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Abstract. Building Information Modelling (BIM) has positioned as one of the main project methodologies into the AECO
(Architecture, Engineering, Construction and Operations) sector. However, its implementation entails important barriers
such as hardware and software requirements or BIM skills and education. The main aim of this research was to overcome
those implementation barriers providing full accessibility to BIM benefits, especially in the infrastructure management

phase leading to a digital twin (DT) of the built environment. Furthermore, the paper shows the technical aspects of
the implementation of BIM information as well as the external functionalities, i.e., real time information or data queries,
which are commonly define in BIM-IoT topic rather than BIM-FM interoperability. The research is based on the project
for the northern covering and new building of the Bidebieta-Basauri passenger station, located on the Bilbao-Ordufia
commuter line in the Autonomous Community of the Basque Country, Spain. The final result is a BIM-based online web
platform with Full access to the BIM model of the infrastructure, linked with other functionalities based on technologies
such as Internet of Things (loT), Bigdata or Cloud Computing.
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1. Introduction

Building Information Modeling (BIM) has proven experi-
ence in the Architecture, Engineering, Construction and
Operations (AECO) sector, especially in the field of build-
ing, where the number of studies and applications is high-
er than in other fields such as civil engineering. Defined
as the methodology that positively affects the manage-
ment of the infrastructure throughout its life cycle (Cheng
et al,, 2016; Dibernardo, 2012; Mawlana et al., 2015; Miy-
amoto, 2016; Shim et al,, 2011; Tanaka et al., 2016; Yabuki,
2016), providing a large repository of information (Red-
mond et al,, 2012) and a digital infrastructure environment
(Cerovsek, 2011), BIM increasingly has important applica-
tions in the Civil Engineering sector, as shown in literature
reviews such as that by Costin et al. (2018).

The benefits of the application of this methodology
are numerous and can be divided according to the proj-
ect phase and the sector of application. Highlights include
improved workflow, increased efficiency in resource man-
agement (Shim et al., 2011), traceability and location of
construction elements (Akbarnezhad et al., 2014), and or

simulation of emergency situations (Gu & London, 2010).

Nonetheless, there are also significant barriers to the
implementation of the BIM methodology, including the
following: lack of interoperability between the informa-
tion and software used (Becerik-Gerber et al., 2012), com-
mon lack of standards (Ali et al., 2014; Aziz et al.,, 2017,
Kim et al., 2016; Kurwi et al., 2017; Liu & Gao, 2017; Omor-
egie & Turnbull, 2016; Vitdsek & Matéjka, 2017), the need
of training in BIM for the people in charge of using the
methodology (Arayici et al., 2011; Becerik-Gerber et al.,
2012), the initial outlay on necessary Hardware and Soft-
ware (Aziz et al., 2017; Huthwohl et al, 2016; Miyamoto,
2016; Omoregie & Turnbull, 2016; Tawelian & Mickovski,
2016) and the social resistance to change in methodolo-
gy (Al-Shalabi et al., 2015; Aziz et al., 2017; Bradley et al.,
2016; Liu & Gao, 2017; Sankaran et al., 2016). The research
team did not only face the BIM implementation barriers
with theoretical approaches, but also did with its exper-
tise in other projects such as the one related to the Civil
Engineering School of Madrid (Pavén et al., 2020). In this
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sense, the research team had previously experienced what
to pass from a traditional infrastructure management sys-
tem to a BIM based one entails. That is to say, for us-
ing BIM models not only software tools purchase was de-
manded, but also the knowledge needed on how to use
them. Moreover, it must be considered the variety of tech-
nical profiles involved in the infrastructure management. In
that phase, the resistance to change is bigger than in any
other project phases such as the design one.

Although the use of BIM in the management and
maintenance phase of infrastructure is still a field that is
currently undergoing potential development, more and
more studies are focusing their efforts on this aspect. The
literature review carried out shows a growing trend in the
use of BIM in the operation phase of any type of infra-
structure (Atencio et al., 2022; Bazan et al.,, 2021; Byun
et al, 2021; Dayan et al,, 2022; Luo et al,, 2022; Moshy-
nskyi et al., 2022; Wang et al.,, 2022). It is meaningful the
case of Civil Engineering infrastructures, such as bridges
or dams, where the use of BIM is very useful for inspec-
tion, monitoring and maintenance tasks (Liu et al., 2019;
Nguyen et al, 2022; Panah et al., 2021; Zhou et al,, 2023;
Zhou, 2022). In the case of the railway sector, the applica-
tion of BIM has focused on rail infrastructure (Biancardo
et al,, 2021; HauBler et al,, 2021; Neves et al,, 2019; Pasetto
et al, 2020; Xu et al., 2020), with railway station manage-
ment being a field with fewer case studies to date (Carne-
vali et al, 2019; Noor et al,, 2018). Those examples show
the significance of BIM for Facility Management (FM) not
only based on a BIM model, but also on public web plat-
forms hosting those models as well as the information for
their management. In this sense, studies such as the one
applied to the maintenance of the Taiyuan Subway (Wang
& Zhang, 2021) or the use of the so-called Common Data
Environments (CDE) linking them with bridge BIM mod-
els (Ciccone et al., 2022; Dang et al., 2020; Jensen, 2020)
stand out.

The most interesting results and definitions regarding
software developments dealing with BIM data synchroni-
zation are published in the line of BIM combination with
the usually named Internet of Things (IoT). In this line,
outstanding results are provided by different authors to
achieve the interoperability between BIM and real time da-
ta. For instance, the development of new multi-layer archi-
tecture named as BIM-1oTDI to achieve semantic interop-
erability between DT and external applications (Eneyew
et al., 2022) or the collecting of most important loT con-
nectivity tools and their linking possibilities with the Digital
Twins (DT) (Fortino & Savaglio, 2023).

The aim of this project was the development of an in-
telligent management system based on BIM methodology,
which is capable of overcoming the implementation bar-
riers of this methodology in the AECO sector, specifically
in railway stations and leading to what could be consid-
ered as a complete DT management environment of the
infrastructure. To achieve this, some important consider-
ations must be taken into account based on previous re-

search. According to literature, this type of BIM-based ap-
plications should provide specific functionalities on infor-
mation sharing, communication and process management
(Singh et al., 2011). In this regard, through the complete
programming of the platform described, full interopera-
bility between management data and the BIM model is
sought. This interoperability is intended to be achieved
through the application of technologies such as Internet
of Things (IoT), Cloud Computing or Big Data. A real con-
struction project in the Autonomous Community of the
Basque Country in Spain, was chosen for the development
of the platform. This public tender project proposed by the
Spanish Ministry of Transport, Mobility and Urban Agenda
(MITMA) includes the drafting of the project for the north-
ern covering and new building of the passenger station
in Bidebieta-Basauri, located on the Bilbao-Ordufia com-
muter line of the Bilbao-Ordufa network (Adif, 2021). This
project, with an execution period of 14 months, has been
awarded to the company L.R.A. Infrastructures Consulting,
which must draw up the basic and construction project for
the aforementioned actions.

The significance of this project relies on the actual pro-
posal for its implementation. On the one hand, BIM meth-
odology does not stand out for its applications in civil in-
frastructures, with the application of this methodology in
railway stations being far behind. On the other hand, this
project unifies several technologies (such as loT or Cloud
Computing) to try to overcome the barriers of BIM imple-
mentation in a real infrastructure, such as the Bidebieta-
Basauri station.

To sum up, the aims of the project were: (1) develop-
ment of a platform capable of overcoming BIM implemen-
tation barriers, (2) usage of different technologies for the
application of BIM in railway infrastructures, and (3) study
of the possible functionalities to be implemented in a real
way in a Spanish railway station.

2. Methodology

According to the main objective of the paper this sec-
tion shows the definition and technical development pro-
cess for the creation of the BIM-based platform. Published
literature on this topic is more oriented to provide with
a general vision or future possibilities rather than to de-
fine technical aspects. Some authors have reported on the
interoperability between stakeholders, IFC visualization or
quantity and schedule information availability (Jang et al.,
2021) or have detailed case studies and implementations
(Lin et al., 2020). However, technical aspects such as the
databases used, algorithms to link IFC elements with exter-
nal information or with real time data are not commonly
defined in publications about BIM-based FM. That level of
definition about Databases and information management
can only be found in BIM-loT specific research (Eneyew
et al,, 2022; Fortino & Savaglio, 2023). The development
of a complete management platform hosts multiple steps.
Figure 1 shows the different phases followed to achieve
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Figure 1. Methodology used in the project

the results shown in this project. The methodology itself
can be divided in three main blocks: Design of functionali-
ties, Databases and Programming.

In the functionalities design block, a hypothesis of the
needs of the final user was made. Since the aim of the
platform was the link between databases, sensors and BIM
model in railway stations, a hypothesis of functionalities
to be implemented in the platform was performed. In this
sense, the possible tools focused on querying the param-
eters measured by the sensors, alerts and conditions, and
BIM/GIS visualization in the platform. Through the query
of parameters measured by the sensors, the user will be
able to consult and filter any measurement of parameters
such as temperature, humidity or CO,. By consulting, cre-
ating and modifying alerts and conditions, the user can
set alert conditions to each sensor in the BIM model, al-
lowing the platform to automatically register alerts when
the conditions are not met. Finally, through the BIM and
GIS visualization functionalities, it will be possible to pro-
vide the user with a digital environment of the infrastruc-
ture, through which it will be possible to access the func-
tionalities. These functionalities were proposed to differ-
ent clients and infrastructure managers for testing their
feasibility.

Subsequently, the design and development of the da-
tabases necessary to achieve the functionalities of the
platform described above is carried out. For this purpose,
eight different databases are considered: CO,, Tempera-
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ture, Humidity, Occupancy, Users, Sensors, Conditions and
Alerts.

Once the databases have been developed, the neces-
sary backend and frontend programming is carried out.
This programming must be done independently for each
of the functionalities described in the list of tools of the
platform. Within the Backend programming, developed in
Python, Database management algorithms are carried out,
which interact with the information through the develop-
ment of APIs (Application Programming Interface). Howev-
er, a second layer of programming is needed to transform
the raw information from the Database into the informa-
tion that the Frontend must display. Therefore, Frontend
programming focuses on the correct visualization of the
information coming from the backend.

Finally, for full user accessibility to the developed plat-
form, it is necessary to host all developments on a server.
Using application containerization techniques, the devel-
oped application is uploaded to a cloud server with an
Ubuntu operating system. Furthermore, the necessary SSL
(Secure Socket Layer) certificates are configured to ensure
the user a secure connection through any internet explorer.

3. Development

The development necessary to achieve the main aim of
the project, the BIM-based intelligent web management
platform, encompasses three main blocks, as shown in Fig-
ure 1: Functionality Design, Database Development and
IT Developments. Moreover, this chapter includes a sec-
tion dedicated to the flow of information inside the de-
signed platform, detailing the workflow of the developed
algorithms when working with the measurements, alerts
or conditions.

3.1. Functionalities design

Railway stations have an extensive presence in Spanish
transport systems. With more than 200 railway stations
(Renfe, 2022), this type of Civil Engineering infrastructure
is one of the most information-intensive to manage. Re-
al-time information on train schedules, ticket sales and
purchases, equipment maintenance, inventory control or
measurements of different parameters are some examples
of the information needed to manage this type of infra-
structure.

For the development of the first initial version of the
platform, a basic aim is established, the query of real-time
information on temperature, humidity and occupancy,
along with the possibility of creating conditions that reg-
ister alerts for these parameters. Furthermore, these func-
tionalities must be linked to information in BIM or GIS for-
mat. The scheme of functionalities proposed for this first
version of the platform is shown in Figure 2.

In this initial release, the platform was able to differ-
entiate two roles with different privileges or permissions.
Firstly, the ordinary user. Secondly, the maintenance user
or the user in charge of the platform management. On
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Figure 2. Outline of functionalities

the one hand, the common user will have access to all
query and visualization functionalities, both of parameters
and information in real time and of implemented BIM or
GIS models. On the other hand, the maintenance user or
infrastructure manager shall be an inherited user of the
common user. That is to say, this last-mentioned user will
have access to all the functionalities of the common user
and will also have extra privileges for other added func-
tionalities. The maintenance user can, in addition to que-
rying parameters or viewing BIM or GIS models, create
alert conditions, modify existing alert conditions and or
delete alerts.

3.2. Databases

The databases chosen for the development of the platform
are known as structured ones. In contrast to this typolo-
gy, there are the so-called unstructured databases. Each
of these has different advantages and disadvantages. On
the one hand, unstructured databases provide with great

flexibility in data management and even greater speed and
efficiency at times of high data traffic. On the other hand,
structured databases are much less flexible than unstruc-
tured ones, which implies the development of more com-
plex data management algorithms than if unstructured da-
tabases were used. However, it is precisely this lack of flex-
ibility that forces the development of much more orderly
databases and management algorithms, which can subse-
quently translate into faster information retrieval. Struc-
tured Query Language (SQL) databases have been chosen
for the development of the advances shown in this pa-
per. The structure of the mentioned databases is defined
in Figure 3.

The design and structure of the databases is obtained
after careful analysis of the functionalities to be achieved
in the platform. Considering the three main blocks: real-
time information, management of alerts with conditions
and BIM + GIS + Maps visualization, the previously men-
tioned databases are developed.

Figure 3. Designed database structure
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3.2.1. Real-time information databases

To achieve the functionality related to the measurement
and query of information in real time, the structured da-
tabases related to CO,, Temperature, Humidity and Occu-
pancy are developed. Each of them consists of the follow-
ing parameters:

» /dentifier. This is a unique parameter. It reflects the
record order in the database and is auto increment-
ing. The data insertion algorithm proceeds to insert
this parameter automatically.

= Unique identifier. Each measurement registered by
each sensor will have a totally unique identifier. In
this way, different alerts can be associated to certain
measurements, thus being able to use all the infor-
mation of the measurement in the alert database,
such as Foreign Key.

» Sensor identifier. This is a Foreign Key that relates the
sensor that has registered the measurement togeth-
er with the inserted measurement. With this param-
eter, it will be possible to access all the information
stored in the sensor database.

= Date. The algorithm developed, executed at the mo-
ment of receiving a measurement from the sensor,
will proceed to save in the database the exact date
on which it receives this information.

= Value. Similarly to the previous parameter, when the
Backend algorithm receives the sensor information,
it saves the received measurement as a “value” in the
corresponding database.

= Unit. This parameter varies depending on the type
of measurement considered. In the case of Temper-
ature, it will be °C, in the case of Humidity it will be
a percentage, for Occupancy it will be units and for
CO, it will be particles per million, ppm. Although it
seems to be a fixed value for each type of measure-
ment, it has been decided to introduce this param-
eter in these databases to accommodate the pos-
sibility of receiving different units of measurement
by the sensor.

= Zone. This parameter records the area of the BIM
model in which the measurement has been record-
ed or linked to.

3.2.2. User database

For the users’ management, the structure of the “Users”
database shall consist of the following parameters:

» /dentifier. This is a unique parameter. It reflects the
record order in the database and is auto increment-
ing. The data insertion algorithm proceeds to insert
this parameter automatically.

s Unique identifier and e-mail. Each user shall have
a unique identifier that cannot be shared with any
other user. The same occurs with the user's “email”
parameter. Therefore, each user will have two unique
identifiers; on the one hand, the “id_user” and on the
other hand, the “email”.

u First name, surname 1y surname 2. Parameters that
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collect first and last name of the user. Of course, this
data is not unique in the database.

= Password. Password that the user has previously es-
tablished to be able to access the platform. It should
be noted that the Python algorithm of the devel-
oped Backend encrypts the password before insert-
ing it into the database. Thus, the saved informa-
tion is not identifiable by the platform development
team.

= Role. This parameter is used to limit access to the
functionalities of the platform. In this first version
only two roles have been considered; Standard user
and Management and maintenance user. The Fron-
tend algorithms check the role of the active user of
the platform. In this way, before opening a tool or
offering a functionality, the algorithm checks if the
user has the appropriate permissions.

3.2.3. Sensor database

Sensors are a fundamental aspect in the main platform
functionalities. On the one hand, sensors will be fully
linked to the recorded measurements. On the other hand,
they will also be linked to the condition and alert data-
bases. The structure of the sensor database is explained
as follows:

» Identifier. This is a unique parameter. It represents
the record order in the database and is auto-incre-
menting. The data insertion algorithm proceeds to
insert this parameter in the database automatically.

= Unique identifier and BIM identifier. In this case, there
are two unique identifiers for each sensor entered in
the database. On the one hand, the common iden-
tifier, formed by a string of text. On the other hand,
there is the BIM identifier of the sensor, in number
format. This identifier will allow the sensor to be lo-
cated within the BIM model itself.

= Brand and subcontractor. These parameters collect
information related to the sensor. Data such as the
brand of the device or the company in charge of
its maintenance are collected in this parameter as
a simple text string.

= Zone and type. These parameters are text strings.
They define the zone or space of the BIM model in
which the sensor is located and the type of measure-
ment it collects. For example, locker area or temper-
ature measurement.

For each measurement entered in the relevant data-
base, whether it is Temperature, Humidity, Occupancy or
CO,, a connection is established with the sensor that re-
corded it. This connection is made possible by the use of
the Foreign Key of the unique sensor identifier in the cor-
responding measurement database.

3.2.4. Condition database

The platform includes a specific module for conditions. So
as to achieve the desired functionalities, the construction
of the following database is proposed.
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» Identifier. This is a unique parameter. It reflects the
record order in the database and is auto increment-
ing. The data insertion algorithm proceeds to insert
this parameter automatically.

= Unique condition identifier. This identifier shall be
unique for each condition created. Thus, no other
condition may have a similar value in this field.

» Parameter. This field will allow to record which type
of measurement this condition is created. Therefore,
it defines whether it is a condition for Temperature,
Humidity, Occupancy or CO,.

s Measure. Collects the value, maximum or minimum,
that will trigger an alert.

= Type. This parameter defines whether the measure-
ment refers to a maximum limit or a minimum limit.
That is, whether an alert shall be registered or trig-
gered considering if the incoming measure is higher
or lower than the measure parameter limit saved in
this database.

= Zone. This is a text string that contains the space or
room of the BIM model in which the sensor located.

= Unique sensor identifier. It is a Foreign Key that al-
lows to relate the condition with the sensor that will
host it. In this way, the information of this sensor is
also accessible from the present database.

The condition concept within the platform enables the
automatic registration of alerts by the backend algorithms.
Through the conditions’ module, the user will be able to
register different criteria linked with each parameter type.
That is, conditions that will register an alert associated with
a temperature, humidity, occupancy or CO, sensor.

3.2.5. Alert database

As with conditions, alerts have their own module with-
in the platform. These alerts are entirely related to the
conditions of the above-mentioned databases. The back-
end algorithms developed in Python are responsible for
receiving the measurements from the different types of
sensors. In this regard, upon receiving each measurement,
the algorithm checks if there are conditions previously as-
sociated with the sensor. If so, the algorithms shall create
a new alert database object, which consists of the follow-
ing information:
= Identifier. This is a unique parameter. It reflects the
record order in the database and is auto increment-
ing. The data insertion algorithm proceeds to insert
this parameter automatically.
= Unique alert identifier. This will be a unique type of
parameter in this database. That is, no other alert
may have the same value as another alert.
= Unique condition identifier. This is a Foreign Key that
links the alert database to the condition database.
So, for each registered alert, there is always an asso-
ciated alert condition.
= Unique measurement identifier. It is also a Foreign
Key, as is the unique condition identifier. In this case,
by using this Foreign Key, the registered alert is re-

lated to the measurement that triggered it. In turn,
this measurement has another Foreign Key that re-
lates it to the sensor that has emitted or registered
this measurement.

Through the databases described above, the required
information structure is provided to start the Frontend and
other Backend programming works, with the aim of cre-
ating the measurement querying, condition management
and alert management modules.

3.3. IT developments

The magnitude of the platform being presented in this
project is significant. Backend and Frontend programming
techniques are necessary for the complete functioning of
the platform, along with important developments in data-
base management algorithms. In addition, the accessibility
via Internet has also made it necessary to set up servers
in cloud. Specifically, servers based on Ubuntu operative
systems. Furthermore, for secure access, SSL certificates
have been incorporated and manually configured inside
the server.

Since the main aim of the project is to detail the ca-
pability of relationship and interoperability with the BIM
model, the following point focuses on collecting the class
diagram necessary to achieve the real-time management
system linked to the BIM model.

3.3.1. Class diagram

Object Oriented Programming (OOP) was selected for the
development of the platform shown in this project. This
OOP is found in both Backend and Frontend development.
On the one hand, in the second case, the OOP is imple-
mented through programming in Angular framework, us-
ing HTML, JavaScript and CSS languages. On the other
hand, the Backend programming is developed Python.
These developments provide the basis for subsequent cli-
ent-side programming. Thus, this section shows the UML
class diagram developed in the Backend, which allows to
achieve the desired platform functionalities. The class dia-
gram is shown in Figure 4.

The diagram firstly defines the name of the class (black
box). Thereafter, by means of a box that distinguishes it
from the name of the class, the attributes of the class can
be found (dark grey). Finally, in the last box, the methods
or functions of the class are shown (light grey). The at-
tributes of each class are variables of the class, while the
methods are functions that can be executed in that class.

The class diagram shown consists of 6 classes: CO,,
Sensors, Condition, Temperature, Occupancy and Alert. The
CO,, Temperature and Occupancy classes will record mea-
surements of the parameters that give them their name.
The Sensor class shall be focused on data from a sensor,
irrespective of its location. The Conditions class will allow
the creation of conditions through the platform. Finally,
the Alert class will collect all the information related to
alerts generated by the platform itself.
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Figure 4. Backend UML class diagram

Collectively, the CO,, Temperature and Occupancy
classes hold data related to the measurements. That is,
they do not focus on collecting information from the sen-
sor that executes them. In this sense, the measurement
classes consist of the same parameters as shown in Fig-
ure 3 on the database structure. The functions of these
classes are:

= "save_to_db". Function that stores the object of the
corresponding class in the database. It does not re-
quire any input.

= "find_by_id". Function that demands an "id" to search
for, and returns the object of the class that meets
that “id".

s "find_by_idUnico". Function that demands the “idU-
nique” of a measurement and returns the object of
the class that meets this “idUnique”. This function is
extremely useful, as it allows interacting with the cli-
ent side directly.

= "find_by_fecha". Function that demands a date and
returns the object that matches the date input, or
the nearest one.

= "find_by_medicion". Function that demands a mea-
surement, either Temperature, Occupancy or CO,, to
return the complete object if it meets that measure-
ment.

= "find_by_idbimsensor". Receiving a unique identifier
from the sensor that registered the measurement, it
returns all objects that meet this condition.

Following, is the “Sensor” class, which is responsible
for collecting location data from devices, without record-
ing measurements. Methods of this class are:

= "save_to_db". Function that stores the object of the
corresponding class in the database. It does not re-
quire any input.

s "find_by_idbimsensor”. This function requires
a unique identifier of the sensor so as to locate it in

the BIM model. The function shall return the object
that meets this identifier.

= "find_by tipo_temperatura”, "find_by_tipo_ocupacion”,
“find_by_tipo_CO2". These functions do not require
any parameter as input. They will simply return all
sensor objects that are of type Temperature, Occu-
pancy and or CO2 respectively. That is, it returns the
sensors according to the type of measurement they
perform.

= "findAll_by zona". This function asks for the name of
a zone in the BIM model. It will return all sensors that
are in the zone introduced as input.

The "Condition” class shall hold all condition related
data on the platform. It should be noted that the condi-
tions are criteria that will cause an alert to be registered,
or not, when a measurement is inserted into the database
or is emitted by a sensor. The “Condition” class consists
of the same attributes as indicated in Figure 3. The meth-
ods of this class are:

= "save_to_db". Function that stores the object of the
corresponding class in the database. It does not re-
quire any input.

» "find_by_id_condicion". As input, the function de-
mands a unique condition identifier so as to return
the condition that matches the input entered.

= "find_by_tipo". This function demands the type of
condition to search for. That is, Temperature, Occu-
pancy or CO, condition. Therefore, it will return all
conditions depending on the type entered.

s "find_all_by _zona". Function that demands the name
of a zone in the BIM model. On its part, it shall re-
turn all existing conditions associated with that zone,
regardless of the type of measurement.

Finally, the "Alert” class, like the previous ones, has the

same attributes as those shown in Figure 3. These alerts
will be automatically registered by the platform whenever
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a measurement does not fulfil any of the associated con-
ditions. This class consists of the following methods or
functions:

= “save_to_db". Function that stores the object of the

corresponding class in the database. It does not re-
quire any input.

= "findAllAlertas”. No input required. It will return all

alerts registered in the database.

= "find_by _idalerta”. The function demands a unique

alert identifier, so it will return the alert that meets
this data.
= "find_by_condicion_asociada”. Function that demands
as input a condition and returns the alerts generat-
ed when this condition is fulfilled. That is to say, if
there is an alert condition that indicates that a tem-
perature of 25 °C cannot be exceeded, this function
will return the alerts generated due to this condition.

= "find_by tipo". This function demands the type of
measurement to return all alerts generated by that
condition. That is, it will return all Temperature, Oc-
cupancy or CO, alerts.

With all the class structure described, the Backend has
the necessary tools to be able to provide the Frontend
with all the necessary information, depending on each
module or section of the platform. These classes make
it possible to query, create and or delete measurements,
conditions or alerts.

3.4. Platform workflow

To achieve the functionalities described above, three main
development blocks are required: databases, Backend
developments and Frontend developments. After these
blocks have been programmed and executed, the plat-
form presents the workflow shown in Figure 5, where the
aforementioned blocks can be appreciated.

Firstly, a distinction has been made between two main
methods of accessing or interacting with the platform. On
the one hand, the functionalities developed in the Fron-

tend. These tools will allow platform users to modify alerts,
conditions or consult parameters such as Temperature,
Humidity, CO, or Occupancy. These utilities are based on
algorithms located in both the Backend or the Frontend.
On the other hand, there are the algorithms in charge of
interacting with the information collected by different sen-
sors. These algorithms are located only in the Backend as
they interact directly with the sensors and not with the us-
ers through the user interface (Ul) of the platform.

If the user consults a measurement, alert or condition,
a connection to the query algorithms is made from the
frontend. These algorithms will return the required infor-
mation to the Ul. Therefore, from the client side the visu-
alization in the desired format will be provided to the user.
For example, in table format.

If the user wants to modify a condition, it is the Fron-
tend that must execute this command. For example, if
the user wants to modify that an alarm is triggered when
25 °C is exceeded in the room “Lockers” of the BIM model,
a connection will be established from the Frontend with
the Backend to make the desired modification.

Finally, there are modifications made by the sensors.
These modifications are just insertions in the database
corresponding to the parameter they measure. These can
be Temperature, Occupancy, CO, or Humidity. To do so,
the sensor would directly trigger its information against
the API created in the Backend, without the need to go
through the client or Frontend side of the platform.

4. Results

The result is the intelligent web management platform,
consisting of all the functionalities described above. This
platform will be divided into three main blocks or sections,
as Figure 6 shows. First of all, the block related to visuali-
zation is located. To do this, the platform uses two current-
ly emerging technologies, BIM and GIS. The second block
is related to real-time information on Temperature, CO,,
Humidity and Space Occupancy in the infrastructure. The

Figure 5. Internal platform workflow
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Figure 6. Main blocks of the platform

results of this block allow access to real-time information
and data recording from sensors communicating through
loT technology.

The third block provided by this initial version of the
platform is related to the management of alerts and con-
ditions. Through access to this content, the user will be
able to query and/or modify alerts, as well as manage the
conditions of these alerts.

4.1. Real-time parameter management system

Real-time information is an indispensable parameter to be
considered nowadays. In civil infrastructures, such as rail-
way stations, there is a large volume of interesting data for
further analysis. Train timetables, passenger flows within
the station, origin and destination of passengers, or the
measurement of parameters such as temperature, CO, and
or humidity can be of great interest, not only for current
management also for future research possibilities.

It is on the measurement of these basic parameters
that this first version of the platform focuses. Establishing
a relationship between people flows and parameters such
as temperature or humidity, it is possible to design pre-
dictive maintenance (PdM). Even more interesting if addi-
tional parameters such as the relationship between station
flows and train arrivals, timetable and/or weather condi-
tions are implemented. Analysis of as many variables as
possible would allow the design of highly accurate pre-
dictive maintenance tools. In this regard, and as a basis
for achieving these concepts, it is proceeded to simulate
a platform capable of hosting real-time information from
different sensors. Temperature, humidity, CO, and people
counting are the simulated parameters used in the plat-
form.

It is important to note the actual state of the Basauri
railway station reconstruction project at the time of writing
this paper. Awarded and in the design phase, the current
state of the railway station is characterized by its antiquity,
awaiting renovation owing to the upcoming start of works.
This means that no sensors are installed, so the reading
of the measurements is simulated, thanks to the develop-

ment of algorithms that carry out the task of measuring
these parameters. Python is the programming language
used for this purpose.

4.1.1. Temperature, Occupancy and CO,

The client side of the platform, also known as the Fron-
tend, provides the user with a similar structure for the
measurement and query cases of Temperature, Occupancy
and CO,. The visualization shown in Figure 7 is achieved by
using TypeScript, HTML, CSS and JavaScript programming
languages. Within this section of the platform, there are
two types of information sources; one in table format and
other in visual format, both supported by the BIM meth-
odology to provide the real environment of the platform.

The platform is in permanent synchronization with the
platform Backend, allowing the Frontend, or client side,
to be updated continuously if any event of new tempera-
ture, occupancy and CO, measurements is triggered. On
the one hand, the table format information shows data
such as the space of the BIM model in which the measure-
ment was recorded, the date of recording, the value of the
measurement, a unique identifier of the recorded mea-
surement, the identifier of the sensor that registered the
measurement and a unique identifier of the zone. Each of
these fields is completely filterable, thus allowing signifi-
cant accessibility to all the data recorded in the database.
On the other hand, there is the visualization block of the
platform, which is linked to the information displayed in
table format, as shown in Figure 8.

The information displayed to the user in table format
is the information recorded in databases. For the develop-
ment of the platform shown, it was decided to use struc-
tured databases, as opposed to the possibility of using
unstructured ones. According to the parameter selected in
the side menu; Temperature, Occupancy or CO,, the table
and the BIM model will query a specific database, thanks
to the query algorithm made in Python.

The structure of the information displayed to the user
is similar, although with slight differences according to the
parameter selected. In the information displayed in a table
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format, parameters such as zone, recording date, Measure-
ment, Measurement Identifier, Sensor Identifier and Zone
Identifier are shown. In this way, the user can query and
filter according to a specific sensor, a specific area, a mea-
sured value or a recording date. It should be pointed the
significance of the parameters Sensor Identifier, Measure-
ment Identifier and Zone Identifier. These are unique col-
umns in their respective databases. That is, no two ob-
jects or rows in such database can share this parameter.
This unique identifier consists of the following structure
"PAR_AAAAAA", where: "PAR" is the parameter being con-
sidered. In the case of temperature, it shall be "TEM", in
the case of CO, it is “CO," and in the case of occupancy it
is “OCU". Also, the text string "AAAAAA" is made up of six
letters of the alphabet, registered randomly, differentiating
between lower- and upper-case letters.

The information gathered in table format is fully syn-
chronized with the BIM model of the infrastructure itself.
Once the user has filtered the desired information and

clicks on the row of a certain measurement, the platform
will be updated consequently. Thus, as shown in Figure 8,
the BIM model will automatically search for the sensor
that has recorded the selected measurement. At the same
time, the BIM environment itself will show the last record-
ed measurement for that sensor and the register of the
last recorded measurements, sorted by date of insertion
in the database.

4.1.2. Condition management system

The platform included a special module, dedicated ex-
clusively to the creation and/or modification of condi-
tions. Furthermore, by means of a table format or directly
through the BIM model, the conditions can be queried, as
shown in Figure 9. The conditions will have a direct influ-
ence on alerts, as these conditions define the criteria that
a measurement must meet in order not to be considered
an alert. For example, if a maximum temperature condition
of 25 °C was defined in a zone, as soon as a sensor reg-

Figure 7. Functionalities of the parameter registration block on the platform

Figure 8. Synchronisation between BIM model and database information
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istered a temperature higher than this, the Backend algo-
rithms of the platform would register an alert associated to
this measurement and to the condition that does not fulfil.

Figure 9 outlines the functionalities of this module in
the platform. First of all, all existing conditions in the da-
tabases are provided in a table format, regardless of the
associated zone or sensor. On the one hand, clicking on
a specific row, that is, on a condition, allows the user to
choose between modifying the condition or displaying the
sensor to which the condition refers in the BIM model. At
the same time, if the user selects a sensor from the BIM
model, the platform renders a new table summarizing all
the conditions associated with the selected sensor.

On the other hand, in case the user wants to create or
modify an existing condition, the parameters shown in Ta-
ble 1 must be considered. When a condition is created, the
platform algorithm will automatically generate the condi-
tion number and unique condition identifier parameters.
Furthermore, the user can choose whether to set the con-
dition for Temperature, Occupancy or CO,. It may also in-
dicate whether the alert is to be registered when the value
of the condition is exceeded or falls below the value set
in condition. In the same way, the user can indicate the
zone in which the condition is to be applied, and within

757

that zone, a specific sensor. When modifying an existing
condition, the user shall only be able to edit the value that
will cause the alert to be registered. The identification or
location parameters shall not be modifiable.

4.1.3. Alert management system

The alert management system module was linked to the
condition management module. As mentioned above, Al
developed using Python algorithms will be in charge of
analyzing each recorded measurement. In this way, each
time a temperature, occupancy or CO, measurement is re-
corded in the databases, the Al checks the existing condi-
tions and verifies whether the measurement meets the re-
corded conditions or not. In case of failure to fulfil them,
a new alert will be registered in the relevant database.
The alert management module is shown in Figure 10.
This section of the platform has a similar structure to the
management of alert conditions. Nonetheless, there are
minor differences. First, the user must access this module
using the side browser. Afterwards, the user is provided
with information of all registered alerts. This information
is defined by the name of the zone, the name of the mea-
sured parameter (Temperature, Occupancy or CO,), date of
recording and value of the recorded measurement.

Figure 9. Conditions module on platform

Table 1. Parameters manipulation on condition creation or modification

Type Parameter On condition creation On condition modification
Identification Condition number Autogenerated by the platform Not editable
Condition Id Autogenerated by the platform Not editable
Characterization Condition Measure Temperature, CO, or occupation Editable
Condition Type Maximum or minimum Not editable
Localization Zone name Selected by the user Not editable
Sensor BIM id Selected by the user Not editable




758 R. M. Pavén et al. BIM-based digital twin for the management of a railway station

Figure 10. Alert management system module in platform

As opposed to the condition management module, the
alert management module does not allow the modifica-
tion of alerts. This module only allows to query and/or de-
lete registered alerts. Therefore, if the user clicks on a spe-
cific alert in the table, the platform will redirect the user
through the BIM model to the sensor that has recorded
the measurement that triggers the alert. Simultaneously,
the user will be able to select the sensor in the BIM mod-
el. Subsequently, the platform will show the user all alerts
related only to that sensor. In this case, the information is
provided to the user in table format and is defined by the
date in which the alert was recorded, the parameter name,
the measurement value and a unique alert identifier.

4.2. Asynchronous data

Although real-time information is one of the most signifi-
cant parts of the platform, static information also has an
important role to play in the developments of the plat-

form. To provide real-time information, the platform is
based on technologies such as BIM, IoT or Cloud Comput-
ing, together with structured databases. In order to pro-
vide the user with information at a lower update rate, GIS
has been used in combination with other technologies or
software tools, as shown in Figure 11.

In this case, the platform has an independent module
for the visualization of this type of information. First, and
separately from the sensor data collection, a BIM mod-
el is shown as a query of building elements. In this way,
the alert management, query and modification function-
alities are separated from the mere building element data
query functionalities. In turn, map visualization is provided
thanks to the algorithms of the platform, which interact
with the Google Maps APIs that offer this service. Finally,
the algorithms of the platform also interact with ESRI serv-
ers, capable of providing both GIS and BIM visualization in
a single viewer. For this purpose, an environment has been
created in advance, in which several layers are introduced.

Figure 11. Static information provided by the platform. BIM, Maps and BIM + GIS
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Figure 12. Online platform visualization

First, the digital terrain model is introduced. In this case,
downloaded thanks to the public portal of the Autono-
mous Community of the Basque Country. A second layer
is downloaded and inserted from the same portal, which
provides a simple modelling of the buildings in the ar-
ea under study. Finally, the BIM model of the new infra-
structure is incorporated as the last layer. The final result
of the implementation of all layers is shown in Figure 11.
The whole platform is accessible through any device, as it
is shown in Figure 12.

5. Discussion and future implementations

The developments and results shown in this project prove
the real application of the BIM methodology in railway
stations. In this sense and, in order to achieve the highest
possible utility, a complete intelligent management plat-
form has been developed, based not only on BIM meth-
odology, but also on other technologies such as loT, Cloud
Computing or Big Data. This differentiates it from previous
research, encompassing tools beyond those provided by
the BIM methodology. Another important key is the actual
implementation of the project in an existing infrastructure.
Thanks to the construction and remodeling project of the
Bidebieta-Basauri station by L.R.A. Infrastructures Consult-
ing, which is the public tender awarded, It is provided to
the research real feedback on the proposed functionalities,
thus avoiding developments that in the end would not be
useful for the real management of public administrations
infrastructure.

The kind of results detailed in this paper provides one
step forward through a total interoperability and an inte-
grated management system. However, the application of
this kind of tool is not easy. It must be considered that
most of the built environment consist of lack of BIM or
digital models. Even if they exist, is very likely that the
modelling standard was different for each building. That is
why one of the greatest BIM implementation barriers is the
lack of interoperability between BIM models and manage-
ment tools. In this sense, in order to improve the scalability

of this platform and achieve a complete implementation in
other infrastructures, a standardization of BIM definitions,
elements characterization, communication protocols and
databases typology usage is required.

Nevertheless, the result of the paper demonstrates the
capability of linking real time data, BIM models and a to-
tal interoperability based on an own modelling standard.
In this sense, the developed platform is able to provide all
the functionalities for different models, with no more pro-
gramming or modelling work needed. In this sense, the in-
frastructure user or manager will be able to access BIM or
GIS data visualization, creation of alerts system based on
real time measurements or get accurate material quantity
take-offs for any BIM model of the infrastructure network.
All in a total accessible way neither with Software installa-
tion needed nor BIM skills. However, more important than
achieved results are the avenues of research that open up.
For example, the possibility of applying Al linking BIM and
GIS data with historic information saved into the databases
like incidents, Temperatures, Occupancy and others.

More in depth regarding future developments and giv-
en the current tendency of public organizations to pro-
vide open data of their territory, this type of platform can
achieve exponential growth, feeding on such data. This
data provided by public portals can be found of various
topics. Examples include traffic conditions, weather condi-
tions or land mapping. In the particular case of railway sta-
tions, especially those managed by the Spanish adminis-
tration, the platform could grow considerably with greater
access to data that is currently closed. That is, access via
API or JSON to data from already installed sensors, train
timetables, timetable incidents or inventory and or techni-
cal data sheets of the infrastructure elements can lead to
new functionalities in the platform. These new tools can
focus on: (1) Management of elements for maintenance,
being able to attach technical data sheets, revision sched-
ules, incident systems or BIM location from the platform,
(2) Staff management, being able to relate technical pro-
files with outstanding tasks, incidents or schedules, and (3)
Management for the user of the infrastructure, being able
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to provide him with real-time information from sensors in
the station, actual occupancy of the platform to be used
and or temperature in the different spaces.

6. Conclusions

The construction project for the remodeling of the Bidebi-
eta-Basauri station includes the northern covering and the
new passenger building of the station, located on the Bil-
bao-Ordufia commuter line. Being the contractor L.R.A. In-
frastructures Consulting, a new management system for this
infrastructure, based on BIM methodology, was carried out.

In order to avoid the usual barriers to BIM implemen-
tation, the development of a web management system
was chosen in order to setup the basis for a DT to manage
this type of infrastructure. This involves the development
of Frontend and Backend programming, in order to cre-
ate tools that would be useful for managing the infrastruc-
ture. To officially open the platform in production envi-
ronment, the following methodology has been applied. In
the first place, a brainstorming of possible functionalities
that could be of interest to the company when it comes to
managing the station. These functionalities are previously
validated before starting the design and development of
databases. In this regard, the necessary databases are de-
veloped for the previously agreed functionalities. Finally,
to achieve real and accessible operation by the client or
final user, it is essential to develop the necessary Backend
and Frontend for each utility or tool described. Once com-
pleted, the platform is uploaded to a hired cloud server
so that the client, company or user can check the results
obtained. The project status at the time of writing did not
reach the construction phase. Thus, the platform has been
tested with all the models and versions that make up the
total infrastructure and environment of the railway station
of Bidebieta-Basauri. In that sense, the tool stands out for
its accessibility, interoperability and simulated real time in-
formation.

The main result of the project is a web platform for
BIM management that is fully accessible to any user. In this
way, the main barriers to BIM implementation are broken
down: hardware and software outlay, need of previous BIM
knowledge or lack of data interoperability. The platform
is designed for easy handling, with no need for special
training in its use. The basic tools introduced have been:
Querying historical and real-time measurements and cre-
ating alerts and conditions for these measurements. These
functionalities allow linking Temperature, Humidity, Occu-
pancy and or CO, measurements with BIM models of the
infrastructure itself. These tools are accessible to any user
through a simple registration on the platform, without any
previous license or initial outlay.

In short, the final results obtained were: (1) Web plat-
form fully accessible from any device, (2) Real-time sen-
sor measurement functionality, (3) Functionality to create
alerts and conditions for measurements, (4) BIM and GIS
visualization linked to the previously described functional-

ities. These results provide a great basis for further devel-
opment of new tools to be implemented in the platform,
such as: inventory of elements, incident management sys-
tems, staff control, study of people flows or efficient en-
ergy management.
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