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Situational analysis

The challenge for governments lies in
how to achieve mobility in the form
People are forced to efficient and friendly.

transported for various reasons. Contributing to social sustainability,

environment and economy of the city.

The mobilization of the people

generates social dynamics and
economic.

For people to move around in cities
there are basically two means of transport,

private and public.

Problem to attend?

How to 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.
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Justification

Urbanism is understood as an integrality, where transport
it is a fundamental aspect.

Measure the topological

and spatial accessibility of a e e Alle e als Capable of facilitating

transport system. better urban planning. transp%r;aetrlggosnyitrei':zrlgject

It must be capable of
processing the information Define the organization of
that is entered and output public transport routes. define stops
data easily
interpretable by developers
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3 Objectives b
DE VALENCIA

Develop software that facilitates urban mobility planning based on the measurement of
level of accessibility of the different areas of any city in the world for those who
they require to move in them using public and pedestrian transport.

Establish the guiding parameters that the
urban planner must use to support
mobility in 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.
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4. Methodology

The concept of city was studied, 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. individual and collective terms.

The city concept of 5Km/h, this speed refers to the speed of a pedestrian
walk fast (Gehl, 2014),

cities for the people

Matlab was used to program the software.

Once a designed and structured program capable of working was
achieved, the required validation was carried out, taking the city of Santiago

de Cali, located in the department of Valle del Cauca, in Colombia, as the
setting.

UNIVERSITAT
POLITECNICA
DE VALENCIA
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A. Relativa A. Integral
a. . A, =£ a,,
ij iyt ij

Relative and comprehensive accessibility. (Caceres, 1988)

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

Simple de Ingram

MEDIDAS TOPOLOGICAS

-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

-en areas urbanas
-en zonas rurales

L

TRANSPORTE PUBLICO

Accessibility indicators (Caceres, 1988)

Topological measures of accessibility

Measuring accessibility to public transport is important
to have fairer societies, where people can live better,
partnerships with cities for people, planning

urban development is directly related to transportation (Gehl,
2014) (Caceres, 1988) (Ramirez Cajigas, 2018).

path factor ( ) : This indicator allows to measure the quality (quality is
understood in this case, as the route that most resembles a straight line between

two nodes)

_ 1 1 said _ ydij

0 =

nyl oYY, dyij y dyij
Absolute indicator of global time: “This indicator measures the sum of the
time it takes to travel each vehicle in the transportation system, from

each node to all the others, thus, the point with the smallest sum is the best
statement” (dajome, 2016) citing (Izquierdo, 1991).

I
<
1

°l

It is a variety of the path factor, the highest values correspond to the
most inaccessible areas.
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ar-free initiatives

“Vision zero" policies

Transport in the healthy city

edestrian and health campaigns
ocal champions

erging and temporary initiatives
Economic incentives

Benefits framework. Benefit Areas action g

irtuous cycles

ensity and mixed functions
alkable Connectivity

Pedestrian streets
oad share

ntegration with public transport
oad diet

afe crosswalks and intersections

proved signage
nfrastructure reuse

nnovative public spaces

reenways and blueways

Parklets pocket parks

urniture and urban design

icroclimate measurements Active facades
Open Street Events Public Art

DIY opportunities Fairs and street markets
Promotion of heritage

- Reallocation of redundant spaces
- urban night landscape

- Inclusive design Playful interactive
- environment
- New city exploration modes

thfindi i
Graph extracted from the pathfinding systems

reference (Arup Group, 2016)

and translated into
Spanish

Detection of people and the environment

security mapping
city monitoring
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5. State of the art
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A LEEORA Ho
9700 "¢ 0" e
AQQm.

o',

Vecindario adyacente
Calle en vecindario a |a carretera principal

.

————

frente al mar
Vecindario nodal

4oom

Centro de laciudad con  cenerq ge Ia ciudad con

Land use
planning

estacion de tren rodea_do agrupaciones de Vecindario a través Vecindario en
de grupos de vecindarios .cindarios periféricos de una pendiente una autopista
Mass
) : L : N ) public
Figure 10 walking radii in different possible situations (Davies, 2000)
transport
and the
Areas de captacién para el transporte publico environment
e Tren
T Minibas Bus Bus guiado figaco tren
Intervalo de
200m 200m 300m 600m 1,000m+
parada
R = 800m 800m 800m 1.000m 2,000m+
servicio :
Transport in
Captacién 14200 the healthy
personas por | 320 - 640 480a 1760 |1680a3120 9000n 24000 city
parada

Public transport catchment areas, this table shows a recommendation to have

taken into account when designing collective public transport systems, however,

the service area used in this work is 400 meters and not 800 meters source:
(Davies, 2000)

Topological

measures of accq

designing
cities

Design a

neighborhood
for walking

Land use
planning

of the art

Accessibility,
transportation

and social
segregation

Urban

planning,
mathematics and ac{
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6.1 Structure of the program-Theoretical foundations Urban Modelling

Algorithms, Calibrations, Predictions

.

3. Objectives

4. Methodology

Towards a walking world

5. State of the art

Kurt W. er g ) g Desa.n.'ollar de un softv.vare que fac.il%te phniﬁcm la
6. Design | movilidad urbana a partir de la medicién del nivel de
aﬁ d accesibilidad de las distintas zonas de cualquier ciudad del

mundo para quienes requieren movilizarse en ellas usando
transporte piiblico y peatonal

La vida social entre los edificios

development of
software to measure

topological and spatial
accessibility

En que se inspira

Ciudades
para la gente
Jan Gehl

En una conjuncion entre el marco tedrico,
historia del urbanismo y en programas como

Qgis y ArcGIS /

6.1 Structure of the

Program

6.2 Practical
application to
Cali (Colombia)

6.3 Thirty-four cities
analyzed using Dgis.
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Development time: January 2021 to August 2021, 8
months approximately

Development platform: Matlab R 2020 by R2021 a

1170 Lines of code including graphic modules of
App Designer

6.1.1 Programming in Matlab

=S

Link for operating system Mac OSx 10.14 =

https://drive.google.com/file/d/1IEQLW9OKBIOOrTNM56npzMevA

glctlihOW/view?usp=sharing

Link for operating Win8}k&mL.0 =
https://drive.google.com/file/d/1m-Ulb e

QoXIKg9 gBeMagmA6gkj1WgUs/view?usp=sharing



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

Machine Translated by &9

Index

1. Introduction

2. Context and
justification

3. Objectives

4. Methodology

5. State of the art

6. Design
and

development of
software to measure

topological and spatial
accessibility

6.1 Structure of the

Program

6.2 Practical
application to
Cali (Colombia)

6.3 Thirty-four cities

analyzed using Dgis.

7. Conclusion
and future lines of

research

8.Bibliography

6. Design and development of software to measure topological and spatial accessibility

5&%@@

my

i

UNIVERSITAT
POLITECNICA
DE VALENCIA

6.1.2 Instructions for use of the software

¢ como usar Dgis?

o) 1:19/47:08

¢Como usar Dgis?

It is recommended to watch a video on YouTube called

How to use Dgis? In the following link
https://www.youtube.com/watch?v=FVs8sLwRb8

0]

4 MATLAB App

By David Alejandro Ramirez Cajigas

rellene los valores , puede revisar el manual§_Manual de usuario | LJRecomendaciones

limite inferior | 0] 0
limite superior i 0| lado 1, metros 0
area de influencia en metros | 0 : lado 2, metros 0
Area estudiada metros cuadrados 0
# OpenStreetMap
Numero de paradas con al menos ofra en rango 0
ne
Numero de paradas sin al menos oltra en rango 0
Exportar o
numero paradas/nodos a eviauar
v 0.00000 |
Y1 area blanca de influencia nodos/paradas 0
x1 0.00000 w2 | 0.00000 |
X1 X2

vz [ oo0000y2

velocidad media

velocidad maxima |

— [l x

UNIVERSITAT
POLITECNICA
DE VALENCIA

% area alcanzada

0 Lo normal es que el valor sea 13km/h

0 Lo normal es que el valor
Lo normal es que el valor

iniciar } | cargar imagen encontrar coordenadas

Medidas Topologicas de Accesibilidad

iniciar 2 |

nota: Iniciar 2, no genera archiva .xisx solo arroja resultades iniciales.

mstagram  Linked I} Likeain

Dgis software has a u
can be accessed by c

ser manual, to which

licking the button | Manual de usuario |
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Viena - Austria

e, e o

6.1.2 Instructions for use of the software

By David Alejandro Ramirez Cajigas

rellene los valores , puede revisar el manual | Manual de usuario | | Recomendacionss

L'\!\H{SI'I‘\T
(

% area alcanzada

limite inferior 20 90.96
limite superior 300 lado 1. metros 9872
area de Influencla en metros 400 lado 2, metros 1.022e+04
Area estudiada metros cuadrados 100858661
»# OpenStreetMap (= 5
]
Numero de paradas con al menos ofra en rango 1921 £ Recorra el mapa con el raton y de )
Buscar n ﬂ =~ “»Clicdonde guiera evaluar una murdsnada
Numero de paradas sin al menos otra en rango 3z AI terminar de tomar todos los puntos que desee
e clic en cerrar en el “x"y ei arrhwn
Exportar 2249 %
numero paradas/nodos a eviauar
yi 48.24662
Y1 area blanca de influencia nodos/paradas 91739149
x1 16.20763 | x2 16.43486
X1 X2
y2 48.15784 Y2
p-
0 Lo normal es que el valor sea 13km/h
o Lo normal es que el valor
Lo normal es que el valor
iniciar cargar imagen encontrar coordenadas Medidas Topologicas de Accesibilidad
-~ ~
iniciar 2

nota; Iniciar 2, no genara archivo .xisx s0lo aroja resultados iniciaies

Resultados.xlsx

3 distancia.xlsx

{ Topologicas.xls
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6. Design and development of software to measure topological and spatial accessibility

R 6.2 Practical application to Cali (Colombia)

1. Introduction

3 |COMMUNE,C,254ESTRA_ Modﬁmm.m,lo FéRlMETEH.NJQ,lU X.N.19.10 [Y,N,19,10 ID_(JS,C,254 POPULATION,N,16,6 POP_M.}.16,6POP F,N‘kS‘SNUM LIV\EL,N@LG‘G PERIMETER.N,16,3 HECTARES.N,16.3 Name_ZAT C,50 Num_new,N,4.0

2299 Gountry Club 22 6634792.7021 1534436.575 1059323784 864344.309 2299 0 0 0 o| 5144515 63479 2299

2. Context and 2208 Gountry Town, 2 6[01957.1534 6 236580.0708 1059808612 864424 636 967450.53) 2208 787 326 461 258| 1707.884 20196 2208

X . X 2201 Yrbanization Ciudad Jardin 2 1{00171.156 1060109.202 853642.551 2201 3488 1475 2013 966 | 6792132 170017 2201

Ju stification 2297 fio Lili Urbanization 22 6p25354.618 6 250463.1714 10p1107.458 863819 851 2297 301 198 193 110 p128.263 873 22535 2207

2296 fance subdivisions 2 7§40132.864 1662588.104 1050101562 861724 298 2296 3437 1647 1790 11996.345 784,013 2296

X . 2201 Yrbanization Ciudad Jardin 2 6/1700171.156 2159830599 10p0109.202 863647 551 2201 3488 1475 2013 966 | 6792132 170017 2211

3.0 bJ ectives - 2201 Yrbanization Ciudad Jardin 22 61700171156 463701.363 1050109.202 863644 551 2201 3488 1475 2013 966 |  6792.132 170,017 2212

g €0 pos ition 2296 Rance subdivisions 2 6[7840132,864 877899.9394 1050101.562 861724 298 2296 3437 1647 1790 873 11996.345 784,013 2213

. 2296 Rance subdivisions 2 6[7840132,864 1041135.186 1050101562 861724.298 2296 3437 1647 1790 873 11996.345 784,013 2214

4. Methodol ogy Of S an t| ag (0] Of Guyana ?.I:\?c:: 2296 Fance subdivisions 22 6[7840132,864 1961175.909 10p0101.562 86172§.298 2296 3437 1647 1790 873 11996.345 784,013 2215

2296 Rance subdivisions 22 6[7840132,864 235951.845 1060101.562 86172§.298 2296 3437 1647 1790 873 11996.345 784,013 2216

C a_l i (G 0 og Ie 2296 Rance subdivisions 22 6[7840132,864 642336.9854 1050101.562 86172§.298 2296 3437 1647 1790 873 11996.345 784,013 2219

5 . State Of th e art 2296 Pance subdivisions 22 6[7840132.864 6 561119.4063 10p0101.562 86172§.298 2296 3437 1647 1790 873 11996.345 873 784,013 2221

m ap S) . 2296 Pance subdivisions 22 7§$40132.864 769794.2071 10p0101.562 86172§.298 2296 3437 1647 1790 11996.345 784,013 2222

2296 Rance subdivisions 22 6[7840132.864 6 67361.30736 10p0101.562 86172§.298 2296 3437 1647 1790 873 11996.345 873 784,013 2220

. 2296 Rance subdivisions 22 7$40132.864 76953.59132 10p0101.562 86172§.298 2296 3437 1647 1790 11996.345 784,013 2217

6 N Des Ig n 2296 Rance subdivisions 22 6[7840132,864 202322.6379 10p0101.562 861724.298 2296 3437 1647 1790 873 11996.345 784,013 2218
an d Bochalema 8971 8971 8971

Brasil 92404079.45 38753 r 49449 r 23066 r 26383 12869 161316.853 9240404

development of

software to measure Communal population database transport network "MetroCali" 2018.

topological and spatial

accessibility
Total Total
personas personas Variacién
6.1 Structure of the Area en Cali Comuna CNPV 2018 CG2005 porcentual
Cabecera municipal 01 49.214 61.999 -20,6%
Program Cabecera municipal 02 98.702 102.080 -3,3%
Cabecera municipal 03 27.000 44,308 -39,1%
. Cabecera municipal 04 45112 55.965 -19,4%
6.2 Practical Cabecera municipal 05 92171 99.844 7%
application to Cabecera municipal 06 123.740 169.392 -27,0%
. . Cabecera municipal 07 57.720 71.775 -25,8%
Cali (COIOmbIa) Cabecera municipal 08 80.504 97.335 -17,3%
Cabecera municipal 09 29.887 48.382 -38,2%
6.3 Thirty—four cities Cabecera municipal 10 84.127 103.671 -18,9%
| d . Dai Cabecera municipal 1 89.305 98.361 -9,2%
analyzed using Dgis. Cabecera municipal 12 56.192 67.439 -16,7%
Cabecera municipal 13 116.359 169.829 -31,5%
Cabecera municipal 14 127918 151.789 -15,7%
Cabecera municipal 15 102.224 126.709 -19,3%
7. Conclusion Cabecera municipal 16 79.555 94.445 -15,8%
and future lines of Cabecera municipal 17 143.978 104.544 37,7% =2
Cabecera municipal 18 99.376 100.339 -1,0% Personas por hogar
research Cabecera municipal 19 89.256 98.735 -9,6% = :‘;‘;‘:’:;F""’-”
Cabecera municipal 20 48.405 65.267 -25,8% M 291a31
o Cabecera municipal 21 108.790 92.336 17,8% e
8-B|b“09raphy Cabecera municipal 22 31.366 9,082 245,4%
Centro poblado 99 32398 22.514 43,9% H
S i = o - st Personas por hogar en Cali por comuna
—

Typical 3d view of buildings in the area Source Google Earth.

Commune 22 and population (DANE, 2018).
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Public transport routes, in pink name
route and stops in green source, database
Shp in Qgis.
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6.2.3 Analysis of a new neighborhood in the commune

Figure 1 Aerial view of the neighborhood,
large empty parks, blocks of buildings
separated from each other and enclosed by
bars Source Google Earth.

Figure 2 Sidewalks between 90 cm and
150 cm wide, with light poles in the middle
Source Google Earth.

Figure 3 Large and numerous parks, empty
sidewalks that do not invite walking Source
Google Earth.

Figure 4 Distances Source Google Earth.
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6.2.4 Analysis of an old neighborhood of commune 22

Figure 2 sidewalks with obstacles and empty streets.

Figure 3 streets without sidewalks surrounded by gated

communities.

Figure 4 streets without sidewalks.

Aerial view of the neighborhood, large empty parks, blocks of buildings

separated from each other and enclosed by bars Source Google Earth

'
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Dgis used to evaluate the 400 meter area of influence.
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7. Conclusion L s i H l
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research

8.Bibliography
The coordinate points of the bus stops are searched for.
In red the route generated in AutoCad Civil. buses using Dgis software.
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6.2.6 A possible public transportation route in the Pance Northwest Subarea
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8.Bibliography In this matrix we have the theoretical travel time that a vehicle would take to go from one node to another following the actual e g it b s i ,...,,,,., Linked [ e

route of the route.

Increase in spatial accessibility in the area from 43.13% to 72.54%.
which represents an increase of 29.41%.

Zone with the route evaluated 72.54%.
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6.2.7 A possible public transportatlon route in the southeast sub-area of Pance
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research
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Longitude (%)

Obtaining coordinates in the southeast area with Dgis.
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g

61,08% dgl area total de la zona sureste

Southeast area is missing without a new route.

% Come in

e

6.2.8 A possible public transportation route in the southeast sub-area of Pance

Sy

time en route

Stop iStop Stop
Minute . 5 6 7

In this matrix we have the theoretical

travel time that a vehicle would take
to go from one node to another

0.000 7.895 15.366 19.047 22.226 25.590 29.833
7,895 0,000 7,471 11,152 14,332 17,695 21,938

15,366 7,471 0,000 3,681 6,860 10,224 14,467
19,047 11,152 3,681 0,000 3,179 6,543 10,786
22,226 14,332 6,860 3,179 0,000 3,364 7,607
25,590 17,695 10,224 6,543 3,364 0,000 4,243
29,833 21,938 14,467 10,786 7,607 4,243 0,000

following the actual path of the route

75,81% del area total de la zona sureste

A route is generated
new bus,

supplies the

Stop 3 21,108 34,665 0,000 3,302 36,814 31,391 37,179

Stop Stop Stop ‘ Stop Stop What |S needed |n the ar
route. and 1 4 5 6 7
sualghy southeast, you have
stop 1 0.000 8.274 21.108 29.641 48.437 56.925 54.400
\S'[OD & 8,274 0,000 34,665 40,351 62,797 63,179 57,294 nOW an area

[Stop 4 29,641 40,351 3,302 0,000 26,707 26,235 43,879
Stop 5 48,437 62,797 36,814 26,707 0,000 17,905 36,593
[Stop 656,925 63,179 31,391 26,235 17,905 0,000 32,098

Stop 7 54,400 57,294 37,179 43,879 36,593 32,098 0,000

Percentage difference that exists between the current route and the theoretical ideal

straight line in percentages

75.81% instead of
61.08%, increase
by 14.73%
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6.2.9 Improving existing routes

One-way old circular route
It was analyzed with Dgis
Results:

* Maximum travel time: 32.5 minutes
* Maximum percentage difference between

theoretical and real minimum travel, 97.39%

WO non-circular routes replace the circular one.

Circular route studied.
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6.2.9 Improving existing routes Route B and Route C

Ruta C

The topological results thrown by
Dgis are observed, it is important to
highlight the travel time that has been
significantly shortened, the simulation
being run at 13 kilometers per hour on
average, giving the longest time of 13.67
minutes, which is equivalent to 14 minutes. a

Note the travel time that has been
significantly shortened, the simulation
being run at an average of 13 kilometers
per hour, giving the longest time of
12.28 minutes, which is equivalent to
approximately 13 minutes.

l It is evident then the superiority that exists in

linear routes (unless in this particular case),
with respect to circular routes, the travel time
for any passenger has been improved, since
in the original route the maximum travel time for
a passenger was 32.5 minutes, while in the
worst case with the new routes the passenger
will have to travel a maximum of 14 minutes,
which represents a significant reduction in travel

. time for the user of 56.92%.
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1. Introduction 6.3 Applicability of the software to multiple cities around the world
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4. Methodology Assertiveness level when measuring the
5. State of the art accessibility level of the
The database will be used

. i i it OpenStretMaps together with the Overpass AP,
6. ges,gn different areas in those cities Qgis as API Data Extractor,
an to WhO re Ull’e Excel as txt database filter
development of q extracted from Qgis and later the

software to measure Software created in this work as an

move around them using iterator.

topological and spatial
accessibility

public and pedestrian transport,
6.1 Structure of the

Program information that necessarily

6.2 Practical mUSt have a team

application to

call(Golombiy developer to reorganize the Overpass should be used because city
Al : datab. b to 2 gigabytes i

6.3 Thirty-four cities aCCGSS|b|||ty of a Clty s?z:, \;avi?shc;r;keesuig in?pogls?;eytg 'Zg;

analyzed using Dgis. the OpenStreetMap base exporter,
which only supports up to 5000 nodes,

while Overpass can support between
0 and 600,000 nodes.

fqvqr of its residents and
7. Conclusion V|S|tOrS

and future lines of
research

8.Bibliography
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6.3.1 Thirty-four cities analyzed

By David Alejandro Ramirez Cajigas 3
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6.3.2 Analysis of cities

*They have an area reached by the transport system very close to 100%.

» They have an area reached by the acceptable transportation system only in the downtown area.
*Peripheral areas, these cities have a percentage of area close to only 10%

*The pedestrian in the background, a city has been designed for cars and they lack attractiveness to
measure that separates from the central zone, rectifying what the authors of the theoretical framework say.

*They follow the same American scheme, although their area reached was close to 24%.

*The pedestrian in the background, a city has been designed for cars and they lack attractiveness as it is
separated from the central area, rectifying what the authors of the theoretical framework say.

*Santiago de Cali-Colombia, Santiago de Chile-Chile and Brasilia-Brazil, present a union between the
European city and the North American city, reaching a percentage of 50% to 100% of total area.

*However, they lack attractors for the daily life of the citizen, who thus does not enjoy his city, since it was
not made for the people.
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He studied allowed, to materialize a digital program arising from the precept that for humanity has always been a problem to solve its mobility,
from the past times of the nomadic primitive man, until today, in the times of life in the city, to which human interdependence forces

/

Recognizing the reality of cities in their existing organization, regardless of how well or poorly planned they are urbanistically, the citizens who move

in it expect a direct human interconnection as fluid and easy as possible, before which it was necessary to generate a software such as Dgis, 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.

\

The urban model that will survive will be the one that has as its beginning and end to make people's lives in cities friendlier, by aiming and
ensuring that people do not suffer from the city, but rather enjoy it, by being organized so that the public moves in it in a pleasant way,
accessing all the places it requires, minimizing time, costs and effort. Cities, as indicated by the urban planner Jan Gehl (Gehl, 2014), must
be for the people, human cities, where man is the greatest joy of man.

\

The essential purpose was achieved, structuring a software that facilitates planning urban mobility based on the 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 and pedestrian
transport, in order to the urban planner establishes the public transport stops fulfilling the premise that they have the key places required

by the citizens within a radius of 400 meters on foot.

b
4
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6.2 Practical Indeed, it was possible to structure a first model of the program, and from this arises the superior implication of this study, encrypted in continuing to perfect the
application to Dgis software over time, by gaining more knowledge about urban planning, by deepening ideas, and by learning to program. with greater detail and accuracy.
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6.3.3 X CIOT 2021 10th International Congress on Spatial Planning

Dgis has been designed for this master's thesis, even so, it was presented as a proposal to the "X CIOT 2021 10 International Congress on Spatial Planning”, held in Valencia Spain
on November 17, 18 and 19, 2021, within the category AXIS C: Urban and metropolitan agenda; towards healthier cities and territories, AXIS C-3: Sustainable intra-urban mobility and
metropolitan. Within the poster category and the presentation/communication category.
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