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Abstract—The number of visually impaired people is growing 

with the fast increase of population. The visually impaired 

people face much difficulty in their day-to-day lives due to 

losing their vision. This paper analyzed the performances of 

the raspberry pi and Arduino for the obstacle detected to assist 

the visually impaired people. We have used raspberry pi, 

Arduino and ultrasonic sensor as hardware components in this 

paper. The position of the obstacles is varied from the sensor 

and the data is measured corresponding to actual distance. The 

average accuracy and error rate are obtained 98.47% and 

1.53% from the raspberry pi. In addition, Arduino achieved 

the average accuracy and error rate of 95.22% and 4.78%. 

Raspberry pi obtained more accuracy and lower error rate 

than Arduino. 

Keywords- Raspberry Pi; Ultrasonic Sensor; Arduino  UNO; 

Visually Impaired; Obstacle Detection. 

I. INTRODUCTION  

As per World Health Organization (WHO) statistics [1], 

there are approximately 253 million visually impaired 

people. Among them, 36 million people are blind and about 

217 million people have low vision. The people who are 

visually impaired need help mostly to continue their daily 

activities. Most importantly they are to know the position of 

the obstacle and other interference [2] when they are in new 

or unknown places for their safe navigation. Sometimes, the 

visually impaired people use dogs as their guide for their 

navigation. However, this is expensive as well as difficult to 

maintain. The use of a stick or cane [3] is an alternative 

option for the visually impaired people to detect an object 

without any prior idea. 

   Modern science is trying to reduce the difficulties of 

visually impaired people. Some of the tools have already 

been developed to fulfil the demand of the blind users. 

Navguide [4] provides the surroundings information and 

detect the knee-level and head level obstacles to the users. 

Smart walking stick [5] detect obstacles, pit, and water on 

the road to help the blind. Electronic Mobility Cane used 

Atmega328 microcontroller for obstacle detection and 

iWalk [6] detects the obstacles using Arduino having the 

accuracy of about 90%. A wearable head mounted device 

[7] detects the obstacle in left, right and front direction using 

ultrasonic sensor and the Arduino. 

To aid the visually impaired people, previously we have 

proposed few approaches as shown in [8], [9] and [17]. 

However, these approaches are able to detect the obstacles 

in front of the visually impaired people. These tools are 

sensor based and able to detect the obstacles and generate an 

alarm signal to notify the users. The existing literature 

reflects that most of the walking assistance devices are 

developed using microcontrollers (Arduino, Raspberry Pi 

etc.). However, an extensive comparative study to evaluate 

the performance of these technologies is somehow missing. 

Hence, we have analyzed detection accuracy and error rate 

for both raspberry pi and Arduino in our study. 
The rest of the paper is organized as follows. The related 

work that covers the recent developments in this area is 
described in Section II. The major hardware components that 
are used to develop the system are described in Section III. 
The system design is illustrated briefly in Section IV. Section 
V outlines the experimental outcomes of the system. Section 
VI concludes the paper. 

II. OVERVIEW OF THE STATE OF ART 

Many research groups from different parts of the world 

have been developing different systems to help the visually 

impaired people with their daily lives. The work associated 

with this field is outlined briefly as follows. 

Mulky et al. [10] developed an autonomous scooter that 

can aid the visually impaired people to navigate individually 

and securely in unknown environment. The system provides 

the current location, maps, and nearby obstacle’s location to 

the users. The system used stereo camera and raspberry pi as 

sensing and processing device respectively. However, the 

scooter provides short-range vision-based mapping. Sareeka 

et al. [11] developed a wearable device named as pseudoEye 

that captures the texts from the environment and converts it 

to voice signal which is delivered to users. The system used 

a mini camera, a push button, raspberry pi and a SoC 

(System on Chip) attached to a cap. The raspberry pi 

captures the data from the environment using camera and 

extracts texts from the images and generates voice signal 

corresponding to texts. A portable power bank is used to 

power on the raspberry pi. However, the system can 

recognize few numbers of texts and fails to detect 

handwritten character. Xiao et al. [12] proposed a low cost 

system to aid the visually impaired people using raspberry 

pi. The system used magnetic compass and gyroscope to 

measure the forward direction of the users. In addition, the 

users can provide input their address through a microphone. 

The device is light weight and wearable at waist. The 

overall production cost of the proposed system is 

approximately $138. 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. S. Khade and Y. Dandawate 

[13] developed an obstacle detection framework for the 

visually impaired people in unknown surroundings using 

Raspberry Pi. The system perceived the obstacles in the ROI 

without the help of cameras. The hardware used in this 

scheme is ‘Raspberry Pi 2-B', a wearable camera with 5MP 

resolution and the overall system is simulated in MATLAB 



as well as Python language. The authors generated the 

database by visiting a school for the blinds. The database is 

retrieved by capturing the video of the blind head, and 

approximately 25 videos are taken for the research purpose. 

The database is converted into a video frame initially, and 

the motion vectors are used for the obstacle detection. The 

segmentation is done using background subtraction 

procedure. Finally, the Region of Interest (ROI) is created to 

detect the obstacles. The system is cost-effective and has 

lesser weight, but the illumination and brightness situations 

are constant. However, in the real-world scenario, these 

properties change frequently. So, the prototype is not 

compatible with the real world. The system can detect the 

obstacles only, but is not able to categorize them. 

Aljahdali et al. [14] proposed a smart assistive walker 

device that decreases the risks of accidents of the visually 

impaired people. The hardware parts of the system are 

sensor, controller, output and the software part of the system 

are “Map” and “Find Me” Apps. The sensors collect the real 

time data and when the system detects an obstacle, the 

controller sends it via IoT signal to the output to avoid 

collision. However, the system is not able to measure the 

distance from the user to obstacle and unable to alert the 

authority. Khan et al. [15] 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. The 

system used Arduino UNO, two sonar sensors, two buzzers, 

9v battery and a voltage converter. However, the 

performance of the system has not been assessed by the 

blind users. Sharma et al. [16] developed a smart stick for 

the visually impaired people in order to provide independent 

mobility. The system can detect the ground level and knee 

level obstacles, potholes and staircases. It provides vibration 

signal with the presence of hindrances. The system is 

comprised of three sonar sensors, a moisture sensor, two 

vibration motors, two buzzers and Arduino microcontroller. 

However, the detection range of pothole is approximately 30 

cm which is too small to avoid risks of accidents. 

Kamal et al. [17] developed a walking assistant for the 

visually impaired people to aid them in navigation by 

avoiding obstacles around them. The system consists of two 

modules such as wearable spectacle module and smartphone 

module. The wearable spectacle module perceives an object 

midpoint and receives the copy of the surface for 

processing. The smartphone module obtains the copy sent 

from the wearable spectacle module and then processes the 

copy and finally computes the smoothness of the surface. 

The developed module is small, wearable and lightweight. 

Pissaloux et al. [18] proposed a system that assists users in 

walking with obstacle avoidance, orientation, real physical 

displacement, etc. It is based on the real gist. The system 

consists of TactiPad for obstacle detection and tactile gist 

for display. The system is beneficial for the visually 

impaired people in their mobility in an unfamiliar 

environment, but the system is comparatively bulky. 

Ponnada et al. [19] proposed a manhole and staircase 

detection system for the visually impaired people that can 

help the individuals to avoid the manhole and staircase in 

the way of walking. The system used ultrasonic sensor for 

the detection of manhole and the staircase and computer 

vision-based technique to detect the hindrances. The SURF 

algorithm extracts the features from the real time images 

and Bivariate Gaussian Mixture Model (BGMM) detects the 

staircase and manhole. The main components used in the 

scheme are Arduino Kit, ultrasonic sensor, vibrator, HC-05 

Bluetooth and camera. The proposed device is small and 

lightweight and will be effective for the blinds and deaf 

people as the system will give notification about the current 

position and give direction to them about the stairs. 

However, the system may faultier in the dark or in a place 

where there is noise. The system fails to categorize the 

moving obstacles in case of staircase detection. 

III. MAJOR HARDWARE COMPONENTS 

The major hardware components which are used to 

analyze the performances of raspberry pi and Arduino are 

outlined as follows. 

A. Raspberry Pi 

Raspberry pi is mini sized single board computer that is 

used to conduct any kinds of real time research. It has 17 

GPIO pins that can easily connect with electronic devices 

(LEDs, switches etc.). The raspberry pi B+ model contains 

four USB ports, an audio jack port, two ports for camera 

interfacing, a HDMI port and an Ethernet port. The logic 

level of raspberry pi is approximately 3.3v. It is compatible 

with operating system Raspbian. It supports Python, Java, 

C, and C++ as programming languages and has a 700MHz 

single core processor.  

B. Arduino  UNO 

Arduino is referred as a platform where software and 

hardware both can be embedded through Arduino board. It 

is compatible with operating systems like Windows, Linux, 

Mac OS and built with microcontrollers as well as 

microcontroller kits. Arduino can detect the set of 

instructions and perform the tasks through these 

microcontrollers. Nowadays, it is serving as a brain of 

thousands of projects. It consists of digital pins, analog pins, 

power pins. 

C. Ultrasonic Sensor 

     Several sensors are used to construct different types of 

assistants to provide various services. Among the different 

sensors, ultrasonic sensors are widely used. The sensor can 

measure the distance of the obstacles in front of it in a 

certain range. The range can be 3cm to 3m and can cover up 

to 15 degrees. It consists of only 4 pins. The pins are Vcc, 

trigger (transmitter), echo (receiver) and ground. VCC pin is 

used to power-up the sensor. It accepts up-to +5V and 

ground pin is connected to ground. It sends ultrasonic pulse 

continuously through trigger pin. When the signal is 

reflected by any obstacles the Echo pin receives the signal 

and a control circuit measures the distance of the obstacle.  

IV. SYSTEM DESIGN  

In the study, an ultrasonic sonar sensor is used for obstacle 

detection to assist the visually impaired. The distance from 

the obstacle to the individuals is determined. The ultrasonic 

sonar sensor sends a sound wave at a specific frequency 

towards the obstacle and receives it back when it is reflected 



 
 

Fig. 1. A typical example of developed walking assistance tool (using 
raspberry pi). 

 

by the obstacle. It archives the travel time of sound wave for 

forth and back. By using the travel time, sensor calculates 

the distance between the user and the obstacle. 

 
Distance = (speed of sound x elapsed time) /2            (1) 

     In the study, the real-world data will be collected using 

ultrasonic sensors. The collected data will be processed 

using raspberry pi and Arduino for obstacle detection. A 

typical example of developed assisting tool (using raspberry 

pi) is illustrated in Fig. 1. The system generates feedback 

signal with the presence of obstacles and send it to the users 

for notification. 

 The connections of components are mapped with the 

raspberry pi and Arduino which is depicted in Table I. From 

the Table I, it is shown that the Trigger and Echo pins of the 

sensor are connected to D9 and D10 pin of the Arduino. In 

case of raspberry pi, the Trigger and Echo pins of the sensor 

are connected to GPIO 17 and GPIO 18 pin. The GND and 

VCC pins of the sensor are connected to GND and VCC pin 

of raspberry pi and the Arduino.  

V. EXPERIMENTAL RESULTS ANALYSIS 

The experiment was performed in a virtual environment 

to measure the performances of the raspberry pi and 

Arduino. We have created five regions for positioning the 

obstacles. The regions are as follows. 

• Region 1: (0-100cm) 

• Region 2: (11-20cm) 

• Region 3: (21-50cm) 

• Region 4: (51-100cm) 

• Region 5: (101-150cm) 

The obstaclaes are placed at above described regions and 

the sonar sensors are used to measure the distances of the 

obstacles.  

The data that are gathered from sensor using raspberry pi 

and Arduino are depicted in Table II and Table III. 

 
TABLE I. MAPPING BETWEEN RASPBERRY PI, ARDUINO AND 

SENSOR 

The comparison between the actual distance and measured 

distance for Arduino and raspberry pi is illustrated in Fig. 2 

and Fig. 3. 

Fig. 2 and Fig. 3 reveal that the measured distance and 

actual distance is nearly identical at the beginning when the 

obstacles are very close to users. These representation 

shows the distortion of the measured distance from the 

actual distance. It is shown that the distortion is not severe 

and the measured distance is acceptable. The distortion of 

Arduino is comparatively higher than the raspberry pi. 

 
TABLE II. REAL TIME DATA COLLECTED FROM ULTRASONIC 

SENSOR USING RASPBERRY PI 

Actual Distance 

(cm) 

Measured Distance 

(cm) 

Error Rate 

(%) 

10 10.11 1.13 

20 19.83 0.86 

50 48.44 3.12 

100 98.05 1.95 

150 150.89 0.59 

 
TABLE III. REAL TIME DATA COLLECTED FROM ULTRASONIC 

SENSOR USING ARDUINO   

Actual Distance 

(cm) 

Measured Distance 

(cm) 

Error Rate 

(%) 

10 9 10 

20 19 5 

50 48.65 2.7 

100 96.12 3.88 

150 146.49 2.34 

 

 
 
Fig. 2. Comparison with actual and measured distance in Raspberry Pi. 

 

 
 

Fig. 3. Comparison with actual and measured distance in Arduino. 

Raspberry Pin Arduino  Pin Connected Device 

GPIO 17 D9 Trigger pin of sonar sensor 

GPIO 18 D10 Echo pin of sonar sensor 

5V 5V Common +5v for all device 

GND GND Common ground(-) for all device 



 

Fig. 4. Error rate for raspberry pi and Arduino for the obstacle detection 

using ultrasonic sensor. 

    The performances of obstacle detection are assessed by 

calculating the errors at different regions. In our study, the 

error represents the Mean Absolute Error (MAE). The errors 

at diverse regions is illustrated in Fig. 4. The error rate at 

region 1, region 3 and region 5 are about 1.13%, 3.12% and 

0.59% respectively in case of Arduino. In addition, the error 

rate of 10%, 2.7% and 2.34% are achieved from region 1, 

region 3 and region 5 respectively. From the Fig. 4, it can be 

shown that raspberry pi obtained the lowest error rate that 

Arduino for each case except the region 3. The lower the 

error rate depicts the higher accuracy. The average error rate 

is 1.53% and 4.78% is achieved from raspberry pi and 

Arduino respectively. Therefore, we can conclude that the 

raspberry pi performs better than Arduino for the obstacle 

detection using ultrasonic sensor. 

    The performance and cost comparison of raspberry pi and 

Arduino are demonstrated in Table IV. From the Table IV, it 

can be shown that raspberry pi performs better in case of 

obstacle detection but the price of the raspberry pi is much 

higher than the Arduino. 

 
TABLE IV. PERFORMANCE, COST AND WEIGHT COMPARISON 

 

 
TABLE V. PERFORMANCE ANALYSIS OF THE PROPOSED 

SYSTEM AND EXISTING SYSTEMS 

              *Not Mentioned: N/M 

 

 

Table V illustrates the performance analysis between 

proposed system and existing systems. Olanrewaju et al. [6] 

developed iWalk that obtained accuracy of 90%. Sadi et al. 

[8] proposed a system that cost and weight are about $10, 

160 gm respectively and achieved accuracy of 96%. 

Bhatlawande et al. [20] developed an EMC having the cost 

and weight $280, 0.503kg respectively with accuracy of 

85%. Zahir et al. [21] developed a system with cost of $30. 

The cost and weight of the proposed system are about $42 

and 368 gm respectively and obtained accuracy of 98.47% 

in case of raspberry pi. 

VI. CONCLUSION 

The study evaluated the performance of the walking 

assistance technologies developed by raspberry pi and 

Arduino. The system that is able to detect the obstacles 

accurately assists the visually impaired people in mobility. 

The raspberry pi based system is more perfect than an 

Arduino based system for obstacle detection. The raspberry 

pi based system achieved the accuracy of 98.47% and error 

rate of 1.53% whereas for Arduino based system accuracy 

and error rate were achieved as 95.22% and 4.78% 

respectively. The system is the preliminary study before 

developing a walking assistant for the visually impaired 

people. The paper suggests that raspberry pi is the most 

significant processing device to develop any obstacle 

detection system. The limitation of raspberry pi based 

system is that it is very expensive. In future, this work may 

be integrated with a stick that can support the visually 

impaired individuals in safe navigation.  
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