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The following document analyzes the current situation in mobility and intelligent
transportation in Colombia and in some cities around the world. Presenting several cases
of success and implementation of technologies and protocols that seek to improve the
problems with the greatest impact in today's cities, such as traffic congestion,
environmental impact, accessibility, and road safety. The main objective of this research is
to propose recommendations appropriate for transportation systems in Colombian cities,
identifying the present challenges; therefore, through this article we will expand the
panorama on ITS (Intelligent Transport System) that can be developed taking into account
the needs of each territory; optimizing the strategies proposed and in turn considering the
solutions that are being carried out; taking them as a guide for cities that are still in search
of better mobility plans.

1. Introduction

A UN study, with demographic data shows a population
growth in urban areas, where it is estimated that 68% of the
inhabitants will be located in cities by 2050 [1], this will occur
mainly in developing countries due to the poverty rate that exists
and that presents a prolonged increase. In addition, due to the
increase in population, cities have had to transform the way they
use their resources and start looking for technological alternatives.
This idea has made the government, industry and society adopt
the term Smart Cities [2].

A smart city is one that is concerned with the integration of all
the factors that make up society; combining technology and
organizational work to plan, optimize and monitor the resources,
services and infrastructure available, offering its citizens well-
being, sustainability and quality of life [3]. At the same time, a city
can be called smart as long as ingenious ideas are developed that
allow the growth of certain elements or pillars such as economy-
productivity and labor market, mobility-transportation and
infrastructure,  surroundings-environment, people-level  of
qualification, life-living conditions and, governance-city
management [4]. According to the above, it is determined that for
the study of this article only one of the pillars that make up the
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smart cities, smart mobility, will be taken; since it is considered a
crucial factor in the development of cities and requires an analysis
in the current scenario.

Considering the above, a smart city must be connected and
automated in such a way that all its basic elements can become a
whole. The energy is the main source for such connection, being
the center of connectivity, communication and information [2].
The International Electrotechnical Commission (IEC) is
responsible for standardization in the field of electricity, energy
and other electrical and electronic components, therefore,
focusing on smart cities formed an IEC Systems Committee [5]
of electrotechnical aspects called SYC (Systems Committee),
which delves into the Sustainable Development Goal for cities,
controlling the implementation of new technologies, in addition
to monitoring compliance with current regulations.

Mobility has been a challenge for cities around the world due
to the different problems present in this environment, traffic
congestion, deterioration of road infrastructure, accidents, gas and
noise generation [6] are just some examples. This is why
developed cities have worked to find technological solutions such
as the implementation of IoT, Big Data, automated, hybrid or
electronic vehicles [7], converting conventional transport into
intelligent transport, optimizing and improving the quality of
service for citizens [8]. A specific case is the European Union,
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that is constantly working on investment projects for the
construction of smart cities [9], in total they have developed 81
projects, 70 have already culminated and 11 are still ongoing, of
which 33 have addressed issues in mobility and transport [10].

On the other hand, in Latin America, public transportation is
one of the most used mobility alternatives, where trips can be
short in distance, but long in time; so alternatives such as Bus
Rapid Transit (BRT), train systems, subways or cable cars are
sought [11]. It should also be mentioned that studies have been
conducted in the region that show the dissatisfaction of citizens;
in terms of quality, time, comfort, safety, and cleanliness of
transportation services, which is why many people have decided
to purchase their own vehicles. However, this increase has caused
greater traffic jams and congestion in cities [12]. Thus, road
infrastructures in this region are not adequate for the number of
vehicles moving in them; traffic control systems in many cases
fail or are non-existences in these cities.

The current situation in Colombia is no different from the
current scenario in Latin America; the dissatisfaction with
transportation services is evident and therefore solutions are being
sought in the country to reduce the impact on mobility in different
cities. However, these technologies have not been successful
because the systems are not adapted to the real situation of the
place; the integration of services and their compatibility is not
feasible and their implementation is complex [13].

Therefore, the development of this article will focus on the
approach of recommendations suitable for Colombian cities.
Identifying and analyzing technologies and communication
protocols; that are currently used in different cities around the
world, who are working to bring their transportation systems
within the framework of intelligent mobility. Added to this, it is
intended to show the current situation in Colombia and the aspects
that should be strengthened.

2. Methodology

In the research of this article, information will be taken from
different academic, organizational, and state sources of the last
years; that will allow to build a real vision of the intelligent
mobility scenario, mentioning the technological trends and
protocols that make more efficient the management and control of
traffic. Therefore, in order to formulate the necessary
recommendations, the following step-by-step is determined to be
used in the analysis of the document; P1: Make a description of
the classification of the best countries in the world in mobility and
intelligent transportation; P2: Define the essential factors in the
measurement of the performance of the chosen pillar; P3:
Identification of current technologies and infrastructures that are
being developed and implemented around the world, mentioning
some examples; P4: Description of the situation in Colombia
recognizing the technologies used; P5: Formulate the appropriate
recommendations in the country.
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3. Analysis and development

In the study conducted by the IESE Business School of the
University of Navarra in its report Cities in Motion 2020, a
ranking is made among 174 cities around the world where nine (9)
dimensions are evaluated among which are the mobility and
transportation, in the top 10 of mobility the city that ranks first is
New York (United States), followed by Paris (France) and
London (United Kingdom) as shown in Table 1 [14]. It is evident
that the regions that occupy the first places in smart mobility in
the world are cities belonging to developed countries; that are
constantly working to improve their indicators and it is precisely
these three cities that led the overall ranking, being considered the
smartest cities in the world.

Table 1: Ranking of the world's best cities in Mobility and Transportation.

Position City Country
1 New York United States
2 Paris France
3 London United Kingdom
4 Berlin Germany
5 Madrid Spain
6 Munich Germany
7 Vienna Austria
8 Beijing China
9 Barcelona Spain
10 Shanghai China

Own elaboration - Data taken from [14].

In turn, the factors that are evaluated to measure the
performance of smart mobility in a city are determinants, such
elements are public transport, accessibility, connectivity and road
network [15], as shown in Figure 1. In this graph, three categories
are described that intend to deploy the thematic for a better
understanding; in the first place, there is the dimension or pillar
Mobility and Intelligent Transport that is the basis of the analysis;
from this level arise some ramifications called factors that are the
aspects where the main needs and demands of today's cities are
found, which is why it is of utmost importance to have indicators
that allow evaluating the growth or performance of those
strategies implemented to improve transportation systems.

DIMENSION -
PILLAR

INDICATORS

FACTORS

+ Train network
+ Bus network
+ Subway stations
+ Bike rental
+ Cab
+ Use to go to work / study

Public transport
+ % train-tram to work

+ Roads
"l Highway network * * % car o work
+ Traffic index
" fntemetconmeetvit

Accessibility

SMART MOBILITY
AND
TRANSPORTATION

Figure 1: Intelligent mobility factors and indices [14], [15].
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It is necessary to mention that the indicators may vary
according to the population since cities have different needs and
as a result their indexes also change; establishing unique
objectives and measures to strengthen the transportation systems
for each territory.

An example of these indexes is New York; a city that has
implemented several transportation alternatives for its inhabitants,
for this reason, some indicators have been defined, such as the
following:

e # Of metro/bus passengers: 2.5 billion passengers/year. 7.5%
increase since 2010.

e # Of bicycle trips (City Bike): 30,000 Trips/day (2016-2017
record).

e # Of passengers by Ferry: Grew, 4,000 trips/day (2016-2017
record).

o % Of trips per application: 90% increase since 2010.

e % Of vehicle registrations for rental: 22.7% increase (2016-
2017 registration).

e % Of sustainable mode trips: 61.4% of total trips reported
[16].

According to the above information, these indicators are
related to the factors of public transportation and accessibility.
The city government has focused its efforts on creating a
diversified system; that facilitates the mobility of the population,
while offering a portfolio of optimal possibilities that meet the
needs of the user. Likewise, it can be observed that the results
obtained in the last decade in NY were positive; since many of its
indicators are in constant growth, allowing no means of
transportation to collapse due to demand.

4. ITS-V2X Communications

A possible solution is found in ITS (Intelligent Transport
Systems) which provide innovative alternatives through
communication networks called V2X where all actors can
exchange information with each other. These communications
will allow better safety and traffic management; reducing
accidents, gas emissions, improving vehicle flow at intersections
or roads and in turn facilitating the use of autonomous and
connected vehicles [17] which is the main means where this
technology is applied.

In these networks there are four types of connection as shown
in Figure 2, the first case, V2V (Vehicle-to-Vehicle) occurs in cars
that being in motion communicate directly with other cars, in the
case of V2I (Vehicle-to-Infrastructure) communication occurs
when the vehicle is connected to the road infrastructure such as.
In the case of V2P (Vehicle-to-Pedestrian) the connection is
between cars and people who have a compatible device, and
finally there is the case of V2N (Vehicle-to-Network) where the
communication occurs when the car connects to the mobile
network or available data networks [18].

WWwWw.astesj.com
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Figure 2: Connection types.

For these communications to be possible, two main
technologies have been established, the first is DSRC (Dedicated
Short Range Communications) defined for the United States and
the second C-ITS or ITS-G5 specified for Europe, based on the
first generation IEEE 802.11p standard, with which multiple tests
have been performed in V2X communications [19]. However,
with the scientific advances of recent years, better alternatives
have been sought to develop different technologies, so a new
standard called LTE-V2X was created, and its technology is
called C-V2X, which is understood as cellular communication
from vehicle to everything.

In DSRC and ITS-G5 technology, communication is possible
by means of devices installed on the road that is responsible for
exchanging information, among which are the so-called OBU (On
Board Unit) devices that are located in vehicles and the RSU
(Road Side Unit), which as its name suggests, are those devices
that are located on the road [20]. Similarly, C-V2X technology is
based on several technologies that have reached their maturity
point, but will have greater difficulty in the transition to 5G
networks, so wusing the current LTE standard enables
communication between different users in mobility and can be
executed in 5G mobile networks in the coming years [17].

For this reason, 5G networks are suitable for the creation of
ITS through the use of small cells or macro cells; that will
facilitate the exchange of information in a more agile way
between existing types of communication; processing a large
amount of data simultaneously coming from different devices
avoiding background traffic [21]. This technology also has three
key functions, the first is eMBB (enhanced Mobile Broadband)
that offers a stable connection transmitting data at high-speed
maintaining good communication in long periods of time, the
second service URLLC (Ultra Reliable Low Latency
Communications) data transmission is reliable. Finally, there is
the mMTC (massive Machine Type Communications) case where
a certain amount of data can be transmitted using fixed speed,
connecting multiple IoT devices that are occasionally linked
without collapsing the network [22].

4.1. Implementation cases.

Currently, projects or pilots based on the above-mentioned
communication technologies, such as INFRAMIX [23], 5G
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MOBIX, 5G CARMEN [24] and AUTO C-ITS, are being
developed in several countries of the European Union.

e INFRAMIX

Project that seeks to improve the physical and digital road
infrastructure of cities; through strategies that allow the analysis,
road safety, traffic, and user satisfaction, monitoring and proper
control of the system. Therefore, pilot tests have been launched in
two countries, Spain, and Australia.

In both cases a 20 km segment of road was taken, equipped
with different devices such as sensors, surveillance cameras,
Bluetooth antennas, weather stations, using C-ITS-G5 and short
range communications in which the V21 type predominates; at the
same time traffic signs, RSU (control stations) and OBU (portable
devices) were installed with which it was possible to exchange
information throwing suggestions of lane or speed changes; the
whole system was tested using 4G networks [25][26].

e 5G-MOBIX

This is a project that seeks to test and develop the functionality
of vehicles through technologies that focus on 5G networks,
through the construction of cross-border corridors and tests in
urban sites in different countries of the European Union,
analyzing network coverage, demand for services and vehicular
traffic.

Among the test sites are: (a) The Netherlands specifically in
Brain port where combined road networks have been built,
installing C-ITS technologies at intersections and at the same time
fully equipping a six (6) km highway with surveillance cameras
and C-ITS. These technologies when connected to 5G will
manage to leverage the information collected on the road and in
vehicles, renewing functions to prevention and automated driving
[27]. (b) China-Jinan, this test site has two main roads equipped
with LTE-V infrastructure and V2X-5G communications;
suitable to prevention, automated overtaking, traffic efficiency
and road safety evaluations [28].

e 5G CARMEN

This project focuses on innovation to develop a hybrid
network that integrates different types of communications such as
long-range V2N, V2X and short-range V2I, through technologies
such as C-V2X and 5G that can offer secure and cross-border
services.

It is developed in the Bologna-Munich corridor with a section
of 600 km distributed in three countries, its purpose is to take
advantage of the progress made by 5G networks to improve the
transport service making it safer, smarter and more
environmentally friendly, thus offering a multi-tenant platform
that can assist in mobility to this region [29].

e AUTO C-ITS

This project aims to improve the interoperability of transport
services in Europe by means of C-ITS technology to promote
WWwWw.astesj.com

autonomous driving; therefore, it was decided to carry out three
pilots in: Madrid, Paris, and Lisbon, strategically located in the
so-called Atlantic corridor. Table 2 describes the different
characteristics of the projects, such as their communication
channels, current traffic conditions and C-ITS services in the
cities. It is worth noting that the city in which there has been a
greater development in C-ITS technology is in Madrid, covering
a wider road segment and installing a greater number of RSUs. It
is possible that this benefits the test since the defined traffic
conditions are a little more detailed than in the other pilots; in
addition to obtaining a greater amount of valuable information on
vehicular traffic through constant monitoring [30].

Table 2: AUTO C-ITS pilot projects.

. . . . Lisboan. - Paris -
Pilot City. Madrid - Spain. Portugal. France.
A6 autovia del
Road Noroeste, high A9 CREL Highway
) occupancy Al3
reversible lane.
10 kms 7 kms
Extension/ RSU | 15 RSU Installed 5 glss{'}llled !
installed RSUs
-More than
20,000
vehicles/day. -Open peri-
~Closed traffic: urlfan tIr)afﬁc -Urban and
Traffic Controlled tests. ’ .
o -Controlled peri-urban
conditions. -Open traffic:
. . traffic traffic.
Private vehicles conditions
and collective ’
public transport
(bus).
-Autonomous -Autonomous
-Connected vehicles: 2 vehicles: 1
Vehicles vehicles: 4 -Shuttle cl EVie.
involved. -Autonomous autonomous: 1 —Connected
vehicles: 2 -Connected .
chicles: 2 vehicles: 4
v ' c3
C"mc'l'l‘::r‘fe’l‘t“’“ ITS G5 ITS G5 ITS G5
-Notification
Road Works of slow or -Hazardous
information stopped location
service vehicles. notification.
. -Meteorological = . ~Contextual
Services C-ITS. information Meteorological | speed
. information adaptation.
service. .
Traffic Service service. -Traffic
ahead -Other scheduling
’ dangerous assistant.
notifications.

*Source: Own elaboration - Data taken from European Union [30].
e JVRUITS

Similarly, there are some completed projects that have worked
on ITS obtaining satisfactory results. One of these cases is the
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VRUITS project that was developed with the support of the
European Union in the Netherlands and Spain; its objective was
to improve the mobility and safety of the vulnerable road user or
VRU (cyclists or pedestrians) and in turn provide
recommendations to intelligent transport systems based on
evidence to achieve a complete integration with VRU [31]. The
test conducted in the Netherlands consisted of improving safety at
intersections by monitoring cyclists and car drivers and sending
alerts about possible collisions; through the installation of RSUs,
80% of all cyclists were detected and confirmed the safety of the
system.

The first evaluated whether the implementation of sensor-
controlled traffic lights could optimize pedestrian mobility; the
results showed that pedestrian waiting time was reduced by 20%.
In the second case, the initiative sought to improve visibility at the
crosswalk, reducing by 5% the number of pedestrians crossing at
red lights, thereby increasing pedestrian safety.

5. Situation in Colombia

In Colombia, transportation has presented significant
problems that deteriorate the mobility system in the different
cities of the country, preventing its inhabitants from having a safe
and quality service. Accident rate is one of these factors, only in
2019 there was a total of 6,826 deaths due to road accidents, of
which 53.7% was motorcyclists, 25.6% pedestrians, 8.5% private
vehicles and 6.3% cyclists [32]; the most affected departments
were Antioquia, Valle del Cauca, Cundinamarca and Bogota, in
the latter it is estimated that every 5.6 minutes a simple collision
or accident with injuries or death occurs [33].

Likewise, road congestion has become a critical point in
mobility, according to the traffic index conducted by TomTom
(company that annually monitors 57 countries, 416 cities in six (6)
continents) Bogota was the third (3) most congested city in the
world for 2019 with a congestion level of 68%; a 30 Min trip could
increase to 58 Min in the morning and 63 Min at night during the
rush hour. By 2020 this congestion level decreased to 53% due to
the strict confinement that was presented by the sanitary
emergency; however, the city remained in the third place in the
world ranking becoming the most congested in Latin America
[34].

Similarly, the number of automobiles greatly affects vehicular
traffic, in recent years the vehicle fleet has increased considerably,
according to the RUNT registry as of February 2021, a total of
16,176,803 vehicles were registered nationwide [35], including
motorcycles, cars, vans, trucks, buses, among others; a number
that continues to increase since it is optimal and convenient for
citizens to purchase a vehicle rather than use public services.

Considering the above information, the government has
devised some solutions to address part of the problems present in
the transportation system of the country cities; for this reason, the
Ministry of Transportation established a series of annual
objectives to meet the ITS Project in the period 2015 — 2018. In
this last year, the photodetection system was created and deployed
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throughout the country in order to monitor the speed of vehicles
on the road and their violations [36]. Manual or automatic
cameras are used to detect violations in image and video; operated
by professionals from the control center to analyze the evidence
obtained and validate it with the database of all cars registered in
the cities [37].

Another of the ITS strategies was the implementation of the
Vehicular Electronic Toll Collection systems, in this way
electronic tolls were put into operation, managing to install 40
tolls in 2018. This system provides users with a unique onboard
device, called TAG; which works with radiofrequency technology
that allows them to make the relevant payments in an agile manner,
avoiding lines and delays at the tolls [38]. Likewise, in 2019 in
Bogota, smart traffic lights were installed at 21 intersections in
the city to monitor and control vehicular traffic, obtaining real-
time information on schedules and the number of vehicles
transiting at these points, with the purpose of optimizing the light
green time [39].

On the other hand, in 2020 there were already some fourth
generation infrastructure projects (4G), including "safer tunnels"
equipped with lighting, communication, fire detection and
extinguishing systems; ventilation equipment, signaling and
traffic light systems controlled from a command and control post
[40]; these projects offer safety to the user, reduce environmental
impact and ensure the stability of the work in the event of any
catastrophe.

Finally, regarding communication networks, Colombia
created the New Technologies Transition Plan, which aims to
modernize the existing ones in the territory; Although in many
urban areas 4G technologies have been successfully installed,
there are still arecas in the country where 2G and 3G
communication networks are still in force, exactly 9.5 million
Colombians and 34.3 million users do not have any mobile
Internet connection [41], alarming figures for a country that
discusses intelligent transportation systems; as a result of this, the
aim is to achieve that before 2022 the whole country has access to
a 4G network and can connect and communicate with the
surrounding environment.

6. Recommendations

e It is evident that Colombia has failures in the deployment of
mobile connections. Therefore, it is essential as a first step
that 4G networks have a wide coverage throughout the
territory providing secure and quality connectivity to the
entire population. It is also necessary to create strategies that
promote the use of these mobile networks in the cities;
highlighting the variety of benefits that bring the connection
to the mobile network.

e Likewise, it is necessary to carry out research and
development on the technologies that are being implemented
around the world; to create an adequate transportation system
that is coherent with the particularities of the Colombian
system. For this reason, the government plays a decisive role
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in the development of ITS strategies since financing is
fundamental so that the projects do not remain ideal or
halfway through.

e Considering that some of the country's problems are traffic
and road accidents; cities in Colombia could consider a
scenario with autonomous and connected vehicles integrated
to the public and private sector; allowing to build a
technological environment through an infrastructure
equipped with sensors, cameras, signaling, RSU, OBU and
5G network, leading the country to an intelligent mobility.

e A V2N, V2V or V2I communication pilot for cities in
Colombia could be the beginning of a real digital
transformation. Which would allow an evaluation of
functionality and data analysis of traffic, accident, or weather
conditions, in a real environment in real-time, progressively
integrating autonomous vehicles to the conventional structure
of the country.

7. Conclusions

Although ITS plans and projects have been created in the
country since 2015, Colombian cities are not yet ready for the
implementation of state-of-the-art technologies in this scenario,
an example of this are their obsolete communication networks that
would not allow a constant flow of large volumes of information
without first collapsing. Therefore, talking about ITS is not only
about sensors, cameras, or intelligent traffic lights, it is about
building an interconnected environment where information is
available to the user in real-time, allowing an efficient
management of road resources to provide an appropriate service
according to the needs of citizens.

In this way, countries such as Spain, France, the Netherlands,
China, and Australia have made significant progress in intelligent
mobility taking the lead in the implementation of V2X
communication technologies, which for Colombia are still far
away; however, this analysis was built to show the current
panorama of these systems and identify the right way to build
smart cities. Learning from the mentioned success cases, looking
for a future implementation of ITS in the different cities of the
country.

Colombia must continue working on the creation of intelligent
transportation systems. Making incursions into the different
available technologies mentioned in the article; building step-by-
step strategies to build models like those seen today in the most
developed countries in the world.
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