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ÖZET 

 

Dokunsal Görme: Dokunsal-Görme Duyusal Yerleştirme Cihazı 

 

Sunulan projenin ana amacı, görme engelli kimselerin bağımsız ve güvenli bir şekilde 

hareket edebilmesini sağlayacak giyilebilir rehber bir dokunsal-görme entegre sistemi 

geliştirilmesi olarak özetlenebilir. Eksik olan görme yetisini, başka bir duyu 

aracılığıyla görme engelli kimseye iletmeyi sağlayan sistem ve aygıtlara da “Duyusal 

Yerine Koyma Aygıtları” adı verilmektedir. Bu sistem ve aygıtlar, başka bir duyusal 

organ tarafından toplanan bilgiyi alır, işler ve kullanıcıya onun algılayabileceği şekilde 

aktarır [2, 3, 4, 5]. Yukarıda bahsedilen hedeflere ulaşmak için bu çalışmada duyu 

yerleştirmesinin alın bölgesi ile kullanıcıya sağlanması uygun görülmüştür. Bu 

çalışmanın temel amacı, görme engelli kullanıcıları bulundukları ortamdaki parlaklığa 

göre yönlendirmektir. Önerilen entegre dokunsal görme duyu yerleştirme sistemini 

geliştirmek için görüntü işleme ve dokunsal titreşim üretme yöntemleri kullanılmıştır. 

Özetlemek gerekirse, kullanıcının bulunduğu ortamdan kamera aracılığıyla toplanan 

görüntüler işlendi ve işlenen görüntüdeki parlaklık değeri bilgisi, titreşim motorları 

tarafından kullanıcının alnında titreşim oluşturmak için kullanıldı. Kameradan alınan 

giriş sinyali küçük bir bilgisayarda (Raspberry Pi) saklanır ve işlenir. Elde edilen 

piksel değerleri görüntü işleme için kullanılmıştır. Daha sonra, görüntünün piksel 

parlaklık değerleri bir dizi şeklinde elektronik bir karta iletilir ve nicelendirilir. 

Titreşim motorlarının çalıştırılması için uygun bir görüntü işleme algoritması 

geliştirilmiştir. Motorların titreşimi, görüntü işleme sırasında ölçülen parlaklık 

değerlerine göre gerçekleştirilir. 

 

Anahtar Sözcükler: Giyilebilir rehber, Görme engelli, Dokunsal görme duyu 

yerleştirme, Piksel parlaklık değeri, Görüntü işleme.  
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ABSTRACT 

 

Touch Vision: Tactile-Vision Sensory Substitution Device 

 

The main purpose of this study was to develop an integrated tactile-vision sensory 

substitution system (SSDs) which provides wearable assistance for visually impaired 

people, to navigate through the world, in a safe and independent state. Briefly, SSDs 

convey the absent sensory information through another functioning sensory organ and 

achieve this by acquiring the sensory information via a receiver, processing the 

obtained information and transmitting the processed sensory information through an 

output component in a way that visually impaired can comprehend [2, 3, 4, 5]. In this 

study, sensory substitution was generated on the forehead area of the visually impaired 

user to achieve the goals mentioned above. The main purpose of this study was to 

navigate visually impaired users according to brightness in their surroundings. 

Methods of image processing and generating tactile vibration were utilized for 

developing the proposed integrated tactile vision substitution system. To sum up, the 

images collected by the camera from the user's environment were processed and 

brightness value information in the image processed were used to create vibration on 

the forehead of the user by vibration motors. The input signal acquired from the camera 

is stored and processed in a small computer (Raspberry Pi). The acquired pixel values 

were used for image processing. Then, the pixel brightness values of the image are 

transmitted to an electronic card in the form of an array and quantified. A suitable 

image processing algorithm was developed for operating the vibration motors. The 

vibration of the motors is generated according to brightness values quantified during 

the image processing. 

 

Keywords: Wearable assistance, Visually impaired, Tactile-vision sensory 

substitution, Pixel brightness value, Image processing 
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1 INTRODUCTION AND AIM 

 

The ability to see represents the interaction of human beings with their biggest 

surrounding, the world. The one’s ability to visually perceive and understand the 

surrounding greatly affects the quality of life. It also plays a crucial role in one’s 

physical, emotional, and social development. Visual impairments, on the other hand, 

are commonly observed in human beings. Globally, approximately 295 million people 

have been reported to have moderate or severe visual impairment [9]. Moreover, it is 

estimated that around 43 million people have complete vision loss [9].  

 

Over the years, researchers have conducted various studies considering the 

severity of vision loss. In the light of these studies, various devices have been 

developed to enhance the quality of life of visually impaired people. White cane and 

the Braille alphabet are the main tools commonly used by visually impaired people, 

over the decades. On the other hand, as technology developed, these conventional tools 

continued to be used in their most basic form. The world has been slowly proceeding 

for improving the quality of life of visually impaired people, who constitute a large 

part of the society. Yet, efforts to compensate the lack of technology in this field have 

also increased in recent years.  

 

In recent years, advanced new solutions for enhancing the life quality of visually 

impaired people have emerged by utilizing the state of art methods, techniques, and 

materials. Hence, the development of advanced devices in this field has gained 

momentum. Various different techniques have been utilized in these studies aimed to 

improve the quality of life of visually impaired people. The relevant techniques can be 

listed as follows: sensory substitution [30], sensory enhancement [4,12], spatial 

orientation and detection of objects [28, 53], and exploration of the environment [35]. 

The initially utilized technique defines the type of the device that is aimed to be 

developed. Hence, the primary focus in the development stage of a device for visually 

impaired is to determine the technique to be employed. The purpose of these studies 

is to strengthen the connection between visually impaired individuals and the visual 

world, via guiding/directing them to the desired location by certain stimuli when there 
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are obstacles on the way or dangerous situations are present in the surrounding of the 

user.  

 

The importance of vision sense may be hard to comprehend if one has already a 

competent vision. However, vision defects and impairments cause major changes in 

one’s life. Some defects and impairments can be treated yet, most of them are 

permanent throughout the one’s life. Hence, there is a high priority requirement for 

improving the impaired sense of vision in visually impaired individuals. This study is 

originated from the idea that requires to act for making a positive impact in the lives 

of visually impaired people. 
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2 BACKGROUND 

 

2.1 Literature Review 

 

Visually impaired individuals encounter challenges in various aspects of their 

daily activities, including reading, education, socialization, and mobility. Hence, 

visually impaired people often rely on assistive tools for navigating throughout their 

lives. Thus, assistive technology is required to improve mobility of visually impaired 

individuals.  

 

Over the course of time, several assistive tools have been developed for visually 

impaired people to perform their daily activities independently.  

 

White cane is the most commonly used and easily accessible mobility tool for 

people with a visual impairment.  Using a white cane can warn visually impaired 

people of obstacles on the way, stairs ahead, a nearby sidewalk, and numerous other 

features in the surroundings that the awareness is needed. 

 

White cane creates vibrations that reaches to the top of the cane, into the user’s 

hand, wrist, and up all the nerves into the brain. Thus, a white cane sends signals to 

the users in the form of tactile vibration, providing tactile information about the 

surroundings, thereby allowing these surroundings, especially on the ground, to be 

explored and obstacles to be detected. Moreover, the users can create mental maps of 

the surrounding based on the information acquired through moving with a white cane 

[61]. Although white cane facilitates the orientation of visually impaired users and 

contributes to their mobility, it has a limited range in detecting objects [62]. Inability 

in detecting trunk, head-level objects and other over-hanging objects is a major issue 

of using white cane as an assistive tool [61].  The limits of a white cane lead to 

inevitable accidents, putting visually impaired in physical danger [62 ,13]. Hence, the 

safety of assistive tools for visually impaired is significantly important.   

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6292384/
https://link.springer.com/article/10.1007/s10209-020-00712-z
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6292384/
https://link.springer.com/article/10.1007/s10209-020-00712-z
https://link.springer.com/article/10.1007/s10209-020-00712-z#ref-CR13
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With the inception and proliferation of ubiquitous sensing and computational 

technology, researchers have been able to overcome these limitations by 

supplementing the basic functionalities of white cane to enable blind people to perform 

most of these navigation-related activities independently. Researchers have exploited 

technology in developing technology-based navigational and orientation aids. 

 

Several technology-assisted aids are available to help blind and visually impaired 

people. The current research uses the state-of-the-art technology to enhance the utility 

of traditional navigational aids to produce solutions that are more reliable [61]. 

 

Most of these aids have exploited white cane as the primary navigation tool and 

supplemented it with the state-of-the-art technologies for improved immediate tactile 

information about the ground, drop-offs, direct physical interaction, and signaling 

effect with surroundings. 

 

In the past decade, a new generation version of the widely used white cane was 

developed. Basically, the white cane contributes to the ability of visually impaired 

users to move forward on the road without crashing obstacles. On the other hand, most 

of the time users may not be able to determine their exact location at the time and they 

may have to avoid obstacles by trial and error. Minimizing the restrictive properties of 

the tool used is a key parameter that enables the development of new products. For 

these reasons, the WeWalk [25, 51] walking stick (Figure 1), which was developed in 

our country, Turkiye, notifies the user about the obstacles ahead on the road using 

ultrasonic sensors and provides directions for the determined location if desired. In 

this way, a white cane with high-tech sensors and software become an equipped tool 

for visually impaired users. Most importantly, the interaction of visually impaired 

individuals with the world is became more active and safer. 
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   Figure 1. WeWalk walking stick [25, 51] 

 

Another type of device developed for the visually impaired is invasive brain 

interfaces [43]. It aims to restore vision disorders and losses with implant devices 

placed in the brain. Although it is a promising approach, the researchers have not yet 

fully deciphered the structure and function of the brain. On the other hand, it is required 

to develop safer methods and devices for placing the implants into the brain. There 

may be severe drawbacks; nerves in the brain may be damaged during device insertion 

or infection may occur after the insertion is completed. Given these shortcomings, 

brain implants can have serious consequences. As a result, advanced knowledge and 

techniques that are not currently available are required for a successful brain 

implantation. 

 

One of the device development methods for the visually impaired is the 

substitution of non-visual sensory information [22]. Devices that enable to transmit the 

visual data to a visually impaired person through another sense are called "Sensory 

Substitution Devices" (SSDs). Sensory substitution devices acquire the related data, 

process the information collected and transmit it to the user through another sensory 

organ [2, 22, 34, 45]. Different types of sensory information can be utilized with these 

devices. In general, sensory substitution devices are named after other sensory 

information/organ that they use to replace missing sensory information. For example, 

if the missing visual sensory information is transferred to the disabled person via the 

auditory sense organ, it is called an "auditory sensory replacement device".  
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2.2 Sensory Substitution Devices 

 

SSDs developed so far are devices that convey the deficient visual information to 

a visually impaired person through tactile or auditory senses. These have been called 

auditory-vision sensory substitution device or tactile-vision substitution device. 

Moreover, it was shown that the substituting signals evoke an increased activity in the 

occipital cortex after sufficient training with a device that translates visual information 

into tactile or auditory stimuli [29]. This indicates that the output signal, despite being 

an auditory or tactile stimulus, is perceived and processed in the same way as a visual 

stimulus. In this way, the information collected by auditory or tactile sensory 

substitution devices can be processed and transmitted to people who are visually 

impaired. Hence, these devices can provide simplified localization, object or shape 

recognition capabilities for visually impaired users.  

 

In general, auditory-visual sensory substitution devices [1, 38, 52] convert the 

images taken by the camera into sound and transmit them to the user via headphones. 

Tactile-vision substitution devices, on the other hand, transform camera signals into 

tactile stimuli and transmit the information acquired to visually impaired users [22].  

 

Throughout the ongoing studies, the researchers aimed to substitute the sense of 

vision by using different parts of the human body. One of the earliest tactile-vision 

substitution devices was developed in 1970s, and this device was named as “Tactile 

Vision Sensory Substitution (TVSS)” [57]. The image of this device can be seen in 

Figure 2. This device consisted of a vibrating tactile matrix mounted on the dental 

chair and a camera connected to it. The images taken from the camera were transmitted 

by the processors to the vibrating haptic matrix located on the seat. The vibrating touch 

sensation transmitted to the back area enabled visually impaired users to perceive the 

image taken with the camera.  
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Figure 2. Tactile Visual Sensory Substitution device developed by Bach-y-Rita and C. 

Collins [16] 

 

To this day, a number of sensory substitution devices have been attempted to be 

created, but many of them have not been successful in use. Each study differs in terms 

of the methodology used to transmit the signal and the algorithm it uses to convert this 

signal. A detailed explanation of how auditory-vision and tactile-vision substitution 

devices work is given in the following paragraphs by giving examples of these studies. 

 

The device called vOICE [52] can be given as an example of auditory-visual 

sensory substitution devices. The vOICE consists of a small computer connected to a 

camera attached to a pair of glasses and converts the collected visual information into 

an audio signal. The computer algorithm, present in the device, scans each digital 

image from left to right. Based on the vertical position and brightness of the pixels, the 

frequency and intensity are determined for each pixel column. A sound associated with 

the determined frequency and intensity is produced and transmitted to the visually 

impaired user. High number of bright pixels at the top of a column will translate into 

a high-frequency sound, while high number of darker pixels will be a quieter, lower-

pitched sound. A visually impaired person wearing these glasses would be able to 

associate different sounds with the visual characteristics of their environment. 
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Another example of tactile-vision substitution devices is the device named 

“Forehead Retina System” [31]. This device consists of a camera and electrodes, and 

the forehead of users was selected as signal transmission area.  

 

As the fundamental method of tactile-vision substitution devices, the images 

collected with the camera are processed by algorithms in this device and transmitted 

to the user with the generation of tactile stimulation. Tactile stimulation in this device 

is generated by electrodes. The signals to be transmitted to the user are converted into 

a simplified image by using computer vision methods and image processing 

techniques. The simplified image was generated by first converting the acquired image 

from the camera into a black-and-white image, and this black-and-white image is 

transformed into a tactile image and transmitted to the user. The illustrative image of 

the device and the processed sample image can be seen in Figure 3. The biggest 

advantage of this device is that it does not occupy an active organ of the user and 

informs the user about obstacles and objects in the environment. 

 

 

   a.                                        b. 

Figure 3. Tactile-vision substitution device: a) Forehead-Retina System, b) The 

acquired image was converted into a tactile image [31] 

 

In another study in the literature a guide device, similar to the tactile-vision 

substitution device aimed to be developed in this project, was designed to help visually 
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impaired people to find their way indoors (Figure 4). The device consists of a white 

cane and an augmented reality device placed on the forehead (Figure 4). This device 

is named “Indoor NavGuide” [26, 33] is another advanced device developed for 

visually impaired users (Figure 4). This device enables visually impaired individuals 

to find their way and direction indoors, and to move forward without hitting any 

obstacles. The device achieves these functions by capturing visual information from 

the surrounding through the use of a camera, using computer vision algorithms, 

accessing structural information of buildings via floor diagrams, and providing an 

option for requesting assistance from a web-connected group of volunteers. Besides, 

this device can provide tactile stimulation to users via vibration motors placed on the 

forehead. The distinguishing feature of this device is that the visually impaired user 

could reach volunteers in the web network and ask for feedback about the environment. 

However, an internet connection is required to utilize the distinctive features of the 

device. This may prevent the use of web dependent features of the device when there 

is no internet connection or the internet is disconnected. 

 

 

           Figure 4. Indoor navigation guide [26, 33] 

 

Throughout the development of SSDs, various parts of the human body have been 

used for signal transmission in tactile-vision devices. These parts and organs can be 

listed as follows; back [16, 57], abdomen [11,36, 47], tongue [10, 29, 57], fingers [6, 

20, 30, 32], arm [60], and forehead [31]. The part of the body used for signal 

transmission determines the efficiency of the sensory substitution. The most important 

design parameters of sensory substitution devices are the occupation of active sensory 
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organs and how much does this affect user [33]. For instance, which body parts are 

being occupied by an SSD produced for a visually impaired person? How much of 

actively used organs or body parts are being occupied by these devices? The answers 

to these questions determine the eligibility of the SSD. An ideal sensory substitution 

device is expected not to occupy the user's hands, ears, or other actively used part of 

the body or the organ. 

 

It was stated that various body parts were used for signal transmission. To evaluate 

these devices in terms of their eligibility of use, it is known that tactile-vision devices 

placed on the back and abdomen do not have a convenient use, and signal transmission 

and resolution are low on this part of the body [7]. Since language is the main 

communication tool that human beings actively use, the occupancy and constant 

stimulation of the active organs prevents the device from being ideal. Similarly, the 

tactile vibration transmitted to the fingers and arm will prevent the user from using 

their hands and arm without restraint, which is often needed in one’s daily life. In 

addition to these, since the forehead is not a body part that one actively uses, it is 

estimated that keeping this area of the body busy for signal transmission would not 

pose a danger and would provide ease of use. By comparing the availability of the 

body parts used for tactile-vision substitution, it is aimed to use the forehead region 

for sensory substitution in this project. 

 

In addition, based on the sensory modalities used for substitution of vision in the 

SSDs introduced in the previous paragraphs and the examples given, the utility of each 

type of SSDs is discussed. Auditory instructions given by auditory-vision substitution 

devices may prevent users from perceiving sounds that act as cues for dangerous 

situations or that give clues about their spatial orientation. At the same time, tactile-

vision devices are considered to be safer than auditory-vision replacement devices [5, 

21]. The tactile-vision sensory substitution device shown in Figure 3 does not occupy 

an actively used body part and while this is a convenient feature, transmission of the 

tactile stimulation is achieved via electrodes and this prevents long-term use of the 

device. The efficiency of the electro-tactile stimulation generated by the electrodes 

could be negatively affected due to heat generation and bodily secretions such as 



 

13 

 

sweat. The integration of mechanical components instead of electrodes may increase 

the efficiency of stimulation of the device to provide an adequate sensory transmission 

for a long period of time. In conclusion, in this project, it is aimed to transmit the tactile 

signal onto the forehead of users with haptic actuators.  

 

2.2.1 Components of sensory substitution devices 

 

Sensory substitution devices generally consist of four components: (1) the input device 

that collects the information aimed to be conveyed, (2) the processing unit that 

converts the obtained information by following the created algorithm, (3) the driver 

circuit and (4) an output device that transmits the converted information to the user. A 

sensor is used as an input device, a processor as a converter, a driver to transmit the 

signal and power required for the actuators to work, and actuators as an output device 

[39, 40]. An illustration of the relation between these main components is shown in 

Figure 5.  

 

 

         Figure 5. Main components of a sensory substitution device system [23] 

 

Additionally, due to the artificial nature of the components used in SSDs, human-

computer interfaces are utilized to transform the sensory information obtained into a 

sense that can be perceived by humans. An important part of the technological concept 

of sensory substitution devices are the sensory matrices responsible for stimulation. In 

general, the information desired to be conveyed to the users is provided by tactile, 

auditory, or visual matrices [40]. It is aimed to develop the sensory matrix to be used 

in this project by using the sense of touch, hence a tactile stimulation is planned to be 

generated.  
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Thanks to the advance technology, the matrices used today are components that 

have small dimensions, low energy consumption and generally low cost. Sensory 

substitution matrices can consist of mechanical and electronic components. Electrodes 

as electrotactile component [31]; for mechanical actuator stimulation, linear vibration 

motor (LRA) [18, 3, 59], eccentric rotation motor (ERM) [3, 48, 59] and piezoelectric 

transducers [3, 37, 59] are being using. In addition to these, there are studies to generate 

tactile stimulation with ultrasound waves [3]. Depending on the type of actuators, 

various stimulation methods emerge; the most common of these methods can be listed 

as mechanical deformation, vibratory-tactile-stimulation (vibrotactile stimulation), 

and electrotactile stimulation. 

 

Vibration components such as LRA (Linear Resonant Actuator) or ERM 

(Eccentric Rotating Mass) can be used through control software. Vibrating 

components are being utilized to express the visual information in front of a visually 

impaired individual with the sense of touch as a reflection in his mind. It is known that 

ERM motors are widely used in some applications where vibration is desired, such as 

smart watches and other wearable devices [17, 49, 56]. LRA motors are also called 

linear vibration motors; such motors can be operated with lower voltage levels and 

lower current values [15, 49, 56]. Another component is the piezoelectric transducers; 

these types of components can be controlled easily and are superior in terms of their 

sensitivity compared to LRA and ERM motors [24]. Yet, the cost of such components 

is approximately 6 times higher than other components [42, 55]. In this study, ERM 

type vibration motor is preferred since the driver of a motor working with DC voltage 

can be built in a very fundamental structure. 

 

To summarize, in this project, it is aimed to acquire images of surrounding with a 

camera placed on the head and perform image processing techniques to the images 

acquired. Moreover, it is aimed to develop a code that is suitable for this purpose so 

that the actuators function properly and generate the desired signal. The pixel 

information of resulting processed image is transmitted to the actuators and the signal 

is expected to generate a simplified image of the surrounding of the user with a sense 

of touch in the forehead region. 
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The variety of the previous studies is originating from different combination of 

certain parameters: the actuator type used, type of the sensory substitution device, the 

body region utilized for sensory substitution, and the image processing technique. The 

different combination of these parameters results in different SSDs. Therefore, in this 

study, ERM type electromechanical actuators, tactile-vision SSD on the forehead, and 

performing grayscale conversion and thresholding of the images acquired through 

camera are aimed to be utilized. The stated combinations of parameters establish the 

originality of this study and to our knowledge, there is no other study in the literature 

that consists of all these properties. 
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3 MATERIALS AND METHODS 

 

3.1 Materials 

 

Machine and equipment requirements are explained in detailed in this section. The 

name, brand, model, and requirements for each component with their technical 

properties are provided in Table 1. Furthermore, the consumable materials are 

specified and explained in detailed in Table 2. 

 

Table 1. Machines and Equipment 

Name / Brand / 

Model / Piece 
Requirement of Use Technical Specifications 

Processor kit/ 

Raspberry Pi 

Mini Kit / RP 4 

Model B / 1 

Raspberry Pi, which 

is planned to be used 

as a processor, and its 

required electronic 

equipment such as 

camera, for the 

functioning of the 

system. 

1 x Raspberry Pi 4 Model B - 8GB / 1 x 

Original Raspberry Pi 4 Enclosure Box / 

1 x Raspberry Pi 4 Licensed Power 

Adapter-5V/3A-Type C / 1 x Sandisk 

Ultra 32Gb Class10 98MB/s MicroSD / 

1 x Micro HDMI Cable. 

Adapter / 

Socket Type / 1 

It ensures that the 

motors used in the 

circuit are fed from an 

external source and 

prevents them from 

being unstable. 

It works with 220V AC input. It provides 

the necessary power supply to the device 

with its outputs in various voltage 

ranges. This adapter has a value of 9V 

1A. 
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Table 2. Consumables 

Name Requirement of Use 

Soldering Wire / PINAX 

30/70 / 1 
It will be used for soldering electronic components. 

Mounting Cable / 2 
It will be used to establish the connection of electronic 

components. 

Red LED / 100 

The was used for visual purposes to observe which 

motor was driven and to control the running status of 

the software. 

AMS1117-3.3 
It was used in the circuit to convert 5 volts to 3.3 

volts. 

PCA9685PW 
It is an integrated circuit used to control the speeds of 

the motors separately. 

ULN2003 
It is a high-current transistor array used to drive 

motors. 

C0625B001L The vibration motor 

Capacitors 
It is used to provide the instantaneous power needs of 

the circuit and balance the voltage. 

Resistors 
It is used to limit current and keep some integrated 

circuits at a certain logic level. 

 

3.2 Methods 

 

3.2.1 Circuit design and simulation 

 

Required components for the generation of sensory substitution device was 

provided in Section 2.2.1. The type of components determined to be used in the 

proposed project can be listed as (1) a camera, (2) a processor, (3) a driving circuit, 

and actuators (Figure 5). 

 

The sensory substitution device, which was developed in this project, falls into the 

category of tactile-vision substitution devices. Hence, the type of the actuator was 

determined according to its capability of generating tactile stimulation on the forehead 
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of users. In order to determine the appropriate actuator, first of all, the tactile 

stimulation components used in the literature were investigated. 

 

3.2.1.1 Actuator types  

 

The components specified in Section 2.2.1 were ERM motor [3, 48, 59], LRA [3, 

18,59] and piezoelectric transducers [3, 37, 59]. These components differ in their 

working principles and materials. Hence, there are both positive and negative aspects 

of each type of actuator. 

 

LRA is controlled by AC voltage, it can be two times more powerful and consume 

50% less power with the drivers of "Texas Instruments" company. Yet, the special 

type of driver for optimal control of LRAs add extra cost to the budget.  

 

Piezoelectric actuators are devices that produce a small displacement with a high 

force capability when voltage is applied [63]. Piezo motors are small and produce large 

torques, have very high accuracy and short response time as compared to 

electromagnetic based actuators [64, 65] but they are relatively expensive.  

 

On the other hand, ERM is an element that works with DC voltage and whose 

frequency and amplitude are interdependent. Also, it is easier to control ERMs 

compared to LRAs and piezo motors. Hence, in this study, ERM type vibration motor 

was preferred since the driver of a motor functioning with DC voltage can be created 

in a basic structure.  

 

3.2.1.2 Determining the number of motors 

 

3.2.1.2.1 Average size of forehead area in human body 

 

In the next step of the circuit design, the number vibration motors that were 

required to create the tactile matrix was determined. For this purpose, firstly the 

average value of forehead area of human body was researched in the literature. It was 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/actuator
https://www.sciencedirect.com/science/article/abs/pii/B9781437778076100038
https://www.sciencedirect.com/topics/engineering/piezo-motor
64
https://www.sciencedirect.com/science/article/abs/pii/B9780081028841000091
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found that in a previously conducted study [50] the average values of the forehead area 

of female and male bodies were reported. Mean height and width values of forehead 

area were reported as 58.3 ± 6.6 mm / 129 ± 14.4 mm and 61.4 ± 9.7 mm / 197.1 ± 18 

mm, in females and males respectively [50]. On the other hand, it was crucial to 

consider that the reported mean values were obtained over a small group of people, 

hence it was not an accurate depiction of the average forehead sizes in a large 

population. Thus, in order to be used as a basis in this project the reported values of 

average forehead sizes were considered and the forehead height and width were 

determined as 60 mm and 144 mm, respectively. In conclusion, the determined 

dimensions were taken as the reference values for the usage area of the proposed 

integrated system in this study. Hence, the number of actuators to be used were 

estimated according to the reference usage area determined in this study. 

 

3.2.1.2.2 Two-point discrimination distance on the forehead 

 

Two-point discrimination refers to the capability to perceive the difference 

between two points touching the skin. Hence, it specifies the minimum distance 

required for registering simultaneous stimulations. The distance varies based on the 

specific body part being examined [66]. Since the interest of this study was to utilize 

forehead area of the human body for sensory substitution, it was required to found the 

two-point discrimination distance on the forehead. Thus, the distance at which the 

receptors on the forehead can distinguish between two mechanical stimulation was 

investigated through literature. 

 

Multiple studies reported the two-point discrimination distance of the receptors. 

Hence, previously reported values  were compared to determine a base value to be 

used in this study. Although the distance between two points that the receptors can 

distinguish was measured with the two-point discrimination test, the results obtained 

in different studies were distinct from each other. The variety in reported two-point 

discrimination values originates from the fact that there is not a standard method for 

the application of two-point discrimination test.  

 

https://teachmephysiology.com/nervous-system/sensory-system/sensory-acuity/
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The reported spatial distance values on the forehead [7, 13, 46, 54, 58] were 

summarized in Table 3. Due to the deviations in the reported values, a precise definite 

value cannot be reached. Yet, in the light of the values reported, 12 mm was assumed 

as an average spatial distance on the forehead. As a result, the required number of 

actuators was estimated as 36 by considering the previously determined forehead 

height-width dimensions (144 – 60 mm), the two-point discrimination distance (12 

mm) and the diameter of vibration motors used which was 8 mm. The designed motor 

matrix can be seen in Section 3.2.1.3., Figure 7.    

 

Table 3. The distance at which forehead receptors can distinguish between two 

mechanical factors 

Study Two-point discrimination distance (mm) 

[46] 8.8  

[13] 9 – 15  

[54] 18 

[7] 14.44 - 15  

[58] 14.1 ± 2.1  -  16 ± 3.2  

 

3.2.1.2.3 Designing the test circuits  

 

Pulse Width Modulation (PWM) was utilized for controlling the speed of ERM 

motors. The response time of ERMs was reported in the catalogs as 40 milliseconds 

(ms). A matrix of 36 (4 rows * 9 columns) vibration motors placed on the prototype 

was divided into 6. Motors were scanned sequentially along the columns of the matrix. 

It was considered to allocate 60ms for each column and to scan the matrix in 540 ms 

in total.  

 

The test circuit (Figure 6) was designed for simulation of the device. For this 

purpose, it was determined to use LEDs for circuit simulation before constructing the 

motor matrix. Therefore, the designed circuit can be tested by evaluating the light 

emission obtained from the LEDs. If the LEDs would not emit light, then the circuit 
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should be reevaluated. On the other hand, light emitting LEDs indicate that the circuit 

is functioning properly, and this designed circuit can be built for device prototype. 

Depending on proper functioning of the test circuit, the circuit proposed for designed 

tactile-vision sensory matrix was built.  

 

 

     Figure 6. Schematic of designed test circuit   

 

The printing circuits were created in digital environment and the designed 

electronic cards were produced. The PCB layout of the motor matrix was shown in 

Figure 7.    

 

 

  Figure 7. The designed vibration motor matrix 
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Vibration motors with the smallest size were planned to be used in the beginning 

of this study. However, the cost of motors increases as the radius decreases. Hence, 

vibration motors with 8 mm radius were used in this study. As a result, the number of 

motors was calculated as 36, based on the determined average size of a forehead and 

the two-point discrimination distance. The motor matrix was constructed as 4x9. The 

final design of the motor circuit was shown in Figure 8 and 9.      

 

 

  Figure 8. The motor matrix 

 

 

  Figure 9. The rear components of the printed motor circuit 

 

3.2.2 Circuit fabrication 

 

As the main subject of the study, the first values to be obtained were the pixel 

values read from the camera and obtained by the RP. The pixel values obtained was 

aimed to be transmitted as a string to the Raspberry Pi. In order to convert these values 

to work, first of all, LED array was used instead of vibration motors. Therefore, a test 

PCB circuit (Figure 6) was built and 36 LEDs were placed on this circuit as 4x9 matrix. 
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The brightness of the LEDs was set according to gray-level pixel values of the images 

acquired through camera. In this way, the pre-test part of the study was carried out. 

The image of the test circuit built with LEDs can be seen in Figure 13.  

 

After the preliminary test, a second printed circuit board for motor matrix was 

designed. Here, ERM vibration motors were used instead of LEDs. The purpose of 

constructing this circuit was to examine the operating characteristics of the actuators; 

thus, the necessary software and hardware arrangements were aimed to be performed. 

The designed circuits to be printed were created in digital environment, and the 

components were processed and soldered onto the PCB. Motor matrix produced can 

be seen in Figure 14 and Figure 15. 

 

3.2.3 Electronic characterization of the integrated system 

 

In this study, the control of DC-operated ERM motors constitutes the main part of 

the electronic structure. The scanning method was used in order to provide a visual 

intuition to the person via vibration generated from the 4x9 actuator matrix. Each 

column was grouped within itself. One BD138 PNP transistor belonging to these 

groups was used. Thus, the desired column row can be fed with “(+)” (positive). 

ULN2803 bipolar transistor IC was used to change the motors in the columns “(-)“ 

(negative). It was considered that 60 ms (milliseconds) should be allocated for signal 

transmission of each column.  

 

3.2.4 Software design 

 

An appropriate software development was required for the tactile-to-vision 

substitution system to operate properly. Concisely, the purpose of this study was to 

utilize vibrotactile stimulation to achieve visual substitution in visually impaired 

people. Hence, utilizing the information contained in the processed camera images was 

the key to achieving this objective. Therefore, an appropriate image processing 

algorithm was programmed in Python language to process the images acquired from 
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the camera. Additionally, MATLAB was also used for image processing purposes. 

Then, the processed images were utilized to operate the vibration motor matrix.  

  

The images captured in Blue-Green-Red (BGR) format due to usage of OpenCV, 

which is an open-source computer vision library. Then, images were converted from 

BGR to grayscale. The pixel values of grayscale images were quantized to generate 

corresponding voltage value required to operate the vibration motors.  

 

Furthermore, different thresholding techniques were adopted for removing noise 

in the grayscale images and dividing the grayscale images into various regions based 

on the intensity levels. The main purpose was to extract and localize the similar 

information in the image according to the pixel intensity values [70]. Then, obtained 

pixel values were quantized and mapped to the vibration motor matrix. The images 

were resized to match the size of the vibration motor matrix which was 4x9. The 

averaging technique was adopted for resizing the images. Once the image size was 

matched with the vibration motor matrix, the information contained in the images can 

be used to operate corresponding vibration motors. Operation of motors was achieved 

by utilizing the brightness values in the image pixels. The vibration frequency of the 

motors was set according to the brightness value of the corresponding pixels. The 

workflow of the software designed was shown in Figure 10.  

 

 

Figure 10. The image processing algorithm 

https://www.hindawi.com/journals/jece/2022/1254852/
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Filtering of the images performed to segment the images into similar regions based 

on the grayscale values by obtaining optimum threshold values. Briefly, image 

segmentation is the process of getting objects in the image area or dividing images into 

several areas with each object or areas having similar attributes. Furthermore, 

thresholding is a simple but effective technique for image segmentation [71]. Image 

thresholding involves dividing an image into two or more regions based on intensity 

levels, allowing for analysis and extraction of desired features [72, 73]. In this study, 

the objective of segmenting the images was to divide the images into several areas 

having similar attributes. This method was adopted for creating similar groups within 

the image based on the pixel intensity values. Since the pixel intensity values represent 

the brightness values, the main purpose of the segmentation through thresholding was 

to navigate visually-impaired users based on the brightness values within the image. 

Hence, for this purpose different filtering techniques were applied. Filtering was 

applied to remove noise and to observe the change in grayscale pixel values due to 

thresholding methods used in each filtering technique. In addition to noise removal, 

thresholding was applied to investigate its effects on the differentiation of similar 

regions in the image based on the pixel intensity values. Briefly, adaptive thresholding, 

Gaussian filtering, adaptive-Gaussian filtering, and Otsu’s thresholding methods are 

applied to the images acquired from the camera. Each technique has its thresholding 

method and the effectiveness of the techniques applied are examined. 

 

Image thresholding segments a digital image based on a certain characteristic of 

the pixels (for example, intensity value). The goal is to create a binary representation 

of the image, classifying each pixel into one of two categories, such as “dark” or 

“light.” Adaptive thresholding is a form of thresholding that takes into account spatial 

variations in illumination [74]. It scans a small set of neighboring pixels at a time, 

computes an optimal threshold for that specific local region, and then changes the 

threshold dynamically over the image. This method allows us to handle cases where 

there may be dramatic ranges of pixel intensities and the optimal value 

of threshold may change for different parts of the image [75]. The general assumption 

that underlies all adaptive and local thresholding methods is that smaller regions of an 

image are more likely to have approximately uniform illumination. This implies that 
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local regions of an image will have similar lighting, as opposed to the image as a 

whole, which may have dramatically different lighting for each region [75]. Examining 

small regions within the image yields an optimal threshold for each region and the 

threshold value for each region has a weight in the overall equation used to compute 

an optimal threshold for the image. Thus, adaptive thresholding was used to obtain 

better thresholding on the images that contain non-uniform illumination.   

 

In the Gaussian filtering method, a weighted mean is calculated for nearby pixels 

according to the Gaussian distribution. The gray levels of an image are transformed 

into binary values based on the calculated mean [76, 77]. The method involves 

defining a threshold based on the mean and standard deviation of the gray levels in the 

image. This thresholding technique is effective in removing Gaussian noise from an 

image. 

 

In the Gaussian adaptive thresholding method, the working principle of adaptive 

thresholding is combined with the working principle of Gaussian thresholding. 

Therefore, each region is assigned a threshold based on a weighted average of the pixel 

values in the block, where the weights are a 2D Gaussian centered in the middle [78]. 

As a result, both noise removal and adaptive thresholding was performed 

simultaneously. 

 

Lastly, Otsu’s thresholding technique was used in this study. This thresholding 

methos was proposed by Japanese researcher Nobuyuki Otsu. It is an adaptive 

threshold determination method and it automatically calculates the optimum threshold 

[82]. The algorithm operates under the assumption that the image contains only two 

main classes which are foreground and background. Hence, the objective of this 

method is to separate image into two classes, foreground, and background, based on 

the grayscale intensity values of the pixels. The pixels with intensity values above the 

threshold are assigned to the foreground region while the intensity values below the 

threshold are assigned to the background region. Then, the optimal threshold 

is determined using the discriminant criterion, which aims to increase the 

differentiation of gray levels between classes [79, 83]. The algorithm iterates through 
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all the credible threshold values to compute the optimum threshold and utilizes the 

histogram of the grayscale image during its execution. Otsu’s method is well suited to 

histograms containing two peaks, which are referred to as bimodal. Basically, it selects 

a threshold value which lies in the middle of both the histogram peaks. However, 

Otsu’s thresholding has some limitations. In case of histograms with multiple peaks, 

this may lead to a poor segmentation in images. It may produce inaccurate results for 

images with uneven illumination. The lack of robustness makes this method 

susceptible to noise, resulting in less precise thresholding outcomes [80]. Therefore, 

multi-level thresholding can be utilized to increase the quality of the segmentation 

[84]. 

 

Furthermore, multi-Otsu thresholding was utilized to increase the segmentation of 

gray levels in the image. Conventional Otsu’s method computes a single threshold and 

the image is divided into two classes (generally foreground and background), however, 

multi-Otsu thresholding effectively divides the image into more than two classes or 

regions according to their level of pixel intensities. In this case, multiple thresholds are 

computed by the algorithm based on the histogram of the image. In the cases where 

images exhibit multiple regions with distinct intensity levels or objects, 

implementation of multi-Otsu thresholding is effective in accurate separation of these 

intensity levels [84, 85, 86]. Additionally, MATLAB was used when performing the 

multi-Otsu thresholding.   

 

Moreover, in an image, foreground pixels represent the moving or changing 

regions while background pixels represent the regions that are static [67]. The 

background pixel value of each pixel appears most frequently in the pixel intensity 

histogram of the video sequence because the frequency of the value which comes from 

moving objects is usually less than that of the background [69]. The primary objective 

of foreground detection was to extract foreground objects from video frames and 

obtain feature information of foreground objects to detect usually moving objects, such 

as moving human bodies and vehicles [70]. Hence, accurate foreground detection 

allows object extraction from the background [68]. However, in this study, the images 

https://www.oreilly.com/library/view/computer-vision-with/9781788472395/
https://www.sciencedirect.com/science/article/abs/pii/B9780444506498500401
https://www.hindawi.com/journals/cin/2022/4331351/
https://www.hindawi.com/journals/cin/2022/4331351/
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were segmented according to similar grayscale values present in the images. This 

information can be used in future studies for object recognition by Touch Vision. 

 

To summarize, different filtering techniques were applied to obtained images to 

examine the impacts of thresholding on the differentiation between grayscale values. 

Then, the vibration signal was generated according to the brightness value of the 

pixels. The pixel values of gray-scale images acquired were quantized in the software, 

then obtained values were mapped to the vibration motors as frequency value. Thus, 

brightness value of the pixels was correlated with the frequency of the vibration 

motors. For instance, the frequent vibration of motors indicates that there is a bright 

area, or the less frequent vibration indicates the darkness. Therefore, visually impaired 

user could understand their surrounding by evaluating the vibration frequency of the 

actuators. 

 

The code for image processing is shown in Figure 11 and Figure 12. As mentioned 

above paragraphs, various filtering techniques are applied. Namely, adaptive 

thresholding, Gaussian filtering, adaptive-Gaussian filtering, and Otsu’s thresholding 

methods are applied to the images acquired from the camera. Each technique has its 

own thresholding method and the effectiveness of the techniques applied were 

observed.  
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        Figure 11. The image processing code (part 1) 

 

 

         Figure 12. The image processing code (part 2) 
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4 RESULTS 

 

4.1 Circuit Fabrication 

 

The image of the test circuit built up with LEDs is attached in the Figure 13. The 

circuit was tested and it was observed that the LEDs were working properly. The 

brightness of the LEDs was set according to gray-level pixel values of the images 

acquired through camera. It was observed that the test circuit was functioning properly 

and it was estimated that the designed motor matrix could operate properly as well. 

 

 

             Figure 13. Printed LED test circuit 

 

Subsequently, the printed circuit board for motor matrix is tested. The 

manufactured circuit can be seen in Figure 14 and Figure 15. Test results demonstrated 

that while one motor is vibrating, the rest of the circuit is vibrating as well.  

 

 

          Figure 14. The motor matrix produced 
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          Figure 15. Rear view of the motor matrix produced 

 

4.2 Acquired Images  

 

The example images were taken by the integrated camera of the computer. Since 

the acquired images were used to be utilized for obtaining brightness values to operate 

vibration motors, the image processing code was run to obtain these values for the 

control of vibration motors. 

 

4.2.1 Demonstration of the image processing software  

 

As stated in the Section 3.2.4, the images acquired were converted to gray-scale 

and then the brightness values of the pixels of the image were quantized. In this study, 

it was proposed that visually impaired users can navigate through the environment by 

interpreting the vibration frequency of each motor, since high frequency vibration 

denotes bright area while the low frequency vibration denotes dark pixels.   

 

First, the code was tested in the computer platform. Three images are acquired for 

demonstration and image processing was performed. The obtained results were shown 

in below. In this section, the first two steps of the image processing algorithm shown 

in Figure 10 were performed. Then, the change in gray-scale values of the pixels in 

each image were observed.  

 

The images are numbered as Frame 1, Frame 2 and Frame 3 for simple 

representation. The original color image was acquired through camera, then converted 

into gray-scale image and the image was resized for matching the motor matrix 4x9. 
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Averaging of the pixels were performed when resizing the images. The acquired and 

obtained images were shown in below. The resized image represents the pixel values 

of the gray image. As mentioned above, the change in the brightness of the pixels was 

observed as the camera moving through right. The chair in the images (Figure 16, 19, 

22) can be selected from the resized gray matrices (Figure 18, 21, 24), as camera moves 

to the right. Therefore, it can be concluded that the developed system can be used to 

navigate based on the brightness and darkness in the environment. While, high 

brightness denotes that the proceeding is safe, the darkness indicates that users should 

be precautious.  

 

The system was also tested when the vibration motors were connected to 

Raspberry Pi. It was successfully working; the users could be able to differentiate the 

bright area in the environment based on the vibration frequency of the motors.    
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      Figure 16. Original Frame 1 (color image) 

 

  

      Figure 17. Gray-scale image of Frame 1 

 

 

           Figure 18. Resized gray-level image of Frame 1  
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      Figure 19. Original Frame 2 (color image) 

 

 

      Figure 20. Gray-scale image of Frame 2 

 

 

          Figure 21. Resized gray-level image of Frame 2 
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       Figure 22. Original Frame 3 (color image) 

 

 

      Figure 23. Gray-scale image of Frame 3 

 

 

         Figure 24. Resized gray-level image of Frame 3 
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4.2.2 Application of filtering techniques 

 

Moreover, it was also stated (Section 3.2.4) that the differentiation of the gray 

levels in the images may provide more accurate information about the environment. 

Also, differentiation of foreground and background pixels provide information about 

constant and changing regions in an image. Therefore, object differentiation can be 

achieved by separating the distinct gray levels. Hence, in order to differentiate 

foreground and background pixels various thresholding techniques were applied to the 

images. In this section, the results of thresholding techniques that were applied to 

Frame 1, Frame 2 and Frame 3 can be seen. 

 

4.2.2.1 Thresholding of Frame 1 

 

 

     Figure 25. Adaptive thresholding of gray-scale Frame 1 

 

 

             Figure 26. Resized image of Figure 25 
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            Figure 27. Gaussian thresholding of gray-scale Frame 1 

 

 

             Figure 28. Resized image of Figure 27 
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               Figure 29. Adaptive-Gaussian thresholding of gray-scale Frame 1 

 

 

                Figure 30. Resized image of Figure 29 
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        Figure 31. Otsu’s thresholding of gray-scale Frame 1 

 

  

              Figure 32. Resized image of Figure 31 
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             Figure 33. Multi-Otsu thresholding of Frame 1  

 

 

                Figure 34. Resized image of Figure 33 
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4.2.2.2 Thresholding of Frame 2 

 

 

            Figure 35. Adaptive thresholding of gray-scale Frame 2  

 

 

            Figure 36. Resized image of Figure 35 
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            Figure 37. Gaussian thresholding of gray-scale Frame 2 

 

 

            Figure 38. Resized image of Figure 37 
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             Figure 39. Adaptive-Gaussian thresholding of gray-scale Frame 2 

 

  

             Figure 40. Resized image of Figure 39 
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                Figure 41. Otsu’s thresholding of gray-scale Frame 2 

 

 

                Figure 42. Resized image of Figure 41 
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              Figure 43. Multi-Otsu thresholding of Frame 2  

 

 

                Figure 44. Resized image of Figure 43 
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4.2.2.3 Thresholding of Frame 3 

 

 

            Figure 45. Adaptive thresholding of gray-scale Frame 3 

 

 

            Figure 46. Resized image of Figure 45 
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             Figure 47. Gaussian thresholding of gray-scale Frame 3 

 

 

            Figure 48. Resized image of Figure 47 
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           Figure 49. Adaptive-Gaussian thresholding of gray-scale Frame 3 

 

 

            Figure 50. Resized image of Figure 49 
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               Figure 51. Otsu’s thresholding of gray-scale Frame 3 

 

  

               Figure 52. Resized image of Figure 51 
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              Figure 53. Multi-Otsu thresholding of Frame 3 

 

 

             Figure 54. Resized image of Figure 53 
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5 DISCUSSION  

 

5.1 Circuit Fabrication - Motor Matrix 

 

Two different circuits were designed and built which were test and vibration motor 

circuit. The test circuit which is built up with LEDs had a nonoperating component in 

the first manufacture. However, the broken component was replaced with an operating 

one, then test circuit has resulted in its proper functioning.  

 

On the other hand, in the motor matrix, the vibration of each motor was affecting 

the rest of the circuit. This situation prevents the independent vibration of motors and 

it could interfere with the effectiveness of the integrated sensory substitution system. 

Hence, the spreading of the vibration should be prevented and the vibration of a single 

motor should not interfere with the functioning of the other motors on the matrix. 

Therefore, it is aimed to utilize a gel pad for damping of the motors as a solution for 

the problem mentioned above.       

 

5.2 Image Processing  

 

The image processing software was tested and images acquired. As mentioned in 

Section 3.2.4, the conversion of the images to gray-scale was achieved and the images 

were resized successfully to match the size of the motor matrix which was 4x9. The 

obtained pixel values of gray-scale images were observed on the screen as a display. 

Hence, the change in the lightning of the images were observed as the Frames changes.  

The acquired images were separated into two categories in the Results Section, 

which are The Acquired Images and Application of Filtering Techniques. Hence, the 

results were discussed under the related titles. 

 

5.2.1 Discussion of The Resulted Acquired Images 

 

In the first part of image processing, the entire image processing algorithm was 

not applied. This was because the effect of filtering techniques was aimed to be 
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observed, then the results were compared with the gray-scale images without filtering 

applied. Hence, in this section the gray-scale images (Section 4.2.1) were discussed.  

 

Gray-scale conversion was achieved to obtain gray-scale images from original 

BGR (Blue-Green-Red) images. Images were acquired in BGR instead of RGB due to 

usage of OpenCV as an image processing library. 

 

The first two steps of the image processing algorithm shown in Figure 10 was 

applied to the images obtained in the Section 4.2.1. After gray-scale conversion of the 

images, the resulted image was resized to the 4x9. It was observed that the resized 

images demonstrate the important features in the gray-scale images (Results 4.2.1). 

The chair in the Frame 1, Figure 16, was also differentiable in resized gray-scale image 

Figure 18 as the black pixels in the middle represent it. Thus, it was demonstrated that 

the resizing the gray-scale image to a low-resolution image of 4x9 pixels was sufficient 

to contain important object features. However, the resolution can be improved if 

smaller vibration motors used for the sensory substitution.    

 

5.2.2 Discussion of The Filtering Techniques Applied to Gray-Scale Images 

 

In this section, the difference between the gray-scale images and the images 

filtered were compared with their respective resized images as well.  

 

Adaptive thresholding of all of the three frames which were Frame 1, Frame 2 and 

Frame 3 (Figure 25, 35 and 45, respectively) and their respective resized 4x9 gray-

scale images (Figure 26, 36 and 46) were observed. The filtered images were compared 

with the gray-scale images. It was observed that the adaptive thresholding converted 

the lighter gray areas into darker gray or black. It was also observed that the white 

pixels were almost eliminated. The white space represents that it is safe to proceed 

while black pixels represents that there might be an object should the user be aware of. 

Compared to gray-scale images of each Frame, the adaptive thresholding resulted in 

elimination of the white and lighter gray pixels and it converted them to darker-gray 

and black pixels. The ability to differentiate between the different gray levels was 



 

53 

 

decreased. Hence, the important information about the objects and the free space were 

lost since it was resulted in poor distinction between the gray levels. Thus, in this case, 

it was observed that adaptive thresholding was not suitable for increasing the 

segmentation of the gray levels in the image. However, the parameters of thresholding 

method can be changed to different values and the results can be examined with 

different parameters. 

 

Moreover, the resulted images after Gaussian thresholding and their respective 

resized images were compared to their gray-scale format. The noise removal was 

achieved and blurring of the features was observed in the Gaussian filtered images 

(Figure 27, 37 and 47). After the noise removal, it was still possible to discern between 

different gray levels. Also, it was observed that the obtained resized images (Figure 

30, 38 and 48) consisted the important features after the averaging method. The 

Gaussian filtered images were compared to the gray-scale images of each Frame. It 

was observed that the Gaussian filtered version of each Frame was nearly identical to 

their respective gray-scale images.  

 

Adaptive-Gaussian thresholding of the obtained images (Figure 29, 39 and 49) 

resulted in better distinction around the edge areas within the image. However, the 

distinction between different gray level areas was poor. Furthermore, the resulted 

resized images (Figure 30, 40 and 50) were dominated by dark pixels, resulted in 

elimination of the white and lighter gray pixels. This may cause misleading 

information about the different gray areas within the images.  

 

Otsu’s thresholding (Figure 31, 41, and 51) was useful in highlighting the 

important features in the image. However, the different gray levels in the images were 

separated according to the single threshold that the algorithm computed. As a result, 

the features were prominently distinct in this case, however, some of the information 

contained in the image was lost. Hence, the separation of the different classes in the 

image was limited. Despite the loss of information in the image, the resized images 

(Figure 32, 42 and 52) contain the important features, provide a distinction between 

the foreground and background pixels. 
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Multi-Otsu thresholding provide the option of determining the number of classes. 

Hence, different gray levels were separated into more than one class. Segmentation of 

the distinct gray levels were achieved via multi-Otsu thresholding.  

 

Among all filtering methods studied, multi-Otsu’s thresholding can be considered 

as the most suitable application for the Touch Vision device. The differentiation of 

several classes in images may be used to segment objects in the future studies as well. 

However, it would be useful to statistically measure the similarity between the filtered 

images and their corresponding gray images.  

 

5.3 Suggested Modifications and Improvement of Touch Vision 

 

When the testing of the sensory substitution system was performed, it was 

observed that the vibration motor matrix was operating properly and the image 

processing algorithm was running efficiently. However, an increase in the temperature 

of the circuit was observed. This may create a discomfort for users and even it may 

not be possible to use the device if the heat produced is over bearable amount. To solve 

this problem, vibration motors that produce less heat can be used. Additionally, the 

frequency of the motors can be decreased. When the frequency of the vibration motors 

was decreased from 500 PWM to 100 PWM, it was observed that the heat produced 

was reduced.    

 

This observation showed us that the visual signals can be transferred to user as 

heat signals. It may even be possible to give information using both vibrations and heat 

change together to create tactile images that contain both brightness and color data 

simultaneously. 

 

The device may also be improved by the help of an artificial intelligence program 

that evaluates the objects and tell what they are to the user’s ears while visual 

information is transferred to the tactile device on the forehead. 
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6 CONCLUSION 

 

In this study it was developed an integrated tactile-to-vision sensory substitution 

system for visually impaired people. Briefly, the images of surrounding were acquired 

with a camera placed on the head and image processing methods were applied. For 

this purpose, an image processing code was developed so that the actuators function 

properly and generate the desired vibration signal. ERM type vibration motors were 

used as actuators for generation of tactile-vibration on the forehead. Grayscale 

conversion of the acquired images was achieved to obtain brightness values within the 

images. The pixel information of resulting processed images was quantified and 

transmitted to the vibration motors as a frequency value. Based on the brightness value 

of the pixels in the images, the vibration was generated on the forehead of the users. 

Hence, the users could be able to navigate through the environment by utilizing the 

information provided with a sense of touch in the forehead region.   

 

Furthermore, thresholding methods were utilized for increasing the segmentation 

of the different gray levels in the images. The optimization of the parameters was 

required for filtering of the images. However, it can be concluded that the most 

successful results were obtained via Gaussian and multi-Otsu thresholding method. 

The statistical analysis of the similarity index between the images could provide a 

more accurate result about the optimum thresholding method.   

 

The objective of the study was achieved and a prototype of a tactile-vision device 

was developed. Further improvement of this device seems possible by an artificial 

intelligence program and transmittance of signal by additional senses like heat 

sensation. 
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