks in 3 different cities, Portland, Philadelphia, and
London (Davies, 2000)

The use of mixed land allows a greater opportunity for social interaction, traffic to work is
reduced, a sense of security is generated, greater energy efficiency is generated and the
lifestyle of the inhabitants is improved. It is very important to check the walking distance to
facilities where daily activities take place, for example traditional Victorian and Edwardian
suburbia (Davies, 2000).

The ideal distance has been established in locating sites of human concentration covering

radii of 400 meters, which are covered in an average of 5 minutes on foot, that is, 400 meters
should be considered as the section of the city that is most immediately related

with a pleasant sensation for pedestrian performance once the public transport vehicle is
abandoned to develop a dynamic of life, combining different uses, such as leaving and
returning home due to work, study, shopping in stores, leisure, creeds,
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commerce, health centers and food, telling that yes that in those routes it is avoided
put noisy and dirty places mixed with residential or business buildings.

The graphic sequence (Figure 10 walk radii in different possible situations)
following gives a semblance on how to urbanize at 400 meters:
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Figure 10 walking radii in different possible situations (Davies, 2000)

Mid-rise buildings between 3 and 4 stories are effective in ensuring adequate density without
overcrowding, as illustrated below in Figure 11 (Davies, 2000).
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Option 1 Option 2 Option 3
Car Parking - "iagaki Under less
Arrangement 2 B than 1
to 1.5 spaces space per
0s per unit Space per unit
unit
Predominant housing independent Terraced mostly flats
type ter houses
and linked and flats
houses
Location ConfigLJration
n
Central Central 240-1100hr/ha
area with 240-435 u/ha
accessibility factor
Ave. 2.7 hr/u
d out of 6
and 4
Urban 200-450hr/ha 450-700hr/ha
5 5-175 u/ha 165-275 u/ha
Ave. 3.1 hr/u Ave. 2.7 hr/u
Suburban 240-250hr/ha 250-350hr/ha
35-60 u/ha 80-120 u/ha
4 Ave.4.2 hr/u Ave.3.0 hr/u
Transport corridors Urban 200-300hr/ha 300-450hr/ha
and places close to the 50-110 u/ha 100-150 u/ha
city center, an accessibility
between 3 and 2 Ave. 3.7 hr/u Ave.3.0 hr/u
Suburban 150-200 hr/ha b
30-50 u/ha 50-80 u/ha
Ave. 4.6 hr/u Ave.3.8 hr/u
Remote places Suburban 150-200 hr/ha
accessibility 1 30-65 u/ha
Ave. 4.4 hr/u

Figure 11 Urban density and collective public transport (Davies, 2000)

In the design of residential blocks it is important to have privacy for people, leaving the
necessary height between the ground floor and the first floor for apartments and in houses
leaving at least 21 meters between the house and the pedestrian curb. There are several
ways to make the blocks, it is recommended that it be small between 60 and 80 meters, with
the ability to adapt over time, very long blocks hinder pedestrian mobility and the setting up
of transport stations. (Davies, 2000).

Below are some primary recommendations to organize the distribution and construction of
blocks in order to facilitate the mobility of transport and pedestrian systems.
(Davies, 2000):

7-Theoretical framework 26



Machine Translated by Google
ERS ESCUELA TECNICA SUPERIOR
|||| OLITECT DE INGENBEROS D CAMINDS,
t VALEN CAMALES Y PUERTOS

 The square subdivision of blocks offers the possibility of accommodating a greater
variety of commercial and residential buildings.

« Rectangular blocks with depths of 110 meters are suitable for placing large buildings and
large commercial factories or warehouses on them.

» Rectangular blocks with the short side oriented to the main street, brings as a benefit,
the increase in connectivity of the surroundings, provides more crossings,
and, therefore, slow down car traffic, facilitating the movement of pedestrians and
cyclists.

 The irregular blocks adapt to the topography and the historical context of the city.

» Keeping plots small creates active failure, encourages the human scale Gehl talks about,
and provides a flexible foundation for future growth. The excess space is reduced.

« Plots of 5 meters to 20 meters, generates a natural buffer for the uses of the
low level.
The following graphic sequence (Figure 12 Housing blocks) illustrates the approaches,
facilitating their understanding:

————
ot . -
i o | [ = i
\ » TE 1 1 B ) i |
™ : 3 fom ) d l_ o LT
‘ ) A B AU = e e o tdl . |
g I 4 el 1 v t £ 1= 2 gk
* N = T = — o %
. 7 ¥ N { 0 « — ‘, g il \‘ 3
{ e " = el : = ~( |
¥ 2500 "'rr 1" BTy s L :"'.—_L‘—.;" - e | L} ¢
S d 1 T St e e
bl 28 B €5 I r !
[ [ | '
Plaracentrada en unedificio chvico Portiand, USA L +3 'lJL_J }_,, 4 I
clave . £ Tl
[ Plaza come espacio extendido de la J(‘ ) ;' ~
- explanada r— ] 14
] > 180 180T [ = )3
g V' = B B ; [ e —_
'y i L ™ B i |
o -7 i RS e D | 10T o camea e
N Ol iy e % | iferentes tamanos de blogues para
»_‘\.:‘ 7Y vy XA 2 N EOTA diferentes usos
a2 v A\r k& =1 5 =
v L e i Ol o STV
% e S Ml ] sk S 0 |
1) | Wiges=
N BTk W L I/
Casacon patio libre de 21 metros r " *
Edinburgh, New Town, U -
Cancha ubicada en el interior del bloque Jl S
00 4
v
Yol b )
S e (8 TR
ﬂ \ RS B = | i 1
| ke L 3
s nf=i SN
( Wy B v »
Y a8 O
3 N =~ L J
e B = &
9l 4 -
Lt B (
C go. USA
glorietaen la interseccion de calles Blogques irregulares por La topografia

Figure 12 Housing blocks (Davies, 2000)

7.1.2 Land use planning

The land as a space cannot be used by people without transportation, the planning model of
cities depends on the existing transportation technology at all times, the possibility of providing
each area with public services, the cost of land and the average per capita income of the
population, since this determines their purchasing power, including their ability to pay taxes
and the services they receive, which in turn affects the quality of urban planning, since it
indicates the quality and quantity of
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urban infrastructure with which each area of the city or the city in general can be provided (Kurt
W. Bauer, 2010).

Land use planning in cities was studied mostly in the United States, where city land was
separated into sections or areas, according to their use for residential, manufacturing, service,
and retail use (Kurt W. Bauer , 2010).

From the distribution of these uses, the average transportation cost can go up or down, the
idea is to maximize the number of residences within a short arrival time, generating a buffer
around the industrial center, determining this of what has been called the model. mono-centric
city (Kurt W. Bauer, 2010).

The sectoral model proposes the use of mixed land, although it is based on the monocentric
model, which was proposed by Hoyt in 1939, the idea is not to depend on the industrial center
as the only generator of trips (Kurt W. Bauer , 2010).

The external expansion model is based on the fact that the pedestrian becomes a user of trains
and private cars and travel time no longer depends on distance but on technology, it is the
beginning of dependence on the car (Kurt W. Bauer , 2010).

The polycentric model proposes a decrease in the cost of transporting goods, generating radial
transport systems such as railways, the motor truck and the rise of the automobile, this is North
America from 1960 to the present. The graphic sequence of Figure

13 illustrates some concepts of urban models (Kurt W. Bauer, 2010).
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Conceptual Urban Growth Models

Figure 13 Models in city zoning (Kurt W. Bauer, 2010)

7.1.3 Accessibility, transportation and social segregation

Until now, it has been seen how the city should be developed based on authors specialized in

urban planning, in all of them it has been possible to see how the city is related to transport.

The city's public transport not only shapes it, but also directly affects the lives of the human beings
who live in it, causing exclusion for those who do not have means of transport. (Ramirez-Cajigas,

2018).
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Measuring accessibility to public transport is important to have fairer societies, where people
can live better, societies with cities for people, urban planning is directly related to transport
(Gehl, 2014) (Céaceres, 1988)

(Ramirez-Cajigas, 2018).

An accurate definition is perhaps the following, which quoted verbatim says:

“Measure of ease of communication between activities or human settlements through the use
of a certain transport system, allows explaining and measuring the ease or difficulty provided
by infrastructures and means of transport in mobility. Three accessibility measures can be
distinguished: relative accessibility, which is defined as the degree of connection between two
places that belong to the same territory; Integral accessibility, defined as the degree of
interconnection that exists between a point or place and the rest of points that are in the same
territory, and global accessibility, which is determined as the sum of the integral accessibility of
all the nodes of the study area, which represents the degree of connection of the entire network
and reflects the effects of any action on it” (Caceres, 1988) (dajome, 2016).

Regarding its importance, Caceres would write “It can be said that the measurement of
accessibility in its various formulations is an important contribution to the planning process of
transport infrastructures. Its usefulness is confirmed, as a tool, to facilitate the understanding
of transport dynamics and its interrelation with land use planning” (Caceres, 1988).

Spatial accessibility is nothing more than how accessible a point in the territory is, with respect
to other points in it, points that are called nodes (Caceres, 1988).

The cities during the 20th century were planned thinking about the use of the car, generating
segregation between the center of the cities and their neighborhoods, this produced a negative
segregation among the inhabitants of these, generating an increase in the levels of local
pollution and in turn this It represents a mortal danger for the inhabitants. (Vazquez, 2016).

Being a pedestrian or cyclist in the cities became so uncomfortable that people preferred not
to go out unless it was by car, this brought with it physical and mental health problems for its
inhabitants. These trends also affected the accessibility of different social groups (Gehl, 2014).

The transport planner traditionally considers that the correct way to deal with a transport
problem is from mobility and not from accessibility, which has led to freeing up road space to
combat vehicular congestion, a methodology that has not been entirely correct. (Gehl, 2014).

The predominant trend has been to "predict and provide”, generating increasingly expensive
projects, which result in infrastructures that after a few years will become insufficient to support
the traffic, which is why the paradigm has to be changed to
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“predict and prevent”, which is based on trying to predict future traffic demand and then taking
actions to reduce that future demand. In order to minimize traffic on the roads, the emphasis must
be on promoting the choice of trip, giving advantages to the collective, pedestrian and bicycle
transport over individual transport by car. (Greed, 1999). To achieve this it is hecessary:

« Improve multimodality and integration of all means of transport.

« The distances between origins and destinations must be as short as possible.

 Reallocate existing road space to prioritize walking, biking, and transportation
collective.

« Carry out educational campaigns on the environmental damage of using combustion cars, the
environmental damage of building new highways and promoting friendlier methods of
transportation.

* Apply public policies that increase the cost of traveling by private car through circulation taxes.

According to (Greed, 1999) there are links between transport and equity, the unequal distribution
of the planet's finite resources, unequal access to opportunities and an unequal distribution of the
negative impacts of transport.

The transportation planner must think and resolve how transportation can exclude or make
unhappy population sectors, among these there are groups that require special attention, as
opposed to those who have access to private transportation by car, which is strongly linked to the
level of income, age and gender, therefore, the policy, that is, the principles on which public
transport is planned and drawn up, must be profoundly inclusive, that is, it must be such that,
when applied, it must ensure that rich and poor They want to use public transport because it is
inclusive and efficient, which means that old and young people who are poor can go about their
daily activities, of all kinds, which has a direct impact on their happiness and the economy. of the
city; while for their part the rich find it valid not to use their private vehicles, since they can get
anywhere in the city quickly, comfortably and without negatively impacting the environment (Gehl,
2014).

To assume public transport in all its important social dimension, it is enough to think that families
with medium and even high-income incomes must be covered by it, since in a family of four with
the availability of two or three vehicles when used by those who should have left first, two or one
person is excluded from their right to move if they do not have public transportation available
(Delbocs, 2011).

The public transportation fare must be cheap, because transportation becomes a necessity, and
those who are excluded due to its high cost lose employment and recreation opportunities and
gain in frustration, negatively impacting society as a whole, so This exclusion must be avoided by
implementing subsidized transportation for young people, the elderly and the unemployed (Greed,
1999).
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The development of cities must be generated in places close to the areas covered by
transportation systems (Gehl, 2014).

Finally, to ensure that public transport is social, that is, it is beneficial to the majority of the
inhabitants of a city, the urban planner must focus on structuring a model capable of reaching
all areas of the city, providing stops that are a maximum of 400 meters (Davies, 2000) from
crucial sites of social concentration, with the frequency of passage of a few minutes on each
route, with low collection rates as a percentage of the national legal basic salary, but all this
must be accompanied by well-equipped streets in terms of paving, sanitation, lighting and
security, (Jacobs, 1961) remaining to be resolved the individual will of the people to value
public transport as positive, for which the developer must get people to use the public transport
service.

A wide range of research has now shown that transport disadvantages can act to limit access
to social and economic activities and that this can reduce quality of life and exacerbate social
exclusion (Delbocs, 2011).

There were very clear differences in mobility and car dependency between geographic
locations. Trips per day and distance trips per day peaked at marginal locations (Delbocs,
2011).

Correlations between transportation disadvantage and well-being were fairly consistent and
were higher in the regional sample (and to a lesser extent in the marginal sample). The
strongest correlations were between the frequency of difficulty accessing activities and
subjective well-being (Delbocs, 2011).

Recent work has suggested that the socially excluded may not report as many transportation
problems because they do not go out as much (Delbocs, 2011).

At the end of the 20th century, sociology began to examine gender inequality, generating
social awareness of the existing problems between men and women, having a broader
understanding of how people live in their habitat (city)

(Greed, 1999).

The existence of gender marginalization in rural society was found, observing that women
have a particular difficulty in finding employment and performing activities.
(Greed, 1999)

In many cases, households had only one means of transport and this was used by men,
isolating women from life, as if that were not enough, there were no public transport routes
(Greed, 1999).

Although the rural environment is not part of the urban environment, the accessibility that
exists in the connection between a rural and an urban area can be measured. (Caceres, 1988).
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Living for many years is a relatively new phenomenon, which was generated after the Second World
War by improving living conditions. The population of developed countries tends to be older, therefore,
it is on the way to face a world of old people, generating evident obstacles in urban planning (Greed,
1999).

After retirement there is no generality or homogeneity only due to age, there is a generational difference
between each age group, cultural difference and different preferences, so urban planning for these
people cannot be addressed as a single vision

(Greed, 1999).

The classic key factors addressed in planning for the elderly are housing, social services, health, and
the elderly are kept in their home, receiving what they need there, as if when they reach old age, human
beings leave their humanity and cannot leave for the things they require and thus share with other
members of society for having become a waste of the city (Greed, 1999).

In general, it is acceptable that cities are built for those who by age are in their productive stage, that
places for sports and recreation are provided for the young and athletic, but these sites can be planned
so that the old can walk in them and still, sit down to pleasantly observe the course of the lives of the
youngest (Greed, 1999).

Elderly people, having less physical abilities than young people, need accessible transportation systems,
with stations close to their homes, generating the possibility of living in the city regardless of their
advanced age (Greed, 1999).

7.1.4 Urban planning, mathematics and accessibility

The mathematical modeling of urban situations seems to be the best method to plan cities and save
money in the attempt using current computing power, which reached the capacity to handle large
amounts of data several years ago.

There is a classic problem found in Taha's operations research book (Taha, 2012), chapter 2, subscript
2.4.4 called “Urban development planning”. The problem narrates how a city that faces a budget cut,
seeks a solution to improve its tax base with a new housing project, where restrictions on house size,
price, street size, costs and, in general, real aspects are proposed. that can only be solved from matrix
mathematics.

The interesting thing is that this type of problem can occur in real cities, and the solution is not complex,
since it is solved with a linear programming model (matrix equations with equalities). With the current
possibility of computing power, it is possible to solve

many similar problems in a matter of seconds.

The arrival of computer science brought the possibility of using mathematics as a tool for the analysis
of solutions and urban predictions. Always be
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attempts to arrive at mathematical simplicity, in order to solve the real complexity, the
rule of clarity of Simon and Chase.

Urban mathematical modeling was born in the 1950s, with the hope of giving rigor to
urban planning, giving rise to the conviction that urban phenomena have a degree of
complexity that can only be addressed from mathematics. The following chart summarizes
three modeling systems:

El método El proceso de El proceso de
cientifico modelado planificacion

! :
Recoleccion
Hlpote5|s de datos encuesta
experlmento callbra(:|on m
de plan
analisis predlcaon

$

Evaluacion
del plan

implementacion

Figure 14 Scheme planning (Leslie Martin, 1976)

Using one of these methods, or another derived from them, it is possible to model a city
urbanistically, including all the infrastructure that allows the social and economic
interaction of a resident community and those who visit it.

These models are based on the simulation of a single subsystem within the city, such as
a specific commercial activity or a residential area, the theories of the models are hand
in hand with hypotheses of economic and statistical science. The micro-theoretical
approach is more difficult to prove than the macro-theoretical approach, because in the
micro, human behavior is more present (Leslie Martin, 1976).
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Lowry (1968), poses urban modeling as a mechanism for conflict resolution between different
groups who require territory for different purposes, separating the urban system by activities
and transactions, always with a macro approach. (transportation, retail, residential, industrial)
(Leslie Martin, 1976).

Chapin (1965) analyzes the activities as interactions within the study area, considering each
activity as a sum of integration, the space adapts to the activities.

For population estimation, any formula of economic science can be used, a general formula is
given here (Leslie Martin, 1976):

(+1)=(1+y+)()=()Equation 1 (Leslie Martin, 1976)
P= population.
t=time.
g= growth factor.
d= mortality rate.

b=birth rate.

m= net migration rate.

It must be understood that urban modeling has several aspects, it is not possible to speak of
a single urban model but of the set of different models that can provide a solution to urban
planning (Leslie Martin, 1976).

A problem can be modeled in a system of equations as seen in the example cited by (Taha,
2012), thus subregional models of impact on a decision, predictive models, optimization,
spatial design, activity models, residential models are available. , urban dynamics, transport
dynamics and of course complex dynamic simulations that relate the above.

The economic-based models are simpler, they are seen by the following functions: the
population P is expressed as a function of employment E, and the service S is a function of
the population, la = , >1, Equation 4 = + , Equation 6, are economic
equations and = ,0 << 1, Equation 5, relation between basic employment for any closed
and defined city system (Leslie Martin, 1976):

= ()Equation 2
= ()Equation 3

= , > 1, Equation 4
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Figure 15 The sequence of operations in the generation of population and services from basic employment.
(Leslie Martin, 1976)

Within all the models that can be run to evaluate some aspect of the city, in this work the accessibility models
focused on public transport are taken as a basis, because the idea is to achieve cities for walking or, in the
words of Gehl, cities for the people:

Some classic models study the different activities in different areas, in the study region (Hamburg and Young
1965), the problem with these models is that they go against each other
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to the idea of a city for walking, this is based on classifying each activity in order of importance
in the daily life of the people of a region, thus generating biunivocal origins and destinations
(Leslie Martin, 1976).

The Lowry model organizes the spatial economy into activities and also classifies into land use
(employment, services, residential, industrial, etc). The activities are studied and the land is
divided into activity ratios, it also classifies the regions in basic employment (exports outside
the region) and non-basic employment (only regional), takes into account the population density
of each area and tries to ensure that never exceed an urban density threshold (Leslie Martin,
1976).

There is an inherent problem in cities and that is that they grow little by little over time, this
generates a problem called "The problem of location attraction”, it is very difficult to measure
the attraction generated by a place, since modifies over time, the variables in the spatial models
can be divided between extensive and intensive, the extensive ones change as the zoning
system alters, while the others do not, in theory the attraction measure should only be altered
relatively. The normal thing is to make population prediction models, for this work a stable
population with the ability to move randomly between the zones of the study area will be
assumed (Leslie Martin, 1976).

Transport is transversal to urban planning, people could live in caves and still need to be
transported, at the beginning of the history of cities, you had to walk very little, you could go
from one end of the city to the other using the feet, over time the cities grew and with this the
need to plan the city for public and individual transport was generated to reduce travel times
(Leslie Martin, 1976).

There is a mathematical methodology to measure and study a transport network (accessibility
indicators) in all its aspects, transport policies directly influence people's lives and the
organization of city neighborhoods, transport is then a matter that cannot be left to chance
(Leslie Martin, 1976).

Transport should be planned together with land use, thus saving money and always thinking
about the impact of any modification of the network. The transport network defines the
accessibility that citizens have, the quality of the environment and of course how attractive the
city is for investment (Leslie Martin, 1976) (Caceres, 1988) (Kurt W.

Bauer, 2010).

7.1.4.1 Topological measures of accessibility

Maximizing accessibility improves current and future individual and collective well-being
(Caceres, 1988). Accessibility can be measured in several ways, measuring the distances
between a location and other points, measuring the travel time and comparing it with the
minimum possible distance, the possibility of a population group to access an area, benefit that
people obtain by having access to transportation and other alternatives. accessibility is
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“Freedom to decide whether or not to participate in different activities (work, shopping, recreation,
etc.) (Caceres, 1988) citing Burns.

Figure 16 shows some ways to measure accessibility.

-Simples medidas de la red
MEDIDAS TOPOLOGICAS -Medidas que consideran el
coste : Shimbel

Simple de Ingram

-del viaje ya realizado
-de la probabilidad de
un viaje entre dos zonas

MEDIDAS DEL VIAJE

-Modelos de Gravedad
-Modelos de Utilidad o
Beneficio del usuario

MEDIDAS AGREGADAS

-de oportunidades acumuladas
-Tiempo-Espacio Geografico

MEDIDAS
DESAGREGADAS

MEDIDAS BASADAS EN
EL
TRANSPORTE PUBLICO

-en areas urbanas
-en zonas rurales

N

Figure 16 Accessibility indicators (Caceres, 1988)

Topological measurements are based on graph theory, representing the road network as a mesh,
each section of the mesh joins two nodes, a scalar is taken into account that represents distance,
time, cost, etc. (Caceres, 1988).

Travel measurements focus on the itinerary and the number of times a moving particle travels in a
system (Caceres, 1988).

The aggregate measures take into account the relationship that exists between transport and land
use, the nodes of the mesh are considered as a group. On the other hand, the disaggregated ones
consider the element that moves in the network (person, car) (Caceres, 1988).

The measures based on public transport are a subset of the disaggregated ones, these are
important because they take into account the means of transport of the most vulnerable population
(Caceres, 1988).

Accessibility studies are classified into 3 groups: macro accessibility, which studies the entire study
region, meso accessibility, a significant part of the total area, and micro accessibility, which goes
on an individual scale, studying certain groups (Caceres, 1988).
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There is relative accessibility, the degree of connection that two places located in the same
territory have, and integral or absolute accessibility, which is the degree of interconnection that
a point has with the rest (Caceres, 1988).

A. Aelativa A. Integral

A h] =ia,

1] 1]

Figure 17 Relative and integral accessibility. (Caceres, 1988)

Topological accessibility measures Shimbel index (IS), path factor (tracing ), index of
speed () and absolute indicator of global time (Tg).

Shimbel Index (SI):

"The Shimbel index calculates what is the minimum number of paths necessary to )
connect a node or stop, with another node of a network or route".- (dajome, 2016) citing
(Fernandez Santamaria, 2000.). Ingram in 1971 and Vickerman (1974), generalized the
Shimbel model, arguing that the model should be able to show the urban grid as it is, for this it
develops a series of formulas based on the general Shimbel equation adding, the factor

7" (Caceres, 1988)

(
IS =y(1)

path factor ( )

“This indicator allows quality to be measured (quality is understood in this case as the route
that most closely resembles a straight line between two nodes) in the layout of a transport
network; the more it resembles a straight line, the better it will be. the index. It is calculated by
constructing two matrices, one for distances over the network and one for distances in a
straight line to and from each stop or "-" node. (dajome, 2016) - citing (Caceres, 1988) In this
concept, quality is understood as the fact that the indicator shows that the layout of a transport
network is close to a straight line.

(two)

Where:
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= minimum distance through the communications network between i and j.
0 = geographical or straight line distance from i to j.

To determine the integral path factor, the following expression is used.

Adjusted to generalize all routes takes into account the geography of the route.

1
= Ly w3
b R e 3)

original unadjusted equation does not take into account the geography of the route.
I @
yayij
= integral path factor of node i.

n = number of nodes.

A greater than 1.5 indicates a low level of accessibility, for equation (3). Equation (4) will reflect
better performance the closer it is to number 1. The reason why this is very simple, the number 1.5
indicates that the route is only 50% above the perfect standard, it is necessary to remember that
the roads are traced over a city and pre-existing topography, so having an ideal indicator of "1", it is
just a utopian idea, which is far from reality (Caceres, 1988).

Absolute indicator of global time ( ).

"This indicator measures the sum of the time it takes to travel each vehicle of the transport system,
from each node to all the others, thus, the point with the lowest sum is the best
communicated" (dajome, 2016) citing (Izquierdo, 1991).

=y 4 (5)
= Travel time from node i to j using the network.
n= number of nodes.
Plot index — speed ( )-

“It is a variety of the route factor, the highest values correspond to the most inaccessible areas. It is
calculated with the construction of two matrices, one for travel times over the network and another
for travel times in a straight line to and from each of the nodes,” (dajome, 2016) citing (Izquierdo,
1991).
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Where:

= travel time of iaj using the network.

= fictitious time it would take to travel the distance ij in a straight line at the average
speed of circulation.

To determine the integral Velocity Trace factor, the following expression is used.

=1 9y
= (7)
Where:

= Plotting indicator of speed of node i..

n = number of nodes in each zone.

Gravity Models:

These models assume that the population behaves under the laws of classical mechanics,
then it states that for there to be interaction there must be communication between the
areas, each individual exerts the same influence or capacity for interaction, the influence is
proportional to the difficulty of communication from its location and a transport friction is
generated depending on its distance (Caceres, 1988).

Pi.Pj " population of areas y and j, respectively.
Dij - distance from node i to j.

_ f(Pi, Pj)
f(Dij)

A population potential can also be associated, measuring the influence of a group of
inhabitants on a point in the territory.

Vij = potential created in i by the population of j.
Pi. ,Pj " population of areas y and j, respectively.
Dij - distance from node i to j.

pi

| said)
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Accessibility and public transport.

In public transport, not only the influence seen in the topological measurements should be attacked, but also
the waiting time, since this is the biggest difference between those who have a private car and those who do

not.

hey dj
=y Q]

Ai = absolute accessibility of node i

Oi = variable that expresses the influence of the origin
Dj = variable that expresses the attraction of the destination
fidij)= variable that reflects the opposition to displacement

The variables are modified according to the type of study to be carried out, for example, it can be traffic, the
respective population, the number of trips, also the number of jobs, the number of businesses, etc. (Caceres,
1988).

Table 4 shows accessibility measures in transport, the table has been extracted from the reference (dajome,
2016)
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Table 4 Topological measurements table extracted verbatim without modifying the reference (dajome, 2016)

Topological Measurements

They are the oldest, are based on graph theory and only consider the

transport network in the study area, simplifying it and representing it by a mesh, where each of its sections joins

£y, 0= Indicadones de sessisal
#= Numaro o aroos © ames de l red
= Nymeng de nodos

two nodes.
Index Author / Year Desgription Pro / Con Formulation
It allows obtaining information on
the availability of road
infrastructure in each
neighborhood to subsequently
generate
Measures the density | descriptive maps on the D ktn de red ki
of communication behavior of the network in the = Area zona de estudio ,,m.',
density indicator | Left, R. (1994) infrastructures in an territory.
area in km/km2 !
It can have many
variations depending on
the weighting of roads or services
of different categories.
It involves the road
infrastructure sections of
the system in relation to the
stops or stations that connect
them, allowing visualization of the
) availability of the entrances that
Measure the density users have to the system.
using the
i uantification
density gauge Potrykowski M. q _ . _
and Taylor, Z. of the infrastructure quantify the density
(1978) endowment and the numbering the sections in the g 1 ¥ p=p
N - = em— ] = —
Kansky number of nodes of area without taking into account I¥ ; / Yg=2)"' i 2=t
the graph or study area | account their length, allowing
more uncertainty in their results.
Sonde:
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allows visualize the
speed
with which users
can move from a specific
neighborhood to all the
Sarmient (neighborhoods) of thé/ieastomstttiensyim displdssnent
armiento, .
Absolute Y J network from a road) &i50es aIFeHHssthe length of the
indicator of - Munoz, J. 'I" i Zn t‘
global time and Angel, C. l ] =1 [_]
(2000)
It tends to favor points located .
towards the center of Donde: ) .
a network by its geographical f.; v ﬂem,po_m[,n,lmo de recorrido
location. de /autilizando la red
Since the straight line is the
better path of
connection between two zn d e
points, J= 1% }
M h the road network can r[ fo——e
ea.surest e be weighted based on this } zn do i
quality of the layout, | characteristic. / When having |= 1 u
Factor of Left, R. (1994) that s, its degree routes with the same start and
route of approximation to | finish point, other conditions Donge:
the straight line must be taken into account in fy» Facr @8 fuia eetre 05 purtes |y |
order to use it. 0, = Minma ds2anod por @ ed 0¢
comuncaciones entre f y)
;= Dislanciz geogrdfica 0 en linsa
TEC!B 091 3)
The results thrown by the
isochronous curves
allow a better view
of the
condition of the road network
of the system thanks to the fact f=f!
based on the map of thetRAltheagritetatftb B aRMdte I=1 t!' j
of the factor represent| tHBEBAESSHIES eiNger vatiagt Itv = —
Trace rate curves conditions of u ;@f@(%ﬁﬂ}ﬁ&@ﬁﬁ@%ﬁﬁ'{&mm { E J=n ID _
Left, R. (1994) and arrival. . | the same point of departure jil ]
and speed
Dande
L= Tempo minimo de recarmido de
i@ ufleando la red
f'y= liempo ficicio que se tardaria
& recore |a detanca Haa
velooidad media
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Added Measures:

They are based on the interrelationship between transportation and land use, they provide joint information on a group of nodes in
the road network, and their relationship with others.

Index Author / Year Defcription Pro / Con Formulation
It includes a social type
variable, which is the number
of inhabitants in each node
(neighborhood), allowing analysis
It includes the number that includes the
of inhabitants of each
node, and is restricted population census and
Wwith an impedance its §ocia| stratum based on the
value, which is indicator. /
severity Left, R. (1994) defined as the P j
indicator difficulty of The displacement impedance e — A ]
must be defined, which can vary al] ﬁl‘lu J Vl ¢
according to the criteria with which e
it is done, generating uncertainty
move from iaj in the result.
Corde
P Pobiacdn dal nedo de desing
[= ‘mpedanca enre iy |
d= Destarcia en ko eslre los aados iy |
Evaluate the attraction | |t allows to see the possible
of the population displacements of the
for an area, inhabitants of a node
considering the (neighbprhood) taking into account the A=YVt
number of areas areas yd#velvanyzd fodauehgpment and ’ &=1%)
It does not take into accmirimencomcainimg inflestmdchee
accessibility zone with sfudyaivedatelitginé displeasenet Ei
indicator Hansen, W.G. between the node and dreas the development area. ,’1_.‘. = uT;:_
Hansen I
(1959) Donce
Ai= Nivel de acceshices de b zera
i regoecio 8 la rona |
E = Totel d2 amplecs en Is 20na
g, Distancis anire 88 2onas iy J
n = Nirmeno 02 20nas 0ol A%ea 00 eslutho
b = Pardmebo de calbraciin
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indicator
Hirshman

Y
Henderson

Barcellos,
V.,
Goncalves,
A., Lopes, F.
(2000)

Measure weights with
respect to growth

population of an

entire region and
depending on the

accessibility of

a

subregion

compared to the region
from which it is divided

Separate and give weight to
accessibility each of

subregion (neighborhood)
of the territory when analyzing the

behavior of population growth of the
entire territory (Cali). / Due to social
inequality in the territory, the growth
rate

population can vary in areas of the
territory, generating uncertainty

when giving a weight to the
accessibility of each node

(neighborhood) with respect to the
growth rate of the entire

territory (Cali)

= Li'a"l
G‘ N e e
J [on I ’
Em-‘,m[

G = Incremento de crecimigno de ks
poblackin asignaca en la subegion |

Gr= Creomiano toly seoyoctand cars
subregin )

A= Aoesitiidad entre la suseodén |
y i subregiln |

Public transport

provision index

(IPTP)

Jaramillo et al
(2012)

It quantifies the
the amount
of public

transport in an

area, and uses
infrastructure variables

who qualify access to
the service

It is directly related to the
road infrastructure,

stations and stops found in each

neighborhood allowing
analyze the accessibility of the

users to the system.

l \.‘\ W W,
L i

A 1) u‘ - 11 Wet
‘I| '™

Dorde
W =CC,
Wy =Ll
"= § 00 SeNvCios Oe rarspone puticn
§.= 2 do pIracas (0rs of SOrM00 1 o0
Wi s TRer &4 0000 30 CRPAGEAT G4 |
$s TROY 59 oS0 $0%% IRC.070A OF |
A dreg Ow O8I0 |
"= pobiacatn ded dalrto |

7.1.5 Transport in the healthy city

The use of public transport must become an option as good as private car transport, the
difficulty lies in the fact that there are already years of urban planning focused on this option
and also the public transport system in many, perhaps the Most cities in the world do not
enjoy the best perception, due to their multiple failures (Ramirez Cajigas, 2018).

To start or reorganize a public transport system, there are some important questions that the
urban planner must ask, and by obtaining assertive answers, you will be able to achieve
optimal results within the restrictions imposed by reality: all the questions are obtained from
various authors (urban desing compendium, 2000) (Davies, 2000) (Kurt W.

Bauer, 2010) (Gehl, 2014).

* How wide is the sidewalk?
* What is the flow of people between areas on each day of the week?
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« What is the most suitable public transport system for the city based on the geological condition
of the land where it is built and the existing building system in it?

* What is the territorial extension of the city?
« What are the main streets that lead to the places of greatest concentration
Social?
* What are the key places where social concentrations are generated?
* How many neighborhoods make up each area?
« Is the width of the streets sufficient to separate lanes exclusively for public transport?

« Does the pedestrian have to wait long to cross the streets?

« In how many areas is the city subdivided?

« Is the material from which the pavement is made comfortable?

« Are there guide signs?

« Is there visibility?

* Is the street mixed use?

« Does the city's infrastructure allow the organization of public transport stops within a radius
of 400 meters based on the key places of origin and arrival of passengers?

Do existing routes connect origins and destinations?
« Are the routes labyrinthine?
< How accessible are the streets to public transport vehicles?

« Is there space available in front of houses and buildings, that is, in the streets, to support the
installation of small businesses that encourage the concentration and socialization of
people?

« Clean public environment.

« Cars parked in a place other than the bicycle lane, clearly demarcate the spaces for
cars.

« Streets with between 500 and 1000 vehicles per hour, require the pedestrian to wait a while
to cross the street.

« Streets with more than a thousand vehicles per hour require assistance so that the pedestrian can
crossing.

« Streets of 30 kilometers per hour if it is a vehicular street.

« Streets where people can be seen by other citizens.

« Lanes defined if the speed is greater than 30 kilometers per hour.

« Densities of 80 people per hectare, will attract up to 2000 people per stop, this number
increases as the density rises.

« Bicycle storage should be included in public building policy.

« The bus should have priority at intersections and turns.

» The bus is successful if the necessary density exists within a radius of 400 meters or 5

minutes walk.
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* The path should lead where people want to go, modifying the path if necessary.
street geometry

* Eliminate pedestrian barriers.

« It is inefficient to have incomplete sections for cyclists.

« Streets with up to 500 vehicles per hour (in two directions) offer pedestrians
opportunity to pass the street.

Notwithstanding the emphasis of this work on taking mass transit as the axis of approaches when
considering public transport systems, the following table (Table 5) presents the "catchment areas for
public transport" encompassing several alternative systems, as appropriate. action by the developer:
(Davies, 2000)

« To get people to walk in the city.

» To promote the use of bicycles.

» To promote and achieve the use of the bus, the following must be considered:

« Bicycle parking spaces in the city encourage their use.

* Narrow radii at crossroads, spend the minimum amount of time possible in the car lanes.

« Slowing down traffic increases the feeling of safety.

* Lanes are recommended for cyclist use from 1.5 to 1.75 meters, since on many occasions the user
is accompanied by their small children, who go by their side.

« Stops are recommended at intervals of 200 meters to 300 meters on buses See
Table 5

Table 5 Public transport catchment areas, this table shows a recommendation to take into account when
designing collective public transport systems, however, the service area used in this work is 400 meters
and not 800 meters source: ( Davis, 2000)

Catchment areas for public transport
o Train )
minibus buses guided bus _ train
Transportation light
interval of
200m 200m 300m 600m 1,000m+
stop
of

. 800m 800m 800m 1,000m 2,000m+
service area
carcmen 320 - 640 480(to 1760 1680 to 3120 480010 24000

- (o] 031

people per stop 9000

In front of private cars and their parking should be considered when urbanizing (urban desing compendium,
2000) (Davies, 2000) (Kurt W. Bauer, 2010) (Gehl, 2014) :
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« Car parking cannot be allowed to dominate the urban landscape.
» Keep the number of public parking lots low, so that people prefer to use public transport.

« It is recommended to have only one car space per household.

* Community parking spaces.

» The parking lots should preferably go under the streets and locations, it should be
avoided to have cars in front of the facade, as it makes pedestrian and cyclist passage
uncomfortable.

« Parking space may be available at the rear of the building if underground parking is not
possible.

 The layout must be logical to the driver. ¢

Avoid leftover spaces.

7.1.6 Mass public transport and the environment

The anthropogenic contamination of the environment is a reality, it is generating a legitimate
concern worldwide, due to the problems for health and general well-being that it entails (Arup
Group, 2016).

The vehicle fleet in cities today is made up almost entirely of combustion cars, which in turn
release gases such as Co2 (Figure 18), Nox, Co, lead residues, sulfur dioxide, among others.
particulate matter.

A consistent way to combat polluting emissions in cities is to eliminate their source,
automobiles, although it is not feasible to expropriate them from their owners, it does seem to
be a good option to design cities designed so that the user in as many cases as possible ,
choose to make their short trips on foot, by bicycle and on an electric skateboard and in
addition to this, they should have mass public transport systems for long, accessible, fast and
efficient trips. That generate a decrease in private traffic (Arup Group, 2016).

Shifting the focus from a city for cars to a city for people, urban and transportation planning
can mitigate impacts and foster environmentally and economically sustainable development.
Instead of the efficiency of roads, parking, and pollution, cities now strive for activity, nature,
and vibrancy. Adapted to Spanish from (Arup Group, 2016).
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Figure 18 CO2 emissions from transportation (% of total fuel combustion) (World Bank, 2021)

It is estimated that there are at least one billion people exposed to urban air pollution
per year, it is estimated that the medical cost and repair of facades will be 2% of GDP
in developed countries and 5% for underdeveloped ones and also that at least 90% of
air pollution in cities is caused by combustion cars (Arup Group, 2016).

There is a history of improving air quality in pedestrianized streets in cities such as
Istanbul where a 32% reduction of NO2 was found in these streets and in some
campaigns such as the day without traffic carried out in Paris, 40% less than nitrogen
dioxide (Arup Group, 2016).
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8 Design and development of software to measure topological and spatial accessibility

The master's degree in transport, territory and urbanism has as a fundamental requirement to propose

an improvement in some front of the study area by the student in the final master's project, in that horizon,
the first intention with this work was to make a comparative analysis of the urban organization of some
cities in order to derive a city organization model, but when collecting information, studying it and
observing the mobility situation in different cities on the internet, it was decided that it could be a better
contribution to propose specialized software so that the urban planner can plan urban mobility based on
measurements of the level of accessibility of city areas for those who move in them using public transport
and on foot. This section presents the results achieved for this purpose. The Dgis software has had the
following creative process Figure 19.

5.1.1 Entendiendo la ciudad.
5.1.1.1 Diseiando ciudades.

Toma concepto de autores famosos come Jan Gehl y
Jane Jacobs. quienes encaminan a sus lectores a
pensar en ciudades para las personas. ciudades donde
el coche no sea una necesidad. donde las personas
interacciones los unos con otro en su dia a dia. Dgis
es de utilidad al momento de planear ciudades para

5.1.6 Tramsporte piblico masivo y
medio ambiente.

Dgis impulsa el uso de transporte publico
colectivo. lo cual disminuye el uso de
transporte privado. Ademas, también se
puede para planear sistemas de transporte

Desarrollar de un software que facilite planificar la
movilidad urbana a partir de la medicion del nivel de
accesibilidad de las distintas zonas de cualquier ciudad del
mundo para quienes requieren movilizarse en ellas vsando
transporte piblico y peatonal

la gente, debido a que se pueden evaluar sistemas de 1 con emisiones bajas o nulas . por ejemplo,
transporte, pero también se pueden ubicar un sistema de bicicletas publicas

oordenadas de los ijpamientos y negocios En que se inspira
locales.

5.1.5 Transporte en la ciudad saludable.

Dgis puede ser utilizado para multiples sistemas
de transporte, es aqui donde por su versatilidad
un planificador. puede usarlo para la puesta en

4 marcha de estaciones de bicicletas. reduccion del
trafico privado mediante la implementacion de un
mejor sistema de transporte desde la
accesibilidad.

En este capitulo se observa el drea de servicio
maximo para diferentes sistemas de transporte.

por tanto, sabemos que para un minibiis no
deberia sobrepasar los 800 metros.

El transporte colectivo siempre traerd interaccion
humana En una conjuncion entre el marco teérico,
historia del vrbanismo y en programas como

Qgis ¥ ArcGIS

5.1.1 Entendiendo la cindad.

5.1.1.2Disefar un barrio para caminar

El disefio del barrio esta directamente relacionado
con el transporte, con el que fue pensado. es por eso
que barrios pensados para el transporte piblico
colectivo. son mas densos y se planean en distancias
cortas con 4reas de influencias a las paradas de
400metros. Dgis usa una distancia de area de
influencia introducida por el usuario generalmente 514

£ Como se relaciona con el marco teérico ?

Urbanismo, matemdtica ¥

300m o 400m. para amojar su resultado de

accesibilidad.

accesibilidad espacial.

vecindario nodal

De esta capitulo sale la idea de medir usando areas de

5.1.2 Planificacién del uso de la tierra. Dgis
tiene la capacidad de medir la topologia de una
ruta de transporte tanto wrbana. como inter
urbana, puede medir las comexiones que
existen entre diferentes zonas, puede hacerlo
con rutas para diferentes medios de transporte,
tren. tranvia. autobis. efc.

En este capitulo se puede ver las modelos de
organizacién tipicos de las ciudades norte
americanas, donde medir la topologia de la
ruta cobra importancia por las grandes
distancias.

513 Accesibilidad,
segregacién social.

Se evidencia la existencia de una desventaja
social ocasionada por la baja accesibilidad al
transporte publico.

Dgis intenta ser una herramienta que ayude
generar ciudades con mayor accesibilidad
espacial al fransporte y rufas con mayor
accesibilidad topologica

transporte ¥

Dgis tiene un fuerte componente matemético
en su progiamacion en Matlab, pues utiliza
conceptos de algebra lineal y ecuaciones para
resolver problemas matematicos complejos.
como el porcentaje de accesibilidad que existe
tomando coordenadas. en teoria aleatorias.
Dgis lleva a software las formulas y teorias
vistas en este capitulo.

Figure 19 Dgis creative process

Cities are dynamic because people move in them in order to satisfy their interests, and the desires and
ambitions of living people never stop, so cities, even if they are already built, are continually modified, on

the surface or underground. , all aimed at people reaching their legitimate goals by moving around in

them in the most agile way possible, which means making cities more accessible to people, which can

be achieved if urban planners can do their job by measuring that accessibility using a software, point of
arrival of the present work.

8-Design and development of software to measure topological and spatial accessibility
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Accesibilidad espacial del sistema de
transporte, basandose en la teoria vista en
los capitulos 5.1.1, 5.1.2, 513 515 y
5.1.6. De donde se concluyen las distancias
| iniciar ‘ de rccom’do‘ usadas, la‘ ne&:csidqd de
generar un sistema accesible, el tipo de
f = \ - ciudad que se quiere estudiar y el drea
! iniciar 2 ‘ correcta de influencia, a usar para medir
cada parada respecto al origen/destino del

usuario.
Este apartado es bastante complejo desde el
punto de vista de la programacion, puesto

que las paradas estas dispersas de forma
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l Accesibilidad topologica de una ruta de
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capitulos 5.1.3y 5.1.4.

Este apartado se puede programar en Matlab
de forma mas sencilla. utilizando la misma
sintaxis y  lenguaje matemadtico, de las
formulas descritas.

Figure 20 Dgis theoretical simplification

At first, it was valued not to make independent software, but rather to create a tool in

Python that ran using computational tools such as: Qgis, arcgis, autocad in conjunction with
Google Earth, however, weighing the need for urban planners to plan in the said task in a more
specific way, but having the overall vision, it was defined that a program focused on fulfilling the
indicated purpose was needed:

Design software capable of facilitating urban mobility planning based on measurement

of the level of accessibility of the different areas in each city of the world for those who need to
move around them using public transport and on foot, a broad theoretical framework on transport,
accessibility and the city was investigated, whose concepts were used in transport and can be
seen in Figure 20.

The program should be able to provide truthful and easy-to-interpret information for the urban
planner, since urban planning is not only planned by engineers with mathematical training, but
also by topographers, geographers, architects, sociologists and even journalists, as is the case
by Jane Jacobs. Having this clear, the task is to create a program capable of being used in any
development office, in any classroom and even presentable on the Internet.

The scheme of the program can be seen in Figure 21, its code in annex 1 at the end of this
document and its programming guidelines followed were these:
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« The results of the program must be output in an already generalized format to avoid compatibility
problems, which is why the xIxs (Excel) format is used.

« The results cannot have visible mathematical formulas that complicate the use
of these.

* The results must be modifiable.

« The results must be obtained from global, free, easily accessible data.

Data that can be obtained without the need to request them from the urban development
agencies in the city.

* The input data must be in an easy and commonly used format, in this way SHP data is not needed
as in Qgis, but simple coordinate data (numbers) would suffice.

» The parameters of the program must be modifiable, since urban regulations change worldwide.

« Obtaining the coordinate points of the program should be able to be obtained from free, public or
private sources. Even so, the coordinate points for the development of this work will be taken
from OpensStreetMap, since the data that is on that platform is free and freely usable.

8.1.1 Program structure

The usefulness of the program is centered on the objective of making it easier for the urban planner to
establish travel routes by public transport and on foot that make cities more accessible to people, since
naturally the streets of the cities and everything that they are endowed with are for the benefit of the
people and that endowment makes sense as long as it is used by the people.

In this perspective, the public transport service must have routes in each area of the city that allow
users to reach key sites such as museums, educational and recreation centers, private companies and
official institutions, leaving the pedestrian within a radius of 300 meters. 400 meters away, which must
also be fulfilled in the initial place that originates the user's displacement, that is, from his residence.

The data required by a program that fulfills this task can be seen simplified in Figure 21 and are roughly:

Input information:

» Geospatial coordinates of the points to be evaluated (stops, stations, businesses, institutions, etc.)

« Coordinates of the ends of the area to be evaluated.
« Area of influence from each specified coordinate to be evaluated. For this work, 400 meters is
used, but you could put whatever is necessary in meters.

 Lower and upper limit, of separation between coordinates to be evaluated, if required by the
researcher.
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« Public or private database file in Excel xIsx format.

» Map of the place studied in OpenStreetMap format for public access.

« If you want to measure an existing or planned route, using topological indicators, you must
enter the average speed in the program, an xlIsx file of coordinates and another with the
matrix of distances along the route, which is done simply by measuring the distance of
route route between each stop.

Output information:

« Allows you to set existing stops between the lower and upper limit.

« It allows knowing the distance between stops to decide to remove the very close ones,
changing them where they are more useful depending on the key sites that need to be
covered.

* Results in the corresponding menu, in a window where you can see a graphical
representation of the data and buffers, representing the area of influence reached in
white, and the area not reached in black.

« A file named results.xIsx containing the results to be
analyzed by the urban planner.

« Allows you to find coordinates, which it outputs in a .xIsx file.

« Allows visualization of the study map.

« It allows to measure routes through the meter of topological measures of accessibility.
(For this, the user must know the transport route to be evaluated and its nodes.), the
results are given in an .xlIsx file.

» Useful matrices to analyze path, make path comparisons, modify nodes and evaluate their
performance.

* Time travel.
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Figure 21 Simplified diagram of the operation of Dgis

8.1.2 Instructions for use of the software

Next, the reader finds the obligatory tutorial, which facilitates the correct use of the program, by
indicating the data that must be supplied, the data that it throws and the interpretation or analysis
of these, taking as an example a random sector of the city of

Santiago de Cali, in Valle del Cauca, Colombia, to demonstrate its applicability in any city on the
planet with easy and free availability of the basic information available generically on the web in
administratively organized cities:

Installer program download link, copy and paste the link into the address bar of your preferred
web browser:

Link for operating system Mac OSx 10.14 =

https://drive.google.com/file/d/IEQLW9KBIOOrTNM56npzMevAg|ctlihOW/view?usp=sha
ring

Link for Windows 10 OS = https://drive.google.com/file/d/1m-Ulb e QoXIKg9 gBeMamA6akj1WqUs/
view?usp=sharing

1. Double-click on the file named Dgis Figure 22 First you must double-click
Click on the program icon.

8-Design and development of software to measure topological and spatial accessibility
55


https://drive.google.com/file/d/1m-U1b_e-QoXIKg9_gBeMqmA6qkj1WqUs/view?usp=sharing
https://drive.google.com/file/d/1m-U1b_e-QoXIKg9_gBeMqmA6qkj1WqUs/view?usp=sharing

Machine Translated by Google

e UVERSITA FSCUELA TECNICA SUPERIOR
”Il I3 TECNIC A Nlmmummi
¥ VALENCH CAMALES Y PUERTOS

Dgis.exe

Figure 22 First you must double click on the program icon for its installation

2. Once the program starts on your computer you will see something like Figure 23 -
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Figure 23 Screenshot of the start window of the Dgis program

3. Now coordinate data must be obtained, for this example, the OpenStreetMap database
will be used, since it is free to use.

4. Go to the web address https://www.openstreetmap.org/.

5. Select the export button, then click manually select Figure 24
capture.
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