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1 Executive Summary

This deliverable presents the first results of the task T5.3 which is about the development of inter- and intra-
factory human-machine-interfaces which enables users to interact with the COMPOSITION system. The HMI
design is driven by initial requirements collected in both, WP2 (D2.1) and WP5 activities. For the initial GUIs,
the use cases defined in D2.1 were considered; however, their prioritization was changed after the T5.3
started. This is why use cases of higher priority might not always have HMI drafts of highest detail.

Based on a research on the role of HMIs in the Industry 4.0 environment, general requirements for HMIs in the
manufacturing context have been collected. As described in section 3, such requirements are for example web
capability, responsive design, interfacing communication services, and context sensitivity. A brief summary of
HMIs which are already applied in Industry 4.0 process and production monitoring was added in order to
demonstrate how decent systems can support workers accomplishing their tasks. Additionally, the applied
technology showed what is already being applied and delivered initial input for the right choices of context-
aware devices and their potential.

The methodology is described in section 4. Several design methods offered by the applied user-centered
design framework, for example interviews, guided tours through the factory floors, scenario thinking,
storyboards, activity analysis, and prototyping allowed for further basic functionality and user requirement
elicitation, situation analysis and grouping, as well as the development of initial prototypes for decent HMIs.
Doing this, three major factory scenarios were identified: alarm situations, navigation or logistic tasks, and
basic observing and analytic tasks. Those situations have been documented in order to find the best fitting
devices for task-relevant HMIs on the COMPOSITION test sites.

Section 5 and 6 report on the initial interfaces of different fidelity levels. Therefore, wireframes, screenshots
from digital mockups, as well as basic functionality diagrams are shown. Additionally created interaction flow
diagrams, detail views for GUIs, alternative interfaces such as mobile and / or desktop are presented in the
appendix of this deliverable.

Finally, next steps, the main achievements, and the influence of the presented work on other work packages
are presented in section 7.
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2 Introduction

2.1 Purpose, context and scope of this deliverable

This deliverable provides an overview of the initial results of task T5.3 Advanced Human-Machine-Interfaces
for Direct Interaction with Real-World Objects. The purpose of task T5.3 is the development of work-task
oriented user interfaces that support people in CPSs. T 5.3 is one of five subtasks of work package 57 Key
Enabling Technologies for Intra- and Interfactory Interoperability and Data Analysis.

Due to the early state of the project, presented results will provide a first overview of the interfaces to be
developed as COMPOSITION progresses. The main focus of this deliverable lies on identifying and developing
relevant interaction scenarios, devices, data, and work-tasks that allow for the application of COMPOSITION
HMIs. The results of these actions will be input for further work done in WP2 and are presented as initial paper
prototypes, wireframes, visions and story boards. The initial HMIs are to be refined and evolved iteratively as
the project proceeds following a user-centered approach (UCD).

2.2 Content and structure of this deliverable

This deliverable describes the initial drafts of HMIs developed for intra- and inter-factory scenarios described
as a part of the COMPOSITION project. As depicted in Figure 1, intra-factory use cases focus on the value
chain and are addressing processes inside the factory, whereas inter-factory use cases handle processes
among multiple stakeholders, thereby concentrating on the supply chain. Section 3 will briefly introduce the
state of the art of HMIs in the context of Industry 4.0. While section 3.1 focuses on research topics and design
guidelines up the foundation for the methodology further described in section 4, a general analysis of interfaces
and interaction techniques applied in the industry 4.0 environment is described in section 3.2. Besides the
adopted design process, a short overview of the methodology used throughout the development of the
presented results as well as initial results of conducted user research methods is given in section 4.

V\ﬁ
K\A

..Iu
-_u

Intra Factory

Value Chain Supply Chain

Figure 1: Intra-factory vs. inter-factory

The wireframes, interfaces, visions and other results shown in the Sections 5 and 6 have been developed in
close collaboration with the COMPOSITION pilot and technical partners. Section 5 focuses on the intra-factory
scenarios described in D2.1 Industrial Use Cases for an Integrated Information Management System. In line
with a general vision for the intra-factory use cases, matching interaction techniques and concepts for the
available devices will be briefly introduced. The developed interface prototypes will be described according to
the use cases defined in D2.1. Section 6 is structured in a similar way and focuses on the inter-factory
scenarios and use cases, mainly on the developed marketplace further described in the deliverables D6.3
COMPOSITION Marketplace | and D6.4 COMPOSITION Marketplace Il developed in WP6 7 COMPOSITION
Collaborative Ecosystem. Finally, section 7 introduces achieved results, next steps and points out the work
packages affected by the presented work.
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3 Research

The following section briefly introduces the state of the art of HMIs in the context of Industry 4.0. While section
3.1 focuses on research topics and builds up the foundation for the methodology further described in section
4, section 3.2 provides a brief overview of specific HMI implementations.

3.1 The Role of HMIs in Industry 4.0 Environment

Industry 4.0 depicts a vision of interconnected, integrated processes, information, and communication of

mostly self-managed systems within factories, which will challenge the future role of humans in manufacturing.

Wi t h machines and processes becoming more and mor e &
scenarios wil/ b €@oreckye Schmaith) laogkgl a&Zlihtke) 2014). This will require a worker to

take over the role as supervisor of systems and processes as well as deploying the production strategies

(Gorecky,et al., 2014).

The shifted focus of human tasks will render nowadays mostly stationary workplaces as being obsolete as it
will require more flexible on-si t e as wel |l as remotely hH(GaetkytSchmdtt i ve p
Loskyll, & Ziihlke, 2014).

Resulting from the Industry 4.0 vision, Schreck (Schreck, 2014) formulates basic requirements for HMIs in
future factory environments that should be fulfilled:

- Web capability based on HTML 5.0 and Java Script to allow device agnostic support for all possible
platforms;

- Responsive design to support all sorts of user- and task specific GUIs;

- OPC-UA as server and client to allow for unlimited connectivity between different systems and
platforms?

- Distinct functionalities to process complex data structures for the realization of job management,
maintenance management, etc.?

- Interfacing email and social web services for task notifications®

- Support of easy conceptualizing of task relevant interfaces through automation technicians

Gorecky et al. further introduce the following requirements (Gorecky et al., 2014). In their opinion, future HMIs

- should provide access to a multitude of different components and sites via mobile user interfaces (1:m
access)

- need to be able to deal with the raising system complexity
- have to be able to reveal componentsd positions

- have to be context-sensitive to display relevant information to the mobile worker (see e.g. (Seissler,
Breiner, Schmitt, Asmelash, & Koelsch; Schillit, Adams, & Want, 1995)*

With respect to Schreck& general requirements it is important to emphasize that the HMIs developed in
COMPOSITION will not be used for direct interactions with the operating machines. Instead, they will allow
users to query for information and observe machine and production states and communicate with the
COMPOSITION IIMS. Therefore, the main purpose is the visualization of collected data, the presentation of
suggested behavior, the interlinkage of information from different sources, and the support of causal research
tasks. This is the main reason why not all of the general requirements of Schreck can be applied for the HMI

! this requirement will not be relevant for HMIs in COMPOSITION since the connectivity layer does not feature direct interaction with
machines

2 the level of importance of job management in COMPOSITION is currently not yet defined; however, job management is expected to be
out of scope for COMPOSITION

3 Social web services might be out of scope of COMPOSITION; however, some type of communication is expected and therefore will be
included in the HMIs

4 The role of context-sensitive or context-aware HMIs in COMPOSITION has not been defined, yet
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development. However, following the already collected user requirements, the resulting interfaces will be web-
based, responsive (or at least multi-device supporting), task-oriented and interfacing with some communication
technology, for example email.

Due to the amount of available data andohbelheducedmithp!| e x i t )
needed minimum of information in order to be intuitively usable. The goal of such HMIs should not be to present

all available data, but all required information for a user to fulfill his tasks. Following this premise, Walter points

towards HMI design principles that should be applied for interfaces in the industrial environment (Walter, 2017)

to maximize their usability:

- Anything that doesndédt add value should not appear c

- Ease the burden on the ugastrbétweenefgreagmundand backgtaurmdi ng ¢ ¢
elements and restraining your use of saturated colors.

- Designers should spatially group related objects and elements to allow the user to perceive the whole
as a single unit of information.

- Optimize your product experience for the target environment and be ruthless about removing
unnecessaryuser-i nt er f ace el ements that dondét add value.

Furthermore, Waltere mphasi zes the importance of starting from a
designing interfaces, instead of focusing on the capabilities of data and machines. This aligns well with the
human-centered design process (UCD) (International Organization for Standardization, 2010), which is further

described in section 4.

3.2 Applied HMIs in Industry 4.0 Process and Production Monitoring

Industry 4.0 paradigms are present for several years which means that there are several commercial and
scientific solutions for different scenarios in an interconnected shop floor. Some of them are presented as
follows:

Pr oGl ov e(@reGlovia 20k7) is a smart glove that supports the picking and packing process in Industry
4.0 factories. The glove is equipped with a long-live battery and supports wireless connection with the factory
systems. When a button is pressed, the ProGlove allows the user to scan barcodes. Acoustic signals give
feedback if the process was executed correctly. This device allows the worker to save time by rendering the
process of picking up a specific scanning device as unnecessary. However, the ProGlove is very specifically
specialized for manual scanning processes, which are currently not being part of the COMPOSITION
scenarios.
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Figure 2: Mark, a smart glove that is capable of scanning barcodes and emitting aural feedback (ProGlove, 2017)

As an outcome of the project WatchOut (Gottwalles, 2016), a smartwatch HMI for interacting remotely with
machines in an Industry 4.0 factory was developed. The described use case is depicting a scenario in which
a worker is able to remotely change the recipe of cocktails produced by an assembly line after being notified
about quality issues. The project was executed to demonstrate how smartwatches can be applied in an
industrial context, explicitly pointing to two benefits:

1. Notifications received on smartwatches can be read hands-free; the disturbance of the currently
executed task performed by a worker is therefore being reduced to a minimum. Additionally, the worker
can decide using a gesture if the notification is urgent and therefore needs immediate interference with
the process, or if he can address the issue later.

2. If the issue is urgent, the worker can remotely address the issue i in this case by changing the recipe
of a cocktail using an easy smartwatch application. The smartwatch application is depicted in Figure
3.

The project demonstrates that smartwatches can be applied successfully in alarm situations when human
interaction is required to solve an (upcoming) issue.
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Figure 3: Hands-free interaction with notifications and production processes in the manufacturing environment
using smartwatches (Gottwalles, 2016)

MachineMetrics offers a software bundle featuring multiple functionalities, such as job performance monitoring,
downtime and quality tracking, performance reporting, machine analytics, remote machine monitoring, real-
time dashboards, etc. (MachineMetrics, Inc., 2017). As depicted in Figure 4, the software platform supports
multiple devices, for example tablets, TV monitors on the shop floor, laptops and smartphones. Their HMIs
mainly address COMPOSITION relevant fields, such as analytical and observing tasks (see section 4.3). The
input and output devices are mainly touch-based, contextual information can be displayed on monitors close
to the machines. Notifications in case of machine failures are sent out via text and email.

Due to its holistic dashboard approach, the presented solution is very interesting. However, the application
scenarios in COMPOSITION are more expansive, for example by addressing maintenance planning and
bottleneck handling.
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CITIZEN 01 CITIZEN 03 CITIZEN 04 CITIZEN 05 s All Workcenters
2n-Actve 2n-otnar om - Actve 10m- i 57m - Active.
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CITIZEN 08 CITIZEN 09
2h-Actve h- Actve
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Figure 4: Multi device support (MachineMetrics, Inc., 2017) as software bundle

MANTIS (MANTIS Consortium, 2017) is a project funded by the ECSEL Joint Undertaking and the European

Uni onds Horizon 2020 r esear antt focasesdon cyben-pghyseal systems lpased g r a mm
proactive collaborative maintenance. Throughout the currently still running project HMIs for controlling and

visualizing data also in the manufacturing environment are developed by implementing a dashboard approach.

In Figure 5, such a customizable dashboard is shown which provides information about system alarms and

measured sensor data. The dashboard is designed to allow for a quick overview of all running processes in

the factory environment. Its adaptability ensures the user and task relevance for the signed-in worker. The

modular widgets can be activated either by the worker himself, or by context based information.

User 1 |

2017-05-07 2017-05-07
06:27:16.000 06:08:10.000

Figure 5: First version of a web-based HMI of the MANTIS project (MANTIS Consortium, 2017)
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The presented HMIs emphasize a general premise in interaction design: good interfaces try to solve concrete
problems and support the user in efficiently solving problems. A general outcome from the presented HMIs is

that:

mobile interfaces are best used when a worker has to move on the factory floor and needs to be
notified in case an alarm situation occurs or his task needs to be updated. This interaction type
becomes powerful if urgent issues can directly be addressed in a follow-up interaction without the
necessity to abandon the current task, e.g. by changing a machine configuration, adapting the order
of process stepsbebaviorchanging oneébs

custom-build HMIs | i ke t he ProGloveds Mark are very |
extremely powerful if applied in their specific problem domain. However, adapting highly specialized
HMIs for other issues might not result in satisfying results.

general monitoring and analytical tasks are best performed on input devices offering enough screen
size to display necessary information. Personalization of the provided information is important and can
be solved using different approaches, such as location-based information, authentication systems
paired with user rights management, etc. Those interfaces become flexible if multiple devices and
screen sizes as well as interaction modalities are supported.
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4 Methodology

Designing relevant interfaces and their interaction requires a structured development process. Therefore, this
section describes the user-centered design framework (International Organization for Standardization, 2010)
and its application in the COMPOSITION environment.

UCD is a framework of processes and methods which is not limited by the use of specific interfaces and
technologies. This allows for a flexible adaption to all sorts of user needs and tasks as well as limitation induced
by the working environment. Figure 6 depicts the UCD framework as an iterative process consisting of 4
phases. During the development cycle, multiple iterations are executed in order to adapt to changing user
needs, requirements, limitations and problems that might occur as the project develops. Such iterations can
happen between any phases in the process, but are usually triggered after evaluation.

1. Understand
Understand and specify the context of use; this phase also identifies user groups and their needs by
directly involving end-users and stakeholders

2. Specify
Specify requirements based on previous analysis; This phase requires filtering the gathered
requirements according to priority and feasibility and can generate input for tasks in WP2, specifically
for the deliverables D2.5 and D2.6 Lessons Learned and updated requirements report | and Il

3. Prototype
Produce minimal feasible design solutions to meet requirements; prototyping is used to portray and
visualize knowledge which was gained from the previous phases Understand and Specify

4. Evaluate
Evaluate design against requirements; Similar to stage 1, this stage usually involves gathering direct
user feedback

Understand

Understand and specify the
context of use

SVEUVEE Specify

Evaluate design against

e Specify requirements

Prototype

Produce minimum valuable design
solutions to meet requirements

Figure 6: The UCD process adapted from (International Organization for Standardization, 2010)
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This process is also applied for evolving the prototype fidelities described in section 4.2. The iterative
application of understanding, specifying, prototyping,
requirements as well as up-to-date requirements which are being documented on the platform Jira (see D2.2

Initial requirements specification for more information).

4.1 Methods for requirements gathering

The UCD process offers multiple methods which are built on close interaction and discussion with users. This
ensures the best possible information and feedback gathering from a human perspective as well as their
relevance for the user work-tasks. The choice of applicable methods during the development phase is
influenced by multiple factors, such as available users or resources, technical or law restrictions, user
expertise, etc. Many met hods can be applied in the phase Aunder
are chosen with respect to the desired outcome (e.g. knowledge gathering, prototype evaluation) as well as

the available resources.

In COMPOSITION, a diverse set of methods was and will be applied. The most used ones during the work
presented in this deliverable are listed below.

1 Semi-structured interviews and questionnaires of different users
Those are questionnaires and interviews that consist of both, close-ended (e.g. yes, no) and open-
ended questions. Interviews and questionnaires were conducted mostly online during telcos and with
the use of suitable tools.

1 Guided Tours
The demonstrator partners KLE and BSL offered guided tours around their shop floor to allow for better
understanding of the local working situation. Those tours were partially documented with photographs.

1 Scenario thinking
To generate new ideas, tasks as they are executed right now were imagined and discussed in an
environment with new technology, such as augmented reality (AR) glasses, tangible interfaces, wall
touch screens, smartphones, tablets, etc.

i Storyboards
Users had problems imagining themselves operating a mostly autonomous system, such as the agent-
based marketplace. To better communicate the ideas and identify misunderstandings concerning
processes, used or future technology, interaction possibilities etc., some of the uses cases defined in
D2.1 were illustrated as storyboards. An example of such a storyboard is depicted in Figure 7.

1 Activity Analysis
Co-creation with workers and process-owners; listing and describing tasks and worker roles present
in the pilot partnersé processes

1 Prototyping
Developing rapid prototypes to elaborate understandings and ideas about a certain task or problem;
prototyping is also involved in the design process described in Section 4.2
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Inside the COMPOSITION marketplace
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Figure 7: Storyboards were used as use case illustrations eased the communication during workshops and
discussions. Here, the storyboard for UC-KLE-4 from t he agentsd6 point of

4.2 Design process

Following the iterative UCD process, the COMPOSITION interfaces are developed in three fidelity levels, low
(low-fi), medium (mid-fi), and high (hi-fi):

1. Low-Fi Prototypes
Those prototypes are developed rapidly with primitive tools, such as paper sketches, scribbles, etc.
Because low-fi prototypes are cheap in terms of time and cost, they are used at the very beginning of
the design process, mainly to generate and communicate ideas and provide first approaches of
possible ways to interact with systems and devices. Low-fi prototypes are mostly static.

2. Mid-Fi Prototypes
The most promising low-fi prototypes are then further developed into mid-fi prototypes. This might
involve software tools such as balsamiq (Balsamiq Studios, 2017), moqups (S.C Evercoder Software
S.R.L., 2017) or Axure (Axure Software Solutions, Inc., 2017). Mid-fi prototypes are already able to
show information flows by mimicking page navigation (e.g. clickable PDF).

3. High-Fi Prototypes
High-fi describes prototypes that are almost finalized interfaces with applied graphical design, fully
modelled transitions (animation, gestures), etc.

The transition between fidelity stages is done after the evaluation of the prototype in question. This evaluation

should be done in close collaboration with end-users. This cannot always be accomplished; therefore, an

evaluation was at least done together with project responsibles from the test-sites in question. With respect to

the projectébés stage and the state of requirements
mostly low- to mid-fi prototypes and are to be further developed iteratively as the project evolves.

Presented features are based on user requirements documented on Jira and presented in the deliverables
D2.2 Initial requirements specification (M6), D2.5 Lessons Learned and updated requirements report | (M15),
and D2.6 Lessons Learned and updated requirements report Il (M28).
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