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Abbreviations/acronyms
AI

Artificial Intelligence

IPF

Investment Property Forum

API

Application Programming Interface

IVSC

BI

Business Intelligence

International Valuation Standards
Council

BIM

Building Information Modelling

IWMS

BOMA

Building Owners and Managers
Association

Integrated Workplace Management
System

ML

Machine Learning, a special form of AI

CAD

Computer-Aided Design

LDD

List Dynamic Dependencies

CAFM

Computer-Aided Facility Management

NCREIF

CDE

Common Data Environment

National Council of Real Estate
Investment Fiduciaries

DD

Due Diligence

OCR

Optical Character Recognition

DFG

Deutsche Forschungsgemeinschaft

OSCRE

Open Standards Consortium for Real
Estate

DMS

Document Management System

PREA

Pension Real Estate Association

DWG

a CAD file format

PRT

Property Research Trust

EPC

Energy Performance Certificate

REDEX

EPRA

European Public Real Estate Association

Real Estate Data Exchange
Association

ERES

European Real Estate Society

RESO

Real Estate Standards Organization

ERP

Enterprise Resource Planning

RICS

FIDJI

Format of inter-exchanges of data,
legal and real estate

Royal Institution of Chartered
Surveyors

RPA

Robotic Process Automation

GABC

Global Alliance for Building and
Construction

SPR

Society of Property Researchers

SSOT

Single Source of Truth

GEFMA

German Facility Management
Association

VOGON

gif

Society of Property Researchers,
Germany

Vereniging van Vastgoed
Onderzoekers in Nederland (Association
of Real Estate Researchers, Netherlands)

XML

Extensible Markup Language

IFC

Industry Foundation Classes

ZIA

German Property Federation

IFRS

International Financial Reporting
Standards

INREV

European Association for Investors in
Non-Listed Real Estate Vehicles

IoT

Internet of Things
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Foreword
The digital revolution is affecting all our lives and every business, creating
huge new opportunities, but also many challenges. Real estate is no
exception. As a sector it has always relied heavily on documentation:
everything from marketing material to valuations to building plans, legal
contracts and service agreements.
All of this is rapidly becoming digital, creating scope for much leaner and
smarter ways of working, with the management of information becoming a
core part of a company’s competitive offer. In particular, machine learning can
hugely enhance the real estate sector’s offering: but only if we get the basics
right first.
So, I am delighted that the Property Research Trust is publishing this report
by a distinguished team of academics and practitioners, looking at that
challenge, and suggesting rules and guidelines to help us all in the sector to
move forward with greater confidence.
Alan Dalgleish
Chair, Property Research Trust
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Key messages
❱ Real estate is changing from an asset-intensive sector to an
information-intensive sector. That creates new requirements for digital
document archives, scanning rules and digital archiving flows.
❱ Digitised documents can add value to digital workflows and
applications in real estate services. The quality of digital data
will become a key competitive advantage, thanks to self-learning
algorithms, but also reliant on the quality and professionalism of those
doing the work.
❱ To make the shift to digital, we have identified six steps that need to be
taken, from the transfer of paper folders and filing documents through
to final uploading and the use of optical character recognition
software.
❱ For each of these, we present rules and guidelines and we advise
on documentation governance and how to use a Common Data
Environment.
❱ We suggest that the fundamental requirement for success is the
provision of a Document Management System (DMS), applying
principles such as lean documentation, and the use of scanning rules
and uniform standards.
❱ But we also note that paper originals may still be needed for
compliance purposes and that digital archives must be clearly defined
in advance, and ideally cloud-based.
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Executive summary
Real estate is changing from an asset-intensive sector to
an information-intensive sector
Purpose and scope
This research promotes the development of digital workflows and applications
in real estate professional services. It introduces the key requirements for
the digitisation of an analogous building documentation to support digital
workflows and applications in real estate professional services. In particular,
the paper outlines requirements for digital document archives, scanning rules
and digital archiving workflows.
Further, it shows how digitised documents can add value to digital workflows
and applications in real estate professional services. General rules are
developed for prioritised document classes according to relevance and
machine readability of documents. The findings are helpful for improving
digital building documentation and more generally using machine learning
(ML) in real estate professional services.
Method and data
The research is primarily based on interviews with experts in the digitisation
of building documents and in facilities management. The experts were
executives from the largest data room providers in Europe and the facilities
management department of a professional building owner. The workflow was
derived from regular archiving processes adjusted for digital processing and
confirmed by expert interviews.
The comprehensive building documentation, including 8,339 digital
documents of 14 properties and 35 technical due diligence reports, serve as a
basis for the evaluation of improved data processing and machine readability.

Results
The paper highlights rules and guidelines for the digitisation and handling of
building documents. Essentially, these comprise six steps:
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1. Transfer of paper
folders/filing of
documents

2. Determination of
document classes/
documentation

3. Document scan

4. OCR if required

5. Verification by
client/supervisor

6. Upload and
indexing, OCR if
required

For each of these steps, rules and guidelines of digitisation and handling of
building documents are presented in Section 3. It shows the need for lean
documentation, scanning rules and rules for digital archives (DMS).
We find four stages of digital processing in the building lifecycle (Section 4).
Documentation governance and a Common Data Environment (CDE) are
prerequisites for useful digitisation, classification and information extraction
from digital or digitised documents. CDE, documentation governance,
digitisation, classification and information extraction form the basis for digital
twins to support digital planning, construction and operation throughout the
building lifecycle.
Documentation governance in particular requires rules for uniform principles
and standards, layout and content integrity, manual interventions and
custom code, ownership and responsibility, data quality (availability, usability,
reliability, relevance, readability) and data protection. ML can help process
large amounts of documents and data. Digitised (and digital) documents
then can add great value to digital workflows and applications in real estate
professional services.
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Conclusions and recommendations
The fundamental requirement for digitisation and document classification is
the provision of a basic digital archive (DMS). This enables the consistent use
of formerly paper-based documents for digital classification and the creation
of digital workflows. Key conclusions are:
l Lean documentation can be applied where a large number of documents

proves redundant or useless. Lean documentation can be assisted by
external digitisation service providers.
l Scanning rules must ensure that the scan quality is appropriate for the
respective uses case. Uniform standards must be applied within an
organisation to achieve a complete match between duplicates and originals.
l Paper originals will still need to be archived for legal compliance in
particular cases, depending on (national) regulations.
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l The digital archive must be clearly defined in advance in terms of its later

use and scope. Lack of clarity can lead to restrictions in usability and
increased downstream costs. A cloud-based system is recommended.

The migration of documents can be improved by unambiguous machinereadable document classes, which serve as interfaces between standards and
for clear assignment.
F or ML-based classification, two procedures are recognised: content analysis
and layout classification. The success of the classification is dependent on the
uniformity and readability of the documents. Documents should be prioritised
by their content and machine-readability (e.g. as in Mueller et al, 2020).
Documentation governance must, in particular, minimise human interventions
in documents. This could be reached by the formalisation of all class-specific
documents. Data managers can take ownership of the data, similar to risk
owners in risk management, more and more supported by AI.
A Common Data Environment ensures data integrity, timeliness and validity
of information as one Single Source of Truth (SSOT). Ideally, digital twins
should be shared in transactions and between owners and service providers
to maintain a high level of information. Eventually, this could be based on
blockchain technology.
Digital real estate management is intended to solve complex problems. The
rule-based approach of many of today’s business procedures is limited in its
ability to tackle complex procedures. Self-learning algorithms can provide
support by replacing manual work with rules: users then only have to check
results and compliance with documentation governance.
As data and information become more and more accessible, the quality of
data, services and buildings will become the key to competitive advantage.
Qualified people combined with a sense of responsibility and informed
decisions should remain the basis for this, now and in the future.
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Chapter 1
Introduction
Digitalising the real estate sector
Digitalisation1 is largely transforming construction and real estate. Companies
are increasingly making use of digital solutions to reduce costs, optimise
workflows, achieve business objectives and become more competitive (ZIA,
2021). Digital transformation affects the entire value chain: from planning and
construction, marketing and building operation to consulting and financing.
As in other sectors, owners and operators seek to replicate physical assets
using digital twins that carry all relevant data and even documents. Due to
increasing volumes of data, enhanced computing power and the use of modern
technologies, it is possible to better assess risks and opportunities in building
operation and transactions. The ultimate goal is a Common Data Environment
(CDE2) that is accessible from different systems even between organisations.
These trends have a direct impact in the day-to-day operations in real estate
professional services, ranging from architectural & engineering services,
asset, property and facilities management to fund management, brokerage,
financing and appraisals.
Although real estate is still one of the least digitalised industries, digitalisation
has been embedded in many companies. The proptech industry is not least
the trigger and driver of this transformation, by optimising workflows or
developing new business models through digital solutions and evolving
Business Intelligence (BI) platforms.
In addition, international initiatives such as the Global Alliance for Building
and Construction (GABC) have set the main goal of improving energy
efficiency potential in the building sector by standardising building data and
closing information gaps.
The need for lifecycle building data
Since real estate is an essential part of economic activity and wealth, there
is a large need for data about the structure, condition, equipment, operation
and contractual relationships of buildings. It is vital to obtain information in
the right place, in the right format, in the right level of detail and, above all,
to obtain the right information3. The availability of up-to-date and complete
building documentation can help reduce safety margins due to betterestimated risks. A large portion of resources are related to data collection and
analysis, particularly for the management of risk (RICS, 2017a:17; Winson-
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Digitalisation refers to digital
transformation, i.e. “the use of
digital technologies to change a
business model and provide new
revenue and value-producing
opportunities; it is the process of
moving to a digital business”; cf.
Gartner, 2020a. Digitisation is the
“process of changing from analog
to digital form”; cf. Gartner, 2020b
1

CDE = “A single source of
information for any given project
or asset, used to collect, manage
and disseminate all relevant
approved files, documents and
data for multidisciplinary teams in
a managed process” (PAS 1192-2,
2013; replaced by BS EN ISO 19650
in 2018).
2

Most companies do not lack data
but instead suffer from too much
of it being collected and presented
(Bawden and Robinson, 2009:187).
Relevant information that is reliable
and up to date remains scarce
(Krcmar, 2015:15)
3
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Geideman and Krause, 2016:6-7). Thousands of different documents and data
are generated over the building lifecycle, which must be stored, analysed and
made available to various user groups.
The majority of data is collected during daily operations, such as maintenance
protocols, contracts or energy consumption. Although IT-supported solutions
(e.g. CAFM, BIM, IWMS systems, data rooms) enable the technical provision,
they do not guarantee consistent use, structured storing and sufficient
quality of information. Still today, “there is no universal, standardised system
or protocol in place that would easily facilitate access, storage, update and
transfer of building-related data and information in a standardised format
along the value chain” (RICS 2017b:29).
Building documentation and the case of due diligence
Building documentation is a prerequisite for due diligence (DD) in every
real estate transaction process. Technical DD specifically focuses on the
assessment and evaluation of the structural condition and maintenance
requirements (RICS 2020). Generally, in just a few weeks a wide range of
documents must be elaborately prepared and made available. Gaps in the
documentation can only be identified with great effort. The quality and
completeness of digital building documentation is increasingly becoming a
‘deal maker’ or ‘deal breaker’ in transactions.
AI as an enabler for digital workflows and applications
Artificial Intelligence (AI) is changing the game of providing and using data in
almost every industry. Real estate, far beyond due diligence, is particularly
reliant on documents. Automated document classification4, information
extraction5 and predictive analytics based on AI are within reach. This requires
digital documents and also the digitisation of still analogous documents. For
efficiency, documents need to be prioritised according to their content and
machine-readability. AI can only then act as a powerful enabler for digital
workflows and advanced BI applications in real estate professional services.

1.1 Aim of the research
This PRT research paper aims to promote the development of digital
workflows and applications in real estate professional services, specifically
with regard to technical DD. In particular, it will identify key requirements for
the digitisation of analogous building documents. Based on this, the paper
gives advice on the prioritisation of digital documents.
The paper, therefore, addresses two research questions:
1. What are the key requirements for the digitisation of an analogous building
documentation to support digital workflows and applications in real estate
professional services? (Chapter 3)
2. How can digitised documents add value to digital workflows and
applications in real estate professional services? (Chapter 4)
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Classification = the assignment of
items to a specific class (sometimes
also referred to as Indexing; an
index can contain document
classes), cf. RICS, 2015:16;
Tagging = the marking of items
with attributes, e.g. meta data; see
also Section 2.3
4

Information extraction refers
to the automated sourcing of
information from documents based
on AI, in particular ML algorithms.
cf. Ji 2009
5
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Prioritised document classes will serve as an initial standard for the selection
of documents in typical real estate professional services.

1.2 Research approach/methodology
Methodology
The key requirements for the digitisation of analogous building documents
are based on general literature and validated by expert interviews with asset
managers and representatives from document processing companies.
Document classes are derived from original documents and checked against
industry standards such as the data room indices of RICS (2016), gif (2021),
Drooms (undated), Fischer and Teufelsdorfer (2015) and eight individual
standards of the property owners in the data set.
Existing non-overlapping document classes from previous work are used
(Müller et al, 2020) and extended if necessary. To assess the completeness
and validity of building documentation, general rules for prioritised document
classes are developed. Text-based document classes are preferred.
Key information items are identified from original DD reports, then structured
and prioritised. Prioritised documents are both analysed for their content and
machine-readability as in Müller et al, 2020. The content analysis forms an
essential ground for subsequent information extraction.

1.3 Data
Data source
The data set underlying this PRT research paper is a comprehensive
building documentation with n = 8,339 digital documents on 14 properties
owned by eight (institutional) investors and n = 35 technical reports of
larger commercial office buildings all owned by institutional investors. The
building documentation is provided by PropTech Architrave6 under a strict
confidentiality agreement.
Descriptive statistics
The documentation of the properties comprises building and corporate
documents in more than 3,190 folders7. The buildings are located in nine
German metropolitan regions and are mainly offices. A warehouse is also
included to cover specifics of alternate building types. The building sizes range
from 2,800 sq m (office) to 112,500 sq m (warehouse) (Table 1).
The digital building documentation encompasses all files in the permanent
data room and includes administrative documents such as building
permits, development plans, clearance certificates and urban development
contracts, commercial documents such as rental contracts, invoices and
service contracts, technical documents such as maintenance protocols,
facility descriptions, instructions for use and expert opinions, as well as
organisational documents such as instruction protocols, corporate guidelines
and proof of qualification.
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Architrave provides Machine
Learning data room technology;
the asset management platform
includes data on >6,000 assets with
a value of >€150 billion;
architrave.de - as of October 2022
6

For a more detailed description of
the data set see Müller et al., 2020
7
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Table 1: Overview of building documentation for each asset based on type of
documentation (own illustration, 2022)
No.

Location

Use type

Leasable
area (sq m)

Textbased

Imagebased

CAD
file

.xls/.
xlsx

.doc/.
docx

Other

No. of
docs

1

Cologne

I, W, O

112,500

656

3

-

6

-

-

665

2

Cologne

O

2,800

1,381

21

21

15

1

1

1,440

3

Rhine Main
area

R

13,800

473

2

-

5

-

-

480

4

Rhine Main
area

L, O

35,000

1,270

466

17

37

1

1

1,792

5

Berlin

W, O, R

9,100

276

6

-

7

-

-

289

6

Berlin

I, W, O

16,200

362

-

6

-

-

368

7

Berlin

O, FS

5,300

398

-

9

29

-

-

436

8

Magdeburg

H

7,500

439

62

-

1

-

-

502

9

Düsseldorf

O

7,500

222

-

-

-

4

-

226

10

Frankfurt

O

5,000

207

-

26

1

2

2

238

11

Munich

R, O

12,800

551

1

29

9

6

8

604

12

Munich

HT

18,700

385

32

33

7

4

3

464

13

Ruhr area

R, H

5,000

359

-

13

38

13

2

425

14

Bonn

O

5,000

351

5

-

31

16

7

410

598

148

192

47

24

8,339

In total 7,330

I=Industry, W=Warehouse, O=Office, R=Retail, FS=Food Service, H=Housing, HT=Hotel, L=Logistics

The data set contains 7,330 pdf files (about 88% of all files) that are relevant
for prioritisation. Of the 8,339 documents, the majority relate to information
on tenants and rental agreements (13.5%), plans (6.4%) such as floor plans
and building applications, and permits (5.2%). Image-based files including
DWG files account for 8.9 % of the total data set.
The majority of documents originate from the operational phase, including
maintenance protocols, service and rental contracts or invoices. The quantity
and quality of the documents and files is very heterogeneous, depending on
the owner and creator.
The number of documents per building and the quality of the building
documentation is independent of use type, age and building size (rental
space). This can be explained by, among other things, inadequate document
management, poor documentation or number of tenants.
DD reports were checked for completeness and content against the guidelines
of RICS (2011), Just and Stapenhorst (2018), gif (2021), Drooms (undated),
Hallenborg (2016) and Fischer & Teufelsdorfer (2015). The DD reports are
more than 85% compliant with RICS (2011). Incomplete documentation in
data rooms, as well as the heterogeneity of buildings, justify deviations from
the guidelines in individual cases.
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Chapter 2
Fundamentals of
lifecycle building
documentation
Technological disruption hits real estate
Building documentation is created, used and changed in all phases of the
building lifecycle, including transactions. A digital building documentation
contributes to a complete history of a building and is the basis for new
(digital) services.

2.1 Digital infrastructure and document management
Digital infrastructure
Digital real estate management is based on automated workflows, digital
data and a consistent IT infrastructure. Business software systems are still
often isolated solutions rather than networked platforms with standardised
interfaces and data exchange. Potential synergies thus remain unused.
The current digital infrastructure for information management in real estate
companies ranges from simple analysis tools, Business Intelligence (BI)
and database/data warehouse solutions to data analysis applications. For
complex BI applications, an extensive database must be available, while IT
infrastructure must be agile due to the increasing integration of workflows
and data sources.
Documents need to be presented in different structures depending on
lifecycle phases and users. It is therefore essential how documents and
information are captured, structured and maintained so that they remain
valid and accessible for different stakeholders and workflows throughout all
lifecycle phases.
Document management
Document management systems (DMS) meet this end through databasesupported management of digital documents. DMS are used for the
management of document inventories, allow the joint processing of files and
usually offer an interface to related systems (e.g. ERP, CAFM or BIM systems) .
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DMS also enable the implementation of workflows. Traditional data rooms for
transactions are usually only active for a limited time, have a limited range of
functions and lack editing features for documents. Nonetheless, they serve as
structured central data sources, meet data protection requirements and are
increasingly user friendly (Shivakumar, 2016).
Permanent data rooms
Beyond this, data rooms are more and more developing into permanent data
rooms. This means that documents and information are stored and made
available promptly and consistently without media discontinuities throughout
the entire building lifecycle. At the same time, they open up opportunities
for new added value through the combination of further applications and AI
(Figure 1). These permanent data rooms are increasingly taking the role of
intelligent DMS.

Asset Management

Property Management

Facilities Management

FM

FM

FM
Data Room
AM
PM
Seller/Buyer

Fund
management

FM
Finance

Appraisal,
valuation

Maintenance

Figure 1: Status quo – document management and workflow in real estate
(own illustration, 2021)

2.2 Document and data standards
Benefits from standards
Documents, information and data are regularly exchanged in data rooms and
DMS. A technical standard is therefore essential. Standards play a crucial,
if largely invisible, role in the structuring and exchange of documents and
information. In particular by providing agreed ways of labelling, description,
specification, measurement, management and reporting, they ensure (Hatto,
2013):
l Interoperability/compatibility
l Quality/reliability
l Optimisation/variety reduction
l Information/measurement for evaluating workflows
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Standards are ubiquitous and practical in many areas of life, leading more
and more to CDEs. From a research and development perspective, standards
are one of the most important instruments for bringing new technologies to
market and improving existing services with new technologies (such as AI;
Russell and Norvig, 2020).
Existing approaches: RICS, OSCRE, GABC, gif, FIDJI and others
Certain approaches in the field of document and data standardisation, as well
as data exchange, already exist in real estate:
RICS Germany
In July 2016, RICS Germany published the Guidance Note, “Standardization
of documentation of real estate in the German market” (RICS, 2016), in
particular for asset and property management.
The documentation structure is divided into three levels, with seven
categories on the main outline level and more than 450 document classes
on the subdivision level. There are some redundant document classes in
the subdivision level, such as capex for different building components. The
categories have unique index numbers.
AI-based systems can place documents in a category if the content sufficiently
matches the category, or if the document matches the search query defined
for the category. The same labelling of categories, however, can lead to
incorrectly classified documents.
OSCRE International
OSCRE (Open Standards Consortium for Real Estate) International, is a nonprofit, member-based organisation which aims to develop, standardise and
implement building data-exchange formats in commercial real estate. OSCRE
has developed and published a series of XML data schemas for corporate real
estate and investment applications (www.oscre.org). Data fields from OSCRE
could be mapped to document classes in a next step.
Global Alliance for Building and Construction
GABC, initiated by the French government and the UN Environment
Programme, was founded during COP21 in Paris in December 2015
(globalabc.org). The main stated goal is to leverage the energy efficiency
potential of the building sector to help achieve climate-related goals.
RICS supports GABC by developing a unified measurement tool to fill
information gaps and support investments with measurable, reportable
and verifiable (building) data. This includes guidance on the scope of a
building passport and evaluating potential cross-task collaboration on
data-related issues.
A separate work area focuses on what types of data are captured in
construction and real estate, as well as the collection, storage, availability,
accessibility and quality of building data.

Property Research Trust | 13

Machine learning in real estate

Society of Property Researchers, Germany
gif (Society of Property Researchers, Germany, gif-ev.de) is a non-profit,
member-based platform of the German real estate sector promoting research,
education and market transparency. The gif-IDA guideline for the exchange of
property data (gif, 2017) aims to standardise the exchange of data between
various parties.
In 2019, gif published “Standards for Configuring a Property Data Room and
Document Management System 2.2”, followed by revised versions in 2020 and
2021 (gif, 2019, 2020, 2021). Major changes concern new document classes,
attributes and dimensions.
Documents are now classified into three dimensions: document type, phase
and partner. gif (2019) also highlights the potential of AI for automated
classification and data processing.
In addition to approximately 100 document classes and a document index,
the gif standard includes a mapping to the structure of the French partner
association FIDJI. FIDJI offers a free and open exchange data format (Financial
and Property Data Interchange Format, format-fidji.org) and works on aligning
this with gif and OSCRE. In its latest publication, FIDJI counts 99 document
classes (FIDJI, 2015).
Data room providers
Data room providers, such as Drooms, have also published indices to support
digital transformation and standardisation processes with clients. The Drooms
Due Diligence Index (Drooms, undated) contains approximately 140 document
classes.
Architrave, in collaboration with RICS and Drees & Sommer UK, is aiming
for a standardised document classification system for real estate asset
management in the UK in 2022. The aim is to identify, sort and access building
documentation across the UK and CE (DRESO 2022).
Others
Several organisations and research associations pursue similar goals in other
countries, although they have not published any sets of document classes yet:
l UK: Society of Property Researchers (SPR, sprweb.com), Investment

Property Forum (IPF, ipf.org.uk)
l Netherlands: VOGON (Association of Real Estate Researchers, Netherlands,
vogon.nl), Real Estate Data Exchange Association (REDEX, redex.nl)
The need for international harmonisation of standards is recognised by
many professional bodies, in particular with regard to floor measurement,
performance measurement, accounting, reporting and valuation, such as
BOMA (known for IPMS), MSCI, INREV, IFRS, IVSC, EPRA, NCREIF, PREA and
RESO (for multiple listing services). Most of these initiatives aim to establish
standards for structured and workflow-related data exchange in the building
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lifecycle. Automated digital processing of documents is seen as a major field
for research and development. The standardisation of documents that are
data enriched with meta information (e.g. xml attributes to pdf files) during
creation or modification is the subject of further research.
Practical guidelines or recommendations regarding the application of AI for
automated classification remain to be developed.

2.3 Structuring, classification and migration
The need for structuring
There is no clearly defined approach in real estate as to how documents and
information should be stored, structured and maintained. The reasons for this
include the heterogeneity of markets, participants and interfaces, and the large
amounts of data and documents that accumulate during a building’s lifecycle.
Furthermore, information and documents are usually distributed
asymmetrically among market participants, which can lead to information
advantages. Some actors usually withhold information and documents to
reduce effort or, e.g. in the event of an operator change, to disadvantage
competitors. Building documentation becomes highly segmented and
fragmented over time due to different interests, systems and data requirements
(Bodenbender et al., 2019). Heterogeneous standards and interfaces are still a
significant obstacle for digital innovations (e.g. DRESO, 2022).
Transfer of documents between lifecycle phases
Building-related documents need to be transferable across phases of the
building lifecycle. Our analysis of the building documentation (n = 8,339 digital
documents of 14 properties of eight institutional investors) shows that the
number of folders for structuring documents increases with the number of
documents, presumably as staff lose track of previous folders.
Given the large range of existing software and solutions for structuring
documents, a holistic approach is required. Accordingly, the structuring of
documents needs to be flexible, modular, standardised and independent from
specific IT applications. The document structure will then be robust against
future changes.
The ideal number of categories
Beyond a certain number of documents, more folders and a larger structure
for storage are unnecessary since the content of document classes will
overlap from a certain level of detail onwards. However, if the number of
categories is too small, the user must decide on a category, which risks storing
documents multiple times, creating redundancies. Furthermore, the type of
manual storage can vary depending on the organisation, the user or even
phase and purpose (e.g. transaction, certification).
Transfer between standards
Previous research shows that only a proportion of categories is directly
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transferable between standards such as gif, Drooms and RICS, among others.
The share of 1:1 connections differs widely as the standards have different
numbers of document classes (Bodenbender et al., 2019). If the building
documentation is only prepared for the purpose of a transaction, the majority
of the documents have to be manually sorted between different standards.
After a transaction, the documents frequently need to be transferred back
manually to operative systems and handed over to different service providers.
The decision on the assignment of a document to a category in view of
several possible categories is not yet supported by common software
systems. Frequently, a choice must be made between multiple filing and nonredundant filing (with the possibility of incorrect categorisation).
The manual structuring usually takes a lot of effort and cost, and can involve
various sources of error:
1. Open the document, determine content (time-consuming)
2. Correct assignment to the document class (source of error)
3. Name documents correctly (source of error)
4. Read the content to find relevant information for naming (source of error)
5. Close document
6. File → “rename” (time-consuming)
7. Manual renaming (source of error)
8. Consideration of the correct filing of the document (source of error)
9. Search data structure and find correct category (time consuming)
10. Insert document
Unambiguous document classes
An effective structuring approach can be achieved by unambiguous document
classes – as presented in Section 4 of this PRT research paper – which serve as
interfaces between the standards and enable a clear assignment (Figure 2).
Document Index 1

Document Index 2

1 Building-related documents

1 Building-related documents

1.1 Property overview
1.1.1 Property description
1.2 Land
		 1.2.1 Site plan/Cadastral plan
1.2.2 Site-specific characteristics
		1.2.3...
1.3 Ownership
		 1.3.1 Extract from the commercial
register relating to the owner
		 1.3.2 Land registry extract
		1.3.3...
1.4 Building law
1.5 Zoning laws
1.6 Building
1.7 Tenant
1.8 Management
1.9 Tax

Document classes
Site plan
Cadastre
Land registry
Zoning plan
Floor plan
Lease contract
Statics

1.1 Land
		 1.1.1 Cadastral plan
1.1.2 Official site plan
		1.1.3...
1.2 Land registry
		 1.2.1 L and registry extract
		 1.2.2 Leasehold contracts
1.3 Ownership
		 1.3.1 E xtract from the commercial
register relating to the owner
		 1.3.2 Shared ownership
		1.3.3...
1.4 Building and zoning laws
1.5 Tenancy management
1.6 Building
1.7 Technical documentation

Figure 2: Mapping of two different document indices with unambiguous document classes (own illustration, 2022)
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Since a document class is frequently required for multiple use cases, it is
reasonable to consider the respective document class as a data resource
regardless of its storage location. In practice, documents are even stored in
multiple locations. Given this multidimensional character of documents, it will
be important to define attributes (metadata, entities) to establish a uniform
understanding of how documents are processed and to avoid redundant
storage. A distinct set of document classes can thus be characterised by
similar attributes (see Section 5.3 at the end of this paper)
Classification refers to the assignment of a document to a (predefined) class.
Ideally, every document is assigned to one single document class (Müller
et al, 2020). The structure of the classes needs to be flexible, modular and
standardised, so that organisations (or even users) can choose classes that are
relevant for them.
The set of document classes forms the document index, a hierarchical
structure of the documentation. The document index (or data room index) is
fundamental for the structuring of documents in DMS or digital data rooms.
Standardising the document index with document classes is useful if it
enables the automated transfer of documents from one structure to another.
Redundancies, overlaps and ambiguous 1:1 and n:1 connections hamper the
manual migration of documents between applications and lifecycle phases.
Use of AI for structuring and analysing building documentation
AI, in particular Machine Learning (ML), can assist in the classification of
documents as key for the structuring of a building documentation. Previous
successes in automated classification already help to recognise, classify
and label documents, as well as sorting them into an individual structure in
data rooms.
To classify unstructured documents (e.g. contracts, protocols) in this way,
their content, frequency of key words and relevant information must be
determined. Redundancy-free, non-overlapping document classes enable
algorithms to be trained so that they can evaluate new documents and assign
these to an appropriate class.
Towards automated classification
An automated classification system enables fast workflows and precise
categorisation, as well as the search for missing or empty folders. However,
a system can only determine whether required documents are available
if documents and data from supporting systems (e.g. CAFM system) are
accessed and if it is known which document classes are needed.
The next step is information extraction. The goal is to recognise and extract
predefined values and information such as entities or relationships (Jurafsky
and James, 2017). In the long run, AI could extract relevant information from
documents to assist decision-making.
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2.4 Handling of paper originals
Digitisation of archives or even individual archival items involves the
separation of information and information carriers. This is in contradiction
to conventional archiving, according to which information carriers and
information stocks form an inseparable unit (Reimann, 2004:22). A digital twin
must be created in the long-term archiving format. It is questionable how the
paper original should be dealt with, because a hybrid holding of paper and
e-documents is usually only a temporary solution (Krüger et al, 2016:245)10.

e.g. guarantees, original rental
agreements, purchase agreements
still have to be kept in paper form.
10
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Source: AdobeStock

Chapter 3
Homogeneous
archiving of
heterogeneous
document sets

Still, we need documents to create data.
Standing buildings carry thousands of documents with them. A large portion
of the documents is still held in analogous archives. Full digitisation of the
building documentation remains a challenge for many building owners and
operators – yet it is a key requisite for digital processing and workflows.

3.1 Digital document archive
An archive comprises the recording, arranging, storing, maintaining and
developing of documents and information, regardless of whether it is mapped
spatially or digitally. This is also the primary function of digital document
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storage in asset management. Archives must purposefully map a documentgenerating event in a single run (Reimann, 2004:23).
The storage of the documents thereby serves the obligatory/forced
subsequent access to the document and as a source of information for
changes of a state of affairs. Thus, a document in real estate management
serves the assertion of claims and as documentation of a condition and its
change over time (ibid:21). However, digital document archives must not
lead to maintaining redundant or otherwise obsolete documents. In digital
building document archives, up to 50% of documents are useless (Kurzrock
et al, 2022).
The digital storage of marked documents offers numerous advantages
that make the use of digital document management indispensable. The
revision security of the data, the accelerated exchange of documents
between companies, the cost savings through storage space optimisation,
the location and time-independent access, as well as the simultaneous use
with permanent availability are indispensable in professional real estate
management (Ugale et al, 2017:217; Götzer et al, 2014:340).
Increased user satisfaction, reducing search times by 20% and maximising
the ability to provide information are also key benefits of digital document
management (Schroeder, 2006:37-39, McNurlin et al, 2014).
The high frequency of data and document generation also requires
accelerated filing processes, which are further intensified by additional
digital storage measures. At the same time, digital filing forces companies to
redesign internal corporate structures.

3.2 Scanning and Optical Character Recognition (OCR)
The basic prerequisite for storing mass documentation in a document
management system is the digitisation of the document stock. For the first
time, decisive parameters for the maximum possible information capacity of
documents are hidden here (DFG, 2016:6).
Maximum reproducibility can be measured on the one hand by the provision
and usability and on the other hand by the networking of the information
into a digital infrastructure (ibid:11). The pure visualisation of the document
in the form of a scan represents the lowest level of usability. A selection of
the required documents should already be made at the time of document
provision, with the principle of digitising more rather than less. Furthermore,
a detailed qualitative exclusion of documents should only take place in the
digital version (Schroeder, 2006:36).
A resolution of 150 to 300 dpi and a colour depth of 8 to 24 bits should be
selected for scanning the documents. The ideal matching (digital twin) of the
original and output formats and the storage of the text documents in the
standardised PDF/A long-term archiving format ensures digital document
utilisation (DFG, 2016:15-22). By taking these measures into account, the
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decisive parameters for the digitisation of documents – quality, longevity and
interoperability – can be achieved (ibid:14).
An increase in usability can and should also be created by full text generation.
This is possible either by using OCR-capable software or by manually
transcribing the written material (ibid:34). Additional manual correction of
the OCR can also be performed. Post-correction is especially recommended
for important documents, since smudges, shadows, handwritten notes or
underlined words often produce errors in character recognition (ibid:36).
Modern DMS now feature integrated text recognition systems, so that a
separate OCR application is no longer necessary when scanning documents.
In practice, there are differing opinions on this. In principle, however, it can
be assumed that OCR will become more and more available as a standard for
processing digitised documents and that documents can also be subsequently
processed with it (Kurzrock et al, 2022).
Full-text generation is a crucial element in maximising the quality of digital
documents and should be carefully planned. It determines the retrieval and
extraction of the textual content of a document as well as the analysability of
entire document sets for detailed ordering, classification and extraction from
or into documents.

3.3 Digital archiving workflow
Digital archiving requires a redesign of company-internal workflows, as the
additional requirements of digital document storage must be considered.
The workflow of digitising building documentation must consider both the
day-to-day and mass documentation of an archive. It is done in five or six
steps, depending on whether OCR is already done on the documents or is
mapped by the DMS. The digitisation workflow is illustrated in Figure 3.

1. Transfer of paper
folders/filing of
documents

2. Determination of
document classes/
documentation

3. Document scan

4. OCR if required

5. Verification by
client/supervisor

6. Upload and
indexing, OCR if
required

Figure 3: Digitisation workflow of paper documents (own illustration, 2021)
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1) Transfer of paper folders/filing of documents
After awarding the contract to a digitisation service, the pre-sorted and
selected mass documents are first handed over by the client to the contractor.
For direct internal storage, a filing system must be designed.
2) Determination of document classes/documentation governance
After transfer/filing, the documents are analysed, prepared and pre-sorted. By
analysing the folder structure, clues for later indexing with document classes
are checked. Should the indexing be specified or even the folder system be
overturned, the documents must additionally be brought into the new order
and the indexing recorded accordingly. If indexing is in place, this must be
recorded in a documentation guideline and compliance must be ensured.
3) Document scan
After the documents have been prepared, they are scanned. The scanning
should be carried out considering the above framework conditions.
4) OCR: if required
As soon as the documents have been fully digitised or at the same time as
they are scanned, full text generation can be performed. Depending on what
arrangements have been made, the scans must either be read by professional
OCR software or transcribed. With OCR-enabled DMS, this step is omitted.
5) Verification by client/supervisor
After the documents including content have been completely generated, the
originals can be destroyed in compliance with legal requirements. Digitisation
must be verified regularly, both when the service is awarded and during
company-internal processing.
6) Upload and indexing, OCR if required
By uploading the scans to the DMS, they can now be subjected to the
specified document classes (Step 2). If OCR is performed by the system, this is
done automatically.

3.4 Workflow rules for digitisation
The rules for optimised storage of paper-based documents in digital form for
later processing are derived from the findings in Section 3.2. The rules are
based on the document digitisation workflow. The overall workflow for the
internal storage of documents is described in the following and summarised in
Figure 4 below.
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Internal or external digitisation (few specialists for real estate-related documentation)
Transfer of paper
folders/filing of
documents
Retain index structures, capture documentation policy and integrate into governance

Adopt standardised index structures and integrate into corporate governance
Increase interoperability and professionalisation of archiving

Determination of
indexing/
documentation
guideline

Document scanning

Unambiguous indexing with decisive parameters to increase hit rate (building/plant/company/document
designation/subject)

Extend indexing of individual documents with specific terms (real estate industry thesaurus, derived from
standardised index structures)

Comply with recognised technical rules for document scanning (150-300 dpi, 8-24 bit, digital twin, PDF/A format)
Mass scanning through selected measures for document separation rather than individual scanning (cost and
time savings)
Barcode
Colour marking (coloured separator sheets)
Macro separation
Keep separation systems available, even if software prerequisites are not (yet) in place

Adapt OCR to DMS/data space
OCR if required

Use either OCR integrated as text layer in PDF or OCR integrated as text in DMS/data space
Avoid degradation of image quality of PDF during scanning (ensure further processability)

Comply with legal requirements at company location in case of ‘Replacing Scanning’

Avoid destruction of originals in case of lack of legal security, outsourcing of storage for space gain and cost
reduction
Verification by
client/supervisor

Check OCR for punctuation errors and recognition rate, especially for documents and contracts
Check scans for correct image representation, especially for documents and contracts
Control proper return of documents, especially in case of redundant storage

Select and adapt DMS/data room to company needs

Determine required system scope (purpose-specific setup)
Unload and
indexing/OCR
if required

Provide cloud-based access to documentation (location and time-independent access, simultaneous access,
resource reduction, search functions through filters, blacklist, whitelist)
Integrate indexing

Integrate documents
Avoid individual tags

Figure 4: Rules and guidelines of digitisation and handling of building documents (own illustration, 2021)
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Transfer of paper folders and filing of documents
The filing of documents simultaneously serves to prepare for digitisation.
Pre-processing prepares the documents for digitisation and provision in
a digital environment.
This is divided into quantitative and qualitative, structural and material
pre-processing. The former requires the selection of the documents to be
digitised, the elimination of obsolete data and, as a result of mass documents,
also the division into individual documents. Structural preparation requires
pre-indexing by assigning the documents to document indexes. Furthermore,
the documents to be scanned are split by a predefined separation system.
Finally, staples, letter clips and stickers are removed from the documents
as part of the material preparation. In addition, handwritten notes are
removed and resistant markings are marked for manual post-processing.
Similarly, documents that are known to be difficult to read, outdated or poorly
formatted should be marked for manual post-processing.
When digitising documents for later further processing in automated
classification or extraction, a manual separation of the mass documentation
into individual documents should take place. Internal analyses show that the
automated separation of the mass into individual documents is not satisfactorily
possible without further intervention. As a rule, the required feature
specification is too low in the building documentation (Kurzrock et al, 2022).
Determination of indexing/documentation governance
Every company must be clear about which index or classification system should
be used for documentation, with attention given to a pertinent, relevant order.
If the existing classification system is adhered to, the indexing must be recorded
in a documentation guideline and integrated into the governance. If a
standardised corporate index is chosen, this fixed index must also be integrated
into the governance and implemented in a compliant manner. The use of
standardised indexing can increase the interoperability of documentation.
In addition to the classification system to be used, it is also important to extend
the indexing by decisive parameters to increase the hit rate in document
management systems. Similar to BIM with the IFC standard, a thesaurus of real
estate terms can serve this purpose, which should be derived from standardised
global indices. This remains a challenge for industry or standardisation bodies.
Experts consulted in the course of this research noted that many
organisations stick to individual document classes. By means of attributes
(meta information), document classes can be further defined and flexibly
recorded in index structures according to company-specific standards (gif
2021). This could effectively limit the number of document classes.
Also, documents and data are often viewed and used in isolation, which can
lead to ambiguous data storage and file names. Common documentation
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standards can be interpreted equally by several groups. Without recognised
standards (Section 4.3), the structuring, provision and management of a
lifecycle-embracing building documentation will remain highly individual.
Document scan
The scanning of documents must follow a defined set of rules. Particular
attention should be paid to the values of 150 to 300 dpi, 8 to 24 bits, the
matching of the digital twin and the use of the PDF/A standard. If the
documentation has been pre-sorted into individual documents, these can be
digitised directly according to specified rules.
If entire document masses are digitised, they must be divided into individual
documents in an intermediate step. This can be done using barcodes, colour
coding and macros. The separation system should also be maintained if no
digital processing via a DMS is planned at the present time, allowing for a future
conversion and operational document management (Kurzrock et al, 2022).
OCR if required
Full text generation using OCR is only necessary if the DMS lacks integrated
OCR. Integrating a searchable PDF into an OCR-enabled DMS is usually just
as possible. The PDF should be enriched with a text layer in addition to the
image layer, without degrading the image quality. This preserves the ability
to process the document further and makes the digitised document ideal
for digital use. In practice, there is currently no clear opinion as to how OCR
handling will be structured in the future. However, it can be assumed that
growing technology will drive OCR recognition in digital archives as well.
Applying a market-leading OCR software to a typical set of building
documents, a recognition rate close to 100% was achieved for text, table
documents and plans (Kurzrock et al, 2022). This means that verification
procedures can be reduced to the most serious and compromised documents.
Verification by client/supervisor
As part of the verification by the client, compliance with relevant standards
and guidelines must be checked when creating the digital twin. For this
purpose, the applicable guidelines of the company location must be observed.
As long as the evidential value of a fully matching digital twin is not
guaranteed, the original should be maintained, particularly in the case of
documents and contracts.
For cost reduction and reduced space consumption, the storage of paperbased documentation should be outsourced. Complete evidential value must
be ensured by checking that the pictorial representation is correct. Within
the scope of image verification, error-prone punctuation marks – such as i - l,
o - 0 – and the recognition rate of OCR can also be checked. Another check of
punctuation errors with the same commercial OCR software revealed an error
rate of less than 1%.
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If the paper-based documents continue to be stored, their return in
accordance with the contract must be checked by the client. In the case of
daily digital storage, the individual check steps must be completed in the
same way.
Upload and indexing/OCR if required
If a digital archive is already available, it must be adapted to the selected
indexing. This should include a dedicated setup that reflects the scope and
complexity of internal workflows. If a digital solution is not yet in place, a
cloud-based system is recommended.
In addition to straightforward document integration, attention should be
given to proper indexing and tagging of documents. User-specific tags
should be avoided in a multi-user system, as this limits the hit rate of the
search function. Full text generation by digital archiving systems takes place
automatically when the documents are made available in the cloud system.
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Source: AdobeStock

Chapter 4
Adding value
through digital
processing
of classified
documents

CDE is the aim. Classification and governance are
essentials.
As long as documents serve as data sources or as (permanent) data sinks,
documents will continue to exist and document classification will be
necessary. If humans lack organisation, they will struggle with data and
information. To tackle this, documentation governance will provide guidance
for managing documents.
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4.1 Training and classification of documents with
ML-based systems
ML-based systems can classify documents (Section 2.3). To achieve this
with great accuracy, rules need to be specified. Potential alpha errors
(false positive: wrong information) and beta errors (false negative: missing
information) must be highlighted in automated classification routines to
maintain accuracy and trust. Quality management must root out misclassified
documents and ensure that misclassifications are quickly corrected.
Supervised learning
The most common technique in ML-based document classification is
supervised learning, whereby the machine is ‘fed’ with known documents and
rules to find correct answers.11 This creates a model that gives probabilities
based on evidence. A supervised learning algorithm uses a known set of input
data (documents) and known outputs (categories) for the document to train a
model. This should generate well-founded forecasts for new documents.
Content analysis
With an ML-based content analysis approach, the actual document content
is used for classification. The basis is a sample of classified machinereadable documents (Chapter 3). The user declares which document
stack shall be related to a document class and specifies words, phrases or
word combinations associated with it. Having learned this, the system can
independently classify more documents.
To reduce complexity, stopword lists, word reduction (Tf-idf), word frequency,
stemming (stem reduction) and lemmatisation can be used. In addition,
developers or users can evaluate the content of the documents and make
manual adjustments. Frequently, this requires special knowledge, which is
why cooperation between proptech companies and real estate managers in
this field can be beneficial.
In layout classification, an algorithm tries to determine the type of document
based on the document structure. The processing time is fast compared
with other classification methods. No OCR is required since the document
content is ignored here. However, layout classification is only possible where
documents of one type are rather standardised and have a specific structure,
e.g. energy performance certificates (EPC).
In general, this procedure is unsuitable for real estate because the documents
are usually not very standardised and the documents of a class can differ
greatly in their structure, such as invoices, protocols, reports etc.
Prioritisation of document classes
Depending on the use case, the focus is on different documents that are
most helpful in providing relevant information at the lowest cost. Priorities
of document classes for specific purposes can be helpful in data retrieval.
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To assess the availability, usability and reliability of building documentation,
general rules need to be developed for prioritised document classes according
to relevance and machine-readability of document classes for technical DD,
as follows:
l Priority 1 (high) = contains at least one key information item that is best

extracted from this document in terms of machine-readability.

l Priority 2 (medium) = includes at least one key information item that is

machine-readable.
l Priority 3 (low) = may not be machine-readable but still includes at least
one key information item.
l Priority 4 (-) = may or may not include a key information item but is inferior
in terms of machine-readability to at least one other document class
offering the same information item.
The prioritised document classes in Müller et al (2020), pertaining to DD as a
use case, attempt to provide preferred sources for key information items and
a standard for as many types of buildings as possible. The priorities, however,
must be supplemented or modified in individual use cases.

4.2 Challenges towards digital processing
Given the huge amounts of documents associated with buildings, the
following challenges in particular need to be addressed towards digital
processing and (partially) automated DD workflows:
Layout and adjustments
Documents of the same document class usually have multiple layouts in terms
of fonts, font size, partitions and tables. This can generally be solved by ML
algorithms for content analysis, at least when text content is predominant.
In addition, illustrations, signatures and handwritten notes frequently cause
problems, especially when they interfere with typed characters. The lack of
document standards complicates classification and information extraction.
Standardisation
To improve hit rates during classification, documents need to be more
standardised in terms of content, layout and building data and measurement.
The standards should be aligned with local and national standards as outlined
in Section 2.2. Furthermore, a supporting standard for data collection and
management needs is crucial for regular processing and analysis.
Document standards could pave the way for layout classification. A promising
approach is to enrich documents with standardised meta information when
they are created or modified (e.g. xml attachment to PDF). This is already the
subject of further research.
Additional document classes and Common Data Environment (CDE)
New workflows and applications in the construction and real estate domain
may require additional document classes. When adding to or changing

Property Research Trust | 29

Machine learning in real estate

existing document classes, it must be ensured that these are consistently
assigned to other standards. The standardisation of building documentation
and data exchange is necessary for a smooth transfer of data, documents
and information, and necessary for a Common Data Environment (CDE,
Section 2.2).
Priorities
The prioritisation of document classes according to availability, usability,
reliability, relevance and machine-readability reveals potential for using
artificial intelligence in DD processes. However, the analysis of the building
documentation in the data set shows that the majority of relevant DD
documents are more or less unsuitable for classification and automated
information extraction. Companies must ensure that the workflow rules for
digitisation are applied (Section 3.4).
Workflow automation
Robotic process automation (RPA) to fill out documents can play an important
role in the digitalisation of workflows. Systems for OCR have already existed
for several years, but these only facilitate the reading of documents which
are still processed by individuals. Different people can enter the same data
in different software systems or in different ways in one system. Many digital
applications are only partial solutions that do not solve the basic problem of
diverging data structures. This raises the issue of documentation governance.

4.3 Documentation governance
Through a comprehensive and structured (building) documentation, owners
and service providers ensure accountability and responsibility for their
actions. The documentation should follow uniform principles and standards
for documentation and address all business areas. Ideally, the data in an
organisation are each sourced from one ‘single source of truth’.
Uniform principles and standards
Professional services require guidelines for the structured storing, processing
and analysis of data and documents. Comprehensive document workflows
help to optimise workflows and avoid loss of documents.
To achieve this, a defined set of rules for all document-related workflows is
essential. These must be implemented in such a way that they are strictly
adhered to by all staff. Otherwise, the transformation from a paper-based
digital application to a purely digital application will be delayed and/or can
lead to major data loss. For this purpose, it is of great importance that both
ML-approaches – layout classification and content analysis (Section 4.1) –
are considered for a smooth transition to digital documentation, including
automated classification and extraction.
Layout and content integrity
Consequently, an organisation’s documentation governance must have
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layout and content integrity. Layout integrity should ensure a class-specific
document structure, considering the document classes and associated
documents (Section 4.2). This also includes the integration of XML-based
master documents for all documents across the building lifecycle and
should account for flexible company-specific extensions without
compromising formality.
To be able to integrate documents into workflows in the long term, content
integrity must be maintained in compliance with the rules from Section 3.4.
For this purpose, the document classes must map every potential workflow
and maintain an appropriate level of company-specific flexibility.
Consistent content and layout integrity can enable workflow automation in
real estate professional services through detailed documentation governance.
This can enable document classification to meet the challenges of digital
workflows and future automated data extraction.
Manual interventions and custom code
Most real estate managers today extract data from documents either
manually or by means of OCR, which must still be manually adjusted or
configured. Corresponding rules and workflows for each document class
frequently must be hard-coded and adapted when changes occur. Documents
that deviate from such rules often result in unreadable outputs that can
hardly be processed by general machine learning algorithms, especially if
handwritten content was added to a document.
Documentation governance must ensure that documents are (and always
remain) compliant with the rules for digital processing.
Ownership and responsibility
In future, data managers can take ownership of data, similar to risk owners in
risk management. In particular, this applies to data and documents that will
eventually be migrated to external systems (e.g. building data modelling). This
can ensure data quality and accessibility throughout the building lifecycle.
BIM may serve as an example for the development of new professional roles.
Data management will be increasingly supported by AI. If reports are
generated (semi-)automatically, the need to ensure data quality will become
even more important.
Data quality
The data quality assessment framework in Table 2, although primarily
designed for big data, can apply to all kinds of data – the criteria are
widespread in literature in similar forms:
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Table 2: Hierarchical (big) data quality assessment framework (Cai and Zhu, 2015:5)
Dimensions

Elements
1) Accessibility

Whether a data access interface is provided

Data can be easily made public or easy to purchase
Within a given time, whether the data arrives on time

1) Availability
2) Timeliness

2) Usability

Indicators

1) Credibility

Whether data is regularly updated

Whether the time interval from data collection and processing to
release meets requirements
Data comes from specialised organisations of a country, field, or
industry

Experts or specialists regularly audit and check the correctness of
the data content
Data exists in the range of known or acceptable values
Data provided is accurate

1) Accuracy

Data representation (or value) well reflects the true state of the
source information
Information (data) representation will not cause ambiguity

2) Consistency

During a certain time, data remains consistent and verifiable

Data and the data from other data sources is consistent or verifiable

3) Reliability
3) Integrity

4) Completeness

4) Relevance

After data has been processed, its concepts, value domains, and
formats still match as before processing

1) Fitness

Data format is clear and meets the criteria
Data is consistent with structural integrity
Data is consistent with content integrity

Whether the deficiency of a component will impact use of the data
for data with multi-components
Whether the deficiency of a component will impact data accuracy
and integrity
The data collected does not completely match the theme, but it
expounds one aspect

Most datasets retrieved are within the retrieval theme users need
Information theme provides matches with users’ retrieval theme
Data (content, format, etc) is clear and understandable

5) Presentation Quality

1) Readability

It is easy to judge that the data provided meets needs

Data description, classification, and coding content satisfy
specification and are easy to understand

The assessment framework basically comprises all aspects of data quality that
have been outlined in this PRT research paper already. Presentation quality
(readability), in particular encompasses machine-readability. Accessibility
refers to technical interfaces. The aspects of usability (credibility) and
reliability (accuracy, consistency, integrity, completeness) have also been
highlighted.
Relevance is an almost obvious aspect that refers to the suitability of the data
for an analytical need, especially with regard to large data sets or data mining.
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Even though much data is potentially available in real estate, high data quality
is only guaranteed in few cases. DMS and digital data rooms now become
used over longer periods of time and are designed to meet both data quality
and data protection requirements (Section 2.1).
Data protection
Digitised documents and digital data are vulnerable to potential cyber-attacks.
Another important aspect of documentation governance therefore is data
protection. Data security, one part of data protection, refers to the process of
protecting data and preventing data loss through unauthorised access. It also
ensures the availability of data to all authorised persons. High priority is also
given to data privacy, especially of personal data.
The required levels of data security and data privacy depend on the industry
and national data protection regulations of paarticular countries. This must be
considered when designing technical interfaces or using cloud technology.

4.4 Common Data Environment for improved workflows
A CDE will be essential to take full advantage of digital real estate data.
Software applications enable automated data acquisition by accessing
application programming interfaces (API) and linking databases. The added
value is created when the systems derive patterns and predictions that lead to
new products or game-changing business models.
Establishing a Common Data Environment
Future digital real estate management will capitalise on high-quality
information that can be accessed in real-time. Digital real estate management
depends significantly on a CDE (RICS, 2020b: 9) for the management of
processes and high-quality information over the whole building lifecycle that
can be seamlessly linked with various tools to form a digital twin.12
Figure 5 visualises the four stages of digital processing in the building lifecycle
as set out in Sections 3 and 4. The digital twin combines and provides access
to comprehensive building data. The surrounding boxes provide an example
for the level of information in each stage, pertaining to a service contract for a
heating system.
In the end, a CDE combines digitised data (from documents) and purely digital
data that can be accessed in real-time. The use of building data and predictive
analytics, also from Internet of Things (IoT) and sensor data in building
operation, have the potential to alter the real estate game.
Building information modelling (BIM), based on a CDE, will help design digital
twins of buildings.
Digital twin = A 3D digital model
connected in real time to a real
physical asset, replacing ‘as built’
drawings with ‘as is’, cf. RICS,
2020b: 2.
12
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Figure 5: Stages of digital processing in the building lifecycle (own illustration, 2022)
A CDE ensures data integrity between all parties involved, as well as the
timeliness and validity of information as one Single Source of Truth (SSOT).
Contents in a CDE can include documentation, graphical models, nongraphical data, files and media. A CDE provides advanced data management,
versioning and sharing capabilities, which make it a key feature for digital
twins. A digital twin is intended to support digital planning, construction and
operation. In real estate, digital twin can refer to a BIM model, a CAFM system
or DMS to ensure data consistency over the whole lifecycle of a building.
All systems share the goal of systematically capturing, storing and managing
documents, data, and information and making them available to various user
groups. The main added value arises with efficient data analysis and targeted
use of the data by converting data into information, knowledge, competence
and competitiveness.13
Ideally, the digital twin would also be shared in transactions and between
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Data = sign + syntax; Information
= data + meaning (context);
Knowledge = information +
networking; Ability = knowledge
+ application reference; Action =
ability + will; Competence = action
+ correct action; Competitiveness
= competence + uniqueness; cf.
North, 2016:37, 40.
13
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owners and service providers to maintain a high level of information for the
whole building life. Eventually, this could be based on blockchain technology.
Optimising business intelligence and workflows
Once information has been captured, companies can use it for next steps in a
workflow. In real estate, particularly at the fund or asset management level,
decisions are often based on more or less sophisticated BI applications.
Results are highly dependent on the data environment. It is possible already,
for instance, to create automated invoice approval workflows and to comply
with document filing rules by marking data that may require redaction. The
primary goal is to standardise workflows and interfaces based on a CDE. This
forms the basis for a lifecycle-spanning, seamless data transfer between
software systems and parties involved.
Through digital processing, human capacities can focus on more valueadding tasks and efficiency can be increased as long as owners and operators
continue to lack a comprehensive digital building documentation or CDE.
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Chapter 5
Conclusions and
recommendations
It is not just about technology. It is about the targeted
use and the derivation of the right conclusions.
This PRT research paper introduces the key requirements for the digitisation
of an analogous building documentation to support digital workflows and
applications in real estate professional services. Further, it points out how
digitised documents can add value to digital workflows and applications in
real estate professional services.

5.1 Conclusion
Question 1: What are the key requirements for the digitisation of an
analogous building documentation to support digital workflows and
applications in real estate professional services?
The fundamental requirement for digitisation and document classification
is the basic provision of a digital archive (DMS). This enables the consistent
use of formerly paper-based documents for digital classification and the
creation of digital workflows. This basic requirement is fundamental also for
the application of AI or ML on a wider scale. More specifically, the following is
concluded:
Lean documentation
Transferring the documents to a digitisation service provider or to a companyspecific internal mapping of digitisation workflows enables further use of
the documents. Pre-selection of useless documents can lead to a reduction
in scanning volumes and workload. This turns mass documentation into lean
documentation.
Scanning rules
The scan quality is key for the subsequent application of ML, regardless of
whether use content or layout analysis shall be used. The recommendations
for maximum scan quality as described in Section 3.2 should thus be followed.
An application of OCR on the document, as a searchable PDF, is not
mandatory, as professional data rooms and DMS usually have OCR integrated.
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Paper originals
Due to the relevance of information and data protection, a company-internal
workflow definition for handling paper originals is elementary. To avoid
breaches of duty, (national) regulations for handling digitised documents must
be complied with.
Digital archive
Finally, the selected and digitised documentation has to be shared in a
digital archive (DMS). The later use and scope of the digital archive must be
clearly defined in advance. Lack of clarity in this step can lead to restrictions
in usability and increased downstream costs. A cloud-based system is
recommended.
Question 2: How can digitized documents add value to digital workflows and
applications in real estate professional services?
Today, building documentation usually follows individual standards. The
migration of documents can be improved by unambiguous machine-readable
document classes, which serve as interfaces between standards and for clear
assignment. Further, machine-readable, prioritised documents empower
companies for digital processing and (partial) automation of workflows.
Technically, an automated structuring of documents and extraction of data is
possible.
ML-based classification
Two procedures are recognised for ML-supported classification: content
analysis and layout classification. The success rate of the classification is highly
dependent on the uniformity and readability of the documents. Documents
should be prioritised by their content and machine-readability (e.g. as in
Mueller et al, 2020).
Documentation governance
In addition to the digitisation of documents and increasing uniformity
and readability, the rules for human interventions are a key aspect of
documentation governance. To avoid bias, human interventions should be
kept to a minimum. This could be reached by the formalisation of all classspecific documents. This, however, goes hand in hand with limited flexibility.
Data managers can take ownership of the data, similar to risk owners in
risk management, more and more supported by AI. Data quality and data
protection must be ensured at all times, in particular within a CDE and cloudbased systems.
Common Data Environment
A CDE ensures data integrity, timeliness and validity of information as a
Single Source of Truth (SSOT). Ideally, the digital twin should be shared in
transactions and between owners and service providers to maintain a high
level of information.

Property Research Trust | 37

Machine learning in real estate

Digital real estate management
Many of today’s business procedures are governed by rigid, software-based
rules. The rule-based approach is limited in its ability to tackle complex
procedures. Furthermore, these tasks often require human resources for
repetitive routine work (e.g. checking invoices, sorting documents).
Self-learning algorithms can provide support by replacing this work with rules;
users then only have to check results and compliance with documentation
governance (Section 4.3).
As data and information become more and more accessible, the quality of
data, services and buildings will become the key to competitive advantage.
Qualified people, combined with a sense of responsibility and informed
decisions, should remain the basis for this, now and in the future.

5.2 Limitations
Technical boundaries
Most of the data is already available in digital form during the planning and
construction or operation phase. Due to various media breaks and non-digital
work steps, data is still transferred manually into documents. The aim must
be to transfer a digital data set rather than documents. This still calls for a
uniform international standard and technical interfaces for the structuring and
the exchange of data between systems. Only then the digital twin and a CDE
will become effective and valuable.
GABC continues to work on this subject. As of April 2022, no interim results
are yet available (globalabc.org/our-work/work-areas).
The human factor
Machines are getting faster and faster and clearly outperform humans in
speed. Algorithms, like people, can make mistakes. For this reason, AI is only
conceivable as an assistant or co-pilot for professional experts.
To date, there is no clear solution for the question of liability. There is a lack
of extensive case law on the use of AI in almost all areas. Aspects such as
liability and ethics are intensively discussed, e.g. for autonomous vehicles.
This must also be considered for applications in real estate. It is assumed
that relevant decisions must always be made by people who may take
personal responsibility.
The need for cooperation
International standards can only develop in cross-border cooperation.
Likewise, technical interfaces require cooperation between software firms,
academic institutions and associations.
Cooperation between real estate professionals and software engineers is
essential for major breakthroughs in ML for real estate professional services.
Computer science is set to go. The focus of efforts is on:
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l processing of unstructured data (still a problem today)
l application programming interfaces (APIs), as well as
l data exchange in companies and entire business domains
l the interaction of algorithms
l the implementation of AI (esp. ML) into systems, applications and technical

facilities, and
l joining forces to find common solutions and improve technical interfaces.

5.3 Outlook
Evolvement of data standards and Common Data Environment
Eventually, documents will no longer be needed as a data source but merely
as an output (data sink). Data standards imply that documents, data and their
associated metadata are (internationally) uniform, unique, interoperable
and machine-readable. For this purpose, generally applicable, qualitative
standards on structure, content and understanding must be created. GABC,
for instance, aims into this direction with the vision of an interchangeable
digital building passport.
To comply with regulations and implement adaptable solutions, data
standards and routines must be established. These are also a prerequisite for
a CDE for buildings.
Ideally, digital twins would also be shared in transactions and between owners
and service providers to maintain a high level of information throughout the
building lifecycle. Eventually, this could be based on blockchain technology.
Overcoming manual interventions and custom code
The analysis of the documentation structure based on the underlying data set
has shown quite heterogeneous approaches for structuring the documents.
Without adherence to content and layout integrity, it may be possible to
assign classes, but only with the intervention of manual workflows. This
would merely be a shift of human resources from real estate professionals to
digital controllers of a vulnerable data environment.
To extract the content from documents, today’s applications must go beyond
OCR and classification. The identification of data fields is the basis for
information extraction. The implementation of ML can solve this challenge
without manual intervention or custom code.
Information extraction and enhanced business models
ML-based information extraction opens possibilities for enhanced and
innovative business models and products, such as automated data validation
and data evaluation, documentation review, benchmarking and other analytic
applications.
In the medium term, smart data from buildings and facilities (IoT) will form a
new source of information. In future, this data may form a basis for stochastic
simulation tools. It shows that information extraction through AI/ML will
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become instrumental for automated data validation and data evaluation,
documentation review, benchmarking and other analytic applications.
Considerable savings could be realised in start-up processes for facilities
services. The collection and combination of raw data for building appraisals
can be accelerated. Even data-based market or building forecasts (predictive
analytics) could be improved as information extraction and predictive
analytics become more advanced.
The automated generation of documents (e.g. smart contracts, reports) and
input (digital interfaces) are further steps towards increasing data efficiency.
Some real estate companies have invested in proptech companies and are
directly involved in their business development. The proptech industry is still
quite young, but its potential is too great to be ignored.
Collaborative human-machine environments
The collection, provision, updating and classification of building
documentation will more and more be supported by AI, which today acts as
a co-pilot. The complete automation of workflows must still be viewed with
scepticism. It is often thought that AI is superior to humans, but it is certainly
not that simple: AI systems may also make mistakes and produce biases.
Digital workflows provide the basis for integrating self-learning systems into
collaborative human-machine environments (Figure 6). Self-learning systems
have the potential to become valuable resources and help staff become more
productive by liberating them from repetitive routine tasks. This allows real
estate professionals to focus on value-adding, creative and strategic work
steps that cannot be performed by AI.
There is already a shortage of data scientists and data analysts. Their tasks
and other rule-based workflows can be assisted by ML, especially if systems
are more deeply integrated into an organisation.

Figure 6: Strengths of computer systems vs human intelligence/human
information processing (own illustration, 2022)
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The ability of real estate professionals to successfully use new technologies
is one of the decisive competitive advantages that will determine the success
of real estate companies in the future. Tomorrow’s young professionals must
not only have real estate know-how, but also the ability to use algorithms
and software applications and develop targeted instructions for software
developers (ERES, 2018).
In the end, it can be assumed that real estate will remain a people business.
The most successful companies will likely be those that seamlessly combine
AI and analytics with human expertise and judgment, using real-time data to
tailor workflows and business models to client needs.
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