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A B S T R A C T   

The digital transformation in management of the built environment is more and more evident. While the benefits 
of location data, from Building Information Modelling or Geographical Information Systems, have been explored 
separately, their combination - GeoBIM - in asset management has never been explored. Data collection for 
condition assessment is challenging due to quantity, types, frequency and quality of data. We first describe the 
opportunities and challenges of GeoBIM for condition assessment. The theoretical approach is then validated 
developing an integrated GeoBIM model of the digital built environment, for a neighbourhood in Milan, Italy. 
Data are collected, linked, processed and analysed, through multiple software platforms, providing relevant 
information for asset management decision making. Good results are achieved in rapid massive data collection, 
improved visualisation, and analysis. While further testing and development is required, the case study outcomes 
demonstrated the innovation and the mid-term service-oriented potential of the proposed approach.   
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1. Introduction 

The Architecture, Engineering, Construction and Operation (AECO) 
is one of the most relevant industry sectors in the European Union (EU). 
In 2019, up to 9% of EU gross domestic product was provided by this 
sector involving 18 million direct jobs, corresponding to more than 6% 
of European employment [1]. However, AECO is a relatively static 
sector when it comes to digitisation, in particular in the use phase of 
theasset’s life cycle [2]. Practices and processes often rely on old para
digms and approaches, hindering the enhancements resulting from the 
implementation of the digital tools and methods. This is – at least in part 
- due to the characteristic of the AECO sector in the EU, which in the past 
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years has been dominated by a few large and very competitive players 
and alongside a large number of smaller suppliers with lower produc
tivity [3]. 

Within this context, digital innovation is considered one of the 
strongest potential areas for improvement and could boost the produc
tivity of the global construction sector by up to 14–15% [3]. Innovation 
in digital technologies is a trend that today is driving large investment 
both in the corporate and the academic world, thanks to the great po
tential of resource savings, improved sustainability and reduction of the 
uncertainty in information [4]. In AECO and other related economic 
sectors, a strong rise of digital technologies and data-driven approaches 
can be found [5]. The Joint Research Centre (JRC) report Digital 
Transformation in Transport, Construction, Energy, Government and Public 
Administration [1] summarises some main impacts of this transformation 
in AECO: 

• the integrated adoption of technologies in every stage of the con
struction value chain supports better performance and increased 
economic margins;  

• better performance promotes sector competitiveness, with effects on 
price reduction and increased investments in research and 
development;  

• the adoption of digital technologies allows new business solutions to 
be incorporated into the traditional AECO market. This is a threat to 
the traditional business model, despite representing a new opportu
nity for IT-oriented companies. 

In recent decades, a remarkable standardisation effort for the sys
tematisation of the information management processes within the AECO 
sector has been undertaken. Two key approaches underpin this: Building 
Information Modelling (BIM) [6,7] and Geographical Information Sys
tems (GIS). BIM represents a key example of how the digitisation can 
support and improve both 3D and 4D digital modelling of the physical 
assets and the processes in the construction and use phase. Nevertheless, 
given its origins in design and construction, the BIM approach tends to 
focus on large scale individual projects, with information relating to the 
construction site and engineering detail. When the management pro
cesses need to be implemented over large geographical extents (e.g. a 
portfolio, an infrastructure) and contexts (i.e. the space surrounding an 
asset, integration with information from external sources), GIS are 
capable of managing virtually every type of location-information. 

Both BIM and GIS are location-enabled technologies – i.e. they pro
vide information not only about ‘what’ an asset is but also ‘where’ it is 
located. In reality, assets rarely fit entirely into either the BIM (single 
project, engineering detail) or the GIS (context, infrastructure, city 
wide) scales – but instead span both, with Asset Management (AM) 
taking place at different scales depending on the scope of the specific 
task. However, the integration of the BIM and GIS – GeoBIM [8] - is still 
seldom adopted for AM. 

1.1. The aim of the research 

This research demonstrates how a GeoBIM approach can be used for 
improved digital AM. The focus is on the indoor and outdoor physical 
assets of a building and the surrounding neighbourhood for developing 
an integrated system for the Condition Assessment (CA) of the digital 
Built Environment (BE). This integrates BIM data, the CA data generated 
leveraging the power of location for the collection of the assets’ condi
tion and GIS data for outdoor elements and spaces. The outcome of the 
research is the development of a GeoBIM model that supports decision 
making on the Operations Maintenance and Repair (OM&R) of the 
digital BE. The proposed approach streamlines the CA process, permits 
the integration of CA information (indoor and outdoor) into one data 
environment, supports multi-scale (depending on the purpose of the CA) 
assessment and informs also subsequent management stages – e.g. an in- 
depth specialised diagnosis of asset components (e.g. structural, 

systems, energy, etc.). The developed approach and system have been 
tested in a case study in the city of Milan, Italy. 

2. State of the art 

This section presents the state of the art in Condition Inspection and 
Monitoring, the domain in which the CA processes are implemented, 
BIM and GIS. enabling AM. This allows to set the boundaries of the 
research and to identify the knowledge gaps addressed through the 
development of the GeoBIM approach for CA, supporting decision 
making in AM. 

2.1. Condition inspection and monitoring 

Condition Inspection and Monitoring (CI&M) is the process of con
trolling and measuring performance of a product or a service and in
cludes a set of operations to evaluate the ability to operate under in-use 
conditions. It is a core step of an audit process, activated in different 
phases of the life cycle of the asset. CI&M is a primary function in AM: 
according to [9], the Building Performance Assessment (BPA) provides a 
better knowledge of an asset enabling better and timely decisions. It also 
provides the knowledge base for other functions within the wider AM 
domain as, for instance, Facility Management (FM) [10]. In fact, the 
CI&M function provides relevant information to carry out evaluations 
and assessments at different decision-making levels. CI&M processes are 
mandatory in some countries, Table 1 shows some on these legislative 
requirements according to [11]. 

To ensure consistency, CI&M should be carried out according to a 
specific procedure and a general guideline on this function can be found 
in ISO 15686-3,7,10 [16–18]. A crucial process concerns the definition 
of the purpose and the level of detail to be adopted – e.g. should a single 
inspection relate to an entire room or should multiple inspections be 
carried out for the walls, windows, heating system and so forth. This 
ensures that the correct information required for measuring specific 
performances [10] is collected and presented via the Condition Assess
ment (CA), which processes the data collected during the CI&M. 

Many examples of the use of digital approaches to CA have emerged 
in recent years. The authors in [11] present the results of research to 
devise the building inspection system according to a classification sys
tem for defects and a severity rating and some examples on how the CA 
can be improved thanks to the use of advanced Information Communi
cation Technologies (ICTs) can be found in literature. [19] proposes a 
method for optimising the planning phase of the CA operations, for the 
improved allocation of scares resources. [20] propose an approach for 
integrating the BIM data in the facility CA process, enhancing the 
interoperability with the FM system. [21,22] propose a cross-domain 
Decision Support System (DSS), integrating BIM data within a data- 
driven procedure for allocating maintenance budget. [23] propose a 

Table 1 
Mandatory condition inspections and monitoring around the world.  

Place Type of mandatory condition inspection Further 
references 

Hong 
Kong 

Buildings over 30 years old are inspected once every 
10 years, and repairs are carried out on common 
parts, such as external walls, projections, and 
signboards. 

[12] 

Spain Decree 67/2015 establishes that a technical 
inspection report must be drawn up for buildings 
older than 50 years. Further inspections must be 
made every 5 years after the first one. 

[13] 

Malaysia The Malaysian government requires building 
inspections as outlined in the Total AM Manual 

[13] 

Italy The Municipality of Milan requires a condition 
inspection for every building older than 50 years. 
The inspection is to be repeated periodically and 
guidelines are provided [14]. 

[15]  
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sensor-based anomaly detection method for driving predictive mainte
nance interventions based on the Digital Twin principles. [24] describe a 
BIM-GIS integrated method for improving the interoperability in 
employment of the Building Automation System (BAS) and the Com
puterised Maintenance Management System (CMMS), for improved FM. 

2.2. Geographic information systems 

In the context of built AM, every asset - no matter the scale or size - 
has a unique location in space and time. This information allows to 
differentiate it from other thousands of other similar assets in a system. 
Thus, location-enabled technologies – GIS and BIM – have an important 
role to play in digital AM. These are first considered separately to better 
understand where each can be applied. 

Due to the evolution of Web 2.0, a massive volume of location in
formation can now easily be created and accessed by personal devices (i. 
e. smartphones and laptops) through different systems and services [25]. 
GIS can collect, manage, analyse, and visualise any geographic infor
mation recording: where the asset is and when it is at a particular 
location [26]. Within a GIS, location information is stored in spatial 
databases enabling data modelling (i.e. storage, querying, analysis, 
visualisation) [27]. Spatial databases offer the advantage of central data 
storage and management, where data can be shared by many users no 
matter where they are in the world, with differing access rights. There is 
hence a “single source of truth” where any data changes are recorded for 
all to see. Spatial databases allow the representation of either simple 
geometric objects like points and lines or even more complex ones such 
as three-dimensional (3D) polyhedra. 

Although much of the geographic information used within GIS is 
two-dimensional (2D), increasingly 3D data is now available in many 
disciplines such as in city planning and disaster response, a 3D repre
sentation can increase the insight, improve the visualisation and support 
the calculation of environmental impacts such as air pollution and noise 
[28]. Spatial databases allow the complexity in details and the large 
volume of 3D data to be represented in 3D models [29]. In addition, they 
provide the opportunity to store multiple levels of detail (granularity, 
aggregation) from individual features up to portfolio, city and country 
level. A process is known as generalisation, that preserves the model’s 
basic semantic and structural characteristics by integrating different GIS 
techniques including classification, simplification and aggregation, can 
be used to create a less detailed model from a detailed one [30]. Multiple 
models can be derived from a single detailed source, with the outputs 
determined by user requirements.2 The extraction of different views of 
the data, is allowed, for example, by the data capture tasks carried out by 
national mapping agencies, who are required to produce large scale 
(detailed) maps as well as small scale (less detailed) ones with national 
coverage. This is possible deriving the small scale maps from the large 
scale data. In 3D GIS the different levels of granularity of the model are 
referred to as ‘Levels of Detail’ (LoD) [31], with models ranging from 
LoD 1 (flat roof buildings) to LoD 4 (detailed internal and external 
information). 

2.3. Building information Modelling 

According to ISO 19650-1 [6] BIM is the use of a shared digital 
representation of a built object (including buildings, bridges, roads, 
process plants, etc.) to facilitate design, construction and operation 
processes to form a reliable basis for decisions. While a BIM model is 
often thought of as intelligent 3D and 4D modelling approach to con
struction, in fact it has as its main aim, the collaboration [32] between 
different stakeholders in construction, removing data silos. BIM activity 

can be broadly sub-divided into three categories (adapted from [33]): 

• Information management - creation and long-term curation of in
formation relating to a built asset, at all phases of its lifecycle; 

• Project management - making efficient and effective use of this in
formation to improve efficiency, reduce costs and waste during 
construction and operation;  

• People – the complex relationships between the social and technical 
resources that represent the complexity, collaboration and in
terrelationships of today’s organisations and environments. 

Within BIM, there is no specific equivalent of the multi-scale 
‘generalisation’ process seen in GIS – i.e. the process of deriving a less 
detailed representation from a more detailed one. In fact, the reverse 
process is proposed through a level of information need approach. Ac
cording to ISO 19650-1 [6] the quality of each information deliverable 
should be defined in terms of its granularity to serve the purpose for 
which the information is required and no more. This is referred to as the 
level of information need and concerns both graphical and non- 
graphical information. The ISO standard does not give any definition 
of standardised levels of information as, for example, the BIMforum does 
for its Level of Development [34] that, despite the different name, serves 
the same purpose of the ISO level of information need. The American 
definition ranges from LOD 100, where the element may be graphically 
represented in the model with a symbol or other generic representation; 
all the way through to LOD 500 where the model element is a field 
verified representation in terms of size, shape, location, quantity, and 
orientation. Non-graphic information may also be attached to the model 
elements. This process reflects the construction focus for which BIM was 
initially created, representing the increasingly detailed model of an asset 
that will be generated as the construction progresses. 

2.4. GeoBIM application in asset management 

Given the multiple scales, granularity and detail that can be 
encompassed by Facilities and AM tasks, neither BIM nor GIS on their 
own sufficiently cover the built environment at an appropriate scale: 
BIM focusses on very large scale (detailed) models including engineering 
and structural detail, usually relating to a single site or project. GIS 
focusses on less detailed models and, while a single building can be 
modelled in some detail at LoD 4, models usually cover entire cities or 
even countries. GeoBIM can be broadly defined as the integration of BIM 
and GIS, taking advantage of similarities that include the fact that:  

• both model the real world as is or as it could/will be,  
• both use location information coupled with semantic information,  
• both permit modelling at various scales and granularity,  
• both model indoor and outdoor information [35]. 

Despite the similarities, integration of BIM and GIS data into one 
system is not as straight forwards as converting data from one format to 
another – challenges include:  

• different approaches to geo-referencing (placing objects on a map),  
• differing focus for modelling (construction/engineering, large scale, 

very detailed versus smaller scale, city-wide or national models, with 
no restrictions on the feature types that can be modelled),  

• geometry modelling (parametric or constructive solid geometry in 
BIM, boundary representation in GIS); 

• different approaches to centralised data management (spatial data
bases in GIS, federated file systems in BIM) [35]. 

Given that it is a newly emerging field of research, there is relatively 
little work, to date, on the application of GeoBIM in an AM context. A 
comprehensive review of applications in this field can be found in [36]. 
Work described in [37,38] focussed on the challenges of integrating 

2 The 2D equivalent of this process is seen when a user zooms into the detail 
of an online map and then zooms further out, at each step seeing data that is 
more generalised. 
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asset geometry and asset identifiers within the Crossrail project, as a pre- 
requisite to railway AM. [39] describe the integration of BIM, 2D 
mapping and the Internet of Things to support comfort analysis in 
buildings. [40] describe the integration of BIM and GIS (although not 
specifically termed GeoBIM) for sewer AM – with tasks including 
informing operational intervention, asset residual life prediction and 
monitoring energy consumption. [24] propose a similar integrated 
approach for utility tunnel maintenance, with focus on the data inte
gration task required, although detail of the specific AM tasks that this 
approach could support is not provided. 

Of perhaps greater relevance to the approach proposed in this article, 
[41] outline a multi-scale system to support construction and FM for 
large Mechanical, Electrical, Plumbing (MEP) systems. They note in 
particular that current approaches mean that any facilities manager, 
while being required to respond e.g. to a leak within minutes, will need 
to go through potentially large quantities of documentation to identify 
the specific valve to shut off. They propose an integrated multi-scale 
BIM/GIS solution with detailed multi-level data in the BIM being 
made available as required, and less detailed models – e.g. topological/ 
connectivity models – being provided by GIS. FM tasks carried out 
include: query and visualisation of the layout of the MEP (including 
upstream and downstream analysis); identifying optimal routes for 
efficient inspection processes; linking with pedestrian flow information 
to ensure that the MEP system provided optimal comfort, delivered 
efficiently; supporting maintenance work and condition analysis. [42] 
also focus on FM, proposing a GeoBIM solution that divides the envi
ronment into space/floor/building units, and that can be used for tasks 
including room scheduling, management of joint equipment, site navi
gation, developing remodelling plans, fire-fighting scenarios and energy 
consumption analysis. The multi-scale approach is also taken by [43] 
who explore visualisation of electricity demand and supply across the 
GIS/BIM divide, linking the smaller scale feeder model (local electricity 
supply) with the larger scale electrical component model (the demand) 
and noting that the approach can scale to include larger networks. 

3. The importance of location for decision making in asset 
management 

The Institute for Asset Management’s (IAM) Subject Specific Guid
ance 22/23/24 [44] provides an overview of the types of information 
needed for AM including both “location and spatial links” and “condi
tion data”. Also, given the review of the literature, it can be stated that 
knowing the location of an asset – and its constituent parts – at different 
levels of granularity is necessary as follows: 

• frequently built asset portfolios cover multiple locations, and deci
sion makers need to know which site the condition report refers to 
and where the asset is on that site, to ensure that funds – e.g. for 
equipment upgrade – are allocated to the correct site and specific 
asset on that site;  

• in situations where multiples of the same component exist – e.g. 
escalators, signal boxes, it is possible to identify a specific instance by 
an ID plate or QR tag or similar. However, this relies on the plate/tag 
being present and readable, and on the database containing the 
corresponding ID (which in this loose-coupled situation may not be 
the case). The location of the asset is something fixed and two items 
of the same asset type cannot be in the same place at the same time. 
Therefore, tagging an asset by its location removes uncertainty on 
which asset you are referring to. This does of course require a robust 
positioning system;  

• changes in condition (e.g., paint deterioration, clogged filters, 
boiler’s components degradation) depend on location. Location in 
AM allows to timely respond to the following questions. Is the asset 
in a cold area of the world, close to the sea, near a busy road, in an 
area of the building that is highly trafficked, close to a boiler? 
Location is the only way to link these different sources of data - e.g. 

which road is closest to the building? How many storms were there 
here last year? Is this air conditioner in direct sunlight? 

• as result of the previous factors, Cost (installation, sourcing compo
nents, decommissioning, cost of conducting the condition assess
ment) will depend on location, as well as the work management 
operations (including staffing, routing, health and safety, disruption 
to a network, disruption to neighbours); 

• there is a need for a way to aggregate the very detailed asset com
ponents and corresponding condition surveys and resulting in
dicators to something at higher level. The generalisation of the 
location information data offers a natural approach to this aggrega
tion - e.g.: aggregate the assets by room, by building, by site, by city, 
county, country. 

4. Case study overview 

The opportunity to apply the GeoBIM approach to AM, has arisen in 
the context of the university Leonardo Campus of the Politecnico di 
Milan, Italy. This area hosts the premises of the Politecnico and is 
characterised by the presence of more than 25 building, with different 
functions (e.g., administration, lectures, libraries, departments etc.). 
The functionality and, in general, the quality of this city environment 
can be preserved not only at the building and the related equipment 
level, but also considering the surrounding infrastructure and services. 
This leads to the need for BE level OM&R service able to address 
different management scales in an integrated manner. 

To test the effectiveness of the GeoBIM approach a case study 
building (Fig. 1)located in the East Leonardo Campus has been selected. 
The building comprises lecture theatres and workshops. Its Gross In
ternal Area (GIA) is approx. 3.700 sqm and consists of 1 underground 
and 3 floors above the ground. The building is surrounded by a private 
open space at north and west, and by public open spaces at east and 
south. These areas have been considered as part of the development of 
the GeoBIM BE CA approach as considering the BE as a whole (indoor/ 
outdoor private and public spaces) is a requirement for the development 
of the advanced OM&R services, ensuring a quality integrated campus 
environment. 

5. Methods, tools and data 

The overall research schema is represented in Fig. 2, although this 
article presents the steps highlighted in dark blue. 

5.1. Service requirements 

A crucial step for the development of the integrated GeoBIM CA 
system concerns the definition of the AM service requirements. For this 
research, the angle of the portfolio owner, who wants to achieve a better 
knowledge of the managed assets, to make better decision on OM&R, 
has been assumed. This leads to the definition of the CA service ac
cording to the criteria of completeness, rapidity, and relevance of 
collected data on critical assets. The AM service requirements, together 
with the definition of the digital modelling procedures determine the 
ways the GeoBIM model is developed and enable the processes for data 
production and collection (BIM modelling, CA modelling and GIS data 
integration) to match stakeholder needs. 

Two main matter must be defined to carry out effectively the CA 
requirements: what to inspect and how to assess what is inspected. The 
identification of the relevant entities to be evaluated during the in
spection campaign is a crucial phase both for driving the data collection 
operations and for the development of the digital assets (the elements of 
the indoor and outdoor BE) according to a specific level of detail, 
allowing a quick modelling and the effective implementation of the 
condition inspection campaign. Fig. 3 represents the asset breakdown 
structure of the BE employed. The entities modelled are those impacting 
the most on the technical performances of the physical assets and can be 
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Fig. 1. Case study location. Authors’ image including a view from https://maps.polimi.it/maps/.  

Fig. 2. Research schema.  

Fig. 3. Condition inspection asset breakdown structure of the built environment.  
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identified and assessed through a visual inspection [45]. 
In addition to what and how to inspect and assess, of particular in

terest to asset and facility managers is the definition of the optimal time 
to inspect the components to maximise their value [19]. Several in
spection objectives need to be met during the assets’ life cycle [46]. 
There are many studies aiming to define the best inspection schedule in 
building CA. The traditional periodic fixed-time inspection approaches, 
in fact, show low efficiency in the early assets’ life cycle and may pro
duce high risk of failure at the later stages [47]. The IfcElement (the 
generalisation of all components of a building or a system) can be related 
to the Pset_Condition, that allows to store the assessment results and the 
assessment date as a IfcDate defined in [48]. Although prioritising the 
critical building components based on previous assessments can help to 
optimise the frequency of inspection for re-assessment [49], defining the 
most effective inspection schedule is out of this research’s scope. 

5.2. Development of the GeoBIM integrated model 

Once the object of the survey is defined (Fig. 3), the definition of the 
digital modelling requirements can be carried out. The BIM model of the 
existing building was developed adopting a low level of geometrical 
detail [6]. Since the aim is to support the streamlined assessment of the 
spaces, the MEP systems are modelled only when they are visible and 
accessible for the visual inspection. This allows also to reduce the times 
for BIM modelling. 

A review of the asset breakdown structure highlighted the fact that 
the features representing the building outdoor private spaces and public 
spaces are typically those represented as geospatial information (i.e., 
within a GIS) and thus may be available as open data from the Munic
ipality of Milan. Therefore, it was possible to source existing geometry 
models (in 2D) for most of the required asset/feature types. 

Given the benefits of using a spatial database (e.g., multi-user access, 
central data security) a decision was made to use a PostgreSQL/PostGIS 
database as the integration data store. A multi-step approach was carried 
out to migrate the BIM and GIS data into the database, as follows: 

1. Georeference the BIM and export the BIM as IFC (Industry Founda
tion Classes, an interoperable interchange format for BIM);  

2. Convert the IFC to 3D spatial data format (a multi-patch shapefile) 
and visualise;  

3. Import the data into the spatial database (PostGIS) where it could 
then be integrated with GIS data (also converted from shapefile into 
a spatial database);  

4. Aggregate the data as necessary to match to the required schema for 
Condition Assessments. 

For the GIS data, despite the CA process makes use of a more rapid 
survey approach in many cases, the effort to tag the condition of each 
individual streetlight, bollard, kerb element and so forth is substantial. 
Thus, aggregated geometry was required to enable the overall condition 
of each area to be mapped. Two approaches could be considered here – 
firstly, tagging all the manholes along a street segment as having ‘con
dition x’. However, this might be misleading and imply a level of detail 
in the assessment that was not in fact present. Thus, additional aggre
gated feature types were also created in the GIS. Similarly for the BIM 
data, the object model generated by the IFC export process does not 
correspond directly with that required for the AM task. Thus, a further 
process of aggregation was required to generate the features that could 
then be associated with the required CA. Additionally, given the 
differing geometry formats between BIM and GIS, a geometry simplifi
cation task was required before features from the BIM could be visual
ised in a GIS viewer. s. 

5.3. Capturing condition information 

The CA method used is, following the best practice [45,50–52], 

divided into two main stages. The first stage concerns the inspection of 
the entire asset without employing highly specialised operators or tools. 
In this stage, the assessment is carried out solely based on a visual ex
amination, helping to reduce associated costs. The second stage, 
depending on the findings of the first one, focuses on specific parts of the 
assets and adopts expert assessors’ evaluation and specific instrumen
tation. This second stage is very specific and varies depending on the 
type of asset being analysed. The detailed inspection has not been 
adopted as method for this research, as we focus on the first stage, 
applicable to any type of asset. 

The CA is implemented according to the method proposed by Re 
Cecconi et al. [53]. During data capture, the values of the attributes (the 
assessed elements) can vary on a likert scale from 1 to 5 according to 
their degradation level, where 1 indicates a very good condition 
(Table 2). 

The condition of each indoor element listed in the asset breakdown 
structure (Fig. 3) is related to the spaces (rooms) of the building as an 
attribute of the room itself. The same approach has been adopted for 
collecting information on the whole building, and the surrounding pri
vate and public space (“Building Envelope and Common Parts” and 
“Building Outdoor Private Spaces”). All data is captured via mobile de
vices, timestamped and stored in the spatial database, linking it directly 
with the corresponding 3D asset geometry. 

The subjectivity of the surveyors [54,55] may cause major issues in 
the assessment [56] and can lead to a 30% mean difference in mainte
nance cost [57]. To avoid this, a reference condition matrix has been 
created to harmonise the assessment of the defects of each single 
element. An example for the building indoor elements is given in Fig. 4. 

A different approach has been developed for the CA of the outdoor 
public spaces. In this case it was not possible to identify a single 
aggregated geometry that would represent the elements of the area, 
while also allowing sufficient granularity to cover the detail required. 
Similarly to the approach described for the building-related CA, the 
evaluation of the condition of the public space elements have been 
accomplished according to a 1–5 likert scale. In addition, while the el
ements in Fig. 3 are assessed according to the procedure explained in the 
previous paragraphs, for road/pavement condition, a different approach 
is required to assesses the intensity of the degradation. Therefore, every 
time a crack, detachment, hole etc. of the surface is found, the assess
ment is made on a scale 1 to 5 where 1 corresponds to an aesthetic defect 
and 5 is an hazardous issue for users (Table 3). The geometry and 
location data has being captured as necessary. 

To allow the agile collection of the data, four Google Forms [58] 
were created:  

• Indoor CA - Building indoor spaces (one per room);  
• Outdoor CA - Building envelope & common parts; 

Table 2 
Condition levels considered for the condition assessment.  

Condition Description 

1 Very good The element is new or in very good condition 
2 Good Some aesthetic defect, needs minor repair. 
3 Fair Functional degradation of some parts, needs maintenance. In the 

case of surfaces (e.g. walls), the degradation affects less than 20% of 
the total area. 

4 Bad Not working and maintenance must be done as soon as possible. In 
the case of surfaces, the degradation affects 20%–40% of the total 
area. The functional degradation of many parts is detected. 

5 Very bad Not working and needs immediate maintenance. In the case of 
surfaces, the degradation affects more than 50% of the total area 
and there are serious issues to the functionality of the element. It is 
dangerous for the users 

100 Not 
visible  

200 Not 
present   
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• Outdoor CA - Building’s surroundings;  
• Outdoor CA - Public areas (neighbourhood – streets, street signs, 

lighting etc. and the defects of the roads and pavements). 

The assessors were provided with reference printed maps from which 
they could also note the ID values of each asset surveyed. This allowed 
the form data to be automatically imported into the database and linked 
the condition survey directly with the associated geometry. Data 
collected on the building and its surroundings can be directly related to 
the elements in the BIM model, while data collected on outdoor elements 
are imported in the GIS environment as geolocated data. 

5.4. Decision making support tools development 

A bespoke 3D interface (using CesiumJS3) was developed for the 
project to allow interactive exploration of the data, especially for users 
not having any GIS or database experience. Several reports and maps 
were included on the website to enable this, including:  

• a list of all features which have not yet been surveyed,  

• a count of all surveyed features by their condition status (gives a 
general overview of the condition of the building and its 
surroundings),  

• a list of the work each surveyor (or group of surveyors) has 
completed (who is more efficient),  

• what percentage of each feature type has been surveyed. 

Condition levels are transformed into a score ranging from 0 to 1 
according to formula (1): 

p =

⎧
⎨

⎩

c − 1
4

if c ≤ 5

n/a if c > 5
(1)  

where 
c is the condition value (Table 3) 
p is the CA score. 
The average condition of a room inside the building is thus computed 

as: 

proom =

∑n

i=1
pi

n
(2)  

where 
pi is the score of the element i of the room, i.e., the ten objects listed 

under Building indoor in Fig. 3; 
n is the number of elements inspected, i.e., the number of elements 

having the score different from n/a. 
Eventually, the condition score for the building indoor elements is 

the weighted mean of the score of each room, Formula (3). Weights are 
related to the importance of the room. Each room of the building is 
classified into one of four classes of importance considering the higher 
importance of the defects in a main room as a lecture theatre or a 
meeting room, in relation to the one in, for example, a closet. 

pBuilding indoor =

∑m
i=1proom,i

m
(3) 

Fig. 4. Condition assessment sample for indoor spaces.  

Table 3 
Degradation intensity considered for the CA of the surfaces in the public space.  

Degradation 
intensity 

Description 

1 Very good Some aesthetic defect, needs minor repair. 
2 Good Some degradations as micro cracks, minor detachments. 
3 Fair The defect (cracks, holes, detachments, etc.) affect the 

functionality of the surface. 
4 Bad Major degradations (cracks, holes, detachments, etc.) and need 

to be maintained. 
5 Very bad Major degradations (cracks, holes, detachments, etc.) and need 

to be maintained as soon as possible since it could be hazardous 
for users.  

3 https://cesium.com/cesiumjs/ [accessed 12th May 2021]. 
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where 
proom, i is the score of the room i of the building; 
m is the number of rooms inspected. 
Accordingly, the “Building Envelope and Common Parts” and 

“Building Outdoor Private Spaces” condition scores are computed as the 
average of the scores of the elements making up the two built environ
ment parts as listed in Fig. 3. 

6. Results 

An FME4 workbench was created to convert the IFC data into GIS 
shapefiles (multi-patch format to retain the 3D geometry). A total of 53 
different layers were created, reflecting the inclusion of 53 different 
(although related) classes in the IFC model. The conversion was vali
dated using the FME Data Inspection tools. GIS data for the surrounding 
area was imported into PostGIS using the QGIS data management tool. 

6.1. Data aggregation and schema matching 

A number of additional steps were required to ensure that the im
ported data matched the assets breakdown structure for the CA. A one: 
one direct mapping was made from the BIM into the breakdown struc
ture for features such as stairs, windows, doors. However, a number of 
individual features (IfcWallStandardCase, IfcSlab, IfcRoof, IfcDoor, Ifc
WallStandardCase, IfcWindow) needed to merged to form the shell of the 
building at LoD 2 (required as geometry for the Outdoor CA – Building 
Envelope and the Outdoor CA – Building Surroundings surveys). 
Thirdly, while storing the very complex geometry resulting from the 
conversion of IfcFurnishingElement (benches, desks, chairs) and Ifc
FlowTerminal (e.g. light fittings, sockets) in a spatial database does not 
present problems, visualisation within GIS packages of such complex 
data is not possible. Therefore, a generalisation process was applied and 
these features were represented as simple points. 

6.2. Capturing the condition data 

A total of 342 CAs were carried out on site, with 99 rapid assess
ments. The general model used in the integrated database provides a 1: 
many relationship between a feature (geometry) and the CAs, as a CA 
may be repeated for the same feature at regular intervals. Where the 
geometry already exists - i.e. where it was sourced from the BIM or from 
existing GIS data – the CA data was associated via a join. Where the 
geometry did not already exist, the CA team were first required to 
digitise the geometry in the corresponding database layer (via QGIS, 
making use of the in-built feature editing tools). Once this was 
completed, a CA could be associated with the geometry. Table 4 sum
marises the geometry types used to provide location information for 

each of the four surveys. 

6.3. Decision making 

Fig. 5 shows an overview of the 3D visualisation tool, highlighting 
the internal room data, with Fig. 6 showing a small subset of room 
condition reports. The proposed approach allows to integrate indoor and 
outdoor CA information with the related built environment geometries 
and to visualise it in different software platforms. Fig. 7 shows the CA 
data captured both for indoor and outdoor elements and how they can 
be filtered for representing different condition levels (“very poor” CA in 
this case). Also, Fig. 8 shows the results of the assessment of the Lighting 
& Switches system on the ground floor of the building, categorised ac
cording to the CA. The different software platforms employed allow 
different granularity in the data visualisation. This is particularly useful 
when different users’ categories need to access data. In this situation 
they may have different needs and skills in using a specific software (e.g. 
Revit, QGIS, CesiumJS), for a specific purpose (e.g., data analysis, vis
ualisation, data update etc.). Hi accessibility of data and usage flexi
bility, allow to support better data-driven decision making in AM. 

Data has been processed according to the approach described in 
paragraph 5.4 and the results have been summarised in Figs. 9–12. The 
condition of the building indoor elements presents anoverall good/fair 
status, with a more critical condition detected for the heating system. 

The building envelope and the common parts do not show any 
particular criticalities, except for the accessibility system, which among 
the others shows the worst condition (fair/poor). 

The outdoor building surroundings present a critical condition of the 
driveways, green areas,disabled accessibility, furniture and decoration 
elements. The irrigation system was not present and has assumed a null 
value. 

Fig. 12 represent the assessment of the outdoor public spaces. The 
overall condition is between the good and fair, with a particular higher 
criticality for the vertical street signs, ramps, fences, and separations. 

A further processing has been carried out for the defects of the 
external surfaces (i.e. roads and pavements). These have been assessed 
separately, evaluating the intensity of the degradation and not the 
overall condition of the physical element. Fig. 13 highlights that most of 
the observed defects were ranked at fair (57.14%) and bad (28.57%) 
levels. 

Finally, the data has been aggregated and represented in Fig. 14, 
allowing to have the comprehensive view of the assessment of the BE. 
Therefore, the building envelope, the indoor and outdoor private and 
public spaces can be assessed as a whole, supporting the decision maker 
in the prioritisation of maintenance and refurbishment intervention. 
Moreover, despite being tested on a single building, the proposed 
approach allows an effective streamlined CA at the portfolio level, 
through a multi-scale approach. 

7. Discussion 

This paper sets out to demonstrate how an integrated GeoBIM 
approach can be used for improved digital AM, focussing condition in
spection of the indoor and outdoor entities of a building and the sur
rounding neighbourhood, with a university campus and its surroundings 
as a case study. The approach developed demonstrates the potential of 
integrated location-enabled data for AM, and for managing a seamless 
digital environment of indoor/outdoor, large scale (high detail, small 
area)/small scale (lower detail, wider area) entities and spaces – as 
highlighted in Table 4 - that is extremely extensible to meet the needs of 
a campus-wide system and beyond that work at municipal, regional and 
national level. 

Having a centralised, integrated database supports decision making 
in two senses. Firstly, it is possible to rapidly obtain an overview of the 
features that have or have not been surveyed, and for the latter then 
prioritise the activity of the survey teams and develop a model of trust in 

Table 4 
The geometry used for each of the four surveys.  

Survey Geometry used to provide location 
information for the asset(s) 

Indoor CA – Building IfcSpace from BIM, converted to rooms within 
the spatial database 

Outdoor CA - Building envelope & 
common parts 

3D building, created by combining different 
elements from the BIM 

Outdoor CA - Building’s 
surroundings 

Outdoor Private Space (GIS) 

Outdoor CA - Public areas 
(neighbourhood) 

Various individual features (GIS)  

4 FME is a geospatial data integration platform provided by Safe Software - 
https://www.safe.com/fme/ [Accessed 12th May 2021]. 
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Fig. 5. Interactive 3D Visualisation showing rooms.  

Fig. 6. Sample room (indoor_ca) condition reports.  

Fig. 7. BE CA data visualisation and filtering of only “Very poor” condition elements.  
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the condition data – i.e., if most of the assets has not been surveyed in the 
last 2 years, then the value place on the resulting CA might be less. 
Secondly new features to be surveyed or otherwise included in the AM 
task can be easily added into the spatial database and visualised using 
the off-the-shelf GIS tools (e.g. QGIS). This is also possible through the 
3D visualisation tool developed, which also demonstrated the opportu
nity to democratise the data – i.e., proved access for non-specialists. This 
is highly important in the AM field, because most of the stakeholders 

either need information that cannot be directly provided by BIM 
authoring tools and by GIS tools (synthetic reports, dashboards, Key 
Performance Indicators - KPIs, etc.) or do not use those tools [53]. 

Additionally, the approach is repeatable - it is common that condi
tion surveys are conducted on a regular basis (with frequency depending 
on the criticality of an asset) and having a centralised data store allows 
to run time-based analysis to monitor deterioration of the facility and its 
surroundings. Knowing the location of the assets to be surveyed also 

Fig. 8. Indoor CA – Building results visualised for the lighting and switchers system.  

Fig. 9. Indoor CA – Building results.  

Fig. 10. Outdoor CA - Building envelope & common parts results.  
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permits optimal deployment of the survey task itself (via a ‘travelling 
salesman’ approach which calculates the best route between multiple 
locations). It additionally assists in the interpretation of the CA results – 
visualising an asset in context, coupled with ad-hoc queries of the 
location data and demand data – can help to understand why, for 
example, one boiler is deteriorating much faster than another. Regular 
reports can also be automatically generated by aggregating the data. 

From a technical perspective PostGIS5 is a spatial database extender 
for the PostgreSQL database and was selected for this project due to the 

availability of 3D data storage and manipulation functionality as well as 
due to the ease of integration with QGIS. PostgreSQL, PostGIS and QGIS 
are free and open source, reducing the barriers to entry for asset 
managers. 

In general a database has the fundamental advantage of acting as a 
central store for data, permitting multiple users and applications to 
connect and share information. A central database means that integra
tion with other tools - e.g. maintenance personnel scheduling – is 
possible. 

The adoption of the proposed approach allows to collect large 
datasets with reduced resources and saving times for inspection. This 
results in the development of tools for supporting decision making at the 
AM and OM&R levels. Moreover, data are collected both for the build
ing, and the BE elements, allowing a continuous assessment of the city 
environment. This allows to assess and control the BE in an innovative 
way, possible thanks to the integration of the digital technologies 
adopted and the multi-scalar and cross-domain approach adopted. 

A key challenge of the approach described here is the overall tech
nical complexity. There is a need for a database administrator, a need to 
create the BIM data and convert it, a need to curate the data long term 
(updating the data as necessary when the built environment is modified 
in any way), a need for integrated geospatial and AM expertise. However 
as noted in Section 1 there is an increasing understanding of the power 
of digital data within the AECO sector and having such expertise in 
house will greatly facilitate the uptake of a digital approach to AM. 

The process of integrating data from three sources – BIM, GIS and CA 
– highlighted the importance of bespoke semantic mapping which, to 
date, cannot be fully automated. Both BIM and GIS data, having been 
captured for alternative purposes, did not provide a 1:1 mapping of the 
features identified by the stakeholders as being required for the condi
tion survey. Additionally, the process of conversion from BIM to spatial 
database resulted in extremely complex geometry which had to be 
generalised (converted to a point) to be visualised within a GIS. 

The work described in this paper was carried out over a relatively 

Fig. 11. Outdoor CA - Building’s surroundings results.  

Fig. 12. Outdoor CA - Public areas (neighbourhood).  

Fig. 13. Scores of the defects of the surfaces.  

5 https://qgis.org/en/site/ [Accessed 11th June 2020]. 
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small area in and around the campus of the Politecnico di Milano, Italy 
and highlighted the overall potential of this approach. However, it 
should be applied to further case studies, to validate its effectiveness and 
fine tune the processes implemented. Moreover, the following key areas 
have been identified, where further research work is required:  

• obtaining a better understanding of the information requirements of 
the multiple stakeholders involved in built AM – e.g., via interviews. 
This would also enhance our understanding of the importance of, and 
potential for, location data in this context. Moreover, the exploration 
of further GeoBIM AM information requirements, can inform the BIM 
and 3D GIS modelling of the built environment;  

• exploring generalisation algorithms to find a suitable representation 
for the complex BIM geometry within a spatial database context, 
supporting the AM business processes;  

• exploring automation options for data capture, in particular relating 
to CA (e.g. via tablets directly into the database or via sensors) and 
monitoring changes in the BE (e.g. via regular surveys or laser 
scanning);  

• further exploring the links between location-enabled data and AM, in 
particular the potentially parallel tasks of aggregation from compo
nent, to building, to portfolio and the generalisation of location data 
from detailed BIM through to 3D city model and 2D country level 
maps and the integration with other AM tools;  

• exploring the long-term data curation processes required to realise 
full value from the initial (expensive) data capture costs and ensuring 
quality data along the life cycle of the physical assets. 

These are future research lines, originating from the research pre
sented in this article. 

8. Conclusions 

This paper demonstrated the power of integrating BIM, GIS and CA 
data to provide location-enabled decision making for asset managers, in 
particular highlighting the opportunity to use this approach to improve 
the efficiency of condition survey capture processes and the resulting 
information management and analysis tasks. The resulting system can be 
used by both private and public asset managers, in particular as we have 
used an open-source software approach for data management and vis
ualisation. Additionally, the multi-scale approach lends itself to built 
AM for both small and large portfolios, and can be adapted to take 
advantage of existing data (e.g. if a BIM is not present a simplified 2D or 

3D model of a building could suffice although the resulting location- 
enabled CA would not be as granular). 

Once captured (and curated), centrally-stored integrated location 
data relating to the built environment can also be used in many other 
ways: to obtain a total count of chairs or desks, and hence a cost for 
replacement; for decisions relating to health and safe levels of social 
distancing/building capacity and also street capacity; for fire evacuation 
routes – taking occupants safely out of the building and identifying a 
place of safety on campus or in the neighbourhood, for general routing 
and navigation between buildings across a campus and its neighbour
hood; for planning maintenance operations considering health and 
safety (does repairing an asset require working at height, is the asset 
near a high voltage and/or a critical system etc.). 

Such a 3D digital model of the built asset also has potential to form a 
component of a wider digital twin of a city, and, coupled with sensor 
devices that report asset condition in real time, links directly to 
emerging smart city initiatives, providing evidence to underpin decision 
making at multiple scales and in multiple contexts. 
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