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[bookmark: _Toc3251161]Introduction
The EU is currently moving heavily in the direction of “mission-driven innovation for social change”, as exemplified for instance by the Mazzucato report (1). In her report, Professor Marianna Mazzucato outlines major findings from the missions of the past to tackle the challenges of the future: “A key lesson is that missions must be bold, activating innovation across sectors, across actors and across disciplines. They must also enable bottom-up solutions and experimentation. “
PCP (Pre-Commercial Procurement) is an instrument used within Europe for “directed” innovation and social change. The EC considers PCP as an instrument not from the side of tech push, but really from a societal pull side. Frequently, such missions-based challenges are tied to the Sustainable Development Goals or their sub-aspects (2). 
The European Commission sets a strong focus on Pre-Commercial Procurement (PCP) in Horizon 2020 because it intends to compete on equal terms with other countries (e.g. United States of America and China). 
Public end-user Driven Technological Innovation (PDTI) within E++ is also clearly motivated by the fact that the modern society is faced with challenges in many respects: transport systems, climate change, energy supply, security, healthcare, etc. IN contrast to PCP, though, PDTI allocates a grant to beneficiaries following PF7 funding rules.
Pre-Commercial Procurement (PCP) emphasizes the tender aspect within the collaboration with the publich sector, considering public aurhorities as important lead buyers / first customers of technological solutions. The focus of PDTI, though, is on how to activtely integrate public end users in research and development of technology to master the societal challenges and to push innovation. Even though the actors involved in the process are the same, the focus is different: While PCP focuses on the tender, PDTI focuses on research and technology development, but based on public challenges with a very strong engagement of public stakeholders in the technology development process and the RTD teams involved in this development. The tool actively used to foster the involvement of public stakehoders in the technology development of PDTI is coaching. This approach is clearly in line with the mission of ECHORD++ to bring robotics technology from the lab space to the production facilities and end users.
To contribute to the creation of an open innovation environment for robotics technology for the public sector, matching the mission of the “Coordination Hub of Open Robotics Development!, ECHORD++ has implemented the PDTI instrument which addresses two public challenges during the runtime of the project: initiated two PDTI activities – one in healthcare, the other one in urban robotics. These two application areas were selected because of their tremendous growth potential in robotics: 	Comment by Neitz: Belege suchen.	Comment by Marie-Luise Neitz: Wenn uns Belege fehlen, dann könnten wir Susanne Beiller kntaktieren, Sie arbeitet jetzt als CEO bei IFR. Sie kann uns die neusten Zahlen liefern. Wollen wir das machen?
The process implemented shows parallels with the methodology in the SILVER project (3), the first PCP project in robotics funded by the European Commiision, but with deviations that had a significant impact on the entire process: The SILVER project searched for new technologies to assist elderly people in their everyday lives. The common denominator of the public stakeholders in SILVER was that a) the use of new robotics based technologies must allow the elderly to continue independent living at home even if they have physical or cognitive disabilities (a very broad scope) and b) the robotics solution had to offer a 10% cost reduction over the state of the art before SILVER. In ECHORD++, though, competing RTD development teams were asked to develop robotics solutions to meet precisely described challenges provided by public stakeholders. 
The development was heavily hardware-based with specific implications on the development process (for instance intensive early-stage testing in a natural environment). While the choice of a specific technology is open in PCP, PDTI requesred a challenge to be met by robotics technology. Particularly in PDTI healthcare, this put an additional burden on the process: The RTD solutions which were not only required to meet the challenge properly but also restrictred the possible solutions by narrowing down the technical choices. This might be the proper way to promote the use of robotics technology, but it also raises the question how make sure that the challenge allows for the implementation of a specific technology.
One of the direct challenges to the E++ project is to ensure collaboration between developers and challenge providers, but at the same time to ensure a clear and identifiable level of separation of roles between the provider of the challenges and the developers. To ensure this, but also to add a broader level of expertise in different areas (technology development, robotics, market intelligence, technology transfer, user-perspective particularly in the healthcare area etc.), ECHORD++ had an independent panel of EU Commission registered experts in the areas of Healthcare and Urban Robotics involved in the milstone on-site reviews, but also at stages of the process where trends had to be set or in phases where specific expertise was requested (for instance market intelligence in the last phase of the technology development when the technology came closer to the earmark of commercialization).
This manual will share with the readers the processes implemented, the modes of collaboaraton between the different stakeholders which were implemented (and where adjustments to the original plan had to be made), process shifts (and their motivations) as well as the experience ECHORD++ made during the implementation of PDTI. As PDTI Urban Robotics and PDTI heatlchare have implemented different approaches on innovation (urban robotics working with a waterfall approach on project management, while healthcare had to shift to an agile approach mainly due to unforeseen events at a very early stage of the process), the manual also allows to comare different project management systems and their impact on the robotics technology development for and with a very active engagement of public challenge providers.
Apart from the independent experts, PDTI was able to rely on the input of another group of independent peers: The ECHORD++ Advisory Board, which – with high-level experts from Taiwan, South Corea and Japan on board – provided a direct brain intake from non-European countries heavily experienced in developing robotics technology for the public sector.
[bookmark: _Toc3251162]Open Innovation with public stakeholders, what matters and how PDTI met these requirements
Two PDTIs have been developed under the E++ project: one in Healthcare and one in Urban scenarios. This article focuses on the PDTI procedure and the use case developed in urban scenario to contribute and join efforts to improve current public services or create new ones through robotic technology. The PDTI is included in the Innovative Public Procurement Instruments.
The Europe 2020 strategy includes innovative public procurement as one of the key market- based policy instruments for smart, sustainable and inclusive growth. Public Procurement has an immense potential to fully exploit research and technology for innovation while also delivering more cost effective and better quality of public services. In some cases, the technologies needed to make these breakthroughs exist or are close to the market (PPI); in other situations, investment in R& D is needed to assure the progress of technological solutions that meet the defined societal needs. In this last case, the instrument used by public entities is the Pre-Commercial Public Procurement (PCP) [1]. During the last years very few PCP have been initiated in Europe and in some cases the calls have been declared void. 
[image: http://ec.europa.eu/digital-agenda/sites/digital-agenda/files/PCP%20PPI%20chart%20v2.jpg]
Figure 1 Innovation Procurement Instruments.
The PDTI uses cases developed under the E++ project offered us the opportunity to study and analyze the deficiencies that exist in the PCP process and propose improvements. Two main objectives lead the PDTI procedure: 1. To increase the number of urban robotic challenges proposed by Public Entities and 2. To boost new robotic products or services to the market. An intensive dialogue between all the stakeholders [5] involved and the coordination of their different roles has been essential for the PDTI success: the public entities as procurers; the technological consortiums as suppliers; the users and citizens as surveyors and an expert re-search team as coordinator of all the process.
Despite the perception of innovative procurement as something of a policy panacea and repeated efforts to put procurement budgets to work to drive innovation, efforts have been met with limited success. Numerous barriers exist from demand and supply side: there are market failures (information problems) and system failure (poor interaction); suppliers of potential new products and services often lack the knowledge on what customers might need in the future. User-producer interaction and communication do not help to produce synergies and link innovative companies, particularly start-ups, with the public procurers who very often lack expertise in the technological areas suitable to meet their requirements and consider innovative procurement (i.e. procurement of research & innovation instead of off-the-shelf products) as a strong barrier to successful producement. The reluctance of the public sector to fully adopt the notion of innovative procurement can also be attributed to its inherent “waste of resoucres”: Innovative procurement is based on technology development in a competitive approach with milestones which result in the reduction of competing teams. For the procurer this means per se to invest resources and energy into development teams which will not succeed in providing a solution to meet public requirements.
Due to the highly international composition of ECHORD++’s Advisory Board and the lab tours performed during its predecessor project – ECHORD -, the E++ core consortium could directly benefit from the experiences the AB members have gathered in their collaboration with the public sector. Particularly South Korea, but also Taiwan, have a strong track-record in developing robotics technology for the public sector. The products developed include but are not limited to service robotics.
The document Quantifying public procurement of R&D of ICT solutions in Europe (Digital Agenda for Europe. SMART 2011/0036. European Union, 2014) highlights the definciencies of the innovative public procurement initiatives developed by the 29 European Countries. Only one European country – Spain – was more successful in implementing the innovative public procurement strategy in 2014: This development was activtely stimulated by dedicated actions:
· the agreement of the Council of Ministers from 2/7/2010, where the State’s Innovation Strategy was adopted; 
· the Science, Technology and Innovation Act (Law 14/2011, June 1st) explicitly mentioning innovative public procurement, 
· while an agreement of the Council of Ministers from 8/7/2011 sets out the procedure for the implementation of innovative public procurement in all ministerial departments and public bodies. 
13 innovative public procurement contracts were awarded in Spain between October 2012 and April 2013, with a combined total value of about EUR 18 million. The high level of engagement of Spanish public authorities with innovative procurement is also reflected in ECHORD++ where the challenge in PDTI urban robotics as well as the challenge in PDTI healthcare were submitted by public authorities located in Spain.
In Urban policies, the article Urban Competiveness and Public Procurements for Innovation, an article published in XXX, presents reports onthe a case study of six Nordic-Baltic Sea cities that having contracted have implemeted six specific Innovative Public procurement developments contracts between 1998 and 2007. The authors consider identifythe answer to the the  social needs of their citizens as the main drivers of procurement of innovation. Due to tThe experiences of the Nordic-Baltic Sea cities,  reveal that the number of contracts is limited because due to the fact that public procurement of innovation is not very common at the urban level. Up to now, innovative procurement has not become an inherent part of the cities’ innovation policy (technology pull) and mostly the cities tend to implement supply-side policy measures (technology push).	Comment by Neitz: Is this a document and this is a citation? Then we would need to include a reference / a footnote.
Another reason for the limited success in implementing innovative procurement is that public procurers often lack a deep understanding of technology (particularly hardware-intensive technology like robotics, while innovative procurement is more popular with software solutions, for instance for public municipalities). The collaboration between developers and procurers therefore requires much more effort in the preliminary phases (see Phase 0 below) as well as precise, transparent and easy to understand specifications and descriptions of the features of the new technology. It is necessary to develop the initial phase, the phase 0, of the Pre-Commercial public procurement process, through intensive interactions revealing all facets of the requirements of both the public authorities and the users. It is this intensive action that allows to specify the expected impact of the new technology for the public sector and creates a mutual understanding of contraints and opportunities for both the RTD developing teams as well as the public procurer.
Routed in the product innovation life cycle, and based on Pre-Commercial Procurements, the PDTI proposes a process that comprises two main phases (Figure 2): 
+ Activities for understanding public demand 
+ Activities for research and technological development of pre-commercial products 
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[bookmark: _Ref535302171][bookmark: _Toc535654505]Figure 2 Relation between PCP and PDTI processes
The "Activities for understanding public demand" increase and structure the tasks developed in the phase 0 of a common PCP; the "Activities for research and technical development of pre-commercial products", match and improve the phases I, II and III of the PCP, ending in a pre-commercial product. Looking to bring future needs and future supply together at an early stage, the first part of the PDTI process, the Activities for understanding public demand, develops four qualitative phases inspired by the Delphi methodology (2-3): Brainstorming, Narrowing Down, Ranking and Challenge Description. 
Coordinated rounds between the stakeholders involved is essential for the success of these activities in order to bring and explore innovative challenges. This group of activities ends in a Call for Proposals /Tenders, initiating the Activities for research and technical development of pre-commercial products structured in three phases: Solution Design, Prototype Development and Small Scale Test Series (Figure 3). A continuous and expert monitoring during these technological phases makes possible to offer pre-commercial products close to the market at the end. 
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[bookmark: _Ref535302206][bookmark: _Toc535654506]Figure 3 PDTI process and activities
Phase I of the PDTI Challenge is focused on the solution and system design. Three consortia per application scenario / challenge were selected to develop a system desing (Phase I), over a duration of 6 months (comparable to a proof of concept). Even though Phase II focuses on developing a reliable prototype for the solution, the consortia were supposed to show a working prototype already at the end of Phase I. Two consortia per scenario were invited – after an on-site review - to compete the development of prototypes and feasibility studies in Phase II. In the final phase III, the same consortia (if successful in Phase II) performed a small-scale test series to improve their prototypes and to prepare them for commercialization. Target TRLs (term used as in H2020) can be assigned to each phase of PDTI: Phase I is associated with TRL level 4, where technological components are built together in order to test if they would work together. This phase also includes design and technology implementation through laboratory testing (Horizon2020, 2014). Phase II is based on TRL level 6, where the technology has to be tested in a relevant environment. Here, the process demonstration should be carried in a real-life scenario. The final Phase is then associated with TRL level 7 where the prototype of the system has to be demonstrated in an operational environment. The aim here is to minimize the manufacturing risks. If all the tests run well, this phase could go up to level 8 of the TRL where the system has to be complete, which can represent the end of the actual system development.
[bookmark: _Toc449345996][bookmark: _Toc535653377][bookmark: _Toc3251163]The Public end-user Driven Technological Innovation phases & process
[bookmark: _Toc3251164]First Step of the PDTI Process: Challenge description and search for public bodiesy
Working independently from each other, both Urban Robotics and Healthcare came up with a very similar process consisting of the four phases: Brainstorming (to get a first idea of potential challenges of the public bodies in the two application areas), Narrowing down (reducing the pool of collected challenges to the strongest), from the pool identifying the challenge to be addressed by different robotics solutions (i.e. Selection of the challenge). The public body who presented the selected challenge joined he ECHORD++ consortium and the Grant Agreement.  and selection of the public body to join the Grant Agreement and the Consortium.
The Urban Robotics approach was strongly designed along the principles of the Delphi method, while the PDTI Activity on Healthcare was focused on a broader design method[footnoteRef:1]. The different approaches were mainly due to the different starting points: While Healthcare could rely on an existing network of healthcare stakeholders in various areas (and thus expect a higher response rate to email inquiries), Urban Robotics started from scratch and the target groups were less experienced in turning their needs into specifications for technology development. Thus, healthcare could collect input via mailings, while the approach in Urban Robotics heavily relied on personal interaction (workshops and interviews). During the subsequent phases, it became clear that the approach used for Urban Robotics is more beneficial because it is more thorough in the analysis and generates a generally better understanding of the user needs and the role of a robotics platform in the application. Thus, we describe this process in more detail below. [1:  The Design of Business: Why Design Thinking is the Next Competitive Advantage, Roger L. Martin (2009); Design School Kolding, toolkit when implementing healthcare technologies (analysis and toolkit developed based on best case practices), Design Thinking, Harvard Business Review, Tim Brown (2008).] 

This part of the PDTI process, Activities for Understanding Public Demand, is a qualitative procedure inspired by Delphi methodology and allows a group of stakeholders to systematically approach a particular task or problem [4]. In our case, the objective is the reliable and creative exploration of social needs related to public services that could be solved through robotic technology. The stake- holders and their roles are: the public entities as procurers; the technological consortia as suppliers; the end users as surveyors and finally an expert team as coordinator. The coordinator will give the technological support to the public sector for developing and implementing the innovation-oriented procurement [5]. The role of the coordinator is needed to drive and lead the complete process based on innovation. At the same time the knowledge of what the new technology can offer to solve social needs is introduced into the public entities, departments and managers. Due to the complexity of this process, it is valuable that the coordinator has a team of people coming mainly from technological areas but also from other areas such as economics, psychology or political science fields [6]. The participation of users and citizens will take place all along the development of the PDTI to survey the process and participate in it, through several activities. 
The methodology employs iterations of questionnaires and feedback through series of rounds to develop a consensus of opinion from the participants. There is not a limit of time, but it is necessary to consider a minimum and a maximum number of rounds. After each step, specific documentation will be generated as the conclusion of the developed activities as well as the starting point of the next phase. 
Brainstorming: The process starts with an identification of the real needs as perceived by the users and budget holders. A draft Questionnaire of Public Needs and its associated Innovative Technology will be prepared based on an improvement of existing public services. The success arises through interactions between the stakeholders in several rounds. The information elaborated in each round will be collected, edited and returned by the coordinator to prepare the next round. Finally, an agreed upon PDTI Questionnaire is elaborated. 
Narrowing down: This phase has the objective of focusing the needs proposed in the PDTI Questionnaire using specific criteria. A group of impact indicators already used by the public entities or created during the process will be used in the evaluation and selection of the PDTI Challenge List. Users, Industry and Academia Consortiums are invited to participate in order to gain their opinion through workshops and Open consultations. 
Ranking: The third phase is undertaken by an expert panel composed by designated people from the Public Entity and the Expert Team that will evaluate and select a number of Innovative Challenges to be developed under an Innovative Public Procurement. The number of innovative challenges will depend on the budget of the Public Entity and of the potential market offered by the procurer weighted according to the size relative to the costs involved in the development of the Innovation. 
Challenge Brief: Finally, a document with a clear explanation of the public product or service should be described with enough information about the functions to be developed by the new technology. It is important to ensure that this Challenge Brief is not a common procurement document, but an innovative one, and has to be written taking into account the required innovative functionalities benefitting the public service instead of the standard requirements that could narrow the innovation field [4]. The translation of needs/problems/challenges into functionalities requires highly developed competences, or at least understanding, at the technological level on the part of the procuring organization [6] and the role of the expert coordinators is essential. The Challenge Brief will be the main document for the Call for Proposals/Tenders and the starting point of the second part of the PDTI process, the "Activities for research and technical development of pre-commercial products". 
Lessons learned during this Phase 0 Of PDTI are: 
· Deeper development of Phase 0 is required, especially close collaboration of public bodies and technical partners
· Public entities can use innovative public procurement instruments as PDTI to be more competitive
· Tailor-made solutions for both scenarios: swift and effective process adaptation to address specific requirements of the different public bodies is needed
· Close collaboration with public entities will increase innovative technological challenges (PDTI has received more than 20 innovative technological proposals from public entities)
· The importance of this interaction is lessons learned from E++ based on a comparison between the approaches between urban and healthcare.
[bookmark: _Toc3251165]Second Step of the PDTI process: Open call and search for RTD consortia
In principle, the management of the Open Calls to attract RTD consortia for PDTI follow the same formula as the Open Calls in the ECHORD++ experiments. The following illustration provides an executive view of this process. 
[image: ]
More detailed descriptions of the management of Open Calls in ECHORD++ can be found in the respective deliverables. Even though PDTI relies on the best practices of Open Call Management implemented in the “experiments”, there are fundamental differences which have an impact on the process and the open call documents needed:	Comment by Franziska Kirstein: [to be completed, deliverables for PDTI and experiments are relevant here].	Comment by Marie-Luise Neitz: The deliverables relevant here are 
	Comment by Marie-Luise Neitz: The deliverable which is relevant here is 3.1. “Collection of guidelines, templates and supporting documents” – maybe we can add this reference in a footnote?
1) At the beginning of PDTI, public stakeholders were unexposed to robotics, the development of robotics technology and the collaboration with robotics research. Therefore, the precise description of the challenge needed for the “Challenge Brief” (a call document which is unique for PCP and PDTI) was very time-consuming and highly interactive. Pulbic stakeholders in healthcare were more familiar with robotics technology and more used to defining development requirements than those in urban robotics. 
2) The competitive approach in the technology development directly impacts the “scope” of the call. On the one hand, this scope needs to be broad enough to motivate a sufficient number of RTD consortia to submit proposals. One the other hand it needs to be precise enough to provide a solution for the public stakeholder(s). The pre-definition of the “technology” (in case of PDTI robotics) increases the complexity of the task to define the scope of the call (but it also makes it easier to check the state of the art and the patent search). 
3) In order to achieve a good result, it is vital to have all the stakeholders and their interests on the screen. In PDTI healthcare the user perspective was not adequately reflected in the open call at the beginning. Having missed this important stakeholder group, the open call in PDTI healthcare had to be repeated in order to attract enough strong proposals. 
4) It the technology to address a specific challenge is pre-defined (as in PDTO calling for robotics solutions) it is important to make sure that the challenge actually allows for such a restriction. Again, the situation was clear in urban robotics (sewer inspection requires robotics), but it was less clear in healthcare (where one of the solutions at the end was not purely robotics, lacking the aspect of autonomy).
Lessons learned during the preparation of the Open Call to attract the RTD consortia who develop in a competitive approach the technology to address the challenge of the public body acquired in Phase 0 of the PDTI process:
· Challenge Brief should have detailed description, if possible, including exact knowledge about environment that robotic solution will be
· PDTI process gives the link between public entities, industry, researchers and endusers and PCP should incorporate this lesson into the process, especially in Phase 0 because to include the direct opinion and ethical considerations of end-users
· Lightweight and effective mode to track the progress of the experiments is essential
· Be careful in defining the expected impact beforehand (KPI documents). When doing so, the roles and decision-taking power of the different stakeholders – public end-user and procurement agency – need to be clear. It is also important that the KPIs are aligned with the criteria that trigger procurement-decisions of public bodies. Some insititutions have very clear processes with clear criteria in place and will not adjust their entire process for one development project.
· Time investment during negotiations make experiment monitoring during runtime efficient and easy
· Specifications must be crystal-clear to all partners from the start
· Kick-off meeting with partners essential to create transparency from the beginning
[bookmark: _Toc3251166]Third Step fo the PDTI process: Robotics technology development by competing teams
3.3.1. Phase I: Solution Design
Phase I of the PDTI Challenge is focused on the solution and system design. Three consortia per application scenario were chosen to compete in Phase I, which lasted 6 months. Even though Phase II focuses on developing a reliable prototype for the solution, the consortia already had to show a working prototype at the end of Phase I. Based on an on-site review by independent experts, the number of competing consortia for Phase II was reduced from three to two per challenge. Two consortia are the minimum because the public body should not be bound to just one solution per challenge at the end (which would contradigt tender regulations in the public sector). Two consortia per scenario have been chosen to compete in Phase II. 
For the entire PDTI progress in technological maturity is measured based on Each phase of PDTI framework can be compared to the Technology Readiness Levels (TRL) used by Horizon 2020. Therefore, Phase I is associated with TRL level 4, where technological components are built together in order to test if they would work together. It is also a phase of design and technology implementation through laboratory testing (Horizon2020, 2014). 
During the first phase, the monitoring teams had continuous contacts with the consortia, answering technical questions. Several visits to the public body have been organized by the consortia in order to test the prototypes. The public entity managed all these visits.
The assessment by the independent experts on-site evaluation of the three technological proposals at the end of phase I has been based on based on marks according to three basic criteria: Scientific and/or technological excel- lence, Quality and efficiency of the implementation and the management of the project and potential Impact through the development, dissemination and use of the project. Also, the involvement of the stakeholders, including the end-users was evaluated as important. Moreover, the items based on the challenge brief used for the evaluation were: 
+  Positive evaluation of the tasks and documentation required during the period (Deliverables, milestones and dissemination milestones) 	Comment by Marie-Luise Neitz: Franziska: Kannst Du das noch einmal durchgehen und schauen, ob wir das für Healthcare genauso gemacht haben. Irgendwie meine ich, dass wir bereits eine Matrix mit Kriterien hattne, um die technologieentwicklung vergleichbar zu machen. O kamen diese Kriterien her? Wenn das so war, dann haben wir einen grundsätzlich anderen Ansatz in sewer und healthcare. Und das müßten wir dann begründen, denke ich.
+  Solution design and the logistics required and operational issues by using the solution 
+  Test Series based on the viability of the robotic solution 
+  Economic Viability of the proposal 
During Phase I, the learned lessons can be summarized as followed:
· Qualified, possibly interdisciplinary, team is necessary to converse public body’s needs and requirements into technological functions
· Phase I should require the development of a first prototype instead of only a solution design
· Phase I should also include design requirements to make sure end-users are considered from day 1
· Evaluation criteria should be clearly stated and distributed at the beginning of each phase 
· Involved personnel e.g. reviewers should be clearly communicated and confirmed
· Transparency in documentation and organization to avoid possible redresses and delays in process

3.3.2. [bookmark: _Toc3251167]Phase II: Prototyping
Phase II of the PDTI Challenge is focused on the feasibility study. Two consortia are chosen to compete in this phase. Phase II is basedtargets on TRL level 6, where the technology has to be tested in a relevant environment. This is a very ambitious target as the development teams are requested to advance two TRL lelves within 12 months. Here, the process demonstration should be carried in a real-life scenario.
Differences between the two PDTI challenges in terms of timeline and stakeholder groups involved in the design of the product (in case of healthcare two end-users – the hospital and the patients – call for patient-centred care) triggered differences in the approach of the two challenges. Even though this imposed a huge organizational change on the management team of E++, it also provided the opportunity to implement two different technology development philosophies: sequential development via agile approach in loops. 
Sequential development models have an emphasis on planning, in which development is seen as flowing steadily downwards through several pre-planned phases. This model relies on intensive periods such as drafting requirements for a product before design and development activities take place. It has also an emphasis on time schedules, target dates and documentation. Products developed using this model are intended to be complete according to set-out requirements when released to customers.
In contrast to this, the agile approach prioritizes the iterative way of working, encouraging regular feedback from stakeholders, where requirements and solutions evolve via collaboration between self-organizing cross-functional teams. This model has an emphasis on testing stakeholder’s responses throughout the process and adjusting to that feedback; refining ideas and development activities with the intention of delivering products which better reflect what the stakeholders need.
The below table compares the work on the challenges in terms of timeline, definition of KPIs, involvement of stakeholders during the monitoring, the major challenges and the expected technology readiness at the end of Phase III.
[bookmark: _Toc524683674]Table 1 Comparison Healthcare and Urban Challenge at the end of Phase II	Comment by Franziska Kirstein: This needs to be review, do we want to include this  here? If it’s a public deliverable, we might need to re-phrase some parts?
	
	Healthcare
	Urban

	Timeline
	End Phase I: 09/2016
Start Phase II: 06/2017
Reason: Redress by ARNICA
On-site review: 28.02.2018
Start Phase III: 06/2018
Reason for the delayed start: Reduction of the scope for the technology development (which was overambitious at the beginning) needed to be approved by the EC and the public stakeholders needed to confirm that the technology was still relevant (despite the reduced scope).

Development time Phases II and III: 17 months
Phase II: 10 months (06/17-03/18)
Phase III: 7 months (06/18-01/19)
	End Phase I: 06 / 2016
Start Phase II: 09/2016 (decoupled from healthcare)
End Phase II: 09/2017
One-site review: 16.-17.10.2017
Start Phase III: 11/2017
Runtime: 24 months (equally divided between Phase II and Phase III)
Phase II: 09/2015 – 09/2016
Phase III: 12/2017 – 12/2018

	Monitoring
	Combination of remote monitoring based on KPIs and on-site review at the end of Phase II; in-between physical testing in hospitals to involve end-users.
The monitoring was based on KPIs discussed between the E++ core consortium and both RTD teams between June 2017 and September 2017. The active monitoring implemented since early September with monthly calls.
	4 monitoring periods with documentation and tests required from both consortia to describe and illustrate the progress (for further description of the phases see section 3).

Evaluation criteria for Phase II discussed between public body and E++ core; presented to the two RTD teams in a kick-off meeting and summarized in a dedicated document; recommendation after Phase I: improve the prototype and the technological solutions.

	Benefits of the respective approach on monitoring
	Allowed for an open dialogue with all stakeholders (RTD teams, public body, E++ core consortium, and the independent experts) to assess the performance in the on-site review after Phase II.
Democratic approach on negotiating KPIs with all stakeholders (based on a suggestion by TUM / BOR) led to identification of “bottlenecks” which otherwise might have caused problems later on (i.e. voice recognition).

Stakeholder engagement led to inclusion of test and metrics which facilitated a shift from qualitative towards quantitative (more objective) KPIs for performance assessment and comparability between the teams.
	The more top-down approach on the definition of the evaluation criteria allows for a swift process as fewer interactions and verification loops are necessary. Sewer started with full-fledged set of evaluation criteria from the beginning. Thus, the targets were very transparent for both teams from the very beginning of Phase II.

Physical demonstrations are essential to assess performance if the refinement of prototypes is key.
The constant access to the physical testing environment strengthened the links between the end-user and the RTD teams. The end-user – unexposed to robotics at the beginning, now clearly sees the benefits.

	Budget
	Equally divided between Phase II and Phase III (230.000 €)
	2/3 for Phase II and 1/3 for Phase III

	Number of prototypes expected:
	After Phase II: One per team
After Phase III: 3 per team
	After Phase II: One improved prototype for each team
After Phase III: Two prototypes per team

	TRL Levels
	After Phase II: 6
After Phase III: 7 (originally foreseen 8)
	After Phase II: 6
After Phase III: 7-8

	Special features:
	Delay by redress of ARNICA;
No time for exploitation after Phase III;
High comparability between the teams due to identical set of KPIs despite differences in approach of the two teams;
Business training (proof of approach for DIHs);
Independent experts to assess performance in on-site review are part of the monitoring and give guidance to the two teams.
	More a top-down approach at definition of evaluation criteria and procedures (defined between E++ core and public body);
Physical demonstrations in combination with permanent access to testing in the sewer properly reflects the requirement to improve the prototype;
Both consortia were asked to submit business plans. Both solutions are economically viable. The challenge for both RTD teams lies in overcoming the constraints of their technologies.




During Phase II, the learned lessons can be summarized as followed:
· In order to develop technology which meets the expectations of the public sector, the end-users have to be tightly integrated into the development process and need to put quite a lot of effort into the collaboration to trigger an effective (an enjoyable) co-creation process
· PDTI requires the precise definition and tight collaboration between all the stakeholders relevant to the final product; adjusting communication to the reception abilities of the different target groups is key to achieve understanding
· The access to test environments has proven a crucial success factor
· The “quality” of the public stakeholders (also in terms of their willingness to purchase and actively contribute to the technology development) needs to be assessed prior to the collaboration or accepting a challenge.
· Procurement agency and end-user can be separated institutions with very different assessment criteria to motivate innovative procurement.
3.3.3. [bookmark: _Toc3251168]Phase III: Small Test Series
Phase III of the PDTI Challenge is focused on small scale test studies. This final Phase is associated with TRL level 7 where the prototype of the system has to be demonstrated in an operational environment. The goal for this reporting period of Public end-user Driven Technological Innovation (PDTI)  was to develop the prototypes from Phase II further to achieve a TRL of 7-8 (Urban Robotics) and 6-7 (Healthcare Robotics), to improve the characteristics of the prototypes evaluated in Phase I and II, and to incorporate the technological improvements into the prototype that are needed to perform the challenges set out in the Challenge Brief. At the same time this last phase of PDTI also aimed at increasing the marketability of the developed robotic solutions. The main objectives of Phase III were:
· Improvement of the prototypes developed in Phase II 
· Periodical tests and final test
· Market research to identify scalability and transferability of the solution
· Commercialization preparation	Comment by Franziska Kirstein: We are missing lessons learned from the last phase – I think we could take some from our review meeting presentation	Comment by Marie-Luise Neitz: I agree. Can you do this?
PDTI Sewer Phase III had a duration of 12 months. It started on December 15th, 2017 and ended on December 14th, 2018. During these 12 months, four monitoring periods were performed. In each one of these monitoring periods, several reports and tests were required to the consortia in order to evaluate the improvements in the robotic platforms, in the inspection functionalities, in the operational procedures and the market requirements. The Evaluation results and recommendations of Phase II have been sent to the consortia on November 2017. 	Comment by Franziska Kirstein: I would delete this
PDTI healthcare Phase III started on 1st of June 2018 and ended on 31st of January 2019. Phase III started with initial conference calls between the consortia and the monitoring team to set the goals and tasks for Phase III and confirm the effort and budget. As the monitoring team partly exchanged, conference calls between the consortia and the monitoring team, the Phase started with identifying the current status of development and commercialization effort. Based on the outcome of the calls and the final evaluation reports of Phase II, the monitoring team worked on the Key Performance Indicators for Phase III. In the first months of Phase III, the consortia continued their work based on the recommendations from the final evaluation of Phase II accompanied by conference calls to discuss the status and potential issues.
During the last Phase of PDTI, all four development teams worked on improving their prototypes in quality and reliability. As a result, SIAR presented a very advanced prototype, while ARSI significantly improved their software (data collection and image processing) in terms of speed, quality and reliability, but with less focus on the drone. In PDTI healthcare, CLARC put a lot of effort into their prototype and tested it with around 400 patients (an impressive sample, but not all of them showing geriatric deficiencies), while ASSESSTRONIC put fewer effort into developing the hardware (which is not the core part of their product) but focused very much on the business side of their development. ASSESSTRONIC collected feedback from a lower number of patients, but their sample was more adequate.
While the activities of all four teams as well as their monitoring by members of the ECHORD++ core consortium, mainly concentrated on the technical side during the first two phases of PDTI, the focus in Phase III shifted from technology to commercialization and business development. This was also reflected by the expertise of the coaches assigned to all four teams for monitoring: In this last Phase the coaching was done by experts of the E++ core consortium with both a technical as well as a commercial background. Lessons learned from Phase III:
· [bookmark: _GoBack]

4. [bookmark: _Toc3251169]Outcome and final results
By involving all relevant stakeholder groups – the public bodies (challenge providers) with their corresponding testing environments, academia and industry (as RTD consortia) combined with additional external expertise (depending on the challenge), as well as members of the E++ core consortium (as coordinators and facilitators of the process), PDTI can be taken as a prototypical example of user-centred design and technology development. 
All four development teams have developed business plans. ASSESSTRONIC needs to further finetune the costs in their plan. Three out of the four teams – ASSESSTRONIC, SIAR and ARSI – would need about two additional years to fully commercialize their solutions (the gap and the route to market being different for all three of them). CLARC has generated new third-party funded projects to further develop the technology and to exploit their scientific findings in education and research. In both applications – „Comprehesive Geriatric Assessment“ and „Sewer Inspection“ – the experiments would meet a high market potential. With Sewer Inspection – motivated and driven by the E++ core partner UPC – ECHORD++ has even identified a concrete new application area for robotics with a very high market potential.
4.3. [bookmark: _Toc3251170]Urban Robotics
The ARSI team has developed a solution with a high commercialization potential. The drone stil has some challenges regarding the control system, the engines, and the physical dynamics. The current platform works well in the lab, but has stability issues when tested in the sewer. In order to prepare commercialization, the consortium is encouraged to look for an off-the-shelf drone supplier who could provide a better design solution for the platform and to set up a realist mock-up of the sewer environment within the lab where the platform is tested, which should be used to test different solutions from multiple suppliers in order to select the one that works better in that environment. ARSI’s software should be taken as a stand-alone solution and commercialized at short notice to generate funds to invest in the full-fledged solution. The availability on the market of ARSI’s software solution would enable service providers to shift most of their resources to inspection tasks for the early detection of problematic areas allowing intervention before actual damage happens, thus spending less funds on major repairs. FCC – the service provider who is part of ARSI’s consortium - employs 200 operators in Barcelona’s sewer network daily, with 20 of them working on inspection tasks. The ARSI system would allow FCC to reduce this effort to 10 staff members, who wouldn’t need to enter the sewer. However, at the current stage they cannot support the further development of the system with their own funds. To maximize the commercialization potential of ARSI’s solution, the consortium is recommended to build a business case that goes beyond selling a “small” number of drones to one service provider only. Bringing ARSI to the market would entail investments to increase their manpower. Because of regulation within their organization, Eurecat cannot commercialize the product directly but they are exploring different solutions, from licensing to selling the solution to a company. Their preferred option would be licensing to FCC, who could then sell an additional service to their customers. They have also received many contact requests from potential competitors, thus confirming the market potential for this technology. An aerial solution is very suited for the sewer environment, despite the challenges imposed by the hardware, for it can adapt to different sewer architectures (diameters, shapes etc.). Moreover, in order to operate, a drone would not require the sewer to be cleaned in order to adequately perform, but there is no one drone size to fit every sewer. Thus ARSI’s portfolio would need to include different drones,	Comment by Franziska Kirstein: Can be go that much into detail with the final outcome, ist he deliverable public or confidential? includes all teams described below
In order to be ready for commercialization, the system presented by SIAR needs additional testing to (i) improve the technical features of the platform (e.g. in terms of autonomous navigation), (ii) package the software modules and improve its usability, and finally (iii) obtain the CE mark. The platform is suitable also for the inspection of other environments, such as underground galleries, which most of the time require an easier setting than the sewer network. The target price of the platform is 50k Euro. The target unitary cost given by BCASA, the public body who provided the challenge on sewer inspection first place, was 0,50 Euro/m on inspection tasks. The SIAR system could reach 0,20 Euro/m. IDMind and the University of Seville have already signed an IP agreement to continue the development of the software. Different setups are currently discussed to guarantee the continuous update of the software and the transfer of the technology between the University of Seville and IDMind. IDMind is interested in commercializing the solution, but they need additional funding to support two additional small pilot projects, which can inform the next steps of the platform development and advance the commercialization of their solution. Their approach so far has been to avoid narrowing down the fields of application of the platform too much, even though they are aware that this has an impact on the effort they can devote to looking for financial support or potential end-users. Finding a professional investor seems to be quite difficult because of the high degree of specification of the solution. Furthermore, a critical mass of potential clients needs to be reached for investors to pay attention. There are, though, multiple valuable modules of the software developed by SIAR that could easily be integrated with other systems. IDMind is trying to commercialize the communication system developed and they are already receiving request for quotations. Most providers use 360-degree cameras that don’t have image processing. Hence, there will already be a market for the image processing software. This solution would also limit potential issues of acceptance, because it won’t have an impact on the current number of operators employed but it would pave the way for the introduction of incremental solutions. Additional support can come from small contracts (for Barcelona the limit is 15k Euro) for the supply of limited services that can leverage the interest of larger investors, also allowing IDMind to provide services to city councils without having to participate in tender processes. BCASA could further stimulate the dissemination among current providers of inspection services by including a series of trials for procurers to prepare upcoming tenders.
A lot of interesting technology has been developed and/or integrated in the ARSI and SIAR projects and that might have separate market potential, such as wireless communications, sensors, data handling and analysis, robotics. Some solutions, combined with the current systems used by service providers can already generate cash flow. Each separate value package can help the consortia to counterbalance the immaturity of the platforms and help them to arrive to the market sooner, in an easier and cheaper fashion, but more importantly help the market to understand the potential of the technology they are developing and be ready to accept an improved product.
4.4. [bookmark: _Toc3251171]Healthcare Robotics
CLARC has shown significant progress towards integrating user needs into their design process since an additional partner was added to the consortium. There was, for instance, careful attention to the interface between the older person and the system - recognising fears and uncertainties that may have militated against effective ‘engagement’ with the robot. The attention given to adjusting the design and appearance of the robot was therefore important. Also, the data representation and management was rated very positive by the medical experts. Another positive element in the CLARC project is the large number of patients with whom tests have been carried out (more than 400 patients so far), even though the sample as not fully representative. This has helped to better integrate the user perspective in the development.
Overall, though, the system displayed significant shortcomings. The system was frequently not able to understand the response of the person to the questions. For the Stand Up and Go Test, the machine was not able to recognize the person and thus to initiate the test. Due to important deficiencies in the technical implementation, the current offer is not ready for an exploitation path. This is mainly due to the robotic platform that fails to demonstrate the required level of reliability to be operational in an unstructured environment (as found in a hospital). 
The presented business plan has been well developed and could be feasible if the technology worked. However, the business is based on assumptions that could not be demonstrated successfully. The business plan foresees the intake of venture capital. The preconditions to successfully pitch in front of venture capitalists, among others, are: 1) market and need; 2) solution and technology; 3) IP; and 4) Implementation. All 4 preconditions need to be more or less met. At the current stage 2), 3), and 4) are not sufficiently developed and/or they pose serious problems. As such, the product still requires a high amount of research, specifically when the envisioned autonomy of the robotic solution should be part of the offering.
A number of scientific results have been disseminated. This builds scientific impact. However, this does not necessarily represent innovation.

ASSESSTRONIC made significant progress. The system benefits a lot from its simplicity, scalability and thus does not impair a high risk of failure. The TRL level is rated at TRL 6. The system is on its way to a market-ready solution. From the user perspective, many good elements are demonstrated. This is the result of some previous technical recommendations of the reviewers having been taken into account carefully.  business plan is solid with regards to market expectations, the market approach, and foreseen sales estimates.
The current business plan, however, neglects the fact that a CGA system is a medical product. Therefore, the costs for medical certification are underestimated. There is also a certain risk that the currently chosen alternative to the Kinect camera (no longer available) system still requires R&D - i.e. improvements in its stability to be able to reliably analyse gait patterns for patients. Currently also missing are results from a larger group trial that should be undertaken either sponsored by the commercialising company or through funding schemes, e.g. through innovation programmes like EIT-Health.
As ECHORD++ will not find further support for the two teams to continue their route to commercialization, the reviewers gave the following recommendations:
ASSESSTRONIC has presented a very interesting, scalable solution with an interesting cost-benefit ratio for the end users. The technology needs an additional two years’ funding to be mature enough to make it to the prioritization list of Acetiam, a large company groups standing behind ASSESSTRONIC. Going for the next EIT Health call with the hospital and Tecnalia (via Thierry Keller) is an option to generate funds for the further development of the system. The business plan needs more care in terms of certification costs and sales numbers. But the market potential is huge, and the solution finds the approval of the medical staff.

The merit of CLARC mainly lies with the scientific knowledge so far. But components of the solution are worth further developing – for instance in additional EU-funded projects which have already been acquainted. The shortcoming lies in the robustness of the platform which needs to be replaced. The data representation and management interface certainly is an asset the solution can build on. To this end, strategies for integration into IT-infrastructure should be further developed. 
4.5. [bookmark: _Toc3251172]Lessons learned/ conclusion
Having performed also Phase III of PDTI, the core consortium of ECHORD++ is now able to fully assess the achievements and commercial potential of the different solutions. ECHORD’s recommendations to the EC and the stakeholders involved in developing robotics technology for and with the public sector in the future can be summarized as follows:
· If the technology development in a PDTI-like activity is from the beginning restricted to a specific technology (in our case robotics) it is vital to make sure from the beginning that the challenge allows for such a restriction. 
· When setting up the teams (both for the technology development as well as for the monitoring resp. coaching) it is important to make sure that all stakeholder groups are identified and actively involved in the process. The level of engagement of the different groups can vary in the different phases of the technology development process, but it is important to have all stakeholders with their interests on the screen.
· When collaborating with the public sector it is important to understand that user and purchaser of the technology are not necessarily the same entity and that the interests of these two can be very different from each other. So, it is necessary at the beginning to clarify the role and decision-taking power of each stakeholder. It is also vital to understand the criteria, which the procurer implements to motivate the purchase decision. This goes in line with the learnings from the RIFs: In projects like ECHORD++ the core consortium implements processes which need to be compatible with the purchase-triggering procedures which are already in place in the respective organizations. 
· When dealing with hardware it is important for the development teams to have a proper mock-up in their labs.
· The coaching by the tandems business-technical from the core teams was tremendously important to achieve the results outlined in this deliverable. Coaching needs to include technical as well as business competence. At the end of ECHORD++, there are three prototypes, which will make their way to market within maximum two years if they are able to generate the funds and continue to get the support needed to make this happen. CLARC’s way to market is longer, but this team has generated very valuable scientific knowledge and has already managed to acquire additional funds to continue their development. CLARC is probably the team which shifted their mind-set most: They have adopted the agile project management approach, have learned how to integrate user perspective in their healthcare development and have forged a lot of new contacts (including hospitals with patients for testing) which will help them a lot to be successful in the future. Future applications need to be investigated and tested more – CLARC’s solution is very future oriented, ASSESSTRONIC’s solutions clearly solves today’s end-user needs 
· Having an additional in-person review meeting between the development teams and the external experts was particularly helpful. Done is sewer inspection, this helped to identify opportunities in commercialization as well as in the collaboration between the two teams, which started as competing organizations, but now benefit a lot from collaborating with each other.
· The monitoring and coaching in PDTI healthcare and PDTI sewer have followed a different approach: While sewer worked with monitoring session alternating between on-site testing and a common set of deliverables, PDTI healthcare developed a common set of KPIs which were applied to teams with a completely different system (modular system instead of a mobile platform). What counts is that the intensive coaching takes place. Any effort spent is well-spent.
· PDTI in ECHORD++ has demonstrated that public bodies are highly interested in working in interdisciplinary teams to develop the technology they need. The intensive collaboration is extremely important to lower the entrance barrier for the public body. The collaboration is most beneficial if the end user benefitting most is directly involved in the project. In case of sewer inspection, it is the owner of the infrastructure rather than the service provider, in case of healthcare it is the medical doctors and not the procurement agency. PDTI has managed to develop two public bodies who will be ambassadors of the collaboration with roboticists and the implementation of robotics technology. So, innovative procurement in Europe can happen and be very beneficial if the right coaches are in place and are committed to spend the necessary effort. And PDTI requires a lot of effort. The market, though, is potentially very high then, as well.
· The active involvement of the public sector is key to the success of the technology development. Both, public procurers as well as end users contribute know-how and experiences which are unique. Often the procurement agency is organizationally separated from the end-user of the technology. This separation can be tricky if the weight of the end-user in the purchase decision is not entirely clear. It makes sense to put an emphasis on clarifying the roles prior before setting up joint projects. It also makes sense to implement a methodology on how to assess a public stakeholder in terms of purchase power, organizational structure, engagement, contribution to commercialization etc. 
· The PDTI activities have demonstrated that inspiring the user-centred approach in development teams is a tremendous effort, particularly if the teams have not been exposed to such an approach before. The coordination during all the process by a multidisciplinary team, not only technological one (robotic in our case) is crucial to prevent the development of research-driven technology which fails to meet market needs.
· Before committing resources in a collaboration with public bodies which is very demanding and time-consuming, it is recommendable to assess the qualification of the public body (resources, track record in commercialization – particularly in EU-funded projects, network etc.). This can be extremely important for the DIH networks in robotics which have just started their activities. The situation has changed now in comparison to the early days of PDTI: Public bodies need less motivation as they start seeing the benefit. Therefore, the EC can be selective.
· Delays need to be avoided by all costs in any technology development project which is structured in phases. This holds true for PDTI-like activities, but also for huge Flagship projects like HBP. Reliability and a sound planning ground are key to success.
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