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ABSTRACT

The railway asset management needs to improve significantly, smarter
maintenance and repair methods are required. EU-funded programs like
In2Smart are expected to bring innovative solutions to the railway sector.

This project has aimed to support the research work performed at Cranfield
University for Network Rail in the autonomous repair and inspection rail platform.
Network Rail is directly involved in the EU-funded project In2Smart2. One of its
objectives (WP 13) is to bring the control and command system of a robotic
platform for maintenance of the rail infrastructure from a concept demonstrator
(TRL 4) to a more mature level (TRL 7).

For this purpose, an exhaustive analysis of existing documentation was carried
out to produce a series of diagrams highlighting the collaborators interactions and
activities. A gap analysis was also performed to identify the missing activities from
lower TRLs (TRL 1 to TRL 4) and track the activities required to achieve higher
TRLs (TRL 5to TRL 7).

Also, a Validation & Verification (V&V) of an existing TRL self-assessment tool
was conducted. The purpose of this instrument was to simplify and systematize
the evaluation of innovative technologies development. The tool was then
upgraded with improved features like incorporating objective evidences to back
up the requirements completion, incorporating Manufacturing Readiness options

or improving the overall user interface among others.

The different project diagrams, technology maturity gap analysis and the
improved self-assessment TRL tool will provide Network Rail management useful

information to build follow up strategies.

Keywords: Technology Readiness Level (TRL), IN2SMART, IN2SMART2,
Network Rail, Self-Assessment Gap Evaluation Tool, Technology Maturity,

Microsoft Excel, Visual Basic for Applications
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1 INTRODUCTION

1.1 Background

The number of train passengers in the UK and European rail network is expected
to increase by between 51% and 99% in the next 30 years [1]. With trains planned
to run at a higher frequency, more inspection and maintenance activities would
have to be carried out in less time. Therefore, innovative and smarter ways to
inspect and maintain the rail infrastructure are required. Moreover, the current rail
maintenance operations are undertaken by human personnel which presents a

problem in terms of both personal safety and incidents caused by human errors.

Network Rail is owner, operator, and infrastructure manager of Britain's main
railway infrastructure. It is defined as arm’s length central government body
answering to the Department of Transport (DoT) and Transport Scotland and
regulated by the Office of Rail and Road (OOR) which reinvests its income into
the improvement of the railway infrastructure [2]. Their core purpose is to provide
safe and reliable journeys for passengers and freight with an average rate of 1,8m

passengers and 200,00 tonnes of goods per day.

To implement novel management methods and to improve the rail operator’s
safety, Network Rail is involved in European funded programs like In2Rail and
In2Smart. Especially where this project takes part, In2Smart and In2Smarts2 are
multi-action plans to enhance the railway’s asset management through innovative
technologies. This seeks to be achieved by developing innovative and optimised

strategies, systems, procedures, and tools [3].

1.2 Problem Statement

The European funded program In2Smart2 aims to take the results achieved in
In2Smart (TRL 4/5) to implement specific demonstrators (TRL 6/7). In this case,
when projects are built from previous ones, it is essential to validate and verify

that previous objectives and requirements were truthfully fulfilled.

Network Rail makes significant investments to provide customers with the best

service and satisfy their needs. From 2019 to 2024, Network Rail expects to
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spend £42bn on operations, maintenance and renewals on the network [4].
Hence, the management that handles and coordinates these projects sometimes
needs supportive documentation and information to make decisions. Part of this
project would provide clear information at different levels to the head engineering

management to plan and manage their resources.

The management of new technologies can sometimes be very ambiguous and
challenging. Therefore, a Technology Readiness Assessment tools that could
simplify and systematize the technology development process would save
resources and time to any organization. During this project, improvements in an

existing assessment tool would be performed.

1.3 Aim and Objectives

The aim of the project is to support Network Rail technology development plan
by providing an improved TRL assessment tool and by mapping collaborators

interactions and deliverables, and supportive improved TRL assessment tool.

The objectives are:

e Conduct a critical literature review

e Analyse the scope of the existing project and create collaborators and
activities interactions maps

e Verification of In2Smart WP10 TRL requirements and existing TRL
assessment tool

e Improvement of existing TRL assessment tool

e Conduct formal verification and validation processes

1.4 Scope

Projects development is a sophisticated multi-stakeholder assignment with many
different phases and levels. Consequently, defining the project boundaries is
essential for the proper project development.

The thesis targets no only the analysis of existing work for a previous project

phase but also to map the work that needs to be done for the coming project.
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Validation and further work in the existing TRL assessment tool is also
envisioned. On the other side, project work regarding the system simulation,
construction of the conceptual demonstrator among others is out of the scope of
the project as shown in Figure 1-1.

Demonstrator
e Construction N
i ™,
i Design &
——— Engineering
/.-" System — o \
/ Simulation / \
. Risk Management - Project Planning  /
\ '/’
N “ Testing Desi_gn ) //
\ and Execution 7] In Scope

| |Out of Scope

Figure 1-1 Research Thesis Scope and Out of Scope

1.5 Thesis structure

The thesis structure is the following:

Chapter 2 exposes the literature review on the UK rail industry, EU-funded
programs, TRL and TRA.

Chapter 3 describes the methodology followed to enclose the research

Chapter 4 contains the analysis of the In2Smart2 project, TRL research assessment

of In2Smart, TRL tool validation and upgrade
Chapter 5 outlines the validation process

Chapter 6 and 7 closes with the discussion on the results, conclusions, and further

recommendations
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2 LITERATURE REVIEW

2.1 Introduction

The following chapter reviews the relevant literature that will provide the

necessary grounds to understand the project scope and achieving the intended

objectives.

The related areas that have been analysed are shown in Figure 2-1. The literature

review has been divided into two main areas: The Railway Industry in the UK,

and the Technology Readiness Level (TRL) and its assessment. It has been

addressed to answer the following questions:

How important the rail industry is in the UK?

How the maintenance and technology development is managed by
Network Rail?

Which European Programs that affects the scope of this project is Network
Rail involved in?

What Technology Readiness Level (TRL) is? What it is used for?

Why is it important to develop tools in order to assess TRL? What type of

tools have been implemented?

Technology
Rediness Level
UK Railway
Overview

Maintenance in
Network Rail

TRLin EU
Public Sector

Techngology -
Develogpmegnt Literature Research,
Review : Development &
Railway Technology in
Infrastructure Network Rail

The Valley of

Death

Shift2Rail

Technology
Readniess
Assessment Horizon 2020

In2Smart2

Figure 2-1 Literature Review Mind Map
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2.2 Railway Industry

The railway infrastructure is one of the most important, fast and cost-effective
ways of transporting passengers and goods for either short or long distances.
However, the train transport expenses for construction, maintenance and

overhead are higher than other modes of transport [5].

According to the UK Rail Industry Finance Report for 2018-2019 from Office of
Rail and Road (ORR) [6], the total net expenditure in the Rail industry was
£22.1bn, a 4.1% increase from 2017-18. Approximately 58% of the running costs
were incurred by the train operators, 37% to manage the network and 5% to other

expenses like freight as shown in Figure 2-2.

Industry income: £21.8bn

e
Passengers Govermnments Other sources
£11.4bn £7.4bn gross | £4 3bn £3.0bn

Fares £10.4bn net Freight £0.9bn

ohr A Mot ma [N e

Other income ie on-train (less receipts) —'1% Northern Ireland £0.1bn
ﬁﬁ":gé;?mpiﬁr:éﬁam other Transport Scotiand £0.8bn
Welsh Govemment £0.2bn
TiL, and PTEs £0.3bn

Industry expenditure: £22.1bn

Train operators Other Network Rail
£12.7bn £1.2bn £3.2bn
Staff costs £3.3bn Freight £0.8bn Operating costs £1.9bn
Rolling stock £2 4bn High Speed 1 £0.Zbn Maintenance £1.5bn
Payments to DFT £2.9bn Open Access £0.1bn Financing costs £2.3bn
Other £5 8bn Morthern Ireland £0.1bn Depreciation £2.9bn
Total £14.4bn Other £0.7bn
Less indusiry money (£1.7bn) Total £9.3bn
flows . Less industry {£1.1bn)
External costs £12.7bn money flows )
External costs £8.2bn

Figure 2-2 UK Rail Industry income and expenditure in 2018-2019 [6]

2.2.1 Maintenance and Research, Development & Technology in
Network Rail

Network Rail is responsible for the good working order of more than 20,000 miles

of track, almost 6,000 level crossings, 30,000 bridges and around 2,500 stations
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[7]. Therefore, NR is spending half of their yearly budget on the maintenance of
the track, structure, bridges and tunnels [8]. Furthermore, the number of
passengers is increasing at a high rate over the years and has even doubled over
the last 20 years — from 892m passengers’ journeys in 1999 to 1756m in 2019 [9]
and the rail infrastructure is dealing with more passengers than they were ever
built for.

In the UK trains are expected to run 365 days a year, thus to keep the railway
infrastructure, ready and safe for all the passengers with the lowest impact on the
traffic, new innovative solutions and technologies need to be developed [7]. NR
not only encourage partners to bring innovative solutions or ideas, but it also
leads the Britain and international railway infrastructure research and
development of technology. Therefore, within the Control Period 6 (CP6) from
2019 to 2024, Network Rail expects to spend £42bn on operations, maintenance

and renewals on the network [4].

Among all the projects and programmes where it is involved, NR is a founding
member of the European Programme Shift2Rail along with 54 other partners
across 14 countries [10]. Shift2Rail is a European technology, research and
development fund programme under Horizon 2020, seeking to deliver “the most
sustainable, cost-efficient, high-performing, time-driven, digital and competitive

customer-centred” solutions to the European railway infrastructure [11].

2.2.2 In2Smart2

The “Intelligent Innovative Smart Maintenance of Assets by integrated
Technologies 2” (In2Smart2) project is part of the funded European Scheme
Shift2Rail Horizon2020. The aim is to improve significantly the asset
management in the railway sector through innovative technologies, new

economic possibilities and enhanced legislative standards [12].
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Figure 2-3 Horizon2020 projects, timeline and TRL relation [13]

As shown in Figure 2-3, this project is a continuation of the work initially
conducted through the In2Rail and In2Smart, where levels of maturity of TRL4
and TRL5 where achieved. Those conceptual technologies are expected to be
raised to TRL6 and TRL7 within In2Smart2 before the end of it in November 2022.

One of the objectives within In2Smart, and the one where this project takes part,
was the introduction of autonomous robotics in the railway’s assets inspection
and maintenance activities. This workstream from In2Smart was carried within
WP10 and was dedicated to validating the integration of inspection and tamping
processes and the robotic maintenance execution. Figure 2-4 shows a prototype
of the RIRS (Robotic Inspection and Repair System) used in the laboratories for

the verification and validation and Figure 2-5 shows the software simulation used

to test the software in the loop.

Figure 2-4 RIRS hardware demonstrator [14]
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Figure 2-5 RIRS Software Simulation [14]

It is also worth to mention that for more than 5 years Cranfield University has
been supporting Network Rail by conducting different research projects. Multiple
projects have been subject to the European founded programs previously
mention (In2Rail, Shift2Rail or In2Smart) like the design, simulation and
construction of the RIRS demonstrator [15] [16] or the feasibility studies on
inspections techniques. Other projects like the development of cost models [17],
a system engineering framework [18] or a study about the use of cobots for

maintenance [19] among others have enhanced this partnership.

2.3 Technology Development

2.3.1 Technology Readiness Level (TRL)

The concept of Technology Readiness Levels was established at the National
Aeronautics and Space Administration (NASA) in 1974 by Sadin and then
formally defined in 1989 in the paper [22]. It was conceived as a methodology to

assess different developments of technologies for space programs.

Initially, it was a seven-level scale, but in the 90s the NASA adopted the today’s
used nine-level scale [23]. Nowadays, TRL is defined by NASA as a “type of

measurement system used to assess the maturity level of a particular technology”
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[24]. Institutions and organizations frequently use TRLs to characterise the
maturity of a given technology within its life-cycle of development [25]. The scale
goes from the lowest level (TRL 1) where the basic principles are observed to the
highest level (TRL 9) where the system is proven and ready to be “launched” as
shown in Figure 2-6. Each level is like a gate, meaning that only a level is

achieved if all its requirements are completed.

TRLS |

J

—
=Actual system completed and “flight qualified” through test and
demonstration (ground or space)

— TRL7 |

*System prototype demonstration in a space environment

— TRL6 |

*System/subsystem model or prototype demonstration in a relevant
environment (ground or space)

__ TRLS |

=*Component and/or breadboard validation in relevant environment

TRL4

TRL3

TRL2

TRL1

Figure 2-6 Technology Readiness Level (TRL) [24]

2.3.2 TRL in Europe and EU Public Sector

The TRL scale arrived in Europe through the European Space Agency (ESA)
which adopted the scale in 2008 in their handbook [26]. This definition of TRL
used by ESA was then replaced by the 1ISO 16290:2013 “Space systems —

Definition of the Technology Readiness Levels and their criteria of assessment”
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released on 2013 [27]. The ISO 16290:2013 is principally suited to the space

system hardware, despite the definitions could be extrapolated to other fields [28].

In 2009 the communication from the European Commission (EC) "Preparing for
our future: Developing a common strategy for key enabling technologies in the
EU" [29] introduced the use of the TRL scale in the EU. This scale was then
spread and used to set boundaries in funded projects like the EU Horizon2020
(EU Framework Programme for Research and Innovation) in 2014. The TRLs
from the EC defined in Annex G from [30] slightly differs from the NASA definition
compared in 7.1Appendix B. The main difference is that the NASA uses it for the
space sector while EC uses it in a wider meaning, interpreting it as a product’s

readiness to be marketed [28].

2.3.3 The Valley of Death

The High-Level Expert Group on Key Enabling Technologies (HLG-KET) — a
group established in 2010 by the European Commission to elaborate a coherent
European strategy to develop six KETs in Europe [31] — identified the problem of
The Valley of Death as one of the major obstacles for the EU progress [28]. The
Valley of Death is known as “a metaphor for the lack of resources and expertise

that impedes new ideas in their transition from lab to market”. [32].

The root of this problem is that innovation is not a linear process. As shown in
Figure 2-7, the major part of the financial resources is required for high TRLs
(TRL5 onwards) at the stage where the decision of whether to commercialise a
new research technology is made, as it is the most risky stage. Hence, a wide
number of results in theoretical areas will never be translated into commercial
technologies due to the lack of funding or profit-making. Therefore, EU programs
like Horizon 2020 have been implemented to remove the innovation barriers and

to overcome this “death valley” [33].
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Figure 2-7 "The Valley of Death" of resources for new product development and
each TRL [32]

2.3.4 Technology Readiness Assessment

According to Mankins [34], Technology Readiness Assessment (TRA) is a
systematic and evidence-based methodology used to conduct the TRL scale
evaluation process. The use of TRA at the start of system development has been
identified as having a substantial impact on assessment and planning activities
like schedule and cost estimation or risk assessment plans. TRAs brings
especially a common language and framework to enhance communication

across companies and organisations [35].

The first attempt of a TRA was in 2003, the U.S. Department of Defence (DoD)
asked to the Air Force Research Laboratory (AFRL) to develop a TRL Calculator
for hardware and software projects. The outcome was a Microsoft Excel self-
assessment application that allowed the user to answer a series of questions
written by Bilbro [36] about a technology program to calculate and display the
TRL achieved [37]. The top-level decision algorithm shown in Figure 2-8,
determined the level of maturity achieved based on a colour scale (green, yellow,
red or blank) looking to the number of questions checked and the colour of the
previous TRL (A TRL with previous red or yellow level couldn’t appear as green)
[37].
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®—> For each TRL

v

Answer
Questions

Does
it qualify as
Green?

Does
it qualify as
Yellow?

Yes

Repeat until TRL=9 [*(A)

Figure 2-8 Top level decision algorithm used in the TRL Calculator from DoD in
2003 [37]

One year later, a second version was released (AFRL TRL v2.2) [38], with newer

features like (see Figure 2-9):

e segregating the questions by technology type (Hardware, Software or
both), arranging the questions by TRL

e adding Manufacturing Readiness Levels (MRL) questions

e aggregating as single overall TRL number the different Readiness Levels
questions (TRL, MRL and PRL).
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AFRL Transition Readiness Level Calculator, version 2.2
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Figure 2-9 Section of the AFRL TRL Calculator v2.2 [39]

This tool was defined as the first standard and repeatable method for determining
the TRL maturity. Therefore, it has been then used in several organizations as a
reference to develop a newer tool, like for the TTRL (Turkish Technology
Readiness Level) v1.0 developed by the Turkish defence industry in 2010 [38].

This newer tool had new features like (see Figure 2-10):

o differentiating the question into critical and non-critical (hidden to the tool’s
user to reduce the opportunity to cheat and only critical question served to
determine the TRL level)

e adding documents as evidence bringing more objectivity

¢ including a grey level in the algorithm representing that the technology has
been transferred at that level and there is no need to answer the questions

e adding the Integration to questions categories:

1. Technical: Only technical maturity of the program questions (TRL)
2. Programmatic: Measure some program management concerns, like

customer focus and program documentation (PRL)
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3. Manufacturing: Measures the readiness of the production system to
manufacture the technology (lowest MRL is associated with TRL 3)
4. Integration: Measures the integration readiness of technology to the

system (IRL)
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Figure 2-10 Snapshot TTRL questionnaire [38]

In harmony with the existing TRAs, in 2011 U.S. DoD developed a list of
supporting information (see Appendix C) for each TRL to provide more objectivity
incorporating material regarding technical requirements and documentation,
system engineering and validation and verification [40]. Later, in 2016, the U.S.
Government Accountability Office (GAO) published a report [35] with the TRA’s

best practices such as:

e The TRA responsible should be a Subject Matter Experts (SME) in which
operates the technology.

e Clear information like requirement documentation, report and testing is
needed for more reliable assessment.

e It's necessary to adapt the definition for each TRL level to better fit the

technology application.

It is worth noting also that due to different judgment of the TRL scales, Austin et
al. [41] used a Bayesian Network to provide the TRAs a mathematical method
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leading to a more confident TRL evaluation. Bayesian Network is a directed
acyclic graph with a probability distribution that depicts a set of variables and their
conditional dependencies [42]. This was a first attempt using graphs and visual
management in the TRA.

Lastly, during his MSc individual thesis in 2017 [43], Giuseppe Gorgoglione
developed a gap assessment Microsoft Excel tool to assess railway technology
development projects. Following a series of questions regarding the achieved
requirements for each TRL, the tool then prints out a report that contains
graphical information about the percentage of each TRL achieved, the completed
and missing activities per TRL and the skills needed in order to achieve the
desired level. However, the tool has some weaknesses like errors that need to
be solved or the introduction of documents proving that back up the achievement

of the requirements for a more subjective assessment.

2.4 Summary and Discussion

The review underlines that the railway industry is one of the most important ways
of transport. However, the UK rail infrastructure is not up to the current demand
which has hugely increased for the last decade. Therefore, Network Rail is
planning to significantly invest in maintenance and technology development like

the Shift2Rail European funded programme among other initiatives.

It has also been identified that TRL provides a common language across different
institutions for discussing technology maturity however over the last decade
many agencies and institutions have defined their slightly different scale definition
that has led to a fragmentation of the TRL. Hence, standard and repeatable
assessment methods (TRA) are necessary especially to overcome the valley of

death and transform low maturity technology into physical products.

In conclusion, the review has been able to solve all the preliminary questions
bringing the needed grounds to assess the research gap and effectively perform

along the project.
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2.5 Research Gap Analysis

This thesis is a follow up to Giuseppe Gorgoglione’s IRP [43] and therefore, the

research gap is in the same line with the following milestones.

Within multi-collaborators projects, like In2Smart, managing partners’ interactions
and tasks’ ownership can be challenging. So, graphical methods such as UML
diagrams can be used as a reference to understand the project deliverables

status and depict and depict the overall project responsibilities picture.

Secondly, the TRL process has been widely accepted to assess the level of
maturity in the development of new technologies. However, few structured

traceable and evidentiary methods of assessment have been implemented.

Finally, the development of new technologies is a process that assures a
competitive advantage. Therefore, relevant technology readiness data or
assessment tools are normally kept as much confidential as possible, making the

TRA benchmarking much more difficult.
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3 RESEARCH METHODOLOGY

This chapter outlines the research methodology adopted for the completion of the
project. Based on the main steps of the research process [44] the followed
methodology for this project is shown in Figure 3-1.

Project Definition

Problem Statement

et Aim and Objectives

Scope Definition

Project Schedule and Milestones

Literature Review

UK Rail Industry

Maintenance Rail Industry
Technology Readiness Level
Technology Readiness Assessment

AS-1S Analysis

In2Smart2 UML Collaborators,
Activities and Context Diagrams
InZ5mart TRL Research Assessment
Current Tool Validation

Tool Development

Solve Errors and Inconsistencies
Expand Tool Functionalities
Manufacturing Assessment
User Guide

Validation

Industrial & Academic Validation
Meetings & Questionnaire

Figure 3-1 Research Methodology
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3.1 Project Definition

The first phase of the research methodology targets to define the problem
statement along with the definition of aim and objectives. Meetings with Network
Rail academic and industrial supervisors contributed to the scope of the research
and associated challenges which need to be addressed within the scope of the
project. Additionally, key milestones and time schedule are defined to set and
further meet the expectations and deadlines.

3.2 Literature Review

The second phase is the literature review which provides an overview of the rail
industry relevance, research, and maintenance investments, and introduces the
EU-founded programs where this project takes places. It also presents the
technology development concepts as the Technology Readiness Level, Valley of
Death and Technology Readiness Assessment.

3.3 AS-IS Analysis

The third phase covers the analysis of the current state of In2Smart and
In2Smart2 projects. To support Network Rail in the project planning for In2Smart2
WP13 different UML diagrams have been developed to map the collaborators’
interactions. As explained in depth during Giuseppe’s IRP [43] the
implementation of UML to project management helps to illustrate the relations
between people by giving a base to create a common framework. Three different
levels of detailed diagrams have been created from a general In2Smart overview
to the specific WP13 activities along with a context diagram that helps to set the

boundaries and expectations.

The next step in the AS-IS analysis is the In2Smart TRL research assessment.
In2Smart2 is an extension of In2Smart which was planned to achieve concept
demonstrator of TRL 4/5. In particular, In2Smart WP10 aimed to achieve a TRL
4 of a robotic inspection and repair control and command system. Therefore, it is

indispensable to objectively assess what has been the achieved TRL analysing
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each TRL requirement separately to highlight the gaps in order to adequately

build In2Smart2 plan.

Finally, the last step of the AS-IS analysis has been a verification of the current
TRL assessment tool developed by Giuseppe during his IRP [43]. He successfully
developed an Excel-based tool to self-assess the achieved TRL for a specific
project. However, in order to find the tool's weaknesses and areas of

improvement, a verification plan has been carried out.

3.4 Tool Development

The fourth phase of the research methodology is the improvement of the existing
TRL tool. Based on the finding from the previous verification exercise, and
industrial and academic supervisors’ feedback a series of modifications have
been carried out. The aim is to improve the user satisfaction and value-adding
capacities to provide Network Rail an objective, robust and useful tool.
Improvements both in the functionalities and visualization have been
implemented. Extensive Visual Basic for Application (VBA) coding modifications
have also been carried out to fixe repeated problems and providing some coding

best practices.

To complement the tool, a user guide has been produced to support the user
interaction with the displayed windows and explaining in depth the tool
capabilities. A final section explaining the whole VBA code has been added in

case anyone would like to extend the tool’s features or make some modifications

3.5 Validation

The last phase is the validation process for the achieved work. The UML
diagrams and In2Smart TRL research assessment have been validated
throughout web-meetings and emails. While the tool and complementary user
guide have been validated with a questionnaire that aimed to numerically quantify

the weaknesses and strengths.
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4 RESULTS

4.1 Current State Analysis

The understanding of the current state follows a cascade approach, incrementing
the level of details from an In2Smart2 general overview to a detailed analysis of
the tasks where Network Rail and Cranfield University are involved. The use of
UML diagram has been used to represent in a graphical way all the interactions

and relations.

Starting with the project In2Smart2 (Intelligent Innovative Smart Maintenance of
Assets by integrated Technologies 2) which aims to continue the work conducted

in In2Smart in order to implement specific demonstrators as shown in Figure 4-1.

WP14 TRACK
WP15 - STRATEGICAL ANN AINTENANCE Suppo\\ /WPWS ROBOTIC AND\
. TACTICAL TRACK ASSET AUTOMATED LEAN

o TOOL FOR A SWEDISH )
_— — [ MANAGEMENT & NEW TRAM w HEAVY HAUL RA\LW EXECUTION /
/@9 10- 1AMS INTELLIG% —_QEPOT DES}"%';:{)'LESMART % \ LINE
r DECISION MAKING, ASSET MG DISSEMINATIO\ *"\
| MAINTENANCE STRATEGIES & ) _—
P8 - DRIMS DATA EXEGUTION ( COMMUNICATION AND” ) — ; 412 OPERATIONAL
TINING & OPERATING) EXPLOITATION S / o (ASSET MANAGEMENT IN A )
\ TOOLS ~— — \\ / \ DUTCH ENVIRONMENT
— /r/ R -~ <<inclide>> <cinclude>> >
— <<include>> ; T~
— . <<include>> <<include>> \ / pd o s
ﬂvw _DRIMS ™\ <<include>> | L [ 7 <cinclude>> WP11 - INTEGRATED
( STANDARD OPEN S SN 4T ( ASSET MANAGEMENT
&NTERF’\CES/@' “<<include>> // ‘\ \/»/ (\\' ___<<include>>"""""~ \ FOR CIVILS /
— T IN2SMART ¥ <<precede>> { IN2smaRT2 | " -
- caincluders )\,ﬁ,f/-// '/X,\'\-?#« (7 <<include>> //wpm . SMART\\
S P T N “7MAINTENANCE ON RAIL\
L/ WP34s5, i <<include>> L SN T { FREIGHT CORRIDOR )
\Eé“é“ﬂ?s?ﬁéj/ ) <ancudes | o e ’ S scincludex> QHWE ALPINE
CC . <<include>> T~ <<mc\ude>> ! ! N R
— i ' {N 2 GRANT % - ' . —
- —1 ; MANAGEMENT P <<mc\ude>> <<mcluGE>> <<include>> " 5-WPs, 0 - REMOTE"
Ré!)F:leREnYAELET"sA . —_— — s \ /CONDmON MONITORIN
/ | N (MAINTENANCE REDUCTION )
FUNCTIONAL /Pl PROJECT ‘Y@' SYSTEM V;‘(h\ \ INTERVENTIONS AND
SPECIFICATIONS PREFARATION [ ARCHITECTURE & / : N DECISIONS
/ VALIDATION B L U . ~ "

- -
—— "/ WP45-ITALIAN ™ / P6 - DIGITAL TWIN
URBANMETRO ) ( FOR RAILWAY ASSET / WPT - ANOMALY
\SYSTEM \AMS/ MANAGEMENT (DETECTION FOR A RAIL )
\ / QSTENER svsrsy

Figure 4-1 In2Smart and In2Smart2 Diagram

In2Smart2 has been divided into sixteen Work Packages (WP), representing ten
different Use Cases (UC) as shown in Figure 4-2 in different colours. They run in
parallel and they are ensured through the transversal WP3, looking at the overall

system vision, architecture, and validation.
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Figure 4-2 In2Smart2 Project Structure [45]

Network Rail is one of the most relevant In2Samrt2 collaborators. It is involved in

seven of the fifteen WP and exchanges information with more than fifteen other

collaborators as shown in Figure 4-3, which reveals the level of management

complexity Network Rail handles.
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Figure 4-3 Network Rail Contribution into In2Smart2 and Other Collaborators

involved
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However, Network Rails plays an important role and where this project takes
place is for WP13 - Robotic and automated LEAN execution. It's intended to
further develop (TRL 7) the concept demonstrator (TRL4) developed in WP10
from In2Smart [45]. As shown in Figure 4-4 there are three main stakeholders
Network Rail, Strukton Rail and Trafikverket and 3 more contracted collaborators:

Cranfield University, Altran and Chalmers Technical University.
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Figure 4-4 In2Smart2 WP13 High-Level Collaborators Interactions

This UC aims to further develop the Command and Control (C&C) system
architecture of a rail platform with robotic inspection and maintenance
capabilities. This is an extension of the WP10 from In2Smart. It is intended that
the C&C system architecture is developed by Network Rail and Cranfield
University so other collaborators will then use it applying it to a physical
demonstrator to, between all, build a physical demonstrator to validate the
architecture. In order to define the boundaries and set the external reviewers

expectations, a context diagram has been produced as shown in Figure 4-5.
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The In2Smart2 project started in December 2019 and it is scheduled to end by

November 2021. So, at the time where this research thesis takes place (May

2020 - August 2020), the project is in an early stage where the activities that have

to be carried out are being defined. Therefore, a diagram showing which activities

should be realized and their relations has been made as shown in Figure 4-6.

WP13 has been divided in four deliverables, from the use case approach, passing

by the environmental and operational tests to the TRL 7 physical demonstrator.

Some work from WP3 has also been added as Network Rail involved and has a

direct relation with WP 13 tasks. It is worth to mention that, as shown in Figure

4-6, this research thesis (TRL evaluation) is part from the early WP13 work.
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Figure 4-6 In2Smart WP 3 and 13 Network Rail Deliverables and Activities Diagram

Finally, the last diagram, Figure 4-7 that has been build depicts Cranfield

University contribution into In2Smart2. The work can be divided in:

e MSc Group Project (GP) on autonomous vehicle Digital Twin and
simulation

e MSc Group Project (GP) on design of a rail road conversion platform

e MSc Group Project (GP) on a cost/benefit framework for innovative
projects

e MSc Individual Research Project (IRP) on TRL gap analysis

e PhD on location and scalability navigation

e PhD on simulation and system

e Research on supportive WP13 work

e Future Cranfield University external group for validation work
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Figure 4-7 In2Smart2 Cranfield University Contribution Diagram

4.2 TRL In2Smart Research Assessment

Part of the research is to objectively assess the achieved TRL in In2Smart WP10,

which aimed to achieve a TRL 4 validating the technology in a laboratory

environment. The following analysis has been carried out by individual evaluating

the requirement following the TRL and requirements definition from the Rail

Industry Readiness Level (RIRL) framework that can be found in7.1Appendix D.

Each requirement has been validated by providing documents where the work

has been accomplished as part of the objective assessment.

It is important to mention that the in the TRL definition from the RIRL framework

some requirements have been identified as part of the Manufacturing Readiness

which will not be assessed for this analysis. Based on the objectives of

In2Smart2, the manufacturing requirements are not considered to be in the

scope.
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421TRL1

TRL 1 is when the idea is conceived, and the research starts. As shown in Table
4-1, all the requirements have been achieved during the work done in the Human
Factors projects, namely in WP1 [46] and WP3 [47] and on a published article “A

modular approach to automation of condition monitoring and repair for rail” [48].

Table 4-1 In2Smart TRL 1 Requirements Assessment

Initial 'laboratery' research and opportunities to Human Factors WP1: Horizon scanning Transport System Catapult &

explore idea possible development routes University of Nottingham
9 Structured research into extant materialftechnology Y Human Factors WP3: Automation sy T
and development of hypothesis Framework
3 Quick 'look-see' to ascertain the possibility / viability v A modular approach to automation of ~ Network Rail & Transport System
of the new / novel idea condition monitoring and repair for rail Catapult
4 (LT ZRITR CRETLIT ‘d"‘”m‘ TIETIE TR 2T Y Human Factors WP1: Horizon scanning Transport System Catapult
speculate exploitation

TRL 2 is the first verification of the technology with experimentation. In this TRL
all the requirements have also been validated by the same project and reports
except for the sixth that has been classified as “Not Applicable” (NA). The
identification of the Key Process Indicators (KPI) has been considered that does
not apply to this innovation project because any specific numerical targets could
be defined and subsequently pursued. Therefore, the achievement of respective

TRL has been considered as the only targets to meet.
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Table 4-2 In2Smart TRL 2 Requirements Assessment

Continued deskiop research and analysis fo
consolidate and develop understanding of key
principles and establish key variables

A modular approach to automation of Network Rail & Transport System
condition monitoring and repair for rail. Catapult

6 Identification of key performance indicators NA

A modular approach to automation of Network Rail & Transport System

T Articulation of how to achieve proof of concept Y condition monitoring and repair for rail. Catapult

Documented desktop modelling to explore and
establish expected technological parameters Human Factors WP3: Automation

(including but not limited to factors / indicators / Framework
measures)

University of Mothingam

Asset / Technology capability requirements defined A modular approach to automation of Network Rail & Transport System
along with key variables condition monitoring and repair for rail. Catapult

42.3TRL 3

TRL 3 is when proof of concept is ascertain using robust and repeatable
processes. This TRL has been 100% achieved during In2Smart WP10 and has
been captured in 3 different deliverables. Deliverable D10.3 - Remote Command
and Autonomous System Architecture System Design Proposal - captures the
operational concept definition, system safety plan and the gathers the
stakeholders’ and system’s requirements. Deliverable D14.4 - Prototype
Technology Validated in Laboratory — reveal the description of technology and
the control and command system and introduces the simulation overview along
with the Demonstrator Development Plan. However, the description on the work
that has been realized on the hardware and software is detailed in the D10.5 -
Prototype Integration, Assessment and Lab System Trial Report. D10.5 also
captures the Verification and Validation execution including all the hardware and

software tests, results, and conclusions.
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Table 4-3 In2Smart TRL 3 Requirements Assessment

Development of technology to enable 'proof of In2Smart D10.4: Prototype Technology —Network Rail & Cranfield University &
concept' to be undertaken Validated in Laboratory Transport System Catapult

Range of recorded & qualitative experimental and
modelling activities to validate main technology
factors (including but not limited to factors /
indicators / measures)

In2Smart D10.5: Prototype Integration,  Network Rail & Cranfield University &

i Assessment and Lab System Trial Report Transport System Catapult

Produce functional description and commence
12 identification of boundaries and interfaces with Y
external systems / equipment

In2Smart D10 4 Prototype Technology  Network Rail & Cranfield University &
Validated in Laboratory Transport System Catapult

13 Production of 'A models' to support / assist proof of In2Smart D10.5: Prototype Integration,  Network Rail & Cranfield University &
concept Assessment and Lab System Trial Report Transport System Catapult

Produce 'Space models' of equipment (may be
"irtual')

In2smart D10.5: Prototype Integration,  Network Rail & Cranfield University &

L Assessment and Lab System Trial Report Transport System Catapult

In25mart D10_3: Remote Command and
15 Draft all technical requirements and specification Y Autonomous System Architecture System
Design Proposal

Network Rail & Cranfield University &
Transport System Catapult

In2Smart D10.3: Remote Command and
16 Safety Analysis Y Autonomous System Architecture System
Design Proposal

Network Rail & Cranfield University &
Transport System Catapult

424 TRL 4

Finally, TRL 4 is when the technology is validated against high level requirements
in a laboratory environment. In this TRL, five requirement have been achieved,
while 3 have been defined as Not Applicable . Requirements 7, 8 and 23 are
related with the hardware, and software demonstrator and refinement which has
been identified to be carried out in D10.5. Requirements 24 on the human factors
and implications is captured in the WP3 from the Humans Factors project.
Moreover, Altran has started with a preliminary safety plan that will be updated

as the project progresses.

On the other side, requirement 21 has been identified as Manufacturing
Readiness related, and as explained before, manufacturing requirements are not
in the scope. However, requirements 20 and 22 have also been defined as NA
because they are related to a future technology or asset exploitation and this is
not the aim of the project.
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Table 4-4 In2Smart TRL 3 Requirements Assessment

Production and bench qualification of 'B Models' In2Smart D10.5: Prototype Integration,  Network Rail & Cranfield University &
utilising appropriately available technologies Assessment and Lab System Trial Report Transport System Catapult
Development of asset / technology and refinement of . : ; ;
18 Tunction to demonstrale output performance and o In2Smart D10.5: Prototype Integration,  Network Rail & Cranfield University &

variability Assessment and Lab System Trial Report Transport System Catapult

Identification and quantification of technology risks;

19 St el Y Preliminary Safety Plan Altran
Improved business plan, identification of route to
20 NA
market
2 Improved project plan; better understanding of e
production path
! R ) In2Smart D10.5: Prototype Integration,  Network Rail & Cranfield University &

= (ESTEEE (ST 2 M) T it i Assessment and Lab System Trial Report Transport System Catapult

23 PESTLE implications and market expectations

understood and planned / accounted for A

24 Human Factors ¥ AT (PR TP (TR E University of Nottingham
Framework

In conclusion, WP10 from In2Smart has achieved TRL 4, with 20 and 4

requirements achieved and not applicable, respectively.

4.3 TRL Self-Assessment Tool Verification

During Giuseppe’s IRP [43] in 2018, a TRL self-assessment tool was developed
in order to simplify and automate the technology maturity assessment process.
The tool is Microsoft Excel-based extended using Visual Basic for Applications
(VBA) to enhance the user interface with a series of users forms that guide the

user through the assessment.

A verification process has been conducted in order to find the tool's areas of
improvement. Thus, a stress test has been carried out by completing the self-

assessment exercise thought all the different possible paths integrated 10 times.

The results of the conducted tests have been satisfactory, finding that the TRL
self-assessment gap tool truthfully adheres to the expected functionalities and
needs. However, few errors and therefore potential areas of improvements have

been identified:
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1. The users form is not “error-proof”, for instance, any character (letter or

number) can be added as “Desired TRL” creating a conflict in the algorithm

2. The table of versions has 8 rows but if the assessment has more than 8

versions, the tables remains the same and the new versions get below the

table as shown in Figure 4-8

Version Date TRL Aimed

1.0 11/3/2009 1
2.0 11/4/2009 2
30 11/5/2009 3
4.0 11/6/2009 4
O 11/7/2009 )
6.0 11/8/2009 6
7o 11/9/2009 7
8.0 11/10/2009 &

11/11/2009 9

Figure 4-8 Show case of the tool’s versions history table overpopulated

3. The Activities & Skills analysis windows is only accessible at the end of

the assessment process and cannot be opened again after being closed.

4. The Activities & Skills analysis windows, if any activity is selected before

| TRL 1

TRL 2

TRL 3

TRL 4

pressing the “>” button, an error occurs, and it doesn’t allow the user to

continue with the assessment as shown in Figure 4-9

Activities

Skills

Activities

Skills

[

Technical Parameters Analysis
Technology Modeling
Technology Capability Definition
Comparison with Key Variables

Experiments in a lab environment
Technology Factors Demonstration
Commence Boundaries Identification
Safety Analysis

Microsoft Visual Basic

Run-time errer '13';

Type mismatch

Define Manufacturing Operations j
TRL 5 Cost Analysis
Continuous Reporting
System Boundaries Identification
-
s

Sustainabiity competencies

Impact Analysis

Production Requirements Identification

Technological Functions Development Opel
Output Performance Analysis .
Variabiity Analysis
Technological Risks Identification
El

Develop a Risk Reduction Plan
Market Analysis

daries Control
est:
d Support Report
bﬁ .
mentation
g Analysis -
Debug Help lards Identification
ufacture
Full Product Prototyping
Tool Design
Purchasing Analysis
Stakeholders Identification j
START
&aps
o o fan
TRL Desired Identified N° of Activities

Figure 4-9 Activities and Skills Window Error
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5. The selected Comic Sans font for the User Form does not provide a

professional look as shown in Figure 4-10

Project Overview X

Project's First Assessment?

Figure 4-10 User Form Example

6. Most of the VBA code is linked to cells referenced by letter of the row and
number of the column, i.e., Cells(24, 5).Select. This type of referencing
could lead to errors if any other column of rows is added or the layout is
modified as the reference is not linked to cell content but to a general
reference cell.

7. Inconsistency in the report’'s text size. As seen in Figure 4-11, the
requirements are not readable when the rest of the report is readable.
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Version Date TRL Aimed
1o 11/3/2009 1
2.0 11/4/2009 2
3.0 11/5/2009 3
4.0 11/6/2009 4
5.0 11/7/2009 5
6.0 11/8/2009 &
7.0 11/9/2009 T
8.0 11/10/2009 8

TRL

Comments

Ty ]

Figure 4-11 Tool's Final Report snapshot

4.4 TRL Self-Assessment Tool Improvement

The final contribution of this research project has been to upgrade the existing
TRL assessment tool with a newer version: TRL Self-Assessment Tool v.2. This
tool keeps the older version essence and main functionalities with the main idea

of simplifying and systematizing the complex TRL evaluation process.

The tool keeps the interaction with the user through VBA User Form with different

forms designs as shown in Figure 4-12.
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Project Overview ®
Manufpcturing Readiness Lovd? *

Project Name
_ Date {dd/mmiyy) _
Date (dd/mmiyy) |

Starting TR SN

Starting TRL NS
Desired TRL SN

NEXT

Desired TRL 1

TRL assessment completed!

(€) (f)

Figure 4-12 (a) UserForm01, (b) UserForm02, (c) UserForm03, (d) UserForm_1to
UserForm_59, (e) UserForm_60, and (f) UserForm_61

Each user form can lead the user to multiple different paths. Therefore, an

interaction diagram that represents the tool’s algorithm is shown in Figure 4-13.
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UserForm_1to “Report” “Back Office”
User UserFormO1 UserForm02 UserForm03 UserForm,_59 UserForm_60 UserForm_61 Spreadsheet Spreadsheet
Click “TRL Assessment
Analysis” Button
Assess
Manufacturing Readiness?
Yes/No

~~~~~~ --Manufacturing Readiness: Yes/No >

< “I'-Table of Versions Empty?- |

Yes, Pl e Project Name / Date / Starting TRL / Desired TRL-------------=mmmmmms [ iommm e >
No S e SRR Date / Starting TRL / Desired TRL-------====-=~'[====rmmmmmmmomo oo >
<
i ---------Starting TRL---------]"*----
< quirement Fulfilled? <
————————————————————————————————————————————————————— Yes/No /Wip/Na >
1

--Evidence Document / Document Owner/ Comments -] -----mmnmeeees B B s e >
Noe o Manufacturing Readiness: Yes/No-----|------------mmmmmmmmmmmmemee e

NEXT: Desired TRL .| Desired TRL[:------------=---=-snmnomemmnnnee

achieved?
TRL Assessment
s — P
W Completed
Click “Manufacturing YES” BULEON:=«=====sssssseemmmnm oo e oo e e e o oo st oo >
3 Click: "Manufacturing NOT Button=====s==srsememt e o e e o oo pemsimm s e S -
lick “Start Skills Analysis” Button >
User Interaction

lose———p

Click “Reset” Button >
lick “Reset” Button >

Figure 4-13 Tool's Interaction Diagram
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After the assessment process, the user can visualize the information and results
in a report. The report has 4 different sections as shown in Figure 4-14 and looks
like in Figure 4-15.

Project Information and Table of

Buttons to start the assessment // versions: Name, Date, Starting
reset the report and chose TRL, Desired TRL and TRL%
whether  or  not  assess achieved

Manufacturing Readiness

TRL requirements, Documents /

of evidence name, Documents
owners, and comments

L —1 Activities to complete

Skills needed to perform

the activities

Figure 4-14 Report's Design Layout
The percentage for a particular TRL has been calculated the following formula:

1 * NRi,YES + 05 * NRi,WIP (4'1)
NR;ygs + NR;no + NR;wp

TRL;% =

[
|

Where NRim represents the Number of Requirements for the TRL = “i” with a
status of “m” that can be: YES, NO, WIP (Work in Progress) or NA (Not

Applicable).

A complementary User Guide has been designed to support the user interaction
with the user forms and explaining in depth the tool capabilities. A final section
explaining the whole VBA code has been added in case anyone would like to
extend the tool’s features or make some modifications. The User Guide can be

found in 7.1Appendix F.
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TRL Self-Assment Report
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NetworkRail
T—

e

Technology Development
Product Devekopment
RaD
General Mansgement
Technical Competancies
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i

Technology Design Manufacturing Testing
Research Methodolagies Proof of Cancept Development Management .
P — Strategy Competencies
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Management el Ol
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Project Management Reporing Tachnical Comp
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I
I
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I
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[ X I ( ) )
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[ X ( ( ) )
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I ) (
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Technalogy
Technology
Develapment Drevelopment
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Develapment Finencial
Supply Chain Management
Ganeral Praduct b
Strategy Competencies Market Analysis
Operations Management Supply Chaim
Commercializaion Legiston
Financial Praduct Lifecycle
WManagement

Continuous lmprovement

Figure 4-15 Reports Design
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4.4.1 Improvements

Some improvements have been implemented in order to solve the tool’s

weaknesses explained in section 4.3 but also to extend the functionalities and

enhance the user experience. The main functional and visually improvements

implemented have been:

1.

Incorporation of TRLs 8 and 9 and therefore, the related TRL
requirements, activities, and skills

Table of assessment version also incorporated the TRL at which the
assessment starts and keeps the achieved percentage at each TRL for all
the versions

When the table of version gets more than 5 entries (the table of versions
has 5 rows) the oldest versions gets deleted and the other move one row

up to leave space for the new version information as shown in Figure 4-16

Date | starting TRL | Aimed TRL TRL1 TRL 2 TRL3 TRL4 | TRLS | TRLE TRLT TRLE | TRLO
1

5/8/2020 1 3 100% 100% 30%

5872020 | 3 4 100% 100% 50%: 50%

582020 3 6 100% 100% 5% ] 60% 1 30% | 0%
2020 100% 100% 100% [ 90% [ T0% 0%

) 4

Date | startingTRL | Aimed TRL TRL 1 TRL2 TRL3 |  TRL4 TRLS TRL6 | TRLT TRLE |  TRLO
" .

100% 100% 30%

/872020 3 4 100% 100% 50% 50%
5872020 3 6 100% 100% 95% 60% 30% 0%
0 100% 100% 100% 90% 70% 0%

8872020 [ 7 100% 100% 100% 100%. 100% 100% 83%

Figure 4-16 Table of Versions with 5 versions (above) vs 6 versions (below)

4.

Introduction of new possible status for the requirements. While the
previous version only allowed the user to answer YES or NO if the
requirement was fulfilled, the new versions introduces the categories Work
in Progress (WIP) and Not Applicable (NA) as shown in Figure 4-17
Introduction of a space to fill with the document’s name that back up the
requirement fulfilment, another one for the document’s owner to trace back
the document and another to add any comment if needed as shown in
Figure 4-17
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TRL 1 Requirement 1/4 x

Initial 'laboratory’ research and opportunities to explore idea
possible development routes

Ces I o e O

If YES or WIP:

Eidence Documert

comments -

NEXT

Figure 4-17 Example of Requirement User Form

6. User Forms text font changed from Comic Sans to Arial to bring a more
formal look as shown in Figure 4-17

7. Introduction of Manufacturing Readiness requirements assessment option
to avoid the manufacturing related requirements defined in the TRL RIRL
framework. As mentioned in section 4.2, some requirements defined in the
RIRL TRL framework correspond to manufacturing activities, therefore the
user could avoid to answer these questions that would automatically be
set as Not Applicable (NA). This option is the first question in any
assessment as shown in Figure 4-19 and can be further changed after the

assessment with the buttons shown in Figure 4-18
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Manufacturing Readiness Level? X

Would you like to assess
Manufacturing Readiness Level?

Assess Manufacturing Readiness ?
YES NO

Figure 4-19 Manufacturing Readiness  Figure 4-18 Manufacturing Readiness

User Form Report Buttons

8. Introduction of drop-down menus for the TRL selection to avoid
introducing wrong characters that could mislead the algorithm as shown in
Figure 4-20

Project Owverview X

Project Name _
Date (dd/mm/yy) _
starting TRL.

Desired TRL _]

-

RN - T R S N N

Figure 4-20 Project Information User Form with Drop-Down Opened Menu

9. Introduction of the “Start Skills Analysis” button in the report to access the
Activities & Skills analysis windows whenever the user wants.

10.Solved the problem occurred when in the Activities & Skills analysis
windows the user pressed the “>” button without any activity selected. A
message box has been introduced that pop ups advising to first select an
activity.

11.Introduction of a feature that hides the non-assessed TRL requirements.
As shown in Figure 4-21 TRL 1, and 5 to 9 are not assessed and therefore,

their requirements are hidden to bring a more clear report’s aspect
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Version Date Starting TRL MWI.! TRL1 TRLZ TRL3 TRL4 TRLS TRLE TRLT TRLE TRLY.
1 482020 2 [ 100% 0% 0% 75% - -

] o]

Requirements* DORE!| TODO  WORKINPROGRESS NOTAPPLICABLE Al the requirements listed below follow the UK RIRL (Rail Industry Reaciness Leve!) TRL definition

Document of Evidence Document's Owner Comments

Figure 4-21 Report's Assessment Example

12.Adjustment in the report’s text size to have a coherent overall text size
harmony

13.Introduction of some coding good practices like introducing comments so
non-familiarized user could understand it or avoiding using general
referencing, i.e., use of Range("Evidencel") instead of using Cells(24,
5).Select because the first option will be linked to the cell we want even if

the cells is moved to another place

4.4.2 TRL Self-Assessment Tool v.2 Gap Assessment

Finally, the tool has been used in the In2Smart WP10 project as shown in Figure

4-22.
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TRL Self-Assment Report

PROUECT HAME.

RIRL

NetworkRail
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Research Methadologiea Prosf of Concept
Technalogy Development PBrocess Analysis Product Acceplance
Froduct Devalopment Strategy Formulation Risk Analysis.

RED Design Project Managemert
Genaral Management  yoi00 Developmont PFMEA
Technical Competencies Product Development Camputational ability
Stategy Competancies Swategy Competencies Testing
Project Management Reporting

Technology Design Manufactuiing Teating
Development Management
Product Managemant Swrategy Compsrencies
Statagy Competencios Warksing
J— Product Developmant
& Feoduct Financial
Market Analysts Process Analysis Testing Managomont
. s Manufacturing
Broduct Integration Reporiing General Management i
Human Factors Manufacturing Validsting
Management Supply Chain
General Mansgement Technical
General c pechrical
Technical
Competencies Reporing Reporting Risk Aralyeks

Technolagy
Teshnal
Dovelopment Dovalopmant
Manufsctuing Shalegy Compelencies
Developmant [—
5y Chain Management
General Management Fodkct Morsgemnt.
i oy B g Maaket Analysis
Operations Management Supply Chain
Commercialization Logistics
Financial Prond it Uecych
Couki

Figure 4-22 In2Smart WP10 Tool's

Report
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5 VALIDATION

Finally, a validation process for the UML diagrams, In2Smart TRL research
assessment, improved tool and complementary user guide has been carried out.
It is important to capture stakeholders’ feedback with the aim to demonstrate that

the work is meaningful for Network Rail.

The process consists of an iterative cycle where the results are presented, and
improvements are made based on the feedback. This then converge in a final

approval and guestionnaire as outlined in Figure 5-1.

Results Feedback Final Approval +
Presentations Improvement Questionnaire

Figure 5-1 Validation Process

The results achieved each time have been presented to Network Rail engineering
management through web-meetings for verbal feedback and approval. In the
end, the UML diagrams and In2Smart TRL research assessment has been
validated during web-meetings, while a questionnaire has been produced to
validate the improved tool and the complementary user guide.

5.1 Questionnaire Results Analysis

The questionnaire has been distributed and answered by twelve agents, mostly

experienced in the rail and research environment.

The questionnaire aims to numerically capture the tool and user guide satisfaction
and relevance. The tool has been divided in evaluated into two different aspects:

visualization and functionality. The questionnaire can be found in 7.1Appendix E.
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= . . . 0,
Overall: 94% Functlonallty OveraII:96/D

Visualization a
Improvement Q Improvement O

Professional

Easy to use Intuitive
Look Readable Y
Layout Structure Objectiveness Error-Proof
Colour Add-Value
. Overall: 91%
User Guide s i
Useful Q
Professional Coherent
Look
Accurate Understandable

Detailed

Figure 5-2 Questionnaire Results

A rate between 1 to 5 (totally disagree - totally agree) was given to each category and
as it can be seen in Figure 5-2, the overall satisfaction in above 92% is the 3
categories. The tool has been successfully improved in both its functionality and
visualization aspect. However, based in the results and feedback comments, it can
be highlighted that the tool still has some weaknesses in the path intuitiveness, and
some have complained about the readability of the report. The user guide has the
lowest overall because even if it is useful, it has been said that it could incorporate
some other sections like exemplifying an assessment showing who it is filled and what

is the report result.
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6 DISCUSSION

6.1 Discussion of the Methodology

The methodology adopted during the project has been crucial in achieving the
desired aim and objectives. Its greatest strength is the structure that has made
possible a progressive gain in the technology readiness field and project

requirements.

The delimitation of the project’s aim, objectives, and scope was successfully
achieved during the first month, delayed due to a furlough from the principal
academic supervisor. However, it was not until the main supervisor returned that
the project was completely defined as he was the only that knew the client
requirements and needs. Achieved background knowledge during initial literature
review while the main supervisor was absence brought an advantage for the later

project definition.

The undertaken interviews and documents reviewed have been shown to be a
highly efficient method of identifying the AS-IS situation and, in particular,
capturing the collaborators' interactions. However, due to the be in the early stage
of the project, it has been a long and arduous process to map the new activities

and interactions while they were been debated and agreed.

One of the main benefits of this project has been the UML diagrams. The use of
UML has been chosen to depict the project because is a standard mapping
process, widely use and was the technique proposed by the industrial partner as
they were already using it in the definition of the EU-funded program. But it is
worth to mention that UML is not the best technique for project management and
project analysis because by giving a project’s static picture it cannot highlight
where the value is added.

6.2 Discussion of the Results

The literature review revealed that the assessment of TRL is a challenging
exercise. Previous attempts to create Technology Readiness Assessment (TRA)

tools have been made during the last twenty years. However, for competitive
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advantage, organizations keep them as much confidential as possible. Those
tools and processes require teams and experimented professionals of each field;
therefore, it has been difficult to work on a TRA without previous experience in
the technology development field. This is also a problem because each
organization has their one slightly different definition of TRL that could lead to
misunderstanding when groups from different organizations or field need to

cooperate.

The TRL assessment tool was developed for Network Rail which has an internal
product acceptance process [49] that requires a certified minimum TRL of 6. For
this purpose, Network Rail follows the Rail Industry Readiness Levels (RIRL)
framework’s definition of TRL (7.1Appendix D). For this reason, the tool has been
implemented based on the requirements listed in the TRL from RIRL. However,
some stakeholders have raised their awareness of a conflict between the
requirements previously mentioned and the expected requirements from the
different European reviewers. They claim that TRL definition from RIRL does not
match with the same requirements needed for this EU-funded programs. The
problem is that no detailed definition from the EC has been made just high-level
descriptions. Therefore, based on Network Rail perception of what is required
from the EC and analysing the TRL requirements from RIRL, it has been identified
that in RIRL TRL some requirements are related with Manufacturing Readiness,
therefore, those are out of scope for In2Smatrt. In those lines, an option that ask
the user whether we want to assess Manufacturing Readiness has been added
in the upgraded version of the TRL self-assessment tool.

Another important aspect of the tool’s implemented feature has been to bring a
more objective assessment. The user can add an evidence of documents that
back up the fulfilment of the requirements. This has been done because TRA is
based is providing a systematic but especially objective assessments and
because Network Rail, in their product acceptance process [49], also requests
for evidence to demonstrate that the product meets the requirements.
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6.3 Discussion of the Validation

Despite the absence of measurable metrics, a validation process has been
conducted for the research assessing the In2Smart2 diagrams, In2Smart TRL
research assessment, upgraded tool and user guide. It is important to capture
stakeholders’ feedback to demonstrate that the work is meaningful for Network
Rail.

A continuous monitoring, especially for the diagrams, has been carried out,
getting different stakeholders’ feedback, and modifying them accordingly.
Therefore, the diagrams and the TRL assessment conducted for In2Smart WP10

have been validated and approved by Network Rail by web-meeting and emails.

On the other side, a questionnaire for the tool and user guide was designed and
sent to different rail and research development experts. This enabled to monitor
and control the acceptance through numerical results. For this purpose, the
results have been plotted in three different radar charts to quickly get a visual
information of the strengths and weaknesses. Both the tool and user guide
received a positive response with an average overall score over 93%. It can also
be seen that the tool had been improved visually and functionally, which

satisfactorily demonstrate the effort that was brought into it.
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7 CONCLUSIONS AND RECOMMENDATIONS

This project aimed to support Network Rail in the technology development plan
by providing an improved TRL assessment tool and by mapping collaborators
interactions and deliverables, and supportive improved TRL assessment tool.
The global aim has been successfully accomplished by meeting the individual

objectives.

The first objective was met by conducting an extensive literature review on the
UK rail industry and technology readiness. The second objective was achieved
through continuous communication with different stakeholders and
documentation review that made possible to map stakeholders’ interactions and

needed activities to meet the objectives.

The third objective was the verification of the In2Smart WP10 requirements’
achievement which has been successfully achieved by individually providing
evidences of their achievement and critically assess whether or not they were in
the scope. This objective also sought to conduct a verification of the existing TRL
assessment tool. By completing a stress test where the tool was tested in multiple
different ways about ten areas of improvement have been revealed.

The fourth objective took these areas of improvement to upgrade the tool. Also,
other new functionalities were implemented to improve the user satisfaction. The
fifth objective was to formally validate the work carried. It has been achieved by
conducting regular meeting with different involved stakeholders and a final

questionnaire.

In conclusion, the aim and objectives have been successfully achieved. The
combination of UML diagrams with the In2Smart WP10 and the improved TRL
self-assessment tool have provided the appropriate strategic decision-making
material to Network Rail to facilitate management decisions for the In2Smart2

project.
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7.1 Future work

After this research is completed, two different possible further stream work have

been identified: UML diagrams update and keep improving the TRL tool.

UML diagrams update: The diagram made during this research are subject
to changes and may have to be updated while the project evolves. It has
been a first approach to map the collaborators’ interaction and duties. The
tasks assignation could change and be redistributed to other collaborators.
TRL tool improvement: The self-assessment tool is already a complete
and useful tool; however, it is an Excel-based tool which in some context
is not an appropriate platform. If Network Rail wants to use for internal

procedures, a web-based tool would be more professional.
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Appendix B NASA AND European Commission TRL
DEFINITIONS COMPARISON

Basic principles observed and reported

Technology concept and/or application
formulated

Analytical and experimental critical
function and/or characteristic proof-of
concept

Component and/or breadboard validation

in laboratory environment

Component and/or breadboard validation
in relevant environment

System/subsystem model or prototype
demonstration in a relevant environment

(ground or space)

System prototype demonstration in a
space environment

Actual system completed and "flight
qualified" through test and demonstration

(ground or space)

Actual system "flight proven” through
successful mission operations

Basic principles observed

Technology concept formulated

Experimental proof of concept

Technology validated in laboratory

Technology validated in relevant environment
(industrially relevant environment in the case
of key enabling technologies)

Technology demonstrated in relevant
environment (industrially relevant
environment in the case of key enabling

technologies)

System prototype demonstration in
operational environment

System complete and qualified

Actual system proven in operational
environment (competitive manufacturing in
the case of key enabling technologies or in
space)



Appendix C TRL Definitions, Descriptions, and
Supporting Information

TRL Definition Description Suppeoerting Information

1 Basic principles Lowest level of technology Published research that identifies the
observed and readiness. Scientific principles that underiie this technology.
reported. research begins to be References to who, where, when.

translated into applied
research and development
(R&D). Examples might
include paper studies of a
technology’s basic
properties.

2 Technology con- Invention begins. Once Publications or other references that out-
ept and/or appli- basic principles are line the application being considered and
ation mrmula ed. observed, practical applica- | that provide analysis to support the

tions can be invented. Appli- | concept.
cations are speculative, and

there may be no proof or

detmled analysis to support

the assumptions. Examples

are limited to analytic

studies.

3 Analytical and Active R&D is initiated. This | Results of laboratory tests performed to
experimental criti- includes analytical studies measure parameters of interest and com-
cal function andfor | and laboratory studies to parison to analytical predictions for critical
characteristic proof | physically validate the subsystems. References to who, where,
of concept. analytical predictions of and when these tests and comparisons

separate elements of the were performed.
technology. Examples

include components that are

not yet integrated or

representative.

4 Component and/or | Basic technological compo- System concepts that have been consi-
breadboard valida- | nents are integrated to dered and results from testing laboratory-
tion in a laboratory | establish that they will work | scale breadboard(s). References to who
environment. together. This is relatively did this work and when. Provide an esti-

“low fidelity” compared with mate of how breadboard hardware and
the eventual system. Exam- | test results differ from the expected sys-
ples include integration of tem goals.

“ad hoc” hardware in the

laboratory.

5 Component and/or | Fidelity of breadboard Results from testing laboratory
breadboard valida- | technology increases breadboard system are integrated with
tion in a relevant significantly. The basic other supporting elements in a simulated
environment. technological components operational environment. How does the

are integrated with “relevant environment” differ from the
reasonably realistic expected operational environment? How
supporting elements so they | do the test results compare with

can be tested in a simulated | expectations? What problems, if any,
environment. Examples were encountered? Was the breadboard
include “high-fidelity” system refined to more nearly match the
laboratory integration of expected system goals?

components.

6 System/subsystem | Representative model or Results from laboratory testing of a proto-
model or prototype | prototype system, which is type system that is near the desired con-
demonstration in a well beyond that of TRL 5, is | figuration in terms of performance, weight,
relevant tested in a relevant environ- | and volume. How did the test environment
environment. ment. Represents a major differ from the operational environment?

step up in a technology's Who performed the tests? How did the
demonstrated readiness. test compare with expectations? What
Examples include testing a problems, if any, were encountered?
prototype in a high-fidelity What are/were the plans, options, or




TRL Definition Description Supporting Information
laboratory environment or in | actions to resolve problems before
a simulated operational moving to the next level?
environment.

7 System prototype Prototype near or at planned | Results from testing a prototype system in
demaonstration in operational system. Repre- an operational environment. Who per-
an operational sents a major step up from formed the tests? How did the test com-
environment. TRL & by requiring demon- pare with expectations? What problems,

stration of an actual system | If any, were encountered? What are/were
prototype in an operational the plans, options, or actions fo resclve
environment (e.g., in an air- | problems before moving to the next level?
craft, in a vehicle, or in

space).

8 Actual system Technology has been Results of testing the system in its final
completed and proven to work in its final configuration under the expected range of
qualified through form and under expected environmental conditions in which it will
test and conditions. In almost all be expected to operate. Assessment of
demonstration. cases, this TRL represents whether it will meet its operational

the end of true system requirements. What problems, if any,
development. Examples were encountered? What are/were the
include developmental test plans, options, or actions to resolve
and evaluation (OT&E) of problems before finalizing the design?
the system in its intended

weapon system to deter-

ming if it meets design

specifications.

9 Actual system Actual application of the OT&E reports.
proven through technology in its final form
successful mission | and under mission condi-
operations. tions, such as those

encountered in operational
test and evaluation (OT&E).
Examples include using the
system under operational
mission conditions.




Appendix D Rail Industry Readiness Levels (RIRL) and RIRL TRL Framework

Designed using reliability &

material drafted

DRACAS process commences.

Successful operational trials

= RIRL 1 RIRL 2 RIRL 3 RIRL4 RIRLS RIRL6E RIRL7 RIRLE RIRLO
B Conception Opportunity Development Proof of Concept Industry Specification Prototype Operational Transition Initial Deployment Roll Out Whole Life Management
3 | Early awareness ofa need and Thinking, supported by research, | | Conceptual design supported by Qualitative plans to deliver the Prototype assets and for services, | | Supply of goods andfor services Operational credibility builds as | | Supply meets demand in a timely Continued product / service
T | potential autcomes thought [{  to develop understanding of | experimentation proves viability {  conceptare supported by [ developed underquality [ of sppropriate and repeatable goods and services are H  manner, product f service N improvement; business as usual;
- worthy of developing need and possible approaches to | | and feasibility of the concept positive market and business controlled methodology are quality meets market needs employed, feedback used to deemed mature and deployable || actual whole life cost measured
ﬁ obtain gualitative benefits analyses available confirm user expectations with ease
-4
- TRL1 TRL 2 TRL 3 TRL4 TRLG TRL7 TRLS TRL9
%ﬂ Idea Invention Proof of Concept Development Demonstration Qualification 1st of Class Production
° Technology idea is conceived Experimentation and desktop Proof of concept is ascertained Technology is validated against Technology is validated against Performance of pre-production Production standard assets are First of Class asset deployed for Repeated and repeatable
c and developed using desktop H modelling used to verifyveracity |  using robust and repeatable H  high level requirementsina H user requirements in a H assets / system is demonstrated H qualified for useinan H operational usage under H technology deployment in
= and laboratory research of technology in line with processes laboratory and/ar experimental representative environment inan operationally operational environment commercial conditions conjunction with managed asset
& anticipated usage environment representative environment development / evolution
ED MRL 2 MRL 3 MRL 4 MRLS MRL 6 MRL7 MRL 8 MRL 9
g Concepts and Feasibility Proof of Manufacturability Pre-Production Component Production Production Integration Production Facility Low Rate Production Full Rate Production
| Basic Manufacturing Implications Manufacturing concepts and A manufacturing proof-of- Capability exists to produce the Capability exists to produce Capability exists to produce Capability exists to produce Low rate initial production is Fu “f‘mlu'"F rate production
o have been identified H feasibility have been determined H  concept has been developed H technologyinalaboratoryor H  prototype componentsina [ integrated system or subsystem - systems, subsystems or H underway H capability has been
"5 and processes have been prototype production production relevant ina production relevant components in a production demonstrated
5 identified environment environment environment. representative environment.
=
c IRL 1 IRL2 IRL 3 IRL 4 IRLS IRL & IRL 7 IRL 8 IRL 9
=] Interface Interaction Compatibility Quality and Assurance Control Communicate Verification and Validation 1% of Class Proven
'ﬁ Interface requirements between Required mode and content of Quantitative interaction Successful and repeatable Action / reaction through the Performance and assodated Performance in a representative ‘Whole system deployed under Repeated and successful low-risk
= [ e interaction between H between component /system H interaction between H control chain is demonstrated [ communication / stimulation [  operational environmentis  commercial arrangementsfor H  deployment of integrated
5‘," been established component / system elements elements is demonstrable and component / system elements and manageable within reguired within / by the operational repeatable, verifiable and operational usage system for operational usage
E has been established repeatable meets quality and assurance operational parameters environment delivers reguired validated to the required
- requirements functionality standards
SRL1 SRL 2 SRL3 SRLA SRL 5 SRLG6 SRL7 SRL8 SRL 9
W Thinking Rich Picture Framework Architecture Interfaces Detailed Architecture Integration Pre-Production 1% of Class Series Production
E | mind picture supported by notes Rich picture depicting system Structured depiction and robust Qualitative and evidential Robust system architecture and Integration of system elements Qualified production standard First commercial deployment of || Repeated and repeatable quality
.;'_'.' and discussions developedto [  elements and interaction of [ definition of the systemandits |  definition of intra and inter associated models able to r inan appropriate environment [ system elementsavailable for [ whole systemin an operational [ whole system deployment in
; share thinking those elements assodated components system interface requirements explore evolving system producing a functioning system system integration, test, environment expanding operational usage
@ properties for evaluation verification and validation
SwRL 1 SwRL 2 SwRL 3 SwRL 4 SwRL5 SwRL 6 SwRL7 SwRL 8 SwRL 9
E Basic Principles Conception Proof of Concept Laboratory Validation Relevant Environment Relevant Environment Operational Environment Software Qualifi 0| i ft
© Basic principles descaribed, Approaches to deliver software || Quantitative and/or Qualitative || Software code and functionality Validation Demonstration D i ity ode and functionality || Software in operational service
2 | software concepts rescarched [ derived functionalityoutlined [ analysisof software approach H  validated in a laboratory Software code and functionality [ Software code and functionality [ Software code and functionality | qualified and certifiedto [  and under formal change
= and documented, appropriate and algorithm testing confirms proof of concept for environment validated in a simulated / safe demonstrated in a simulated / demonstrated in a real appropriate operational management control
:2 languages reviewed commenced critical functionality but realistic operational safe but realistic operational operational environment standards
environment environment (beta standard) (first release)
MrRL 1 MrRL 2 MrRL 3 MrRL 4 MrRL 5 MrRL 6 MrRL 7 MrRL 8 MrRL 9
En Theoretical Opportunity Route to Market (Initial) Business Case (draft) Market Testing Route to Market Commercial Arrangements Market Engagement Delivery Market maintenance
= Early ideas to satisfy an Ideas shared and route to Draft business case assesses Informal market engagement Route to market planned and all Commercial, funding and End user and supply chain Commercial delivery Sustained selling, with feedback
2 emerging or existing market exploitation; route to market [ market need and provides  H  and commercial structures stakeholder needs identified [  exploitation arrmngements [ stakeholders engaged to refine commenced, marketing H used to develop offering
H need outlined quantitative view of benefits implemented formalised; work share agreed the market offering and to translates to sales / selling evolution / development
s support demanstration
.RRL1&2 L. RRL 3 RRL 4 RRLS RRL & RRL7 RRLE8 RRLO - 10
Z|  Reauirement Definition Design ion & issi process o for System testing Manufacture process testing i issi e
= | i tergets established. || gk to function due to design | | Installation process defined, risks assessment testing Reliability and maintainabiity || Capability of the manufacturing validation SHEn
ﬁ Customer rmul:re_l::s M assessed and addressed. H  assessed and improvement M Manufacturing risks assessed & Reliability and maintainability [  proven during system level H |process proven H  Installation process proven  H Continued RAM data collection
= Preliminary Design i & regime identi actions taken. addressed. Test |_:|an utab_lis_luad. proven during component or testing. Feasibiitv_mmmhct - during validation n;ﬂsnﬁ';g?;mcf
I~ DRACAS established. Training subsystem level testing. maintenance regime tested. Trial performance validation m@h'nmgﬁdah e SR




Technology Readiness Levels (TRL): Presented in a Railway context

Wersion 1: 247 May 2016

TRL1: Idea

TRL 2: Invention

TRL 3: Proof of Concept

Technology idea is conceived and developed using desktop and

laboratory research

Experimentation and desktop modelling used to verify veracity
of technology in line with anticipated usage

Proof of concept is ascertained using robust and repeatable
processes

Initial exploitation of new ideas

» Desktop and initial 'laboratory' research to explore idea and to
ascertain possible development routes, identify potential
opportunities

» Structured research into extant material and development of
hypothesis

s  Quick 'look-see’ to ascertain the possibility / viability of the new /
nowvel idea

= Articulate the opportunity, identify potential need and speculate
exploitation

Exploration of potential through structured experimentation in order to
provide understanding of the key technical / technological advances

* Continued desktop research and analysis to consolidate and develop
understanding of key principles and establish key variables

* |dentification of key performance indicators

+ Articulation of how to achieve proof of concept

* Documented desktop modelling to explore and establish expected
technological parameters (including but not limited to factors /
indicators / measures)

s Asset / Technology capability requirements defined along with key
variables

Proof of concept using established methodologies (including hardware /
software modelling, synthesis and experimentation

= Development of techmology to enable "proof of concept’ to be
undertaken

+ Range of recorded & gualitative experimental and modelling activities
to validate main technology factors (including but not limited to
factors / indicators / measures)

+ Produce functional description and commence identification of

boundaries and interfaces with external systems / equipmeant

Production of 'A models' to support / assist proof of concept

Produce 'Space models' of equipment (may be 'virtual')

Draft all technical requirements and specifications

Safety Analysis

TRL 4: Development

TRL 5: Validation

TRL 6: Demonstration

Technology is validated against high level requirements in a
laboratory and/or experimental environment

Technology is validated against user requirements in a
representative environment

Performance of pre-production assets / system is
demaonstrated in an operationally representative environment

Development of asset / technology into a tangible entity which
approximates its currently perceived end state
* Production and bench gqualification of 'B Models' utilising
appropriately available technologies
» Development of asset / technology and refinement of function to
demonstrate output performance and variability
» |dentification and quantification of technology risks; Risk Reduction
Plan
Improved business plan, identification of route to market
Improved project plan; better understanding of production path
Interface testing and initial integration
PESTLE implications and market expectations understood and
planned / accounted for
= Human Factors

Trial, verification leading to validation of the asset / technology for use
in the intended environment

* Development / acquisition / access to trial and test facilities to
validate technology (using B or C Models)

s Establish functional performance meets requirements and is

repeatable

Produce 'C Models' to be used in validation testing

Produce production plans and establish cost of manufacture

Commence environmental testing

Asset / Technology Support Plans (RAMS, training, documentation,

etc.)

+ Performance boundaries understood and defined

s Asset / technology integrated with system; boundary conditions
established, interfaces documented

Demonstration of pre-production standard asset / technology in a
realistic, representative (safe) operational environment

+ Production of small quantity of 'pre-production’ assets /technology

=+ Asset / Technology demonstration events to support development
and marketing

= Obtain access to / develop suitable operational (safe) test and
demonstration environment(s)

=+ \erify cost of manufacture [ selling price / market pricing regime

=+ Evidential confirmation of performance and function in an
operational environment

= Complete design and development process to meet 'design freeze'
status

= Risk mitigation

TRL 7: Qualification

TRL &: First of Class

TRL 9: Production

Production standard assets are qualified to operate in an
operational environment

First of Class asset deployed for operational usage under
commercial conditions

Repeated and repeatable technology deployment in
conjunction with managed asset development / evolution

Qualification and verification of assets / technology in an appropriate
operational environment

» Formal qualification in an approved and representative operational
environment

» Verification of required functionality

» |dentification of evolved [/ evolving properties

*»  Manufacture / build of production standard assets / technology

» Productionisation processes (build / test [ certification, cost target,
Quality Assurance, etc..)

* Supply chain development and stabilisation

» Risk mitigation and asset / technology maturation under formal
change control

First of Class of asset / technology adding value in an operational
environment

» 'First of Class' delivery; first commercial operational use

* Asset [ technology benefit [ value analysis for operational
employment

* Asset / technology qualification completed in intended operational
environment

» Series production capability developed

* Support programmes (RAM, Spares / Repairs, Training,
documentation, etc.) established

* Programme [ Project Closure as part of move to series production

= Marketing

Mature assets / technology deployed across the enterprise
In series production
Steady state production
Established and supported production facility
Supply chain improvements in cost & performance
Change Management
Asset [ Technology exploitation
Asset / technology support regime improvements / expansion
In-service whole life cost, performance and benefit analysis
Customer feedback and satisfaction analysis




Appendix E Validation Questionnaire

Questions Rate (1 to 5) Comments

Visualization

Professional Look

Report Pleasant fo Read

Report Structure Coherent

Correct Colours Selection

Correct Screen-wise Layout

Improvement from Previous Version®

Functionality

Easy to use

Intuitive

Robust (Error-Proof)

Useful (Bring Added Value Information)

Objective Assessment

Improvement from Previous Version™

User Guide

Lseful

Diagrams Coherence

Easy to Understandable

Detailed Emough

Correct Information

Professional Look

*Complementary Tool's versions snapshots attached
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1 Tool’s Introduction

The tool was developed in Excel using Visual Basic for Applications (VBA). The
tool’s objective was the creation of an application that could objectively assess
the TRL evaluation process automatically, with the activities and skills gaps

identification.

It is important to underline that in the TRL process there are several requirements
to satisfy and the tool was based on the requirements of the railway industry,
linked to Network Rail’s project, towards TRL 7. Its applicability is therefore linked
to the industry and projects in this area. However, an option where the
Manufacturing Readiness requirements can be avoided which would lead to a
purely Technology Readiness assessment

With this instrument, experts in Network Rail will be able to assess easily and
objectively which is the level achieved for an innovative project, identifying the

gaps, and underlining the needed competencies.

2 Tool’s Description

2.1 The Report

The main idea of the report was to automatically have a visual summary of the

assessment. Its structure is simple, and it is explained in the figure below:

Buttons to start the assessment, reset
the report and chose whether or not
assess Manufacturing Readiness

TRL requirements, Documents of /

evidence name, Document’'s owners,

and comments

Skills needed to perform the

Activities

Project Information and Table of
versions: Name, Date, Starting TRL,
Desired TRL and TRL% achieved

Activities to do




The following Figure illustrates the an empty report:
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Research Methodolagies
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Streteqy Formulation
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Computational abilty Human Factors Wanufacturing Validating
Management Supply Chain
Tosting Soneral Managemant Technical
cinian  Techmica
Reporling Tachrical
Competencies Reporiing Reporting [

Techaslogy
Develapment

Manufactuing
Develapment

Supply Chaln
General Managemeant
Strategy Competencies
Operations Mana gement
Commercialization

Financial
Management

Technology
Devalopmant

Stratagy Compatancies

Finantial
Menagement

Product Management
Market Anlysis
Supply Chain
Logicics
Praduct Lifecycle

Continuous Improvement




2.2 Assessment Process Flow

2.2.1 TRL Assessment

When the user wants to start the self-assessment TRL evaluation, the “START

GAP ANALYSIS” button must be pressed, as shown in the figure below:

RESET REPORT

The first form that will appear will ask the user if he wants to consider the
Manufacturing Readiness requirements as part of the assessment as shown in

the figure below:

Manufacturing Readiness Level? x

Would you like to assess
Manufacturing Readiness Level?

The next step is to introduce the assessment information. Depending if the table
of versions is empty or not, the form will be different. If the table of versions is
empty, the user form will ask the user for: Project Name, Date, Starting TRL and
Desired TRL (left figure below). If the table of versions has at least one entry, the
user form displayed (right figure below) will ask just for the Date, Starting TRL
and Desired TRL because this assessment will be considered as a newer version
of the current project assessment.



Project Overview " Project Overview *

Project Name
_ Date (dd/mm/yy) _
Date (dd/mmlyy) _

starting TRL. | starting TRL | Y|

Desired TRL -I Desired TRL ‘

NEXT
NEXT

After filling the information, the first requirement form will appear, depending at
which level the user have selected as starting TRL. In this form the user will be
able to answer whether the requirement has been fulfilled or not or it is work in
progress or not applicable. To bring the assessment more objective the user can
introduce the name of the report that proves that the requirement has been
achieved, in addition to the document’'s owner and comments if required. The

figure below, is an example of a requirement form:

TRL 1 Requirement 1/4 x

Initial "laboratory’ research and opportunities to explore idea
possible development routes

s (O o [ v O

If YES or WIP:

Evidence Documert |
Documents Owner |

Commen's - |

NEXT

When the desired TRL is achieved, the assessment is finished, and the next form
will appear:



Project Overview *

TRL assessment completed!

; VIEW REPORT

When the report is shown, only the requirements’ rows of the TRL that are assess
will be displayed. That way the report has a cleaner aspect focusing on the
relevant requirements only. For example, in the following figure, the assessment
starts at TRL 2 and finishes at TRL 4, therefore only the requirements of TRL 2,
3 and 4 are shownand TRL 1, 5, 6, 7, 8 and 9 are shorten to just the TRL header.

Version Date Starting TRL nl-ﬂll.‘ TRLT TRLZ TRLI. TRLA TRLS TRLE TRLT TRLE TRLY
2 4 - - - - -

Assess 1 41812020 100% 0% 50% 75%
VES NO
Requirements* DONE | TODO  WORKINPROGRESS NOT APPLCABLE *All the requirements listed below follow the UK RIRL (Rail Industry Readiness Level) TRL definition

i o usage
Tech [Confinued desHop research and analysis to consolidate and understanding of &5 and establish key variables
of ce indicators

Tech [ariculation of how fo achieve proof of concept
Tech_IDocumented deskiop modelling to explore and estabiish expedied lechnological parameters (indluding I s {indicators |
Tech

Requirements Document of Evidence Document's Owner Comment s

and T
e to be underaken
tafive experimental and modelling aciviies

i

Tech [Diat
Tech 7

“DEVELOPMENT" Tech: s validated against high level requirements in a i andlor experimental enviranment
Manuf_|Production and bench gualificabion of & Models uiilising riately vailable lechnologies
Tech [Develo, of assel/technology and refinement of function to demonsirate rformance and variabil

Tech _[Igenbiication and quanbication of fechnology risks; Risk Reduction Plan
Manuf_|improved business pian identficstion of route to market
Manuf_improved project plan, befler understanding of production path
Tech [Interface lesting and initial i

Manuf_|PESTLE implicabons and market expectations understo ccounted for
Tech

2.2.2 Manufacturing Readiness

It already has been explained that the first step in the TRL assessment is to
choose whether the user wants to assess the Manufacturing Readiness. But this
can be also changed whenever the user wants when the Report is shown by
using the buttons shown below. The idea is that the main difference is that when
the Manufacturing Readiness doesn’t want to be assessed, all the requirements

related with manufacturing change to a NOT APPLICABLE status an the



requirements forms are not shown and they are not taken into account for the

percentage of the TRL achieved.

Assess Manufacturing Readiness

YES ‘ NO J
q‘hr

2.2.3 Activities

Once the TRL assessment is completed and the report is shown, the user would
be able to see which are the activities that have to be done in order to complete

the requirements that hasn’t been done yet or that are in progress.

Activities
TRL8 TRLY

D TS

il T ——

) )

Imventary Control

erial Requirements Planning (MRP)

Reasearch Hypothesis Development KPIs Identifcation

Continuous Improvement Work

In-Senice Whols Life Cost Analysis

2.2.4 Skills

The last part of the report corresponds to the skills assessment section.
Whenever a TRL assessment, the user can select the “START SKILLS
ANALYSIS” button to open the window.



Skills

START SKILLS ANALYSIS

N Technology
Technology Design Manufacturing Testing echnalogy Development
Research Methodologies Proof of Concept Development Management Strategy Competencies P
Technology Development Product Management ‘egy Compe! Manufacturing Strategy Competencies
Process Analysis Product Acceptance  Strategy Competencies Marketing Product Devel Dovel
Technical u lopment evelopment Financial
Product Development Strategy Formulation Risk Analysis P c i Product D Financial Supply Chain Management
R&D Design Project Management Market Analysis Process Analysis Testing Management Generat Management Product Management
General Management 1. o1ogy Development PFMEA Product Integration Reporting General Management ",{f;‘;";’g‘;r‘"":r“? Statogy Competencies Market Analysis
Technical Competencies. . i N i ;
Product Development Computational ability Human Factors Fﬁ:ﬂ;ﬁ’m Validating Supply Chain Operations Management Supply Chain
Strategy Competencies : " . .
9 P Strategy Competencies Testing General Management Goneral . Technical Technical Commerdalization Logistics
s 3
Project Management Reporting Technical Finandial Product Lifecycle
Competencies Reporting Reporting Risk Analysis Management ot
ontinuous Improvement
Skills
TRL 1 ‘ | TRL 2 | | TRL 3 |
Activities Skills Activities Skills Activities Skills
Horizon Scanning KPls Identification Tech. Development in a Lab Emironmen
Route to development Experiments in a lab emironment
Technology/Materials Review Technology Factors Demonstration
Reasearch Hypothesis Development List of Technical Requirements
Viability Study Specification Analysis
Opponunities Analysis Safety Analysis
Impact Analysis
TRL 4 | TRL 5 | TRL 6
Activities Skills Activities Skills Activities Skills
Production Requirements Identificati « Define Product BOM Market Analysis Managmt
Market Analysis Define Manufacturing Operations Cost Analysis Managmt.
Product Definition Define Costs Market Strategic Plan
Strategic Business Plan Test Design KPIs Verfication
Production Path Analysis Tests Resuhs Analysis Operational Test Results Analysis
PESTLE Implications Analysis Suppon Plans Creation Design Validation and Documentation
Market Expectation Analysis =] System Boundaries Identification Development Process Validation
TRL7 | TRL 8 | TRL 9
Activities Skills Activities Skills Activities Skills
Representative Operational Environment Operation Emaronment Tests Fully A Production Plan Elaboration =
Tests Results Analysis Manufacturing Operations Definition Inventary Control
Formal Test Verification and Validation Equipment and Production Technolo Material Requirements Planning (MR
Manufacturing Analysis Production Capacity and Resources Production Capablities Consolidated
Quality Standards Identification Reliability, Availability and Maintaina Under Control Resources
Route to Manufacture Plan Asset Maintenance Documentation Supply Chain Cost Study
Trainning Plans. Supply Chain Performance Study
Manufacturing Documentation Appro_~ Change Managsment =

CLOSE

The skills window is organized by TRL. In each one, the are to boxes, the left one

where for the activities and the right for the skills. Only the activities that are

related to undone or in progress requirements will appear. To show the skills, the

user must select an activity first and the select the “>” button.

TRL 6

Activities

Market Analysis Managmt. -

Cost Analysis Managmt
Market Strategic Plan
KPls Venfication

Operational Test Results Analysis
Design Validation and Documentation

Development Process Validation

Skills

Marketing competencies
Supply chain competencies
Product competencies



2.2.5 Reset

Finally, the last action the user can do is the clear the whole report by pressing
the “RESET REPORT” button. By pressing it, it will clear the table of versions and
requirements status and the all the TRL requirements will ungroup.

RESET REPORT

U

3 Algorithm and Interactions Description

The assessment process was developed using VBA User Forms. In particular,
64 of them:

1. 3 for the starting questions and assessment information: UserForm01 to
UserForm03

2. 59 for each of TRL requirements questions: UserForm_1 to UserForm_59

3. 1 for the assessment ending and to make the backend calculations:
UserForm_60

4. 1 for skills analysis windows: UserForm_61

Every user form represents a way to interact with the tool, therefore the concept
was to create a path in the theoretical assessment process on how the user will
interact with the tool. Information, data and checkpoints are shown by the visual

form where you can put details or make a choice.

The high-level algorithm used is the represented in the figure below:



Assessment Starting

Assess Manufacturing
Readiness?

/ Manufacturing : YES / / Manufacturing : NO /

Ye

Project Name Project Name
Date Yes First assessment N Date
Starting TRL version? Starting TRL
Desired TRL Desired TRL

| AssessStarting TRL

A

Desired TRL achieved? Assess Next TRL
Yes

TRLAssessment Vsl Besai Assessment
finished =) P Finished

Figure 3-1 Tool's High-Level Algorithm

In particular, the interaction among the users and the user forms and how the

data flows between spreadsheets is shown in the diagram below:



UserForm_1 to “Report” “Back Office”
User UserFormO1 UserForm02 UserForm03 UserForm,_59 UserForm_60 UserForm_61 Spreadsheet Spreadsheet
Click “TRL Assessment
Analysis” Button
Assess
Manufacturing Readiness?
Yes/No
B e Manifaciuriig Re BdiNEss Ve NG =~ b e e R R S i e >
< ‘=Table of Versions Emply 2/t —s-—rms i e e e st Nt e s s
Yes. e Project Name / Date / Starting TRL / Desired TRL-----------nmmmmmmms [ homm e >
|
No Eae e e ] VSRS B Date / Starting TRL / Desired TRL----------===~'[-=-=-mmsmmmommomoo oo oo | >
e e Starting TRL---------[---
<+ Requirement Fulfilled? <
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Yes/No/Wip/Na ; >
--Evidence Document / Document Owner/ Comments- /| --------------- e s ol e e >
No < Manufacturing Readiness: Yes/No-—---|-------------mmmmmmmmmooooo e
N > Desired TRL ..o Deslred TRU[ ===t
achieved?
TRL Assessment
L — P
e Completed
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Click “Manufacturing YES” Button e L e s >
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr Click “Manufacturing NO” Button e b e e S T S .
lick “Start Skills Analysis” Button >
User Interaction
lose———p
lick “Reset” Buttor >
lick “Reset” Buttor >

Figure 3-2 Tool Interactions Diagram




Finally, the competition percentage for a particular TRL has been calculated the

following formula:

1 % NRi,YES + 05 * NRi,WIP
NR;ygs + NR;no + NRywp

TRL;% =

Where NRim represents the Number of Requirements for the TRL = “” with a
status of “m” that can be: YES, NO, WIP (Work in Progress) or NA (Not

Applicable).



4 Tool’s Backend

In this section, the backend structure and some VBA code will be explained in
case the user would like to extend the tool’s capabilities or to change some of the

current ones.

4.1 Database

The main structure of the tool’s database, which is in the “Back Office” tab,
consists of a table for TRL requirements from TRL 1 to 9, a table with the activities
and a table for the skills. It is important to note that a requirement could have
more than one activity to be satisfied and one activity could have more than one

skill to be performed, as it is shown in the figure below:

TRL Requirements 1 N | Activities
UserForm_1 to 59 UserForm_61
1
Skills
UserForm_61 N

Figure 4-1 Entity-Relation Diagram

Therefore, user forms’ language is linked to a specific cell reference. If a description
is modified, it is not necessary to modify anything in the language because the cell
reference will remain the same, differently speech is for adding or removing

requirements, activities, or skills.

Moreover, the “Back Office” sheet has complementary tables and variables:

e A cell that contains whether the assessment includes Manufacturing
Readiness or not (YES or NO).

e A table used by the UserForm_61 to know which activity is selected

e A couple of tables to calculate the % achieved at each TRL



Bigiasasassasas

Figure 4-2 Snapshot of Back Office sheet

4.2 Visual Basic for Applications

The tool has been developed and coded using Visual Basic for Applications
(VBA). The code is mainly split between the TRL Report sheet and the User
Forms. Coding Best Practices have been followed like adding comments to
understand the code, using self-understandable variable nhames or use global
reference that even if the cells are moved on the sheets, the reference will still be
linked.

4.2.1 TRL Report Sheet

In the TRL Report section, the actions after clicking the different buttons have
been programmed. This window only has the different sub-routines for the 5

different buttons.

g VBAProject (TRL Self-Assessment Tool v.2.xism)
“¥ Microsoft Excel Objetos
HH) Sheet1 (Back Office)

SheeIZ (TRL Repon\
ThlsWorhbook
' Formularios

§ Mddulos

v




CommandButtonl

\ CommandButton2
\! — | TRt Aument Repon | NetworkRail
ersccr mawe B
2 T T T Y O N S S A 0 B ‘
I;IS‘*’
Regpirements® DONE™NJO oo LK AL TR defimercn.
B3 CommandButton5 [ T [ p—
CommandButton4
|
)|
|
) )
) I
)
| ]
)
) J
CommandButton3 % }
| ]
] J
—— —
Skills

START SRALBARALY B

Research Methodologies  Prool of Cancept Deveiopmant Management Swategy Competancies Devslopment

Praduct Management
Technology Cevelopment Pracess Aaslyils Product Acceplence  Skslegy Compatences. Madkating R Handachaien
Prodhact Develooment e e s isanemama S

TRL6 TRL7

As shown in the previous figure, 5 different buttons can be selected, therefore 5

sub-routines “on click” have been coded to run each time a button is pressed.

e CommandButtonl_Click()

Private Sub CommandButtenl Click() By selecting this button, the TRL assessment

UserForm0l1. Show

will start, therefore the UserFormO1 will be

End Sub

shown

e CommandButton2_Click()

By selecting the reset button, the report will be cleared, and everything will be
erased. In particular:



Private Sub CommandButton2 Click()

Clear all requirements status

Dim i As Long

Erase all the requirements status from the

For i = 2 To 60
Sheets ("Back Office").Cells(i, 4) = ""
Next 1

lear Title

Sheets ("TRL Report").Range ("Title") = ""

“back Office sheet

Clear the Report Title Cell

'Clear Man

Sheets ("Back Officeﬁ}.Range:“Manufac:uring"} = "m

Clear cell that contains whether the Manuf

(e r Historic Vare ns Tabl
lear Historlc Versions Table

Dim j As Long
Dim m As Long
For j§ = 12 To 16
For m = 7 To 18

Readiness is assessed or not

Sheet2.Cells(j, m) = ""
Next m
Next 5

Range ("Version") .Select

Clear all the table of versions

Dim k As Long

Dim n As Long

For k = 20 To 87

For n = 11 To 17 Step 3
Sheet2.Cells(k, n) = ""
Next n

Next k

activeCell.offset (1, 0).Value =1
pctiveCell.Offset (2, 0).Value = 2
activeCell.Offset (3, 0).Value = 3
pctiveCell.Offset (4, 0).Value = 4
pctiveCell.Offset (5, 0).Value = 5
'Clear Documents of Evidence, Owners and Comments

Clear the Cells that contains the Documents

of Evidence, the Owners and Comments

'"Reset Manufacturing Options Buttons
CommandButtond . t.Bold = False
CommandButtond .Font.Size = 24

CommandButtond .Shadow = False

CommandButton5.Font.Bold False
CommandButton5.Font.Size 24
CommandButton5.Shadow = False

CommandButtond .BackStyle = fmBackStyleTransparent

CommandButtonS5.BackStyle = fmBacksStyleTransparent

Reset the Manufacturing Readiness YES and

NO buttons to the No-Selected aspect

Ty

1group and show all the requl

lactiveSheet.Outline. ShowLevels

owLevels:=2 Show all the requirements

End Sub

e CommandButton3_Click()

Private Sub CommandButton3 Click()
UserForm 61.Show

End Sub

By selecting this button, the Skills analysis
will start and therefore the UserForm_61 will

be shown

e CommandButton4_Click() and CommandButton5_Click()

These buttons correspond to the YES and NO buttons of Manufacturing

Readiness. Only the CommandButton4_Click() sub-routine is explained as the

code follow the same approach for both.



Private Sub CommandButton4_Click()

¢ Manufact - NO

If Sheets("Back Office”").Range ("Manufacturing”) = "NO" Then

Only do something if the status of the
Manufacturing cell is the opposite. In this case,
when selecting YES, it will only do the related

functions when the actual status is NO

ffice”) .Range ("Manufacturing”) = "YES" |

e
fmBackStyleOpaque|
False

24

Change the value of the Manufacturing cell to

the opposite value. In this case set to YES

Set the YES and NO buttons to the according
aspect, changing from a “selected” aspect to

the “no-selected” aspect

Clear the Manufacturing requirements status

m 1
While m <= 9
ActiveCell.Offset (0, m).vValue = "-"
m=m+1
Wend
m=1
While m <= AimedTRL

m=m+1
Wend
End If

If an assessment has already been done (= the
table of versions is not empty), recalculate and
display the percentages of the TRL

ActiveCell.offset (0, m).Value = Sheetl.Range("ValueTRL" + CStr(m)).Valu

End Sub

4.2.2 User Forms

The User Forms have 2 different windows to be addressed, whether is the
“Object” or the “Code”. The Object is where all the Labels, TextBox, ListBox,
CommandButtons and others are arranged and what the user will see. On the

other side, the Code window is where actions are programmed.



) TR Set-Asessment Tootv250sm - UserForm_1 (C00) =rcn

CommandBusons Chek

Initial Taboratory’ research and opportunities to explore idea
possible development routes

[ ves I vo I we I i |

If YES or WIP:

Evdence Documert |
Oocuments Owner -

coners .

Object Window

Code Window

5 main different types of User Form can be defined:

4.2.2.1 UserFormO1
Object Window:

| EMWMIMMAWM)EI‘
= ~

Manufacturing Readiness Level? "™

Would you like to assess
Manufacturing Readiness Level?

Ces I o |

CommandButton2

CommandButtonl s

Code Window:

Private Sub UserForm Initialize() ; ; ;
UserForm0l.Height = 185 Routine that is runs when the Form is opened.

01.wWwidth = 240 . . .
CoerEommhmRer Used to define a fixed size due to problem found

when the screen resolution changes. This has been done in every Form and won'’t

be explained again.

CommandButton1_Click() and CommandButton2_Click() are equivalent and just

CommandButton1_Click() is explained.



Private Sub CommandButtonl Click()

Set the Manufacturing YES and NO

buttons to the according aspect,

changing from a “selected” aspect to the

“no-selected” aspect

Set the Manufacturing Cell value to YES.

'Change Buttons Aspect
Sheet2.CommandButtond.Font.Bold = True
Sheet2.CommandButtond.Font.Size = 28
SheetZ.CommandButtond.Shadow = True
SheetZ.CommandButtond .BackStyle = fmBackStyleOpague
SheetZ.CommandButton5.Font.Bold = False
Sheet2.CommandButton5.Font.Size = 24
Sheetl.CommandButtons.Shadow = False
Sheet2.CommandButton>.BackStyle = fmBackStyleTransparent
'Set Manufacturing Cell to YES

Sheetl.Range ("Manufacturing") = "YES"

Unload Me

'Select which next UserFOrm to display

Range ("Date") .Select
ActiveCell.Offset(1l, 0).Select
If ActiveCell.Value = "" Then 'If table
UserForm02. Show
Else:
UserForm03.S5how
End If

of wersions e

In CommandButton2_Click() is set to NO
and the Manuf. Requirements status to
Not Applicable

End Sub

If it is the first assessment version (=table

is empty), display UserForm02,

otherwise UserForm03

4.2.2.2 UserForm02 and UserFromO03

Both UserForm02 and UserForm03 are

similar. The only difference is that

UserForm03 do not ask for the Project Name because it a newer evaluation

version of the same project.

Object Window:

B

Project Overview

TextBox: TextName

Project Name_ T
Date (dd/mml/yy) _

TextBox: TextDate

starting TR.. [N

Desired TRL 1 ComboBox: StartingTRL
T

AimedBox: StartingTRL

NEXT

CommandButton_Next

Code Window:



Private Sub CommandButton Next()

'If any of the TextBoxes or ComboBoXes are empty a message appears

If TextName.Value = "" Or StartingTRL.Value = "" Or TextDate.Value = ""
MsgBox ("Form is not completed, please enter information!")

Else
"Set the Title, Date, sStarting and Aimed cell with the input

Range ("Title") = TextName.Value

TextDate.Value = Format (TextDate.Value, "mm/dd/yy")
Range ("FirstDate") = TextDate.Value

Range ("First_Starting TRL") = AimedTRL.Value

Range ("First Aimed TRL") = StartingTRL.Value

Or AimedTRL.Value = ""

Then|

If any of the TextBoxes or ComboBoxes
are empty an error message appears

Show NEXC USerForm based on

TClear the TexTBoxes and ComboBoxes values

TextName.Value = ""
TextDate.Value = ""

Sets in the Report sheet the Title, Date,
Starting and Aimed TRL cell with the input

StartingTRL.Value
RAimedTRL.Value = "

T the oSrtarcting TRL
Dim i As Integer

i = Range ("First_Starting TRL").Value

Unload Me

If i = 1 Then

UserForm_1.Show

ElseIf i = 2 Then

UserForm_5.Show

ElseIf i = 3 Then

Clears the TextBoxes and ComboBoxes
values for the next time that the Form is
used

UserForm_10.Show
ElseIf i = 4 Then
UserForm_17.Show
ElseIf i = 5 Then
UserForm_25.Show
ElseIf i = 6 Then
UserForm_33.Show
ElseIf i = 7 Then
UserForm_39.Show
ElseIf i = 8 Then
UserForm_44.Show
ElseIf i = 9 Then
UserForm_51.Show
End If

End

If

Shows the next UserForm based on the
Starting TRL

End

Sub

4.2.2.3 UserForm_1 to UserForm_59

These User Forms are where the user set if the requirements have been achieved

or not, are in progress or does not apply. The Object Window look the same for

all, with 5 buttons and 3 boxes where the user can add back up evidences and

comments. The code is similar for all of them with 2 things that may vary. The

UserForm_32 has been selected because it contains the 2 differentiating

components.

Object Window:

CommandButtonl I CommandButton2

ArC T ——
possible development routes

[ves S o [ v O |

If YES or WIP:

Eidence Docurert |

Documents Owner

conmens -
NEXT

CommandButton3

CommandButton4

TextBox1

TextBox2

TextBox3

CommandButton5




Code Window:

rivate Sub CommandButtonl Click()

'Sets the reguirement status to "yes"
heetl.Cells (33, 4) = "yes"
nd sub

Private Sub CommandButton2 Click()

'Sets the requirement status to "no"
ISheetl.Cells (33, 4) = "no"

nd_Sub

Private Sub CommandButton3_Click()
'Sets the reguirement status to "wip"
ISheet].Cells (33, 4) = "wip"

[End sub

Private Sub CommandButtond Click()
'Sets the requirement status to "na"
[Sheet1.Cells (33, 4) = "na"

|End_Sub

Private Sub CommandButtonS Click()

Depending on which button the user selects for the
requirement, either the requirement has been done (“yes”), not
done (“na”), is in progress (“wip”) or the requirement is not
applicable (“na”), the requirements status cell in the “Back
Office” sheet is filled

"Fills the Documen
idence32") = TextBoxl.Value
wner32") = TextBox2.Value

Range ("Comments32") = TextBox3.Value

of Evidence, Owner

and Comment of the requirement based on the input

D¢ s wich requirement is next
Range ("Aimed TRL").Select
election.End(x1Down) .Select

Fills the cells in the Report sheet of the requirement Document
of Evidence, Owner and Comment of the requirement based
on the input

Error message if any of the above requirements status has
been selected

[f Sheetl.Cells(33, 4) = "" Then
MsgBox ("Please select one option")
Else
[f ActiveCell.Value >= & Then
Unload Me
If Sheetl.Range("Manufacturing") = "NO" Then|
UserForm 34 .Show
Else:
UserForm 33.Show
End If
Flse:
Unload Me
UserForm_&0.Show
nd If
End If
End Sub

For the requirements that precedes Manufacturing
requirements, it cheeks if the Manufacturing Readiness was

considered or not, to know which UserForm showing next

4.2.2.4 UserForm_60

For the requirements that are the last TRL requirements (like
in this case, last require for TRL 5) it checks whether the Aimed
TRL is to choose whether to show the next requirement or

finish the assessment (UserForm_60)

This User Form indicates that the TRL Assessment is completed. When clicking

in the button, the report will appear, and some backend calculations and display

features will take place.

Object Window:

Project Overview

VIEW REPORT CommandButton1

Code Window:




Private Sub CommandButtoni] Click()
'TRL < Starting TRL assumed completed

Dim LastRequirRows As Variant
[LastRequirRows = Array(0, 5, 10, 17, 25, 33, 39, 44, 51)
Range ("Starting_TRL") .Select
[Selection.End(x1Down) .Select
If ActiveCell.Value > 1 Then

When the starting TRL is different from 1, the lower TRLs are

Dim r As Integer supposed achieved and all their requirements status are set to
r=2
While r <= LastRequirRows (ActiveCell.value - 1) “yeS", so the % TRL will be then 100%
Sheetl.Cells(r, 4) = "yes"
rmp4l
Wend

lEnd If

e and display

R\;;lge ("Aix;\ed_TRL") .Selez’:‘t’
Selection.End(x1Down) .Select
Dim AimedTRL As Integer . 0 .
AT & At bt T itk It displays the % of TRL of each level. For those TRL higher
Dim m As Integer

BpE that the desired/aimed TRL It will display “-“ and for lower ones,
Whil =9
S Activecall.Offset (0, n).Valua = *=* it will display the value that is calculated in the “Back Office”
m=m+ 1
Wend sheet.
=1

m

While m <= AimedTRL
ActiveCell.Offset (0, m).Value = Range ("ValueTRL" + CStr(m)).Value
m=m+1

'Hi ws TRL not de
Dim TRLRows As Variant
ITRLROws = Array("21:24", "26:30", "32:38", "40:47", "49:56", "58:63", "65:69", "71:77", "79:87")
Range ("Starting_TRL") .Select
[Selection.End (x1Down) . Select
If ActiveCell.Value > 1 Then

Dim i As Integer

i=0

While i < (ActiveCell.value - 1)

Rows (TRLRows (1) ) .Hidden = True
i=i+1
- The requirements from the TRL that are not assess are hidden.
Range ("Aimed TRL") .Select
[Selection.End (x1Down) .Select
If ActiveCell.Value < 9 Then

For this purpose, an array defines the rows for each TRL.

Dim j As Integer
j=28
While j >= ActiveCell.Value
Rows (TRLRows (j) ) .Hidden = True
j=i-1
Wend
[End If
Unload Me
End Sub

4.2.2.5 UserForm_61

This User Form is used to display the skills that correspond to each requirement
not fulfilled or in progress.

Object Window: CommandButton2 to10

— 7

ListBox 10 to 18

Skills

Activities.
A
Activitins N\
Aciivilies Activities Skl

OSE

ListBox1 to 9

CommandButtonl




Code Window:

Private Sub UserForm Initialize()

UserForm 61.Height = 473
UserForm 61.Width = 1046

Dim i As Long
Dim j As Long

Dim k As Long

[UserForm 61.ListBoxl.Clear
UserForm 61.ListBox2.Clear
UserForm 61.ListBox3.Clear
[UserForm 61.ListBox4.Clear

Clear the ListBoxes from the previous

UserForm 61.ListBox5.Clear
UserForm 61.ListBox6.Clear
[UserForm 61.ListBox7.Clear
UserForm 61.ListBox8.Clear
UserForm 61.ListBox9.Clear

For i = 2 To 60 'co r for re
k = Sheetl.Cells(i, 1).Value

e value

11s(i, 4)

If Sheetl.Cells(i, 4) = "no" Or Sheetl.Ce

"wip" Then

For j = 2 To 107 ‘co
If Sheetl.Cells (i,
If k = 1 Then
UserForm 61.ListBoxl.AddItem Sheetl.Cells(j, 8).Value

ElseIf k = 2 Then

2 v X
6) .Value = Sheetl.Cells(j, 10).vValue Then

analysis

Fill the 9 Activities ListBoxes with the

UserForm 61.ListBox2.AddItem Sheetl.Cells(j, 8).Value
ElseIf k = 3 Then

UserForm 61.ListBox3.AddItem Sheetl.Cells(j, 8).Value
ElseIf k = 4 Then

UserForm 61.ListBox4.AddItem Sheetl.Cells(j, 8).Value
ElseIf k = 5 Then

UserForm 61.ListBox5.AddItem Sheetl.Cells(j, 8).Value
ElseIf k = 6 Then

UserForm_él.LiscBoxé.AddItem Sheetl.Cells(j, 8).vValue
ElseIf k = 7 Then

UserForm 61.ListBox7.AddItem Sheetl.Cells(j, 8).Value|
ElseIf k = 8 Then

UserForm 61.ListBox8.AddItem Sheetl.Cells(j, 8).Value
ElseIf k = 9 Then

UserForm_61.ListBox9.AddItem Sheetl.Cells(j, 8).Value

End If
End If
Next j
End If
ext i
End Sub

requirements with “no” or “wip” status

9 different routines CommandButton#_Click() (#: 2 to 10) with the same code

structure. Just CommandButton2_Click() is explained

Private Sub CommandButton2 Click()

UserForm 61.ListBoxl0.Clear

Clear the Skills ListBox from the previous analysis

If UserForm 61.ListBoxl.ListIndex = -1 Then
MsgBox ("Please select one TRL 1 Actiwvity")
Else

Sheetl.Range ("N2") .Value = UserForm 6l1.ListBoxl.Value r\\\\

Dim 1 As Long
For i = 2 To ([TableSkill].Rows.Count + 1)
If Sheetl.Cells(i, 18).Value = Sheetl.Cells(2, 13).Value Thej
UserForm_61.ListBox10.AddItem Sheetl.Cells(i, 19).Value

MessageBox in case any Activity is selected, to avoid

error message

End If
Mext i
End If
End Sub

Set the Activity name in a specific cell to then get the
Activity ID

Private Sub CommandButtonl_Click()

Based on the Activity ID, fill the Skill ListBox with the
related skills

Unload Me

End Sub

Close the Form whenever the “CLOSE” button is
pressed




