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ABSTRACT The development of ubiquitous computing in today’s society and the associated design of smart
environments entails many new possibilities in supporting the daily activities of disabled people (i.e., people
with blindness, seniors). The aforementioned also brings the development of ecologically oriented intelligent
buildings (IB) that adapt to the needs of disabled people. At the same time, it is necessary to administrate
these IB. The article presents the remote monitoring and administration of energy systems in an IB, which
people with blindness can perform through a special user interface (UI) to handle complex professional
tasks. The article is based on design science methodology. Using technical action research for evaluation
and the cognitive walkthrough, observation, and work speed measurement for data collection, the article
proposes and validates the UI for people with blindness providing heating regulation, zonal regulation and
home photovoltaic power plant management and operation monitoring in an IB equipped with an ambient
intelligence system. The UI allows people with blindness to work at a speed comparable to that of a sighted
worker. Based on the implemented and evaluated solution, generalized principles of UI design for people
with blindness are derived. The main scientific contribution of this article is to broaden the knowledge base
with the principles of more complicated UI design for people with blindness for cases, where possibilities of
mobile UI or speech remote control are insufficient, e.g. in professional work, where theymust be competitive
with the sighted workers. From a practical point of view, the article provides recommendations for designing
UI for people with blindness with an emphasis on ensuring the speed, reliability, and accuracy of control.
Furthermore, the article discusses new job opportunities for people with blindness in connection with the
remote administration of IB, the number of which will increase.

INDEX TERMS Action research, ambient intelligence, cognitive walkthrough, disabled people, human-
computer interaction, blind people, remote work, RUDO, smart environment, remote control.
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I. INTRODUCTION
One of the most important goals of non-profit organizations
and scientific activities aimed at helping people with blind-
ness is the effort to integrate them into society, including
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their work involvement [1], [2], [3]. This is achieved by
using new technologies and approaches, mainly based on
ubiquitous computing and artificial intelligence, expanding
the possibilities of involving people with blindness in new
types of activities that were not possible before, e.g., to
develop prototypes from electrotechnical components [4].
However, integration does not mean only increasing their
independence by expanding their existing personal abilities.
Part of the integration of people with blindness into society
is also the creation of suitable single-purpose aids and smart
environments (SmE), thanks to which the development of
new abilities of people with blindness occurs and, conse-
quently, the creation of new job opportunities.

SmE, which also include intelligent buildings (IB), should
take into account the needs and abilities of disabled people
(e.g., people with blindness, deaf people, seniors). An exam-
ple can be an IB that also includes adequate user support
and an automatic assistance service for disadvantaged peo-
ple [5], [6], [7], [8]. With this approach to the design of
SmE, the IB must first enable a person with blindness to
operate the environment and support movement around the
building. Thereafter, other individual needs can be solved
with additional compensatory aids. Therefore, such solutions
intended for people with blindness should use the principles
of ambient intelligence (AmI), i.e., the IB should be sensitive
and responsive to the presence and special needs of people
with blindness.

AmI systems in IB can be connected to energy systems [9].
With such a connection, they can also assist administration
and monitoring by administrators (with blindness) of such
buildings. Since the number of IBs with energy-saving sys-
tems is constantly increasing, with their number expected to
increase from 45 million to 115 million worldwide in 2026
[10], design research of assistive technologies for disadvan-
taged people for IB is justified.

In this context, the article deals with the possibilities of
special UI and remote control used in IBs, which enable new
employment opportunities for people with blindness in the
context of IBs administration. In the following subsections,
the problem context is presented, followed by the article’s aim
and contribution. In the presentation of the problem context,
the emphasis is placed on the definition of previous UI solu-
tions or approaches, which are unsuitable for the professional
work of a person with blindness because he or she must be
competitive with the sighted workers in the labor market.

A. PRESENTATION OF THE PROBLEM CONTEXT AND
UNSUITABILITY OF PREVIOUS SOLUTIONS OR
APPROACHES
The problem context includes IBs with their energy subsys-
tems, the user interface (UI) and remote control for people
with blindness. This is also linked to the idea that people with
blindness could hold new professional jobs thanks to new
technological possibilities. In our case, it is the administrator
of IB. For this purpose, two consecutive searches in citation
databases were conducted to investigate the problem context,
and their outputs are described in detail.

Unfortunately, relevant research focusing on people with
blindness in the field of IB energy system administration
connected with professional work is lacking. In our first
search of the citation databases Web of Science and Sco-
pus in December 2023, we did not find any thematically
fully relevant article with the topic keywords: (‘‘people with
blindness’’ OR ‘‘blind people’’) AND (‘‘intelligent building’’
OR ‘‘smart environment’’ OR ‘‘ambient’’); (‘‘people with
blindness’’ OR ‘‘blind people’’) AND ‘‘energy’’. Two articles
dealing with smart households for people with blindness were
found to be thematically closest. The first paper focuses
on home automation through a unified mobile application
interface [11]. The second article focuses on an appliance
power management system [12].

Therefore, in the second search, we focused on other topic
keywords related to remote control and UI: (‘‘people with
blindness’’ OR ‘‘blind people’’ AND (‘‘remote control’’ OR
‘‘user interface’’)). Found articles deal with finding physical
control panels on individual home appliances [13] or these
are solutions [11], [12], [14], [15], most often for smart
homes, built on smartphones with touch screen and home
appliances connected to a network based on the Internet of
Things principle. The person with blindness uses a smart-
phone connected to the Internet, which offers a generally
usable UI for visually impaired people as part of an operating
system, which, however, is time-consuming to operate, as it
uses speech recognition and voice and vibration response.

These articles focus on the ability of people with blindness
to perform specific system settings via a smartphone with a
touch screen in their home environment. But these articles
do not address parity with sighted people, which is important
in a work environment. The person with blindness should be
competitive in the case of work activities with the sighted,
especially in terms of speed, accuracy (or small error rate of
settings) and reliability. Otherwise, companies would prefer
sighted workers to the highly responsible positions of energy
system administrators.

According to the study [16], people with blindness aspire
to reach parity with sighted users regarding their smart-
phone usage speed. However, articles [17], [18] mention
that the speed of controlling applications in a smartphone is
one of the challenges that people with blindness still face.
Among themost fundamental problems associated with using
smartphones are text and speech input, low readiness of appli-
cations for users with blindness, complex UI, and application
updates, which can dramatically change the way of operation.

Text-entry problems – despite the use of aids such as iOS
braille – are connected with editing, copying and pasting
text and are cumbersome [17]. This also applies to speech
input, where the user spends up to 80% of the time correcting
an error [16], [18], [19]. The use of other assistance tools
of operating systems for smartphones is also problematic,
as the applications do not follow the recommendations for
the creation of UI and use, e.g. inadequate labels, inability
to scroll through lists or smaller UI elements [17], [19]. The
article [17] states that even expert users get lost when using a
more complex application andmust start the application again
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or hard reset their device. Another problem is application
updates because they ‘‘force people to rebuild their mental
model about the apps’ structure and behaviors’’ [17].
In the scientific literature, qualitatively oriented papers

mainly focus on the usefulness and ability to control a smart-
phone and subjective satisfaction with the speed of control.
A quantitative comparison of the speed of controlling appli-
cations on smartphones between the sighted and people with
blindness was not found when searching the Web of Science
and Scopus.

Nevertheless, the findings indicate that in the home envi-
ronment, smart home solutions using smartphones for their
control can be sufficient, but not in work activities, where
people with blindnessmust be competitive with sightedwork-
ers regarding speed and error rate.

In this regard, it should be mentioned that the adoption of
smartphones among people with blindness is not as high as
among the sighted. Only 47 to 67% of people with blindness
use a smartphone [20], [21]. On the other hand, up to 88% of
people with blindness use the computer [21]. The advantage
of computers is the possibility of connecting hardware aids
(e.g., Braille display), which allow them to fully use the excel-
lent tactile skills of people with blindness [22] and thereby
speed up their work. For example, when editing text on a
computer, you can also use parallel voice and tactile reading
with immediate cursor movement and correction of errors in
the text. Similarly, the multitasking solution is a more reliable
solution on a computer when you can easily switch between
different applications (e.g. switching between different IBs
and their subsystems).

In this respect, using a computer and its associated tools
offers a more reliable solution for professional work than
using smartphones, which can be used more as an additional
option in this context.

In our search of the citation databases, only the article [23],
which presents a distributed UI accessibility framework for
people with blindness, was different by approach. The frame-
work offers a superstructure in the form of UI components
that provide simplified blind-friendly UI on smartphones and
smartwatches, which solves the problem of learnability and
reduces cognitive overload. However, with its simplification
of UI, the proposed framework is only suitable for personal
use, and it faces limitations during work. In the case of com-
plex work tasks, the simplification of device setting options
can be problematic and in conflict with the work activity and
the needs of a person with blindness.

All the papers mentioned above are focused on enabling
certain activities to be performed by people with blindness,
for example, to enable or help a person with blindness to set
up a particular device in the household. These approaches are
sufficient for ordinary or private life, but insufficient to ensure
the competitiveness of people with blindness in terms of time
and quality of work with a sighted worker. This is a research
gap that this article addresses in the defined problem context.

According to our search, there is only one comprehensive
AmI system for people with blindness [7] mentioned in the
scientific literature, which is installed in an IB. The other

smart or intelligent systems found most often deal with assis-
tance support of the elderly [24], [25] because their numbers
are increasing rapidly in developed countries, being a rapidly
growing business market.

B. THE AIM AND CONTRIBUTION OF THE ARTICLE
This article aims to present special UI and derive generalized
principles of UI design for people with blindness to adminis-
trate energy systems in an IB, which involves complex tasks.
In this context, the emphasis is placed on three subsystems
used in an IB: a photovoltaic power plant, heating regulation
and zonal regulation. Themain area of application of the solu-
tion is the professional work of people with blindness in an
IB, where the quality and speed of work must be competitive
with a sighted worker. The proposed solution is based on
the RUDO AmI system for people with blindness, which has
been experimentally developed since 2000 [7]. The presented
solution can help other researchers in the development of
inclusive SmE or IB for disabled people.

The research question and the connected technical research
issue is: how to design aUI (supported by anAmI system) that
would satisfy the needs of people with blindness so that they
would be able to administrate energy systems professionally
in IBs and at the same time, their work would be competitive
with sighted workers? The presented research in the area of
IB energy systems administration by people with blindness
has three contributions:
1. From a broader perspective, it is a presentation of

the next iteration of the long-term development of the
RUDO AmI system for people with blindness, which
focuses on operating ecological energy systems in IBs.
This is a significant contribution to science and practice
related to the principle of iterative solution design using
design science methodology [26], on which the entire
development of the RUDO AmI system is built. Pre-
sented iteration also contributes to UI design for people
with blindness. The contribution to science is related
to the extension of the knowledge base of proposed
solutions in the field of UI for people with blindness,
with an emphasis on professional work and occupational
competitiveness. From a practical perspective, this arti-
cle presents current best practices in implementing UI
for people with blindness.

2. Increasing the independence of people with blindness
and their integration into society, including their work
involvement when living or working in IB.

3. An indirect benefit of this research is that the presented
solution can support the creation of new job oppor-
tunities for people with blindness in the field of IB
administration. Using UI principles introduced in the
proposed solution enable people with blindness to be
competitive with sighted workers in IB administration.

The first contribution is technologically oriented and the
other two are socially oriented. This article is structured as
follows: Section II presents a brief description of the RUDO
AmI system for people with blindness. The design-oriented
methodology is introduced in Section III. A description and

94178 VOLUME 12, 2024



M. Hudec, Z. Smutny: Principles of UI Design Enabling People With Blindness Professional Work

evaluation of the UI design are presented in Sections IV
andV. Based on previous sections, SectionVI presents gener-
alized user interface design principles. Section VII provides a
discussion of the principles for UI design and possibilities of
future development of employment opportunities for people
with blindness. Section VIII concludes the article and sum-
marizes its main findings, benefits and limitations.

II. AmI SYSTEM FOR PEOPLE WITH BLINDNESS AS
DESIGN RESEARCH PREREQUISITE
A fundamental prerequisite for this research is the RUDO
AmI system for people with blindness, which is further used
for experimental design and behavioural research aimed at
users with blindness. Such an extensiveAmI system primarily
intended for people with blindness is unique in the world; see
Section I. This AmI system is being expanded inmodules, and
the technological solutions of individual modules and design
principles are continuously published.

FIGURE 1. Diagram of the RUDO system in the current 7th version.

Article [7] presented the fourth version of the RUDO AmI
system in detail with a description of all the major hardware
and software components. Other articles deal with the scenes
that the RUDO AmI system provides for people with blind-
ness [6] and professional work in informatics, including an
introductory presentation of the HANIBAL unified UI [4].
These previous articles did not address the complex energy
subsystem, including the photovoltaic power plant and the
related extension of the recognition of internal and external
scenes in connection with the ambient behaviour of the build-
ing, as it is in the current seventh version of the RUDO AmI
system. The basic components of the current version of the
RUDO system are shown in Figure 1.
An important part of the current version is the UI called

HANIBAL [4] ensuring the unification of the UI. The special
interface for people with blindness uses software services
providing orientational sounds [6] together with voice synthe-
sis [27], Braille display [28], [29] or unique input in Braille
from the basic keyboard [7]. The purpose of connecting these

three approaches in parallel is to speed up the reception of
information by a person with blindness.

III. METHODOLOGY
In engineering and information system development, the
design science (DS) methodology is mainly applied in the
case of solution design [30], [31]. DS research takes the form
of a design or engineering cycle in which the proposed artifact
is iteratively improved [26]. In the case of the development of
the RUDO system and its parts, the engineering cycle consists
of five basic stages, where the first three stages correspond to
the design cycle [26]:

- problem identification and definition;
- description of the proposed solution;
- design validation (use of quantitative and qualitative
methods to estimate the future usefulness of the design
for users);

- implementation;
- implementation evaluation (use of quantitative and qual-
itative methods to determine usefulness for users in
practice).

There are two main benefits of DS research conceived in
this way. The first benefit is the introduction of generalized
principles of the solution design to the defined problem,
which will be usable in other similar problem contexts. The
second benefit is the instance of the solution on which the
technological procedures are tested (e.g., prototype). This
article focuses mainly on four stages: defining the problem
(Section I), description and implementation of the proposed
solution (Sections II and IV) and evaluating the implementa-
tion in practice (Section V).
Starting with RUDO version 5 (2017), individual devel-

opment iterations are described in Slovak in [32] – it can
be translated by any tool for machine translation. Among
these iterations, individual UI improvements for people with
blindness can be seen, which are directly related to the energy
system and its technical properties.

The principles of technical action research (TAR) are used
to evaluate the implementation using the RUDO system
(research prerequisite). It is a qualitative approach for eval-
uating the proposed solution under special conditions, where
the researcher plays three logically separated roles, namely
of ‘‘artifact developer, artifact investigator and client helper’’
[33]. The reason for choosing TAR is that the designed
solution is very specific and designed only for a globally
limited number of people with blindness. Since there are
not many such buildings at present, there are very limited
opportunities to obtain users of such solutions for evaluation,
taking into account the specific physical disability of people
with blindness. According to our literature search in the
citation databases Web of Science and Scopus in Section I,
no references to other functional prototypes of AmI systems
for people with blindness were found except the RUDO sys-
tem. The mentioned is related to the gradual development of
intelligent environments and buildings and their accessibility
for disadvantaged people [34].
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When using action research, it may be appropriate to
involve one of the co-creation approaches as experience-
based co-design [35] or technology co-design relevant to DS
and computer science and build on sociotechnical systems
theory [36], [37].

Due to the very specific context focused on people with
blindness and the focus on only one IB, the co-creation
approach for ‘‘collaborative generation of knowledge by
academics working alongside stakeholders from other sec-
tors’’ [37] was not used. The prerequisite for the co-creation
approach is that the proposed solution affects or includesmul-
tiple stakeholders. For example, it is the design of a complex
socio-technical solution in an organization. However, with the
solution proposed here, there is only one side of the solution’s
users: people with blindness; therefore, even during the eval-
uation, the main participant is a person with blindness with
clearly defined cognitive and knowledge abilities. In addition,
the goal of the long-term RUDO project is to show that even
with minimal help from sighted colleagues, a person with
blindness can create complex hardware and software systems
while being fully self-sufficient in their use.

An alternative for building co-creation knowledge is the
involvement of at least other scholars [37]. Here, we come
across a fundamental problem when other scholars have cog-
nitive abilities or possibilities different from those of the
potential users of the solution. The involvement of the sighted
in the design of aids for the blind has already been criticized in
the past [38]; therefore, in our case, the principal conceptual
designer is a person with blindness who is assisted by other
scholars if necessary.

Therefore, for the evaluation, we decided to use TAR
and three specific methods of data collection: cognitive
walkthrough (CW) [39], [40], observation, and work speed
measurement. In our case where locally small numbers of
respondents are available, qualitative approach is used instead
of quantitative approach. On the other hand, the target group
of people with blindness who can potentially become system
administrators in IB is large enough on a global scale to justify
our research [41].
A similar qualitative approach with a small number of

participants is not exceptional in the field of, e.g., medical
engineering in connection with the design of aids for people
with a specific physical disability connected with their skills,
(technical) knowledge and experiences (with administration
of IB or SmE), which are very few in a particular region of the
world [42], [43], [44]. It can also be found computer science-
oriented articles [45], [46], [47] where only two participants
with blindness were used in the study. Two participants are
also used in our solution evaluation. The first participant is
a person with blindness who has technical knowledge and
is used to staying in an IB and cooperating with the AmI
system – there are not many such participants with special
knowledge and experience in our region. The second partici-
pant is a sighted technician who assembles and administrates
photovoltaic systems, whichwill be used to compare thework
speed.

CW [43], [48] is a research method used to verify the
usability of designedUI at the level of socio-technical interac-
tion. CW is oriented towards more complex tasks consisting
of several simple steps. Based on the theory from the cogni-
tive exploratory learning [49], it can be concluded that the
same, essentially simple procedure can also be performed
by other people in other places if the required conditions
are maintained. The progress of the execution of individual
tasks is then qualitatively assessed as answers to evaluation
questions (EQ).

Thementioned evaluation of the UI and functionality of the
system, even on a limited sample of participants, is a valuable
approach for providing quick feedback and for subsequent
improvements to the solution within the engineering cycle of
DS research [26]. The evaluation procedures are presented
in Section V in more detail. Below is an overview of the
thematic focus of the four tasks that are addressed as part of
the research in this article:
1. heating application UI,
2. zoning application UI,
3. photovoltaic application UI,
4. energy redirection application UI.

To summarize the above, TAR is used to evaluate the designed
and implemented UI for the administration of energy systems
in IB. The research approach is therefore equivalent to the
study [4], which dealt with the professional work of people
with blindness in electrical engineering and informatics.

IV. DESCRIPTION OF IMPLEMENTED SOLUTION
In this article, we deal with a new extension of the long
developed and tested RUDO AmI system for people with
blindness (see Section II). The extension of the AmI system
includes, from the point of view of the user with blindness,
the following functions related to the administration module
of ecologically oriented energy systems in IB:

- control of the photovoltaic power plant operation;
- the possibility of redirecting photovoltaic energy to the
seven load branches of the IB;

- assisted AmI environment with an extended interface for
people with blindness, which enables full technical and
user service;

- remote administration allowing people with blindness
full service via the Internet;

- heating control with extension to multiple energy
sources;

- zonal regulation with extension to multiple energy
sources;

- the possibility of using backup energy solutions;
- the possibility of choosing the use of alternative energy
sources (photovoltaics and storage batteries with a
capacity of 10 kWh, conventional electrical grid and heat
pump, gas, solid fuel).

Individual parts of the AmI energy subsystem of the
RUDO system were put into practice gradually between
2014 and 2020 because a scholar with blindness ensured the
entire development: first-phase regulation of heating (2014),
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second-phase zonal regulation (2015), solid fuel backup
source (2017), heat pump with air conditioning (2018), pho-
tovoltaic power plant (2020).

The purpose of this article is not to present in detail the
energy subsystem solution itself at the software and hardware
level, which may differ in practice for individual implemen-
tations of IB; instead, the goal is to present the space where
interactions between humans and IB occur. Therefore, the
article focuses only on the UI of the energy subsystem, which
follows up with the unified HANIBAL UI used in the RUDO
system. The general principles of interaction and adminis-
tration of the energy subsystem can also be used in other
solutions. HANIBAL has a modular character and a uniform
menu structuring logic and can be adapted to the needs of
people with blindness (e.g., hiding unused modules, adding
and configuring a new module or system function). Figure 2
shows the main menu with the basic modules offered by
the RUDO system. Simultaneously, the sub-screen (available
after pressing the E key) of the basic menu of the energy
subsystem is shown here. The highest degree of certainty
when pressing the keys by a person with blindness is using
Braille on an ordinary keyboard as described in [7] or using
Braille keyboard.

The menu has a tree structure, which a person with blind-
ness can remember during frequent work and reach the
desired function quickly. For example, by successively press-
ing the letters E, F, and A (see the keyboard shortcuts shown
in Figures 2 and 5), the user can very quickly get information
about the current photovoltaic energy production in Watts.
The structure of menu items can be easily adjusted, so func-
tions that are often used can be accessed more quickly.

Each module is thematically focused and offers spe-
cific functions (e.g., programming module, weather forecast
module). HANIBAL makes full use of the possibilities of
interaction with the user with blindness, which the RUDO
system enables, i.e., use of a keyboard (with Braille support),
Braille display and notifications (i.e., use of orientational
sounds and voice synthesis) for interaction with the user.
Menus are presented in text and semigraphical form, thanks
to which even sighted users can control the given system; see
Figure 2.
The RUDO AmI system presented in Section II and the

implemented functions of the energy subsystem are quite
robust and complicated, placing considerable demands on
people with blindness regarding UI complexity. The intention
is that the research regarding the RUDO system broadly
covers most situations from practice and, at the same time,
requires a degree of technical skill, which, however, generally
does not exceed the capabilities of people with blindness [4].
Partial solutions designed for the RUDO system can also be
used in other AmI systems connected with IBs. This opens a
new way to create life and work possibilities for people with
blindness without geographical or ethnic restrictions.

In the following subsections, the article will focus on the
following four UI of the energy subsystem for people with
blindness:

FIGURE 2. The top screen is the main screen with an overview of the
main thematic modules offered by the RUDO system. The bottom screen
is a sub-screen (accessible from the main screen by pressing the E key)
with an overview of the main functions offered by the energy subsystem
administration module. All text is translated from Slovak.

- heating operator interface for people with blindness,
Section IV-A.2,

- zone control operator interface for people with blind-
ness, Section IV-B.2,

- photovoltaic data browsing interface for people with
blindness, Section IV-C.2,

- photovoltaic energy redirecting interface for people with
blindness, Section IV-C.2.

The following subsections introduce the technological
solution of the energy system and the basic UI principles
for their control. Because the control description is closely
related to the solution design and its evaluation, we decided
to describe the controlling method in Section V to understand
how administrators with blindness control the energy system
using the proposed UI. For illustrative purposes, the article
includes Appendix, which contains a video where a person
with blindness shows how working with the presented solu-
tion looks like in practice.

A. HEATING REGULATION
1) BASIC DESCRIPTION OF IMPLEMENTATION IN RUDO
PROTOTYPE
Gas is the primary energy source for heating in the described
energy system. The electronics of gas boilers require power
from the grid during their operation. The consumption of
boiler electronics is minimal; it can be covered by photo-
voltaic electricity production even in winter. Therefore, all
the boiler room equipment is primarily powered by the pho-
tovoltaic power plant. A second solid fuel boiler is a backup
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energy solution. Combined heating in both boilers at the
same time is also supported. In the case of exclusive heating
with solid fuel, the system enables self-sustaining operation
without requiring support from electrical energy.

The water in the boiler is primarily heated by photo-
voltaics; in cloudy weather the heating is automatically
switched to gas or it can be manually switched to solid fuel
heating. All electronic and manual equipment in the boiler
room is fully operable by an administrator with blindness.
The second backup energy source for heating the two thermal
zones in the building is an air-to-air heat pump with a small
output. In transition seasons, it can be powered by photo-
voltaics or permanently from the regular electrical grid.

All the equipment in the boiler room (gas boiler, pumps,
temperature sensors, electric valves and climate control
valve) has data connection to the RUDO AmI system via
the control electronics. The gas boiler heats the water in the
primary circuit, where technical water is at a relatively high
temperature. The technical water is mixed from the primary
circuit through the climate control valve into the radiator
circuit. A regulation method with temperature feedback is
used for heating the technical water. One temperature sensor
must therefore measure the temperature in the primary circuit
and one in the radiator circuit.

Each building has a specified energy leakage, which is
based on the degree of insulation. In an AmI system, leakage
is given by determining the leakage curve. The AmI sys-
tem calculates the required temperature of technical water
in the radiator circuit based on the following: determination
of leakage curve, measurements from the exterior temper-
ature sensor, and setting of the desired average interior
temperature. The implemented heating regulation and zonal
regulation are described in more detail in [7].

2) HEATING OPERATOR INTERFACE FOR PEOPLE WITH
BLINDNESS
Before introducing the heating administration client applica-
tion and its UI, it is necessary to introduce the associated
communication interfaces that allow a user with blindness
to obtain heating information (even outside the computer
station) and respond to this information via the client
application. These associated communication interfaces are
characteristic of AmI systems, which use sensors to capture
and evaluate, e.g., the movement of people around the build-
ing or changes in the internal and external environment, and
make the necessary information available to system users in
various forms.

Such a communication interface is a light and voice beacon
of the heating status, which contains a device with three LED
light indicators for three possible heating statuses (for sighted
users in the house):

- not heating (green);
- heating (red);
- heating break in the transition season, ventilation is
possible (blue).

One beacon is located on the ground floor, and one on the
first floor. This status information is made available to the

administrator with blindness by notification in the speakers
when the status changes (see Section II). Furthermore, it is
repeated once upon a motion sensor stimulus if the admin-
istrator with blindness was not near the speaker at the time
of the state change. In addition to speech synthesis, when
information is reported via the home speaker(s), the RUDO
system also uses the so-called orientational sounds [6]. They
can introduce the message using speech synthesis or inde-
pendently communicate frequently transmitted information
so as not to disturb the people in the building too much.
An example of a notification message is the orientational
sound of the locomotive horn followed by the message: ‘‘The
heating is on.’’ People with blindness know that windows
should be closed for ventilation.

Additional options for advanced settings via the config-
uration file can also be provided by a user with blindness
in the client application (example in Section IV-C.2). The
heating administration client application enables the user
with blindness to:

- view the set average interior temperature,
- set the required average interior temperature,
- set the steepness coefficient of the leakage curve,
- view measured and statistical data,
- view and set time-temperature profiles.
The client application for heating administration consists

of several parts; see Figure 3. In the uppermost first part, the
required average interior temperature, water temperature in
the boiler and the steepness coefficient of the leakage curve
can be set. In addition, it displays data on the status of the
space heating and water heating service (on, off, automatic).
The second part displays current technical and statistical data
readings. In the third part, the time-temperature profile is
shown either for space heating or for water heating. The last
part is an auxiliary information window.

FIGURE 3. Heating operator interface for people with blindness –
example of semigraphical interface. All text is translated from Slovak.

B. ZONAL REGULATION
1) BASIC DESCRIPTION OF IMPLEMENTATION IN RUDO
PROTOTYPE
The zonal regulation is divided into two separate services
for the flat on the ground floor and the flat on the first
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floor. As this is a test prototype of an AmI system subject
to engineering development cycles [26], it was intended that
improvements related to services for the residents of one flat
would not affect the environment of the residents of the other
flat. A separate heating zone was defined for each room of the
building. The zonal regulation system can thus best respond
to the sun’s movement in the sky and appropriately adapt
the heating performance for each part of the building to the
strength of the solar radiation.

Individual zones are created by wireless Z-Wave radiator
valves that communicate with a controller connected via USB
to the home miniserver (see Section II). Radiator valves are
supplied with energy from batteries, which will last approxi-
mately one heating season for a given valve.

The prototype of the RUDO system installed in a
two-storey family house uses two-phase heating regulation.
The first phase is heating regulation (see also Section IV-A)
and the second is zonal regulation. The first level of regulation
heats the technical water in the entire radiator distribution.
The water temperature must be approximately two degrees
higher than that required for the coldest room in the building.
The second level of regulation is implemented by Z-Wave
radiator heads for each zone (room) separately. This is a
regulation with temperature feedback, in which the radiator
heads measure the temperature in individual zones and, based
on this, regulate the flow of heated technical water to the
radiators.

The highest temperature comfort is achievedwhen the tem-
perature of the radiators does not oscillate between minimum
and maximum but changes continuously and smoothly based
on the interior temperature in the given zone. In order to pre-
vent the temperature of individual radiators from oscillating,
the technical water in the radiator distribution must not be
heated excessively. If, on the other hand, the technical water
in the radiator distribution is heated insufficiently, the coldest
rooms of the building will begin to experience a lack of heat
by recording temperature below the required minimum limit.
An important advantage of the two-stage regulation is that
during brief ventilation in the heating period, there will be no
excessive heat leakage.

2) ZONE CONTROL OPERATOR INTERFACE FOR PEOPLE
WITH BLINDNESS
Similar to what was mentioned in Section IV-A.2, it is
appropriate first to introduce the associated communication
interfaces that allow a user with blindness to obtain infor-
mation about heating (even outside the computer station).
Through the speakers installed in the building with the RUDO
system, information is transmitted to the person with blind-
ness using notification messages. We can present at least two
examples:

- The first example contains the orientational sound of a
jingle bell followed by the message: ‘‘Bathroom radiator
head batteries are dying.’’ There is still energy left in the
batteries for approximately two weeks of operation.

- The second example contains the orientational sound of
a jingle bell and two swings of the sword, followed by

the message: ‘‘The batteries of the radiator head in the
kitchen are completely discharged.’’

Additional options for advanced settings can be made via
the configuration file (example in Section IV-C.2). The client
application providing zonal regulation enables the user with
blindness to:

• view the set temperatures in individual zones,
• set the required temperatures in individual zones,
• browse the measured temperatures in individual zones,
• view the battery status in Z-Wave heads,
• view and set time-temperature profiles.
The client application for the administration of zonal regu-

lation consists of several parts; see Figure 4. In the uppermost
first part on the left is the name of the current user profile.
By user profile, we mean all weekly time schedules for
individual heating zones. The names of the table columns
are listed in the uppermost part. The heating zones are listed
line by line in the second part with the corresponding values.
Values can be changed by an administrator with blindness
in three ways: selection from history, writing new values or
editing existing ones using Braille display, keyboard, voice
synthesis and syntax checking. The third part shows the
weekly time heating schedule of the selected zone. The last
bottom part is a help information window. It is also worth
mentioning that applications of zonal regulation for individ-
ual floors (flats) are available in user mode (not administrator
mode) and to individual residents of the IB. With it, they can
adjust the temperatures in their flat according to their personal
needs.

FIGURE 4. Zone control operator interface for people with blindness –
example of semigraphical interface. All text is translated from Slovak.

C. PHOTOVOLTAIC POWER PLANT
1) BASIC DESCRIPTION OF IMPLEMENTATION IN RUDO
PROTOTYPE
The total output of the active area of the photovoltaic power
plant installed in the building with the RUDO system is
6 kWP (kilowatt-peak). 2.4 kWP is used for water heating
and 3.6 kWP for producing 230 V AC electricity (param-
eters of the standard electrical grid in continental Europe).
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The produced electrical energy is distributed into seven
load branches within the IB. The power plant is equipped
with storage batteries with a total capacity of 15 kWh
(kilowatt-hour).

The zero branch is continuously powered by photovoltaics.
It switches to the regular electrical grid automatically only
if it is entirely cloudy outside for a long time and the whole
capacity of the electrical energy stored in the storage batteries
is consumed. The zero branch is connected to:

- computer network,
- home server,
- boiler room equipment,
- audio/video information consoles,
- taxonometry sensors,
- AmI system electronics,
- computers used to operate and administrate the AmI
system,

- battery chargers for lawn mowers and electric hand
tools.

Load branches 1-6 are automatically connected to the
photovoltaic plant based on the amount of electricity pro-
duced. However, it is possible for the user to forcibly connect
or disconnect any of branches 1-6 from the photovoltaic
system. The branch is automatically connected to the regu-
lar electrical grid when disconnected from the photovoltaic
system. The above-mentioned distribution of photovoltaic
energy is calculated to charge the storage batteries during the
day entirely, and the remaining power is consumed utilizing
connected appliances. During the night, in summer, the con-
sumption mode from the storage batteries is automatically
selected; in winter, the energy in the storage batteries is
perceived as a backup solution in the event of a power outage.

A modern ecologically oriented energy system that
includes photovoltaics must have an alternative energy source
available. The reason is the possibility of long-term cloudy
weather, during which the acquisition of photovoltaic energy
is reduced to a minimum. Our tested prototype automati-
cally switches electricity production to the electrical grid
during long-term cloudy weather without short-term outages.
In this case, there is no need to deal with the interface for
administrators with blindness. Water heating is automatically
switched from photovoltaics to gas heating in long-term
cloudy weather; see Section IV-A.

In case of long-term cloudy weather, gas failure or a
long-term power failure, it is possible to manually switch the
water heating to heating using solid fuel. In this case, it is
necessary to manually open the lever valve on the solid fuel
boiler and heat it conventionally. Under these conditions, the
ordinary skills of an operator with blindness are sufficient for
heating with solid fuel [50], [51], [52].

2) PHOTOVOLTAIC DATA BROWSING INTERFACE FOR
PEOPLE WITH BLINDNESS AND PHOTOVOLTAIC
ENERGY REDIRECTING INTERFACE FOR
PEOPLE WITH BLINDNESS
Similar to what was mentioned in Section IV-A.2, it is
appropriate first to introduce the associated communication

interfaces that allow a user with blindness to obtain informa-
tion related to the production and distribution of electricity
(even outside the computer station). Such a communication
interface is the light and voice indicator of the electricity
branching. It consists of one device with three LED light indi-
cators for the three load branches on the first floor and another
one for the other three load branches on the ground floor.
These LED indicators light up when the given load branch is
automatically or manually connected to photovoltaic energy.
The LED indicator does not light up if the given branch is
connected to a regular electrical grid.

This status information is made available to the administra-
tor with blindness by a notification message in the speakers
when the status changes (see Section II). We can mention at
least two examples of notification messages:

- The first example contains the orientational sound of
three drops of water followed by the message: ‘‘Battery
status 100 percent.’’

- The second example contains the orientational sound
of a machine followed by the message: ‘‘Excess solar
energy.’’

Advanced settings of the photovoltaic power plant can be
adjusted through the configuration file, which in the current
version has 96 items and includes basic and advanced settings
of all modules of the RUDO system. An example of a few
lines of the configuration file is given in Source code 1.

SOURCE CODE 1. Example configuration file.

The client application for the photovoltaic power plant is
divided into two user windows. The first user window deals
with current data on the state of the power plant, and the
second one enables branching of electricity and redirection
of the photovoltaic source.

The client window of current data (see Figure 5) allows
administrators with blindness to browse:

• the current consumption on load branches,
• the current output of produced photovoltaic energy,
• the current battery charging status,
• the current output of unused energy.
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When using this application, it is not possible to make a
false step during administration, which enables the adminis-
tration to be carried out at a lower professional level.

FIGURE 5. Photovoltaic data browsing interface for people with
blindness – example of semigraphical interface. All text is translated from
Slovak.

Figure 6 shows the client application of branching the elec-
tricity and redirecting the photovoltaic source to the exclusive
charging of the storage battery. This application requires
higher expertise in administration, as it enables switching
between automatic and manual redirection of electricity to
individual load branches. It also allows direct manual elec-
tricity redirection. At the same time, the application contains
protections to prevent the photovoltaic system from mal-
functioning during its use and to prevent any danger to the
residents of the IB. Incompetence or a mistake in its use can
only be manifested by the inefficient use of the produced
electricity or a slight reduction in the life of the storage
batteries.

FIGURE 6. Photovoltaic energy redirecting interface for people with
blindness – example of semigraphical interface. All text is translated from
Slovak.

V. EVALUATION
This section presents the evaluation of the UI of the energy
subsystem (part of the RUDO AmI system), which was

summarized in Sections II and IV, according to the DS
methodology. The evaluation was carried out in an IB,
where the RUDO system is installed by a participant with
blindness who, according to TAR, acted as a designer and
scholar participating in the evaluation [33]. The evaluation
consists of three perspectives corresponding to three subsec-
tions: qualitative solution evaluation based on CW method
(Section V-A), evaluation of work speed based on mea-
surement (Section V-B), and conclusions from long-term
development and testing based on observation and experi-
ences (Section V-C).
For qualitative evaluation, we chose TAR to evaluate the

usefulness of the proposed solution for a narrow group of
potential users. The TAR includes three different approaches
for data collection. The first is CW method [39], [40],
[42], [53] for feedback on the design of the UI. In addi-
tion to verifying the proposed solution’s effectiveness, this
evaluation aims to show that the proposed assistance envi-
ronment and UI are usable for administrators with blindness
regardless of geographic location or ethnicity. Details on the
involvement of the participant with blindness in the CW are
given in Section III. Based on previous research [4] and
the approaches presented in [42] and [54], we defined three
evaluation questions (EQ) concerning CW:

• EQ1: Is the administrator with blindness, prior to com-
mencing the work, aware of his or her capability of
performing the relevant work with the UI of the energy
subsystem?

• EQ2: Is the administrator with blindness able to select
(repeat, combine) individual steps of the procedure in
such a way that would contribute to achieving the
expected outcome or solution?

• EQ3: At the end of the process, is the administrator
with blindness certain of having achieved the expected
outcome (i.e., required energy subsystem settings)?

Individual qualitative evaluation tasks were performed
within one day and assessed first by the participant with
blindness. Then, possible issues were discussed with a
sighted scholar who supervised the carrying out of CW.
Subsequently, responses to the EQs were formulated by the
participant with blindness.

The second is the work speed measurement of an admin-
istrator with blindness and a sighted technician, which was
evaluated on four other tasks with several breaks. The third is
conclusions from long-term development and testing, which
were formulated based on the notes and reflections of the
designer with blindness who developed the proposed solution
and improved it over the years. The improvement of the UI
was carried out based on partial conclusions from testing,
which has been iterative since 2014 and connectedwith devel-
oping the RUDO system’s new functionalities.

A. EVALUATION USING COGNITIVE WALKTHROUGH
This subsection presents a description of the steps in four
tasks used for the qualitative evaluation of the UI described
in Section IV based on CW. Qualitative evaluation is based
on rigorous performance. Each task should comprise a small
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number of simple steps. The EQs 1–3 are applied to evaluat-
ing all the tasks. In the following subsections, the UI elements
are presented first, followed by the steps in a task.

1) EVALUATION TASK DESIGN FOR HEATING OPERATOR
INTERFACE FOR PEOPLE WITH BLINDNESS
a: BASIC DESCRIPTION OF CONTROL USING THE
USER INTERFACE
Before introducing the steps in this task, it is essential to
present the elements of the user interface mentioned in
Section IV-A, which will also be the focus of the evaluation.
The most frequently used keys of the heating control console
are arrows, alphabetic characters, numbers and the ENTER,
PGUP/PGDN, and HOME/END keys. Using the arrows, the
administrator sets the required temperatures and the steepness
coefficient of the leakage curve. The ENTER, PGUP/PGDN
keys are used to turn on, turn off or switch to automatic
activation of the space heating and water heating service.

Time-temperature profiles are switched by the administra-
tor using theHOME/ENDkeys. Profile settings are initialized
with a number key representing the day of the week. Standard
editing functions (known from the HANIBAL user inter-
face) are used when entering time data, just as with zonal
regulation.

The AmI system transmits information to an administrator
with blindness using artificially produced speech. The appli-
cation output is in a semigraphical form on the console, so the
person with blindness can read it line by line with the help of
a synthesizer or Braille display for people with blindness. The
heating application is initialized in the AmI system through
the unified HANIBAL UI.
The evaluation task for heating operator interface for peo-

ple with blindness has seven steps:

1. Opening the application via the unified UI HANIBAL.
2. Parameter selection using the up/down arrows;

announcements using voice synthesis.
3. Setting with the left/right arrows; announcements using

voice synthesis.
4. Pressing function keys; announcements using voice syn-

thesis.
5. Pressing character keys; announcements using voice

synthesis.
6. Pressing the number keys; editing the user profile.
7. Closing the application.

2) EVALUATION TASK DESIGN FOR ZONE CONTROL
OPERATOR INTERFACE FOR PEOPLE
WITH BLINDNESS
a: BASIC DESCRIPTION OF CONTROL USING THE USER
INTERFACE
First, the UI elements mentioned in Section IV-B are pre-
sented, which will also be the focus of the evaluation. The
arrow keys are the most frequently used in the zonal control
console. With the up/down arrows, the administrator selects
the console line – temperature zone. The line with the selected
zone is marked with the system cursor. The administrator sets

the required temperature for the given zone (room) with the
right/left arrows. The administrator can obtain data for the
selected zone – set temperature, measured temperature and
battery status – by pressing one of the three function keys.

An essential and very effective function is the change of
user profiles, which is done by pressing the HOME/END
key. There are ten profiles available for each floor, such as
‘‘presence’’, ‘‘standard’’, ‘‘do not heat’’ and so on. When
changing the profile, the zone control system changes the
settings on all thermostatic valves within one floor.

Let us mention one more function. When the number keys
are pressed, the administrator enters the profile editing mode,
where he or she can set the heating schedule for each zone
separately. When editing, standard editing functions, editing
history and copy commands are available, which facilitate the
creation of time schedules.

The AmI system transmits information to an administrator
with blindness using artificially produced speech. The appli-
cation output is in a semigraphical form on the console so
that the administrator can read it line by line with the help
of a synthesizer or Braille display for people with blindness.
The zone control application is initialized in the AmI system
through the unified HANIBAL user environment.
The evaluation task for zone control operator interface for

people with blindness has seven steps:
1. Opening the application via the unified UI HANIBAL.
2. Zone selection using the up/down arrows; announce-

ment of the selected zone using voice synthesis.
3. Setting the desired temperature with the right/left

arrows; announcement of the set temperature using
voice synthesis.

4. Pressing function keys; listening to data on temperatures
and battery states.

5. Selecting a user profile using the HOME/END key;
announcement of the selected profile using voice
synthesis.

6. Pressing the number keys; editing the user profile.
7. Closing the application.

3) EVALUATION TASK DESIGN FOR PHOTOVOLTAIC DATA
BROWSING INTERFACE FOR PEOPLE WITH BLINDNESS
a: BASIC DESCRIPTION OF CONTROL USING THE
USER INTERFACE
First, the UI elements mentioned in Section IV-C are pre-
sented, which will also be the focus of the evaluation. The
information console contains current data in the left column
and a short comment in the right column; see Figure 5.
By directly pressing a small character, the AmI system reads
the current status of the given item, which changes over time,
in a synthetic voice. After the first letter in the menu are
the characters ‘‘< | >’’, meaning the values are decreasing,
constant, or increasing. The synthesizer reads the values,
the units, and finally either says the word ‘‘decrease’’ or
‘‘increase’’. If it makes no comment, it means that the value
does not change in a fundamental way.

A short comment is read when a capital character is
pressed. Characters can be pressed by the person with
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blindness on the keyboard in the normal way or in the form
of Braille for people with blindness, see also [7].

The application output is in a semigraphical form on the
console, so the person with blindness can read it line by line
with the help of a synthesizer or Braille display for people
with blindness. For sighted administrators, the information
is also separated in colour for clarity. All applications are
initialized in the AmI system through the unified HANIBAL
UI, which does not require administrators with blindness to
make fundamental changes in data acquisition and control of
IB devices.
The evaluation task for photovoltaic data browsing inter-

face for people with blindness has four steps:
1. Opening the application via the unified UI HANIBAL.
2. Pressing a key with an alphabet character or a combina-

tion of Braille dots.
3. Listening to a short report with data.
4. Closing the application.

4) EVALUATION TASK DESIGN FOR PHOTOVOLTAIC ENERGY
REDIRECTING INTERFACE FOR PEOPLE WITH BLINDNESS
a: BASIC DESCRIPTION OF CONTROL USING THE USER
INTERFACE
First, the UI elements mentioned in Section IV-C are pre-
sented, which will also be the focus of the evaluation. The
energy redirection application console also has two columns
displayed in semigraphical mode. It is initialized in the
HANIBAL environment; the difference is that by pressing
two characters, the person with blindness can manually redi-
rect the electricity for the given branch from photovoltaics or
the regular electrical grid. The third option is the ‘‘automatic’’
option, inwhich the redirection is performed automatically by
the AmI system according to how much energy is available.

The AmI system is primarily built for fully automatic
operation. With backup solutions, a situation may arise when
electrical energy is required in some branches and expendable
in the rest. In this case, the consumption profile is set by the
administrator with blindness according to the needs of the
residents of the IB.

The ‘‘∗’’ or ‘‘-’’ character is indicated under the load
branch number. In the first case, it is information that the
branch is powered by photovoltaics; in the second case,
the regular electrical grid powers it. After the administrator
presses the number of the branch, the AmI system reads all
the information in a short and concise message.
The evaluation task for photovoltaic energy redirecting

interface for people with blindness has five steps:
1. Opening the application via the unified UI HANIBAL.
2. Pressing a key with an alphabet character or a combina-

tion of Braille dot; selection of an operation on the load
branch.

3. Pressing a key with a number or a combination of Braille
dots; selection of the load branch.

4. Listening to a short report on the progress of the power
redirection operation or a report on the status of the
redirection.

5. Closing the application.

5) ANSWERS TO EVALUATION QUESTIONS
The involved participant with blindness performed the steps
in the individual tasks. During this activity, he was observed
by a sighted scholar, who then discussed individual pro-
cedures and potential problems with the participant with
blindness. The person with blindness summarized his feed-
back in answers to the three EQ.

a: THE ANSWER TO EQ1
The positive answer is related to the participant’s experience
with the HANIBAL UI, which is used for the entire operation
of the RUDO AmI system. After turning on the computer,
the opening window of the HANIBAL environment is on
the screen. This environment allows people with blindness
to navigate through the window structure and listen to or
read a short help for each item. A user with blindness can
find a menu related to the energy subsystem here, which
contains the four windows of the UI described in Section IV.
Therefore, even when using this environment for the first
time for energy subsystem administration, the person with
blindness can easily find the window intended for her or his
activity. However, if the user has been using the HANIBAL
environment for a long time, she or he will select the desired
window with a single hotkey press.

b: THE ANSWER TO EQ2
A positive answer is again related to the ability to use the
HANIBAL UI. At the same time, it is an assumption that the
user with blindness has completed energy subsystem admin-
istration training. The degree of correctness of choosing the
next step is therefore determined by education or course com-
pletion and experience. In the administration of the energy
subsystem, however, successful completion of the course is a
necessary basic education.

c: THE ANSWER TO EQ3
A positive answer is associated with the user’s ability to read
the current state of individual parts of the energy subsystem
using speech synthesis (e.g., after changes have been made).
At the same time, the aforementioned is related to the com-
pletion of energy subsystem administration training and its
understanding by the given user.

B. EVALUATION OF WORK SPEED
From the point of view of ensuring the competitiveness of
a person with blindness in the labor market, it is crucial to
ensure his or her work speed, which should be as fast as the
speed of work of a sighted worker. Although the solution
presented in this article for people with blindness can be con-
trolled by the sighted (see the semigraphical interface in this
article), it is only an additional control option. The proposed
solution is not primarily intended for the professional work
of a sighted technician. Therefore, we decided to measure the
work speed of an administrator with blindness on four tasks
connected with using the proposed UI and compare it with the
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work speed of a sighted technician using a smartphone with
a special application.

Both applications are optimized and purpose-designed for
professional workwith the energy system, thus enabling com-
parison. However, the above evaluation has its limits. The first
is that the application for the administration of the energy sys-
tem for people with blindness also provides other functions
that the sighted technician application does not allow, and
vice versa. The second limitation is related to the design of
similar tasks for sighted and blind participants in connection
with the photovoltaic power plant. The speed of the work
had to be measured on a functional photovoltaic power plant,
which carries with it the risk that a sighted technician, in par-
ticular, could make a mistake (with such a large number of
attempts), which could lead to irreversible damage to partial
parts of the photovoltaic power plant, e.g. dramatically reduce
battery life. Therefore, the tasks of the sighted technician
were chosen in such a way as to threaten the IB energy system
as little as possible. Only under these conditions did the
technician agree to participate in the research. Some tasks for
a sighted technician consist of simpler steps that, in summary,
imitate the same task (e.g. in terms of physical execution)
as if a sighted technician performed the same settings as a
participant with blindness and at the same time, the given task
is as complex as what a participant with blindness does.

1) DESCRIPTION OF THE MEASUREMENTS
All tasks take place on the same IB. We asked for the
cooperation of the company that installed photovoltaics on
the roof of the building for the given measurement. Two
different applications were used for the measurement, which
was designed for professional use by the administration of
energy systems. The first is a presented solution for people
with blindness, and the second is smartphone application,
which comes from a photovoltaic manufacturer and uses its
own graphical UI. Because both participants use different
applications, we tried to design similar tasks. For each task,
we performed 50 measurements (a total of 200 measure-
ments on participant) and calculated the average speed and
standard deviation (SD). During the measurement, time ran
until the participant correctly performed the required set-
tings, so it was pointless to calculate the error rate. Both
participants are approximately the same age and use the
application for the administration of energy system on a daily
basis.

Description of equipment and tasks for person with
blindness

The participant is the same person with blindness as in
the case of TAR. For individual tasks, he uses a designed
solution for the blind, which is available on a personal com-
puter (Linux) equipped with HANIBAL unified UI (as a part
of RUDO system) with voice synthesis, and for control he
uses a keyboard and Braille display, see video presented in
Appendix. The procedure for each task is given below. The
participant with blindness used the keyboard shortcuts as he
was used to for control.

Task 1: Information obtaining
1. HANIBAL opening window, click on the Energy system

window (shortcut ‘‘E’’);
2. in Energy system window of the HANIBAL envi-

ronment, click on the Photovoltaics application
(shortcut ‘‘F’’);

3. selecting a window focused on Photovoltaic data
browsing;

4. click on the Battery status (shortcut ‘‘W’’), which is
reported by an optimized announcement;

5. the participant hears only the first number (charge sta-
tus), and the units are not necessary, so he interrupts
the announcement and returns to the initial window of
HANNIBAL by double-clicking ESC.

Task 2: Simple value setting

1. HANIBAL opening window, click on the Energy system
window (shortcut ‘‘E’’);

2. in Energy system window of the HANIBAL envi-
ronment, click on the First floor zone application
(shortcut ‘‘1’’);

3. information about the current settings is available to the
participant on the Braille display; the cursor is by default
on the first item (Bedroom downstairs), see Figure 4,
where we change the temperature by one degree by
clicking on the arrow key;

4. the participant hears only the first number (the newly
set temperature), and the units are not important, so he
interrupts the announcement and returns to the initial
window of HANIBAL by double-clicking ESC.

Task 3: Switching the states of photovoltaics in protection
mode (more complex action)

1. HANIBAL opening window, click on the Energy system
window (shortcut ‘‘E’’);

2. in Energy system window of the HANIBAL envi-
ronment, click on the Photovoltaics application
(shortcut ‘‘F’’);

3. selection of a window focused on Photovoltaic energy
redirecting;

4. participant writes by Braille ‘‘z3’’ on the keyboard,
which means that the energy branch three will be forced
to switch to photovoltaic energy;

5. a short notification sound will sound, return to the initial
window of HANIBAL by double-clicking on ESC.

Task 4: Time-temperature schedule setting (with text search
and editing)

1. HANIBAL opening window, click on the Energy system
window (shortcut ‘‘E’’);

2. in Energy system window of the HANIBAL envi-
ronment, click on the First floor zone application
(shortcut ‘‘1’’);

3. click on the zone selection key, e.g. ‘‘g’’ for kitchen;
4. click on the number key of the day of the week, e.g. ‘‘2’’

for Tuesday;
5. searching in the text, adjusting the time and tempera-

ture in the room and at the end, click on ENTER for
confirmation;
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6. return to the initial window of HANIBAL by
double-clicking on ESC.

Description of equipment and tasks for sighted
technician

The participant is a technician who assembles photo-
voltaic systems. For their administration, he uses the VRM
Victron application supplied by the manufacturer (version
2.9.3), which he uses on his OnePlus 9 Pro (Android)
smartphone. The procedure for each task is given below.
The sighted participant used the touch controls as he was
used to.
Task 1: Information obtaining

1. click on the application icon on the desktop and the
VRM Victron application will start;

2. in the menu, open the battery capacity setting;
3. reading data (battery capacity);
4. closing the application.
Task 2: Simple value setting

1. click on the application icon on the desktop and the
VRM Victron application will start;

2. in the menu, open the battery capacity settings;
3. setting the lower voltage limit for charging the

accumulator;
4. closing the application.
Task 3: Switching the states of photovoltaics in protection

mode (more complex action)
In order to ensure the safety of the IB, a different pro-

cedure had to be designed to provide the equivalence of
the participant with blindness and sighted technician tasks.
The sighted technician proposed a procedure where he
switches two values in one window, which is equivalent
to execution (on a physical level) to what a participant
with blindness does. Therefore, this task has the following
form.

1. click on the application icon on the desktop and the
VRM Victron application will start;

2. in the menu, open the battery capacity setting;
3. finding and setting the first value;
4. finding and setting the second value;
5. closing the application.
Task 4: Time-temperature schedule setting (with text search

and editing)
The application of the sighted technician does not offer the

given function, which is connected to heating. The sighted
technician chose a similar task he does regularly, where he
has to edit a text field in the application.

1. click on the application icon on the desktop and the
VRM Victron application will start;

2. opening the console in the application (console for
adjusting the battery charging criteria);

3. searching for a text field (searching for an item with a
corresponding text field, there are many elements in the
window);

4. opening the text correction (editing in the text field);
5. saving text (saving changes);
6. closing the application.

TABLE 1. The speed of work of the administrator with blindness who
regularly uses the proposed UI for administration of energy system in IB
and sighted technician who use smartphone with special application for
administration of energy system in IB.

2) RESULTS AND CONCLUSIONS
The results are summarized in Table 1. It can be concluded
that the speed of displaying data and setting up the energy
system by a person with blindness is faster than a sighted
worker would do it via a graphical UI. Although the applica-
tion is intended for professional work in both cases, it should
be taken into account that other applications for the sighted
can offer a better UI and, therefore, also control speed related
to these tasks. However, this is an application from a manu-
facturer of photovoltaic systems. Therefore, we can consider
the given application as default and suitable for comparison.
It should also be taken into account that a sighted layperson
would be even slower using the VRM Victron application,
and the same is true of the application for people with
blindness.

The sighted technician stated that he uses Victron’s VRM
smartphone app most often in his work. However, he also has
a laptop with a web application that offers the same functions.
When using a laptop, he thinks that his work speed is 20 per-
cent faster than that of a smartphone, but the disadvantage
is that it is not as compact as a smartphone when used in a
limited space during photovoltaic power assembly.

In the case of the solution presented in this article, it should
be emphasized that it offers high variability for its users.
People with blindness can set the menu structure to speed
up their work, which the application for the sighted does not
provide. For example, a tree menu can be adapted to the user’s
needs, so frequently used items can have a shorter path from
the root to the leaves.

In addition to variability, the proposed solution is opti-
mized so that the work of a person with blindness is as easy as
possible and can be performed in different ways. For example,
Task 4 can be accelerated. Task 4 in Table 1 is associated with
the most challenging way of doing it: searching in a short
text and editing it. This task can be faster if a person with
blindness only writes text (avg. value = 9.98s, SD = 2.17s)
whose syntax is checked or uses contextual help based on
the history of previously entered values (avg. value = 5.33s,
SD = 0.87s). Similarly, other applications designed specifi-
cally for zonal regulation can help sighted users. Still, even
so, we believe that an administrator with blindness would be
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fast enough and competitive with a sighted one when using
the proposed solution.

In conclusion, several assumptions can be stated that were
supported by illustrative measurements. In the Introduction
section, the mentioned articles [11], [12], [14], [15] present
a solution using the UI for mobile phones with assistance
for people with blindness, which is offered by the iOS and
Android operating systems. These articles do not deal with
work speed but with the ability of a person with blindness
to work with a given solution intended for ordinary users.
It can be assumed that even a blind user using Victron’s VRM
application for professional work with assistance for people
with blindness will, at best, be as fast and rather slower than a
sighted user of the application. It can be concluded that even
the presented solution for people with blindness would be
faster than if a person with blindness uses an application for a
sighted user on a smartphone with assistance for people with
blindness.

These illustrative measurements support our claim that the
proposed UI principles allow designing UI that is sufficient
for the professional work of people with blindness. For a
better idea of the work speed of a person with blindness, see
an illustrative video in Appendix.

C. CONCLUSIONS FROM LONG-TERM DEVELOPMENT
AND TESTING
As mentioned in Section IV, the described energy subsystem
has been developed for almost ten years. During that time,
it has undergone several engineering cycles within the frame-
work of DS research, in which various approaches to solving
the UI were tested. We will briefly describe the reflection and
main conclusions focused on the complexity of the UI and the
possibilities of its control by a person with blindness.

The oldest and simplest UI focused on heating regula-
tion (see Section IV-A.2) displays the necessary data, which
are conveyed to the person with blindness by speech syn-
thesis (A-V keys). Settings are adjusted by individual keys
(e.g., keys 1-7 for individual days), with each key allowing
a specific selection. Then person with blindness can, for
example, increase the temperature by up/down arrows. This
solution is similar to physical button control on a device,
as the person with blindness does not select individual items
in the menu using the cursor (e.g., arrow keys), which he or
she could subsequently edit. It is a ‘‘single screen with data’’
where the editing mode can be started only with specific
buttons.

The given UI solution for heating regulation does not pro-
vide complex functions (e.g., compared to zonal regulation or
the photovoltaic power plant). Therefore, the given solution,
which does not use a cursor to select an item in the menu,
is sufficient. In addition, the work of a person with blindness
speeds up with practice, as there is no need to click through
menu items. In the case of the UI for zonal regulation (see
Section IV-B.2), this interface already has the possibility to
click between menu items by arrow keys. Such a solution is
easier for a person with blindness to adopt.

In terms of recommendations for the designing of more
robust UI providing more complex functions, it is appro-
priate to start from the principles presented for the UI for
the photovoltaic power plant (see Section IV-C.2). Here, the
UI is divided into two parts – one for the safe display of
some basic data and the other one for more advanced data
editing (i.e., separation of information from the possibility of
actively changing settings). Main principles for creating a UI
for people with blindness and their prioritization are given in
Section VI.

VI. GENERALIZED PRINCIPLES OF USER INTERFACE
DESIGN AND THEIR PRIORITIZATION
Based on the long-term testing of the UI presented in
Section IV over several years and other experiences with
the development of the UI, see Section V-C, we can present
ten generalized principles for the design of an interface for
IB energy systems for people with blindness. The presented
principles can help UI designers to design UI for people with
blindness, which will ensure their job competitiveness with
sighted workers. These principles were ordered from most
important (1) to least important (10) in the following text.
This prioritization should be taken into account by designers
when designing UIs.

The principle of browsing the treemenu is based on the uni-
fied HANIBAL UI used in the whole RUDO system, which
was described in the introduction of Section IV. Therefore,
it was not included in the principles below.

A. THE UI HAS A TEXTUAL AND SEMIGRAPHICAL
CHARACTER
All information must be in text form. Textual information
is directly accessible to a person with blindness via tactile
output (Braille display) or a synthesizer. There is no need
to additionally determine the status of the UI control, e.g.
by hovering over the given element when controlling via a
mobile phone. Unsuitable are, for example, UI controls that
use graphic information and different types of range sliders.
There is no need to interpret UI elements. Thanks to it,
no interpretation errors are created, and there is no effect or
feeling of slow information transfer at the output of the user
interface.

B. UNIFIED UI SHOULD BE USED IN ALL IB SUBSYSTEMS
The UI is designed for people with blindness, and its control
should be the same or very similar to the entire IB – including
the use of a speech synthesizer and Braille display. It is an
inappropriate and not recommended principle to make the
original graphical user interface available using other soft-
ware that will convert it in real-time into a form for people
with blindness because, in this case, problems may arise
during updates (incompatibility, new layout of UI controls).
Two examples: (1) In the case of a UI change, a user with
blindness must get used to the new work environment, which
will have a negative impact on his performance. (2) Switching
between different ways of controlling different IB subsystems
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can be confusing and cognitively exhausting for a person with
blindness.

C. THE UI ALLOWS READING THE CONTENTS OF
DIFFERENT PARTS OF THE WINDOW (PARALLEL
READING OF DIFFERENT TEXT OUTPUTS)
An important element in the fast work of a person with
blindness is the possibility of receiving information in sev-
eral ways. A person with blindness chooses the currently
fastest output or uses twomethods in parallel (synthesizer and
Braille display). Therefore, the special UI must first provide
the most important information to the person with blindness,
including the options for further selection. It is also very
useful for a person with blindness if the synthesizer reads
entire lines from beginning to end. This reading is important
when correcting text or working in parallel in two parts of the
window when the cursor of the synthesizer reads one part of
the window and the cursor for the Braille display allows the
user to read another part of the window.

D. THE UI OFFERS UP-TO-DATE HELP USING THE SPEECH
SYNTHESIZER IN EVERY STATE OF THE APPLICATION
Up-to-date help refers to the operation of special navigation
and selection functions that convey relevant information to
the person with blindness. See, e.g. Figure 2, where the
second column is the help text for each item.

E. THE UI PREFERS FOLLOWING NATURE OF DATA
The interface prefers:

(a) priority columnar nature of data,
(b) secondary tabular nature of data,
(c) in a critical case, also the nature of data outside of

columns and tables.
The terminal for people with blindness should preferably

have a column layout (a). It is ideal if its length does not
exceed the number of monitor lines. From our experience,
the virtual monitor should have the following dimensions:
a width of 80 characters per line, as the connected Braille
display has the same number of characters, and a height
of 28 lines, see Figure 2. It is possible to access the items
with the direction keys or directly through the first letters
or numbers (keyboard shortcut). This approach is the most
suitable in terms of simplicity and clarity. A long menu can
be divided into sub-menus, creating a tree structure that is
suitable for many cases but not for data to be perceived
two-dimensionally.

Therefore, when it comes to more complicated data, where
the column form cannot contain the required context, the tab-
ular menu (b) is chosen. An example can be the measurement
of energy consumption on one of several hot water stacks on
a given floor. Administrator with blindness uses arrow keys
in the sense of two dimensions – vertical and horizontal.

If the data cannot simply be offered in the above forms,
it can be displayed differently (c). An example is the IB
population census, which comprises a range of data. Such a
list is very extensive, and therefore, it is not advisable to go

through it and search it by individual items but use the text
string search.

If the UI designer chooses options (a) or (b), the person
with blindness will, over time, create a cognitive model of
the individual menus and quickly work with them. This is not
the case with option (c).

F. THE UI ENABLES OBTAINING OF INFORMATION
WITHOUT THE POSSIBILITY OF USER CHANGES
IN THE DATA
The UI’s combined input/output windows can cause errors to
be introduced into the systemwhen reading information. This
is particularly dangerous for critical systems. Therefore, it is
advisable that when reading, the user cannot inadvertently
change the parameters of the energy system. In the case
of exclusive reading, the interface always disables the input
(possibility of direct editing of energy system parameters) to
eliminate errors.

G. THE UI ALLOWS CHANGES TO DATA WITH FULL USER
FEEDBACK USING THE SPEECH SYNTHESIZER
With the input enabled, when a user with blindness changes
energy system parameters, the UI comments on the changes.
In this case, it is advisable to choose a longer form of com-
munication through the synthesizer, so the user is completely
confident that the changed settings are correct.

H. THE UI OFFERS UNIFIED EDITING TOOL FOR TEXTS
Any writing or processing of texts is done only in text mode
and using unified editing tool (one tool for all subsystems of
IB). This enables the fastest form of writing and encourages
skill with a single editing tool adapted to the needs of people
with blindness.

I. THE UI OFFERS A SINGLE RETURN KEY IN EVERY STATE
OF THE APPLICATION AND THE SAME THROUGHOUT THE
SYSTEM (UNIFIED UI) WITHOUT MAKING ANY CHANGES
The user’s need to return to the previous window of the UI
without making changes is an essential function for the fast
work of a user with blindness. This key should be universal
for the entire UI (or a group of keys for quickly returning to
higher menu levels). Otherwise, the user’s work could slow
down, or errors could occur.

J. THE UI ALLOWS CHANGES TO BE MADE AND THEN
SAVED TO DISK IN A SECOND STEP, USING THE SAME
KEYS THROUGHOUT THE SYSTEM FOR SAVING TO
DISK AND RELOADING
When changing the settings (e.g. overwriting a value), the val-
ues stored on the disk do not change immediately. Permanent
changes can only be made by choosing the particular function
to save to disk. The above also applies to the functions of
loading data from disk or backing up data. The functions for
saving to disk, reloading, and backing up have the same call
form throughout the IB system (always the same keys in all
editing menus).
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With the priorities mentioned above, it should be empha-
sized that this prioritization is not intended for the use of
ordinary computers by people with blindness. It is about the
administration of energy systems in IB, where the empha-
sis is placed on safety, speed and minimization of errors.
With this in mind, the commonly used design approaches for
UI for computer control in common computer systems are
insufficient.

VII. DISCUSSION
This article presented a UI for people with blindness to
administrate the energy subsystem in an IB based on many
years of continuous development of the RUDO system. This
solution was deployed and evaluated in an IB equipped with
an energy subsystem that allows the use of gas heating, pho-
tovoltaics, zonal regulation, gas water heating, photovoltaic
water heating, solid fuel space heating, solid fuel water heat-
ing, air conditioning and additional heat pump space heating.
The assistance environment and UI for people with blindness
is built on the basis of the RUDO AmI system. Based on the
presented solution and experiences from its long-term devel-
opment and testing, principles of UI design were generalized,
which can be used by a designer in a similar problem context.

The main contributions of the presented solution are
twofold: scientific and practical. From a scientific point of
view, the main contribution is the presentation of a useful
solution to the problem context of people with blindness.
This means a contribution to the knowledge base of proposed
solutions in the field of UI for people with blindness [26],
[55]. The gradual development from a simple interface based
on push-button control to a more complex approach to the
safe administration of the energy subsystem of an IB was
presented in Section V-C. Generalized principles for creating
a UI for people with blindness for IB energy systems are
introduced in Section VI in more detail.
The proposed solution and the related UI design principles

solve the problem context associated with the work activity,
where speed, accuracy (or small error rate of settings) and
reliability are necessary. The mentioned problems are not
solved very well by older UI solutions [11], [12], [14], [15],
which are suitable for personal use (e.g., household) but not
very suitable for work activities, where competitiveness with
a sighted worker must also be ensured. More complex setups
can be slow as a person with blindness does not use other aids
besides the smartphone, the smartphone is less reliable (e.g.
dead battery, losing orientation in a complicated menu), and
errors can occur when recognizing speech or clicking on a
touchscreen smartphone display [16], [17], [19].
From a practical point of view, this article offers a sum-

mary of best practices in UI implementation for people with
blindness, emphasizing the control of energy systems of IB.
The proposed UI principles enable the solution of more com-
plex tasks, reduce the possibility of incorrect settings and
ensure a competitive speed with a sighted worker. Companies
worldwide can be inspired by the proposed solution when
developing their solutions for users with blindness. Accord-
ing to our findings, this is the first proposal of this kind.

Another practical benefit is increasing the independence of
people with blindness when living in IB and their administra-
tion. This is a socially oriented contribution of this research;
see also articles on increasing social inclusion [3], [56], [57].
From the point of view of the future development of the
information society, another possible future benefit is the
development of work opportunities for people with blindness.
We discuss this in more detail in Section VII-B.
With current building energy systems, more and more

emphasis are placed on ecology in terms of the types of
energy sources used and their savings. The administrator with
blindness must be able to set time schedules in the thermal
zones, have an overview of the current consumption, and the
possibility of choosing an energy source so that the operation
is the most acceptable from an ecological point of view. The
described prototype enables such activity for an administrator
with blindness. However, its shortcoming is that it does not
contain information on pollution levels when using individual
energy sources. It also does not include an adaptive habit-
ability mechanism of zones. The administrator must orient
himself in this area and choose the optimal solution.

High energy requirements usually require concessions in
ecology. The discussed energy system points to using such
a type of energy input, which simultaneously creates a prob-
lematic situation for a person. In this context, we use the term
Ecological Triple Sun or Eco3S, where the ‘‘3S’’ refer to:

• S1 – when the sun is warm, let it power the air condi-
tioning as well;

• S2 –when the sunmakes the grass grow, let it also power
the robotic lawnmower;

• S3 – when the sun dries the soil, let it supply energy
to the domestic water plant connected to the well that
irrigates the soil.

The essential meaning of the term Eco3S does not lie in the
fact that the sun powers three types of appliances. Excessive
solar radiation, in this case, causes three kinds of problems
that can be eliminated by the same solar energy, which is in
excess at a given time. Such a concept of the energy system
saves energy from other sources, thus actively contributing to
current trends in nature protection.

A. GUIDELINES AND STANDARDS FOR ENSURING USER
ACCESSIBILITY FOR PEOPLE WITH BLINDNESS
Accessible design for people with blindness is indeed sup-
ported by standardization in ICT but to a lesser extent
than for the numerically more significant group of partially
sighted people. International manufacturers of ICT solutions
(e.g. Apple, Google, Microsoft) try to ensure the accessi-
bility of their solutions for visually impaired people, while
in addition to standards, they also build on their own or
good practice approaches, see [58]. The International Orga-
nization for Standardization (ISO) and the World Wide Web
Consortium (W3C) provide several general standards and
guidelines to support information acquisition by people with
blindness. An example can be ISO 19029:2016 for auditory
guiding signals in public facilities or ISO 19028:2016 for
display methods of tactile guide maps. Other standards deal
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with making available information that is not directly avail-
able to disadvantaged people. An example can be ISO/IEC
TS 20071-15:2017 focused on scanning visual informa-
tion for presentation as text, ISO/IEC TS 20071-25:2017
focused on audio presentation of text in videos, ISO/IEC TS
20071-21:2015 focused on audio descriptions, or ISO/IEC
20071-5:2022 presents accessible user interfaces for acces-
sibility settings on information devices.

In terms of accessibility of information content on com-
puters and smartphones, the W3CWeb Content Accessibility
Guidelines (WCAG) [59] or ISO/IEC 40500:2012 are men-
tioned in the scientific literature [16], whose principles can
also be applied outside of web content, as web control ele-
ments tend to be similar to smartphone operating systems
control elements [60]. In the case of people with low vision,
it can be found a more detailed document W3C Accessibil-
ity Requirements for People with Low Vision [61], which
ensures the accessibility of electronic content, tools, and
technologies for people with low vision. TheWCAG standard
offers four broad principles [59]:

• Perceivability – Information and user interface compo-
nents must be presentable to users in ways they can
perceive.

• Operability – User interface components and navigation
must be operable.

• Understandability – Information and the operation of
user interface must be understandable.

• Robustness – Content must be robust enough that it can
be interpreted reliably by a wide variety of user agents,
including assistive technologies.

The presented UI for people with blindness fulfils these
four principles only in relation to users with blindness. This
solution is only aimed at the work of a person with blindness
on a personal computer; it is not intended or suitable for the
work of people with low vision or sighted people, and it is
not intended for smartphones (but it can be installed on a
notebook). To support a user with blindness, the proposed
solution uses commonly available hardware aids (e.g. Braille
display, keyboard) and special software aids assisting work
(e.g. HANIBAL unified UI with speech synthesis and noti-
fications), ensuring access to information and enabling easy
energy system administration.

Although standardization offers best practice approaches,
there is still room for improvement even in the case of estab-
lished standards, as mentioned in [16] and [60]. This applies
especially to users with blindness.

B. POSSIBILITIES OF FUTURE DEVELOPMENT OF
EMPLOYMENT OPPORTUNITIES FOR PEOPLE
WITH BLINDNESS
Employment is a difficult problem for people with blind-
ness [62], [63]. They often find only occasional and short-
term jobs. If they have a permanent job, losing it threatens to
destroy their social status, especially in developing countries.
In the Central European region, workers with blindness hold,
for example, the following jobs that require special primary or

secondary education for people with blindness and partially
sighted [64]:

• masseur,
• translator and interpreter,
• sound designer,
• worker in information technology,
• telemarketing worker,
• operator and dispatcher.
Before the digitization of telephone exchanges, people

with blindness often worked as telephone operators in
switchboards, of which there used to be a large number.
On the other hand, currently, people with blindness are
very often employed as masseurs. In the field of computer
and information technologies, people with blindness have
been employed since the 1960s, most often as programmers
[65], [66], [67], [68].

With the development of remote monitoring and admin-
istration come new work opportunities for people with
blindness. An example can be the development of IB and their
administration, where these people can act as administrators.
This article compared the speed of work of an administrator
with blindness with that of a sighted technician, considering
the speed of the person with blindness to be fully competitive
with the sighted.

The numbers of such buildings are expected to proliferate
in the coming years [10]. Despite all the automation, active
human intervention will be required in many areas – for
example, in the area of building energy systems. Monitor-
ing and administration of large complexes of IB is also an
opportunity for the employment of people with blindness on
the labourmarket. During remote operation, the administrator
only adjusts the settings, checks the functionality of the oper-
ation, and in the event of a malfunction, specifies the problem
and calls technical support. Remote access also solves the
problem of going towork, which can sometimes be very prob-
lematic for a person with blindness. In this context, it is worth
noting that the remote access is also a new option for people
with other health disabilities, such as deaf people or people
with a health physical disability of the locomotor system.

At the same time, for all differently disadvantaged people,
additional support for their work activities is essential, for
example, with the use of ambient assisted environments or
SmE. This brings us back to the support of AmI systems in
IB, which would facilitate the stay of disadvantaged people in
these buildings. For this purpose, it is important to introduce
standards connected with SmE that would also require rele-
vant assistance services for disadvantaged people from the
manufacturers of tools or whole environments or systems.
An example can be the Active Assisted Living Program
supported by the European Commission since 2008 focused
on a ‘‘European framework that supports the development of
standardised solutions and facilitates their adaptation to local,
regional and national levels to account for varying social
preferences and regulatory requirements’’ [69]. This techno-
logical shift and the associated creation of new work roles
will enable increased social andwork inclusion of peoplewith
blindness (and disadvantaged people generally) in society.
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C. POSSIBILITIES OF FUTURE TECHNOLOGICAL
DEVELOPMENT OF THE PROPOSED SOLUTION
Essential for the employment of people with blindness is
their competitiveness against sightedworkers, especially with
regard to the speed of work activities. Although there are
several proposed UI for people with blindness [11], [12],
[14], [15], such solutions are of limited use if we consider
them as part of a working tool for professional work. These
solutions are intended for a different problem context, most
often the household. However, our main goal of the presented
UI solution and UI design principles is in professional work
andwork activities related to remote control. For this purpose,
an administrator with blindness accesses individual functions
via a console on a computer equipped with additional aids.
In the future, we plan to provide access to the modules of the
RUDO system via a smartphone, but from the point of view of
ensuring speed, accuracy and reliability in professional work,
this method of control should be complementary.

VIII. CONCLUSION
The article presents the results of long-term applied research
in the field of UI design for people with blindness
(2014–2023), thanks to which people with blindness would
be competitive with sighted workers in the selected work
type. Therefore, contribution of this article is technologically
and socially oriented.

Themain scientific contribution of this article is to broaden
the knowledge base with the principles of more complicated
UI design for people with blindness useful in professional
work, where they must be competitive with the sighted
workers. The main practical contribution of this article is to
provide recommendations for designing UI for people with
blindness, emphasizing the speed, reliability, and accuracy of
control. Furthermore, the article discusses new job opportu-
nities for people with blindness in connection with the remote
administration of IB, the number of which will increase.

Ensuring the competitiveness of workers with blindness
with sighted workers in computer-oriented areas is not a topic
that has yet been addressed in the scientific literature. Ensur-
ing work competitiveness is closely related to developing
new and complex ambient technologies or SmE, but such
research is very expensive, and the target group of users is
not commercially interesting enough for research in this area
to be carried out on a larger scale. Therefore, most researchers
currently focus on single-purpose aids or solutions rather
than large-scale intelligent systems implemented in buildings.
Available articles only deal with increasing (and not ensuring)
competitiveness or enabling new abilities for people with
blindness.

This also applies to the area of smart homes, which is the
closest to our problem context, and relevant articles [11], [12],
[13], [14], [15] can be found. Aspects such as speed, accuracy
(or small error rate of settings) and solution reliability are not
important in these articles because what is important is that a
person with blindness is able to perform a particular activity
at all. This is also confirmed by the literature review in
Section I, where the proposed solutions for the administration

of a smart home most often use smartphones with assistance
for people with blindness, which is offered by the iOS and
Android operating systems. However, people with blindness
themselves complain about the shortcomings of smartphone
control, where, for example, speed and accuracy decrease
with increasing complexity of the controlled application (or
the range of edited text). In addition, solution reliability can
change (e.g. signal fluctuations, battery discharge, touch-
screen use). On the other hand, using a personal computer
brings advantages in terms of speed and accuracy of control.
For example, other aids such as input/output devices can be
connected, which brings to the work of people with blindness
the certainty of control (keys versus touchscreen) and the
possibility of parallel reception of information. Our proposed
solution for professional work also goes in this direction.

Besides the solution’s usefulness in the presented prob-
lem context, the proposed UI is relevant for all people with
blindness, thanks to different control approaches. This can be
mentioned as an important benefit. The UI has three possible
approaches how to work with it (see video in Appendix): only
synthesizer without Braille (using only arrows and enter);
Braille only without synthesizer (Braille for reading and writ-
ing); parallel use of synthesizer and Braille. Such a solution is
effective for the entire social category of people with blind-
ness and is therefore not intended only for the significantly
smaller social subcategory of Braille-literate people [70].
Other benefits of this research include the usability of the
presented outputs in other domain areas than intelligent build-
ings, or increasing the independence of people with blindness
when living in IB.

Unfortunately, even our solution and related research have
weaknesses or limitations in addition to their benefits. The
weakness of the presented research is the evaluation of the
solution carried out on a small sample of people with blind-
ness. Although a similarly small number of participants is
used in other studies focused on people with blindness [45],
[46], [47], evaluating the solution on a higher number of
participants would be more appropriate. In our case, this
is not possible, and the reasons for this limitation of our
research are discussed in Section III. Another weakness is
the narrow focus of research on intelligent buildings and their
remote administration. Nevertheless, the authors believe that
the advantages and benefits of this article for scholars and
practitioners outweigh its limitations.

APPENDIX
ILLUSTRATIVE VIDEO PRESENTS THE WORK OF A
PERSON WITH BLINDNESS USING HANIBAL
UNIFIED UI
The video is part of the online version of this article and is
available in IEEE Xplore Digital Library. The video aims to
show the fast work of a user with blindness.
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