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Table 1: List of Abbreviations
Term / Abbreviation
Ai
AP
BLE
BSN
DA
DC
ECG
EMG
F
MMH
NF
NFMI
OHS
PPE
SE
SL
ST
WS

Definition
Artificial Intelligence
Apps
Bluetooth Low Energy
Body Sensor Network
Data analysis and feedback
Data collection
Electrocardiography
Electromyography
Functional requirement
Manual material handling
Non-functional requirement
Near-field magnetic induction communication
Occupational Health & Safety
Personal Protective Equipment
Sensors
Sensors location
Type of sensors
Whole system
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1 INTRODUCTION
1.1 PURPOSE OF THE DOCUMENT
This deliverable presents the user requirements for the BIONIC system. The requirements include
both the functional and non-functional aspects that must be taken into account when designing the
different elements of BIONIC:
•

•

Functional requirements are related to the elements and properties that the system should
have. They include the system components (hardware, BSN and software) and the system
features (availability, configuration, privacy, etc.). These requirements have been extracted
and selected under the end users‘ perspective to be refined and developed at T1.4.
Non-functional requirements relate to the features that system should have to ensure an
adequate user experience. They include aspects such as security (further specified at T1.3),
accessibility, usability and ergonomics (developed at this deliverable).

Functional requirements are the fundamental or essential subject matter of the product. They
describe what the product has to do or what processing actions it is to take. The functional
requirements are highly connected with the usability, performance, look or security aspects
(classified as “non-functional requirements”) and also with the use cases that are used mainly to
describe system actions when interacting with the user. Particular use cases are those usage
scenarios (construction and manufacturing) that are going to be tested at the validation phase (Both
use cases and usage scenarios will be developed at D1.2).
The requirements have been extracted and tagged according to two types of users: older workers
(end users) who are going to employ the system in their daily tasks, and the intermediate users, that
is, medical doctors, occupational health professionals, production managers, and in general all the
professional profiles that will manage the system and potentially will exploit all the data generated
by Bionic.
User requirements have been developed using several user-driven innovation techniques: an initial
requirements’ questionnaire has been prepared and distributed among the consortium. The data
collected, together with technical development, has allowed preparing a first draft discussed at a
methodological workshop and then validated at a specific focus group.

1.2 STRUCTURE OF THE DOCUMENT
This document is structured as follows:
•
•
•

•
•

The first part of this document includes the description of the methodology and process
used for the elicitation of the requirements.
Next, there is an initial definition of the BIONIC system, according to the information
described at the project proposal.
The „data collection“ section will tackle with the analysis of background information from
the different key stakeholders. This will include the description and analysis of an overall
framework questionnaire to the consortium and also the workshop and focus groups
with final and intermediate users. Finally, a conclusions section briefly summarizes this
part.
The „results“ section will include the list of requirements and the description of the
usability requirements.
Finally, sections about future work and conclusions are provided.
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2 METHODOLOGY
Bionic system specifications have been generated under a User Driven Innovation approach. We
have involved in this process two types of users and stakeholders:
•
•
•

Stakeholders: technical and research professionals from the project consortium
End users: older workers who are going to employ the system in their daily tasks
Intermediate users, that is, occupational health professionals, production managers, and
in general all the professional profiles that will manage the system and potentially will
exploit all the data generated by Bionic.

For all of them, the purpose is to collect needs, expectations, and barriers related to Bionic system
employment, including general characteristics, ergonomic restrictions, usability and software for
managing user-system interaction. All this information will form part of the system specifications
(Task 1.4).
Special attention has been given in the definition of usability criteria. One of the key innovations of
Bionic is that users, regardless their IT awareness and background will be able to use the services and
understand how their security and privacy is protected altering the protection levels in a clear and
easy way. Thus, it is of vital importance to consider usability requirements for every category of user
(regardless the degree of awareness) in the parts of the system where security and privacy is
involved (e.g. understanding the privacy policy, ways to trace her data, etc.).
The process for gathering the requirements has followed an iterative methodology of collecting and
refining information:

Information
refinement

Gathering of
information
(techniques)

Discussion /
feedback

Figure 1 – Iterative process of gathering and refining information

The whole process has included the following steps (see Figure 2):
•
•
•
•
•
•

Initial gathering of information (proposal and documental review)
Preparation of a “Requirements’ questionnaire”.
Questionnaire distribution and completion by the BIONIC consortium.
Workshop to discuss the questionnaire results and first agreement of BIONIC main features,
list of key requirements and use cases.
Focus group with end and intermediate users: requirements validation
Discussion of the results and preparation of the first version of user requirements
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Specific workshops (2) at the construction and manufacturing use cases: requirements
refinement and usage scenarios (for D1.2)

DFKI & IBV
QUESTIONNAIRE
Identify the Bionic
system structure:
features, needs,
requirements … /
preparation

CONSORTIUM
Partners to fill out the
questionnaire.

IBV
IBV to collect and
analyse
questionnaire
results
Draft documents
preparation
(diagrams)

CONSORTIUM

IBV

CONSORTIUM
To discuss and agree
•
•
•

D1.1 preparation
(06/19)

BIONIC main features
Requirements collection
Usage Scenarios (first
description)

IBV

COMPANIES
(ACCIONA&MTU),
OCCUPATIONAL
HEALTH PARTNERS
(BAUA, FLC, IBV) &
LEISURE PARTNERS
(RRD)

IBV & RRD & FLC & ACCIONA

IBV &RRD & RRPP & BAUA

ACCIONA WORKSHOP for
defining CONSTRUCTION USE
CASE & SCENARIO

MTU WORKSHOP for
defining MANUFATURING
USE CASE & SCENARIO

D1.2 preparation

IBV

END USERS
(WORKERS) &
INTERMEDIATE
USERS (CLINICIANS
& OHS
PROFESSIONALS)

IBV to assess conceptual
approach (BIONIC features &
Usage scenarios) with END
USERS & INTERMEDIATE USERS

IBV
To present USER
REQUIREMENTS

IBV
Focus groups: demands and requirements
validation
USER REQUIREMENTS DEFINITION

Figure 2 – TimeLine Diagram User Requirements & Use Cases

To collect and classify the information we have used the following techniques:
Questionnaire
The questionnaire is a systematic procedure for collecting data based on a set of questions,
to be answered by the respondents, about facts or aspects of interest in a specific investigation. In
people-driven-innovation model, the Survey technique can be applied in all stages. However, it is
mainly used in the Identification of needs and opportunities Phase, allowing to obtain quantitative
measurements of the degree of interest or importance of the needs and opportunities identified
through the qualitative techniques.
Focus Group / workshop
A focus group can be defined as a carefully planned discussion designed to obtain qualitative
information on a specific area of interest, in a permissive atmosphere (not directive). It is a method
for obtaining perceptions from a group of people about a product or service, based on a group
interview technique. Participants express freely what they think about the subject matters and
discuss according to an established order, respecting their turns.
To develop the focus groups, we have followed a series of steps:
•

Selection of participants (maximum 10) with profiles according to the objectives of the
project. We have chosen direct and indirect users (workers, company representatives,
technicians and doctors) from the two scenarios that are going to be piloted in the project
(industrial/manufacturing and construction).
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Planning the session. Detailed scripts (See Annex 2 and Annex 3) have been developed to
gather all the information needed and to help in conducting the sessions.
Development of the session. Participants introduce themselves, and there is a moderator
who explains the objectives of the session. The session is developed following a script of
planned questions about a specific subject. Participants will express their opinions freely. All
opinions are equally valid. Based on all the information discussed, conclusions will be
generated and prioritized.
Data treatment.

All the information collected with these techniques has been classified, refined and specified using
descriptive statistics and text analysis:
•

Descriptive analysis (questionnaire). The different features were valued according to their
importance for the system goals and their ease to implement/develop. A cross-tabulation of
both factors allowed to identify four main tags for system features: HIGH VALUE,
IMPORTANT, UNIMPORTANT, LOW VALUE (see Figure 3). Important features are included,
unimportant excluded, and high value and low value were discussed to accept, reject or
modify them.

Figure 3 – Tags defined according to the importance and ease to develop of the system features

•
•

Text analysis (questionnaire and focus groups/workshop). Text analysis techniques (tags,
word cloud), were used to interpret, classify and prioritize the open responses.
Interpretative analysis (Focus group / workshops). An interpretative analysis of the content
is performed, by which the participants' responses are summarized creating descriptions.
Data analysis is a systematic and verifiable process, performed by the session moderator and
contrasted by the observer and the product expert. The most recurrent ideas, opinions and
feelings will be the central axis of the analysis. Most recurrent data will be identified,
determining the importance, the range and diversity of opinions.
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3 PRELIMINARY DEFINITION OF THE BIONIC SYSTEM
BIONIC will be a holistic, unobtrusive, autonomous and privacy preserving platform for real-time risk
alerting and continuous persuasive coaching, enabling the design of workplace interventions adapted
to the needs and fitness levels of specific ageing workforce. Gamification strategies adapted to the
needs and wishes of the elderly workers will ensure optimal engagement for prevention and selfmanagement of musculoskeletal health in any working/living environment. BIONIC will integrate
sensor modules in multi-purpose, configurable Body Sensor Networks (BSNs) introducing key
enablers of user acceptance based on value, comfort, confidence and trust.
The key aspects of BIONIC system should include:
•
•
•
•
•

Holistic, and unobtrusive Body Sensor Networks freely and loosely integrated in a large range
of sportswear, work wear, and PPE.
Real-time intelligent sensor data fusion and analysis at the edge (AI on a chip).
High focus on user Data Management, Analysis, Presentation and Protection.
Kinematic and Biomechanical Models for Age Adapted Ergonomic Risk Assessment and
Workplace Analysis.
Gamified User Coaching and User Interaction.

Figure 4 – Overview of key BIONIC Services and Innovations.

The BIONIC approach is centered on User Acceptance and Wide Adoption of BSNs in general. User
acceptance can be grouped in terms of Value (Meaningful Information and Support), Trust (Privacy
protection and safety), Comfort, and Usability / Ease of Use (including Configurability). An additional
element enhancing user experience and thus promoting user acceptance is fun and adherence
through gamified coaching. All these elements of user acceptance are particularly relevant and
important for the adoption of digital coaching solutions addressed to ageing population. In our case
the focus is on ageing workers, so an additional element has to do with monitoring and coaching in
the workplace. In this case Comfort, Usability (incl. avoidance of attention theft) and above all Trust
are crucial for the adoption of digital technologies in risk prevention and coaching.
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Figure 5 – BIONIC Use Case concept diagram
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4 DATA COLLECTION
This section will present and analyze the information gathered from the different key stakeholders.
This will include the description and analysis of an overall framework questionnaire to the
consortium and also the workshop and focus groups with final and intermediate users.

4.1 OVERALL FRAMEWORK QUESTIONNAIRE
4.1.1 Questionnaire design
The objective of this questionnaire is to identify the Bionic system structure: features, needs,
demands, requirements and constraints.
The questionnaire was addressed to the Bionic project partners, as they could provide different and
complementary perspectives of these aspects.
The questionnaire has included 66 questions grouped in the following sections:
•
•
•
•
•

Whole system – General aspects of the system: Level of use, Configuration, Technology.
Sensors: General aspects, Development, Type of sensors, Location of sensors.
Data collected: postures, efforts, environments, health indicators.
Age adapted data analysis.
Apps: end users, doctors, managers / OHS staff.

Each question has been assessed in relation to their importance (6: must have to 2: won’t have this
time) and the difficulty for development (1: High risk / little mature to 4: Easy / Good performance).
Additionally, each section has included open responses about the following topics:
•
•
•
•
•
•
•

Functional requirements and constraints
Nonfunctional requirements and constraints
Design aspects
Privacy / security considerations
Regulations
Interaction with the specific users: older workers, doctors, OHS, managers.
Interaction with the Bionic use cases: construction, manufacturing.

4.1.2 Questionnaire results
A total of 14 respondents have answered the questionnaire. All the respondents are members of the
project consortium institutions. Their profiles are related to engineering (design of machinery and
tools, design of job and processes, design of software, human movement, eHealth), Healthcare and
Ergonomics.

General overview of the results
The questionnaire has included 66 questions grouped in six sections: whole system, sensors, data
collected, age adapted data analysis and apps.
Regarding the assessment about these sections (see Figure 6):
•

The average value for Importance has been high: on average, all the components are
considered important (should have).
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The mean value for Easy to develop is medium; the most of the components are considered
at a moderate level of development (not tested in real environment).

Figure 6 – Average values per section

The key global aspects mentioned at the open responses are (see Figure 7):
•

Continuous use: system should be prepared for being used the whole day

•

Flexible:

•

•

o

Modularity. BSN would have interconnected subsystems.

o

Adaptable to end users. Consider aspects such as age, gender and functional
capabilities.

o

Capable to be used at work and at home.

o

Compatible with standard and work clothes (including PPEs). Loosely coupled
sensors and motions/pose analysis

o

Configurable. Settings must be accessible and easy to use by all the users.
Configuration options should be wide and allow different possibilities regarding,
measurements, operation time, feedback provided, etc.

Safe:
o

System safely storages and share user data.

o

Data Security and Privacy during wireless transmissions is ensured.

o

Workers (end users) are the owners of the collected data.

o

Private feedback and information.

Technically powerful:
o

High data analysis and parameters calculation.

o

Robust Communication systems in hard environments.

o

Accurate

o

Real-time information and feedback
Page 11 of 81
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Accepted by the user.
o

Usable

o

Unobtrusive

o

Adaptable to end users’ needs, preferences and capabilities

o

User must feel that the system provides a significant benefit.

o

Privacy must be assured.

Figure 7 – Text analysis: word cloud of the open responses

The detailed results of the questionnaire can be consulted at Annex 4 - Questionnaire results
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4.2 FOCUS GROUPS AND WORKSHOPS WITH END AND INTERMEDIATE USERS
4.2.1 Details of the sessions
The requirements specified at the previous phase have been tested and detailed at specific focus
groups and interviews with potential end and intermediate users.
Additionally, several workshops have been carried out focused on the specific scenarios
(construction and manufacturing) that will be piloted at the project. The goals of these workshops
are the following:
•
•

Obtain additional information about the user requirements to complement the data
obtained with the questionnaire and focus group.
Specified the usage scenarios of the Bionic system, especially those proposed in the project
for validation purposes. This goal and the specific results obtained will be further specified at
deliverable D1.2.

Figure 8 – Image of one of the focus groups (24/05/19)
Table 2 – Users‘ sessions

Date and place
04/04/19 –
Athens (Greece)

Technique
2 Workshops

21/05/19 – IBV
(Valencia)

Conducted
interview

24/05/19 –
Automotive
company
(Valencia)

Focus group

Participants
• Construction sector: 3
technicians
• Manufacturing sector: 2
technicians
• Researchers from the
BIONIC Consortium
2 OHS Technicians
(Construction sector)
Automotive sector:
• 3 OHS Technicians
• 1 Doctor
• 2 Workers representatives

Results
Usage scenario assessment
(D1.2)

Requirements and features
assessment (D1.1)
Usage scenario assessment
(D1.2)
Requirements and features
assessment (D1.1)
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28/05/19 – IBV
(Valencia)

Focus group

04/06/19 –
ACCIONA
(Madrid)

Conducted
interview

04/06/19 –
ACCIONA
(Madrid)

Workshop

04/06/19 – FLC
(Madrid)

Focus group

7 workers (>50) from several
sectors: industrial, railway,
construction and logistics.
2 professionals construction
sector:
• Manager (>50)
• Medical service (>50)
2 Professionals (manufacturing
sector) and 10 researchers
(BIONIC Consortium)
Construction sector:
• 2 workers (>50)
• 2 OHS Technician
• 1 Construction site manager

28.06.2019 D1.1
Requirements and features
assessment (D1.1)
Requirements and features
assessment (D1.1)
Usage scenario assessment
(D1.2)
Usage scenario assessment
(D1.2)
Requirements and features
assessment (D1.1)
Requirements and features
assessment (D1.1)
Usage scenario assessment
(D1.2)

4.2.2 Summary of the results
GENERAL SHARED CONCLUSIONS
•

•
•

System is considered very interesting and generates expectations of being able to benefit
workers and also professionals.
o Associated with health care and improvement of working conditions.
Suitable for any age: shouldn’t be focused only on older workers.
Use for risk assessment / job evaluation is well valued:
o But not always: only for specific periods of time (e.g.: during 1-2 weeks) and for
specific purposes (e.g. worst workplaces, previous injuries, complaints…).
o OHS: greater realism, objectification and data quality. More accurate than traditional
methods to assess ergonomic risk.
o Workers: System should not be used to register MTM (methods time measurement)
o Privacy: important but not critical. KEYS: Voluntary use, confidential agreement and
total user control.

Concerns about system misuse:
- Workers don’t want a system that can be used to control them
- Companies are afraid that workers can denounce bad working conditions using the system (high
pace, no rest, excessive forces…)

•
•
•
•

Best valued: a configurable system that helps to educate in good movements and
demonstrate bad work designs.
The feedback should not interfere in the working day: restrict alarms to extreme situations,
provide a simple and daily report daily or weekly.
Contemplate the environmental factors (noise, lighting, temperature ...).
It is not clear if home use would be feasible or beneficial.
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CONCLUSIONS BY USER PROFILE
•

•

Professionals (OHS, Doctors)
o The system should offer simple information that allows identifying job design
problems and detect risks in the early stages.
o It is essential that prevention technicians receive aggregate information. (Doctors
could receive personal information only if allowed by users).
o Prevention use: very interesting proposal also for young workers who need to
educate themselves in ergonomics.
o Forecast of expensive sensor modules that will make companies can only have
several units that will distribute to workers to perform job evaluations.
o Great interest in obtaining information to properly configure jobs.
Workers:
o Two modes of use:
 At work to assess risks, monitor injuries and health studies.
 Personal use based on self-management of health (working day diagnosis
that proposes support exercises).
o Most critical element is the sensor system: sizing, characteristics of the garments
that house the sensors, hygiene and washing of the garments / sensors in shared use
among workers, breathability and comfort...
o The system should not measure the times of completion of tasks.
o The worker must be able to request the use of the system in situations of worsening
of his health.
 Use for the improvement and follow-up of injuries.

Complete results of user sessions can be consulted at Annex 5 – Focus groups / Workshops results.
Results about usage scenarios, will be shown at Deliverable D1.2.
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5 RESULTS
5.1 SUMMARY AND CLASSIFICATION OF GENERAL FEATURES AND REQUIREMENTS
BIONIC is a system 1 for assisting older workers in their daily work, and for supporting them in
keeping working and having an active life, by monitoring all body parts movement through a
wearable BSN. A full BSN will be used at work and a light BSN at home.
According to this description and the results obtained after gathering information from the relevant
stakeholders (developers, older workers, managers, OHS and medical staff), the system main
features include aspects such as flexibility, privacy and usability, among others.
These aspects imply a set of functional and non-functional requirements, needed to develop the
system in a way that is effective and accepted by the users:
1. FUNCTIONAL REQUIREMENTS. Requirements of the system components and technology
(hardware -BSN: Sensors and sensor hub- and software / apps) including the system
features.
2. NON-FUNCTIONAL REQUIREMENTS. Including safety (data protection and privacy) and
usability. Usability requirements have been developed according to the Universal Design
principles 2:
• Equitable Use
• Flexibility in Use
• Simple and Intuitive Use
• Perceptible Information
• Tolerance for Error
• Low Physical Effort
• Size and Space for Approach and Use
The requirements have been grouped according to the following categories:
•
•
•
•
•

WS
S
DC
DA
AP

Whole system
Sensors (SE), including type of sensors (ST) and sensors location (SL)
Data collection
Data analysis and feedback
Apps 3 (worker, doctor, manager/OSH)

„System” defines the BIONIC components: BSN (including the sensor modules integrated in clothes and
additional devices, such as a smart watch) and apps (mobile app and web based apps).
2
Story, M. F. (1998). Maximizing usability: the principles of universal design. Assistive technology, 10(1), 4-12.
3
“Apps” are defined as all the software applications that will interact with the users (workers, doctors and
OHS/managers) including mobile apps and web apps.
1
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Whole System

DC

AP

Data Collect

Apps (M, D, W)

INERTIAL SENSORS
(ST_01)

MONITOR BODY
POSTURE (DC_01)

GAMIFICATION (AP_01)

DIFFERENT VERSIONS (WS_02)

Location: HEAD &
NECK (SL_01)

BODY PARTS
POSITIONS (DC_02)

Manager app:
RISK ASSESSMENT

ADAPTED TO END USERS
(WS_03)

Location: TRUNK &
BACK (SL_02)

MOVEMENT&
REPETITION (DC_03)

Worker app:
FEEDBACK (AP_02)

WIRELESS TECHNOLOGY (WS_06)

Location: ARMS (SL_03)

DYNAMIC HEALTH
DATA (DC_06)

Worker app:
COACHING(AP_03)

END USERS’ LANGUAGES: EN,
DE, ES (WS_17)

Location: LEGS & FEET

FORCES&LOADS (DC_07)

CONFIGURATION
AVAILABLE (AP_04)

RELEVANT INFO FOR END
USERS (WS_08)

PHYSIOLOGICAL
SENSORS (ST_03)

BALANCE DATA (DC_04)

Doctor app: LONG
TERM RISKS (AP_09)

ENVIRONMENT DATA

Manager app:
ERGO&DESIGN
RECOMMENDATIONS

CONTINOUS USE (WS_01)

FUNCTIONAL REQUIREMENTS

SE (ST, SL)

Sensors (Type &
Location)

28.06.2019 D1.1

FUNCTIONAL MATERIALS
(WS_10)

COMPATIBLE WITH PPEs
(WS_11)

NOT INTERFERING IN
WORKING ACTIVITIES (WS_29)

(SL_05)

OWN DEVELOPED &
COMMERCIAL
WEARABLES (SE_04)

(DC_05)

(AP_12)

LOOSELY INTEGRATED
IN WORK CLOTHES

RISKS LINKED TO TASKS
& ACTIVITIES (AP_13)

(SE_01)

8 HOURS AUTONOMY

(AP_11)

DA

RECOVERY
ASSESSMENT IN APPs

(SE_02)

DataAnalysis

FEEDBACK TO END
USERS (SE_03)

ERGO RISK
ASSESSMENT (DA_01)

Doctor app: REAL TIME
ALERTS (AP_08)

p (Pa) & F (N)
SENSORS (ST_02)

CONSIDER AGE &
CAPACITIES (DA_06)

Worker app: ADAPT
ACTIVITIES TO USERS

Location: HAND &
WRIST (SL_04)

CAPTURE OF USER’S
PERCEPTION (DA_05)

(AP_07)

(AP_18)

ENVIRONMENT
SENSORS (ST_06)

GDPR COMPLIANCE (WS_05)

ADAPTED TO
ANTHROPMETRIC
DIMENSIONS (SE_05)

APPS CONSISTENCY
(AP_14)

NON FUNCTIONAL REQUIREMENTS

UNDERSTANDABLE FEEDBACK

ENGAGING DESIGN

(WS_19)

(AP_15)

SIMPLE INTERFACE

EASY TO USE (WS_20)

(AP_16)

EASY TO INSTALL

EASY TO LEARN (WS_21)

(AP_17)

EASY TO UNDERSTAND (WS_18)
MOTIVATING FOR USERS
(WS_22)

MULTIPLE INTERACTIONS
MODES (WS_23)
FLEXIBLE SYSTEM (WS_24)
EASY TO PERCEIVE (WS_25)
HAZARDS MINIMIZATION
(WS_26)

LOW PHYSICAL EFFORT (WS_27)

APPROVED

IMPORTANT

OPTIONAL
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5.2 LIST OF GENERAL FEATURES AND REQUIREMENTS
5.2.1 WS
Whole system
4
Code
Type Requirement name
WS_01 F

STATUS

To be
defined
at
T1.4

Description

The system will be
Approved
System must be prepared to
prepared for a
be used the whole day,
continuous use.
during long periods.
• Most system components of the Full BSN will be prepared to operate in a continuous way
(see SE_02). Light BSN will be available to be used occasionally or for specific situations
(e.g.: use at home).
• The technology should be easy to put on (see WS_26) and comfortable to wear over a long
period of time (8 hours a day, 5 days a week)
o The system's battery should last at least a working day (or at least be easily
replaceable).
o The user should be able to charge the battery and restart the system on his own.
WS_02 F
System will have
Approved T1.4
The system will include a full
different versions
and light BSN structured in
different components.
•
•

Full BSN will include: the whole set of sensors, smartwatch and the apps.
Light BSN will include the smartwatch and the apps.

Full and light BSN composition will be adapted to the specific use cases and usage scenarios:
• Work wear for manufacturing use case
• Work wear for construction use case
WS_03 F
System will be adapted
Approved T1.1
(See WS_20, SE_05)
to end users
T1.2
System must be designed
T1.4
and conceived for older
workers, but usable by any
worker.
The system must be
functionally adapted to the
specific user (e.g.: size)
• System must be easy to use to accommodate different users (see WS_20).
• Functionally adapted to the specific user:
o Adapted to users of different age, gender, body size, weight… Initial user profiling
(including body morphometry and functional assessment) will allow the
personalization of the system to the specific user.
o Functionality of workers shouldn´t be affected. Worker should be able to execute
tasks at same performance level as without the system.
WS_05 NF
System must comply
Approved T1.3
The system will implement
with the General Data
the appropriate technical
Protection Regulation
and organizational measures
(GPDR).
to ensure the data protection
principles.

4

F: Functional; NF: Non-functional
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The system components
will communicate
wirelessly.

Approved
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T1.4
T1.3

System components will
communicate within a wired
BSN with some external
components connected
wirelessly (head, foot sensor)

Wireless communication in terms of wireless LAN:
• BSN – Ai Core <-> Edge Device <-> Server <-> Browser of end users
Wireless communication in the BSN:
• The core system is wired. But sensors on head, wrist, feet might need to communicate
wirelessly, via BLE or NFMI
WS_08 F

The system will provide
feedback to the users.

Approved

T1.4
T1.1

The BSN (see SE_03) and
apps (see AP_01-12) will
include the transmission of
information to the users.

Data collection and process
must provide information
that is adequate to the user
(relevant, useful,
comprehensible (T1.1) and
adequate in size).
See WS_18, WS_19
WS_10 F
The system materials will Important T1.4
Materials of the system must
be suitable for the
be resistant, safe and
intended use
adapted to the different
usage scenarios.
• BSN will be washable: It must be possible to clean/disinfect the clothing.
• Weatherproof: high/low temperature, rain, sunlight other weather factors.
• It should be taken into account the type of clothing depending on the time of year to get
the use of sensors on arms and legs (see WS_11).
• Consider the extreme environmental aspects that can affect the system (temperature,
noise, vibrations...)
WS_11 F
WS_17 F
WS_18 NF
WS_19 NF
WS_20 NF
WS_21 NF
WS_22 NF

The system will be
compatible with
standard work clothes
System must be fully
developed in the users’
language
System use will be easy
to understand
Feedback will be easy to
perceive and
understandable
System will be easy to
use
System will be easy to
learn
System will encourage
and motivate users

Important T1.4

Important T1.1

BSN will be integrated in
standard work clothes and
PPEs (see WS_10).
Initially: English, Spanish and
German versions should be
fully available.
Details at section 5.3

Approved

T1.1

Details at section 5.3

Approved

T1.1

Details at section 5.3

Approved

T1.1

Details at section 5.3

Important T1.1
T1.2

Details at section 5.3

Approved

T1.4
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WS_23 NF

WS_24
WS_25
WS_26

WS_27
WS_29
•
•
•
•
•
5.2.2
Code

The system will include
Important T1.1
Details at section 5.3
multiple interaction
modes for input and
output
NF
The system will be
Important T1.1
Details at section 5.3
physically and cognitively
T1.2
flexible
NF
All the information
Important T1.1
Details at section 5.3
provided by the system
will be easy to perceive
NF
The system design will
Important T1.1
Details at section 5.3
minimize hazards and
the adverse
consequences of
accidental or unintended
actions.
NF
The use of the system
Important T1.1
Details at section 5.3
will require low physical
effort
F
System must not
Important T1.4
System (hardware and
interfere with work
software) must not interfere
activities
with work activities.
BSN must be easy to put and remove and comfortable.
Use of mobile phone should be avoided during working time.
Real-time alarms or notifications should be kept at minimum.
User and/or manager should be able deactivate the real-time notifications.
Overload with information should be avoided.

Sensors (SE), including type of sensors (ST) and sensors location (SL)
Type Requirement name

SE_01 F

Sensors will be
loosely integrated
into everyday or work
clothing (or PPE)

STATUS

To be
defined
at
Important T1.4

Description
One of the main research topics
during the project will be to
investigate the feasibility of
obtaining valid and reliable
kinematics using loosely sensors.

When integrated in working clothes or PPEs, sensors:
• Shouldn´t interfere with workers job activities
• Must not limit the effectiveness or function of PPEs
• Have to consider the working clothes’ use: dirt exposure (need to wash), environmental
exposure (temperature, vibrations, etc.) (see WS_08)
• Clothing must be suitable for various user anatomies / body shapes
• No free cables or strings that can get stuck while wearing the sensors
See WS_11
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SE_02 F
•
•
•
•

BSN will have a
Important T1.4
BSN should have enough
minimum autonomy
autonomy to operate at least for a
of 8 hours
standard working shift (8 hours)
System must be prepared to be used the whole working day (see WS_01).
Some BSN components (e.g.: pressure insoles) could have difficulties to achieve this
autonomy goal. This issue will be studied during the development phase and could imply
the requirement review.
If it is needed, batteries could be changed during lunch breaks.
The user should be able to charge the battery and restart the system in the following shift
on his own.

SE_03 F

Sensors actuators will
provide feedback to
the user

Important T1.4

SE_04 F

BSN will include an
integration of specific
developed sensors
and existing solutions

Approved

SE_05 NF

Size and design of the
system will be
adapted to the
anthropometric
characteristics of
users
The system will
include inertial
sensors

Important T1.1
T4.2

The system will
include pressure /
force sensors
The system will
include physiological
sensors

Important T1.4
Approved

T1.4

The system will
include
environmental
sensors
Sensors will be
located at the head /
neck

Optional

T1.4

Approved

T1.4

ST_01 F

ST_02 F
ST_03 F

ST_06 F

SL_01

F

Approved

T1.4

T1.4

Feedback will be done via
smartwatch.
Feedback from sensors can be:
acoustic, haptic or visual.
BSN will integrate existing
commercial wearables (e.g. a
smartwatch), body-part specific
modules and/or specifically
developed sensors
Details at section 5.3

Inertial sensors will collect data
about acceleration, angular
velocity and/or magnet field out
of which it would be possible to
extract the information regarding
the orientation and relative
position of the sensor in the space
using specific algorithms (see
DC_01-04)
Pressure and force sensors will
mainly collect information about
forces and loads (see DC_07)
Physiological sensors will include
heart rate and will collect
information about dynamic health
indicators (see DC_06) such as
fatigue or exhaustion.
For example: noise, indoor air
quality, distance… (see DC_05)
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SL_02

F

SL_03

F

SL_04

F

SL_05

F

Sensors will be
located at the trunk /
back
Sensors will be
located at the arms
Sensors will be
located at the hands /
wrists
Sensors will be
located at the legs /
feet

Approved

T1.4

Approved

T1.4

Important T1.4
Approved

5.2.3 DC
Data collection
Code
Type Requirement name
DC_01 F

System will dynamically
monitor the overall body
posture

DC_02 F

System will collect data
about position of
specific parts of the
body

DC_03 F
DC_04 F
DC_05 F
DC_06 F

DC_07 F

System will collect data
about movements /
repetitiveness
System will collect data
about balance
System will collect data
about environmental
aspects
System will collect data
about dynamic health
condition indicators
(fatigue, exhaustion...)
System will collect data
about forces / loads

28.06.2019 D1.1

T1.4

STATUS

Define
at
Approved T1.4

Description

Approved T1.4

The overall body posture will be
measured with the full BSN.
Light BSN will collect only a
reduced amount of information
(see DC_06)
System will gather relative
position of head/neck,
trunk/back, arms, hands, legs.
Measure of global or absolute
positions can’t be measured with
IMUs.

Approved T1.4
Optional

T1.4

Optional

T1.4

Approved T1.4

Approved T1.4

Overall body posture it is
composed of different positions
in parts of the body (see DC_01)

Environmental can include:
noise, vibration, temperature,
humidity or lighting.

Forces and loads can include an
overall information about
handling of loads
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Data analysis
Code
Type Requirement
name
DA_01 F

STATUS

28.06.2019 D1.1

To be
Description
defined
at
T1.4
The information gathered by the
T4.3
system will be used to assess the
ergonomic risks.

System will
Approved
perform an
ergonomic risk
assessment.
• The ergonomic assessment will use the information gathered with the BSN (see DC_01-07)
to identify the risk level of the tasks performed.
• Ergonomic assessment will be based mainly on postures and time (static, repetitiveness).
It can also contain loads and forces.
• Ergonomic assessment will be based on reference methods (REBA, OWAS...) and standards
(EN 1005, ISO 11226).
• Ergonomic risk assessment can be linked with tasks and activities (including
time/exposure) using indirect methods (e.g.: manual introduction of tasks and activities).
DA_05 F
Assessment will Approved T1.2
Subjective pain assessment and risk
consider the
T1.4
perception can be included to the
capture of
T4.1
ergonomic assessment results (see
user’s
DA_01 and DA_06). Gathering of user
perception of
perception can be based on:
- Experience sampling methods
their
- Smart human-machine
musculoskeletal
health
interaction modalities
DA_06 F
Assessment of
Approved T1.2
Assessment of working conditions will
working
T4.1
take into account the age of the
conditions will
T4.3
workers and the possible loss of
take into
functional capacities associated with
account the age
aging.
of workers
The data analysis of the working conditions will take into account the age of workers. This can be
done using two complementary approaches:
• Inclusion of aspects related with age that can influence globally in the assessment of the
working conditions (e.g.: loss of strength, less tolerance to awkward postures, etc.).
• Individual analysis of the functional capacity of each worker that is using the system. There
are three possibilities to do this assessment:
o A functional test performed by the own system (for example, during the first
calibration procedure).
o An external test performed by the doctor and introduced manually in the worker’s
profile.
o A self-assessment done by the own worker (see DA_05).
These alternatives will be studied during the project to choose the most appropriate option.
See WS_03, WS_27, SE_05
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Apps (worker, doctor, manager/OSH)
Code
Type Requirement name
STATUS
AP_01

F

AP_02

F

The apps will include
gamification strategies.

Approved

28.06.2019 D1.1

To be
defined
at
T1.4
WP5

Description
Gamification strategies will be
used to adapt the information
provided by the system and
engage users.
Feedback will be provided
about risky activities and
posture control.

Workers’ app will
Important T1.4
provide feedback at
work about risky
activities.
Feedback in real time will be possible via the smartwatch component. Feedback on demand (at the
end of the day) will be provided through the app.
Thresholds and frequency of feedback must be defined and will be configurable (see AP_17).
Managers will be able to decide if immediate feedback is feasible and, if so, the frequency and
type of feedback that is most appropriate in order to not disturb workers during their tasks (see
AP_04 and WS_29)
AP_03 F
Workers’ app will
Important T1.4
Workers’ app will provide
provide
WP5
recommendations and coaching
recommendations and
based on events and activities
coaching.
registered at work and on the
subjective perception and goals
(see DA_05)
Coach will use events collected during the working day (postures, movements, efforts,
fatigue…) to provide information about how to improve and correct bad habits.
• Recommendations will be specifically designed for the ageing workers and adapted to the
specific user.
• Assignment of recommendations and activities can be adapted by doctors to a specific
user.
• Recommendations could be given at the end of the day (or at the start when the user picks
up the system).
AP_04 F
The users will be
Important
Settings must permit users to
capable to configure the
personalize the system and
system.
activate/deactivate features.
Configuration options will be
located mainly on the apps (see
AP_07 F
Apps will include
Optional
T1.4
Recovery assessment (Back-torecovery assessment
work after injuries or recovery
and recommendations.
from temporary acute
musculoskeletal episodes)
Assessment and
recommendations must be
different/adapted for each type
of user (worker, doctor,
manager)
AP_08 F
Doctors’ app will
Optional
T1.4
Information for doctors will be
provide risk detection
adapted from the ergonomic
and alerts in real time.
assessment (see DA_01-06)
•
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AP_09

F

Doctors’ app will
provide long-term risk
detection.

Important

T1.4

Information for doctors will be
adapted from the ergonomic
assessment (see DA_01-06)

AP_10

F

Doctors’ app will
include specific
worker’s indicators and
parameters.

Important

T1.4

Parameters will be related to
health status. E.g.: Fatigue, high
efforts, heart rate alerts.

AP_11

F

Managers’ app will
include ergonomic risk
assessment / detection

Approved

T1.4
T4.3

Information for managers and
OHS will be adapted from the
ergonomic assessment (see
DA_01-06)

AP_12

F

AP_14

NF

AP_15

NF

AP_16

NF

AP_17

NF

AP_18

F

Managers’ app will
include ergonomic
planning and design
recommendations

Apps will provide the
same means of use
(structure and
organization) for all
users.
App design will be
appealing to all users.
App interface will be
simple.
Apps will be easy to
install and configure.
Doctors’ app will allow
to adapt the activities
and feedback to specific
users.

Important

T1.4

Risk assessment information
will be in the long term and will
use aggregate data.
Information for managers and
OHS will be adapted from the
ergonomic assessment (see
DA_01-06)

Important

T1.1

The system should allow the
description of users’ tasks and
activities to provide
recommendations adjusted to
the situation.
Details at section 5.3

Important

T1.1

Details at section 5.3

Important

T1.1

Details at section 5.3

Important

T1.1

Details at section 5.3

Optional

T1.4
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5.3 DETAILS OF NON-FUNCTIONAL REQUIREMENTS - USABILITY
Requirement
name
Code
Classification
Related
requirements
Description
Details

The system will be easy to understand
WS_18
2.13
WS_03
WS_08
All the system’s components that interact with the user (information,
instructions, BSN, active elements, app…) must be easy to understand
The information must be easy to understand to all kind of people and
specially older workers:
• Information must be designed to ensure that people of all expected
reading abilities can notice and comprehend the key information.
• Avoid technical texts and jargon.
• Organization of data: It should be taken into account the vision field
of users.
Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)

Requirement
name
Code
Classification

Feedback will be easy to perceive and understandable

Details

Alarms, warnings and any type of feedback that the system provides must
be clearly understandable by the users:
• Provide combination of visual, auditory and vibration feedback for
any action
• Visual and auditory alarms:
o The system will provide equivalent alternatives to auditory
and visual content.
o Each alarm must have only one unique meaning. Processed
alarm information should be simple enough that users can
easily evaluate the meaning or validity of the resulting
alarm messages.
o Alerting and warning systems shall be unambiguous, with a
clear indication of the cause for the alert.
o When necessary, users shall be able to request help and
related information for the operation and processing of
critical and non-critical alarms, messages, and signals.

WS_19
2.1.4
2.1.3
Related
WS_18
requirements WS_08
Description
The feedback should be easily perceptible, clear to understand and
realizable for the user.
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Text messages:
o Text will be readable and understandable.
o Instructions: use active verb structures and when giving
instructions, the verb should be placed first (e.g. Push here)
o Content appears and operates in predictable ways:
 Navigation mechanisms that are repeated on
multiple pages/screens appear in the same place
each time.
 User interface components that are repeated on
multiple pages/screens have the same labels each
time.
 Significant changes on a page/screen do not
happen without the consent of the user.

Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)

Requirement
name
Code
Classification

System will be easy to use

WS_20
2.1.3
1.1
Related
Most of usability requirements.
requirements WS_03
Description
Usability of hardware and software
User friendly interface
Details
Ease of use is the core aspect of usability and, therefore, related with the
following aspects:
• System use must be easy to understand (WS_18)
• Feedback should clearly understandable (WS_19)
• System must be easy to learn (WS_21)
• System interface needs to be simple (AP_16)
• The system includes multiple interaction modes for input and
output (WS_23)
• The system will be physically and cognitively flexible (WS_24)
• All the information provided by the system must be easy to
perceive (WS_25)
• The system design minimizes hazards and the adverse
consequences of accidental or unintended actions (WS_26)
• The use of the system requires low physical effort (WS_27)
• App must be simple and easy to install, update and remove
(AP_17).
Additionally, some aspects that should be considered on the software
design
• App design should respect OS’ (mainly Apple or Android) specific
design guidelines to ensure that the user interaction is in line with
what they are familiar.
• App should keep interactive elements familiar and predictable.
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App should maintain a coherent structure:
o Keep UI navigation system straightforward.
o Use standard icons and navigation patterns, such as the top
horizontal bar that visualizes all options at once or
breadcrumb navigation that guides users towards specific
locations with few clicks needed.
o Avoid information that is not strictly necessary
o Maintain the same design and similar structure during the
navigation.
Allow going back properly:
o “Back” button should allow revising what has been done at
the previous step.
o Use breadcrumb trails to allow the easy position of the user
in the app.

Regarding the hardware (BSN, smartwatch), the following aspects should be
considered:
• The calibration procedure should be kept at the minimum level
(little calibration required, first-time calibration should prevent as
much as possible periodic calibration procedures, periodic
calibration needs to be simple, easy and require little time).
• BSN must be easy to put and remove and comfortable.
Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)

Requirement
name
Code
Description

Details

System will be easy to learn
WS_21
The cost of leaning the system features and functioning should be
minimum.
Short-term memory decline with age should be taken into account both at
the app design and at the training phase.
• Keep the app structure simple and straightforward.
• Include specific and context sensitive help.
• Guidelines of system usage should be available so that the
professionals can help the users with the system
• Use familiar objects and elements: recognition rather than recall
Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)
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System must encourage and motivate users
WS_22
The cost of leaning the system features and functioning should be
minimum.
Short-term memory decline with age should be taken into account both at
the app design and at the training phase.
System must encourage and motivate users
The interaction of the system with the user must be carefully designed to
encourage and motivate and ensure the user’s adherence to the system,
specifically in the following aspects:
• Wear additional / new equipment that includes sensors.
• Receive notifications and follow the recommendations provided by
the system.
Some of the aspects that potential BIONIC users have considered more
relevant in this regard are the following:
• System (hardware and software) must not interfere with work
activities.
o BSN must be easy to put and remove and comfortable.
o Use of mobile phone should be avoided during working
time.
o Real-time alarms or notifications should be kept at
minimum (e.g. for very risky situations or mismatches
between demands and capacities).
o User and/or manager should be able even to completely
deactivate the real-time notifications.
o Avoid overload with information. Repeated or constant
alarms can be ineffective due to the loss of attention
generated in the worker.
• Notifications and recommendations are better at the end of the
working day. They should show motivating information, such as:
o Effects of the work activity (better/work postures, efforts,
peaks…)
o Comparison between the actual day and the previous
(things that have improved or worsen).
o Recommendations based on the daily results. These
recommendations could also be useful at the start of the
working day, using the information of previous days (e.g.: to
recommend stretching/warming exercises).
• Recommendations and use of the system at home should be
optional, voluntary and complementary.
• Gamification will be based on events and activities. User
preferences regarding gamification:
o Highly connected with the working tasks and the risks.
o Should motivate to use the system and to understand how
they can improve what they are doing wrong.
o Games should not be childish or too oriented to elderly
people. The playful part should not be too prominent.
• Learning strategy of the system should include easy to follow
explanations to convince and motivate about the benefits of the
system, therefore facilitating acceptance.
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Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)

Requirement
name
Code
Related
requirements
Description

The system will include multiple interaction modes for input and output

Details

Multimodal interaction should be considered in the design of hardware and
software, both for inputs (e.g.: access to the app using manual input, voice
recognition…) and outputs (e.g.: haptic, visual or sound alerts).

WS_23
WS_03
AP_02
The advantage of multiple input modalities is increased usability: the
weaknesses of one modality are offset by the strengths of another and
allow that can be used by people with a wide variety of impairments (this
can be especially important with regard with visual and or auditory
limitations associated with age).

Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)

Requirement
name
Code
Related
requirements
Description
Details

The system will be physically and cognitively flexible
WS_24
WS_03
WS_20
WS_25
SE_05
The system must be adapted to the physical, sensorial and cognitive
capabilities of older workers.
• Physical and cognitive capabilities of older workers must be defined
• Physical flexibility:
o Usable by right-left handed.
o Accuracy and precision adapted to all the potential users.
• Cognitive flexibility: Configuration of speed:
o Adapted to user’s pace
o Flexible response times
Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)
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All the information provided by the system will be easy to perceive
WS_25
AP_02
WS_23
WS_24
All the information provided by the system must be easy to perceive by any
user and in the foreseen scenarios.
Items to perceive that should be considered include:
• BSN: Notifications (alarms, warnings, low battery, etc.).
• App: General static and dynamic information. Notifications
The information can be transmitted in a multimodal way.

Details

Perceptible information
• Perceptible information must include:
o Use of different modes (pictorial, verbal, tactile) for
redundant presentation of essential information (see
AP_02, WS_23)
o Adequate contrast between essential information and its
surroundings.
o Legibility of essential information.
• Perceptible information affects to:
o General Dialogue’s styles
o Graphical user interface
o Input components
o Output Components
o Visual Display
Legibility. User should be able to perceive and read the information.
• Active elements: use a thick border and/or highlight background
and/or mouse over and/or text color to distinguish active elements
from text or static elements.
• Contrast. Brightness contrast should be greater than 150 and color
contrast should be greater than 500. General contrast should be at
least 3:1. Recommendations apply to letter vs. background, symbols
vs. background, etc.
• Font size. Minimum font size: 4 mm. Size must be modified
depending on distance and importance of data.
• Symbols design. Any symbol should have a size and relation among
elements according
• Font types. Use San Serif
• Numbers. Use Arabic numbers
• Capital letters. Combining capital and lowercase letters, don’t use
only capital letters, except for separated concepts/words.
• Screen. Avoid blinking
• Colors. Do not use red/green or blue/yellow combinations
• Maximum number of colors: number of colors (related to
functions) per screen should be less than 4
• Maximum number of colors: number of colors (related to functions)
of all application should be less than 4
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Background. Do not use images or pattern backgrounds. At least
provide the possibility to remove them.
Screen. Provide background illumination.

Users should be able to adjust the interface to their capabilities
• Options.
o Allow to increase the font size.
o Allow to increase the contrast and select between different
modes: black high contrast; white high contrast.
• Screen.
o Modify the activation time of the background light
o Touch devices. Auditory feedback when press an option.
Allow to configure type of feedback
Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)

Requirement
name
Code
Related
requirements
Description
Details

The system design will minimize hazards and the adverse consequences of
accidental or unintended actions.
WS_26
WS_08
WS_17
WS_20
AP_16
System must be tolerant to errors.
• Arrangement of elements to minimize hazards and errors:
o BSN: poka-yokes (one way to put-on the system); hazardous
elements are eliminated, isolated or shielded.
o Apps: clear, simple and accessible menus, well-arranged
components and information (see).
• Minimize hazards and errors:
o Warnings
o Undo features
o Breadcrumb trails
Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)

Requirement
name
Code
Related
requirements
Description

The use of the system will require low physical effort.
WS_27
WS_01
WS_03
WS_24
BSN and APPs can be used efficiently and comfortably and with a minimum
of fatigue.
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Low physical efforts includes:
• Good postures
• Low forces / efforts
• No repetitions
Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)

Requirement
name
Code
Related
requirements
Description
Details

Size and design of the system will be adapted to the anthropometric
characteristics of users
SE_05
WS_03
WS_11
The system is adapted to the dimensions of users:
• BSN: adapted to morphometry and anthropometric dimensions.
• Hardware: smartwatch/mobile should consider hand and grip size
BSN:
• Anthropometric dimensions older working population must be
considered on the BSN design.
• BSN integration on clothes should be take into account the different
clothes’ sizes.
• Different sizes and adjustable components should be the key
element to adapt the system to different users.
• Should be taken into account that the same system could be used
by different persons.
Apps: The main physical aspect is that the app components should be easy
to click: User should touch without error and without effort.
• Active elements size: Symbols/buttons size should be greater than
20mm
• Distance active elements: Space between symbols should be
between 6 mm and 12 mm
• Dead zone: Dead zone should be 1/3 of the space between
buttons/symbols (minimum 1mm-5mm)
Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)

Requirement
name
Code
Related
requirements
Description

Apps will provide the same means of use (structure and organization) for all
users
AP_14
WS_18
WS_20
Consistency - Apps for workers, doctors and managers should have the
same structure and organization (identical whenever possible; equivalent
when not)
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Visual consistency
Typefaces, buttons and labels need to be consistent across the app.
Functional consistency
Interactive elements should work similarly in all parts of the app.
External consistency
Design should be consistent across multiple products (e.g.: the
different user apps or if there is a web page). This way, the user can
apply prior knowledge when using another product.

Requirement
name
Code
Related
requirements
Description
Details

App design will be appealing to users

Requirement
name
Code
Related
requirements
Description

App interface will be simple

Details

28.06.2019 D1.1

AP_15
AP_14
The user has to find the application attractive.
During the design process, a common accepted design and specific
variations depending on users’ needs must be considered. Mock-ups or
conceptual designs should be tested with users prior the pilot
implementation. This assessment it is necessary also for usability purposes.

AP_16
WS_03
WS_08
Complex environment should be avoided.
The system should not require many user interactions.
User should understand how and what can do
• Provide back button to the main menu.
• Number of options of menu should be between 4 and 8.
• Number of hierarchy levels should be between 3 and 4.
• Maximum Number of active items should be 6 per screen
Design details to avoid complex interface include the following aspects:
• Decluttering: Avoid clutter. Functional minimalism can be
considered to avoid a cluttered UI:
o Keep content to a minimum (present the user with only
what they need to know).
o Keep interface elements to a minimum. A simple design will
keep the user at ease with the product.
o Use the technique of progressive disclosure to show more
options.
• Use standard navigation components: Use standard navigation
patterns, such as the tab bar (for iOS) and the navigation drawer
(for Android).
• Consistency: navigation patterns should not be mixed; they must be
used consistently through the whole app structure.
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Communicate current location. Clues must be provided so that the
user knows where they are at any moment (e.g.: breadcrumb trails
to allow the easy position of the user in the app).

Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)

Requirement
name
Code
Related
requirements
Description
Details

App will be easy to install and configure
AP_17
WS_21
AP_16
The apps will be easy to install. Apps will allow the configuration by the
users. Configuration will be easy.
The installation requirements should be minimum. If the hardware is
provided by the company, the apps should be already installed when
delivered to the users. In the case that the apps run on the user’s hardware,
the installation process should be quick, easy and simple.
Apps will be easy to configure (see WS_21. AP_16). Settings must permit
users to personalize the system (system behaviour, use style, etc.) and take
control of the system’s features (e.g.: activate/deactivate features, control
privacy and information share, etc.).
Design details should follow the specifications of software usability and
accessibility standards (see Annex 6 – References: software accessibility and
usability standards)
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6 CONCLUSIONS
This deliverable has presented the requirements for the BIONIC system considering the user’s
perspective. The requirements include both the functional and non-functional aspects that must be
taken into account when designing the different elements of BIONIC. Non-functional requirements
have been detailed at this deliverable.
The requirements have been extracted according to two types of users: older workers (end users)
who are going to employ the system in their daily tasks, and the intermediate users, that is, medical
doctors, occupational health professionals, production managers, and in general all the professional
profiles that will manage the system and potentially will exploit all the data generated by Bionic.
The development of the requirements has followed a user-driven innovation approach: an initial
requirements’ questionnaire has been prepared and distributed among the consortium. The data
collected, together with technical development, has allowed preparing a first draft discussed at a
methodological workshop and then validated at a specific focus groups. This approach has permitted,
(in addition to select, prioritize and detail the requirements) to obtain a big amount of information
that will be very useful for the definition and development of the BIONIC system.

Page 36 of 81

Restricted

28.06.2019 D1.1

7 ANNEXES
7.1 ANNEX 1 - OVERALL FRAMEWORK QUESTIONNAIRE
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7.2 ANNEX 2 – FOCUS GROUP SCRIPT
SCRIPT FOR FOCUS GROUPS / INTERVIEWS
1.- Project background and participants introduction (10 minutes)
•
•

Introducing the BIONIC project.
Aim of the session: To define the features and characteristics that BIONIC system should
have from the point of view of the users to whom it is addressed.

2.- System presentation (5 minutes)
•

Bionic’s system description. General description of the system, presenting its main features.

3.- General insight & experience with technology (15 minutes)
What does your workday look like?
(Workers/Professionals)
•
•
•
•
•

What activities do you do and how are they spread over the day?
Do you have to interact and collaborate with colleagues? In what way?
How long do you work and how often/long do you have breaks? Can you take a break when
you need it?
Do you get tired during/from work and if so, when and how do you notice this?
Identify the main problems that you experience during the workday: efforts, environment,
and work organization.

Do you think that age has influence in these problems?
What work-related health problems have you experienced or have you observed in colleagues?
•

How did these health problems affect your work ability?

•

How did these health problems affect your personal life?

•

What have you done to solve these health problems?

•

What help did you receive from the company to solve your health problem?

•

If you think about these health problems, what could have prevented them?

What kind of technology do you use?
•

What do you use the technology for?

•

Do you use the technology at work?

•

What do you find difficult/easy in using the technology?

4.- System features assessment (30 minutes)
Let’s see some of the features that we have foreseen for the BIONIC system. For each of them we
should indicate:
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Would you use this?
Why/why not? (Advantages/disadvantages)
What aspects would be important to design a good feature (usability, comfort, accuracy,
privacy…)?
Do you see alternatives or better options?

System purpose.
•

•

The system will monitor the activities that you perform during your workday or at home:
o Awkward postures (e.g.: when you raise your arms above the head, when you
maintain a static posture…).
o Repetitive movements.
o Balance
o Heart rate
o Efforts (forces with hands/arms, handling of heavy loads)
o Exposure to vibrations
o Fatigue / exhaustion
o Corporal temperature
o Environmental aspects (noise, lighting…)
Additionally you can indicate some aspects through the app:
o Perform a test to assess your physical capacities or health status.
o Point out some aspects of the workplace that are wrong (e.g.: heavy loads, hot
environments…)

System use (work / home)
•
•

•
•

The system can be used during the whole working day.
The system will give you information and feedback:
o (app or BSN) will give you immediate feedback (vibration, light or noise). E.g.: it will
vibrate if you are in bad posture and will only stop when you change it.
o (app) will offer you recommendations at the end of the working day about how to
adopt healthier work habits.
o (app) will give you reports about:
 Your health status
 Your best/worst activities
 The improvements / advancements you’ve achieved.
The system can be also used at home.
o The system will suggest exercises to do at home depending on your work style.
The activities to improve your health habits will be implemented in games.

System components (BSN, app)
•

•

The sensors for monitoring will be integrated in the work clothes.
o They will be invisible
o They will communicate wireless (no cables)
o They will be easy to put on and off
Some additional sensors could be also be part of the system. E.g.:
o A strap around your chest to measure efforts / heart rate
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A smartwatch to measure heart rate, steps…
Insoles to measure forces, pressure or balance,
Specific PPEs that can measure postures (helmet, glasses, gloves)

Privacy / configuration
•

•
•

•
•

The (company) doctors will receive the actions that you do (e.g.: if you work in a bad posture
for too long, your doctor will receive a message that you are at risk for back problems) and
could send you personalized activities and recommendations to improve your health and
avoid risks.
Managers/OHS technicians will not be able to see your actions. They will only receive
information about risks and actions from the whole company.
You will be able to decide what information to share, and with who (doctors’ app,
occupational & health professional / managers’ app. You could also keep all your information
private.
You will be able to configure all the activities and information that the system offers. You can
activate / deactivate features.
You will be able to personalize the system (preferences, type and frequency of alarms and
recommendations, favorite activities…)

5.- System design assessment (20 minutes)
Of the all features that we have mentioned before, indicate which are the most important aspects
that should be taken into account and how:
•
•

Is this aspect important / essential or not?
Which aspects should be taken into account to do a good design?

•
•
•

Comfort (lightweight, easy to put on-off)
Easy to learn. No instructions required.
Fully configurable.
o Decide which features use or not and when switch on/off the system.
o Adjust to my preferences. Possible to change text size, colors, alarms…
Ensure control over personal data (privacy)
Easy to use:
o Accessible menus
o Take into account the limited capabilities (sight, hear, physical…)
Easy to understand: comprehensible recommendations and alerts.
Fun and motivating: games, rewards, incentives…
Privacy: my data should be safe, I am in control of my data.

---

•
•

•
•
•

For professionals:
•
•
•

(BSN) No need to configure the worker hardware.
(App) Usability: easy to learn and use
(App) Configurable

For doctors:
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(App) Easy to understand: comprehensive terms and recommendations for medical staff.
(App) Access to medical / health information of the workers and risks

For OHS / Managers:
•
•

(App) Easy to understand: comprehensive terms and recommendations for OHS staff.
Practical information to allow workplace interventions.

Conclusion (20 minutes)
• Conclusions. Global thoughts about the system
o Useful? Will you use it?
o Advantages / disadvantages
o To not forget
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7.3 ANNEX 3 – WORKSHOPS’ SCRIPT
(used for D1.1, D1.2 and D1.3)
1.- Project background and participants introduction (10 minutes)
• Introducing the BIONIC project.
• Aim of the session: To define the features and characteristics that BIONIC system should
have from the point of view of the users to whom it is addressed.
2.- System presentation (5 minutes)
• Bionic’s system description. General description of the system, presenting its main features.
3.- Usage scenarios (60 minutes)
First: present/tell scenarios (result of Athens meeting)
Second: discuss how such a system could help them, by making together short scenarios:
Provide cases in which the BIONIC system could be an added value
How could you use such a system? (Where and when we put the devices, location during the
day of the mobile...)
• What does the system do/measure?
• Feedback features (What happens when we make efforts, forced postures, repetitive
movements...)
• How can the system contribute to your health/fitness?
• What would you think of such a system?
• Can you come up with other scenarios in which you might benefit from the BIONIC system?
Example Scenario 1
Example scenario 2
Example scenario 3
You have to work at ground level You have to stand during your
Your work requires
entire work day
repetitive movement with
your arms
You will hurt your back when
Your legs get tired
You have chronic pain in
you bend too much
your shoulder
Your BIONIC system will help
Your BIONIC system will
Your BIONIC system will help
you preventing back injuries
provide fatigue reducing advice you manage the pain
How could the BIONIC system
How could the BIONIC system
How could the BIONIC
help preventing your back pain? help reducing your fatigue
system help managing
levels?
chronic pain?
•
•

During the scenarios analysis, we will plot and draw a full day of work using the bionic system.
4. BIONIC FEATURES AND REQUIREMENTS (45 minutes)
Same script and questions that in Focus group script
•
•
•

General insight & experience with technology
System features assessment
System design assessment

5.- Conclusions: identify the most/least important features (30 minutes)
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7.4 ANNEX 4 - QUESTIONNAIRE RESULTS
Whole system: use level, configuration & technology
The global aspects of the BIONIC system include the expected level of use, the possibility of adapting
the system to different situations / users and the global features at the technological level.
Some remarkable aspects are:
•

It is preferable that the system can be used on an occasional level (for measuring specific
aspects) although it should be prepared to operate in a continuous way, during long periods
of time (even the whole day). In any case, low power consumption is required to foresee the
most demanding use.

Figure 9 – Level of use (importance)

•

•

System should be configurable. Intermediate users must be capable to establish parameters
and interaction. End users should approve (or deny) these settings. The system should also
be functionally and medically adapted to the end user, although it is necessary to establish
which aspects can be adapted to the individual and which others will be only adapted to the
whole group (e.g. older workers). In this sense, it is important to conceive the system
thinking in the final users (older workers) but with flexible options that allow the system to
be used by any worker. Usability principles should be key in this matter.
Regarding technology:
o Secure wireless communication and information storage are key aspects that must
be taken into account. The alternation between local processing and storage and
secure transmission poses technical difficulties, especially with regard to the design
of the intermediate system (hub) that communicates with the body sensors and is
capable of transmitting the information to a server. Some remarkable aspects of this
interaction to take into account are:
 Although the data is stored locally, real-time data processing and
visualisation should be possible.
 Users shouldn’t see the raw data (only the processed information).
 Privacy and security must be ensured. User must accept the conditions and
must be in control (data owner, activate/deactivate features)
 The communication should be between the sensors-hub to the apps (and
vice versa) and between the apps.
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The amount of information shouldn’t compromise the app usability.
Feedback must be both useful and easy to understand.
An important aspect is the system calibration. Ideally the system must be ready to
use when switched on, requiring little calibration. This does not mean that the user
can configure the system to better suit its characteristics, or that an initial calibration
may be desirable to perform a functional assessment of the user's capabilities.


o

Figure 10 – Whole system matrix

Sensors
The sensors are the key element of the Bionic hardware. They will determine the possible data that
can be collected and, therefore, which features are going to be part of the system. The aspects that
have been discussed about the sensors are the following (see Figure 11):
•
•
•

Development and design
Type of sensors
Location of sensors

Regarding the technical aspects:
•

•

The system will use (or adapt) specific sensors. Existing commercial wearables (e.g.:
smartwatches) could also be used (as a complement, to cover additional aspects or as an
alternative) although they are not a priority.
The following aspects have been considered highly important, although it is needed to be
decided about the optimal technical implementation:
o Sensors loosely integrated into everyday or work clothing (or PPE). Some related
aspects are:
 The system must be comfortable to wear over long periods, lightweight,
skin-friendly, small and unobtrusive. No free cables or strings that can get
stuck while wearing the sensors.
 It should be taken into account the type of clothing depending on the time of
year to get the use of sensors on arms and legs.
 The system shouldn’t be visible: the worker must feel that it's wearing
normal clothes with no particular aspects.
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It’s important to distinguish how the system is going to be used in different
environments (work and home): Different models for work/home? How
different models are compatible with the integration on clothes?
o Autonomy (working alone a long time).
 The system's battery should last at least a working day (or at least be easily
replaceable).
 High computational power at low power consumption is needed
 The user should be able to easily charge the battery and restart the system
on his own.
o Sensors should include actuators in order to provide basic immediate feedback to
the user (acoustic, optic, haptic...).
 Feedback should be subtle: perceptible but only noticeable to the user.
 Feedback should avoid to interfere with tasks and overexposure.
Other relevant aspects widely mentioned are the following:
o User should not need extra time for putting on the system in addition to putting on
work clothes.
o The system needs to be robust and capable to resist extreme environmental
conditions (temperature, humidity…).
o The number of sensors should be kept as low as possible but as much as needed.
The user should not need to put on several separate sensors, but one garment at
once.


•

Figure 11 – Sensors

Regarding the type of sensors, the integration of the sensors in clothes makes necessary to
develop/adapt sensors to this end, as has been mentioned. Taking this into account, there have been
identified the following:
•

Physiological sensors (EMG and Respiration) have been discarded. EMG requires to be closely
tight to the body, not applicable for different scenarios. In general all bio sensors (ECG, Heart
rate, EMG) require skin contact, which compromise usability on daily activity. ECG could be
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substituted with a measure of heart rate through alternate sensors or devices (e.g.
smartwatch or bands).
Posture and movement sensors are the most relevant ones.
Pressure and force sensors are considered important (for example, to assess manual material
handling tasks). Nevertheless, there are technical difficulties to integrate these kind of
sensors into the system’s concept. It must be decided if there’s a viable way of integrate
them into the system.

The location of sensors will depend highly on the usage scenarios. There are some locations that
have been considered as important and easy to implement: head/neck, trunk/back, arms and legs.
Hands/wrists are also important, but the implementation poses some usability problems (e.g.: need
to wear gloves). Something similar happens with the head/neck, as it can require the placement on a
helmet.

Data collected
The data collection is closely related to the type and location of sensors discussed before. In this
sense, the position of body parts is considered to be highly relevant. The system must collect
dynamic information about the overall body posture. To do that will be necessary to record the
position of different body parts: head/neck, trunk/back, arms and legs. As happened with the
sensors’ location, hands/wrists are important (especially for manual operations) but not easy to
measure.
An aspect to take into account is that it is not possible to estimate global positions (relative to the
environment) using IMUs. Positions must be extracted from the measurement of joint angles.
Position is associated with movement, and therefore the system should be capable of gather
continuous information about the postural variations. Coding these variations should allow the
identification of repetitiveness.
Other measures have considered important, but in a secondary place as a result of the technical
difficulties: hand strength, handling of loads, pull-push, heart rate, fatigue, exhaustion, etc.
Finally, the environmental data are inputs that could be collected easily. Of all the possibilities, the
temperature is the most valued. Balance, vibration or noise can be also considered but as an extra
feature (that could be considered depending on the usage scenario).
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Figure 12 – Data collection

Data analysis
As happened with the data collection (dependent on the sensors’ location), the results obtained are
going to be extracted from the data collected. In this sense, as postures and movements are the key
data collected, the system should offer ergonomic risk assessment based on the following
procedures:
•
•

Posture risk assessment.
Repetitive movements risk assessment.

Forces and manual material handling (MMH) risk assessment are also considered important, but
their implementation depends on the possibility of gathering direct data from the system.
Additionally, most of the procedures for MMH gather data from the working conditions, not from the
worker itself. These data should be collected aside from the BSN.
At last, the capture of user’s perception of their musculoskeletal health (e.g. subjective pain
assessment) it is considered important, but also needs to be collected aside from the data obtained
from the BSN.
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Figure 13 – Data analysis

Software apps
Three apps have been foreseen at the proposal: workers, doctors and OSH/managers:
•

•

App for workers: Self-monitoring application for workers providing access to their
movement data such as daily and archived statistics, risks identified and exercise
recommendations. Some aspects that have been outlined for this app are:
o Gamified strategies should be implemented both at work and at home.
o Risk alerting: System should provide immediate feedback at work (event based
coaching) about posture control and others.
o Continuous persuasive coaching (Medical sound) should be limited only to basic
information understandable by the user. Medical information should preferably
addressed to doctor’s app.
o The system should provide recommendations specifically designed for the ageing
worker in the following situations:
 At work (summary of work habits, improvement recommendations,
progression, ergonomic advices, etc.). Together with the risk alerting this
aspects should be the most prominent for the worker: individual information
to prevent risky/unhealthy postures and training to learn correct postures.
 In daily life for optimal musculoskeletal health and lifestyle (leisure time) / to
compensate the work load by doing healthy leisure activities and exercising
 Progression of health (health improvement, global fitness score…) and
recovery assessment (Back-to-work after injuries or recovery from
temporary acute musculoskeletal episodes).
App for OHS/managers: Ergonomic risk assessment application providing real-time feed of
selected worker movement information to construction site managers to allow for injury
prevention as well as periodical reports including assessment results and recommendations
for workplace interventions. The outlined aspects for this app are:
o Risk assessment associated with tasks.
o Recommendations about planning / design of workplace interventions.
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A conflict issue is that managers / OSH staff should not have access to personal data
(only to aggregate data). In this sense, specific health interventions, recovery
assessment or alerts in real-time won’t be possible (or only through the intervention
of the medical staff, or in a general sense).
App for doctors: Specially designed application to provide doctors with access to workers
movement and health information, efficiently structured and prioritized based on ergonomic
risk, allowing doctors to provide support and recommendations to workers in a timely
manner. All the features are considered important, although they will be only available (total
or partially) depending on the information collected from the system:
o Recovery assessment (Back-to-work after injuries or recovery from temporary acute
musculoskeletal episodes)
o Risk detection / alerting: real-time and long term
o Parameters to be included for the doctors could include: fatigue, high efforts, heart
rate alerts
o Additionally other aspects have been mentioned:
 Information about the health status of the worker
 Pre-configurable application scenarios with freely selectable parameters for
different levels of use.
 Information related to musculoskeletal diseases related to the tasks
performed.
o

•

Figure 14 – Apps

Regarding the apps, some aspects have been also mentioned:
•

The design of warnings, recommendations and games must be carefully designed in terms of
usability, ease to understand and applicability, but also regarding exposure (frequency):
repeated or constant alarms can be ineffective due to the loss of attention generated in the
worker. In this sense, the user should not be distracted from work (consider gamification
only at home or in specific moments)
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The apps must be usable and accessible, taking into account user capacities and preferences.
The information must be differently presented to workers, doctors and managers.
Gamification strategy should be addressed to motivate the user

Additional information / conclusions
DOUBTS / QUESTIONS TO SOLVE
•

•
•

•

Whole system:
o One system per user vs shared / pool of systems
o It is possible to address a single solution for the requirements of direct and indirect
users?
o Calibration needed? (system calibration and/or user characterization)
We need to know user characteristics/capabilities. HOW?: only with information provided by
the system or also with questionnaires or other sources (living situation, medical history…)?
Sensors:
o Is it possible to place sensors in all locations? The system should measure full body
posture (so most likely it requires sensors on all body parts).
o Difficult locations such as: head (helmet?), hands (gloves?)…
o Are sensors integrated in clothes or they are accessories attached to any clothes?
o Different models for work and normal clothes? (That can be used on the same user)
o Working outdoors (construction), long-short sleeve shirts, PPEs compatibility…
Privacy / security:
o Compliance with different national regulations
o Access to the information gathered: who can access?, how?. Which information?

ASPECTS TO CONSIDER AT THE PILOT SITES
•

•

Construction:
o Robust housing and water resistance
o Weatherproof, dust proof
o High/low temperature, rain, sunlight other weather factors. Changing surroundings
o It should be taken into account the type of clothing depending on the time of year to
get the use of sensors on arms and legs.
o Consider specific PPEs that are commonly used in construction (e.g.: helmet, vest...).
Mostly outdoor use...consider the extreme environmental aspects that can affect the
system (temperature, noise, vibrations...)
o For construction case is important the autonomy due to the different tasks
performed along the working day.
o Information/measurement about: Heat stress/overheating
Manufacturing:
o Indoor use
o The system needs to withstand wear/tear due to repetitive motions.
o Pool of systems to be used by several workers - secure login
o NFMI technology usable in an environment with many interferences?

CHALLENGES
•

High data analysis and parameters calculation with a minimum amount of sensors.
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Robust Communication systems in hard environments.
Data Security and Privacy during wireless transmissions
Loosely coupled sensors and motions/pose analysis.
Achieve a high acceptance of the workers. It is needed to involve the target group in the
design of the system from the start, especially on how the system will be worn and how the
feedback will be provided.
Single "modular sensor harness" solution for different use scenarios
User friendly and self-explanatory UI
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7.5 ANNEX 5 – FOCUS GROUPS / WORKSHOPS RESULTS
1.- Project background and participants introduction (10 minutes)
•
•

Introducing the BIONIC project.
Aim of the session: To define the features and characteristics that BIONIC system should
have from the point of view of the users to whom it is addressed.

2.- System presentation (5 minutes)
•

Bionic’s system description. General description of the system, presenting its main features.

3.- General insight & experience with technology (15 minutes)
A. What does your workday look like?.
a. (Workers) Distribution of the working day, interaction with other persons, length and
distribution of breaks, perception of being tired and work risks / problems.
Responses
• (3) Specialized tasks, very well defined and scheduled
(almost chain work)
• (2) Breaks are scheduled and quite rigid. Need to notify if
some changes are wanted regarding distribution or rearranging of breaks.
• (2) Workers wear uniform throughout the year (maybe with
two models depending on the season although the
temperature tends to be controlled).
• (4) Main ergonomic problems:
o Lifting and moving heavy loads.
o Repetitive tasks
o Static work (long time standing)
• (4) Versatile tasks (depending on the profession, but mostly
every worker can do many different tasks).
o Lack of a so-called “job design” or workplace:
workspace changes constantly
• (2) Interaction with others is allowed, although sometimes
there is no one to talk with (isolated tasks).
• (3) Breaks are open: workers can choose when to do breaks
(except in some situations).
• (3) Workers wear long trousers throughout the year, long
sleeves in winter and short sleeves or directly only the vest
(PPE) in summer.
• (5) Main work problems:
o Lifting and moving heavy loads.
o Awkward postures (different depending on the type
of task, more frequent in construction)
o Weather conditions tend to be extreme
o Incorrect PPE use (risk increase).

Industrial
X

Construction

X

b. Health problems at the workplace
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Responses
(3) Most frequent health problems (that affect workers’
performance):
• Pain in back and neck.
• Stress
• Fatigue (physical and mental)
• Insomnia
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c. Do you think that age has influence in these problems?
Responses
• (6) Physical problems highly related with years of
exposure to ergonomic risks rather than with age.
• (5) Previous injuries tend to become chronic or take
longer to recover.
• (5) Older workers have a better knowledge of the best
way of doing the tasks. They are also more conscious of
the work risks and try to avoid them more than younger
workers. They injure less, but when they do, the
consequences are worse (long term sick leaves)

Industrial
X

Construction
X

Industrial
X

Construction

X

X

X

X

d. Use of technology at work
Responses
• (2) Mobile phone during working hours is not allowed.
• (3) Mobile should not be used at work, but there is
permissiveness in the use of the mobile.
Regarding technology and older workers:
• (3) Most workers use smartphones (whatsapp, google,
etc.) although older workers are not so used to specific
apps (maybe because they are not so interested). Some
older workers use mobile phones (not smartphones).
• (3) Simple apps (easy to read, easy to navigate, easy to
see) will work better with older workers.
Professionals and technology:
• (2) They use smartphones, but mostly for private issues.
At work, they use whatsapp and other communication
apps.
• (2) OHS: They do not monitor workers’ risks with
technology. They commonly use video recording and
computer programs to assess the ergonomic risks.
• (1) Doctors: They only use computer for management of
patients.
Willingness to use technology as a work tool:
• (3) It could be possible (company managers should be
convinced that is only for work-related purposes).
Control of use should be established.
• (4) Data register through app and sensors is not a
problem:
o Workers normally don’t worry about personal
data on internet, but they want to make sure

X
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that data collection is not going to be used to
monitor them.

4.- System features assessment
System purpose. Monitor (postures, movements, efforts, environment…). Data analysis
Responses
(6) (workers/professionals) Regarding that the system is
intended for older workers:
• The system should be aimed at all ages.
• The group of young workers is more critical as they have
less interest in ergonomic aspects and they adopt more
frequently risky activities.
o The orientation of the system to young people
has a component of education and prevention.
• Older workers are more sensitive to health care.
o For older workers, the goal is to have
information to improve and maintain health.

Industrial
X

Construction
X

What are the most interesting aspects to monitor…
1. (7) Global posture
2. (6) Posture in back/neck
3. (5) Heart rate
4. (4) Rapid and intense efforts
5. (4) Posture in arms
6. (4) Load (lift and move)
7. (3) Vibrations
8. (3) Repeated movements
9. (3) Force in hands
10. (3) Environmental conditions: temperature, noise and
lighting
11. (2) Moisture / skin temperature
• (3) Anthropometric dimensions should be considered at
the risk identification and the analysis of information.
• (4) (OHS) Data gathered should be adapted so it can fit
the standard ergonomic assessment methods.
• (3) Rich and useful data analysis is very important:
o Map of risk situations
o Dynamic graphs: evolution of risks.
o Contrast of data gathered by the system with
traditional assessments.
o Prioritize risks: frequency and severity
• (2) Warning, alarms and recommendations must be
adapted to users (age, anthropometric dimensions,
abilities…)
• (3) How to show the information?: Human figure with
traffic lights scheme to show the overloads.
•

X
(1, 2, 3,
7, 8, 9,
11)

X
(1, 2, 4, 5, 6,
7, 8, 9, 10)

X

X

X
X

X

X
X

X
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System use at work and/or at home
Responses
• (2) (OHS) System use:
o Not always: better use for specific situations
and during a limited time (2 weeks-1 month?)
o Only at work, not at home
o To assess workplaces, not people.
• (3) System can be used to facilitate the adoption of
healthy positions and actions: prevent workers from
beginning to make efforts without an adequate
preparation (e.g.: warming exercises, progressive
activities…).
• (4) (OHS) Ergonomic issues have an accumulative effect
(medium/long term). Therefore, it is important to
gather accumulate data (analysis of data during a long
period).
o Statistics: minimum, maximum, frequencies,
mean, distributions, patterns…
• (3) (OHS/Doctors): System could be used to ease on the
(re)assignment of older workers in tasks that are
adequate for them.
• For the workers:
o (2) Identify the risky situations, especially those
that can affect greatly to the own capacities.
o (3) Use the risk identification to identify (or
denounce) the bad working conditions.
o (3) Prevent through good ergonomic habits and
proposals of supervised exercises (videos),
recommendations ... (at home, at the end of the
working day). It allows you to self-manage your
health and know how to deal with overexertion.
• (3) Organizational issues (stress, pressure, pace…)
should be collected using questionnaires (through the
app) and used as part of the analysis system,
• (4) (OHS) The recommendations for the technician are
interesting, although they will never be able to be very
specific since there is no fixed position to which to apply
them. Better to know the most prominent risk factors
and know how much you have to reduce them to reach
an acceptable risk.
• (5) The system can remind to carry out stretching /
warm-up / physical preparation activities, at the
beginning and end of the working day (the system
detects the user's condition and prescribes appropriate
activities).
o Possible rejection by the worker if these
activities are not included within the working
day.
• (3) Initial calibration: fir the first use the worker can
configure the system with the help of the professional.
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These settings shouldn’t be changed during the test
period.
o Workers consider they can (and should)
configure the system.
(1) Calibration should be very easy and quick
(5) The warning signs must be easily identifiable:
o Different lights, sound, vibration that identify
different types of risk.
o Easy to identify: the worker has to be trained,
but it must be a quick training.
Modalities of use:
o (1) The worker uses the system in a way that is
supervised by OHS/doctor and only with the
objective of assessing the job. (one)
o (3) The worker has an initial tutorial by the OHS,
intensive the first day, follow-up during the first
week, autonomous from that moment. (7 + 6)
o (3) The worker uses the system autonomously
with always-available tutorials.
(2) (OHS) The worker should perform the different tasks
he usually performs over a cycle of one or two weeks to
ensure that all his situations are covered
(2) (OHS) Task should be identified somehow in order
that could be linked with the activity
(3) In general, it is considered interesting to indicate
moments in which there is discomfort or pain through
scales, activity performed, stress ... to contrast with the
measures if it is considered necessary.
(4) The idea of a modular use seems nice: measuring in
particular the joints and body areas that can be critical,
so that it is not necessary to use always the complete
system.
(4) Integration of components that can be used
combined at will: insoles, watch, wristband, elbow,
ankle strap, mesh trousers and shirt or vest, glasses,
helmet...
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System components (BSN, apps)
Responses
• (5) Consider the climate conditions in the system design.
o Clothes for lower limbs are OK and pose no
problem.
o Clothes for upper limbs are more critical: in
summer, they use short sleeve t-shirts (or even
only the vest!)
• (1) System must be well adjusted to the worker’s size
• Alternatives for the integration of sensors in clothes:
o (7) Tight shirts and pants (leggings)
o (2) Fitted vests
o (2) Integrated in PPEs

X

X
X
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BSN (sensors + clothes) should be…
o (3) Breathable (e.g.: perforated, sportswear
type
o (5) Washable
 (2) Should be possible to remove easily
the sensors from the clothes to ease
washing…

X

•
Privacy / configuration
Responses
(5) The system must be transparent:
• The user must know what information is collected and
for what purpose.
• Ensure privacy
• The user must have full control of the data.
• (5) Each user profile must be able to configure /
program the type of information that it wants to receive
(what data, how often, in what format)
• (4) (Doctors):
o System should be adapted to the individual
capacities.
o System could help doctors to perform a
functional analysis of the capacities of each
worker (in any case, the doctor should be able
to introduce in the system the worker’s
capacities and limitations).
• (5) (Workers) Privacy is important but they are not
worried. The keys are:
o Voluntary use,
o Confidential agreement and
o Total user control.
• (3) (Professionals) The communication and the
justification of the uses of the system for the workers
will be essential for its acceptance. Safety committees,
unions, health services, etc. must be involved

Industrial
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5.- System design assessment
Comfort, usability (easy to learn, easy to use, accessible), fun and motivating…

Responses
• (2) Comfort is very important, especially in extreme
environmental conditions.
• (3) Comfortable and breathable
• (4) Washing the components (tissues) that house the
sensors is critical. There are doubts about:
o sharing clothes among workers,
o eliminating odors,

Industrial
X
X

Construction
X

X
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o cleaning and disinfecting frequently, etc.
(2) Avoid excess of information (for both OHS and
workers). Alerts: few, simple and univocal (actionreaction)
(4) It should not interfere with work:
o Avoid mobile phone warnings during working
hours.
o The alarms in real time always through the BSN
o The mobile only outside of work or at the end of
the day (or in the moments that are agreed with
the worker)
o Warnings: only in actions of extreme risk to
interfere the minimum in the work and not to
saturate.
(2) Comfortable and invisible: the worker should not
notice that he is wearing it. Without cables
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Positive aspects/benefits
• (5) (OHS) Higher precision than the traditional methods
to assess ergonomic risks.
o Greater realism is highly valued. It is a need for
OHS to increase accuracy in the identification of
problems.
o Should be used with workers of any age.
• (5) (OHS/Doctors) Information in real time is a big
advantage to increase awareness and education.
o Nevertheless, real time information should be
restricted only to few and selective warnings.
Most of the information should be available
only on demand (e.g.: at the end of the
day/week)

X

X

X

X

(2) (OHS) System can be interesting to give more value
to the prevention activity that many companies do not
prioritize
• (3) Useful to avoid high risk situations (that nowadays
are not detected, or detected too late) and to reduce
sick leaves.
Negative aspects / remarks

X

•

•

•

CONCLUSIONS
System useful? Benefits, advantages/disadvantages…
Professionals
Responses
System is globally considered very useful and promising to:
improve risk assessment, control workers’ health (especially
when they get old), involve the worker in the prevention
activities, educate workers to perform healthier activities and
help in the design of workplaces.

•

X

X
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(3) Price can be high. Doubts whether the company will
pay for such a system (or in any case not for many
units).
(3) Business model should be defined (role of company,
insurance, unions…)
(2) At first, it may involve more workload for the
technicians, but then it can make the tasks easier. They
would not use the system if it meant a noticeable
increase in workload.
o (3) Potential disadvantage: too much
information not filtered that requires a lot of
dedication. Excess of data may create false
positives (everything is risky) or false negatives
(everything is going well).

Workers
Responses
The system has two modes of use:
• The use in the company associated with the valuation of
jobs, follow-up of injuries and health studies. Activated
by the medical service or the prevention service.
• Personal use based on self-management of health (from
a diagnosis of movements and critical areas, an app
helps to perform support exercises and the proper
performance of movements).
The most critical element is the BSN: size, characteristics of the
garments that host the sensors, hygiene and washing of the
garments, sensors in shared use among workers, tolerated
washing cycles, breathability and comfort ...
• The worker must be able to request the use of the
system in situations of worsening of his health.
o Use for the improvement and follow-up of
injuries.

Industrial
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Positive aspects/benefits
• (5) System can be positive if it is used as a tool to
improve workers’ health globally. Must be ensured that
it is not used to increase work pace or to control the
worker.
• (7) All the workers would use the system (as long as it
can be used during work hours and does not imply
increasing the working day).
• (5) Useful to identify risky situations and to train in how
to do things better.

X

X

Negative aspects / remarks
• (5) Shouldn’t be used to control the worker or to
worsen the labor conditions.

X

X
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(2) Work risk are mostly dependent on the working
conditions not on the worker’s behavior. Therefore,
there is fear that the system will place all the
responsibility of risk on the worker.
(4) Monitoring at home is not a good idea. Workers
want to make a clear separation between work and
private life.
o In any case, the app could be useful at home to
propose activities and games. (2) Some sensors
(e.g.: heart rate, activity band) could be feasible
at home, but data should not reach the
company.
(2) Fear that the capabilities assessment could lead to
take decisions against older workers (e.g.: hiring young
workers), when is detected that they have less physical
capacities.
(3) Business model is not clear:
o Who is going to pay for the system? If system is
too expensive, companies will only buy a few
units, therefore privacy and anonymous data
can be compromised.
o Who owns the system? Is the company willing
to let an expensive system to be used outside
work? What would happen if the system breaks
down or if someone steals it?
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7.6 ANNEX 6 – REFERENCES: SOFTWARE ACCESSIBILITY AND USABILITY STANDARDS
•
•
•
•
•
•
•
•
•

ISO 9241-11:1998, Ergonomic requirements for office work with visual display terminals
(VDTs) — Part 11: Guidance on usability
ISO 9241-13:1998, Ergonomic requirements for office work with visual display terminals
(VDTs) — Part 13: User guidance
ISO 9241-14:1997, Ergonomic requirements for office work with visual display terminals
(VDTs) — Part 14: Menu dialogues
ISO 9241-15:1997, Ergonomic requirements for office work with visual display terminals
(VDTs) — Part 15: Command dialogues
ISO 9241-110:2006, Ergonomics of human-system interaction — Part 110: Dialogue principles
SO 9241-171:2008 Ergonomics of human-system interaction — Part 171: Guidance on
software accessibility
ISO 14915-1:2002 Software ergonomics for multimedia user interfaces -- Part 1: Design
principles and framework
ISO 14915-2:2003 Software ergonomics for multimedia user interfaces -- Part 2: Multimedia
navigation and control
Web accessibility principles from W3C Web Accessibility Initiative (WAI):
https://www.w3.org/WAI/fundamentals/accessibility-principles/
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