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Abstract  
This paper explores the use of virtual environments for the purpose of training visually impaired 
individuals in the use of the Sound of Vision sensory substitution solution. Sound of Vision is a 
wearable device which scans the environment using various cameras and converts the extracted 
information into audio and haptic stimuli. Proficiency with this advanced sensory substitution solution 
comes through training. Part of the Sound of Vision training strategy is based on a set of gamified 
virtual environments, as a safe, cost-effective, motivating and efficient tool. Most serious games are 
specifically designed for training or educating users, rather than entertainment, and in most cases, 
users play them out of necessity to gain a practical skill set - which is also the case for our visually 
impaired users. However, practice has proven that a serious game's success is highly dependent 
upon creating game specific entertainment and even fun, immersion and motivation for the user. 
Serious games' effectiveness comes from many related factors, such as sense of presence, mental 
and emotional involvement, motivation, sense and flow, achievement, challenge, as well as the 
player's feeling of uniqueness and individualization in the environment. Sound of Vision virtual training 
was designed based on this perspective. It includes a set of realistic environments that expose the 
user to daily tasks, a fantasy environment which expose to similar tasks but in with a fantasy storyline, 
and a large number of mini-games, each focused on developing a specific skill. This paper focuses on 
these mini-games contained in the Sound of Vision Virtual Training Environments, the skills they teach 
the user and the ways they contribute to the serious game by providing engagement, entertainment 
and challenge. Each mini-game provides an environment which favours various essential skills such 
as navigating a 3D environment, detecting an object's location or differentiating between two or more 
sources of information. The mini-games provide a method of training that is versatile and 
complementary to the realistic and fantasy worlds, as one can start or quit a mini-game at any time 
without consideration for the encompassing narrative and focus only on the specific skills trained by 
that mini-game. 
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1 INTRODUCTION  
Visual impairment is a condition that affects over 285 million people worldwide. Out of this number, 39 
million are blind and the rest have low vision, which is defined as moderate to severe visual 
impairment [1]. Visual rehabilitation is a topic which has seen a rise in popularity in recent years 
throughout the scientific community. There are two major categories of visual rehabilitation 
techniques: invasive and non-invasive. The former implies clinical intervention such as a direct 
connection from a device to the user’s brain, gene therapy or even surgical procedures on the 
impaired sensory organ. The non-invasive visual rehabilitation techniques usually involve Sensory 
Substitution Devices (SSD) [2]. SSDs are devices designed to transmit information that would 
normally be perceived by one sense using another sense. A functional sensory organ is used to 
transmit information that would have been perceived by the affected one. Visual sensations, for 
example, may be transformed into auditory or tactile information which is then transmitted to the user. 
Sensory substitution actually activates the visual cortex and provides a vision-like experience, such as 
the perception of colours or associations with visual images for late-blind individuals. 
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1.1 Audio games 
The usage of serious games for treatment and rehabilitation is becoming increasingly common. One 
such type of game is the audio game. This is an interactive experience where the player receives 
information from the game solely through its audio. It has been proven that amplitude, frequency and 
3D binaural sounds can be used to encode enough object-related information to make such a game 
viable [4, 5]. There are many possible audio encoding models that can be used to achieve this. A 
common characteristic for all models is that the user needs to train in order to achieve proficiency [6]. 
This training can, however, be entertaining and become part of the audio game itself. Audio games 
can be learning tools for blind people, teaching them skills that can ultimately transfer in real-world 
situations. Several such audio games have already been designed and their effectiveness analysed 
[7]. Audio games can, however, be designed with entertainment as a goal and do not need to be 
targeted only to the visually impaired [8]. 

1.2 Sound of Vision 
The Sound of Vision (SOV) project aims to develop a system that will assist visually impaired 
individuals by creating a real-time representation of the surrounding environment and delivering the 
information to the blind person in multi-modal form (audio and haptic). The device works in three 
phases: 

1 3D scanning of the environment and 3D model generation 

2 3D model analysis 
3 Encoding and conveying the information to the user 

Several spatial audio processing solutions and audio encoding models considered by the SOV project 
are presented in [9,10]. The multi-modal form of the SOV output presents a challenge as well as an 
opportunity, as more diverse information can be presented to the user, but the encoding must be 
made in such a way that the user will be able to process all the data. The project’s feasibility from a 
neuro-scientific standpoint is discussed in [11]. The design of the SSD has to take in account many 
concerns, such as sensory overload due to unnecessary information, interference with other 
perceptual functions and a continuity of the user’s senses [12]. Ethical aspects of such a research 
project as SOV are taken into consideration in [13]. For Sensory Substitution Devices, training is a 
very important part of the process. The users must become as familiar with the new sensory 
information as visually enabled individuals are with their sight. Auditory and haptic cues can be used 
by blind people to navigate their environment and create a mental representation of their surroundings 
[14], but the only way to ensure the accuracy and efficiency of the SSD is through training. This 
training can take on many forms. It can either be in the real world or inside a 3D simulation. There are 
many advantages in working with such a simulation: it removes physical, spatial limitations and allows 
the trainer to create and modify an extensive training environment with little to no real world resources 
used in the process, it allows the user to train in simulated high-risk scenarios which provide further 
engagement and stimulation, scenarios which might be dangerous if implemented in the real world, it 
lowers the physical effort needed for training. Virtual environments offer their users the opportunity to 
train and acquire knowledge through practice, which can then be transferred into the real world [15]. 
The SOV Virtual Training was created for this purpose. 

The usage of serious games for treatment and rehabilitation is becoming increasingly common. One 
such type of game is the audio game. This is an interactive experience where the player receives 
information from the game solely through its audio. It has been proven that amplitude, frequency and 
3D binaural sounds can be used to encode enough object-related information to make such a game 
viable [4, 5]. There are many possible audio encoding models that can be used to achieve this. A 
common characteristic for all models is that the user needs to train in order to achieve proficiency [6]. 
This training can, however, be entertaining and become part of the audio game itself. Audio games 
can be learning tools for blind people, teaching them skills that can ultimately transfer in real-world 
situations. Several such audio games have already been designed and their effectiveness analysed 
[7]. Audio games can, however, be designed with entertainment as a goal and do not need to be 
targeted only to the visually impaired [8]. 

1.3 Virtual training 
The SOV Virtual Training (VTR) is a gamified virtual training environment. This VTR is the most 
important component within the chosen training approach of the SOV project, providing high 
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availability, cost effectiveness, motivation and safety for end users. Through this approach, the users 
can be encouraged and sustained to train for enough time and with enough focus to achieve 
performance breakthroughs [16]. This gamified virtual training environment was designed with the 
following main goals and perspectives: 

1 maximize immersion 

2 create and maintain motivation 
3 practical learning objectives and transfer of acquired skills to real-life 

The training component of the SOV system is necessary in order to obtain a good adaptation of the 
users to the audio and haptic representation of the visual data. The "Training" mode requires the user 
to wear the device they would normally wear in real situations. This mode is represented by a serious 
game based on 3D virtual environments, of gradual increasing complexity and difficulty. In this mode, 
the system takes its primary input data from a virtual environment instead of the real one. The 
acquisition from the 3D virtual environment emulates the issues typical to acquisition from real 
environments. The rendering to the user, in this mode, uses the same reconstruction, segmentation, 
analysis and audio+haptic encoding and rendering methods available in the modes related to real 
operational usage. The VTR contains three sections: a realistic realm, a fantasy realm and a mini-
game system. The first two parts of the serious game are quest-driven experiences which aim to keep 
the player immersed and offer a gradual increase in difficulty as the game progresses and the story 
unfolds. The realistic realm simulates the real world and asks the user to perform various tasks which 
they would encounter in their day-to-day life. The fantasy realm places the player in a magical world 
which is designed to further engage the player. The subject of this paper is the third section of the 
VTR: the mini-games. The usage of serious games for treatment and rehabilitation is becoming 
increasingly common. One such type of game is the audio game. This is an interactive experience 
where the player receives information from the game solely through its audio. It has been proven that 
amplitude, frequency and 3D binaural sounds can be used to encode enough object-related 
information to make such a game viable [4, 5]. There are many possible audio encoding models that 
can be used to achieve this. A common characteristic for all models is that the user needs to train in 
order to achieve proficiency [6]. This training can, however, be entertaining and become part of the 
audio game itself. Audio games can be learning tools for blind people, teaching them skills that can 
ultimately transfer in real-world situations. Several such audio games have already been designed and 
their effectiveness analysed [7]. Audio games can, however, be designed with entertainment as a goal 
and do not need to be targeted only to the visually impaired [8]. 

2 SOV MINI-GAMES 
The SOV VTR contains a series of mini-games which allow the user to train in many different 
environments. These mini-games are each oriented on a single task: the player is given a set of 
instructions and then left to follow them for however long they choose. All of the mini-games gradually 
increase in difficulty as the player advances to the next level and, in some cases, decrease in difficulty 
when the player fails a level. This is designed to make the player feel both challenge and a sense of 
accomplishment, instead of frustration (when the level is too hard) or boredom (when the level is too 
easy). The mini-games lack a story or quest structure, making them ideal for short training sessions 
where the user does not desire to get involved in an encompassing narrative. They can also be used 
inside the two worlds of the game to offer additional challenges and to teach the player different skills 
that they might need to progress. 

Each mini-game in the SOV VTR trains a number of necessary skills and challenges the player in 
different ways. There are currently a total of nine mini-games implemented into the application. 

2.1 Tunnel 
This mini-game places the user in a long tunnel that can have multiple 90 degree turns. The task given 
is to reach the end of the tunnel. There, the player reaches a checkpoint which transports them to the 
next level. This challenge is designed to train basic (linear) 3D navigation. The user should be able to 
avoid touching the walls and remember which direction represents the way to the checkpoint and 
which will lead them back to the start. Higher difficulty for this mini-game corresponds to a longer, 
narrower tunnel with more turns. 

1763



 
Figure 1 - Mini-game Tunnel – Interior. 

 
Figure 2 - Mini-game Tunnel – Overview. 

2.2 Pickups 
This mini-game tasks the player with going to different locations and collecting pickups. When they 
reach the designated location, the current pickup is collected and the next one appears. The world of 
this mini-game is flat and without obstacles. This challenge is designed to train 360 degree orientation. 
The player must be able to detect the direction of the current pickup and walk towards it. This mini-
game only creates one pickup at a time to avoid interference and the increased difficulty it entails. 

 
Figure 3 - Mini-game Pickups. 

2.3 Slalom 
In this mini-game, the player has to traverse an area where multiple obstacles were placed randomly, 
without touching them. This challenge is designed to train 3D navigation on a more advanced level 
than Tunnel. The user must find a clear path through the obstacles and understand if there is enough 
space between two obstacles for them to pass. Increased difficulty in this level means more obstacles 
and a longer distance between checkpoints. 
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Figure 4 - Mini-game Slalom. 

2.4 Asteroids 
This mini-game places the player in a fixed position inside an empty space, where asteroids appear 
around them and home in on the user’s location. They have to shoot all the incoming asteroids before 
they are hit by one. The asteroids are limited on a horizontal plane. The option of unlocking spawn 
positions which are above or below the player exists, but increases the difficulty exponentially. This 
challenge is designed to train advanced 3D perception and orientation. While in Pickups the user 
could walk towards the general direction of the pickup and adjust their direction on the way there, the 
projectiles launched in Asteroids follow a straight path and the player must aim as accurately as 
possible. Increasing the difficulty increases the speed and the number of asteroids per wave. 

 
Figure 5 - Mini-game Asteroids. 

2.5 Catcher 
The mini-game limits the player’s movement to one axis (left-right) and creates three lanes in front of 
them. Pickups are spawned on each lane randomly and head towards the player’s side. The user 
must catch as many of them as possible by moving left and right between the lanes. This challenge is 
designed to train 3D perception. The player must differentiate between the small angles that form 
between the direction they are facing and the incoming pickup and move to the corresponding lane. 
Increased difficulty for this level increases the speed and spawn rate of the pickups. 

 
Figure 6 - Mini-game Catcher. 
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2.6 Maze 
This mini-game is a more complex version of Tunnel. As the name says, the player is places inside a 
maze and must find a path that leads to a checkpoint to advance to the next level. At lower levels of 
difficulty all the paths lead to a checkpoint, while at higher levels only one path is correct and the user 
must find it by trial and error. This challenge is designed to train advanced 3D navigation. The player 
must create a mental map of the paths they have already taken and have led to dead ends and 
remember not to try them again. Increasing the difficulty increases the number of branching paths, the 
size of the maze, the number of turns and decreases the number of paths that lead to a checkpoint 
and the width of all paths. 

 
Figure 7 - Mini-game Maze – Interior. 

 
Figure 8 - Mini-game Maze – Overview. 

2.7 Decoys 
This mini-game places the player in a square room. In the room, initially, there is only one pickup. 
When the player reaches it, another one is spawned, together with a decoy. The player must only 
collect the pickup. This challenge is designed to train advanced 360 degree orientation. The user must 
distinguish between the signals emitted by the pickup and those emitted by the decoys. Higher 
difficulty increases the number of decoys spawned together with the pickup. 

 
Figure 9 - Mini-game Decoys. 

1766



2.8 Crowd 
This mini-game tasks the player to traverse a crowd of moving people. This is one of the most difficult 
mini-games, as the moving obstacles will sometimes block the player’s advance and they will have to 
wait or reconsider their chosen path. This challenge is designed to train very advanced 3D navigation, 
as the pattern of moving obstacles is much harder to remember than the structure of a maze. 

 
Figure 10 - Mini-game Crowd. 

2.9 Frogger 
This mini-game challenges the player to cross a road on which cars are driving without being hit by 
them. This is one of the most difficult and complex mini-games, as the cars move at different speeds 
on each lane of the street and spawn at different intervals. This challenge is designed to test all of the 
skills trained by the other mini-games and improve them. Increased difficulty increases the speed of 
the cars and the number of lanes the player has to cross to get to the checkpoint. 

 
Figure 11 - Mini-game Frogger. 

3 CONCLUSIONS 
The field of Sensory Substitution Devices has not yet found an ideal solution for visually impaired 
users. The Sound of Vision project aims to implement a system that can provide to its users 
sufficiently accurate information related to the environment around them through 3D analysis of said 
environment and audio+haptic encoding of relevant data. The Sound of Vision Virtual Training is a 
very important part of the system, as extended training is needed to raise user proficiency in use of the 
device. The VTR provides engagement and challenge through game-like elements and creates a 
suitable environment for long periods of training and real-world skill transfer. The mini-games of the 
VTR can fulfill both the need for short, narrative-free training sessions, challenges for the user, as well 
as intermissions in the story of the realistic and fantasy realms. Each mini-game trains a set of skills 
that are needed in the real world and provides a level of difficulty that is both challenging and 
entertaining. These virtual mini-games can provide a valuable learning environment for visually 
impaired users and contribute to the overall effectiveness of a training program designed for a 
Sensory Substitution Device such as Sound of Vision. 
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