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Abstract 

 
In our daily lives, we engage in a variety of tasks that rely on our senses, such as seeing. 
Blindness is the absence of the sense of vision. According to the World Health Organization, 
2.2 billion people worldwide suffer from various forms of vision impairment. Unfortunately, 
blind people face a variety of indoor and outdoor challenges on a daily basis, limiting their 
mobility and preventing them from engaging in other activities. Blind people are very 
vulnerable to a variety of hazards, including falls. Various barriers, such as stairs, can cause a 
fall. The Internet of Things (IoT) is used to track falls and send a warning message to the blind 
caretakers. One of the gaps in the previous works is that they were unable to differentiate 
between falls true and false. Treating false falls as true falls results in many false alarms being 
sent to the blind caretakers and thus, they may reject the IoT system. As a means of bridging 
this chasm, this paper proposes an intelligent shoe that is able to precisely distinguish between 
false and true falls based on three sensors, namely, the load scale sensor, the light sensor, and 
the Flex sensor. The proposed IoT system is tested in an indoor environment for various 
scenarios of falls using four models of machine learning. The results from our system showed 
an accuracy of 0.96%. Compared to the state-of-the-art, our system is simpler and more 
accurate since it avoids sending false alarms to the blind caretakers. 
 
 
Keywords: Fall detection, Flex sensor, Internet of Things, light sensor, the 50Kg load scale 
sensor, smart shoe, visually impaired, Machine Learning. 
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1. Introduction 

Missing the vision sense is known as blindness. Blindness is defined as “lacking visual 
perception due to physiological and/or neurological factors” [1]. In one of their report, the 
World Health Organization (WHO) revealed that there are about 285 million blind people 
around the world [2]. In another report, the (WHO) revealed that there are 466 million blind 
and deaf people worldwide. Among these 466 million blind people, there are 34 million kids, 
and these kids are not given a permanent cure, but they can be aided with technology [3]. 
Recently, the (WHO) revealed that there are 2.2 billion people suffering from various kinds of 
vision impairment [4]. Blind or visually impaired people usually rely on other senses such as 
hearing, smell, and touch in order to carry on with their daily activities and communicate with 
their environment. Inside their home, for example, they are unable to avoid room barriers such 
as accommodation and steps. Thus, blind people are extremely exposed to various dangers that 
may cause them to fall. To detect the fall, the Internet of Things (IoT) technology is used. The 
IoT, as the name indicates, refers to a collection of things (e.g. sensors, microcontrollers, etc.) 
that are connected to each other via the Internet in order to perform various tasks. The IEEE 
[5] and others [6] [7] define the Internet of Things as follows: The Internet of Things is an 
open and complicated network that connects and manages intelligent objects over the Internet 
in order to share information, data, and resources. In [8], the authors stated that there are 
various IoT devices being developed for blind people. Some of these devices have new features, 
but they are very expensive, and as a result, most blind people are unable to obtain them. In 
addition, some of these devices are inexpensive, but they do not provide the necessary features. 
One of the challenges, when designing an IoT system for the blind people, is how to efficiently 
detect a fall [4]. Misdiagnosis of the fall ends with sending false alarms (e.g. mobile messages 
or emails) to the blind caretakers, and thus they may no longer trust the IoT system and reject 
to use it.  
The research question of this paper is how to design a simple and accurate IoT system for the 
blind people that is able to precisely distinguish between true falls and false falls?  
To answer the above question, we propose an IoT system for an indoor environment, which is 
able to precisely detect falls, and distinguish between true falls and false falls. The proposed 
system is an intelligent shoe (Int-Shoe), which is based on various types of sensors. Besides, 
the proposed system uses the Firebase platform for data storage, and the NodeMCU ESP8266 
Wi-Fi-communication-module (NodeMCU 1.0 (ESP-12E Module) for communicating 
wirelessly with the Firebase database. 
Our aim is to increase the accuracy of detecting falls based on the integration of  the 
functionality of three sensors, namely, the 50Kg load scale sensor, the light sensor, and the 
Flex sensor. Machine Learning technique is used to measure the accuracy of the proposed 
system. Our contributions are as follows: 

1) Avoid sending false alarms to the caretakers when false falls occur. This merit is not 
mentioned or discussed in the previous work.  One of the gaps in the previous works 
is that they were unable to distinguish between true falls and false falls. Treating false 
falls as true falls results in sending false alarms to the caretakers who may reject using 
the IoT system. 

2) Efficiently detect true falls and false falls using a set of sensors including the Flex 
sensor, the 50Kg load scale sensor and the light sensor. Besides, four machine learning 
models are used to distinguish between true falls and false falls for various scenarios 
of falls. The results from our proposed system showed that the Int-Shoe is able to 
precisely distinguish between true falls and false falls for various scenarios with an 
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accuracy of 0.96%.  
3) To the best of our knowledge, no previous work used the 50Kg load scale sensor, the 

Flex sensor and the light sensor for detecting falls.  
4) Novel design: to the best of our knowledge, no previous work proposed designing 

intelligent shoe for detecting falls. Previous designs include an electronic stick, 
electronic glasses, an electronic jacket, and electronic bracelets. 

Followed by introduction, the reset of this paper is organized as follows: Section 2, describes 
the related work. Section 3, describes the proposed system, the research methodology, 
motivation, and hardware and software description. Section 4, describes the system evaluation 
using Machine Learning. Section 5, describes the conclusion. 

2. Related Work 
In this section, we describe various techniques for preventing and detecting falls. 

2.1 The IoT Techniques for Preventing Falls 
In [9], the authors developed a network of ultrasonic sensors and voice guidance signal 

system in order to detect the direction and the position of obstacles that obstruct the path of a 
blind person. In [10], the authors proposed wearable smart glasses and an intelligent walking 
stick for the blind people. In a similar work [11], the authors developed a wearable vision 
assistance system that detects various objects based on binocular vision sensor, which is used 
to capture images in a specific frequency. In [12], the authors proposed a wearable glasses 
design and a walking assistant design based on the ultrasonic sensors. In [13], the authors had 
replaced the blind’s 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 
glasses) and warn the blind people about these obstacles via smart phone. In [14], the authors 
investigated tracking the blind way using TRACE engine. In [15], 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 the blind people.  

The authors in [14][16] and [17]-[28] proposed IoT systems which are similar to the IoT 
systems proposed in [15]. In [17], the authors proposed an IoT system called the "Blind’s 
Mate". Their system is composed of a smart stick and a mobile application. Audio messages 
about obstacles are sent via an earphone. The stick, which is used for detecting ditches, is 
connected to a mobile application via a Wi-Fi module, and it vibrates when an obstacle is 
detected. In [18], the authors proposed an IoT system, which uses the AUM, the Global 
Position System – Global System for Mobile (GPS-GSM) module, and the ultrasonic sensors 
in order to help the blind people to avoid obstacles. In [19][22][24], the authors proposed an 
IoT stick that is able to detect obstacles based on an ultrasonic sensor, a vibrator motor and or 
a buzzer. When a blind person faces an obstacle, the stick vibrates as an indicator. In [20], the 
authors proposed a smart cane that uses an ultrasonic sensor, a camera, an InfraRed (IR) sensor, 
and a GPS-GSM module. Their system detects obstacles, heat, water, light, stairs, and traffic 
signals. To achieve safety for the blind people, the authors in [29][28][30] proposed a 
navigation system based on image processing techniques. However, these systems are 
inefficient since cameras are sensitive to various environmental distortions such as dust, smoke, 
fog, and vapor, and they do not work perfectly at night. In [31], the author developed a 
barcode-based navigation system to aid the blind people in finding their way. In [32], the 
authors proposed exploring Augmented Reality (AR) visualization for People with Low 
Vision (PLV) in order to facilitate stair navigation. 
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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. However, other researchers 
are focusing on using artificial intelligence with IoT in order to provide solutions for the blind's 
problems and difficulties.  

2.2 IoT Techniques for Detecting Falls 
In [25], the authors classified and recognized five states of the blind position, namely, the 

run state, the walk state, the stand state, the lie state, the sit state, and the fall state, based on 
two 6-axis sensors that are attached to the smart glasses and the smart stick. Although the 
authors use complicated mathematical equations to recognize the fall behavior (the above five 
states), unfortunately, their system is inaccurate. This is because their system recognizes falls 
based on the state (the position) of the smart glasses and the smart stick, but not the state of 
the blind person himself. For example, if the blind person's smart glasses or stick, or both, fall 
to the ground in an accident while they are still standing, their system deems it a fall, but in 
fact it is not. This ends with inaccurate information being sent to the blind caretakers, telling 
them that the blind person has fallen, but this is not true (it is a false alarm). If false alarms are 
sent frequently to the blind caretakers, then they may no longer trust the IoT system, and thus 
reject using it. The main contribution of this paper is a proposed IoT system that can precisely 
determine if a fall is a true fall or a false fall, thus avoid sending false alarms to the blind 
caretakers. In this paper, we precisely recognize a true fall and a false fall using three sensors, 
namely, the Flex sensor, the 50Kg load scale sensor, and the light sensor, as described in 
Section 3. In [8], the authors designed a walking stick for the blind people. The stick is 
enhanced by the ultrasonic sensors (for detecting obstacles), the water level sensor (for 
detecting puddles), and a GPS module for detecting the location of a blind person and in the 
event of an emergency, it sends SMS messages to those who need to know. In [21], the authors 
proposed an IoT system with the following objectives: develop a stick with a camera in order 
to identify objects, send the location of a blind person to the caretaker using a GPS; and get 
the destination route using Google Map. A new feature was added in this work, namely, night 
vision. In [33][23], the authors proposed an IoT system that uses the AUM, the ultrasonic 
sensor, and the moisture sensor for detecting water on the surface. Their system sends voice 
messages to blind people in order to guide them along their path, and it also sends the location 
of a blind person to some relevant party if she/he presses a button on the stick. In [34], the 
authors developed an IoT system for the blind people, which is able to detect obstacles, sudden 
falls, and moving objects. Their system consists of ultrasonic sensors (for detecting obstacles), 
a 3-axis analog accelerator (for detecting falls), a microcontroller, and a PIR motion sensor. 
Their system detects falls as follows: the y-axis of the accelerator sensor is always vertical 
when a blind person is standing. The output value of the accelerator decreases as the angle 
between the y-axis of the accelerator and the vertical axis is increased. In [35], the authors 
proposed an IoT system for the blind people. Their system uses three types of sensors, namely, 
the ultrasonic sensor, the accelerometer sensor (for detecting falls), and the voice recognition 
sensor (used for detecting the blind person’s voice when she/he asks for help). In [36], the 
authors proposed an IoT system that uses a set of ultrasonic sensors that are affixed to the 
user’s jacket in order to detect obstacles and an accelerometer sensor for detecting falls. 
However, the authors did not mention details about the accelerometer sensor, how it works, or 
where it should be placed on the jacket. In [37] the author proposed IoT bracelets for guiding 
blind people along their paths. Besides, he developed an algorithm for detecting falls using 
ultrasonic sensors that are affixed to the IoT bracelets. A fall is recorded when the value of an 
ultrasonic sensor that is affixed to the left or right bracelet is greater than 2000 (i.e., when one 
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of the bracelets touches the ground). In [38] the authors proposed detecting falls based on a 
human skeleton diagram. However, this technique is used for an indoor environment but not 
for an outdoor environment. This is because a camera must be used to capture video of the 
user, and then this video is analyzed in order to detect falls. As we mentioned earlier in this 
paper, this technique is inefficient since cameras are sensitive to various environmental 
distortions such as dust, smoke, fog, and vapor, and they do not work perfectly at night. 

3. The Proposed IoT System 

This section describes the research methodology, motivation, hardware description and 
connection, software and algorithm description of the proposed IoT system. 

3.1 The Research Methodology 
The proposed IoT system is an intelligent shoe for detecting falls. It consists of the following 
modules: the data gathering module (a set of sensors for collecting data), the data storage 
module (the Firebase database), and the communication module (the NodeMCU 1.0 (ESP-12E 
Module), and the data retrieving and processing module (an android application). In the 
proposed system, a set of sensors, namely, the Flex sensor, the light sensor, the 50Kg load 
scale sensor, and the ultrasonic sensor are used for collecting data. The accuracy and the 
thresholds of these sensors are measured before testing the Int-Shoe. The data collected by 
these sensors are written to a real-time database (the Firebase database) with the help of the 
NodeMCU 1.0 (ESP-12E Module). These data are then read and processed by an android 
application that integrates the functionality of the above sensors in order to precisely detect 
falls. The proposed intelligent shoe is tested and evaluated in an indoor environment for two 
cases, namely, the true and false falls, where various audio messages are sent to the blind 
caretakers via their mobiles. Additionally, Machine Learning is utilized to assess the proposed 
system's accuracy using a variety of Machine Learning models.    

3.2 The Research Motivation 
In this section, we describe the motivation for this research paper. The earlier studies were 

unable to distinguish the false falls from the true falls. False fall refers to treating the fall of a 
wearable device such as a smart stick and/or a smart glasses ([25] and [34]) as if it is the fall 
of a blind person even if he does not wear the device. True fall refers to the fall of a blind 
person itself not the wearable device. False falls end with false alarms being sent to the 
caretakers. To tackle this problem, we propose an efficient and accurate IoT system for 
distinguishing between true falls and false falls based on three sensors, namely, the Flex sensor, 
the light sensor and the 50Kg load scale sensor. The proposed IoT system differs from other 
works [8][10][25][34][35] as follows: 

1) The proposed system is unique in its design. Our design is an intelligent shoe, while 
other designs are smart glasses, smart sticks [25][10] or a wearable device attached to 
the user’s shin [34].  

2) Unlike the previous works [10][25][34][35], the proposed system efficiently 
distinguishes false falls from true falls. The works in [25][34][35] considered the fall 
of a wearable device carried by the blind person as a fall of the blind person, and thus 
they sent false alarms to the blind caretakers telling them that a fall occurs, which is 
not accurate. For example in [34], if the 3-axis analog accelerator is rotated by 00, 300 
or 900 angle by accident, then their system considers this situation a true fall, but in 
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fact it is not.  However, our proposed system closes this gap in the literature. Moreover, 
our proposed system is simpler than [25] since it does not use complicated 
mathematical equations as they did. Since our proposed system is a real-time system, 
using complicated mathematical equations will slow down this system. Besides, our 
work varies from the previous work [8] as follows: in [8], the user proposed shaking 
the smart phone in order to send a message to the caretakers if a fall occurs. However, 
in this paper the proposed system automatically detects falls and sends a message to 
the caretakers telling them about falls. The proposed system uses three sensors for 
distinguishing between the true and the false falls, namely, the flex sensor, the 50Kg 
load scale sensor and the light sensor. To the best of our knowledge, these sensors 
were not used in the previous work for detecting or distinguishing between the true 
and the false falls. Thus, our technique is novel. 

3.3 The Hardware Description and Connection 
In the proposed system, a set of sensors are used as described in Fig. 1. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  The hardware used in the proposed system. 

The hardware used in the prototype system is as follows (ordered from 1-12 as described in  
Fig. 1): a 50Kg load scale sensor, an ultrasonic sensor, a Flex sensor, a temperature sensor, a 
light sensor, a battery connector, a nine volt-battery, a HW-131 power supply module, a 
NodeMCU module, and  a USB cable. 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 that 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 it is available as an access point [39].  
The 50Kg load scale sensor is enhanced by a Load Cell Amplifier called the HX711 module. 
The HX711 is a 24-bits analog-to-digital converter that converts the small changes in strain 
from the 50Kg load scale sensor into 24-bits changes in voltage [40].  
The ultrasonic sensor consists of a transmitter and a receiver. The transmitter emits ultrasonic 
waves that reflect off an obstacle, and then it is captured by the receiver. The distance (L) 
between the sensor and an obstacle is calculated as in (1).  
     

𝐿𝐿 = �1
2
� 𝑇𝑇.𝐶𝐶                                                       (1) 
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Where, T is the time between the emission and the reception, and C is the sonic speed. To 
calculate the distance (L) between an ultrasonic sensor and an obstacle, the speed of the sound 
is converted from meter per second (m/s) into centimeter per microsecond (cm/µs). Thus, in 
the NodeMCU code, we convert the speed from 340 m/s to 0.0340 cm/µs, and then, (L) is 
calculated using (1) as follows: 

T= PulseIn (echoPin1, HIGH);   
L= 0.0340*(T/2); 

The temperature sensor can sense and measure the temperature of the environment around the 
blind’s shoe. It is affixed to the front of the blind’s shoe. When the temperature exceeds 400 
Celsius, the blind person receives an audio message as a warning.  
The Flex sensor produces various values when it is bent at various angles. The Flex sensor has 
two pins. We connect one of these pins to the ground pin (the G pin on the NodeMCU board), 
and the other pin of the Flex sensor is connected to a 10K Ohm resistance. Also, the 10K Ohm 
resistance is connected to a 3 volt pin (the 3v pin on the NodeMCU board) from one side, and 
it is connected to the analog pin A0 on the NodeMCU board from the other side. 
The above sensors are tested while they are connected to the NodeMCU module before 
affixing them to the blind’s shoes as described in Fig. 2. 
 
 
 

 

 

 

 
Fig. 2.  Testing the sensors before affixing them to the intelligent shoes 

 
Besides, Fig. 3 describes various values when the Flex sensor is bent at various angles while 
it is connected to the NodeMCU board.  
 
 

 

 

 

 
 

Fig. 3.  Various values recorded when the Flex sensor is bent at various angles. 
 
Unfortunately, the NodeMCU board has only one analog pin, the "A0" pin. Connecting 

these sensors with the NodeMCU board requires more than one analog pin. Thus, in this paper, 
we use the 16-ch-analog-multiplexer (16-ch-Mul) to connect these sensors to the NodeMCU, 
as illustrated in Fig. 4-(C). In addition, in order to facilitate this task, we use the NodeMCU 
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base board. The NodeMCU base board, as shown in Fig. 4-(A), serves as a foundation for the 
NodeMCU. We connect the 16-ch-Mul with the NodeMCU as follows : the Z, S0, S1, S2, and 
S3 pins on the 16-ch-Mul are connected to the pins A0, D0, D1, D2, and D3 on the NodeMCU 
base board, respectively. Besides, the "Eng", the "VCC", and the "GND" pins on the 16-ch-
Mul are connected to the "G", the "5V", and the "GND" pins on the NodeMCU base, 
respectively.  

 

 

 

 

 

 

 

 

Fig. 4.  (A) The NodeMCU board and the NodeMCU Base board. (B) The HX711 module. (C) The 
16-channel-Multiplexer. 

Fig. 5, describes the Int-Shoe before packaging. 

 

 

 

 

 

 

 

 
Fig. 5.  The proposed Int-Shoe before packaging. 

 
Fig. 6 describes the Int-Shoe after packaging. Note that the NodeMCU module is connected 
to a nine-volte battery as described in Fig. 6-(B). 
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Fig. 6.  (A) The proposed Int-Shoe after packaging –top view. (B) The Int-Shoe- left-side view.  

(C) The Int-Shoe- right-side view 

Fig. 7, describes the Int-Shoe- bottom view, where the 50Kg load scale sensor is affixed. 

 

 

 

 

 

 
 

Fig. 7.  The Int-Shoe- bottom view 

3.4 Fall Detection- Integrating the Sensor's Functionalities   
This section describes how the sensor’s functionalities are integrated in order to detect falls.  
1) The light sensor is affixed inside the shoe. This sensor is affected by the amount of 

light. It is utilized as a criterion for deciding whether the blind person is wearing or 
not wearing his shoes. This decision is important in order to precisely detect true falls. 
The Light Sensor (LS) value is ranged from 0 to 1023. In this paper, the author sets 
the light sensor’s threshold to 405.18. This value is the average of 50 values recorded 
by the light sensor when the blind person takes off his shoes (as described later in 
Section 4.1). Thus, if the LS value is less than or equal to 405.18, then this means that 
the light sensor does not receive light. This case happens when the blind person wears 
her/his shoes, and this confirms true fall when falls occur. Otherwise, if the LS value 
is greater than 405.18, then this means that the blind person is not wearing her/his 
shoes, and this confirms false fall.  

2) The 50Kg load scale sensor is affixed to the bottom of the shoe’s heel in order to 
measure the load on that shoe. It is utilized as a criterion for deciding whether the 
blind person is wearing or not wearing his shoes.  For example, suppose that the 
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blind’s weight is 45Kg, then if the sensor value is 45Kg, then we conclude that the 
blind person is wearing his shoes and he is still standing up (i.e. no falls occur). 
Otherwise, if for example the sensor value is Zero, then we conclude that the blind 
person is not wearing his shoes or a fall occurs. This decision is important in order to 
precisely confirm true falls.  

3) The Flex sensor is affixed to the right-side of the right shoe and to the left-side of the 
left shoe. When a fall occurs, the Flex sensor is bent, and thus, the sensor value 
confirms true falls.  

4) The ultrasonic sensor is affixed to the front of the blind’s shoe. Its main role is to 
discover all obstacles in front of the blind person. If the distance between the blind 
person and an obstacle is less than or equal to 30cm, then the blind person receives an 
audio message. Note that this sensor is able to discover the obstacles near the ground 
surface.  

Note that the above sensors (1-3) cannot decide whether a fall is a true or false fall unless their 
functionality is integrated. For example, we cannot conclude that a fall is a true fall if the Flex 
sensor is bent without checking the other sensors values.  The following are examples on true 
falls and the false falls. If the Flex sensor is bent and the value of the 50Kg load scale sensor 
is greater than 20Kg, and the value of the light sensor is less than or equal 405.18, then this 
type of fall is a true fall. This is because 1) The Flex sensor is bent 2) The blind person is 
wearing her/his shoes. However, if the Flex sensor is bent, and the value of the 50Kg load 
scale sensor is ≈ 0, and the value of the light sensor is greater than 405.18, then this type of 
falls is a false fall. To the best of our knowledge, no previous work proposed intelligent shoes, 
which integrate the functionality of three sensors, namely, the Flex sensor, the light sensor, 
and the 50Kg load scale sensor, in order to distinguish between false falls and true falls. 

3.5 Software and Algorithm Description of the Proposed System 
In this section, the author describes the algorithm of the proposed IoT system developed 

in order to enhance the visually impaired people. Table 1 lists the shortcuts and the sensors 
thresholds used to describe this algorithm.  
 

Table 1.  The sensors’ shortcuts and thresholds 
Sensor Name Meaning 

LS The value of the light sensor. 
LC The value of the 50Kg load scale sensor. 
FS The value of the Flex sensor. 

USS The value of the ultrasonic sensor affixed to the front of the Int-Shoe. 
TS The value of the temperature sensor. 

TSTH The threshold of the temperature sensor = 400C 
LSTH The threshold of the light sensor = 405.18 (see sub-section 4.1) 
LCTH The threshold of the 50Kg load scale sensor= 40Kg (in this paper). 

USSTH The threshold of the ultrasonic sensor = 30cm. When the USS sensor touches 
the ground surface, or directed to the open space, then the USS value is >2000. 

FSTH The Flex sensor threshold = 957 (see section 4.1) 
O An obstacle. 

 
In Table 1, we determine the thresholds of the sensors affixed to the Int-Shoe as follows: 

the ultrasonic sensor threshold is 30cm. Our Android application sends an audio message to 
the blind person if the distance between the ultrasonic sensor and an obstacle is less than 30cm. 
The light sensor threshold is 405.18. If the value of the light sensor retrieved from the Firebase 
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database is less than or equal to 405.18, then the Android application recognizes that the blind 
person wears her or his shoes. The temperature sensor threshold is 400C. If the temperature is 
greater than 400C, then the blind person receives an audio message asking him to move one 
step backward. The threshold of the Flex sensor is 957 as described in Fig. 8. Fig. 8, shows 
the initial state of the Flex sensor. The initial state of the Flex sensor is the state where the Flex 
sensor is bent to fit in its container (the pink container in Fig. 8). In this state, the value of the 
Flex sensor is 957 as described in Fig. 8.  Note that if a fall occurs, then this value will increase 
since the Flex sensor will be exposed to a pressure caused by the weight of the blind’s foot 
when she/he is laying on the ground. This way, the proposed system detects falls. 

 

 

 

 

 

 
Fig. 8.  The initial state of the Flex sensor 

Fig. 9, describes the pseudo code of the proposed IoT system. In the bootstrap phase, the 
blind’s weight is measured in order to determine the threshold of the 50Kg load scale sensor. 
In this paper, the author set the maximum threshold value of the 50Kg load scale sensor 
(MaxLCTH) = 40Kg, and the minimum threshold value of the 50Kg load scale sensor 
(MinLCTH) ≈ 0Kg. Besides, in this phase, the thresholds of the other sensors are also 
determined. The Int-Shoe is able to discover various obstacles in front of the blind person 
using an ultrasonic sensor, which is affixed in front of the blind’s shoe. If an obstacle is 
detected (Note that the threshold of the ultrasonic sensor USSTH = 30cm), then the blind person 
receives an audio message asking him to move backward one step; otherwise, he takes a stride 
forward. Besides, the Int-Shoe checks if there is a fire along the blind person’s path. For 
example, if the value of the temperature sensor is less than the TSTH value, then the blind 
person receives an audio message asking him to move a stride forward. Fig. 9, describes the 
navigation algorithm using the ultrasonic sensors. The above thresholds are determined as 
follows: the ultrasonic sensor threshold is chosen to be 30cm since we measured the step 
distance of the person how tested the system, and we found that the distance is 30cm. Thus, 
the system warns the blind person before he takes a stride forward. The 50Kg_load_scale_ 
sensor’s maximum threshold is chosen to be 40Kg since we measured the weight of the person 
who tested the system, and we found that his weight is about 40Kg. However, this value can 
be changed with respect to the weight of the blind person (there are various weights for various 
individuals). In addition, the threshold zero is chosen as the minimum threshold for the 50Kg 
load scale sensor since when a fall occurs the pressure on the shoes equals zero. The threshold 
of the Flex sensor is determined based on the state of this sensor when it is affixed to its base 
(the pink box) as described in Fig. 8. The threshold of the Flex sensor can be changed to 
another value, but it should be greater than 0. The principle here is that we bend the Flex sensor 
to a certain level with respect to its holder (the pink box) where the value of the sensor is 
greater than 0, then we measure the value of this sensor at that position and consider it a 
threshold. After that, we monitor any changes in the value of the Flex sensor. If this value is 
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greater than the threshold, then this is an indicator that a fall occurs. Besides, in Fig. 9, the 
algorithm describes the fall detection process. First, the proposed system gathers the required 
information from the sensors affixed to the Int-Shoe. It reads the LS, LC and the FS values, 
and then it writes them to the Firebase Database on the cloud. Then, our Android application 
reads these values from the Firebase Database, and then, it checks if ((FS > FSTH) && (LC == 
0) && (LS < LSTH) condition is held. If yes, then this indicates that there is a true fall. This is 
because the weight of the blind person is zero (i.e. LC == 0) while he is wearing his shoes (i.e. 
LS < LSTH) and the FS is exposed to a pressure (i.e. the Flex sensor is bent). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9.  The pseudo code for the Int-Shoe- navigation and fall detection 

Fig. 10, describes a sketch of the Firebase database’s structure. 

 

 

 

 
Fig. 10.  The Firebase database’s structure 

 
As described in Fig. 10, the Firebase database consists of a root node called “LeftShoes”, 

and five sub-nodes. The sub-node “LS-FOD” is a shortcut for “Left Shoe Forward Obstacle 
Detector”. It stores the value read by the ultrasonic sensor that is affixed on the front of the 
Int-Shoe. The sub-node “LS-Flex” is a shortcut for “Left Shoe Flex sensor” and it stores the 
value read by the Flex sensor. The sub-node “LS-Light” is a shortcut for “Left Shoe Light 
sensor” and it stores the value read by the light sensor. The sub-node “LS-Scale” is a shortcut 
for “Left Shoe load Scale sensor” and it stores the value read by the 50Kg load scale sensor. 
The sub-node “LS-Temp” is a shortcut for “Left Shoe Temperature sensor”, and it stores the 
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value read by the temperature sensor that is affixed to the left shoe. 

  4. System Evaluation  
In this section, we describe the evaluation of the proposed system. In section 4.1, we 

evaluate the sensors we use. In section 4.2, we evaluate the proposed system when all sensors 
are integrated together. The evaluation is carried out using Machine Learning.  

4.1 Sensors Evaluation 
We evaluate the sensors we use in our experiments by calculating the Average Error Rate 

(AER) and the Accuracy (ACC) of the sensors as described in (2) and (3).   
 

𝐴𝐴𝐴𝐴𝐴𝐴 = |𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀  𝐷𝐷𝐷𝐷𝑀𝑀𝐷𝐷𝑀𝑀𝐷𝐷𝐷𝐷𝑀𝑀−𝐴𝐴𝐷𝐷𝐷𝐷𝑀𝑀𝑀𝑀𝐴𝐴 𝐷𝐷𝐷𝐷𝑀𝑀𝐷𝐷𝑀𝑀𝐷𝐷𝐷𝐷𝑀𝑀|
𝐴𝐴𝐷𝐷𝐷𝐷𝑀𝑀𝑀𝑀𝐴𝐴 𝐷𝐷𝐷𝐷𝑀𝑀𝐷𝐷𝑀𝑀𝐷𝐷𝐷𝐷𝑀𝑀

 𝑋𝑋 100                                                 (2) 
 
 

𝐴𝐴𝐶𝐶𝐶𝐶 = 100 − 𝐴𝐴𝐴𝐴𝐴𝐴                                                                                (3) 
 
Table 2 describes the AER and the ACC values of the ultrasonic sensor when the actual 
distance between an obstacle and an ultrasonic sensor is 5, 10, 15, 20, 25, 30, 35, 40, 45, and 
50cm. In Table 2, each value in the "AER" and the “ACC” columns is the average and or the 
accuracy of 50 trials as described in Fig. 11- (A) and (B).  

 
Table 2.  The accuracy and the average error rate of the ultrasonic sensor after 50 trails for each 

distance 
 
  
 
 
 
 
 
 
 
 
 
 

Fig. 11.  (A) The distance measured by an ultrasonic sensor    (B) The accuracy of ultrasonic sensor 

Distance in (cm) AER ACC 
5 4.8% 95.2% 

10 0% 100% 
15 7.7% 92.3% 
20 1.4% 98.6 
25 2.32% 97.68% 
30 0.2% 99.8% 
35 0.34% 99.66% 
40 1.75% 98.25% 
45 2.22% 97.78 
50 1.92% 98.08% 

A B 
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Besides, we calculate the AER and the ACC for the load scale sensor. Table 3, describes the 
AER and the ACC.  
 

Table 3.  The accuracy and the average error rate of the load scale sensor after 10 trails for each 
weight 

 
 
 
 
 
 
 
Fig. 12-A describes the weights measured by the load scale sensor while Fig. 12 B- describes 
the accuracy of this sensor. Note that the accuracy in this figure approaches 1, which means 
(100%).  
 
 
 
 
 
 
 
 

 

 

 
Fig. 12.  (A) The weights measured by the load scale sensor    (B) The accuracy of the load scale 

sensor 
In addition, we measure the amount of light captured by the light sensor when the blind person 
wears his shoes and when he takes them off in an indoor environment (i.e. inside the room). 
The average of 50 values recorded by the light sensor when a blind person takes off his shoes 
is 405.18. Besides, the average of 50 values recorded by the light sensor when a blind person 
wears his shoes is 9. Therefore, in this paper, we assume that the shoes are taken off if the 
value of the light sensor is below 405.18 (since the average is 405.18). Fig. 13 describes the 
threshold line of the light sensor. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 13. The values measured by the light sensor when a blind person wears and takes off her or his 
shoes. 

Weight in (Kg) AER ACC 
1 1% 99% 

3.70 1.46% 98.54% 
6.0 0.45% 99.55% 

9.70 0.50% 99.50% 
12 0.60% 99.40% 

A B 
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In this paper, if the light sensor value is ≥ 405.18, this means that the blind person takes off 
his shoes. Besides, if the light sensor value is ≤ 9, this means that the blind person wears his 
shoes. In addition, we evaluate the Flex sensor for various positions. As we mentioned earlier 
in section 3.5, we affix the Flex sensor to its base (the blink plastic base) and the value of the 
Flex sensor at that position is 957. We test the Int-Shoe when a fall occurs for 50 trails. For 
each trail the Flex sensor is bent at a specific angle, and the average of 50 trails recorded by 
the Flex sensor, is 973.6. This is an indicator that when the Flex sensor value is greater than 
957 then a fall occurs as described in Fig. 14. Besides, these sensors are tested later in this 
section when they are integrated together in order to determine the type of fall. Various values 
of these sensors are recorded and the machine learning is used to determine if a fall is true or 
false.  
 
 
 

 
 
 
 
 

 
Fig. 14.  The values measured by the Flex sensor for fall and non-fall cases 

4.2 System Evaluation 
In this section, we show that the proposed IoT system efficiently detects true and false fall 

using three sensors, namely, the light sensor, the 50Kg load scale sensor, and the Flex sensor. 
Machine learning techniques are also used in the evaluation process. Fig. 15, describes the 
Firebase database when the proposed system is tested for true and false falls. Fig. 15-(A), 
describes a false fall. The Flex sensor value is greater than the Flex sensor threshold (FSTH), 
and this indicates that a fall occurs since the Flex sensor is bent.  
 
 
 
 
 
 
 
 

Fig. 15.  The Firebase database when (A) a false fall is recorded (B) a true fall is recorded. 
 
Besides, the value of the light sensor is less than the light sensor threshold (LSTH), and this is 
an indicator that the blind person wears his shoes. However, this case is considered as a false 
fall, and no message is sent to the blind caretakers. This is because LS-Scale =40Kg, which 
means that the blind person is still standing. Fig. 15-(B), describes a true fall. The value of the 
Flex sensor is greater than the Flex sensor threshold (FSTH), and this indicates that a fall occurs 
since the Flex sensor is bent. Besides, the value of the light sensor is less than the light sensor 
threshold (LSTH), and this is an indicator that the blind person wears his shoes. In addition, the 
value of the 50Kg load scale sensor (LS-Scale value) is Zero, and this is an indicator that the 
blind person exerts no pressure on the shoes, and thus a true fall occurs. The sensors values 
appear in Fig. 15-(B) are saved in the Firebase database after a fall occurs as described in Fig. 
16.  
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Fig. 16.  A True fall  
 

Fig. 17, describes our android application, which is developed in order to enhance the blind 
people. The values displayed on the tablet in Fig. 17 are the sensors values that are recorded 
when a true fall occurs as described in Fig. 15-(B). In this case, the proposed IoT system sends 
a text message to the blind caretakers informing them about falls. 
 
 
 
 
 
 
 
 

Fig. 17.  The sensors values as they appear on the blind’s Tablet when a true fall occurs.  
Table 4 describes the evaluation of various scenarios of falls, which are tested by the Int-Shoe.  

 

Table 4.  Various cases of falls recorded by the Int-Shoe   
LS 

value 
LC 

value 
FS 

value 
Fall 

Type 
Explanation 

C1 
 

500 0 Kg 957 False The blind person is not wearing his shoes because of the 
LS & the LC values. 

C2 500 5 Kg 957 False The Int-shoe exposed to an external pressure. However, 
the blind person is not wearing his shoes because of the 

LS value. 
C3 500 5 Kg 980 False The Flex sensor is bent by accident, and the Int-shoe 

exposed to an external pressure. However, the blind 
person is not wearing his shoes because of the LS value. 

C4 500 0 Kg 987 False The Flex sensor is bent by accident. However, the blind 
person is not wearing his shoes because of the LS and the 

LC values. 
C5 500 40 Kg 978 False The Flex sensor is bent by accident, and the Int-shoe 

exposed to external pressure. However, the blind person 
is not wearing his shoes because of the LS value. 

C6 3 40 Kg 957 False The blind person wears his shoes because of the LS and 
the LC values. However, the Flex sensor is not bent. 

C7 3 40 Kg 984 False The blind person wears his shoes because of the LS and 
the LC values. The Flex sensor is bent. However, since 

the LC =40 Kg, the blind person is still standing. 
C8 3 0 Kg 957 False The Flex sensor is not bent 
C9 3 0 Kg 979 True The blind person wears his shoes because of the LS and 

the LC values and the Flex sensor is bent 
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In Table 4, there are eight cases (C1-C8) detected by the proposed system and they considered false 
falls. The explanations for these cases are described in Table 4. However, the proposed system detects 
one case (case 9) and considered it a true fall. Besides, the machine learning techniques are used for 
evaluating the proposed system. To do so, a sample of 400 cases (recorded by the Int-Shoe) of false and 
true falls is used. Each entry in the sample consists of three sensors values: LS, LC, and FS (see Table 
1). Each entry is classified into true or false fall. The sample is divided into two sets, namely, the training 
set and the testing set (the rate of the training set is 80% of the total sample, and the rate of the testing 
set is 20% of the total sample). In the experiment, four classification models are used, namely, the 
Logistic Regression (LR), K-Nearest Neighbors (KNN), Support Vector Machine (SVM) and the 
Random Forest (RF) model. Table 5 describes a comparison of the above models based on accuracy. 

 
Table 5.  The evaluation of LS, LC, and FS sensors for various scenarios of falls tested by various 

machine learning models. 
Model Recall Precision F1 

Logistic Reg. 1 0.92 0.95 
KNN 1 0.92 0.95 
SVM 1 0.93 0.96 
RF 1 0.92 0.96 

 
As described in Table 5, the accuracy is very high (e.g. F1 = 0.96 in Table 5) for all models.  
Fig. 18, describes the above results.   
 
 
 
 
 
 
 
 
 

 
Fig. 18.  A comparison of four classification models for values recorded by three sensors, namely, LS, 

LC, and FS based on accuracy. 
 

The results show that the proposed system (Int-Shoe) efficiently distinguishes between 
true and false fall. Alternatively, and in order to analyze the individual walking and falling 
actions, the above-collected data (as described in Table 4) can be stored in the Cloud Storage 
instead of the Firebase Database. Once these data are in the Cloud Storage, they can be quickly 
connected to Google Cloud's powerful tools to construct a data warehouse with “BigQuery”, 
conduct open-source analytics with “Dataproc”, or build and deploy Machine Learning (ML) 
models using Vertex AI [41]. The Int-Shoe may also be enhanced with multiple Flex sensors 
that are affixed to various positions of the Int-Shoe as described in Fig. 19. There are some 
cases in which the Flex sensor may accidentally bend when the blind’s foot is lifted off the 
ground while walking as described in Fig. 20. In this case, and in order to avoid false alarms, 
an ultrasonic sensor (RFS) is affixed to the bottom of the right shoe and another ultrasonic 
sensor (LFS) is affixed to the bottom of the left shoe. While walking one of the shoes touches 
the ground while the other is lifted off the ground. When a shoe touches the ground, then the 
value of the ultrasonic sensor is greater than or equal 2000. However, when a shoe lifted off 
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the ground then the value of the ultrasonic sensor is in the range of 15-17cm. 
 
 
 
 
 
 
 

 
 
 
 
 

Fig. 19.  An Int-Shoe with multiple Flex sensors affixed to various positions. 
 
 
 

 
 
 
 
 

 
 

Fig. 20.  A Flex sensor may accidentally bend- the blind’s foot is lifted off the ground 
 
Now, if the Flex sensor is bent accidentally when the blind’s foot is lifted off the ground, then 
the proposed system checks the value of both sensors, namely, the RFS and the LFS sensors 
and make a decision as follows: if for example, the LFS value is greater than or equals 2000 
cm, and the RFS is in the range of 15-17 cm, then this case is false fall and vice versa. However, 
if both values (the RFS and the LFS values) are less than 2000, then this is an indicator that a 
true fall occurs since the blind’s feet are lifted off the ground. Another case of fall that is 
interesting to study is when the feet on the ground after the action of falling. Fig. 21, describes 
this case of true fall. 
 
 
 
 
 
 
 
 
 

Fig. 21.  A true fall- feet on the ground after the action of falling. 
  
In this case, the light sensor value ≤ 9, the Flex sensor equals its threshold =957, and the load 
scale sensor value is less than 50 and greater than 0. In this case, a fall occurs. However, this 
is a special case and it can be treated as follows: since there are two ultrasonic sensors (RFS 
and LFS) that are affixed to the shoe’s bottom, then in this case, both ultrasonic sensors touch 
the ground surface and thus, the value of both sensors is greater than 2000. The proposed 
system treats this case as follows: if ((FS == FSTH) && (LC > 0) && (LS < LSTH) && (RFS 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 17, NO. 9, September 2023                         2395 

≥ 2000) && (LFS ≥  2000) then this case is considered a true fall. In addition, when a true fall 
occurs, we may include the user’s location in the message sent to the caretakers in order to 
facilitate finding his position. This is possible by using the "LILYGO®TTGO SIM7600E-H 
module ESP32-WROVER-B chip Wi-Fi Bluetooth 18650 battery holder solar charger 
development board". This board provides the following:  
1) A microcontroller (the TTGO ESP8266 from LilyGO is a microcontroller based on an 
ESP8266 (NodeMCU)) [42].  
2) Data collected by the Global Positioning System (GPS), such as altitude and longitude.  
3) SMS messages that are sent over the Internet.  
We need to perform the following steps before using the above board: 

1) Insert a Nano SIM card into the micro SD card slot of the LILYGO board (this step is 
necessary for sending SMS messages). 

2) Connect the antennas (the LTE and GPS antennas) to the LILYGO board. 
In addition, using the above board requires installing and uploading some libraries 
into Arduino code. These libraries include the TinyGSM Library and StreamDebugger 
[43].  

5. Conclusion 
One of the most important issues to be taken into consideration when designing an IoT 

system for blind people is how to precisely detect true falls. When a fall occurs, a message 
should be sent to the caretakers. One of the gaps in the previous works is that they were unable 
to distinguish between true falls and false falls. In other words, they did not distinguish 
between the falls of a wearable device and the falls of the blind person. Therefore, in the 
previous systems, the blind caretakers may receive false alarms because in their systems the 
fall of a wearable device is considered as a true fall. Sending false alarms to the caretakers 
makes them unhappy with the IoT system, and thus, they may reject it. As an attempt to close 
the above gap, this paper proposed an intelligent shoe (Int-Shoe) that is able to precisely 
distinguish between the false falls and the true falls, and thus, the proposed system avoids 
sending false alarms to the caretakers. The design of the Int-Shoe is based on three sensors, 
namely, the 50Kg load scale sensor, the light sensor, and the Flex sensor. These sensors were 
tested and validated and their accuracy and thresholds were measured. Besides, the proposed 
Int-Shoe was evaluated in an indoor environment using four machine learning models and the 
results showed that the Int-Shoe is able to precisely distinguish between true falls and false 
falls with accuracy of 0.96%. The NodeMCU module that uses the Wi-Fi protocol, and the 
Firebase database were used in the proposed IoT system. To the best of our knowledge, no 
previous work proposed the intelligent shoe that integrates the functionality of three sensors, 
namely, the Flex sensor, the light sensor, and the 50Kg load scale sensor in order to distinguish 
between false falls and true falls. In future, we propose to develop the proposed system to be 
able to work in an outdoor environment by using the Global System for Mobile 
Communications (GSM). To achieve this goal, we may use the “LILYGO®TTGO SIM7600E-
H module ESP32-WROVER-B chip Wi-Fi Bluetooth 18650 battery holder solar charger 
development board”. Besides, artificial intelligence can be used for detecting other objects 
such as traffic lights as described in [44]. This is done in order to protect the blind person from 
various hazards.  
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