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Abstract—People with visual impairments encounter many 

challenges in their everyday life, such as reading text and street 
signs, shopping, driving, or recognizing facial expressions. 
Smartglasses applications can assist with all of these tasks. In this 
paper, we present the technical details of a smartglasses 
application for users with visual impairments that implements 
assistive features controlled via voice input commands. We 
specify the design requirements of our application, which we 
implement and demonstrate for the Vuzix Blade smartglasses. 

Keywords—visual impairments, smartglasses, prototype, voice 
input, voice commands, Augmented Reality 

I.  INTRODUCTION 

The term “visual impairment” refers to all disabilities 
characterized by decreased visual acuity [1]. As of 2020, the 
number of people with visual impairments exceeds a quarter of 
a billion globally, from which 76 million are legally blind [1]. 
There is a vast body of research emphasizing the strong 
relationship between the severity of the visual disorder and the 
quality of life in the sense that the lower the visual acuity, the 
greater the negative impact on well-being [2-6]. Smartglasses 
applications present the advantage of capturing video in first-
person mode and at eye level, and can provide visual, audio, 
and haptic feedback [7-23]. While visual augmentation 
addresses only users with low vision, audio and haptic 
feedback is helpful to both users with low vision [13-23] and 
users who are blind [7-12]. In this paper, we present the 
engineering details of a software application for Augmented 
Reality (AR) glasses and users with visual impairments 
implementing voice input commands. 

II. RELATD WORK 

A. Overview and classification of Smartglasses-based 
Systems, Prototypes, and Applications 

Smartglasses-based assistive systems can be classified 
according to several criteria. From the perspective of the visual 
impairment, such systems address blindness [7-12], generic 
impairments resulting in low vision [13-21,24-28], or specific 
impairments, such as colorblindness (inability to distinguish 
some colors) [22,23], nyctalopia (difficulty to see in dim light 
or at night) [29], macular degeneration (blurred image in the 
center of the visual field), or retinitis pigmentosa (decreased 
peripheral vision) [24,30].  

To enable effective interaction between users with visual 
impairments and smartglasses, touch input is often extended by 
alternative input channels, of which voice input commands 
[13,14,22,24-26,31-34] and gestures [18,19] are the most 
frequent. The goal is to maintain a high level of usability even 
in the absence of visual information. The voice commands are 
used for all type of tasks from magnification [13,14,24,25] and 
object recognition [26,32-34] to menu navigation [13,14,24-
26,31] and system settings [24-26,31,32,35]. Another criterion 
refers to the available output channels these systems employed 
to offer feedback and to share results. While people with low 
vision are usually able to see adapted versions of reality 
obtained through magnification, contrast enhancement, color 
transformation etc. [13-18,20-25], the blind users need 
alternative channels such as audio [7,8,11,12,16,19] or haptic 
[9]. However, this is not to say that the audio output is not 
helpful to users with low vision and that is why this modality is 
usually incorporated in all assistive products.  

From the functionality point of view, the most encountered 
features such systems offer are magnification [13-
16,18,19,24,25,27,31], contrast and edges enhancing [13-
16,18,19,22,25,27], text extraction / text to speech 
[13,14,16,19,24,26,27] and generic object recognition 
[15,16,24,26,31]. The majority of these systems are designed to 
help people with visual impairments during a wide variety of 
everyday tasks. However, there are products specially designed 
for specific use cases: shopping [15], wayfinding [32-34], 
reading [18], clothes choosing [35], public sign recognition 
[12], emotional state identification [10], communication for 
receiving remote assistance from another person [28]. In this 
paper we investigated both prototypes [13,14,16,22,32-35] and 
commercial products [24-28,31]. While the former are usually 
presented only through scientific articles, the latter have 
detailed documentation describing features, interaction 
techniques, and use cases. However, the prototypes often 
expose more information about the architectural and 
implementation strategies.  

B. Smartglasses-based Systems and Applications for Users 
with Visual Impairments 

IrisVision [24] is an FDA registered Class-1 medical device 
that can be used by people with low vision during everyday 
activities. It consists in a display unit mounted on a headset so 
that to cover the visual field of the subject. While the former 
captures and processes the visual information, the latter offer 
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the ability to perform touch commands for zooming (up to 12x) 
and changes of the view mode. The equipment is powered by a 
mobile application that uses AR techniques to enhance image 
quality in accordance with specific medical conditions. NuEyes 
[25] is a smartglasses-based commercial product developed for 
helping low-vision users during activities requiring reading, 
object recognition, magnification (up to 18x), bar code QR 
scanning, and video recording. From the software perspective, 
NuEyes is built around ReticleOS, a see-through Android 
framework, and the list of commands cannot be extended by 
end users. OrCam MyEye [26] is a small, lightweight device 
that can be mounted onto the frame of regular glasses. It is used 
for text and face recognition, identification of banknotes and 
products. To avoid privacy issues, OrCam MyEye performs 
audio and video processing locally, without Internet access. 
Aira [28] is a software application that can be installed on 
devices powered by Android and iOS. It allows people with 
visual disabilities to share their smartphone or smartglasses 
camera with remote assistants/agents in order to receive 
assistance. Aira can be linked with external services (e.g., 
Uber) to authorize agents to perform reservations. CyberEyez 
[31] is an application developed for the Vuzix M100/M300 
smartglasses. It employs a video camera for magnification (up 
to 15x), text reading (100 languages without Internet 
connection), object recognition (via Google Images), color 
identification, and recognition of the emotional state of 
interlocutors. The application can be extended to react to other 
voice input commands.  

Chroma [22] is a prototype built around Google Glass and 
Glass OS (Google XE) operating system. It is designed for 
color-blindness, a medical condition characterized by a 
distortion of the perceived color spectrum. Chroma displays an 
AR-based view that highlights a specific color, enhances 
contrast between similar hues and replaces colors. ForeSee [13] 
and ForeSee++ [14] are HMD vision enhancement systems 
that offer magnification (up to 35x), text extraction (via the 
Tesseract OCR engine), contrast and edge enhancement, and 
black and white reversal. They use VR techniques with the 
Oculus Rift platform. SeeingVR [16] is a set of fourteen 
software tools designed to be applied as an overlay on top of a 
VR application in order to offer real-time visual and audio 
augmentation to virtual scenes. Nine tools can be plugged into 
existing VR application without any software changes. The 
remaining five tools can be integrated by the developers into 
their applications to offer additional support for people with 
visual disabilities.  

Tian et al. [32], designed a system for assisting blind 
individuals through indoor wayfinding tasks. It combines 
object identification (doors, elevators, cabinets) with text 
recognition (text-based signage around doors) to allow people 
who are blind to navigate unfamiliar environments. Drishti [33] 
is a prototype for guiding individuals who are blind, which can 
be used both indoors and outdoors due to integration of a 
DGPS system. Zhao et al. [34] developed a prototype on top of 
the Microsoft HoloLens HDM to interface smartphones. A user 
study showed that participants wished to combine visual and 
audio features during the wayfinding tasks. Yang et al. [35] 
developed a camera-based prototype for assisting people with 
visual impairments for choosing clothes by identifying four 

patterns and eleven colors. The authors used Microsoft Speech 
SDK for voice command recognition and Support Vector 
Machines (SVMs) for object classification. 

III. THE SMARTGLASSES APPLICATION 

In this section, we present the design and implementation 
details of a smartglasses-based application for people with 
visual impairments that uses voice input commands; see Fig. 1 
for a block diagram highlighting modules and data flows.   

A. Design Criteria 

We adopted five design criteria: 

• Wide addressability. Our system is designed to be 
helpful for every person, no matter their visual acuity. It 
can be a valuable assistant to both low vision and blind 
users [32], but also for people without visual 
impairments. The results are presented in different 
modalities in accordance with the visual impairment. 

• Highly configurable. Each module of our software 
architecture has an associated configuration file to 
easily adjust its functioning. This design requirement 
assures that the overall architecture is flexible enough to 
foster a wide variety of use case scenarios. 

• Device independence. Although our prototype is 
implemented on smart glasses, it can be easily adapted 
for another hardware configurations. Due to the 
separation between the inner business modules and the 
user interface components, the software classes can be 
re-used in different implementations. 

• Web orientation. In order to avoid any dependency with 
respect to a specific software platform, we decided to 
implement the prototype only by relying on web 
technologies. That is why it can run on virtually any 
device with basic web capabilities (i.e., running 
JavaScript, performing Ajax requests, etc.). 

• Easy integration. The prototype should be used either as 
an independent assistive tool or integrated into wider 
systems such as smart spaces or smart vehicles [36-40]. 
In the second case, the user can benefit from 
information taken from various sources such as motion 
tracking systems [37,39], EEG helmet [38], or smart 
wearable [40]. Thus, our prototype needs to be able to 
exchange data with an ecosystem of devices. 

B. Software Architecture 

Figure 1 presents the modules of the architecture together 
with the data flows and corresponding configuration options. 
The modules are represented graphically in the form of colored 
rectangles, while data and configuration options are shown 
with dashed rectangles connected via arrows to the main 
modules. The processing chain starts with the acquisition of 
voice input. The audio data is transmitted to a module 
dedicated to STT (Speech-to-Text) conversion. At this level we 
can customize both the language and the word-level confidence 
(i.e., the minimum level of confidence the recognized sequence 
must attain in order to be considered). If there is no sequence 
that meets this constraint, an informative message is shown to 
the user.  
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Fig. 1. The software architecture of our prototype outlining software modules (filled blocks), data flows (arrows), and configurations (dashed blocks). 

Otherwise, the recognized text is forwarded to the 
command recognition module. This component is in charge 
with distinguishing if a text data can be associated with a 
command. It outputs either an informative message if the 
command is unknown or a valid reference to the command 
from the dictionary.  

The next module is responsible for video stream features 
extraction. The information is combined by the AR model 
generator component to provide a model of the surrounding 
space. We emphasize an essential difference between the 
feature extraction and AR model generator modules. While the 
former processes the video frames one at a time, the latter 
combines features from successive frames to create a 3D 
model. However, this model is abstract in the sense that it is 
not yet associated with specific output channels. It is the role of 
the AR model presenter to generate a usable form of the model 
by considering suitable output modalities (audio, video, haptic) 
and parameters (loudness, size, contrast, colors, intensity, etc.). 
The processing chain ends with rendering the AR view to the 
user. 

C. Technical Details 

To recognize voice commands, we performed calls to the 
Google Cloud Speech API [41]. The command recognition 
module performs a dictionary search using the Levenshtein 
distance [42] and a rejection threshold (0.8, derived 
experimentally); see Figure 2 for an example of JavaScript 
code implementing speech recognition on the server side and 
command recognition on the client side. Video frames captured 
by the video camera are sent to Google Cloud Vision [43]. The 
feature extraction module returns standardized features 
independent of the implementation: objects in the scene, labels 
identifying general objects, locations, and activities, sequences 

of text, properties describing dominant colors and shapes, and 
warnings related to ethical issues; see Figure 3 for an instance 
of results in JSON format for a specific image. Due to strict 
modularization, different implementations of a component 
remain transparent for the rest of the system.  

Each of the software components is implemented using 
web compatible technologies: the user interface relies on web 
pages and the core business modules are powered by the 
Node.js runtime environment. While the presentation layer is 
loaded on the smartglasses, the back-end is hosted on a remote 
server and accessed through a Wi-Fi connection. Since the AR 
view is represented by a web page embedding the AR content, 
it can be displayed on all devices that can run a web browser. 

We tested out prototype in a setup based on Vuzix Blade 
Smart Glasses [44]. They employ HD camera (8MP, 
30fps@720p or 24fps@1080p), noise canceling microphone, 
head motion tracking, dual haptic feedback, touchpad, and a 
full-color see-through DLP display (right eye monocular) to 
deliver an enhanced Augmented Reality experience. The Vuzix 
Blade Smart Glasses run on Android 5.1 operating system and 
support Bluetooth and Wi-Fi connection with other devices 
such as smartphones, smartwatches, and headphones. We 
render the AR view in a lightweight version Google Chrome 
browser. 

We implemented and tested 9 voice input commands that 
can be used in a wide variety of scenarios: "recognize objects", 
"read text", "find <object>", "enable/disable vibration", 
"disable/enable/increase/decrease volume". The results are 
presented in accordance with the visual functioning of the user. 
For example, in the case of low vision, the visual 
representations of the recognized objects and text are rendered 
at a custom size and with a custom color scheme to compensate 
for the visual impairment.  
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Fig. 2. Code snippet (JavaScript) implementing speech to text conversion on 
the server side and command recognition on the client side. 

 

Fig. 3. Example of results delivered by the feature extraction component 
(JSON format). Each object is described with its name, confidence score, and 
an array of points for localization in the image. 

Results can be also delivered via vibrotactile feedback, a 
feature is available on the Vuzix Blade smartglasses. 
Moreover, vibrotactile feedback can be controlled from 
JavaScript running in the web browser due to the 
standardization of the Vibration API [46]. This type of 
feedback can be useful in scenarios involving searching 
objects, as follows. The user enters the command (e.g., find 
phone) and the smartglasses vibrate when the object of interest 
enters the visual field. Vibrations become more intense as the 
user approaches the object of interest. 

IV. CONCLUSION AND FUTURE WORK 

We presented a smartglasses-based application to assist 
people with visual impairments in their visual search tasks, for 
which we implemented nine voice input commands. We 
provide the results in a customizable format by using AR 
techniques and specific settings for each user. Future work will 
address validation of the application prototype through user 
studies, but also incorporation of other voice input commands 
resulted from a survey of the scientific literature and 
commercial smartglasses [47]. We are also in the process of 
investigating the integration of our prototype within a smart 
environment with a dedicated software architecture [37,39]. 
This way, we can extend the range of the input to other 
wearable devices such as smart watches, armbands, and smart 
rings. Other devices can also be integrated to provide 
additional information about the surrounding environment: 
panoramic or remote vision (drones), emotion recognition 
(EEG), infrared or thermal vision, etc. Moreover, we plan to 
extend our research to address users with both visual and motor 
impairments [38,48]. 
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