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Abstract— Navigation guide for visually impaired alludes to 
frameworks that can help individuals with vision misfortune in 
safe navigation. This paper proposes a system to help these 
individuals in unfamiliar environment while walking. The 
proposed system can detect the obstacles around the individuals 
in the direction left, front and right using three infrared sensors. 
The system comprises of three infrared sensors, raspberry pi, 
power supply, and headphone. The overall performance of the 
system is evaluated in terms of accuracy and error rate. The 
average accuracy and error rate achieved by the framework are 
98.99% and 1.006% for front obstacle detection. Finally, the 
system provides an audio signal to the user by means of a 
headphone that can help to avoid the obstacles in the way of 
walking properly. 

Keywords- Navigation Guide; Infrared Sensor; Visually Impaired; 
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I. INTRODUCTION  

The world has around 253 million visually impaired 
people as indicated by a statistics of the World Health 
Organization (WHO). Among them, 36 million individuals 
are evaluated to be totally blind and the remaining 217 
million individuals have a slightly low vision [1]. Around 
90% of visually impaired people are low-wage and about 
82% of them are of over 50 years of age [2].  

Visually impaired individual’s experience numerous 
difficulties in carrying out the most normal activities which 
are carried out by ordinary people, for example, identifying 
obstacles that are static or dynamic around them and find their 
paths comfortably. These activities are risky for visually 
impaired individuals, particularly if the scenario is unknown 
[3]. The individuals who have visually impaired need 
assistance to maintain their everyday activities. Most 
importantly they are to know the location of the obstacles and 
other barriers [4] when they are in a new or unfamiliar 
environment for their safe navigation. Sometimes, visually 
impaired people use dogs as their guide for their navigation. 
However, this is expensive as well as difficult to maintain. 
The usage of a cane or stick [5] is an elective choice for the 
visually impaired individuals to recognize an obstacle with 
no earlier thought.  

Therefore, the design of an autonomous, efficient and 
wearable devices for visually impaired people that actually 
provides real-time data with fine detection of the local 
environment within a specific range of identification and day 
and night interior and exterior exposure becomes a crucial 
concern [6]. Numerous wearable and versatile devices [7], 
[8], [9] were proposed to help visually impaired in giving 
navigational data, for example, sonar sensor-based 
obstruction recognition glasses, laser sticks, and applications 
in cell phones. Though, most of the existing systems present 
two major issues: the systems proposed are very pricey, and 

visually impaired people mostly belong to the minimal-salary 
category, and the abilities and functionality of these systems 
are limited. Therefore, a perfect system development that 
combines all feasible and practical sensors with the 
techniques of computer vision can solve these limitations [2]. 

The aim of this paper is to design a new system (wearable) 
to assist the detection and avoidance of static or dynamic 
obstacles by visually impaired people. A creative approach is 
introduced in this paper to measure the distance of the 
obstacles in order to avoid those, which is referred to as a 
distance measurement method.  The proposed system has 
been applied and evaluated in real-time environments and its 
performance is better than those existing systems. The system 
allows users to identify and avoid objects by offering 
navigational information in order to regain their route.   

II. RELATED WORK 

Many research bunches from various portions of the world 
have been creating various systems to assist visually impaired 
individuals with their daily lives. A few institutions have been 
working for quite a while to make practical and proficient 
gadgets for them. The work-related to this field is laid out 
quickly as pursues.  

 Wahab et al. [10] proposed a framework comprise of an 
ultrasonic sensor, buzzer,  vibrator,  microcontroller, and 
water level sensor so as to lead the visually impaired 
individuals. It utilizes the ultrasonic sensor to recognize 
obstacles before the user. Cardillo et al. [11] proposed a 
system that guides visually impaired by telling the nearness 
objects in the way. Howevr, the subunits of the system are not 
incorporated within one circuit board and spread a short 
scope of radar system. Mulky et al. [12] developed an 
autonomous scooter that can support the visually impaired 
individuals to navigate individually and securely in unknown 
environment. The system provides the current location, maps, 
and nearby obstacle’s location to the users. However, the 
scooter provides the short-range vision-based mapping. 

 Kamal et al. [13] built up a mobile aide for the visually 
impaired individuals to help them in the way by staying away 
from obstacles around them. The proposed system is little, 
wearable and flimsy. Sareeka et al. [14] developed a wearable 
device named as pseudoEye that captures the texts from the 
environment and alters it to an audio message which is sent 
to users. The model used a mini camera, a button, raspberry 
pi and a SoC (System on Chip) fixed to a cap. However, the 
system can recognize a few numbers of texts and fails to 
detect handwritten characters. Pissaloux et al. [15] proposed 
a system that assists users in walking with obstacle 
avoidance, orientation, real physical displacement, etc. The 
system consists of TactiPad for detecting obstacle and tactile 
gist for display. But the system is comparatively bulky.  
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Xiao et al. [16] proposed a system using raspberry pi to 
help the visually impaired people. The system used magnetic 
compass and gyroscope to measure the forward direction of 
the users. The system provides 3-D sound as a feedback 
signal. However, the system cannot recognize landmarks and 
the position as well as the velocity of the users is not 
addressed in here. Aljahdali et al. [17]  proposed an assistive 
walker gadget that diminishes the dangers of mishaps of the 
visually impaired individuals. The equipment parts of the 
framework are sensor, controller, yield and the product some 
portion of the framework are "Guide" and "Discover Me" 
Apps. The framework can't quantify the good ways from the 
client to obstacle and incapable to notify the user.  Khan et al. 
[18] developed a mini hand-carrying device that can be used 
as an alternative of smart stick/cane. The system can detect 
the obstacles, manholes as well as potholes and notify the 
users by alarming buzzer. However, the performance of the 
system has not been assessed by the blind users. 

III. THE PROPOSED METHODOLOGY FOR THE DEVELOPMENT OF 

NAVIGATION GUIDE 

The main methodology of the proposed system is divided 
into two phases (a) detect obstacles and (b) notify user. In this 
paper, we used Sensor-Based Obstacle Detection method. 
The real world data are collected using sensors in the 
direction left, front and right. The collected data are then 
processed by the raspberry pi. The system generates feedback 
signal with the presence of obstacles and sends it to the users 
for notification. The overall system architecture of the 
proposed system is illustrated in Fig. 1.  

 
Fig. 1. System architecture of navigation guide for the visually impaired 

people. 

In the proposed system, three infrared sensors are used for 
obstacle detection. These sensors are chosen in this system 
because of its high resolution, robustness and lightweight.     
These sensors are capable to detect the obstacles in the range 
of 100 cm to 550 cm. The obstacles are detected towards the 
left, front and right directions respectively. The distance is 
calculated by using the triangulation of the beam of light as 
shown in (1). 

Distance = (speed of light  ×  elapsed time)                  (1) 

The safety zone threshold for each infrared sensor is decided 
based on human walking speed, which is 4 km/h ≈ 1 m/s in 
general. Thus, the threshold or limit is 150 cm in order to 
ensure safety for the visually impaired. When the obstacles 
find between 150cm then the system informs the user to avoid 
those. Otherwise, the system doesn’t provide any 
notification. The communication between the users and the 
proposed system is done using headphone which conveys the 
audio message with the presence of obstacles on the way of 
walking. Text to Speech module is used to generate audio 
message from text. Different kinds of audio messages, played 
as feedback, are shown in Table I. 

There is also a vibration motor in this system as a backup 
if the user is unable to hear the audio signals. If there is no 
obstacle found in any direction then that direction is 
suggested to be used for the navigation of the visually 
impaired. The proposed system suggests the free path to the 
users in which direction they have to move. The system 
flowchart for the obstacle detection model is shown in Fig. 2.  

 
Fig. 2. The flowchart for obstacle detection. 
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TABLE I. AUDIO FEEDBACK SIGNALS 

Obstacle Situation Audio Message 

No Obstacle  Move any directions  
Obstacle located on right  Move front or left direction 
Obstacle located on left  Move front or right direction 

Obstacle located in front  Move left or right direction  

IV. EXPERIMENTAL RESULTS ANALYSIS 

The experiment was performed in a virtual environment to 
measure the performances of the proposed system. Khan et 
al. [18] has proposed a similar type of approach by using 
Arduino UNO and sonar sensor. However, sonar sensor has 
the ability to detect obstacles near about 300 cm and the 
processing capability of Arduino UNO is not pheasible for 
real-time purpose. Hence we have enhanced the work by 
using Raspberry Pi and infrared sensor. We developed same 
type of system which is proposed by Khan et al. [18]. Both 
systems are configured in the same environment. Five regions 
are considered for positioning the obstacles. The regions are 
as follows.  

• Region 1: (0-100cm) 

• Region 2: (101-150cm) 

• Region 3: (151-200cm) 

• Region 4: (201-250cm) 

• Region 5: (251-300cm) 

The obstaclaes are placed at above described regions and 
the proposed system and the system proposed by Khan et al. 
[18] are used to measure the distances of those obstacles. The 
accuracy and error rate of the proposed system and the system 
proposed by Khan et al. [18] are shown in Table II and Table 
III respectively.   

The comparison between the proposed system and the 
system proposed by Khan et al. [18] for distance 
measurement at the specific region (region 1- region 5) is 
illustrated in Fig. 3. It shows the variance of distance 
measurement of those systems with the actual distance.  

 
Fig. 3. Comparison between proposed system and the system proposed by 

Khan et al. [18] for distance measurement. 

The measured distance and actual distance are about 
indistinguishable toward the starting when the hindrances are 
near user for both systems. This representation shows the 
distortion of the measured distance from the actual distance. 
The distortion of the system proposed by Khan et al. [18] is 
comparatively higher than the proposed system.   

TABLE II. DATA COLLECTED FROM PROPOSED SYSTEM 

Actual 
Distance (cm) 

Measured Distance 
(cm) 

Accuracy 
(%) 

Error Rate 
(%) 

100 101.00 99.00 1.00 

150 150.50 99.66 0.33 

200 198.00 99.00 1.00 
250 247.00 98.80 1.20 
300 298.50 98.50 1.50 

TABLE III. DATA COLLECTED BY USING THE SYSTEM 
PROPOSED BY KHAN et al. [18] 

Actual 
Distance (cm) 

Measured Distance 
(cm) 

Accuracy 
(%) 

Error Rate 
(%) 

100 96.12 96.13 3.87 
150 146.20 97.53 2.46 
200 194.39 97.19 2.80 
250 242.39 96.96 3.04 
300 287.79 95.93 4.07 

The performance and cost comparison of the proposed and 
the system proposed by Khan et al. [18] are shown in Table 
IV.  From the Table IV, it can be demonstrated that the 
proposed system performs better in case of obstacle 
detection. However, the cost of the proposed system is a 
higher than the system proposed by Khan et al. [18].   

TABLE IV. PERFORMANCE AND COST COMPARISON 

Fig. 4 illustrates the comparison of accuracy of the 
proposed system and the system proposed by Khan et al. [18]. 
It exhibits that the accuracy of the proposed system is higher 
than the system proposed by Khan et al. [18]. The average 
accuracy of proposed system and the system proposed by 
Khan et al. [18] are 98.99% and 96.74% respectively. 

 
Fig. 4. Comparison of accuracy between proposed system and the system 

proposed by Khan et al. [18].  

The comparison of error rate of the proposed system and 
the system proposed by Khan et al. [18] is shown in Fig. 5. 
The error rate of the proposed system is below about 2% 
where the system proposed by Khan et al. [18] has more than 
2.5%. Overall, the average error rate of proposed system and 
the system proposed by Khan et al. [18] are 1.006% and 
3.248% respectively.  
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Cost $55 $30.30 

91 



 

Fig. 5. Comparison of error rate between proposed system and the system 
proposed by Khan et al. [18]. 

Table V illustrates the comparison of the proposed 
navigation guide with existing work according to cost, weight 
and accuracy. The system proposed in [13] has comparatively 
lightweight and is less costly than our developed system. 
However, it can detect the front obstacles only. Radzi et al. 
[19] developed iWalk that obtained an accuracy of 90%. 
Bhatlawande et al. [20] developed an EMC having the cost 
and weight $280, 0.503kg respectively with accuracy of 85%. 
Shakawat et al. [21] developed a system with cost of $30.  
The cost and weight of the proposed system are about $45 
and 368 gm respectively and obtained accuracy is 98.99%. 

TABLE V. PERFORMANCE ANALYSIS OF THE PROPOSED 
SYSTEM AND EXISTING SYSTEMS 

              *Not Mentioned: N/M 

V.  CONCLUSION 

This paper proposed a system that helps the visually 
impaired individuals to walk with no crash with obstacles in 
the direction left, right or straight. The audio signals is 
provided based on the position and distance of the obstacles. 
This paper additionally introduced the comparison of the 
proposed system and the system proposed by Khan et al in 
the advancement of obstacle detection. The experimental 
result demonstrates that the performance of the proposed 
infrared sensor-based system has marginally higher than that 
of the sonar sensor-based system proposed by Khan et al. and 
it is more supportive for visually impaired people due to its 
performance, high resolution, robustness and lightweight. 
Overall, the proposed system achieved an accuracy of 
98.99% and an error rate of 1.006 respectively.  
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Authors Cost Weight Accuracy 

Bhatlawande  et al. [20] $280 0.503  kg 85% 

Shakawat et al. [21]  $30 N/M N/M 
Sadi et al. [13] $10 160gm 96% 

Radzi et al. [19] N/M N/M 90% 

Proposed System $45 368gm 98.99% 
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