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1 Executive Summary [UOR]

This deliverable reports on the achievements and the current status of the ELLIOT use cases and
scenarios in the logistics, city of the future and green services domains. As an interim deliverable,
D4.3.2 follows up on work reported on in deliverable D4.3.1 and will be followed by the final
deliverable D4.3.3. This deliverable focuses on providing information on the work undertaken by
the use case partners after the completion of D4.3.2.

For each of the represented usage scenarios, the involved use case partners report on

e the overall experiments carried out,

e experiment lessons learned and updates relative to previous work reported on in D4.3.1,
e experiment participants,

e data collection,

e data pre-processing and data analysis, and

e results and inferences.

Additional technical information on ongoing experiments is provided in the form of appendices at
the end of this deliverable. The introduction section outlines the scope of this deliverable; the
conclusions section summarises achievements and generalisable results across the three use
cases.
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2 Introduction [UoR]

The main goal of the ELLIOT (Experiential Living Labs for the Internet Of Things) project is to
develop 10T technologies and Ambient Intelligence (Aml) services by and for users/citizens
through the design of a set of Knowledge-Social-Business (KSB) Experience Models and their
implementation in an innovative ELLIOT Experiential Platform operating as a knowledge and
experience-gathering environment. The early involvement of users/citizens, as recommended in
the ICT Work-programme, is conducted according to the precepts of the Open User-Centred
Innovation paradigm and through the co-creation of and experimentation using the Living Lab
approach which aims to involve users/citizens in research and innovation pathways. This
combination of market pull and technology push is expected to have a positive impact on the
development and adoption of 10T technologies and innovative services.

2.1 Purpose, Intended Audience and Scope

The purpose of this deliverable is to document the interim results of WP4 in order to document
and disseminate the research and development that has been carried out within and beyond the
ELLIOT project. Within the project this deliverable is of particular relevance for Work Packages
1, 2 and 7. For Work Package 2, this deliverable sets out feedback regarding the technical
ELLIOT experiential platform. For Work Package 1, this deliverable provides feedback regarding
the ELLIOT KSB model. The presented results are also expected to provide insights for use case
partners represented in Work Package 7.

The near-term intended audience of this deliverable is the ELLIOT project partner community,
where in particular partners involved in the aforementioned work packages are expected to
benefit. The mid-to-long term intended audience of this deliverable furthermore extends to Living
Labs using ELLIOT project outcomes in the field; for them, this document should convey ways
in which ELLIOT can be applied as well as lessons learned that may help them in avoiding
potential problems when applying ELLIOT in practice.

2.2 Applicable Documents

The following ELLIOT deliverables in particular apply and are of importance for this deliverable
D4.3.2:

AD(1).D1.1 KSB Experience Model Overall Framework

AD(2).D2.1.1 User Requirements and Architectural Design (first version)

ELLIOT Consortium Dissemination: Public 6/156
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AD(3).D4.1 Specification of the 10T Use Cases

AD(4).D4.2.1 Report on loT Living Labs Methodology and Tools

AD(5).D4.3.1 Report on 10T Living Labs Continuous Exploration and Evaluation (initial)
AD(6).D6.1 Project Handbook and Quality Plan
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3 Logistics [BIBA]
3.1 Experiment Overview

3.1.1 Experiment Description

The logistics use case, set up within the BIBA logistics Living Lab (LL) environment, follows an
improvement approach in the domain of intra-logistics. From discussion with experts, a specific
focus on intra-logistics processes has been derived for ELLIOT. Thus the main goal of the use
case is to create a service that identifies risk situations along an intra-logistics process chain and
encourages stakeholders to freely explore alternatives for increasing safety and security for
operators and goods.

During the Living Lab process related to this use case, settings for the risk monitoring application
are developed. The experimentation activity is performed using this risk monitoring application.
As presented in D4.2.1, a Serious Game (SG) and a sensor tool kit support the discussion and
translation process which leads from the idea creation (co-creation) to the loT service
(exploration and experimentation); the process is monitored and guided by ongoing evaluations.
The sensor toolkit combines hardware sensors (mainly Arduino) and a graphical user interface
(GUI).!

During the exploration phase, the sensor toolkit with its GUI is used. Users are able to explore
and to configure the service via the GUI, and they create individual risk logics. Activities carried
out at a theoretical level during the exploration are then transferred into experimentation: the
created service is attached to a forklift in a shop floor area and tested under real-life conditions.

The toolkit contains distributed wireless sensors or sensor clusters and a set of actuators,
including for instance a display, an emergency light (orange), a horn and a ‘traffic signal’;
furthermore, the toolkit (like the final service) provides e-mail and Twitter services which allow
active communication directed to the Internet. Additionally, a web-interface for smart phone
browsers will be provided to allow remote access to the service and specific sensors hosted by the
service from the Internet.?

e Distributed wireless sensors or sensor clusters are attached to logistics objects (goods,
pallets, forklifts, etc.) and workers.

! For more information about the Living Lab setup, please refer to ELLIOT deliverable D4.2.1.

% The sensor selection available from the Internet is reduced due to legal issues; e.g. sensors observing the physical
status of personnel can already be a critical issue of the service. Such information, even if pseudonymised, will
generally not be available from the outside.

ELLIOT Consortium Dissemination: Public 8/156
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e Actuators are provided to personnel, namely the forklift driver (working with the forklift,
usually inside in the forklift driver cabin).

These sensors are meant to detect events that are related to certain risks. The kind of sensors
used depends on the risk events defined in the Living Lab workshop(s). Sensors can currently
capture position and acceleration, heartbeat, galvanic skin response (currently being trialled),
temperature and humidity, RFID tags, vibration, GPS, surface pressure, air pressure, distance,
light level, direction, tilt level (in 90 degree steps), noise level (more trialling needed), methane
and alcohol gas concentration and speed.

Risk events consist of threshold values or ranges for sensors that should not be crossed or moved
out of. Context data derived from data and the corresponding thresholds/ranges are calculated
into risk values and are presented to the logistics operators via a small screen. Additionally,
alternative actuators (see above) can be used to express risk values. For remote notification about
risks messaging services (e-mail, Twitter) can be used. When threshold values are crossed, a
message is posted by the registering object. Some risks and sensors can be observed remotely.

During the core experimentation it is observed whether the services created by the users reach a
number of pre-defined goals. If the users want to reduce the number of incidents in which freight
goods are damaged due to toppling, the actual number of such incidents is ascertained. Then it is
observed whether the service facilitates a reduction of incidents. This would be one very
important factor for the user experience of the service. However, more aspects are taken into
account when the user experience with the service is investigated.

3.1.2 KSB Instantiation

To understand the user experience of the loT service which is developed in the ELLIOT
(logistics) Living Lab, the KSB model is used. Table 1 lists the selected KSB Properties for each
of the three perspectives related to the logistics use case; this selection is based on the table
presented in D4.3.1 and is the result of an ongoing refinement process which will be completed
with the delivery of D4.3.3 at the end of the project. However, adjustments and especially
extensions of this table for D4.3.3 will be made only after careful consideration. The properties
currently considered to be the key components are those formatted in bold font style, the
remaining properties (in italic font style) have been selected for further investigation. The activity
that is required is to investigate the selected properties in order to understand better both (1) their
relevance and expressiveness in relation to the case and (2) their measurability and measurement
in the use case.

ELLIOT Consortium Dissemination: Public 9/156
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Table 1: Chosen KSB properties (Logistics Living Lab)

KSB KSB name

B1.2 Performance Level

B2.1 | Reliability

B4.6 Loyalty

B5.2 Accessibility

B5.3 Availability

For more details about the KSB adjustments, see Section 3.2.

3.1.3 Connection to ELLIOT Platform

The raw sensor data from the logistics use case sensor toolkit (as well as some qualified sensor
data) is pulled in by the Data Provider located at the BIBA site. This pull is performed by the
Data Provider Client that is part of the ELLIOT platform. Data is transferred through the
ELLIOT middleware which then delivers this data to the ELLIOT core platform for storage,
representation and computation of KSB analyses.

BIBA Living Lab ELLIOT

Data
Provider
CLIENT

Data
Provider

LinkSmart

LinkSmart

Figure 1: Logistics use case connection to ELLIOT platform via the LinkSmart ELLIOT middleware
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At the BIBA site, a database is provided, which the Data Provider accesses based on the request
from the Data Provider Client. The anonymisation module and the rule engine of the ELLIOT
middleware are not currently being used in the logistics use case.

Once the data is available on the ELLIOT platform, Key Performance Indicators (KPIs) are
defined based on the KSB instantiation and data which is collected. Depending on the quality of
data aggregation (qualification) by Focus Lab the KPIs can be defined. As described in the
relevant documents, the platform is used to select KSB properties and to prepare the rules, the
scale and if applicable the weight for each KSB property.

3.2 Experiment Lessons Learned und Updates Relative to D4.3.1

The following improvements and changes have been made relative to D4.3.1 (for details see the
following sections below):

e development of general metrics,

e adjustment of Living Lab iterations in terms of workshops to be carried out,

e refinement of KSB property and Indicator selection,

e increase of the proportion of automatically collected data relative to data collected by
human observation,

e introduction of briefing and de-briefing questionnaires for each workshop,

e refinement of toolkit software to improve collected data streams.

3.2.1 Design Changes

3.2.1.1 Metrics

As noted earlier, KSB Property and KPI selections in ELLIOT are undergoing a constant
refinement process. This goes alongside a refined view on data analysis. Whereas before a greater
part of the analysis was based on observation data collected by human observers, the adjusted and
improved approach focuses on data which comes directly from the service and can be analysed
automatically to a greater extent. To reach this goal, general metrics have been developed. These
metrics are used for evaluation and also partly for the KSB measurement. These metrics are
‘coverage’, ‘efficiency’, ‘efficacy’, ‘time spent in’ and ‘interaction’. They are used in different
KSB Properties: efficiency and efficacy, for example, are used in the measurement of KSB
property K4.1 Human Computer Interaction (see Section 3.5.1).

Coverage — expressed as % of the reference model that has been addressed, and possibly solved,
in the activity. The metric can be computed as the number of addressed issues to the total number

ELLIOT Consortium Dissemination: Public 11/156
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of foreseen issues. In this case it is worth mentioning that if an aspect not originally foreseen, but
relevant, is addressed, then the metric will provide a value that will exceed 100%; this is not
problematic and can be easily explained on the basis of the metric definition. This metric will
most probably be used on a general analysis of the overall service and above the KSB properties.

Efficiency — the level of efficiency achieved in addressing the use case needs computed as %
over the theoretical 100% full satisfaction of the workshop objectives. Also in this case it has to
be possible to have results greater than 100% to accommodate the case where participants
exceeded the defined maximal goals that the workshop planned to obtain.

o Example:
o thresholdl: # of crossings (goall): 15, reached: 1
o threshold 2:# of crossings (goal2): 8,reached: 10

o Thresholds are equally weighted (0.5)

o 052222 4 052222 _ g4 efficiency

recchedl reachedZ
Efficacy — the level of accuracy and effectiveness of the proposed solutions when compared with
alternative solutions. This metric should be computed as the ratio between “% of success

achieved with IoT” to “% of success achieved without IoT”.

e Example: defined goal for the service improvement, i.e.:

o #of toppling:4, reached: 6
o iE_‘ = 66,67% ef ficacy

Time spent in (design, implementation, testing, etc.) — objective measure of the time spent in the
service as expected and as actually determined.

Interaction — this metric is composed of two measured elements: a measure of the overall
interaction and a measure of the ratio between achieved interaction levels to the expected one.
The level of interaction should be expressed qualitatively as: absent, very low, low, medium,
high, very high. So far this metric is captured as the level of interaction over time and an average
can then be calculated. Initially, the expected level is always “high” which equals the number of
participants minus 1; a high interaction is expected, needed and aimed at with a Living Lab
approach. This metric is captured manually by observation.

3.2.1.2 Adjustment of Living Lab iterations

Findings from the first Living Lab workshops and the evaluation of their results encourage an
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approach in which parts of a Living Lab cycle (co-creation, exploration, experimentation) are
carried out instead of a full cycle every time a Living Lab exercise is carried out. Instead, the
order of workshops and Living Lab steps is based on the stage of development of the service. For
example, a service which is still lacking important safety or security functions needs to be
reviewed and adjusted before entering into live testing (experimentation). Similar cases are
workshops with results not agreed upon by participants or obviously unusable results (e.g. no
initial service solution). Those types of Living Lab workshops require a revision and refinement
approach. Therefore an evaluation or a new co-creation workshop is likely to follow such a co-
creation workshop rather than the exploration or even experimentation phase.

3.2.1.3 Questionnaire

To gain more knowledge about the Living Lab workshop participants, their expectations,
knowledge about 10T and opinion about 10T, a questionnaire including some self-assessment
questions is used. Because it is more related to data collection, this questionnaire is explained in
the following Section 3.2.2.

3.2.2 Data Collection Changes

3.2.2.1 Refinement of KSB properties and Indicators

An important improvement relative to the time period from the setup of the Living Lab until the
beginning of 2012 (PM18) is the reduction of the number of KSB properties used. Findings from
the initial report and analysis (D4.3.1) have led to a better understanding of the usage of the
model.

After having initially defined a set of KSB properties and related Indicators (KPIs), this set was
revised and adjusted iteratively. Also the refinement and adjustment of the KSB property and KPI
selection remained a constantly ongoing process. This refinement process was accompanied by
discussions from project workshops and meetings during the first half of 2012 (PM18 onwards).
This work led to a reduction in observed and investigated KSB properties and likewise to a
revision of the indicators used to describe the KSB properties.

The refined list of KSB properties is presented in Section 3.1.2, Table 1. Initially, the list of KSB
properties was more extensive. Major reasons for reduction were: first of all, the former KSB
selection was based on a large amount of observation data which turned out to be not feasibly
collectable. Furthermore, some simplifications were needed in order to better understand and
work with the KSB model. Beyond this change, the relationship between Indicators and KSP
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properties underwent a detailed analysis and investigation. A mayor proportion of the KSB
properties might be defined in literature but cannot always be used as defined. The usage and the
definition within the scope of the use case needed to be clarified.

The current selection of KSB properties is based on two aspects. First, to cover all perspectives of
the model: K, S and B; second and also reflected in the selection, to work with properties which
are clear and reasonable for this particular use case.

3.2.2.2 Less data gathered by human observation

While the metric selection was updated for better understanding of the service and its evaluation,
a major change in data collection is the reduction of data gathered by human observation. Based
on project workshops and meetings since PM18, the work focused on data gathering through loT
technologies included into the developed service. Therefore, data such as “noise level during
workshop” was not gathered (see D4.3.1, Section 3.1.1, Table 6). However, the measures
‘average participation’ and ‘interaction” were captured by human observation.

3.2.2.3 Adjusted questionnaires

During the improvement process the gathered amount of data regarding the participants was
increased. This is an important step towards a better understanding of Living Lab workshop
performances and results. Before, only general information of the participants, such as age, years
of experience etc. was collected; in the more recent workshops reported on here, additional
information was gathered. This information is gathered through anonymised questionnaires
which furthermore provided an opportunity to identify potential improvements in the level of
knowledge of the participants as well as changes in expectations regarding the workshops. To
observe those changes, two steps were taken: first, suitable questionnaires were used in each
workshop for briefing and debriefing; second, some participants attended additional iterations of
the Living Lab experiments in order to observe developments over time.

3.2.2.4 More sensors and related data from the toolkit

In terms of sensors for data collection, the range of sensors used was refined and extended as
listed in Table 2. Furthermore, the toolkit software, i.e. the related database, was adjusted to
improve the representation of gathered data and the database structure. The actual process of
collecting data is described in Section 3.4.1.
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Table 2: Updated sensor list of logistics use case tool kit, indicating collected data

Category Data Source Data ID Data measure
R1 Temperature
R2 Humidity

Risk detection |R3 Light level

IOT raw data | sensors R4 Heart rate
R5 Pressure (Air)
R6 Pressure (Mechanic)
R7 Distance
R8 Rotation angle X-axis
R20 Rotation angle Y-axis
R21 Rotation angle Z-axis
R9 Yaw rate X-axis
R22 Yaw rate Y-axis
R23 Yaw rate Z-axis
R10 Vibration
R11 RFID
R12 Fingerprint
R13 Compass
R14 Lifter use
R15 GPS
R16 Video stream
R17 (Microphone)
R18 Altitude

Ubisense (Indoor-

R19 Localisation)
R20 Alcohol Gas
R21 Methane Gas
R22 Speed Meter
R23 Galvanic Skin / Stress

3.2.3 Data Analysis Changes

3.2.3.1 KSB properties and related KPIs

The reduction of KSB properties investigated for the logistics use case service is accompanied by
a refinement of the indicator selection and calculation. Table 3 shows the KSB properties from
Section 3.1.2, Table 1, and the related Indicators. The reduction of complexity mentioned above
and a stronger focus on data collected by and directly related to 10T influence this development
as well. Adjustments were also necessary in order to produce a set of properties which can be
properly tested in the ELLIOT platform and can thus be better understood as a result. The
processing and calculation of the properties will be explained in more detail in the data analysis

section (see Section 3.5).
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Table 3: KSB properties related to KPIs

Project N.

Date

KSB KPI(s)
K4l Efficiency
! Efficacy
K23 Heart b_eat :
Galvanic skin response

E

B1.2

# of risks (in t,)

B2.1

Not finally determined yet

B4.6

Time spent in service (per shift)

frequency of usage per day and per
expected
achieved

week

B5.2

# of (all) sensors
# of online accessible sensors

B5.3

# of devices (or platforms)

The following processes and/or calculations are used to elaborate the selected KSB properties

from the collected data / from KPIs:

K4.1 Human Computer Interaction (HCI):

The assumption for this property is that the closer the actual numbers are in relation to (set) goals
the better the 10T service is; in this context it is understood that it also indicates the level of
Human-Computer Interaction (HCI), as the service communicated via a Graphical User Interface
and internet based messaging. Therefore, this value is calculated by measured Efficiency and
Efficacy, where (i) Efficiency represents the actual number of threshold crossings (not risks) and
(i) Efficacy represents the actual number of risks (those which took place). For both values goals
are defined and set in relation to the actual values. These two measures are weighted equally to

calculate the final value of the KSB property K4.1.

goal (threshold)

(i) = # threshold crossings

__ Efficiency

goal (risk)

Efficacy

(ii) = # of risks (those which took place)
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S7.1 Attractiveness:
weighted
time spent 02:00 01:45 [O;875

log outs 1 1 0]
complaint rate 4 5 0,2 0,15
value of Attractiveness
reached: 0,71875

To measure attractiveness, a comparison between t1 and t2 (e.g. sessions) in terms of time spent
in the service, number of logouts and the complaint rate is carried out. In this example, the ‘time
spent in’ is decreasing; as this is an important factor (weighted with 0.65) it has a big influence
on the attractiveness of the service. The number of log outs is stable at 1, so a relative change of
“0” is derived. If logouts increased from t1 to t2 this value would become ‘0, if it was to
decrease the value would increase. This is because of the underlying assumption that an increased
value of logouts during, for example, a working shift indicates problems with the software which
lowers the attractiveness of the software (low value negatively influences attractiveness). If the
number decreases, the value rises and thus has a positive influence on attractiveness. Finally, the
complaint rate is measured, either by a button in the interface or with a questionnaire (not yet
implemented). If this value increases, it has a negative influence of attractiveness and vice versa.
In particular, a high relative change of the complaint rate has a greater effect on the weighted
value.

A simplified approach to address the KSB Property S7.1 is the KPI “Number of Logouts before
end of shift”. A shift takes usually 8h, when the number of logouts exceeds 3 (two usual breaks
and end of shift) the attractiveness decreases. This approach can be used when the approach
described above is found to be too challenging to carry out.

B1.2 Performance Level:

In the relevant standards literature, the term ‘performance level’ is well-defined (cf. EN ISO
13849-1). Major measures for performance are ‘Mean Time to dangerous Failure’ (MTTF4) and
‘Diagnostic Coverage’ (DC). These are measures used for machines being operated in an
industrial environment. Due to the special circumstances in this case, where the service
(“machine™) is not yet finished / finally developed, a simplification for calculating the
performance level was devised. Therefore, the Performance Level (PF) is calculated as the ratio
between the ‘number of risks in t0 minus the number of risks in t1’ and ‘the number of risks in t0

minus the set goal in terms of number of risks’, or:
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=

#risksinty, — #risksint,

#risksinty — goal #

« #ofrisksin t0
« #ofrisksintl
» Goal (maximum # of risks acceptable)

This represents a comparison of experiments in tin (and n+1) with IoT.

3.3 Participants

Table 4 shows the Living Lab workshops which have been carried out since the last report on loT
Living Labs Continuous Exploration and Evaluation, D4.3.1.%> The number of participants was
usually 5 plus one moderator in each workshop. As described before, this number is mainly
affected by the Serious Game which is used during the co-creation; the game supports five

different players.
Table 4: ELLIOT logistics Living Lab workshops since D4.3.1

Location Date Living Lab Phase Duration (h:m:s) LL no. / Iteration
Bremen (BIBA) 25.06.2012 Co-Creation 03:05:00 /1"
Bremen (BIBA) 27.06.2012 Exploration 03:05:00 /1"
Bremen (BIBA) 05.07.2012 Co-Creation 02:40:00 n/1t
Bremen (BIBA) 06.07.2012 Exploration 02:15:00 n/1"
Bremen (BIBA) 11.07.2012 Co-Creation 02:45:00 I/ 2" (1

As previously, Living Lab workshops were mainly attended by students from the University of
Bremen Industrial Engineering programme. However, professionals with initial work experience
also participated in these groups. Assumptions about their experience were checked by using
questionnaires, starting with the first workshop of those mentioned in Table 4.

Table 5: General information about participants of the logistics use case Living Lab | — co-creation

Workshop General Information about Living Lab participants
Age Sex Profession Expertise Experience
) 20 m Student Logistics 0
§ = 25 F Professional Industrial Engineer 0,5
q :f 20 F Student History 0
S o 28 m Professional Industrial Engineer 1,5
27 m Professional Informatics 1

¥ More workshops are already scheduled but cannot be taken into consideration for analysis before due date of this
deliverable.
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Table 5 and Table 6 provide general information about the set of participants for the first Living
Lab (1) of this period. Participants marked in italics each participated in only one of the
workshops. Thus the 20 year old female student from the co-creation workshop did not
participate in the exploration workshop. Therefore, the 22 year old male student in the
exploration workshop had to be familiarised with the results from the previous workshop by the
moderator and the other participants.

Table 6: General information about participants of the logistics use case Living Lab I —exploration

Workshop General Information about Living Lab participants
. Age Sex Profession Expertise Experience
s o 20 m Student Logistics 0
‘é :?5 25 f Professional Industrial Engineer 0,5
2 3 22 m Student Production 0
& E 28 m Professional Industrial Engineer 1,5
27 m Professional Informatics 1

While the ratio of 3:2 (3 male : 2 female) for the co-creation was the same as for the analysed
workshop in D4.3.1, that ratio changed to 4:1 in the exploration phase.

It has already been discussed that the number of participants attending a single workshop or a
couple of workshops are not likely to reach a representative sample, neither for Bremen nor for
Bremen University nor for the number of students in engineering at the University of Bremen.
However, taking into account that the majority of engineering students are male, a ratio of 3:2
might provide a suitable sample. Nevertheless, even with the best possible mix based on the
available players, a sample ratio 3:2 is able to provide a non-gendered result. This has to be taken
into account when all workshops are analysed as some workshops group were composed of male
participants only.

The following tables (Table 7 and Table 8) include the participant data from the other workshops
as above, with the ratio of sexes added in column four.

Table 7: General information about participants of the logistics use case Living Labs I, Il and 11 - co-creation

29 M Production 0

22 M Production 0
1l 5:0 -

22 M Production 0

25 M System Engineering 1
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M Industrial Engineering 0

20 M Logistics
28 M Informatics 1
1 25 F 2:2 Industrial Engineering 0,5
21 F History 0
21 F History 0
29 M Production 0
\} 28 M 3:2 Logistics 3
25 F Industrial Engineering 1
22 M Production 0

Workshop group Il was a male-only group for the co-creation (Table 7) phase while in the
exploration (Table 8), due to available participants, the male/female ratio changed back to 3:2.
In workshop group 11, only a co-creation phase was carried out. Furthermore, one questionnaire
could not be recovered and therefore this data set is not complete for all participants. In the
workshop the Serious Game was played with five players as required. In the last co-creation
workshop, group 1V, the ratio of sexes was again 3:2. However the average age (25.0) and the
years of experience (0.8) were both higher than overall and than the workshop-level averages.
This changed in the exploration workshop, where some participants were replaced and one
additional participant attended.

Table 8: General information about participants of the logistics use case Living Labs I, Il and I11 - exploration
T A T G T N e
29 m Production 0
23 f Industrial Engineering 0
Tl 25 f 3:2 Industrial Engineering 0,5

22 m Production 0
25 m System Engineering 1
25 F Industrial Engineering 1
22 M Production 0
21 F History 0
v 24 F 3:3 Industrial Engineering 1
25 M System Engineering 0
29 M Production 0

The larger the number of participants, the more representative of a larger population the results of
an analysis are generally likely to be. In this particular case, the developed service is intended for
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professionals in the field of intra-logistics (at least for the stage planned for this service). Thus the
constellation and size of a representative group needs be evaluated in the relevant context.

An experimentation workshop has not yet been performed and evaluated prior to the completion
of this deliverable D4.3.2, hence no results from experimentation workshops are included in this
deliverable.

3.4 Data Collection

3.4.1 Sensor Data

As part of the Living Lab experimentations and tool kit development the list of risk detection
sensors (see D4.2.1, Section 7.2.2; and D4.3.1, Section 3.1.1, Table 3) is continuously being
updated. Adjustments of the sensor list from D4.2.1 to D4.3.1 are explained in D4.3.1, Section
3.1.1. The updated list of sensors is shown in Section 3.2.2, Table 2 .

During the co-creation phase no sensor-specific data is collected, because the sensor tool kit in
the logistics use case is not used in this phase and has not been introduced to the participants in
this phase. Nevertheless, the utilisation of the tool kit for collecting data from the co-creation
phase was discussed, as mentioned in D4.3.1. Findings from tests of the toolkit and its sensors
suggested not using the toolkit for this purpose but once the participants started to explore the
toolkit data is automatically logged and can be used for analysis. Yet, the Serious Game provides
data which is related to sensor data. These are namely the kinds and numbers of sensors used in a
service as well as the kinds and numbers of actuators used in a service. Even though these
numbers cannot be used in the service’s KSB analysis, they are helpful for the toolkit and serious
game evaluation.

During exploration and later mainly during experimentation, sensor data and derived risk logic
data is gathered. This data provides the basis for the KPIs which are needed to describe the KSB
properties listed in Table 1 and Table 3 (see above).

3411 Sensor data

Values gathered from the sensor toolkit and aggregated values are stored in a PostgreSQL
database. These values are written in user-definable intervals in steps of one millisecond.

The structure of the database is user-oriented. This means that all data is directly or indirectly
related to a user of the toolkit. The ER-diagram in Figure 2 illustrates the database structure in its
current state.

ELLIOT Consortium Dissemination: Public 21/156



7 o =4 ELLIOT — Experiential Living Lab for the Internet Of Things Project N. 258666
(g f%?ﬁifﬁ%
(| o _ Wi i i ;

&J_._LUJJ 3 - D4.3.2 — Report on IOT Living Lat()iit(e:tr)inmtl)nuous Exploration and Evaluation Date 31.08.2012

Figure 2: ER-diagram from logistics use case tool kit

Table 9: Example sensor data from logistics tool kit

Sensor name Value | Unit | Date Arduino ID | Session name

Accelerometer y-axis -138.0 | ° 2012.Jul.06 - 11:32:13 | 508 elliot testsession
Pressure sensor 0.0 Ibs 2012.Jul.06 - 11:32:13 | 508 elliot testsession
Accelerometer y-axis -1380 |° 2012.Jul.06 - 11:32:14 | 508 elliot testsession
Pressure sensor 0.0 Ibs 2012.Jul.06 - 11:32:14 | 508 elliot testsession
Pressure sensor 0.0 Ibs 2012.Jul.06 - 11:32:15 | 508 elliot testsession
Accelerometer y-axis -138.0 |° 2012.Jul.06 - 11:32:15 | 508 elliot testsession

Table 9 shows a small sample of the recorded sensor data. Since the sensor tool kit has to handle
many different types of sensors, the data is always saved with a reference to its connected
microcontroller (entity Arduino) as well as the stored sensor metadata (entity Sensor).

3.4.1.2 Risk logic data

At this stage there are three types of qualified data. The first type is Risk Data which is calculated
from values retrieved by the sensors. The second type is User Log which handles the user login
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and logout actions. The last one is the Sensor Connection Log which provides information about
the connected sensors, the time they were connected and who connected them.

All risk data derived from sensor data is stored with all corresponding values such as the resulting
risk value, thresholds and limits which were defined inside the toolkit (See Table 10).

Table 10: Example Risk Data

Name Time Max | Threshold | Sensor name | Value | (other sensor and | Risk

1 1 1 1 risk values) value
produkt 1 | 2012.Jul.06 - | 30 7 Accelerometer | 15° 59.1%
schwerpunkt | 12:17:01 X-axis
produkt 1 | 2012.Jul.06 - | 30 7 Accelerometer | 16° 63.6%
schwerpunkt | 12:17:02 X-axis
produkt 1 | 2012.Jul.06 - | 30 7 Accelerometer | 15° 55.2%
schwerpunkt | 12:17:03 X-axis
produkt 1 | 2012.Jul.06 - | 30 7 Accelerometer | 16° 63.7%
schwerpunkt | 12:17:04 X-axis
produkt 1 | 2012.Jul.06 - | 30 7 Accelerometer | 16° 63.6%
schwerpunkt | 12:17:05 X-axis
produkt 1 | 2012.Jul.06 - | 30 7 Accelerometer | 25° 90.0%
schwerpunkt | 12:17:06 X-axis
produkt 1 | 2012.Jul.06 - | 30 7 Accelerometer | 31° 100.0%
schwerpunkt | 12:17:08 X-axis
produkt 1 | 2012.Jul.06 - | 30 7 Accelerometer | 35° 100.0%
schwerpunkt | 12:17:09 X-axis

Logging of user actions is currently restricted to the time of a user login and logout but may be
extended to other actions in the future.

In addition to the logged raw sensor data a separate log is maintained for every connected sensor;
the collected data includes the user who connected the microcontroller with the sensors as well as
a timestamp which indicates when the sensors were connected (See Table 11).
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Table 11: Example sensor connection log
ID Arduino ID Time User ID
233 687 2012.Jul.06 - 10:15:06 4
234 689 2012.Jul.06 - 10:18:56 4
235 691 2012.Jul.06 - 10:23:04 4

3.4.2 Observation and Survey Data

34.21

The charts in Figure 3 were derived from analysis of the Living Lab workshop data (of Living
Lab groups I, 11 and I11). In the first co-creation session, observation was not carried out as would
be needed for a consistent evaluation. For the Living Lab group Il no exploration has been
carried out, hence no observation data is available. The observation of the participation level was
carried out by the living lab manager / workshop observer; the average participation was
calculated in 15 minutes intervals. The gap in the Living Lab | exploration chart indicates a
break; breaks were offered to participants in all workshops, however offers for breaks were rarely
taken up. The break in Living Lab | Exploration was actually taken in a workshop which turned

Observation of Living Lab workshops

out to be the longest in duration (3 hours including the break).
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Figure 3: Level of participation in different Living Lab workshops

During the exploration workshops, the way participants used the provided toolkit including
demonstration material was observed. Findings from this observation are relevant for the tool kit
design, the way the tool kit is introduced, for which tasks it is used and to what extent it is used.
A more details analysis of the tool kit as a tool for loT-oriented user co-creation will be part of
the upcoming deliverables D4.2.2 and D3.4.
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3.4.2.2 Questionnaires from Co-Creation and Exploration Sessions

Questionnaires provide information about the participants, their expectations, and their
pre-existing knowledge. Questions aim to understand what the participants expect to learn or do
in the workshop (e.g. try out own ideas; gain new skills, take an active role), what their level of
knowledge about loT is (e.g. experience about applications and services) and their attitude
regarding 10T (e.g. can loT make life easier, can 10T generate logistic services). These insights
are especially relevant for a better understanding of the individual Living Lab phases and
workshops. The relevant questionnaire analysis will be discussed in the following section.

3.5 Data Analysis

3.5.1 Sensor Data Analysis

The data collected from sensors (see Section 3.4.1) is transmitted to the ELLIOT core platform
via the ELLIOT middleware. There, based on the needs of the KPIs/Indicators, the data is further
processed by data analysis components based on FocusLab services. In Section 3.2.3, KPIs are
explained in relation to KSB properties.

Based on the expressed KPI requirements it is planned that a Web Service, e.g. FocusLab, will
process data for KPIs as needed for further KSB property value calculation. The KPI level of
detail and quality was discussed in project meetings and workshops. Based on these discussions,
KPI needs for the logistics use case were refined. The following information is an example for
data processing based on the expressed KPI requirements. The computation was carried out by
FocusLab. The final process of data computation will be presented in the upcoming deliverable
D4.3.3.

Sensor sessions (see Table 11):
e number of sensors connected per session
e number of microcontrollers connected per session

e duration of session
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Project N.

Date

Table 12: Initially computed sensor data by FocusLab

258666

31.08.2012

Duration
arduino_ | sensor_
id name user_id date_time_min date_time_max | Day Time count count
484 test 1 27/06/2012 10:19 | 28/06/201210:53 | 1 |00:34:00 2 4
487 stress test 3 27/06/2012 14:38 | 27/06/2012 14:41 | 0 |00:02:56 1 1
488 LLI 3 27/06/2012 15:50 | 27/06/201216:20 | 0 |00:30:02 1 1
499 screen 3 03/07/2012 16:52 | 03/07/2012 16:58 0 |00:05:37 1 3
505 | screenshot 3 03/07/201217:09 | 03/07/201217:12 | 0 |00:02:27 2 4
507 pre-explo 3 06/07/2012 10:45 | 06/07/201210:48 | 0 |00:02:52 1 2
508 | elliot testsession 4 06/07/2012 10:57 | 06/07/201211:45 | 0 |00:48:06 3 5
509 | RFID_Accel 4 06/07/2012 11:46 | 06/07/201211:47 | 0 |00:01:59 1 3
510 RFID_Acc 4 06/07/2012 11:48 | 06/07/201211:49 | 0 |00:00:11 1 1
511 RFID_Acc 4 06/07/2012 11:50 | 06/07/201212:18 | 0 |00:28:33 2 2
User Session (Table 13 is a sample representing the data of the table)
e Duration overall (sum): 1 hour 17 minutes and 53 seconds
e During this time:
o Number of Logins / user : 108 Logins for the same user
o Number of Logouts / user : 52 “manual” logouts & 56 without logouts
The latter result is caused by logouts forced by the system.
Table 13: Data from FocusLab: user session (extract)

id user_id start finish Duration

1 1 02/07/2012 10:26:00 02/07/2012 10:26:13 0:00:13

3 1 02/07/2012 14:41:36

4 1 02/07/2012 16:42:51

5 1 02/07/2012 16:48:32 02/07/2012 16:51:05 0:02:33

7 1 02/07/2012 16:56:40 02/07/2012 16:58:43 0:02:03

9 1 16/07/2012 12:17:48 16/07/2012 12:19:19 0:01:31
140 1 24/07/2012 14:18:59 24/07/2012 14:19:08 0:00:09
142 1 24/07/2012 14:20:52
143 1 24/07/2012 14:26:35 24/07/2012 14:26:51 0:00:16
145 1 24/07/2012 14:27:47 24/07/2012 14:28:00 0:00:13
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147 1 24/07/2012 14:28:40 24/07/2012 14:28:53 0:00:13
149 1 24/07/2012 14:30:49
150 1 25/07/2012 16:45:45 25/07/2012 16:46:06 0:00:21
152 1 25/07/2012 16:48:04 25/07/2012 16:48:11 0:00:07
154 1 25/07/2012 16:53:02
155 1 25/07/2012 17:07:37 25/07/2012 17:07:56 0:00:19
157 1 25/07/2012 17:09:22
158 1 25/07/2012 17:11:43
159 1 25/07/2012 17:14:40 25/07/2012 17:15:17 0:00:37

With this data, the relevant Indicators for the KSB property Attractiveness are derived. To
calculate the indicators and to derive this KSB property, the approach presented in Section 3.2.3
IS used:

weight weighted

time spent (012.4{0]0] 01:45 [O,;875
log outs 1 1 0]
complaint rate 4 5

0,2 0,15 Button

value of Attractiveness
reached: 0,71875
As the “complaint button” has not yet been implemented in the tool kit user interface, the
complaint rate is always “0”. Nevertheless, the calculation includes this value. This implies the
following two possibilities:

(1) Only a value of 0.8 can be reached if all other indicators reach, individually, a value of
1.0.

(2) In case an indicator exceeds 1.0 (100%), which might be possible (see Section 3.2.1), then
the property could be in excess of a value of 0.8. Such results can be explained and are an
example for the explanation given about the metrics in Section 3.2.1.

As an example, the calculation of the KSB property S7.2, ‘Attractiveness’, based on the
limitation mentioned above (complaint button) and with the data provided by FocusLab is
calculated for the sessions of 2.07.2012 (t1), 16.7.2012 (t2) and 17.6.2012 (t3). The sessions are
interpreted as working shifts on separate days:
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g AT s o ST - g = 1T (interim) Date 31.08.2012
weight
time spent 06:32  05:03 0,773...9 K 0,5024721
log outs 3 0,15 0 0
complaint rate 0 0,2 0 button

value of Attractiveness
reached: 0,5024721

t2 t3 weight
time spent 05:03 06:15 1,235...8 KIS 0,80301674
log outs 3 0,15 0 0

complaint rate 0,2 0 button
value of Attractiveness
reached: 0,80301674

Here, the development between the sessions can be seen very clearly. Even though the number of
log-outs increased between session t2 and session t3, the Attractiveness level rose. This is
because a negative development will be rated as a steady development due to the heavy impact
caused by a negative KPIl on the KSB property. However as the time spent in the service
increases significantly from t2 to t3, the value for this KPI goes up from approx. 0.773 (t1/t2) to
1.235 (t2/t3). This Indicator is weighted heaviest with 0.65, thus the value rises accordingly.

Number o