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Systems engineering for prevention-              
oriented, assistive technology situated in a                  

multidisciplinary context

In REACH, a sensing-monitoring-intervention 
system is developed that can be placed in an 
unobtrusive manner in various care settings and 
living environments of elderly citizens. It states 
a complex system of systems that is developed 
by a highly multidisciplinary consortium (ICT 
partners, device partners, sociologists, care pro-
fessionals, sociologist and human factor special-
ist, data scientists, etc.) where individual project 
partners (or sets of project partners) supply or 
develop the individual systems (e.g. Touch-
points) and sub-systems (e.g. sensors, data, de-
vices, software, algorithms, services, etc.) that 
need to be integrated with each other. 

Due to the criticality of personal data and the 
legal impact of medical, preventive feedback 
handled by REACH, it is pertinent to follow a 
structured development approach even from 
very early, explorative R&D phases onwards. 
This is particularly important when develop-
ing solutions for the health care markets where 
the use of a systematic development method 
is pertinent and beneficial to later CE certifi-

cation requirements1. REACH flexibly utilizes 
and combines elements of the (1) V-Model ap-
proach, (2) Agile Management2,3,8, and the (3) 
NASA systems engineering approach (Figure 1). 
The V-Model approach6 provides the general 
development and integration plan strategy. In 
this structure, as per the Agile Management Ap-
proach5 small and short test with mock-ups of 
smaller parts of the systems (early testing, pre-
testing 1) are allowed to develop and emerge in 
an experimental manner the system’s qualita-
tive features. The NASA4 systems engineering 
approach is followed to develop and detail in 
a systematic manner the components’ and in-
terfaces’ specifications and to plan with pre-
testing 2 and final testing the verification and 
validation of the system. 

In this paper, the Design Concept develop-
ment approach of REACH is presented. REACH 
is not only a multidisciplinary project, that is 
comprised of 17 partners with a variety of pro-
fessional backgrounds and aims, but moreover 
is situated in an environment comprised of a 
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Figure 1. REACH flexibly utilizes and combines elements of the (1) V-Model approach, (2) Agile Management, 
and the (3) NASA systems engineering approach

multitude of stakeholders (ranging from gov-
ernments down to end-users) and external sys-
tems to which REACH must connect. Thus, it 
was pertinent to develop and apply a REACH-
specific method (Figure 2) for the translation of 
initial work outcomes (completed deliverables) 
into formalized requirements and a system ar-
chitecture blueprint. 

Extraction, formalization, and structuring 
of rEquirEmEnts from multiplE sourcEs
In a requirements engineering process com-
prised of 3 phases, first, the requirements were 
extracted from multiple sources and formalized, 

then an initial detailing of the Touchpoints took 
place to form ‘graspable’ development entities, 
and finally the most important and formalized 
requirements were selected assigned to these 
development entities.  

Identification and formalization of raw re-
quirements 
All outcomes of completed activities (stakeholder 
analysis; co-creation workshops with users; anal-
ysis of use cases, business models, technologies, 
etc.; first early trials and ethnographic and us-
ability studies; development of privacy and data 
management approach; analysis of motivational 

Figure 2. REACH specific method for the translation of initial work outcomes (completed deliverables) into 
formalized requirements and a system architecture blueprint
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strategies; IP and stakeholder management, etc.) 
of the first major REACH project phase (project 
year one: concept phase) were systematically 
summarized, and key points and outcomes were 
selected and extracted (= raw requirements ex-
traction). The extracted raw requirements were 
further formalized, i.e. (1) assigned to a require-
ments category, (2) reformulated using a system-
ized, category-adapted syntax, and (3) linked to 
a coding system (location, reference, ID) that al-
lows to re-identify the origin and nature of each 
requirement. With regard to the identification of 
the requirements categories, the relatively de-
tailed classification system7 was interpreted and 
took further (Table 1).

The structure of the lists of formalized require-
ments is explained in Table 2. The list is sub-
divided into 6 columns: requirement categories, 
raw requirement, formalized requirement, use 
case setting, reference, and ID. The require-
ments were extracted mainly from submitted 
work deliverables. The original wording of the 
requirement (as per the deliverable) was locat-

ed in the column ‘raw requirements’ and then 
translated into a ‘formalized requirement’. The 
corresponding work deliverables from where the 
requirements where extracted) are listed in the 
column ‘reference’. The column ‘use case setting’ 
refers to the use case environment (clinic, home 
for the elderly, community centre, etc.) for which 
the requirement predominantly applies. Every 
requirement has an ‘ID’ that shows to which re-
quirements category it belongs to. Table 3 pro-
vides in an exemplary manner an excerpt from 
the filled, final requirements list. 

Detailing of key system elements (Touch-
points) by project-internal stakeholders
The work teams around each Touchpoint were 
formed and reconfirmed with the consortium. 
The ‘Touchpoints and Engine concept’ now 
structures the envisioned REACH product-ser-
vice-system architecture, into manageable re-
search and development clusters. Touchpoints 
will mainly materialize as ‘furniture’ in a broader 
sense, which means elements that can be placed 
and moved within a certain environment or set-

ting (e.g. beds, 
bath furniture, 
mobile walkers/
standers, large 
scale interfaces, 
smart floor-
ing tiles, smart 
tables, etc.). 5 

 

.
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physical Touchpoints will each function as data 
gathering and intervention devices, which are 
bound together by cross-sectional, integrated 
engine (i.e. platform) functionality. For each 
Touchpoint 8 key points were clarified with the 
development group partners (Table 4). 

Assignment of formalized requirements to the 
key system elements
Finally, highly important and formalized re-
quirements were selected by the REACH con-
sortium members and assigned to the individu-
al Touchpoints. Figure 3 exemplarily shows the 
visualization guide plan of Touchpoint 1 and 
Table 5 outlines the selected, most important 
requirements for this Touchpoint. Based on 
this list each Touchpoint development group 
has now the freedom to interpret these require-
ments and find appropriate technological so-
lutions (aligned with their competencies and 
skills) to address them. 

initial systEm architEcturE outlinE
Based on the outcomes of the previously de-
scribed requirement engineering process the 
overall linkage and coordination between these 
elements, i.e. the overall system architecture 
was detailed. As per ISO/IEC/IEEE 42010:2011, 
a system shall respond with its ‘architecture’ 
(which needs to be described) to its ‘environ-
ment’ and to ‘concerns’ (needs) of its stake-
holders and requirements. From stakeholders 
and the environment context in the first project 
year of REACH various aspects have been ana-
lyzed and requirements have been derived for 
guiding the detailing of the REACH system ar-
chitecture as well as each REACH sub-systems. 

In REACH the ‘Touchpoints and Engine concept’ 
is considered as a system architecture high-level 

description and will further guide the detailing 
of the REACH system architecture description. 
The ‘Touchpoints and Engine concept’ structures 
the envisioned REACH product-service-system 
architecture, into seven manageable research 
and development clusters, as following: five 
clusters of ‘Touchpoints’, which represent any 
tangible connection between users (seniors, in-
formal/formal caregivers, physicians etc.) and 
the REACH system; one ‘Engine’ cluster, which 
represents the cloud based digital platform; and 
the ‘interface’ cluster, which represents a set of 
specifications that allows Touchpoints and other 
products/services to connect/interact with the 
Engine (Figure 4). Each research cluster is associ-
ated with a separate development team made of 
consortium members, with a team leader. 

A system architecture description uses a cer-
tain or a variety of views (SAVs; see also ISO/
IEC/IEEE 42010) to describe the system (physi-
cal view, business, view, ICT view, etc.). In 
REACH, a complex and multidimensional 
project, system architecture and the organi-
zation and relations of sub-systems needs to 
be described through various views. Within 
this views modeling techniques, which allow 
to graphically and hierarchically represent the 
system (e.g. module break down structure) are 
used. For REACH four SAVs were developed 
and detailed:
(i) SAV 1: ICT platform view-software and data 
migration architecture, and information flows)
(ii) SAV 2: REACH Feedback-loop view-the re-
lation between early detection, sensing, moni-
toring, motivation, and intervention
(iii) SAV 3: Physical view-physical modularity 
and Product breakdown structure 
(iv) SAV 4: Business strategy view

Figure 5 graphically outlines the core elements 
described by the ICT view and Figure 6 out-
lines the physical view generated by using the 
product break down structure approach. 

dEvElopmEnt of a complEmEntary systEm intE-
gration and tEsting approach
With the overall system architecture detailed 
and the first early trials completed, it became 
obvious that it is impractical to test each Touch-
point with regard to its complex, subsequent 
chain of early detection, motivational tech-
niques, and programmed interventions in a 
single trial. Therefore, unrealistically large and 
long trials would be required which are beyond 
the scope and resources of the project. Instead, 
following a decomposition of the ‘testing prob-
lem’ was done. For each Touchpoint separate 
testing ‘instances’ were created and each of 
this testing instances represents a separate trial Figure 3. REACH ‘Touchpoint 1 Personal Mobility 

Device’ requirements
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Table 6. Concept for decomposition of testing approach



2017 Vol. 16, No 3136

 S y s t e m s  e n g i n e e r i n g

Data Controller 

Leader  

Particip
ants  

Data silo 1 

Secure & 
Controlled 
Access 

Leader  

Particip
ants  

Data silo n 

Anonymization 
wrapper 

Secure mobile 
app and web 
server (local or 
remote hosting)  

Smart Furniture  
(=Touchpoints) 
with ambient 
and wearable 
sensors: 

TP1 

TP2 

TP3 

TP4 

TP5 

Use-case 
setting 1 

Use-case 
setting n Clinical 

data (lab 
reports, 
imaging) 

User 
specific 
features 

(de-
mograp

hics 
habits) 

Longitud
e data 

Sensor 
data 

(Smart-
Cardia, 
TUM, 
Fitbit, 

…) 

Figure 5. ICT view-software and data migration architecture, and information flows (Image: INDUSTRY PART-
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Figure 4. REACH system architecture high-level description
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with an own hypothesis, own outcome meas-
ures, and an instance specific trial design. Table 
6 shows the general concept for decomposition 
of testing approach, and Table 7 shows an ini-
tial detailing of testing approach decomposition 
scheme exemplarily for Touchpoint 1 based on 
the Touchpoint detailing presented in Section 2.2. 

conclusions
REACH states a complex system of systems that 
is not only developed by highly multidisciplinary 
consortium, but moreover is situated in an envi-
ronment comprised of a multitude of stakehold-
ers and external systems. Considering later CE 
certification requirements, it is pertinent to fol-

low a structured systems engineering approach 
even from very early, explorative, and concep-
tual R&D or pre-product development phases 
onwards. In this paper, the key aspects, methods, 
and tools of this approach are presented, and 
it is shown how they were used in the concept 
development stage to systematically translate a 
variety of inputs and analyses into formalized 
requirements and a holistic system architecture 
blue print serving as the basis for further work 
organization in the project. Finally, a system in-
tegration and testing approach could be devel-
oped which together with the defined system 
architecture elements will serve as the basis for 
further work organization in the project. 
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