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(2) OSMnx OSMnXx

S
Histdrico:
 Versao beta em 2016/Paper em
2017/:

[I] README A Contributing &3 MIT license

ey |

Computers, Environment and Urban Systems

Volume 65, September 2017, Pages 126-139
OSMnx

pypi package “ downloads “ docsm () C |passing codecov m

OSMnx: New methods for acquiring,
OSMnx is a Python package to easily download, model, analyze, and visualize street networks and other geospatial . . . . .
features from OpenStreetMap. You can download and model walking, driving, or biking networks with a single line of Constru Ctlng’ anaIYZlng, and Vi Sual] Zlng

code then analyze and visualize them. You can just as easily work with urban amenities/points of interest, building

footprints, transit stops, elevation data, street orientations, speed/travel time, and routing. COom pl ex Stre et n etWO rl( S

OSMnx 2.0 is released: read the

Geoff Boeing &
github.com/gboeing/osmnx
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[ README A Contributing &3 MIT license . o
e N Computers, Environment and Urban Systems
OSMnx

Volume 65, September 2017, Pages 126-139

ypi package [21006) downloads [BM) docs [B3sSing) ) c1 [BassiAg]  codecov [JBEEA) ..
e OSMnx: New methods for acquiring,

OSMnx is a Python package to easily download, model, analyze, and visualize street networks and other geospatial . . . . .
features from OpenStreetMap. You can download and model walking, driving, or biking networks with a single line of Constru Ctlng’ anaIYZlng, and Vi Sual] Zlng

code then analyze and visualize them. You can just as easily work with urban amenities/points of interest, building

footprints, transit stops, elevation data, street orientations, speed/travel time, and routing. COom pl ex Stre et n etWO rl( S

OSMnx 2.0 is released: read the migration quide.

Geoff Boeing &

github.com/gboeing/osmnx

* Pioneirismo: 19 a permitir download e modelagem da
topologia/geometria da rede viaria para qualquer cidade.
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Historico:

 Versao beta em 2016/Paper em
2017/:

] README A Contributing  &[2 = ‘]Tx‘*'
e N Computers, Environment and Urban Systems
OSMnx

Volume 65, September 2017, Pages 126-139

OSMnx: New methods for acquiring,
OSMnx is a Python package to easily download, model, analyze, and visualize street networks and other geospatial . . . . .
features from OpenStreetMap. You can download and model walking, driving, or biking networks with a single line of Constru Ctlng’ anaIYZlng, and Vi Sual] Zlng

code then analyze and visualize them. You can just as easily work with urban amenities/points of interest, building

footprints, transit stops, elevation data, street orientations, speed/travel time, and routing. COom pl ex Stre et n etWO rl( S

Geoff Boeing &
github.com/gboeing/osmnx

* Pioneirismo: 19 a permitir download e modelagem da
topologia/geometria da rede viaria para qualquer cidade.

* Desde entao, muitas funcionalidades e melhorias de
performance incorporadas > API amigavel e estavel.
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-> Validacao (Boeilng,

2025):
« 8910 cidades modeladas:

Boeing, G. (2025). Topological graph simplification solutions to the street intersection miscount problem. Transactions in GIS, 29(3), e70037.
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-> Validacao (Boeilng,

2025):
« 8910 cidades modeladas:

160 mi @ 320 mi
(A) ]'} (B)
Simplificagdo de Consolﬁqacao de
Arestas 03
37 mi @ 53 i — Reducao adicional de

14% nas intersecoes

Boeing, G. (2025). Topological graph simplification solutions to the street intersection miscount problem. Transactions in GIS, 29(3), e70037.
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-> Validacao (Boeilng,

2025):
« 8910 cidades modeladas:

160 mi @ 320 mi
) ) Consollda ao de
Simplificacao de NG G
Arestas 03
37 mi @ 53 i — Reducao adicional de

14% nas intersecoes

 Validacao face-a-face (32 cidades):

(A) Simplificacao de (B) Consolidacao de Nés
Arestas

100% Acc 98% TPR; 87% TNR

u el Gt A - s R b M e S e i B g & |

Boeint e70037.
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(2) OSMnx OSMnXx

- Geragao de redes com uma linha de
C‘“’ [8] import networkx as

import osmnx as ox

ot G = ox.graph.graph_from_place("Salvador, Brazil", network_type="drive")
i graph.grapn_ _p L 3 ] _Ty¥p
fig, ax = ox.plot.plot graph{g)

4




(2) OSMnx

OSMnhX

- Geragao de redes com uma linha de

C‘v’ [8] import networkx as

import osmnx as ox

L (: G = ox.graph.graph_from_place( "Salvador,

fig, ax = ox.plot.plot graph{g)

4

Brazi

1",

network_type="dr

ive")

- Outras entradas de localizacao
possiveis:

Bounding box

LAT-LON + distancia
Endereco + distancia
Poligono

Arquivo XML formatado
em .osm

- Outras tipos de
rede:

Todas

A pé

Bicicleta

Ruas e caminhos nao privados do
OSM

Motorizado de servico
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- Funcionalidades do

pa CO’' Module

Functionality

OSMnXx

bearing

convert

distance

elevation

features

geocoder

graph

Calculate graph edge compass
bearings and orientation entropy.

Convert a graph to/from different
data structures.

Calculate spatial distances and
find nearest graph node/edge(s)
to point(s).

Attach node elevations from raster
files or a Google Maps compatible
elevation API, and calculate
edge grades.

Download OSM geospatial features’

geometries and attributes, such as
points of interest, building
footprints, transit stops, etc.

Geocode place names or addresses
or retrieve OSM elements by place

name or ID, via the Nominatim APIL.

Download and create graphs from
OSM data, using filters to query the
Overpass API for built-in network
types or a custom filter.

Module Functionality

io Save/load graphs to/from GraphML,
GeoPackage, or OSM XML files.

plot Visualize street networks,

projection

routing

settings

simplification

stats

truncate

utils

utils geo

routes, orientations, and
geospatial features.

Project a spatial graph to a different
coordinate reference system.

Calculate graph edge speeds, travel
times, and weighted shortest paths
between nodes.

Configure global package settings.

Simplify and consolidate spatial
graph nodes and edges.

Calculate geometric and topological
network measures.

Truncate a spatial graph by
distance, bounding box, or polygon.

General utility functions.

Miscellaneous geospatial
utility functions.
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Historico:
* R°: Rapid Realistic Routing on Real-world and Reimagined
networks

conveyal/rb

Developed to power Conveyal's web-based
interface for scenario planning and land-
use/transport accessibility analysis, R5 is our
routing engine for multimodal...

A 21 © 213 77338 ¥ 82 O ;ﬁé
Contributors Issues Stars Forks jéVé-

https://github.com/conveyal/r5
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9

Historico:
* R°: Rapid Realistic Routing on Real-world and Reimagined
networks

conveyal/rb

Developed to power Conveyal's web-based
interface for scenario planning and land-
use/transport accessibility analysis, R5 is our
routing engine for multimodal...

A 21 © 213 338 ¥ 82 O ;g)
Contributors Issues Stars Forks jéVé-

https://github.com/conveyal/r5

* r5r: implementacao em R do
RS
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Histdrico:
* Versao beta no CRAN em 2020/Paper em

Pereira, Rafael H. M., Marcus Saraiva, Daniel Herszenhut, Carlos Kaue Vieira Braga, and
Matthew Wigginton Conway. 2021. "R5r: Rapid Realistic Routing on Multimodal
Transport Networks with R® in R.” Findings, March.

: Rapld Realistic Routing With R5 in R https://dol.org/10.32866/001C.21262.

cran [Z516)  downloads 929K| () R-CMD-check [passing]  codecov lifecycle [Stable| TRANSPORT FINDINGS

r5r: Rapid Realistic Routing on Multimodal Transport Networks with R®

bike, public transport and car). It provides a simple and friendly interface to R, the . in R

r5ris an R package for rapid realistic routing on multimodal transport networks (walk,

, the routing engine developed

independently b . L1 ) - .
B Rafael H. M. Pereira' ©¢ Marcus Saraiva' ©, Daniel Herszenhut' @ Carlos Kaue Vieira Eiraga1 , Matthew Wigginton Ccmway2

r5¢ is a simple way to run R locally, allowing R users to generate detailed routing analysis or calculate travel time

matrices and accessibility using seamless parallel computing. See a detailed demonstration of r5r in the
o aveet 5 el i oo e [ e d] G s i . Overtime, rsr might be 1 lpea - Institute for Applied Economic Research, 2 School of Geographical Sciences and Urban Planning, Arizona State University

Expandediiclibcoporatsbibegiinetonalinghomiie Keywords: travel impedance, accessibility, travel time, transport networks, routing, software

This repository contains the R code (r-package folder) and the Java code (java-api folder) that provides the interface https://doi.org/10.32866/001c.21262
to R>.

github.com/ipeaGIT/r5r
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Histdrico:
* Versao beta no CRAN em 2020/Paper em

(1] README 4[5 License

r5r: Rapid Realistic Routing with R5 in R

cran 2310 downloads 929K () R-CMD-check |passing codecov lifecycle [Stabla]

r5ris an R package for rapid realistic routing on multimodal transport networks (walk,
bike, public transport and car). It provides a simple and friendly interface to R, the

, the routing engine developed
independently by

r5¢ is a simple way to run R locally, allowing R users to generate detailed routing analysis or calculate travel time
matrices and accessibility using seamless parallel computing. See a detailed demonstration of r5r in the

. More details about r5r can be found on the or on this . Over time, r5r might be
expanded to incorporate other functionality from R®.

This repository contains the R code (r-package folder) and the Java code (java-api folder) that provides the interface
to R>.

github.com/ipeaGIT/r5r

* Funcionalidades
iniciails:

Pereira, Rafael H. M., Marcus Saraiva, Daniel Herszenhut, Carlos Kaue Vieira Braga, and
Matthew Wigginton Conway. 2021. "R5r: Rapid Realistic Routing on Multimodal
Transport Networks with R® in R.” Findings, March.
https://doi.org/10.32866/001¢.21262.

TRANSPORT FINDINGS

r5r: Rapid Realistic Routing on Multimodal Transport Networks with R®
inR

Rafael H. M. Pereira' ©¢ Marcus Saraiva' ©, Daniel Herszenhut' @ Carlos Kaue Vieira Eiraga1 , Matthew Wigginton Ccmway2

1 |pea - Institute for Applied Economic Research, 2 School of Geographical Sciences and Urban Planning, Arizona State University

Keywords: travel impedance, accessibility, travel time, transport networks, routing, software
https://doi.org/10.32866/001¢.21262
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* Substituiu setup_r5r() em v. 2.3.0 (ago/2025)
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(4) Aplicacoes

- Impacto do Tunel de Pedestres no CH de
Salvador:

VLT

Tunel A

B1
Tunel B
B2
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-> Impacto do Tunel de Pedestres no CH de
Salvador:





(4) Aplicacoes

-> Impacto do Tunel de Pedestres no CH de
Salvador:

+ v=£(s)

Tobler's hiking function is an exponential function determining the hiking speed. taking into account
the slope angle 213! |t was formulated by Waldo Tobler. This function was estimated from empirical
data of Eduard Imhof.[¥

A Walking Speed [kmh]

Formula [edi] o]
Walking velocity: a4
dh 21
=35 |—+ 0.05| / K
W = 6e dx | 14 "
. _ Slope [deg) _ o
ﬁ — — -60 -5‘0 —'1I|J 30 -20 —1I9 EI: 10 2"3 QID 4‘0 53,
F S5 =tanf
z

Tobler's hiking function — walking speed vs. slope &
where angle chart

W = walking velocity [km/h]™]
dh = elevation difference,
dx = distance,
5= slope,
& = angle of slope (inclination).
The velocity on the flat terrain is 5 km / h, the maximum speed of 6 km / h is achieved roughly at -2.86° [

On flat terrain this formula works out to 5 km/h. For off-path travel, this value should be multiplied by 3/3, for horseback by 54111
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-> Impacto do Tunel de Pedestres no CH de

Salvador:
c v=f(s):

Tobler's hiking function is an exponential function determining the hiking speed. taking into account A
- Walking Speed [knvh]
the slope angle.[‘“g--’- It was formulated by Waldo Tobler. This function was estimated from empirical '

data of Eduard Imhof [

Formula [edi] o]

Walking velocity:

I'.ih a4 '»_..\
—3.5|— +0.05) / .
W = Ge dx | " e
Slope [deg] T
I —— e
ﬁ = 8 =tand 60 -50 40 30 -20 <10 0 10 20 30 40 50
dzx Tobler's hiking function — walking speed vs. slope &
where angle chart

W = walking velocity [km/h]™]
dh = elevation difference,
dx = distance,
5= slope,
& = angle of slope (inclination).
The velocity on the flat terrain is 5 km / h, the maximum speed of 6 km / h is achieved roughly at -2.86° [

On flat terrain this formula works out to 5 km/h. For off-path travel, this value should be multiplied by 3/3, for horseback by 54111

« E=f(sv):

Walking Energy Expenditure - EE (W/kg)

I I
6
54 I 750
£
= 500
)]
250
2
0
-100 0 100
G (%)
16+32

EE = 1,44 + 1,945%* + 0,245* + 0,355G(1 — 1,05*"% )
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-> Impacto do Tunel de Pedestres no CH de

Salvador:. . .
* Minimizando TEMPO de
rota:
(A) SEM TUNEL (B) COM TUNEL
Campo da Pélv. > Comércio: 25,5 min 1382 m 59.181 J/kg 19 min 1376 m 52.829 J/kg

Comércio = Campo da Pélv.: 26 min 1382 m 53.167 J/kg 21,4 min 1453 m 39.051 J/kg
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- Impacto do Tunel de Pedestres no CH de

Salvado-r Minimizando TEMPO de

rota:

Sem Tunel Com Tunel

5
minutos
I 10
minutos
B 15
minutos
20
minutos
25
minutos
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-> Impacto do Tunel de Pedestres no CH de

Salvador:. . . 3 ,
* Minimizando DISPENDIO ENERGETICO de
ronta-
(A) SEM TUNEL (B) COM TUNEL
Campo da Polv. > Comércio: 29,4 min 1523 m 56.487 J/kg 24,1 min 1453 m 34.937 J/kg

Comércio = Campo da Pélv.: 26 min 1382 m 53.167 J/kg 28,9 min 1453 m 30.575 J/kg
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- Risco de inundacoes e conectividade da
rede:

Sgura, M.; Pedreira Junior, J.U.; Esquerre, K.; Pedrassoli, J. (2025) Street network susceptibility to flooding based on the Height Above the Nearest Drainage (HAND) model: a case study in Salvador, Brazil. 392 Congresso de Pesquisa e
Ensino em Transportes.
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- Suscetibilidade a inundacdoes e conectividade da rede:

DEM conditioning for the HAND procedure
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0
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Nobre, A. D., Cuartas, L. A., Hodnett, M., Renng, C. D., Rodrigues, G., Silveira, A., & Saleska, S. (2011). Height
Above the Nearest Drainage—a hydrologically relevant new terrain model. Journal of Hydrology, 404(1-2), 13-29.
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-> Suscetibilidade a inundacoes e conectividade da rede:

Average DC Degradation (HAND 1m) Average DC Degradation (HAND 3m) Average DC Degradation (HAND 5m)

12.80°S & & A

12.85°S A %
0
o2

12.90°S 0
-40

12.95°S A -60

13.00°S A

6 km 1N 6 km 1N 6 km 1N

T T T T T T T T T T T T T T T
38.50°W 38.45°W 38.40°W 38.35°W  38.30°W 38.50°W  38.45°W 38.40°W 38.35°W 38.30°W 38.50°W  38.45°W  38.40°W 38.35°W  38.30°W

OSMnx

Sgura, M.; Pedreira Junior, J.U.; Esquerre, K.; Pedrassoli, J. (2025) Street network susceptibility to flooding based on the Height Above the Nearest Drainage (HAND) model: a case study in Salvador, Brazil. 392 Congresso de Pesquisa e
Ensino em Transportes.
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-> Suscetibilidade a inundacoes e conectividade da rede:
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Sgura, M.; Pedreira Junior, J.U.; Esquerre, K.; Pedrassoli, J. (2025) Street network susceptibility to flooding based on the Height Above the Nearest Drainage (HAND) model: a case study in Salvador, Brazil. 392 Congresso de Pesquisa e
Ensino em Transportes.
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Viagem:
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- Indicadores de rede p/ Predicao de Padroées de
Viagem:

Pedreira Junior, J. U., Assirati, L., & Pitombo, C. S. (2021). Improving travel pattern analysis with urban morphology features: A panel data study case in a Brazilian university campus. Case Studies on Transport Policy, 9(4), 1715-1726.
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- Indicadores de rede p/ Predicao de Padroes de
Viagem:
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Pedreira Junior, J. U., Assirati, L., & Pitombo, C. S. (2021). Improving travel pattern analysis with urban morphology features: A panel data study case in a Brazilian university campus. Case Studies on Transport Policy, 9(4), 1715-1726.
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- Indicadores de rede p/ Predicao de Padroes de
Viagem:

Coeficiente de
Agrupamento {C)

Centralidade de

Centralidade de PageRank (.PR_)
Intermediacdo (C?)

Proximidade (C¢)

OSMnx

Pedreira Junior, J. U., Assirati, L., & Pitombo, C. S. (2021). Improving travel pattern analysis with urban morphology features: A panel data study case in a Brazilian university campus. Case Studies on Transport Policy, 9(4), 1715-1726.
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- Indicadores de rede p/ Predicao de Padroées de
Viagem:
RFC SVM

09
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0.1
0.0

Value

Only sociodemographic attrs. . All variables

Fig. 12. Classification performance of RFC and SVM in both scenarios.
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