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Abstract

Augmented reality features, such as overlaying information in real time, modifying the
projected scene, or dynamically adjusting parameters like contrast, zoom, and brightness,
show promise in addressing the specific challenges faced by people with low vision.
These tailored solutions enhance their visual experiences. When combined with mobile
technology, these features significantly improve the personalization of visual aids and the
monitoring of patients with low vision. Retiplus emerges as a personalized visual aid
and rehabilitation system, utilizing smart glasses and augmented reality technology for
visual aid functions, along with a mobile app for visual assessment, aid customization,
and usage monitoring. This wearable system quickly assesses visual conditions, providing
deep insights into the visual perception of patients with low vision. Designed to enhance
autonomy and quality of life, Retiplus seamlessly integrates into indoor and outdoor
environments, enabling the programming of rehabilitation exercises for both static and
ambulatory activities at home. In collaboration with specialists, the system meticulously
records patient interaction data for subsequent evaluation and feedback. A clinical study
involving 30 patients with low vision assessed the effect of Retiplus, analyzing its impact
on visual acuity, contrast sensitivity, visual field, and ambulation. The most notable finding
was an average increase of 61% in visual field without compromising ambulation safety.
Retiplus introduces a new user-centered approach that emphasizes collaboration among a
multidisciplinary team for the customization of visual aids, thereby minimizing the gap
between the perceptions of low vision specialists and technologists regarding user needs
and the actual requirements of users.

Keywords: augmented reality; mobile app; low vision; rehabilitation; head-mounted
display; visual aid; personalization

1. Introduction
The global population of visually impaired individuals is estimated to reach approx-

imately 2.2 billion, with projections indicating a moderate increase [1]. This trend is
primarily attributed to the rise in life expectancy. Studies [2,3] have demonstrated that
advancing age stands out prominently as one of the principal contributors to the prevalence
of visual impairments.
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In conditions associated with low vision, a substantial increase in patient numbers is
anticipated. Specifically, for age-related macular degeneration (AMD), the patient count
is projected to surge from 296 million in 2020 to 388 million by 2040 [4]. Similarly, for
individuals afflicted with glaucoma (GL), estimates indicate an escalation from 53 million
patients in 2020 [5] to 111 million by 2040 [6]. Diabetic retinopathy (DR), a complication
of diabetes notorious for inducing vision impairment and blindness [7], underscores a
dual predicament: the global incidence of diabetes is forecasted to rise from 451 million in
2017 to 693 million by 2045 [8], while in the United States alone, DR cases are expected to
burgeon to 3 million by 2050 [9].

Considerable data and research, including sources such as the World Health Orga-
nization (WHO) [1] and studies [10–12], indicate a significant prevalence of anxiety and
depression among individuals affected by visual impairment. Early detection of these
visual pathologies upon the onset of initial symptoms is paramount. Moreover, the global
economic impact of visual impairment resulting from diminished productivity amounts
to an estimated USD 411 billion [1,11]. Visual impairment in children manifests as delays
in motor, language, emotional, social, and cognitive development, potentially leading to
lower levels of educational attainment [10]. Among adults, visual impairment heightens
the risk of falls [13], fractures, social isolation, and premature admission to nursing homes.
The WHO underscores the heterogeneous nature of visual conditions, necessitating tailored
treatment approaches for each [1].

For patients afflicted with visual field restrictions, their primary impediments pertain
to object visibility and ambulation, particularly in low-light conditions. In this context,
ensuring safe ambulation assumes paramount importance, profoundly influencing quality
of life, yet the aids tailored to this aspect are relatively scarce [14], mirrored by the paucity
of supportive clinical investigations. Moreover, in the majority of patients contending
with ophthalmologic pathologies and concomitant visual field impairments, additional
anomalies prevail, encompassing diminished maximum contrast visual acuity, decreased
sensitivity to luminous contrast, and, in advanced cases, impediments in navigating poorly
illuminated environments, colloquially referred to as night blindness or nyctalopia [15].

This article presents a novel head-mounted display (HMD) system featuring smart
glasses (SG), as part of the Retiplus augmented reality rehabilitation system based on
mobile technology [16]. This system is designed to assist individuals with low vision and
support low vision specialists. The SG is an augmented reality (AR) wearable device that
captures and processes the physical environment in real time, adding virtual elements to
enhance the user’s experience [17].

As alluded to in [18], the conceptualization of augmented reality for the visually
impaired (AR4VI) underscores the transformative potential of AR in this demographic. AR
facilitates direct intervention within the visual scene perceived by the individual in real
time, enabling modification of elements such as zoom, brightness, contrast, or alteration of
the visual field size, thereby affording an augmented perception of reality [19].

Retiplus is the result of a user-centered development (UCD) process, created through
the collaboration of a multidisciplinary team consisting of engineers, optometrists, and a
company specializing in the sale of visual aids for individuals with low vision [20].

The Retiplus system excels in tailoring solutions to meet individual patient needs,
aligning with the emphasis on customization for various visual conditions, as highlighted
in reference [21]. Additionally, the system incorporates elements outlined in [22], which
underscores the necessity for next-generation visual aid systems to integrate pre-designed
visual algorithms authored by specialists. This approach optimizes interventions for
distinct visual conditions, ensuring tailored products for each patient. Furthermore, Reti-
plus serves as a valuable rehabilitation tool for low vision specialists, diverging from
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conventional methods such as those discussed by Scheiman in reference [23] regarding
occupational therapy. This system is particularly well-suited for addressing conditions
characterized by diminished peripheral visual fields, such as Retinitis Pigmentosa [24],
Hemianopsias, Usher syndrome, glaucoma, or diabetic retinopathy [25]. Traditional oph-
thalmic interventions [26] in this domain typically rely on inverted telescopic systems
positioned within the patient’s line of sight or the utilization of sector prisms with var-
ious configurations to address hemianopsias-induced restrictions [27]. However, these
conventional visual aids suffer from limitations, including diminished visual acuity and
perceptual discontinuities [28].

2. Related Work
Head-mounted display (HMD)-based visual aids for individuals with low vision have

been under development for over two decades, with the pioneering system being the low-
vision enhancement system (LVES) [29], which initially featured black and white imagery.
In a study conducted in 1999 [30] , an early examination of HMD-based low-vision aids
(LVAs) revealed technological limitations as the primary impediment. These limitations
included bulky designs, heavy weight, low-resolution displays, portability problems, and
battery inefficiencies.

A 2002 study [31] investigated technological aids for individuals with tunnel vision,
proposing and evaluating several solutions. Key findings included patient preferences
for compact displays, the importance of minification capability, and the need for display
transparency or brightness control, particularly for those with night blindness. The study
highlighted the necessity for continuous technological advancements to address the evolv-
ing needs of individuals with low vision.

A 2004 study [32] evaluated the efficacy of four HMD-based optical low vision aids
(Jordy, Flipperport, Maxport, and NuVision) compared to conventional aids for individuals
with central field vision deficiencies caused by Age-Related Macular Degeneration (AMD)
and Early-Onset Macular Disease (EOMD). Clinical assessments included distance, inter-
mediate, and near visual acuity, contrast sensitivity, and practical tasks such as reading
various font sizes, writing checks, and identifying items on shelves.

The study concluded that a multifunctional aid system is essential, with younger
individuals particularly benefiting from improved reading of small fonts. However, despite
their optical advantages, these aids faced challenges such as high stigmatization due to
conspicuous design, weight, battery life, ergonomics, and resolution, which contributed to
their underutilization [33].

Nevertheless, the study anticipated that ongoing technological advancements could
transform these aids into powerful tools for rehabilitation and assistance for individuals
with vision impairments in the future.

The work by [34], investigates the relationship between the functionality and aesthetics
of these Optical See-through Displays (OSTs) and HDM solutions and concludes that
discretion in the design of the glasses is a critical factor for adoption, for fear of possible
stigmatization [35].

In a study by [36], a comprehensive examination of the benefits of this technology is
conducted, along with a categorization of these devices from the perspective of visually
impaired individuals, aimed at enhancing their quality of life. The study delves into the
potential of this technology by analyzing optical, visual, and human parameters pivotal
in HMD systems. These parameters encompass stereopsis, head movement tracking,
color rendition, resolution, illumination levels, eye dimensions and geometry, as well as
the user interface. Through this analysis, the study aims to elucidate the multifaceted
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aspects contributing to the efficacy and usability of HMD systems for individuals with
visual impairments.

Among the HMD solutions on the market, we find Inspire View [37]. This techno-
logical solution employs SG and offers features such as zoom, static reading aids with
magnification, audio reading, and voice controls. However, a notable drawback is its
lack of customization for individual patients [38], an absence of data recording or im-
age positioning functionalities, and the absence of support tools for interaction with low
vision specialists.

Similarly, the Orcam [39] system enables reading, facial recognition, and real-time
voice feedback but lacks customization and collaboration with specialists.

In contrast, the AceSight system, examined in depth in [40], offers comprehensive
functionalities, including measurement of visual field, search ability, real-time obstacle
anticipation time, ambulation, and sensations. The study demonstrated that over half of
the 57 patients found the aid beneficial, particularly showing improvements in obstacle
anticipation and visual field enlargement. However, while younger users found it par-
ticularly useful, the system did not significantly enhance object finding and ambulation
compared to not wearing the device. Patients also expressed the need for a more portable
and discreet design resembling ordinary glasses.

Another LVA available on the market is the eSight system [41], which delivers real-
time enhanced images via SG displays. However, similar to other solutions, eSight does not
integrate with low-vision specialists, lacks a usage history recording feature. Despite these
drawbacks, the study [42] highlights eSight’s effectiveness in improving visual capabilities
such as reading, facial recognition, and contrast sensitivity.

In reference [43], a solution for real-time risk detection and subsequent warning in
the best vision zone is implemented for individuals with peripheral vision loss. Epson
Moveiro BT-200 SG is utilized alongside deep learning algorithms to detect and classify
moving objects. Notably, this development introduces motion compensation prior to object
detection to mitigate false movements resulting from camera movement. Early experiments
with this system using the specified SG model yielded poor performance.

In this section, it has been observed that the solutions do not include the specialists
in the rehabilitation process and that they do not focus on knowing the patient’s vision
in depth. It is important to know the patient’s vision because even if two patients have
the same pathology, their visual condition is different. It has also not been observed
that these solutions record the use that patients make of the aids. HDM-based systems
have traditionally focused more on technical and technological capabilities rather than
addressing real user needs, such as customization [20,44].

The Retiplus system presented in this study presents the following novelties: (1) it
is conceived from the design to be a tool that works, evaluates its use and is calibrated
together with a low vision specialist; (2) this visual aid records the patient’s use of the
aid and stores usage data; (3) it is customizable for each visual condition; (4) it is able
to evaluate the visual condition quickly; (5) it can rehabilitate and improve the patient’s
functional vision (i.e., the part of their vision that can still be effectively used in daily
activities); and (6) it is portable and can be used for ambulation.

The remainder of this article is organized as follows: Section 3 describes the specifica-
tions and requirements that a modern HDM-based visual aid and rehabilitation system
should include. Section 4 describes the design, architecture, implementation, and func-
tionalities of the resulting Retiplus system; the clinical study and the results of the system
evaluation are also described. Section 5 presents the conclusions, and Section 6 presents
future directions for further work.
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3. Methodology
To bridge the gap between low-vision specialists and technologists, especially in the

customization of vision aids [44], and to meet system requirements, a user-centered design
(UCD) approach was followed, focusing on the real needs of users to enhance their quality
of life. The identified needs comprised ensuring that user interaction with the system is
intuitive, enabling the system to quickly assess the user’s visual capabilities and determine
their residual vision to improve it. Once the user’s limitations and visual strengths are
identified, the next requirement is to create a personalized solution tailored to each user.
Additionally, to enhance feedback between the user and specialist, and to improve the UCD
process, the system must store usage data, allowing the specialist to better understand how
the user interacts with the system.

In the realm of modern vision rehabilitation, customization is paramount [21]. Such
systems must be tailored to individual needs, with algorithms specifically designed and
prescribed by specialists to optimize treatment for various visual conditions [22]. A proper
design is essential for fostering widespread usage and adoption of these systems [34].
A modern system must also collect tool usage data and then use analysis and artificial
intelligence technologies to exploit the data to assist the specialist in making decisions for
the benefit of the user.

The system must take into account the functional vision of the target patients. AMD
affects the central macula and is a major cause of irreversible vision loss that affects high-
resolution vision, drastically affects reading and facial recognition [45], and generally
affects near vision [46]. The study [4] stresses the importance of establishing strategies to
address this problem. Glaucoma affects the optic nerve and visual field, contrast sensitivity,
glare, and the time and degree of dark adaptation. Reference [5] describes this pathology
and discusses the importance of early diagnosis and treatment. Diabetic retinopathy is
a common diabetic complication that affects the loss and quality of central vision, and
is the leading cause of blindness in patients with diabetes [7]. Retinitis Pigmentosa (RT)
is a disease that progressively causes vision loss affecting more than one million people
worldwide. Its first symptoms are loss of night vision, reduction of visual acuity, and
narrowing of the visual field [47,48].

The following sections list the desired features and use cases to be considered for this
visual aid.

3.1. Patient Interaction with the System

This section introduces bioptic vision and visual scanning. Bioptic vision is defined
as the slight tilt of the head so that one can see through the lens or telescope mounted on
top of the glasses, as well as outside of it [49,50]. Visual scanning [51,52], is the efficient
use of coordinated eye movements to search within the environment, crucial for tasks like
navigating obstacles and finding objects. It enables efficient exploration of surroundings
and is essential for various daily activities. These two concepts are the main ways patients
interact visually with the system for both visual aid and rehabilitation. One of the objectives
of Retiplus is that through interaction, habit and practice, the patient naturally adopts
the system, just as a driver acquires the natural and unconscious habit of looking in the
rear-view mirror.

Two common concepts in low vision, vision aids and vision rehabilitation, are mag-
nification [53] and minification [54,55]; a modern system must implement these concepts.
Minification increases the patient’s field in people with peripheral field loss, and magnifica-
tion acts as a magnifying glass. The positioning of the minified image within the patient’s
field of vision must be established in their “tunnel vision”. The minification combined with
the positioning of the image will create a bioptimal interaction so that the patient can have
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the minified image and the real image with just a head movement through this interaction.
Once the eye muscles have been trained with the bioptic exercise, the next more advanced
step is visual scanning. With visual scanning, patients can adjust their vision without the
need to physically move their heads. By simply moving their eyes, they can access both
magnified or minified vision as well as their natural vision.

In this paper, we propose a design solution to address this requirement through patient
interaction via an HMD system.

3.2. Visual Condition Assessment

To gain an in-depth understanding of each visual condition, it is essential to evaluate it
using the same visual aid that the users will be wearing. This approach actively involves the
user in the process of continuous improvement and refinement within the UCD framework.
Accurately determining the visual condition is also a fundamental aspect of a visual
rehabilitation system, so the system must include functionalities that assist in evaluating
patients’ visual conditions.

3.2.1. Digitization of Optometric Evaluation Instruments

The resulting system should provide the specialist with the ability to evaluate the
visual function, where the recording and visualization of results should be instantaneous.
To accomplish this task, the system should be equipped with common measurement tools,
such as optotypes [56,57].

3.2.2. Visual Field Measurements

Given the nature of some target patients, determining in which areas within the field
of view the patient can see properly is necessary to know the functional vision of the patient
and to optimize it, so a modern system must have a functionality that helps to determine
this rest and help to understand in which areas the patient sees and in which they do not.
So the creation of a tool that determines and evaluates the visual field is essential.

3.2.3. Determine Visual Scanning Capability

It is necessary to know the visual scanning ability of patients because this ability
is fundamental to perform activities of daily living, and a modern system must have a
training and rehabilitation functionality [52] of this ability.

3.3. Personalization of Visual Aids and Rehabilitation

After performing a visual assessment of the patient, and based on the results obtained,
the specialist should use the system to create a customized visual and rehabilitation aid.
The implemented system must provide this functionality.

3.4. Patient Usage Data

To monitor the patient’s progress, a modern visual aid must store user usage informa-
tion, allowing specialists to track the evolution of the patient and understand how the aid is
being utilized. The system should store this data securely and provide access to specialists
for analysis and informed decision-making.

3.5. Compilation of Key Features

As discussed in this section, the specifications that a modern rehabilitation and visual
aid system based on UCD should meet are (1) proper interaction of patients with the system
taking into account the visual limitations of these patients; (2) assessing the visual function
of patients; (3) customizing the visual aid; and (4) securely collecting the patients’ usage
history in the form of confidential data only accessible to authorized specialists.
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3.6. Retiplus: A Method to Address the Identified System Requirements

Retiplus was developed as an iterative result of a user-centered design (UCD) pro-
cess, focused on creating customized solutions for each visual condition in individuals
with low vision. This was made possible through the collaboration and expertise of a
multidisciplinary team consisting of engineers, opticians, and professionals involved in the
commercialization of visual aids for individuals with low vision.

This section describes the development and implementation of the Retiplus [58] system
and includes the results obtained. The validity of the Retiplus system was evaluated by
conducting a clinical study.

3.6.1. Implementation

The use and adoption of mobile applications has experienced exponential growth in
recent years and their adoption is becoming more and more accepted. They are increas-
ingly used in the field of physical and mental health and to help with the adoption of
healthy habits [59]. The sensors available in cell phones such as GPS, cameras, proximity,
gyroscopes, and the possibility of connecting them to other sensors via Bluetooth offer
enormous potential in the field of health.

To meet the specifications and requirements and reach the largest number of patients,
the system design was based on the development of a hybrid application for specialists,
utilizing mobile technology [16]. For our system, the Ionic framework was used [60] with
HTML5, CSS and JavaScript web technologies; this technology allows deploying hybrid
native iOS, Android, desktop and web applications with a single code base [61]. For now,
the application is only available for the Android platform.

For the part corresponding to the patient, visual aid, and rehabilitation, given the
potential of HDM-based systems for rehabilitation and visual aids [36], it is decided to
include in the system design an SG and AR applied to low vision. The SG should have
sufficient processing power to be able to process the images in real time. When a patient
has less than 20° of vision [28,54], they start to have problems with the visual field, so the
selected model should have a minimum of 20° of vision.

For data storage, we chose Google’s Firebase [62], a cloud-based NoSQL database
specifically designed for mobile development. As a non-relational database, Firebase offers
the flexibility needed to store data and iterate on improvements in data integration and
processing. It also provides a free tier, called the Spark Plan, which is highly beneficial
for development environments. As a cloud-based solution, Firebase supports scalability
with a pay-per-use model, should data storage needs increase. Additionally, it has been
used in various fields, such as fault detection in power lines [63] and real-time surveillance
systems [64].

3.6.2. System Hardware and Functional Scheme

The SG selected for the system, the EPSON MOVERIO BT-350 (Seiko Epson Corpo-
ration, Suwa, Nagano, Japan) [65], has two displays, each of which has a field of view of
20° horizontally, 11.3° vertically, and 23° diagonally. The SG has Bluetooth Smart Ready
connection and incorporates a controller, which is the physical device integrated with
the glasses that enables interaction and control. This controller is where the software
corresponding to the visual aid is implemented, allowing the user to manage the system
functions directly through the SG. In Figure 1, this is explicitly represented with an arrow
denoting the controller, making its role within the system clearer. The camera is located at
one end of the glasses and has as a complement of a tilting an external physical solar filter.
The displays have a Si OLED display and Intel® Atom™ x5 CPU (Intel Corporation, Santa
Clara, CA, USA) with Quad Core 1.44 GHz and 2 GB of RAM. In reference [36] , a classi-
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fication of HDMs is proposed based on, first, how the visual information is transmitted;
second, according to its usability; and third, according to its optical design. In addition, the
ability to expand the perceived visual field of this model is mentioned, information that
helped in the choice of this model. As a hardware tool for the specialist, a LENOVO tablet
model TB-x505F (Lenovo Group Limited, Beijing, China) with an Android 10 operating
system is used.

Figure 1 presents a schematic representation of the Retiplus system. The login of the
specialist in the application with the tablet requires an internet connection. The pairing
process between the specialist’s tablet and the SG occurs via Bluetooth and is exclusively
required for the specialist’s functionalities. The glasses collect the video that will be sent
to the controller, where the processing will be performed in real time to later show this
information on the displays.

Figure 1. Schematic Representation of the Retiplus System.

3.7. System Performance and Real-Time Pipeline

Pipeline stages. The Retiplus system follows a closed-loop pipeline optimized for
real-time operation:

1. Acquisition: frames captured by the smart-glasses camera (Epson Moverio BT-350)
(Seiko Epson Corporation, Suwa, Nagano, Japan).

2. Pre-processing: lightweight resizing/format conversion to reduce computing and
memory bandwidth.
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3. Real-time processing: application of the minification/rescaling and overlay rendering
on the onboard controller (Intel® Atom™ x5, Quad-Core 1.44 GHz, 2 GB RAM) (Intel
Corporation, Santa Clara, CA, USA).

4. Composition and projection: immediate display of processed frames on the binocular
see-through screens.

Latency and frame-rate targets. For HMD AR aids, we set an acceptable end-to-end
latency target of ≤50 ms (optimal ≤ 30 ms; tolerable in dynamic use up to ∼80 ms), and a
minimum real-time frame rate of ≥30 fps (target 30–60 fps).

Observed performance. Across evaluation sessions, no latency was perceived by users,
and no frame-rate drops below 30 fps were observed during algorithm execution. The sus-
tained ≥30 fps implies a per-frame processing budget of ≤33.3 ms, which is consistent with
end-to-end latency within the acceptable range for mobility tasks. The system remained
robust under head motion and illumination changes, with stable visualization and absence
of motion lag reports.

Acceptability with the current controller. Given the sustained ≥30 fps on the Epson
Moverio BT-350 (Intel® Atom™ x5, Quad-Core 1.44 GHz, 2 GB RAM) and the lack of per-
ceived latency, the latency/performance profile is acceptable for the intended augmented-
vision use. For scenarios demanding higher temporal precision, future iterations may
target ≥ 60 fps and further latency reductions through optimization or updated hardware.

3.8. Development and Use of the System

To meet the specifications and needs of a modern rehabilitation and visual aid system
mentioned in previous sections, a system with functionalities that meet these requirements
was developed and is described below.

3.8.1. Interaction

The system, given the characteristics of the SG, allows for bioptic vision and visual
scanning. Since the EPSON design is based on near-eye displays that project a transparent
image in front of the eye [36], the projected image can be set to the best viewing area of the
patient by projecting it onto the required area of the displays. This allows the patient to
have a minified image and real vision at the same time. The system displays the image
with minification, enabling the patient to perceive the entire figure, albeit at a reduced size.
Figure 2a illustrates the vision of a user with central vision loss, while Figure 2b shows the
enhanced vision when using Retiplus.

(a) (b)

Figure 2. Example illustrating the vision [66] (a) without Retiplus and (b) with Retiplus.

Thanks to the transparency of the displays, the patient’s natural vision remains avail-
able in the background, while Retiplus projects the entire minified image in the area where
the user desires. In this example, four projections have been placed in each corner of
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Figure 2b for demonstration purposes, but in practice, the projection is set only in the
user’s preferred area. As shown in this example, this functionality can significantly aid in
recognizing facial expressions.

3.8.2. Evaluate Mode

In Retiplus, a visual condition assessment menu has been developed to facilitate the
evaluation of visual conditions. These functions are accessed by selecting the desired
function shown in Figure 3.

Figure 3. Specialist evaluation menu.

In this menu, visual function is assessed by adding digital optotypes, visual field
templates and visual scanning templates.

In the digital optotypes, an Amsler Grid [67] has been incorporated to assess potential
visual deficiencies. Optotypes were also included for visual acuity equivalent to 4 m or for
low vision the one corresponding to 2 m and optotypes for contrast evaluation with the
Pelli–Robson test (Figure 4a). Additionally, on the left side of this screen, you can select
to evaluate visual acuity at distances of either 2 or 4 m or perform the Amsler grid test.
Figure 4d illustrates the virtual execution of the Pelli–Robson test.

(a) (b) (c)

(d) (e) (f)

Figure 4. Evaluation functionalities represent the options on the screen (Figure 3). (a) Pelli–Robson
contrast test evaluation menu for specialist. (b) Display for the visual field specialist during the test
and small squares. (c) Display for the visual scan specialist during the test. (d) Pelli–Robson test for
patients. (e) Visual field test for patients. (f) Visual scanning test for patients.
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To comply with the visual field template specification, the functionality of creating
a visual field template is created. In this functionality, the patient must stare at a central
white rhombus, which serves as a reference point. Figure 4e displays the functionality for
the patient, while Figure 4b demonstrates the corresponding interface for the specialist.
Upon viewing the pop-up stimulus while maintaining focus on the rhombus, the patient
should press the center button of the controller.

To evaluate the visual scanning ability, a functionality has been developed wherein the
patient is instructed to locate the emerging white stimulus and press the central button of
the controller upon finding it. Figure 4c depicts the functionality interface for the specialist,
while Figure 4f illustrates the test as viewed by the patient.

Both the visual field and visual scanning templates can be adjusted with progressive
stimulations with three speeds (slow, medium, or fast) and three frame sizes.

3.8.3. Calibrate Mode

To comply with the customization of the visual aid, it is decided to create views, which
we will also call calibrations. The views are real-time screen settings created according
to the evaluation. By default, Retiplus has seven predefined views, and to create a new
view, the specialist can calibrate in real time, adjusting the view lengthwise and widthwise,
placing this view in different areas of the display, adjusting contrast, brightness, and zoom.
You can also add contours and name these views. The menu to create a new calibration can
be seen in Figure 5a.

(a) (b)

Figure 5. Calibration views. (a) Screen for creating a customized calibration by the specialist;
(b) calibration using field of view template.

In the left part of this menu, the specialist can adjust parameters such as zoom, contrast, or
brightness. The width and length of what will be projected on the displays are set. The light
blue part shows 100% of the display dimensions shown in the SG, and the square in which the
Retiplus logo is framed represents the part that will be projected and in which area of the display.
This framed area can be zoomed, contrasted, or brightened. These customized calibrations
allow the specialist to program moving or static exercise routines for the patient to perform at
home. This functionality can be used, for e.g., rehabilitation only by activating certain zones
(right zone, upper part, central part), adding zoom to these zones or adding contrast.

In addition, the visual field and eye-tracking templates generated through the evaluation
menu’s functionalities serve as a foundation for creating new calibrations, helping to determine
the user’s optimal viewing area. This enables the smart glasses to project images in the user’s
best viewing area within the display. Figure 5b demonstrates how a visual field template is
used to create a new calibration. The visual field template shown in Figure 4b was used as
a reference, indicating that the user did not respond to the visual stimuli presented in the
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upper-right region of their visual field. The darker boxes in Figure 4b reflect areas where
the user failed to detect stimuli, and in the calibration view (Figure 5b), these regions are
displayed in black.

Figure 6d shows the views created; these views can be activated or deactivated
depending on the patient’s needs, and they can also be exported. In Figure 7, we can
see real examples of calibrations that can be used for rehabilitation or for daily use.

It is important to note that all these evaluation and calibration functionalities are
displayed on the smart glasses screens and are controlled by the specialist on the tablet.
Figure 4 illustrates several functions of the evaluation menu. The images in the top row
display the interfaces designed for the specialist, while those in the bottom row depict the
perspectives observed by the patient through the smart glasses during the evaluation.

(a) (b) (c)

(d) (e)

Figure 6. Screenshots of the application. (a) Login page. (b) patient list (c) patient menu.
(d) calibration list, where we can see the views created by the specialist and also the default views;
and (e) patient profile data.

(a) (b)

(c) (d)

Figure 7. Cont.
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(e) (f)

(g) (h)

Figure 7. Examples of calibration. (a) Calibration occupying the entire display. (b) Calibration
contour mode. (c) Calibration for users with peripheral vision loss. (d) Calibration for users with
peripheral vision loss with zoom. (e) Calibration with zoom whose projection occupies the entire
display of the smart glasses. (f) Projection of the image onto the patient’s upper right viewing area,
which may represent, for example, their better visual scan. (g) The image is projected onto the user’s
right viewing area. (h) The image is projected onto the user’s upper viewing area.

3.8.4. Patient Profile

To track the patient’s progress, a modern visual aid must store information regarding
the use of its functionalities. This enables specialists to monitor the patient’s evolution
and understand how the system is being utilized. For this purpose, a patient profile menu
has been developed within the application, where data pertaining to the usage history
of patients is stored. This section shows the statistics of patient use, digital optotype
results, visual field templates, and visual scanning, as shown in Figure 6e. This data can
be displayed by time bands, all the time or within the last three months, one month, two
weeks, or one week. This section helps to know the patient and to be able to eliminate
views that are no longer used and to recommend others. This functionality will be helpful
for a continuous review and analysis by the specialist.

3.8.5. Use of the System

For specialist use (evaluation mode, calibrate mode, patient, profile), after logging in
and selecting the desired language (for now, the application supports English and Spanish)
(Figure 6a), the first step is to pair the patient’s SG with the specialist’s tablet from the
Retiplus Kit (SG + tablet) via Bluetooth. Once this is completed, the calibrations of the
Retiplus Kit tablet can be exported to the SG carried by the patient. After these actions, a
list of patients appears, as shown in Figure 6b, and when selecting one, a menu appears,
as shown in Figure 6c, with the functionalities that can be applied to the patient. No
connection to the tablet is needed to use it as a visual aid; the patient interacts with the aid
via the buttons on the controller. For instance, the patient can switch views according to
their situation or adjust parameters in real time, such as zoom, brightness, or contrast.

It is important to clarify that the pairing between the specialist’s tablet and the visual
aid (smart glasses) is only required during the user’s visit to the specialist. Once new
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calibrations are generated, the patient can use the visual aid independently, without the
tablet. The tablet is solely for use by the low-vision specialist.

3.9. Achievements and Benefits for Users

One of the key achievements of Retiplus is that, through the evaluation and calibration
functionalities developed in the tablet application, specialists can create customized visual
aids tailored to each specific visual condition.

Once the visual condition is assessed, the specialist can calibrate the visual aid by
adjusting it to the user’s specific needs across different contexts, such as at home, outdoors,
or at work. These varying situations and contexts will be saved as customizable views or
calibrations. The user can then interact with the device through physical buttons to modify
settings in real time, such as brightness, contrast, and zoom, and can also switch between
saved views according to the situation.

To demonstrate the customization capabilities of Retiplus, several examples of person-
alized calibrations are shown below. It is important to clarify that the following images,
which represent various calibrations, were captured using the system’s smart glasses and
recorded on a desktop using the Vysor tool to present them as realistically as possible and
at full resolution. In the images, the black background represents the complete projection
of the displays. Since the displays are transparent, what users actually see when using
the visual aid is their natural vision, with the projection superimposed. In other words,
the smart glasses overlay the projected image onto the user’s real-world view. Figure 7a
represents the image captured by the smart glasses’ camera, projected to fully occupy the
display. This projection can then be customized to suit each user’s visual condition.

For instance, a user with AMD who struggles with near or intermediate vision tasks
that require detailed perception [68] can benefit from a customized view with a specific
zoom level (Figure 7e), created by their low vision specialist, to aid in tasks requiring
precise visual recognition.

For users with Retinitis Pigmentosa, who experience a narrowed visual field and
peripheral vision loss [69], the specialist can calibrate a view to fit the user’s remaining
functional visual field. By minifying the image and centering it in the user’s better vision
zone, Retiplus increases the perceived visual field, helping the user better determine bound-
aries. Figure 7c illustrates how Retiplus centers the minified image for users with peripheral
vision loss. Additionally, this image can be zoomed in or out as needed (Figure 7d).

For users with glaucoma, who often have reduced contrast sensitivity and difficulty
distinguishing edges, a view with edge enhancement can be configured for use in ambula-
tion scenarios (Figure 7b).

In cases where a user has better visual acuity in their right visual field, the entire
projection can be shifted to this area, with the region highlighted to facilitate its location
(Figure 7g). Similarly, for users whose best vision is in the upper part of their visual field,
the images from the smart glasses can be projected in that zone (Figure 7h).

These are some examples of calibrations, thus showing the ability of Retiplus to
address and propose a solution in the customization of technological visual aids in the
population with low vision using mobile development technology and augmented reality.
In addition, these calibrations can also be used in visual rehabilitation, enabling or disabling
certain areas of vision to stimulate these areas as a visual exercise. Moreover, all these
usage statistics will be available to low-vision specialists on their tablet so that they can
track which calibrations are being used more, which less, and in which situations. This
valuable information will help the specialist to make decisions that will enhance the use of
the aid and the functional vision of the users.
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Additionally, these calibrations can be employed in visual rehabilitation by enabling
or disabling specific areas of the visual field to stimulate those regions as part of a
visual exercise.

Moreover, low vision specialists can access usage statistics for all calibrations via their
tablet, enabling them to monitor which settings are used most frequently, which are used
least, and in which contexts. This valuable data helps specialists make informed decisions
to optimize the effectiveness of the vision aid system and enhance users’ visual capabilities.

4. Validation & Results
The clinical study to evaluate the usefulness of the system was conducted by the

Optometry University Clinic of Universidad Complutense de Madrid (UCM), and its
objective was to evaluate and identify the effect of the Retiplus system on AV visual acuity,
SC contrast sensitivity, the binocular visual field, and its effects on ambulation. This study
was approved by the Ethics Committee of the Hospital Clínico San Carlos of Madrid
(CEIC/CEAC code 22-2018, EudraCT code 665-2017). All study participants signed the
informed consent form. The patients recruited comprised 30 people with visual field defects
attributed to ocular pathologies due to Retinitis Pigmentosa RP and glaucoma GL. The
variables to be analyzed were visual acuity (AV), contrast sensitivity (SC), visual field (VF),
and ambulation. The visual assessment included the measurement of visual acuity at best
contrast compensation (BVC) using the ETDRS [70] test, which is a test used to measure
visual acuity in patients with low vision. The measurement of the contrast sensitivity
function was performed with the Pelli–Robson test [71], and the measurement of the visual
field with the tangent screen method [72] with the perimetry standard (SAP), which is
a standard that establishes parameters such as the size of the stimulus [73]. Specifically,
the Goldmann III standard was used [74], which establishes a stimulus size of 4.0 mm2

area and 0.43º diameter of round shape. The tangent screen is a method for measuring
the visual field, in which the patient indicates when and how they perceive the emerging
stimulus as it moves from the periphery towards the center of the screen. For ambulation,
a circuit was designed, which will be explained later. These measurements were taken
with and without Retiplus. Variables following a normal distribution will be compared by
groups using t-tests [75]. These statistics will be used to observe the effect of the system
on patients with and without its use. SPSS [75] (version 29) was used for the statistical
analysis. Subjective patient factors such as motivation, adaptability to solutions, physical
exercise, and intellectual activity were also analyzed.

4.1. Clinical Study Methodology

Does the use of augmented-reality-based electronic visual aids, combined with mo-
bile technology for personalized assistance, significantly improve the quality of life and
functional ability of patients with low vision?

Measurements were performed with optical compensation (glasses) if needed.

4.1.1. Binocular Visual Acuity

Visual acuity measurements were conducted binocularly using the ETDRS optotype
at a distance of 4 m from the individual being assessed. If the response did not exceed
15 correct letters at this distance, the distance was reduced to 2 m. Compensation was
adjusted accordingly, adding 0.3 logMAR at each change. The number of correctly identified
letters was recorded on a logarithmic scale.

4.1.2. Binocular Contrast Sensitivity Function: Measurement with and Without Retiplus

Contrast sensitivity function was measured with the Pelli–Robson test at a distance of
1 m. The illumination conditions of the test were uniform and in accordance with those
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specified by the manufacturer. The number of letters and triplets seen was recorded on a
logarithmic scale Log contrast sensitivity (LogCS).

4.1.3. Binocular Visual Field Measurement: With and Without Retiplus

For the measurement of the binocular functional visual field, the tangent screen
method placed at a distance of 1 m was used. With the participant looking directly at
the central point marked with a white button and a dynamic stimulus equivalent to the
Goldmann standard III to arrange the isopters [76,77] of each person studied. The strategy
followed to delimit the visual field was from “unseen to seen” starting from the periphery
of the field following the grid drawn on the screen and continuing to the central gaze
point. The degrees of the stimulus position up to the central gaze point were noted. The
measurements made with the Retiplus system were performed with a minification factor
of 1:3 in order to achieve the maximum magnification of the visual field. The visual field
was first measured without the device. For the measurement with the Retiplus system, the
image of the tangent screen was placed centered on the screen. The limits of the visual field
were again noted.

4.1.4. Measurements in Dynamic Ambulation

An indoor obstacle course 20 m long by 2 m wide was designed, where the obstacles
(cardboard boxes) were placed at three heights. The course could change its configuration,
the basal walking speed, and the walking speed with and without the device, and the
number of collisions was measured.

4.2. Results of the Clinical Study

For the interpretation of the results, the following abbreviations are added and shown
in the tables: glaucoma (GL), Retinitis Pigmentosa (RP), baseline walking speed (VD0),
walking speed without Retiplus in an obstacle course (VDSR), walking speed with Retiplus
in an obstacle course (VDCR), visual acuity (VA), contrast sensitivity (CS), visual field
without Retiplus (VF), and visual field with Retiplus (VF2).

This is a statistically normalized population with p-values > 0.05 for significance in the
Kolmogorov–Smirnov [78] statistic, as shown in Table 1. For each of the variables analyzed,
from a sample of 30 patients with no missing data distributed in two visual diseases, there
were 21 people with Retinitis Pigmentosa (RP) and 9 with glaucoma (GL). SPSS software
generated the p-values automatically for this normality test.

Table 1. Normality tests Kolmogorov–Smirnov.

REF. Statistician gl Sig p-Value

VD0 0.133 29 0.183
VDSR 0.152 29 0.075
VDCR 0.103 29 0.200 *
AGE 0.100 29 0.200 *
VA 0.149 29 0.086
CS 0.133 29 0.183
VF 0.159 29 0.051

VF2 0.156 29 0.059
REF: variables. *: Lower limit of true significance. gl: Degrees of freedom. Sig p-value: signification level.

The age of the group is 54.18 ± 15.67 years (min of 19 and max of 86 years). Binocular
basal visual acuity (VA) has a mean value of 0.41 ± 0.37 logMAR (min of 1.60 and max of
−0.04 logMAR). CS has a value of 1.03 ± 0.63 log (min of 0.15 and max of 1.95) and a value
of 1.03 ± 0.56 log with Retiplus. The anterior visual field (VF) without Retiplus has a value
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of 10.51 ± 4.71º (min of 2.50º and max of 20.13º), and the posterior with Retiplus (VF2) has a
value of 16.89 ± 4.68º (min of 8.75º and max of 26.13º).

If we compare the means for three age groups (1 from 19 to 49 years, 2 from 50 to 59
and 3 from 60 to 86)m we observe that there are no differences in any of the dependent
variables, neither VA, CS nor VF. It is found that in ANOVA [79] and in post hoc, no such
differences are observed either within or outside the group for p > 0.05, as can be seen by
disease and by age in Table 2. The same is true for the speed of ambulation in no cases.

Comparing the visual field without and with Retiplus, significant differences were
observed across the entire sample. The mean visual field increased from 10.51 ± 4.71º to
16.89 ± 4.68º, demonstrating a high correlation of 0.608 (Table 3). There is a mean increase
in the binocular functional visual field of 61% , with no differences by age or disease. In the
Table 4, the paired samples test for VF without and with Retiplus is observed. In this table,
the t-test showed significant differences between VF and VF2 with a confidence interval of
95%. The results regarding ambulation indicated that the device did not impact the speed
or safety of ambulation. Moreover, with prior instructions and regular use, improvements
in ambulatory performance were observed. Another finding was that 66% of patients who
achieved more than 0.4 Log baseline contrast sensitivity experienced an improvement in
contrast sensitivity or maintained the same values by using the system. For the rest of the
patients, no statistically significant differences were found between wearing the aid and
not wearing it.

Table 2. Analysis of significant differences by disease and age group with ANOVA.

Sum of Squares gl Mean Square F Sig

VA by
Disease

Between groups 0.028 1 0.028 0.198 0.660
Within groups 3.936 28 0.141 - -

Total 3.964 29 - - -

CS by
Disease

Between groups 0.112 1 0.112 0.348 0.560
Within groups 8.993 28 0.321 - -

Total 9.150 29 - - -

VF by
Disease

Between groups 2.023 1 2.023 0.088 0.769
Within groups 642.386 28 22.942 - -

Total 644.409 29 - - -

VF2 by
Disease

Between groups 31.788 1 31.788 1.473 0.235
Within groups 604.228 28 21.580 - -

Total 636.016 29 - - -

VA by
Age

Between groups 0.434 2 0.217 1.661 0.209
Within groups 3.530 27 0.131 - -

Total 3.964 29 - - -

CS by
Age

Between groups 0.066 2 0.033 0.098 0.907
Within groups 0.039 27 0.335 - -

Total 9.150 29 - - -

VF by
Age

Between groups 31.380 2 15.690 0.691 0.510
Within groups 613.028 27 22.705 - -

Total 644.409 29 - - -

VF2 by
Age

Between groups 2.066 2 1.033 0.044 0.957
Within groups 633.950 27 23.480 - -

Total 636.016 29 - - -

gl: Degrees of Freedom; F: ANOVA coefficient; Sig: p-value signification level.

Table 3. Paired sample correlations for the field of view without and with Retiplus.

N Correlation Sig p Factor Sig p of Two Factors

Pair VF and VF2 30 0.608 <0.001 <0.001
Sig: signification.
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Table 4. Paired sample test for visual field without and with Retiplus (Pair VF and VF2).

Measure Value

Mean (m) −6.37815
Standard deviation (SD) 4.16194
Standard error of the mean (SEM) 0.75986
95% CI Lower bound −7.93224
95% CI Upper bound −4.82405
t statistic (t) −8.394
Degrees of freedom (gl) 29
Significance one factor (Sig of OF) <0.001
Significance factors (Sig of F) <0.001

4.3. User Experience Evaluation

Within the framework of user-centered [20] design and with the goal of promoting
the usability and adoption of visual aids, this section evaluates the system’s usability
and user interaction by gathering feedback from users and low-vision specialists. The
objective is to identify areas for improvement in future iterations. This effort was made
possible through close collaboration between the university, specialty clinics, and low
vision associations, where training tests were conducted, and protocols for adapting this
augmented reality system were developed. During these tests, usability and interaction
surveys were administered, and videos were recorded to document the process.

This section is organized as follows: first, an analysis of a report created and promoted
by the National Competence Service for the Deafblind (NKBD) [80] and the National
Resource Center for the Deafblind (Eikholt) [81], which are both Norwegian institutions,
is presented.

Second, a report from the Faculty of Optics and Optometry at the Complutense Uni-
versity of Madrid is analyzed (UCM). Finally, the section concludes with a compilation of
notable user reactions to the system, gathered from various official Retiplus online resources,
including the YouTube channel [82] and user testimonials featured on the website [83].

From now on, the first report will be referred to as Eikholt and the second as UCMR
(Complutense University of Madrid Report).

4.3.1. Eikholt Report

The objective of the report [84] was to evaluate the validity of the aid for patients
with Usher syndrome [85]. To achieve this, a program consisting of several activities
was designed to test the aid based on both the users’ experience and the feedback from
evaluating specialists. This program included three weekly sessions over three weeks in a
group setting.

The participants were four individuals diagnosed with Usher syndrome types 1 and 2.
During the first week, the sessions focused on introducing the aid, assessing visual condi-
tions with the system, and performing basic contact exercises, such as identifying objects
in a room. In the second week, the initial exercises were repeated, with the addition of
ambulation exercises in enclosed spaces. In the third week, the previous week’s exercises
were repeated, and outdoor ambulation exercises were introduced.

After each session, the participants were evaluated. One exercise involved seating
several people at different distances and asking the participant to identify how many
individuals they could see, both with and without the aid. Another exercise required
placing everyday objects of various sizes on a table and asking the participant to identify
how many objects they could recognize while sitting or standing at distances of 0.5 m, 1 m,
and 2 m.



Electronics 2025, 14, 3589 19 of 30

The usability of the controller was also evaluated by reviewing the functionality and
layout of the buttons. Participants practiced turning the aid on and off, learned how to
charge the device, and trained on switching between saved views. They practiced selecting
different views depending on the activity being performed and explored a more advanced
mode, where patients had the freedom to adjust parameters such as contrast, brightness,
and zoom as required by the environment.

Regarding the hardware, participants expressed a preference for glasses that more
closely resemble a regular pair of glasses. They suggested placing the camera at the
center of the glasses instead of on the side and requested a camera with higher resolution.
Additionally, they preferred a wireless system to eliminate the need for cables, enabling the
entire system to operate through wireless communication.

Participants noted that the battery life was somewhat limited but compensated for
this using an external battery. However, they would prefer the system to provide an earlier
warning when the battery is low. Another concern was that, with prolonged use, the
controller becomes too hot, which can cause discomfort.

They also recommended adding a lock button to the controller to prevent accidental
pressing of keys. Furthermore, they suggested marking the buttons on the controller with
numbers to make it easier to locate and operate the desired button.

Participants found the aid especially useful when an object fell to the ground and
they could find it with the contour mode (Figure 7b) of the aid, especially in low-light
environments. When one participant discovered this, the others replicated it, suggesting
that group training can speed up and improve the utilization of the help. They found
it especially useful that default settings can be returned to via a system functionality by
pressing a button on the controller. Three of the participants believe they will use the
help after the course, while one is hesitant due to the strange appearance of wearing
the help. All believe that it is useful in indoor activities in enclosed spaces because it
gives a better overview of the room. All believe that the aid works very well in low-light
situations, especially for searching for fallen objects on the floor. One participant believed
that more outdoor training sessions are needed in ambulation. This study also stresses the
important need to check that they have been fitted correctly for patients with combined
vision and hearing problems, and for such patients, they also note that it could improve
communication, as patients are able to locate people within a room. The testers found that,
although many customized “views” can be configured with the system, in practice, four or
five are sufficient.

4.3.2. UCMR: Introduction

This report outlines the development of a training protocol designed to evaluate the
Retiplus system in patients with peripheral visual field loss. The objective of the training
sessions was to assess patients’ adaptation to the aid through a series of structured exercises
organized into specific training sessions.

The sample included 28 patients from the Retina España [86] association, of whom
8 were excluded for not meeting the inclusion criteria established by specialists based
on their experience with this system. The thresholds for inclusion were VF ≥ 5º and
VA ≥ 0.3 decimal. Out of the remaining 20 patients, 16 ultimately completed the training.
Regarding low vision pathology, 15 patients were affected by RP, of whom 2 had the Usher
type II syndromic form and 1 had glaucoma. The report was structured as follows.

1. Evaluation of visual function n = 20: Visual field, visual acuity, and contrast sensitivity
assessments were conducted in a manner consistent with the methodology described
in the previous section of the clinical study. Additionally, a basic method for mea-
suring the visual field was devised to capture patient impressions. This included a
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test referred to as the “Practical exercise at 3 m,” accompanied by a corresponding
questionnaire “Questionnaire for the practical visual field at 3 m exercise” (PVF3MQ).

2. Training phase n = 16: Five training sessions were conducted to facilitate interaction
with the augmented reality aid, with each session evaluated using a questionnaire
“Peripheral Vision and Mobility Questionnaire” (PVMQ). The aim of this training was
to achieve progressive adaptation to the augmented reality aid across different stages
until it could be effectively used by patients in any daily situation—indoors, outdoors,
and in controlled or uncontrolled environments. A survey was also provided to the
specialists to assess the evolution of the users’ training sessions, which we called the
“training evolution questionnaire” (TEQ).

3. Pre-training and post-training assessment n = 16: The PVMQ questionnaire was
administered both before and after each training session, utilizing a Likert scale [87]
to measure responses.

Additionally, some training sessions were recorded, but only for participants who
had provided explicit informed consent for video recording, capturing patients’ opinions
and experiences with the system. The most relevant reactions and feedback from these
recordings were transcribed and analyzed as valuable insights for further improvement of
the system.

4.3.3. UCMR: Practical Exercise of VF at 3 m

To evaluate the usability of the aid in a practical manner within a context more
closely resembling real-world scenarios, and to gather valuable feedback on the initial
interaction between the user and the system, a specific test was incorporated, accompanied
by a questionnaire. This exercise, designed to measure the VF in a rudimentary manner,
involved placing 11 × 12 cm cardboards on a wall at positions corresponding to a 5° angle
on both the horizontal and vertical axes, with the patient positioned three meters away. An
expert optometrist conducted the test by asking the patient to identify which cardboards
they could see in all directions, recording the results. The exercise was performed both
with and without the system. To evaluate the binocular visual field during the three-meter
practical exercise, patients were asked to complete a questionnaire about their experience
using the aid. This questionnaire also provided valuable insights into the potential that
users perceive in this type of system during the early stages of use and practical testing, as
well as their beliefs regarding its ability to assist them in performing daily life activities.
The questionnaire (PVF3MQ) included the following questions:

1. Have you been able to describe more objects to your right, left, and around you?
2. Has your overall vision improved?
3. Has your vision improved in low light?
4. Do you think your orientation can improve?
5. Do you think that after your training, the system can help you with ambulation?

Responses were rated on a four-point scale: 1 = not at all, 2 = a little, 3 = moderate,
and 4 = a lot.

In Figure 8a, the layout of the practical exercise at 3 m can be seen.

4.3.4. UCMR: Training

The training program consisted of a structured progression of increasing difficulty,
designed to help patients adapt to the augmented reality aid in a simple and gradual
manner. It was tailored individually according to the degree of vision loss, with the goal of
achieving independence and full control of the system. The program was divided into five
phases as follows:
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Phase 1: Adaptation to the bioptic mode, focusing on the localization of objects and
parts of the room.

Phase 2: Static training using visual scanning with an external filter and contour
mode, involving tasks such as locating and collecting colored pieces and completing large
puzzle exercises.

Phase 3: Static and dynamic training in a controlled environment, including exercises
such as navigating circuits of colored cones.

Phase 4: Dynamic exercises in closed spaces, including walking with the aid and
identifying stairs.

Phase 5: Outdoor dynamic exercises, which included navigating crowded places,
locating specific areas in shopping malls, entering the subway, and independently crossing
streets while monitored by an optician–optometrist. This phase also involved walking
through bright and shaded areas to assess path perception using the system.

(a) (b)

Figure 8. Specific Task for users [58]: (a) The setup for a practical exercise conducted at a distance
of 3 m to measure the visual field in a rudimentary manner. (b) A specific task from phase 3 of the
training, which involves assembling a puzzle.

Figure 8b shows a task corresponding to phase 3, in which users have to make a
puzzle. To do so, they have to select colored pieces arranged horizontally on a table and
place them in a puzzle distributed vertically, so that users practice vision in the vertical and
horizontal planes.

A Training Evaluation Questionnaire (TEQ) was conducted to assess improvements
in the use of the augmented reality aid throughout the different phases of the program.
The survey employed a scale from 1 to 5, where 1 represented the lowest level of usability
and 5 indicated the highest level of usability improvement and evolution. This approach
enabled an objective evaluation of patients’ progress and adaptation as they advanced
through the various training phases.

4.3.5. UCMR: Peripheral Vision and Mobility Questionnaire

This ad hoc survey (PVMQ) was conducted before and after each training session. The
questionnaire comprised 11 questions, with possible responses rated on a scale of 1 to 4,
where 1 = none, 2 = little, 3 = moderate, and 4 = extreme. For questions [5–9], users were
asked to indicate the degree of difficulty in performing specific tasks. The responses were
collected in writing.

The survey questions were as follows:

1. Do you have difficulty getting around in crowded areas?
2. Do you have difficulty getting around in unfamiliar places?
3. Do you only take the bus or the subway?
4. Do you have difficulty at dusk or in low-light conditions?
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5. What degree of difficulty do you have going down steps, stairs, or curbs in low light
or at night?

6. Crossing streets
7. Locating traffic lights
8. Locating objects
9. Seeing billboards, signs, etc.
10. What degree of difficulty do you have noticing objects to the side while walking?
11. When you become disoriented, do you have difficulty regaining your bearings?

This survey, referred to as the PVMQ, was designed to capture users’ impressions
of the system and evaluate the impact of using the aid versus not using it. Its purpose
was to assess the degree of difficulty users experienced when performing tasks with and
without the aid. The information gathered is invaluable for both specialists and patients,
as it contributes to the iterative process of user-centered design, ensuring that the system
aligns with user needs and expectations.

To compare the data, a hypothesis test with a significance level of p = 0.05 was
performed following these steps: first, defining the hypothesis; second, evaluating the
assumption of normality; and finally, selecting the appropriate statistical test. The null
hypothesis (H0) stated that there were no significant differences between the means, while
the alternative hypothesis (Ha) proposed that the means of the data before and during the
use of the system were significantly different.

The Shapiro–Wilk [88] method was used to assess normality. If the assumption of
normality was satisfied, parametric statistics, such as the Student’s t-test, were applied.
Statistical analysis was performed using SPSS (version 29) software [75].

4.3.6. UCMR: Results of Protocol

The questionnaire accompanying the practical visual field exercise conducted at 3 m
(PVF3MQ) yielded the following results: each of the twenty patients answered the five
questions, with 60% (48 responses) rated as “very much”, 30% (24 responses) as “quite
a lot,” 5% (4 responses) as “normal,” and 5% (4 responses) as “not at all.” These results
indicate that 90% of the patients believe that movement, mobility, and orientation can be
improved through the aid.

The results of the specialists’ evaluation (TEQ) regarding the progress achieved
through training sessions to determine whether they improved the use of the aid were as
follows: 56.25% of the participants (n = 45) achieved a higher level, 6.25% (n = 5) reached a
high level, 18.75% (n = 15) attained a medium level, 6.35% (n = 5) demonstrated a low level,
and 12.5% (n = 10) experienced a decline in performance. In conclusion, more than 60% of
the participants considered the training sessions to be highly useful and beneficial.

The means of the Peripheral Vision and Mobility Questionnaire (PVMQ) scores were
analyzed using the Student’s t-test to assess the effect of pre-training and post-training
sessions. The analysis revealed statistically significant differences (p < 0.05) in all question
pairs, except for questions [6, 7, and 11].

4.3.7. Compilation of Video Testimonials: Reactions to the Use of the Aid

To gain a deeper understanding of the context and scope of the aid, video testimonials
were conducted throughout the lifecycle of the user-centered development of Retiplus.
These testimonials aim to observe and gather feedback on the adaptation of the aid to
the specific challenges of users’ daily lives, analyze its usage, and assess users’ impres-
sions—socially, emotionally, and in terms of their daily activities. This approach has also
provided valuable insights into potential areas for improvement. These efforts have been
made possible through collaboration with clinics, associations, and organizations specializ-
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ing in low vision, as well as input from patients’ families, low-vision specialists, and the
university’s continued commitment to enhancing the quality of life for individuals with
low vision.

Patient 1: A 48-year-old patient diagnosed with Retinitis Pigmentosa reported peripheral
vision as his primary issue. His main challenges in daily life include walking and navigating his
workplace environment, where he often needs to re-scan his surroundings to locate personal objects.
Regarding the use of the controller outdoors, he stated that its compact size allows him to keep it
in his pocket, enabling him to remain hands-free and mobile. This patient particularly favored a
view configured at the top and noted that the functionality of the device was easy to operate using
the controller.

Patient 2: A patient diagnosed with Retinitis Pigmentosa (RP) since childhood, at the age of
7–8, with no family history. Her first symptoms were night blindness, and her degeneration has
been slow, allowing her to lead a relatively normal life. She previously used a cane at night, a tele
magnifying glass to read documents, and selective absorption filters. Upon first using the augmented
reality aid, she reported feeling very tired, attributing this to the stimulation of a part of her brain
that had been “forgotten.” She noted an improvement in her eye mobility due to the expanded
visual field. Regarding autonomy, she expressed feeling more confident, especially in crowded places.
However, she uses the aid only up to three sessions per week, as she finds it demanding and tiring.
Her most positive experiences with the aid include viewing museum exhibits, particularly paintings,
which she can now see in their entirety. She finds the contrast feature particularly useful, as it
enhances her perception and differentiation of colors. Interestingly, since using the aid, she no longer
feels the need to wear a cap outdoors, as she can now see clouds and trees while walking.

Patient 3: A 21-year-old patient diagnosed with Retinitis Pigmentosa, with a field of vision
(FOV) of 7°, reported significant challenges navigating supermarkets due to obstacles like shopping
carts and people crossing her path. After using the augmented reality aid, she noted that the
enlarged visual field made it much easier to navigate and locate products using the zoom function.
Interestingly, after removing the aid, she observed that her eye became more active and alert to
external stimuli, allowing her to perceive more information than before.

An event of particular significance observed during the initial use of the augmented
reality aid is what specialists have termed the “WOW Test”. This name was inspired by
the emotional reactions of excitement and happiness exhibited by users when they first
experienced the enhanced capabilities provided by the aid.

4.3.8. Conclusions of User Experience Evaluations

To better understand the results obtained from the compilation of available resources
on user experiences—such as video testimonials, reports, and specialist evaluations—we
will compare these findings with the User Experience Questionnaire (UEQ) [89,90]. The
content of video testimonials and recordings of aid usage are particularly valuable, as
they provide spontaneous and natural user reactions. The evaluation will focus on six key
dimensions: “Attractiveness,” “Perspicuity,” “Efficiency,” “Dependability,” “Stimulation,”
and “Novelty”.

For Perspicuity, the (TEQ) survey showed a positive progression in training task
performance, with 62% of users achieving a high level of usability. Additionally, video
testimonials indicated that users were able to operate the aid with ease after receiving a
few initial guidelines from specialists. Regarding Efficiency, once instructed, users com-
pleted tasks effectively in dynamic and controlled environments. However, the (PVMQ)
questionnaire revealed that they faced challenges in reorienting themselves in uncontrolled
spaces and crossing streets. In terms of Dependability, users did not report any unexpected
issues, acknowledging that interaction with the bioptic vision aid requires training. Some
even suggested additional training sessions. As for the controller, which operates via
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physical buttons, no usability concerns were mentioned. Regarding Stimulation, the WOW
test demonstrated a strong sense of interest, excitement, and willingness among users to
continue exploring and using the aid. Regarding Novelty, testimonials from users and
specialists, as well as interest from low-vision clinics, organizations, and the university,
have confirmed that the Retiplus system is perceived as both novel and innovative. Finally,
regarding Attractiveness, users generally find the aid useful, particularly for ambulation
tasks in controlled spaces and for static tasks. This is supported by the (PVMQ) question-
naire, which showed a significant difference in several items between using and not using
the aid, indicating that it provides users with a sense of autonomy and safety. However,
aesthetics remains one of the main areas for improvement, as some users express concerns
about potential social stigma associated with wearing the aid. Additionally, some users
are hesitant about using it in crowded outdoor areas, suggesting that a design resembling
everyday glasses and featuring wireless communication would encourage wider adoption.

The compilation of user experiences and evaluations revealed that the structured
development of training sessions and protocols enhances the utilization of this augmented
reality-based technological aid.

Other findings beyond the comparison with the UEQ are presented below. Users
indicated that exercises involving bioptic vision require additional training sessions, as do
activities related to ambulation in real, uncontrolled environments.

The results from the (PVMQ) questionnaire revealed that the system provides assis-
tance in daily activities related to mobility and peripheral vision. However, no improvement
was observed in tasks such as “crossing streets,” “locating traffic lights,” or “reorientation”.
Patients did, however, report better adaptation to changes in lighting conditions when tran-
sitioning from brightly lit areas to low-light environments and vice versa. It is noteworthy
that age did not influence or affect the results obtained.

The findings of the PVF3MQ survey revealed a high level of acceptance and willingness
to use the aid, as well as the potential these patients perceive in this type of assistance, with
90% considering that it could help them perform their daily activities.

Regarding the hardware usability of the system, specialists identified the most signifi-
cant challenges as glare from the tablet when used outdoors and limited battery life. The
latter issue was addressed by incorporating an external battery. Regarding the application
software, specialists did not report any difficulties in its use.

Another significant observation is that, after using the aid and removing the device,
patients exhibited a subjective and unconscious tendency to search for the expanded visual
field provided by the aid.

5. Conclusions
The main contributions of this work are the design and development of Retiplus, a

customizable visual aid and rehabilitation system for individuals with low vision, which
leverages the integration of mobile technology and augmented reality. This work provided
positive results in visual field enhancement, where the visual field increased by 61% on
average. Contrast sensitivity improved or remained the same in 66% of patients with a
baseline sensitivity of >0.4 Log. For use in motion, the system did not negatively affect
their ambulation or safety, and the study demonstrated that results improve with proper
instructions for use. Thus, this work ratifies HDM-based systems as visual aids and
rehabilitation tools [91]. Additionally, this work proposes the use of mobile technology,
already integrated into everyday life, along with augmented reality to bridge the gap
between the perspectives of technologists and low-vision specialists, and the real needs
of low-vision users. By focusing on the personalization of visual aids and collecting
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system usage data, this approach enhances understanding and feedback between specialists
and users.

From the evaluation of user experience, positive qualitative data and areas for improve-
ment were identified. Users found the aid useful, with most indicating that they would use
it regularly due to its effectiveness in enhancing daily living tasks, particularly static tasks
and ambulation in controlled spaces. The users’ reactions were positive, expressing enthu-
siasm, happiness, and excitement as they immediately perceived improvements in their
visual capabilities. The implementation of well-structured training sessions significantly
improved usability, adoption, and overall utilization of the aid. Therefore, such training
protocols should be considered a fundamental aspect of usability and should be guided by
a low vision specialist during the initial stages of use.

Retiplus provides the low-vision specialist with a tool for evaluation and follow-up
through stored usage data. It is also a customizable aid for each visual condition, since, as
mentioned, each patient sees differently even if they have the same pathology. It also records
the patient’s interaction in a secure and confidential way with the SG, which generates a
history of use and relevant patient data. This record of low vision data establishes the basis
for the exploitation of the data with the application of artificial intelligence (AI) techniques
or, in the future, Big Data, to help the specialist in making decisions. In this way, it aids the
specialist and the patient’s caregivers in understanding the patient’s visual perception and
their utilization of the smart glasses. It also allows static and mobility home exercises to be
programmed. Views can be saved for different activities, for example, for use at night or at
sunset. It provides the specialist with tools for the evaluation of the visual condition such
as digital optotypes, visual field templates, and visual scanning templates, in a fast and
portable way. It also provides digital calibration, positioning the image within the displays,
incorporating brightness, contrast, and zoom parameters. This calibration allows us to
customize different views to help motivate the elasticity of the brain and create different
views that the patient can select according to their environment.

As a unique innovation, Retiplus offers a novel AR-based vision rehabilitation
system featuring indoor and outdoor calibration, along with specialist control via a
mobile application.

Limitations of Retiplus System

One limitation of this study is the clinical analysis itself. The results and statistical com-
parisons should be performed on a larger sample to obtain more conclusive evidence and
allow differentiation by sex, pathology type, or associations with specific clinical variables.

A key finding was the enlargement of the binocular visual field with Retiplus 1.0, from
10.51° to 16.89°, corresponding to a mean gain of 61%. However, this expansion must be
interpreted with caution. The methodology inherently produces a geometric enlargement
of the field due to the fixed minification factor (1:3), which reduces three degrees of the
scene into one degree on the display. While this effectively enlarges the functional field
in patients with very restricted vision (<10°), it does not provide proportional benefits for
those with larger residual fields, and no significant improvements were observed in patients
with a visual field >10°. Moreover, the current smart glasses hardware presents additional
constraints, including limited zoom flexibility, restricted field of view, glare in outdoor
environments, and limited battery life (partially mitigated with an external battery).

Another limitation is the absence of visual field maps, raw plots, and spatial visu-
alizations to support the quantitative results. Without these, it is difficult to distinguish
between a purely geometric effect of image minification and genuine perceptual gains that
might translate into daily-life improvements. Furthermore, no outcome measures related to
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real-world functional performance (e.g., obstacle avoidance, navigation, or mobility tasks)
were included, which limits the clinical interpretability of the findings.

The compilation of user experiences and evaluations revealed that structured train-
ing sessions and protocols enhance the effective use of this augmented-reality-based aid.
Results from the PVMQ questionnaire indicated improvements in daily activities related
to mobility and peripheral vision, but limited impact on tasks such as “crossing streets,”
“locating traffic lights,” or “reorientation.” The PVF3MQ survey reflected a high level of
acceptance, with 90% of patients considering the aid useful for daily activities. In addition,
patients reported subjective adaptation to lighting changes and a tendency to search for the
expanded visual field even after removing the device. Nonetheless, specialists highlighted
practical limitations, such as glare from the tablet and the need for additional training in
uncontrolled outdoor environments.

In this iteration of user-centered development, the hardware was adapted to meet
the system’s requirements. However, newer smart glasses models now available provide
larger fields of view, higher resolution, improved zoom capabilities, and enhanced usability,
which may help address some of the limitations identified in this study.

Another limitation concerns the design and interpretation of the questionnaires em-
ployed. While the PVMQ was statistically analyzed and provided quantitative insights
into the system’s impact on mobility and daily-life activities, the PVF3MQ and TEQ were
primarily conceived as usability-oriented instruments. Their purpose was exploratory,
focusing on capturing patients’ subjective impressions, perceived acceptance of the system,
and the influence of structured training protocols on usability and adoption. As such, their
value lies in offering a general understanding of user experience rather than statistically
robust evidence. This methodological distinction should be considered when interpreting
the findings. Future studies should address this limitation by incorporating clearer visual-
izations, complementary statistical analyses, and enhanced data presentation to maximize
the scientific value and ensure a more rigorous evaluation of patient-reported outcomes.

Finally, users highlighted aesthetics as the area with the greatest potential for improvement.

6. Future Work
As part of future work within the iterative process of user-centered development

(UCD), the next step should involve integrating the system with smart glasses that offer
superior technical specifications, particularly in terms of field of view, camera performance,
and a more aesthetic design. This integration is expected to further enhance the results
obtained. As data collection continues in the current iteration, once a sufficient amount has
been gathered, the initial application of artificial intelligence techniques can be explored.
Furthermore, sustained data collection could enable the use of big data techniques to
further improve system insights and performance.

Research can be performed on improvements such as patient interaction with the
system, including interaction through gestures and interaction through audio, to improve
the assistive technology [92]. A technological study should be carried out on the familiarity
and adaptation of this type of technology according to the age of the patients. The inclusion
of a smartphone as part of the system to replace the controller can also be investigated. A
smartphone might be a more acceptable solution than the controller due to its convenience
and potential to eliminate possible stigmatization when using the custom controller. Re-
search can also be conducted on the inclusion of AI in the system for facial recognition and
extraction of information from the environment that can be of help to the patient. The choice
of technology is crucial to the solution, since the capacity of the assistance will depend
largely on the technological capacity. A natural evolution thanks to the collection of usage
data and the multitude of sensors integrated in the SG would be to create a Health-IoT
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platform that telematically assists the patient, provides the specialist with a real-time usage
dashboard, intelligently adjusts certain parameters, or triggers alarms when the system
exceeds certain thresholds.
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