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Abstract— A smart stick has been designed and realized for 

providing alert based assistance to the visually impaired and 

blind people for walking at the outdoor streets or at indoor 

house. The proposed smart blind stick has some exclusive 

additional features apart from its collision avoidance 

assistance feature, such as its low cost, fast response, low 

power consumption, lightweight, water indication, etc. The 

smart blind stick uses an ultrasonic sensor to identify the 

obstacles in front of the blind people and alert him/her via 

buzzer sound as well as mechanical vibration in order to 

avoid the obstacle; the smart stick is not only capable of 

detecting solid obstacles, but also it can alert the user when it 

detects the presence of water on the way by using appropriate 

water sensing arrangement. Rigorous performance evaluation 

of the prototype have been done by repetitive experiments for 

optimizing its accuracy of performance under numerous 

situations; in average the maximum achievable range of 

detecting the obstacles are found to be around 2 meters. 
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I. INTRODUCTION 

The visually impaired people are the ones who do not possess 

the ability to identify any of the minutest details with their 

eyes. The ones having visual acuteness of 6/60 or the 

horizontal range of the visual field having their both eyes kept 

open have less than or equal to twenty degrees. In 2011, The 

World Health Organisation (WHO) conducted a survey 

which brought to the forefront the following estimates, 1% of 

the human population are disabled in terms of their vision and 

amongst them, 10% people are completely blind with null 

vision and the remainder 90% people are the ones with 

truncated vision [1]. The major trouble encountered by the 

visually unfortunate is while navigating their ways out to 

different places or routes. They are in constant longing for 

someone to guide them on their ways throughout. As per 

WHO, 10% of the visually impaired people do not even 

possess the slightest functional eyesight to enable them to 

move around safely without the requirement of any other 

manual assistance [2]. The pie chart shown in Figure 1 

illustrates the percentage of blind people across the world [1]. 

 
Fig. 1: Pie chart showing the percentage of blind people 

across the world [1]. 

 The modern world offers numerous technologies 

which can be utilized for the betterment of lifestyle of 

mankind in different ways. Therefore, it is absolutely possible 

to utilize some of those technological resources for 

constructing a device which can assist the visually impaired 

people during their outdoor as well as indoor movements. 

Various attempts have already been made by engineers and 

technologists around the globe since last two decades to 

develop such devices. Some of the significant developments 

under this field have been discussed in brief in this paragraph. 

In the year 2005, Heijden et al. developed a wearable 

navigation assistance tool for the blind people [3]. They had 

used on navigation tool architecture in their proposed device. 

Some of the important components of the system developed 

by them were multi-sensory system comprising of stereo 

vision, acoustic range finding, movement sensors, a warning 

system, and a tactile human-machine interface. Later in the 

year 2010, Divya et al. proposed a theoretical model and a 

systematic conception to facilitate the visually unfortunate 

with an electronic aid [4]. The system is structured and 

designed to provide artificial vision as well as detection 

against obstacles. With this, the blind people can help 

themselves with a sense of artificial vision and hence a cost-

effective navigation aid. The system would provide 

information about the environmental scenario of both static 

and dynamic objects. The distance of the obstacles from the 

user may be measured through the ultrasonic sensors and 

hence may conveniently guide the person towards a safer and 

an approachable route. The output is delivered in the form of 

audible voices which comprises directions like “left’, “right”, 

etc. The Arduino Uno board, ultrasonic sensor, and speaker 

together make up the hardware. In the year 2013, Mahmud et 

al. proposed a smart walking stick, by which a person can 

detect any obstacles in front of him/her with ease with the 

help of the microcontroller-based automated hardware set up 

within the device [5]. They had used microcontroller 

PIC16F690 coupled with a ping SONAR detector, wetness 

detector, proximity sensor, GH311 ultrasonic obstacle sensor, 

a micro page motor, and other additional equipment. The less-

complex setup and design of the device makes it user-

friendly. Additionally, the cost to be faced in the manufacture 

of such sticks is appreciably low. The power consumption of 

the device is low as well and can be operated effortlessly. As 

compared to the other conventional counterparts, this stick in 

particular stands out as cheaper. Holes and hurdles can be 

sensed through its sensor readings. The device comes with a 

vibratory feedback mechanism too which may be assumed to 

be necessary for creating an effective signal for multiple-

disabled persons. The microcontroller can be safeguarded 

with a code to nullify the chances of its security being 

overridden by people other than the user or vendor. Mud-

spattered, wet or slippery roads or pathways can be sensed 

with a pair of electrodes. Besides the other blind guidance 

systems, the fingernail controller provides an exceptional 

mechanical advantage. Operating this integrated set of 
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hardware demands alternatives to battery and hence the use 

of solar panels, for example, will prove to be more favourable 

on grounds of recharging. However, the proposed stick was 

quite bulky and not flexible enough to be called ‘bendable’ 

and consequently poses some difficulty in keeping or 

carrying the same. In the year 2016, A. Nordrum designed 

and implemented a pothole detection technique for visually 

impaired, which takes images 15 frames per second by using 

a video camera and identify the pothole by image processing 

but the problem [6]. It was an expensive device and requires 

a huge storage for appropriate operation; moreover, the 

proposed technique was limited by its speed of detection. In 

the year 2017, Johnson et al. made a prototype of a smart stick 

consisting of infrared (IR), ultrasound, and water sensors to 

recognize the obstacles along the path way of the blind people 

[7]. However, the alert system was a buzzer sound which may 

not be recognizable especially at noisy outdoor conditions. 

Moreover, it was capable of sensing an obstacle without using 

location identifier or location indicator.  

 In this paper, the authors have discussed an 

advanced smart device developed by them which can be 

assembled with a ordinary walking stick and the assembled 

system can be used as an effective assistance and guidance 

system for the visually impaired people. They have used 

ultrasonic sensor, water sensor, Arduino ATmega 328 

microcontroller, vibrator motor, buzzer and walking stick as 

the major components for their developed device. Ultrasonic 

sensor is applied to identify the obstacles. The system is 

calibrated in such as way that it can detect an object from a 

distance ranging from 20 cm to 2 meters; however, the this 

distance is observed to be varied depending on the size of the 

object. The water sensor is used for detecting the water on the 

pathway so that the user can avoid it easily. Dual alert system 

(both sound and mechanical vibration) has been provided for 

better recognition of the obstacles by the user. The device is 

also equipped with a GSM cum GPS module for sending sort 

messaging service (SMS) alert to the dedicated mobile 

numbers under any urgent condition like accidents. 

II. BRIEF DESCRIPTION 

The important feature of the proposed device is to provide the 

visually impaired and blind person a better mode of walking 

and makes them self-dependent in life. It also helps them to 

eliminate almost all type of obstacles (static or dynamic) 

which comes in their path during walking. The device 

identifies the obstacles by using ultrasonic sound waves and 

utilized the principle of sound navigation and ranging 

(SONAR). After identify objects, the sensor passes the data 

to the Arduino ATmega 328 microcontroller. The Arduino 

ATmega 328 microcontroller processes all sound wave data 

in digital form and calculates if the object is present within 

the range of 2 cm to 200 cm. The microcontroller delivers a 

signal to sound a buzzer or with vibrator motor. It also 

identifies and sounds a buzzer when obstacles present in the 

upper side and buzzer with vibration when obstacles present 

on the lower side. The presence of water can also be detected 

and appropriate alert can be generated by using the water 

sensor attached at the bottom of the walking stick by using 

the same method as used by the ultrasonic sensor. The device 

is also equipped with a GSM cum GPS module in order to 

send sort messaging service (SMS) alert to the dedicated 

mobile numbers (in any network) if any urgent condition (like 

accident) occurred at street. The SMS contains the time and 

current position of the user so that he/she can be rescued as 

early as possible. The working principle of the smart stick has 

been protorically illustrated in Figure 2. The schematic 

diagram of the smart stick with different dimensions and 

different components are shown in Figure 3. 

 
Fig. 2: Illustration shows the working principle. 

 
Fig. 3: Schematic diagram of the smart stick with (a) 

different dimensions and (b) different components. 

 Form the sociological point of view, the proposed 

smart stick has a significant impact on social requirements. 

The visually impaired person who gets trouble during 

walking they can be able to eliminate almost all the problem 

and overcome it. They can be self-dependent. From the 

economical aspect, this device is quite affordable, cheap and 

at this price range, the quality and feature offering by the stick 

is highly appreciable. The materials which are used in this 

device have no harmful impact on the environment and most 

of the materials that had used are recyclable, so from the 

environmental aspect, this device has no impact. The power 

consumption of the device lies between 20 – 30 watts and the 
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Li-ion batteries used to power the working system are 

rechargeable (solar power can be used for charging).   

III. DESIGN AND REALIZATION 

The Arduino ATmega 328 microcontroller is programmed in 

such a way that it can process the digitized data from the 

output of the ultrasonic sensor (i.e. the reflected ultrasound 

wave in digital format) and calculates the distance of the 

object from the stick. If the object-distance lies between 20 

cm to 2 m then the microcontroller delivers a signal to the 

buzzer as well as to the vibrator motor in order to generate the 

alert. It sends the information about the position of the object 

to the user by ringing the buzzer when obstacle is present at 

the upper side and it rings the buzzer with vibration (by 

simultaneously activating the vibrator motor) when obstacle 

is present at the lower side (near ground surface); this 

recognition of the position of the object by using two different 

types of alert service is very much important for the user, 

since it helps the blind user to avoid the collision with the 

obstacle. If water present at the ground surface, then the water 

sensor send the interrupt signal to the microcontroller and the 

microcontroller rings another buzzer having different tone as 

soon as it receives the interrupt signal from the water sensor. 

The block diagram of the hardware system is shown in Figure 

4 and the flowchart of the implemented algorithm is 

illustrated in Figure 5. 

 
Fig. 4: Block diagram of the hardware system. 

The entire system is designed by keeping in mind the cost 

effectiveness of it; which is the primary motivation behind 

this work. Other important properties are (i) fast response, (ii) 

low power consumption, (iii) lightweight, and (iv) user-

friendly operation. The primary hardware components 

required for building the prototype are (i) HC-SR04 

ultrasonic sensor, (ii) Arduino ATmega 328 microcontroller, 

(iii) walking stick, (iv) REES52 water sensor, (v) vibrator 

motor, (vi) piezo buzzer, and (vii) SIM808 GPS/GPRS/GSM 

shield. The photographs of each component are given in 

Figure 6 for better understanding of the readers. 

 
Fig. 5: Flowchart of the algorithm. 

 
Fig. 6: The components and modules required for the smart 

stick, such as (a) HC-SR04 ultrasonic sensor, (b) Arduino 

ATmega 328 microcontroller, (c) walking stick, (d) vibrator 

motor, (e) piezo buzzer, (f) REES52 water sensor, and (g) 

SIM808 GPS/GPRS/GSM shield. 

 Two ultrasonic sensors have been used to detect the 

obstacles; the upper one is used to detect the upper objects 

and another one at the bottom of the stick is used to identify 

the lower obstacles as shown in Figure 3 (b). Ultrasonic 

sensor produces ultrasound waves (by transmitter) above the 

frequency of human hearing (f > 20 KHz). Ultrasonic 

Ranging Module HC-SR04 (Figure 6 (a)) is used here. It has 

a transmitter and a receiver. The transmitter delivers the 

ultrasonic sound signal and the receiver picks up the 

ultrasonic sound signal if it reflected back from any object 

present within the range of 2 cm to 4 m. However, by using 

suitable calibration, the range of the sensor is kept within 20 

cm to 2 m. Transmitter transmits sound signals with velocity 

vs (speed of sound in air medium, i.e. ~340 m s-1) and receiver 

gets the reflected sound signal after a time span of T seconts. 

So, the distance can be calculated as D =(vsT)/2. An Arduino 

ATmega 328 microcontroller has 20 pins; the pin diagram of 

it is already shown in Figure 6 (b). Here the water sensor is 
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used to detect the presence of water. It has multiple number 

of probes (wire) fitted at the bottom of the smart blind stick 

as shown in Figure 3 (b). Once probes are in contact with 

water or any similar liquid, then the sensor sends interrupt 

signal to the microcontroller, and an alert sound is produced 

by the buzzer. Vibration motor is a coreless DC motor. The 

size of the vibrator is very compact compare to other DC 

motors. The important purpose of this vibrator DC motor is 

to alert the user without any sound. Here vibrator motor is 

activated by the microcontroller only when an obstacle is 

detected at the lower side (near the ground surface). The 

GPS/GPRS/GSM shield is used to send the SMS to the 

dedicated phone numbers under emergency situation like 

accident. The user will have to press a push button switch in 

order to send the SMS, which contains the time and latitude 

and longitude (i.e. the position data) of the current location. 

A piezo-buzzer is used for ringing the alert, when the 

ultrasonic sensor detects a obstacle located at upper or lower 

side. The indigenously built program code was written by 

using the Arduino IDE. The photograph of the prototype is 

shown in Figure 7. 

 
Fig. 7: Prototype of the smart stick for blind people. 

IV. PERFORMANCE EVALUATION 

The performance of smart stick has been tested several times 

under different conditions. Both the performances of the 

ultrasonic sensor system and the water sensor system have 

been tested for evaluating their accuracy of detecting obstacle 

at different distances from the sensor and sensing the water 

having different heights of water surface from the flat ground 

surface respectively. 

 
Fig. 8: Variations of percentage of errors in detection of (a) 

obstacle by ultrasonic sensor with distance, and (b) presence 

of water by water sensor with height of water. 

 The percentage of error (POE) has been calculated 

by counting the number of false alarms for a given number of 

experiments for a particular obstacle distance (D); i.e. POE = 

(Number of false alarms)/(Number of experiments for a 

particular distance)×100%. For each distances staring from 

20 cm to 200 cm, twenty (20) times the detection experiments 

are carried out and number of false detections are counted, 

from which the POEs are calculated for each D. The same 

procedure is repeated for five times or five trials have been 

done. Figure 8 (a) shows the POE versus D plots for five 

different trials. It is observed that sensor is more accurate for 

smaller distances. However, the POE is limited to 2 – 8% 

within the range of distance of 20 – 200 cm, which can be 

considered to be very good performance. 

 Similarly, the accuracy of the water sensor system 

has been checked by using the same experimental method. 

For this case the POEs are calculated for different water 

heights (h) with respect to the flat ground surface. Variations 

of POE associated with water sensor with h for five different 

trials are shown in Figure 8 (b). It is interesting to observe 

that the accuracy of water sensor system increases (i.e. POE 

decreases) with the increase of the water height which is 

obvious. However, the POE is limited to 2 – 2.5% for the 

variation of h in the range of 1 – 46 mm. 

V. CONCLUSION 

A smart stick has been designed and realized for providing 

alert based assistance to the visually impaired people for 

walking at the streets. The proposed device is suitable for 

both indoor and outdoor uses and especially designed by 

keeping in mind that cost of it does not become out of reach 

of the middle-class and poor people of India. The proposed 

smart blind stick has some exclusive features like low cost, 

fast response, low power consumption, lightweight, water 

indication, etc. The smart blind stick uses an ultrasonic sensor 

to identify the obstacles in front of the blind people and alert 

him/her via buzzer sound as well as mechanical vibration in 

order to avoid the obstacle; the smart stick is not only capable 

of detecting solid obstacles, but also it can alert the user when 

it detects the presence of water on the way by using 

appropriate water sensing arrangement. Rigorous 

performance evaluation of the prototype have been done by 

repetitive experiments for optimizing its accuracy of 

performance under numerous situations; in average the 

maximum achievable range of detecting the obstacles are 

found to be around 2 meters. 
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