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Abstract— Every day, we engage in a variety of activities such 

as shopping, reading, swimming, and so on. Many people in our 

community, however, are unable to participate in such activities, 

due to a variety of eye problems. Directing a blind person to the 

optimal position (the center of a spot where there is enough space 

in all directions such that a blind person avoids various obstacles) 

is a challenge. This paper proposes wireless bracelets that are able 

to guide a blind person to the optimal position. The proposed 

system employs ultrasonic sensors in order to detect various 

obstacles in an indoor environment. It also makes use of the 

Firebase database and NodeMCU WiFi module to enable real-

time communication with a blind individual. Furthermore, the 

suggested system includes a novel fall-detection mechanism. The 

proposed Internet of Things (IoT) system is evaluated in an indoor 

environment. Experiment results showed that the proposed 

system could efficiently direct a blind person to the optimal 

position. In comparison to the current state of the art, the 

proposed system is simpler, less expensive, and more efficient in 

determining the optimal position to which a blind person must 

navigate.    

Index terms— Internet of Things (IoT) bracelets, IoT navigation 

system, visually impaired, real-time communications, NodeMCU, 

Firebase database. 

I. INTRODUCTION

A large number of people in our community are unable to 

carry out their everyday activities in a normal manner. These 

people have lost touch with one of their most vital senses for 

navigating their way through life. This is the sensation of 

seeing. Blindness is defined as “lacking visual perception due 

to physiological and/or neurological factors” [1]. Recently, the 

World Health Organization (WHO) revealed that there are 2.2 

billion people suffering from various kinds of vision 

impairment [2]. When traveling in an indoor environment, a 

blind person must contend with a variety of obstacles such as 

room furniture, walls, stairs, and other hazards, exposing 

oneself to a variety of dangers. To avoid these obstacles, the 

blind rely on caregivers to lead them down the right path. 

Because caregivers are not always accessible, an IoT system 

that allows a blind person to travel safely to a specific 

destination is required. Here, we describe some of the 

challenges associated with guiding blind people along their 

path, as well as the challenges that this paper attempts to 

address.  
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In [2], [3], the authors stated that the most difficult challenges

for blind people are related to safe and effective navigation. 

Furthermore, a blind person's inability to perceive items in their 

environment is described as a difficult or herculean task. [4]. 

Mainly, there are two types of navigation, namely, indoor and 

outdoor navigation [5]. Indoor positioning is more challenging 

than outdoor positioning [6]. One solution to the above 

challenges is the use of the Internet of Things (IoT). The IoT is 

composed of four modules: the data-gathering module, the 

data-storage module, the communication module, and the data-

retrieving and processing module. A group of sensors 

represents the data-gathering module, which is used to collect 

data from the environment. The data-storage module is in 

charge of storing the sensor’s data in the cloud. The 

communication module handles data transfer between the 

NodeMCU board, the Firebase database, and a mobile phone. 

The IoT is defined by the IEEE [7] and others [8], [9] as

follows: The IoT is a complicated network of intelligent 

objects that are managed over the Internet.  

Designing an IoT system that serves blind people in an 

indoor environment is more complicated than designing one 

that serves them in an outdoor environment [10]. 

One of the challenges for blind travelers is checking the 

ground plane. Checking the ground plane includes the ability to 

recognize various obstacles (such as steps and ramps) and their 

positions [11], [12]. In [13], the authors proposed wearable 

smart glasses and an intelligent walking stick for blind people. 

In a similar work [14], the authors developed a wearable vision 

assistance system that detects various objects based on a 

binocular vision sensor, which is used to capture images at a 

specific frequency. In [15], the authors investigated tracking 

the blind way using  beacons that are placed at specific 

locations. The authors in [16] suggested an IoT system that is 

made up of a smart stick and a mobile application. In [17], the 

authors proposed a new indoor navigation method based on 

visual light communication technology. In [18], the authors 

proposed the “virtual eye”  system. In their system, the blind’s 

stick is equipped with a USB camera and ultrasonic sensors. 

The camera captures an image, and then this image is analyzed 

using the You Only Look Once (YOLO) classifier.  

In [19], a Global Position System – Global System for 

Mobile (GPS-GSM) module and the ultrasonic sensors are used 

in order to help blind people avoid obstacles in an outdoor 

environment. In [20], the authors proposed an IoT system for 

detecting obstacles and holes based on a laser sensor that 

detects holes at night and in the daylight. The authors in [21],
[5], [22] recommended that when designing new

assistive technology for blind people, the cost, simplicity, 

reliability,
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robust navigation with a short response time, and device weight 

must be taken into consideration so that the assistive devices 

are economically accessible to blind people.  

Following the introduction, the rest of this paper is organized 

as follows: Section II describes the related work. Section III 

describes the proposed system and the research methodology. 

Section IV describes the system evaluation and testing in a real-

time environment. Section V describes the conclusion and 

future work. 

II. RELATED WORK

This section describes various navigation techniques used to 

aid blind people in avoiding obstacles along their path. In [23], 

the authors proposed wearable glasses and a walking assistant 

design based on the ultrasonic sensor. In [24], the authors 

replaced a blind’s man cane with an IoT prototype in order to 

reduce the total cost. The proposed prototype is able to detect 

obstacles (using an ultrasonic sensor that is affixed to the 

blind’s glasses) and warn blind people about these obstacles via 

smart phone. In [5], the authors innovated a blind stand that is 

provided by an Arduino Uno Microcontroller (AUM) and 

ultrasonic sensors associated with a voice module in order to 

guide blind people. The authors in [16], [18], and [25-31] 

proposed work similar to the work proposed in [5]. In [26], the 

authors proposed an IoT stick that is able to detect obstacles 

within 4 meters based on an ultrasonic sensor and a vibrator 

motor. The stick vibrates as an indicator when a blind person is 

confronted with an obstacle. In [27], the authors proposed a 

stick that is able to discover obstacles (using an ultrasonic 

sensor) and then send a signal to a buzzer and a vibrator. In 

[28], the authors proposed a smart stick for the visually 

impaired. This stick is equipped with ultrasonic sensors for 

detecting obstacles and potholes). The ultrasonic sensor is 

placed on the stick at an angle of 30.  To achieve safety for 

blind people, the authors in [32] proposed a navigation system 

via the web. Their system is based on image processing 

techniques and the use of IR sensors. They developed 

mathematical equations for calculating the distance between a 

blind person and an obstacle using two cameras where the 

epipolar plane cuts through image planes. However, this system 

is inefficient when using cameras, since cameras are sensitive 

to various environmental distortions such as dust, smoke, fog, 

and vapor, and they do not work perfectly at night. In [30], the 

authors proposed a prototype model (an Electronic Traveling 

Aid (ETA)) for assisting blind people. In their system, they 

proposed to attach the ultrasonic sensor to the blind person’s 

shoe. When an obstacle is detected, a blind person receives an 

audio message.  

The above survey shows that most of the recent papers are 

focusing on improving the design and features of the smart 

stick using sensors and cameras. Other papers, on the other 

hand, are focusing on using artificial intelligence with the IoT 

to provide solutions for the blind's problems and difficulties 

[33]. Using artificial intelligence is not the focus of this paper.  

The research problem of this paper is how to design a simple, 

cheap, and real-time IoT system, which is able to keep a blind 

person in the optimal position with respect to the locations of 

various obstacles in an indoor environment? The goal is to 

enable a blind person to navigate safely along her or his path. 

To tackle this problem, we propose an efficient IoT system for 

guiding blind people in an indoor environment. The proposed 

system is IoT bracelets (IoT-Brac), which are able to precisely 

detect obstacles and direct a blind person to the optimal 

position. The proposed system is based on the ultrasonic 

sensors, the NodeMCU ESP8266 WiFi communication module 

(NodeMCU 1.0 (ESP-12E Module), and the Firebase platform 

as a real-time database. The proposed system is a couple of 

wireless bracelets, which a blind person wears in both hands. 

Our proposed system can be used for both an indoor and an 

outdoor environment. We focus on an indoor environment, 

however, because it is straightforward to test different scenarios 

for identifying barriers by modifying the position of such 

obstacles, allowing us to simply update our algorithm.  Some 

previous work proposed guiding a blind person to a specific 

direction after a specific time (for example, a blind person may 

receive an audio message saying, "After 2 minutes, go to the 

right") [34]). Since a blind person cannot precisely determine 

the time (e.g. two minutes in the above message), a blind person 

may go to the right before or after the set time, causing him to 

struggle with an obstacle and fall. To overcome this con, our 

system sends a blind person an audio message telling him about 

the direction (e.g., right) and the magnitude of the optimal 

position (e.g., how many steps a blind person should move). 

For example, the proposed system sends a message saying: “Go 

to the right after 3 steps” instead of saying: “After 2 minutes go 

to the right” as described in [34]. Thus, compared to the work 

done in [34], our technique is more accurate in selecting the 

optimal position. In addition, our system differs from the work 

in [34] in that it detects falls using the left and right bracelets. 

In addition, our system is simpler than the system proposed in 

[32]. In [32], the authors calculated the distance between a 

blind individual and an obstruction using two cameras and 

difficult mathematical formula. The approach suggested in [32] 

is inaccurate, though, because cameras are susceptible to a 

variety of environmental distortions such dust, smoke, fog, and 

vapor, and they perform less than optimally at night. Besides, 

in the previous work, a walking stick is used for detecting 

obstacles along a blind person’s path. Aside from that, a blind 

person has had to deal with certain embarrassing situations, 

such as hitting a walker's leg with a stick and being injured by 

hitting barriers [34]. Our design differs from the design in [34]. 

Our design is wireless IoT bracelets that a blind person can 

easily wear, and thus avoid the above embarrassing situations. 

Table I compares various techniques (including our proposed 

IoT system) with respect to the technique used in the paper, the 

system’s cost, the scope of the system (indoor or outdoor), the 

system’s cons (dentoed as “-“) and pros (dentoed as “+”) and 

the delay for both calculations and message receipt. In Table I, 

the cost is approximately calculated based on the hardware used 

in each paper. This is because the authors of these papers did 

not calculate the total cost of their systems. Table I is one of the 

contributions to this paper. In Table I, we calculate the delay 

time for both calculations and message receipt. Our proposed 

system performs better than the system proposed in [34] in 

terms of delay time (communication delay and message receipt 

dealy). However, it was difficult to compare the other papers 

listed in Table I with the proposed system since the original 

authors did not calculate the delay time.  
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Paper  
Ref.  

The Technique Cost Scope Pros (+)  and Cons (-) Dealy time  

[27] A stick (with an ultrasonic sensor and an 

Arduino Nano) is used to detect an obstacle.   

≈ 

$102 

Indoor 

/out 

door 

(-) Unable to direct a 

blind person to the 

optimal position.  
(+) Stick finder: help 

the person to find his 
stick 

-Not calculated by the 

authors 

[5] A stick (with ultrasonic sensors and an 

infrared sensor) is used for detecting 

obstacles and creating audio messages. 

≈ 

$39 

Indoor 

/outdoor 

(-) Unable to direct a 

blind person to the 

optimal position. 
(+) Water sensor for 

detecting puddles. 

(+) light weight 

-Not calculated by the 

authors (the authors 

mentioned that 
“response time is 

short” without 

measuring it.  

[35] A color-based technique that uses a camera 

and machine learning for guiding blind 

people. 

$0 

(Except for 

mobile phone, 

no other 
hardware was 

used.) 

In door (-) Produced 

inaccurate results.  

(-) Influenced by 
distortions such as 

dust and fog. 

(-) Unable to guide a 
blind person to the 

optimal position. 

(+)  retrieves 
information about 

directions using color 

targets 

-Not calculated by the 

authors. The authors 

mentioned that “ for 
time processing, the 

mobile application 

(GuiderMoi) has the 
advantage of being in 

real time” without 

measuring the 
processing time. 

[34] The system captures an image of an obstacle, 
analyzes this image, and then it takes an 

action. The navigation is executed using the 

GPS module. 

≈ 
$113 

Indoor/ 
out door 

(-) Unable to guide a 
blind person to the 

optimal position. 

(-) Weight =1Kg. 
(+) Use  night vision 

camera 

- Calculation time = 2-
3 seconds.  

-Time for sending 

message = 10-12 
seconds 

 

[24] Detecting obstacles using ultrasonic sensors 
and then keeping the locations of these 

obstacles in a database using a mobile 

application for future detection. 

≈ 
$50 

Indoor/ 
outdoor 

(-) If the location of an 
obstacle is changed, 

the system produces 

false alarm. 
(-) Unable to guide a 

blind person to the 

optimal position. It 
just uses the words 

(East, West, etc.)  

(+) Recording the 
obstacle’s Location 

-Not calculated by the 
authors  

[28] Detecting various obstacles using three 

ultrasonic sensors affixed to a stick at 
various angles.  

≈ 

$96 

Indoor/ 

outdoor 

(-) Unable to guide a 

blind person to the 
optimal position. 

(+)  pot-hole detection 

-Not calculated by the 

authors 

[23] Wearable glasses and walking assistant 

devices were developed in order to guide a 
blind person. 

≈ $52 Indoor/ 

outdoor 

(-) Unable to guide a 

blind person to the 
optimal position. 

(+)  data are collected 

and analyzed by the 
clouds computing 

center 

-Not calculated by the 

authors.  
 

The 
proposed 

system  

IoT bracelets that are able to detect obstacles 
in three directions left, right and forward 

simultaneously and calculate the optimal 

position to which a blind person must be 

directed.   

≈ 
$29 

indoor (+) The proposed 
system is able to guide 

a blind person to the 

optimal position. 

(-) Tested for indoor 

environment only. 

Dealy time 
(milliSeconds):  

Calculation =  0.0174 

milliseconds. 

Message receipt =  
0.24567 milliseconds 

Writing data to 
firebase database =  
683.2 milliseconds 

TABLE  I 

A COMPARISON BETWEEN VARIOUS TECHNIQUES AND THE PROPOSED SYSTEM BASED ON VARIOUS FACTORS 
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Table II describes the hardware and the cost of the systems 

proposed in the previous work as well as the hardware and the 

cost of the proposed system. Fig. 1, compares the proposed 

system with various IoT systems proposed in the previous work 

with respect to system’s cost. Fig. 2, describes a block diagram 

of the proposed system.  

As described in Fig. 1, our proposed system outperformed 

the other proposed systems in terms of cost in U.S. dollars. 

Details about this cost are shown in Table I and Table II. 

Besides, unlike the previous work ([13-16], [18], [19], [23], and  

[25-31]), the proposed IoT system is able to detect obstacles in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

various directions simultaneously, decide which path (D) a 

blind person should take, and then guide a blind person to the 

optimal position using Equations 1 and 2. Furthermore, our 

work is simpler than the work proposed in [32] since it does not 

use complicated mathematical equations for calculating the 

distance between a blind person and an obstacle. Using 

complicated mathematical equations slows down the real-time 

systems such as the one we propose in this paper. Besides, our 

system is not sensitive to various environmental distortions 

such as dust and smoke, and it works perfectly at night. In [35], 

the authors proposed a mobile application for guiding a blind 

person to various directions based on colored benchmarks 

Paper  
Ref. 

Hardware used in the paper Price 
( $ ) 

[27] Arduino Nano 26 

 Vibration motor 20 

 Portable hand cane walking stick (110 m) 19 

 DC 12-24V 22H RF wireless remote control switch system.  14 

 Buzzer (tatoko)DC 3-24V) 10 

 9V batteries (8 pack 9V) 11 

 Ultrasonic sensor  2 

 Total cost  $102 

[5] Two ultrasonic sensor  4 

 Arduino Uno  27 

 ISD 1820 voice module (Ximimark sound voice module) 7 

 Infraread sensor 0.5 

 Total cost  $39 

[35] No hardware  0 

 Total cost  $0 

[34] Raspberry pi3 B+ module  30 

 Night vision raspberry pi 22 

 Global Positioning System (GPS) receiving module navigation tracker developer test kit  10 

 Batteries  11 

 L298N IC motor drive module 11 

 Press  button 2 

 Power bank (5V/2.1A) 27 

 Total cost  $113 

[24] DSD TECH HC-05 Bluetooth 10 

 Ultrasonic sensor 2 

 Arduino Uno REV3 27 

 Working voltage 11 

 Total cost $50 

[28] Three ultrasonic sensors 6 

 Arduino Uno R3 27 

 HiLetgo HC-05 wireless Bluetooth RF. 10 

 Two buzzers 20 

 Two vibration motors 22 

 Batteries 11 

 Total cost $96 

[23] Five ultrasonic sensors 10 

 GPS receiving module navigator tracker 10 

 Zigbee module 5 

 Arduino Uno 27 

 Total cost $52 

[24] DSD Tech HC-05 Bluetooth 10 

 Ultrasonic sensor 2 

 Arduino Uno REV3 27 

 Working voltage 11 

 Total cost $50 

The proposed system NodeMCU ( two nodes) 10 

 Four ultrasonic sensors 8 

 Batteries 11 

 Total cost  $29 

TABLE  II 
THE ESTIMATED COST OF THE STATE-OF-THE-ART TECHNIQUES AND THE PROPOSED SYSTEM (PRICES ARE BASED ON 

THE HARDWARE USED IN EACH PAPER)  
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(targets). The drawback to their system is that their system did 

not solve the mobility problem (also known as wayfinding). 

 

 

 

 

 

 

The wayfinding problem is "the global problem of planning 

and following routes from place to place" [36]. However, our 

system solves this problem since it is able to guide a blind 

person to various directions using the left and right bracelets 

and a mobile application. Compared with the state-of-the-art, 

the proposed system is simpler and more accurate than the other 

systems since it directs a blind person to the optimal position. 

Besides, it introduces a novel way for detecting falls using the 

ultrasonic sensors. 

 

III.  THE PROPOSED SYSTEM 
 

In this section, we describe the proposed IoT system (as 

shown in Fig. 2) and the pseudo code. 

 

A. The Research Methodology 

The proposed IoT system consists of two bracelets that guide 

a blind person along his path while avoiding various obstacles. 

Our system consists of the following modules: the data-

gathering module (a set of ultrasonic sensors), the data storage 

module (the Firebase database), the communication module 

(the NodeMCU 1.0 (ESP-12E Module), and the data retrieving 

and processing module (an Android application). In this paper, 

we use the HC-SR04 ultrasonic distance sensor. This low-cost 

sensor offers non-contact measurement functionality ranging 

from 2 cm to 400 cm with a ranging accuracy of up to 3 mm. 

An ultrasonic transmitter, a receiver,  and a control  circuit are  

all included in each HC-SR04 module. The NodeMCU 1.0  

(ESP-12E Module) is a wireless communications and Wi-Fi 

chip platform that is widely used in mobile devices and Internet 

of Things applications. The HC-SR04 sensors are used for 

gathering information from an indoor environment. These 

sensors are affixed to both bracelets at angle 30 in order to 

detect objects of various lengths [28]. In general, the sensing 

angle of the HC-SR04 is 30-degree cone and the angle of effect 

is 15-degree cone. However, a blind person can detect objects 

of varying lengths by moving his hands up and down, left and 

right. Besides, the HC-SR04 is used in our system since it can 

detect objects located in a wide range (from 2 cm to 400 cm) 

and it is accurate to the nearest 0.3 cm as we mentioned earlier. 

In our system, the ultrasonic sensors are used to read 

information about various obstacles that are allocated in 

various directions (e.g., left, right and forward). After that, the 

information is stored in the Firebase database in the cloud, and 

then our Android application simultaneously reads the values 

stored in the Firebase database and calculates the optimal 

position. When the optimal position is calculated, the proposed 

system sends an audio message in order to guide a blind person 

to that position. We use the Firebase database since it is a real-

time database (it can store and synchronize app data in real-

time). Furthermore, it includes features that will help us 

develop the proposed system in the future, such as GPS-

location-tracking of the blind person. Besides, Firebase’s 

features such as Firebase Machine Learning (ML) can be used 

for calssifying various directions (e.g. left, right) that a blind 

person should follow and addressing various fall situations 

correctly. This enhancement requires storing data about the 

blind person's location in a database for further use. Other 

features of the Firebase database include: 
 

1) Built-in Analytics (observing user behavior and measuring 

various user characteristics). 

2) Cloud messaging (which allows us to deliver and receive 

messages in a more reliable way across platforms). The 

proposed system is tested and evaluated in an indoor 

environment for various cases where various obstacles are 

located in various positions in the living room. For each case, a 

suitable audio message is sent to a blind person (via a 

headphone) in order to guide him to the optimal position. Next, 

we describe the pseudo code of the proposed system. We 

describe the navigation system and the fall detection system. 

Table III, shows the notations used for describing our system.  
 

The pseudo code:  

 
 Step 1: The Bootstrap Configuration 

(a) Set the threshold of the ultrasonic sensor USTH =30 cm. 

(b) Set the step distance SD = 30 cm. 
 

Step 2:  The Navigation System –IoT bracelets 

(a) Define the function CalculateDL(RW-ROD, LW-LOD) that 

calculates the DL value based on the RW-ROD and  LW-LOD values 

gathered from the left and right bracelets as follows: 
 

Function CalculateDL (RW-ROD, LW-LOD)  

{  
1) Measure the distance (X) between O and the RW-ROD.  

2) Store X in the Firebase database with the help of the NodeMCU 

module. 
3) Measure the distance (Y) between O and the LW-LOD. 

Fig. 2. A block diagram of the proposed IoT system. 

Fig. 1.  A comparison between the proposed system and  

the state-of-the-art in terms of system’s cost. 
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4) Store Y in the Firebase database with the help of the NodeMCU 
module. 

5) Measure the distance (FR) between O and the RW-FOD. 

6) Store FR in the Firebase database with the help of the NodeMCU 
module.  

7) Measure the distance (FL) between O and the LW-FOD.  

8) Store FL in the Firebase database with the help of the NodeMCU 
module. 

9) Calculate: 

a) C = (X+Y)/2 
 

b) DL = (int)(Abs(C-Min(X,Y))/SD) 

 
10) Return DL , FR , FL                                        

} 

 
(b) Define the Function getDirection (X, Y, DL, FL , FR).                                      

{  

// This function steers a blind person to the right direction (e.g., 
// left, right, forward, and //backward) in order to avoid various 

// O. It //receives the parameters: X, Y, DL, FL and FR. These 

 // parameters are retrieved from the //Firebase database using 
//our Android //application. The function works as follows: 

         If (X > Y) 

Send the audio message “Move DL steps to the right.”  
         Else  

Send the audio message “Move DL steps to the left.” 

         If ((FL >=  USTH ) AND (FR  >=   USTH )) 
Send the audio message “Move forward one step.” 

         Else if ((FL <   USTH ) OR (FR <  USTH )) 

{ 
Send the audio message “Move backward one step.” 

Call the Function CalculateDL (X,Y) 

Call the Function getDirection (X, Y, DL, FL , FR). 
                 } 

              } 

 
  Step 3: Falls Detection  

1) Read the RW-ROD and LW-LOD values using the left and right 
bracelets.  

2) Store the RW-ROD and LW-LOD values in the Firebase database. 

3) Read the RW-ROD and LW-LOD values from the Firebase database 
using an Android application.  

4) While ((RW-ROD >=2000) OR (LW-LOD >= 2000))                                 

{ 
Send a text message to the caretakers telling them that a fall has 

occurred. 

} 
  

Note that in the proposed system, the left and right bracelets are 

connected to various NodeMCU boards. For the above 

algorithm, we calculate two types of delays: the calculation 

delay time (the time required to perform the calculations that 

are described in the above pseudocode) and the message recipe 

delay time (the time required to read data from the firebase and 

then choose the suitable audio message to be sent to the blind 

person.) Next, we describe the proposed navigation system. 
 

B. The Proposed Navigation System (NS) 

In this section, we describe the proposed IoT system for 

guiding a blind person along his path. In our system, the 

Firebase platform is used for data storage. The Firebase 

platform provides a set of developer solutions that accelerate 

the integration of the cloud-based features into Web and mobile 

applications. To deal with Firebase, a Google account and a 

Firebase project are required [37]. Fig. 3, describes the 

structure of our real-time database that we built using the 

Firebase platform. The database consists of a root node (we call 

it the “BNS” node) and a set of sub-nodes as follows: the  

 

 

 

“LeftBracelet” node, which includes two sub-nodes, namely, 

the “LW-FOD” and the “LW-LOD”. The “RightBracelet” 

node, which includes two sub-nodes, namely, the “RW-FOD” 

and the “RW-ROD”. The shortcut “LW” refers to “Left Wrist”, 

the “RW” refers to “Right Wrist”, the “FOD” refers to 

“Forward Obstacle Detector”, and the “LOD” refers to “Left 

Obstacle Detector”. The above database is connected with the 

NodeMCU ESP8266 module, which is responsible for sending 

data to the Firebase database. The NodeMCU is an open source 

platform, which is based on the ESP8266. The NodeMCU 

connects objects using the Wi-Fi protocol. The NodeMCU is 

used as a microcontroller, which provides features such as the 

GPIO and PWM pins. In fact, it contains 13 GPIO pins and 10 

PWM channels. Besides, it can be programmed with the 

Arduino IDE and acts as an access point [38]. The NodeMCU 

is connected with a nine volt-battery using a battery connector 

and the HW-131 power supply module. The HW-131 is 

connected to the NodeMCU using a USB cable. Besides, the 

NodeMCU is connected to the left and right bracelets using the 

jumper wires. In the proposed system, the right bracelet reads 

data from two ultrasonic sensors, one of these sensors is affixed 

to the front of the bracelet and the other sensor is affixed to the 

right-hand side of the bracelet. Similarly, the left bracelet reads 

data from two ultrasonic sensors, one of them is affixed to the 

front of the bracelet and the other is affixed to the left-hand side 

of the bracelet. Data collected by the left and right bracelets are 

stored in the Firebase database.  

Fig. 4 describes the left and right bracelets before packaging 

and Fig. 5 describes them after packaging. 

The 

shortcut 

The meaning 

SD  The step distance (in this paper, SD =30 cm) 

USH The value of the ultrasonic sensor. When the ultrasonic 

sensor touches the ground or is directed to open space the 
value read by this sensor is greater than 2000. 

USTH The ultrasonic sensor threshold = 30 cm.  

RW-ROD The Right Wrist- Right Obstacles Detector  

RW-FOD The Right Wrist- Forward Obstacles Detector 

LW-LOD The Left Wrist- Left Obstacles Detector   

LW-FOD The Left Wrist- Forward Obstacles Detector. 

O An obstacle. 

DL How many SD steps a blind person should move toward 
the optimal position.  

X The distance between an obstacle O and the RW-ROD. 

Y The distance between an obstacle O and the LW-LOD 

C The central position between two obstacles, O1 and O2 

FR The distance between an obstacle O and the RW-FOD. 

FL The distance between an obstacle O and the LW-FOD 

TABLE  III 
THE NOTATIONS USED FOR DESCRIBING THE PROPOSED IOT BRACELETS 
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Fig. 3.  The Firebase database structure of the proposed IoT system. 

 

Fig. 4.  The left and right bracelets before packaging. 
 

In Fig. 5, the ultrasonic sensors are connected to various 

NodeMCU boards as follows: the RW-ROD and RW-FOD are 

connected to the right NodeMCU board, and the LW-LOD and 

LW-FOD are connected to the left NodeMCU board. The RW-

ROD is connected to the right NodeMCU as follows: the “Trig” 

pin is connected to pin D5 on the NodeMCU board, the “Echo” 

pin is connected to D6 pin, the “GND” is connected to “G” pin, 

and the “VCC” is connected to VU pin on the NodeMCU board. 

The RW-FOD is connected in a similar way, except that the 

“Trig” pin is connected to pin D0, and the “Echo” pin is 

connected to pin D1 on the NodeMCU board. The LW-LOD 

and LW-FOD are also connected to the left NodeMCU board 

in a similar way, except that the “Trig” and “Echo” pins of the 

LW-LOD are connected to the pins D7 and D8, respectively, 

and the pins “Trig” and “Echo” of the LW-FOD are connected 

to the pins D2 and D3, respectively.    

Fig. 5.  The left and right bracelets after packaging. 
 

To store the collected data in the Firebase database, we 

develop NodeMCU code that is able to connect to the Firebase 

database. Four things are needed to establish a connection with 

the Firebase database, namely, a URL to the host on which the 

database is located (usually, a URL ends with 

“firebaseio.com”), the firebase authentication code, the router 

name (i.e., the access point name), and the router password. 

Besides, we include the following libraries in the code: the 

#include <ESP8266WiFi.h> and #include 

<FirebaseArduino.h>. On top of that, we create an Android 

application (using Android Studio Arctic Fox 2020.3.1 Patch 

1) that can connect to the Firebase database and read the 

information (gathered by the left and right bracelets) from the 

Firebase database. Each sub-node in the database receives its 

value online from a particular sensor, as shown in Fig. 6. 

 

 

 

 

 

 

 

Fig. 6.  Filling the data gathered by various sensors into the Firebase 

database. 
 

For example, in Fig. 6, the sub-node “LW-FOD” gets the 

value 37 cm from the forward ultrasonic sensor that is affixe to 

the front of the left bracelet. The sub-node “LW-LOD” gets the 

value 20 cm from the ultrasonic sensor that is affixed to the left-

hand side of the left bracelet. To retrieve data from the Firebase 

database instantaneously, we develop an Android application 

that is able to connect with the Firebase database and retrieve 

the data collected by the left and right bracelets. Fig. 7 describes 

our real-time system where the data read from the Firebase 

database are displayed on the user’s mobile instantaneously. 

The mobile phone of a blind person uses the data listed in Fig. 

7 to produce audio messages that a blind person can hear. 

Besides, the proposed system is used for detecting falls. The 

blind individual is subject to many risks while moving around 

including falls. We utilize an ultrasonic merit for detecting falls 

as follows: when an ultrasonic sensor touches the ground, it 

records a value ≥ 2000. Thus, when a blind person falls and the 

ultrasonic sensors (the RW-ROD and the LW-LOD sensors) 

touch the ground, then the values recorded on the Firebase 

database are greater than or equal to 2000, which is an indicator 

that a blind person is fell down.   

 

 
 

Fig. 7.  The proposed IoT system is a real-time system – The same data are 
shown on the Firebase database’s monitor and the Android’s monitor  

simultaneously. 
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C. Calculating the Optimal Position 
 

In this section, we describe how the proposed system 

calculates the optimal position to which a blind person is 

directed. Fig. 8, describes a study case where there are various 

obstacles, O, along the blind person’s path. In Fig. 8, a blind 

person wears the proposed bracelets, and there are three 

obstacles along his path, namely, O1, O2 and O3. The variables 

X, Y, and Z represent the distances between O1, O2, and O3 

and a blind person respectively.  

Fig. 8. A scenario for the existence of obstacles in various locations. 
 

In the proposed system, in order to facilitate a blind person’s 

movements and allow him to precisely estimate the distance 

required to be moved; we propose the Step Distance (SD) 

measuement. Using the SD measurement, as described in Fig. 

9, is more accurate than using time measurement (e.g., “After 

three minutes move to the left”). The SD distance vary from 

one person to another. However, in this paper, we measured SD 

of the person who tested our proposed system and we found 

that the SD was 30 cm. In this context, our work is more 

accurate than the work proposed in [34]. This is because a blind 

person uses the SD measurment daily in his life, and she or he 

is more familiar with the SD measurement than time 

measurement. 

Thus, instead of saying: “After two minutes go to the right” 

[34], we say, for example, “After two SDs go to the right” or 

“Go to the right two SDs”, and so on. In [34], if a blind person 

could not determine the time exactly (i.e., there was a wrong 

estimation), then he might struggle with some obstacles. In this 

paper, the general format of the command we send to a blind 

person is “Go to D DL SD”. Where, D is the direction (e.g., left, 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 9. The Step Distance (SD) of the tester equals 30 cm 
 

right, forward and backward) and DL is the distance (measured 

in SD). Here, we have to determine the D and DL values based 

on the locations of various O along the path. This is done in 

order to guide a blind person to the optimal position. The DL is 

calculated as follows: suppose that a blind person wears the 

bracelets on both wrists, in this case, we have four ultrasonic 

sensors affixed to the bracelets, namely, the RW-ROD, the 

RW-FOD, the LW-LOD and the LW-FOD. Now, suppose that 

there are three obstacles, namely, O1, O2, and O3 (as described 

in Fig. 8), where O1 is located at the right-hand side of the 

blind, O2 is located at the left-hand side of the blind. Besides, 

suppose that the distance between the right wrist and O1 is RW-

ROD (X in Fig 8). Also, suppose that the distance between the 

left-wrist and O2 is LW-LOD (Y in Fig. 8). Then, our strategy 

is to keep a blind person in the middle of the distance between 

O1 and O2 (i.e. the center point of O1 and O2). We formulate 

the center point (C) as described in Eq. 1.  

                                                                    

𝐶 =
𝑅𝑊−𝑅𝑂𝐷+𝐿𝑊−𝐿𝑂𝐷

2 
                         (1) 

                                              

Now, in order to calculate DL (also we call it “the optimal 

position”), we find the minimum value of the RW-ROD and 

LW-LOD (i.e. min (RW-ROD, LW-LOD), then we subtract 

this value from the center point, C, and then the result is divided 

by SD. Thus,  

 

𝐷𝐿 = (𝑖𝑛𝑡) (
𝐴𝑏𝑠(𝐶−𝑀𝑖𝑛(𝑅𝑊−𝑅𝑂𝐷,𝐿𝑊−𝐿𝑂𝐷))

𝑆𝐷
)          (2)              

         
where, the (int) rounds any value to an integer value, and the 

Abs() function returns the absolute value. Now, in order to 

determine the direction (i.e. left, right, etc.), we find the 

maximum value of RW-ROD, and LW-LOD, and if RW-ROD 

is greater than LW-LOD, then a blind person is asked to move 

to the right. Otherwise, he is asked to move to the left. Now, let 

us demonstrate the following scenarios:  

The first scenario: suppose that a blind person is moving along 

a narrow path where the distance between the left bracelet and 

O1 is one SD and the distance between the right bracelet and 

O2 is one SD.  In this case, the optimal position, DL, is reached 

after zero SD as described below:  
 

𝐶 =  
(30 + 30)

2
= 30 

                               

Thus, 

𝐷𝐿 = (𝑖𝑛𝑡)( 
| 30 − 30|

30
= 0 𝑆𝐷 

 

This signifies that a blind person should continue going forward 

without turning left or right. Thus, the audio message sent to 

his mobile phone is “Move forward.” However, before sending 

this message, our Android application, checks if the value of 

the “LW-FOD” and “RW-FOD” are greater than one SD in 

order to avoid potential hazards that may be in front of the blind 

person. The second scenario: suppose that the NodeMCU board 

receives the following data from the left and right bracelets: 

LW-FOD = 37 cm, LW-LOD = 100 cm, RW-FOD = 48 cm and 

RW-ROD = 20 cm, our mobile application reads these data 

from the Firebase database, and it determines the direction (D) 

and calculates the DL value as well, as follows 

 

𝐶 =  
(100 + 20)

2
= 60 
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Thus,  

𝐷𝐿 = (𝑖𝑛𝑡)( 
| 60 − 20|

30
≈ 1 𝑆𝐷 

 

The DL value in the above calculations is (40 / 30) = 1.3. Since 

the fraction 0.3 is less than 0.5, it is ignored; thus, the function 

(int) returns “1”. Now, in order to determine the D value, we 

find the maximum value of the LW-LOD and RW-ROD. In our 

scenario, the D value is a message saying, "Move to the left." 

 

 
 

This is because the LW-LOD is greater than the RW-ROD. 

Now, if the two previous audio messages are combined, the 

final message becomes “Move to the left one SD”. This audio 

message is sent to the user’s mobile phone. Fig. 10, is an 

Android sketch that shows the statements used for creating an 

instance of the Firebase database. It also describes four audio 

files namely, the “rightplayer” (it informs the blind person to 

move right), the “forwardplayer” (it informs the blind person to 

move forward), the “backplayer” (it informs the blind person to 

move backward), and the “leftplayer” (it informs the blind 

person to move left).  Furthermore, the code describes how we 

monitor any changes in the values RW-ROD, RW-FOD, LW-

LOD, and LW-FOD. To do so, we construct a listener on the 

root node level (i.e. the BNS node). The event listener monitors 

any changes in the values of RW-ROD, RW-FOD, LW-LOD, 

and LW-FOD. Thus, if any value of the above values is 

changed, then the calculations for D and DL are re-executed.  

The Figures 11 and 12 show various scenarios for guiding a 

blind person using our Android application. In Fig. 11, a blind 

person receives an audio message through the headphones of 

his mobile phone. The audio message asks a blind person to 

move one-step (one SD) to the left based on the sensors values 

retrieved from the Firebase database. This decision (i.e. moving 

to the left one-step) is taken based on the calculations of D and 

DL values as described in Eq. 2. Note that RW-ROD = 28, and  

LW-LOD = 86, and thus, a blind person should move to the left 

since the LW-LOD is greater than the RW-ROD. In Fig. 12 the 

values of the forward sensors RW-FOD and LW-FOD are less 

than 30 cm. In this case, the proposed system recognizes that 

there are obstacles in front of a blind person; therefore, it asks 

him to move backward. Fig.12 describes the Firebase database 

when the audio message “Go backward one SD” is sent to a 

blind person. In Fig. 13, the blind person is asked to move 

forward. An audio message is sent to his mobile phone's 

headphone. Note that in Fig 13, the sensors values are all 

greater than 30 cm and thus, it is safe to move forward since 

there are no obstacles in any direction within the range of 30 

cm.  

 

 

 

 

 

 

 

 
 

 

 
Fig. 11. The audio message “Go left one step.” 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

Fig. 12. The Firebase database state when a blind person receives the 

audio message “Go backward one SD.” 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 
 

    Fig. 13. The audio message “Go forward one step”. 
 

 

IV. THE EVALUATION OF THE PROPOSED SYSTEM  
 

Fig. 10. Code segment of the Android application 
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In this section, we evaluate and test the proposed system in 

an indoor environment where obstacles are located at various 

positions. We test various scenarios as described in the Figures 

14, 15, 16, and 17.  

 
Fig. 14. Testing the Navigation System (NS) – chair obstacle. 

 

Fig. 15. Testing the Navigation System (NS) – door obstacle  
 

 

Fig. 16. Testing the Navigation System (NS) – lamp obstacle. 

Fig. 17. Testing the Navigation System (NS) – tree obstacle. 

 

 

In Fig. 14, the blind person receives an audio message asking 

him to move to the left one-step (one SD) since a chair is 

located on his right-hand side. In Fig. 15, the blind person is 

asked to move backward one-step (SD) since a door is located 

in front of him. In Fig. 16, the blind person is asked to move 

backward since a lamb is located in front of him. In Fig. 17, the 

blind person is asked to move to the left one-step since there is 

a tree located on his right-hand side. Table IV describes various 

scenarios for testing our proposed system in an indoor 

environment where the tester wears the bracelets and faces 

various obstacles. 

 

 

 
Obstacle 

Name 

Ref. 

Fig. 

RW-

ROD 

RW-

FOD 

LW-

LO

D 

LW- 

FOD 

Decision    

Tree (to 
the right) 

16 29 240 260 240 Move to the 
left 4 SD. 

Door (in 

front) 

14 250 270 70 28 Move 

backward 
one SD, then 

move 3 SD 

to the right  

Chair (in 

front) 

13 350 27 245 220 Move 

backward 

one SD, then 

move 2 SD 

to the right 

A Lamp 

and a 

wall   (in 
front) 

15 197 29 180 40 Move 

backward 

one SD, then 
move one 

SD to the 

right.  

 

We calculate the Delay Time (DT) for both: the Delay of 

Calculations (DC) and the Delay of message Receipt (DR) in 

milliseconds as described in Eq. 3. 

                                                              

𝐷𝑇 = 𝐷𝐶 + 𝐷𝑅                                           (3) 

 

In our experiments we find that DC = 0.0174 milliseconds 

and the average DR = 0.24567 milliseconds. Thus, DT = 

0.26307 milliseconds. Besides, we calculate the average delay 

time of writing data to a firebase database, which is equal to 

683.2 milliseconds as described in Table I. The DT in [34] 

equals 15 seconds. However, the DT of our proposed system 

equals ≈ 0.3 second. Thus, our system performs better than the 

work in [34] in terms of delay time. Besides, the LW-LOD and 

the RW-ROD values can be used for detecting falls. If a blind 

person struggles with an obstacle, then a fall may occur. In this 

context, we propose to use the ultrasonic sensor for detecting 

falls.  When the ultrasonic sensor touches the ground surface, or 

directed to the open space, then the value of an ultrasonic sensor 

is greater than 2000. We use this merit for detecting falls. When 

a blind person falls, his or her hand may touch the ground, and 

thus the ultrasonic sensor touches the ground recording a value 

greater than 2000. Fig. 18 describes this situation. 
 
 

 

 
 

 

TABLE  IV 

TESTING THE NAVIGATION SYSTEM FOR VARIOUS OBSTACLES 
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Fig. 18. Fall detection using the left bracelet 
 

V.  CONCLUDING REMARKS 
 

In this paper, IoT bracelets are proposed for directing a blind 

person’s steps and detecting falls. The proposed navigation 

system is based on a set of ultrasonic sensors, the NodeMCU 

board, the Firebase database, and a mobile application. 

Compared with the state-of-the-art, the proposed system is 

cheaper, simpler, and more accurate than the other systems 

since it directs a blind person to the optimal position. 

Furthermore, the proposed system required less delay time than 

other work. In addition, unlike the previous work, the proposed 

system is able to detect falls using the left and right bracelets. 

The proposed system is tested and evaluated in an indoor 

environment using the NodeMCU module that uses the Wi-Fi 

protocol and a real-time database called the Firebase database 

where various obstacles are located in various locations. The 

proposed navigation system is designed to keep a blind person 

safe while traveling by directing him to the optimal position 

between various obstacles (e.g. O1 and O2). In future, we 

propose to develop the proposed system to be able to work in 

an outdoor environment using the Global System for Mobile 

Communications (GSM) enhanced with security[39][40]. In 

addition, various algorithms can be employed for recognizing 

various objects [41][42]. Besides, the proposed IoT system can 

be enhanced to provide the ability to use the vibration sensor’s 

value as an indicator for sending messages or warnings to the 

blind person. In this case, if an obstacle is discovered, the 

bracelets that a blind person is wearing (either the left or the 

right bracelet) vibrate, telling him to go in a specific direction.  
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