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Abstract: Vision is crucial and superior sense of human beings. However, many people have vision problems by birth and due to accidents or old age. 

These people face numerous difficulties for carrying out day-to-day activities like walking, climbing stairs, avoiding hurdles, navigating etc., This paper 

presents a smart stick for walking to help the visually impaired people. In this paper, a system is implemented which navigates the person along his 

path. The location of the visually impaired person can be detected using image recognition with the Scale Invariant Feature Transform algorithm. The 

information about object type in front of the person, can be communicated via headphones/earphones. Furthermore, the live location and distance of the 

object in front of the person can be sent on a cloud platform. This will help the person to walk smoothly and also keeps the guardian of the person 

informed about their whereabouts. 

 

Index Terms: Embedded System, GPS module, Ultrasonic Sensor, Walking Aids, Visual Impairment. 

———————————————————— 

 

1. INTRODUCTION 
The greatest challenge for the visually impaired people is to 

know about the clear picture of their surroundings. With the 
advancement in technology, many algorithms do exist in 

machine learning and artificial intelligence which eases the 

movement of the visually impaired people. The intensity of 

visual impairment can be derived by focusing on the 

causes that lead to the disruption of vision. Due to natural 

birth defects in infants and sudden accidents, there may be 

an impact to the vision in human beings. Moreover, for 

people above the age of 40, the loss of vision may be due 

to any of the following: 

1. Macular degeneration, which is the debauching of the 

macula in the eyesight which provides clear and sharp 

vision. 

2. Glaucoma, which usually occurs due to the high 

pressure of blood in the eye fluid. 

3. Cataracts, one of the most common aging 
phenomena, if unchecked, may result in severe 

eyesight damages. 
4. Diabetic Retinopathy, occurring in diabetic patients, 

arising from increased sugar levels in the blood 

vessels of the eyes. 

Hence, an efficient method is required to help the visually 
impaired in better ways. The idea behind the creation of the 

smart stick for walking is to assist the visually challenged 
people to walk smoothly and eases their daily tasks. 

Various methods for assisting visually impaired are 
described in literatures [1-6]. However, there are certain 

limitations associated with these solutions. Murali et. al 

used ultrasonic and rain sensor for obstacle detection [1].  

GPS and GSM modules were used to send alert signal to 

the registered people during emergency. This is the 
simplest method and cannot perform any extended task. 

Nada et. al, used a stick which can be folded with two IR 
sensors fitted on it, which is linked to an earphone for 

alerting the person by an audio [2]. This method simply 

alerts the person using pre-recorded message without 

giving any information. El-Koka et. al proposed a method of 

wearing a belt which assists the visually challenged in 

notifying the objects ahead of them using RFID [3]. The 

major disadvantage of this method is the usage of radio 

frequency identification (RFID). The belt can detect objects 

only in an RFID environment with all the objects having an 

RFID tag. This method will not be suitable for the places 

when the person has to climb the stairs. Olakanmi et. al. 

designed multidimensional blind person walking stick 

which uses ultrasonic sensor with voice output using voice 

module [4]. Satare et. al., used the SIFT algorithm for 

matching pictures with the existing pictures in the database 

[7]. Zhou et. al. made simplification and improvements in 

the original SIFT algorithm [8]. Mohapatra et. al., designed 

the blind stick with 3 ultrasonic sensors and enabled live 

streaming of the surrounding on a mobile app which helps 

the care takers to know about their whereabouts [9]. 
Nowshin et. al, designed a walking stick with four 

ultrasonic sensors which covers all directions and 

bluetooth technology is used to send the distance of the 

obstacle through audio transmission to the blind person 
[10]. The proposed paper will overcome the limitations of 

the existing technologies. This paper aims at recognising, 

detecting and transmitting obstacle information using a 

cloud platform (Ubidots) along with audio output to the 
blind person through a headset/earphone. Section II deals 

with design and methodology of the proposed system. 

Section III gives an overview about SIFT algorithm. Section 

IV gives the results and discussions of the work and 
section V deals with conclusion and future work. 

 

2. DESIGN AND METHODOLOGY 
The proposed system explores the idea of a smart stick 

which identifies an obstacle if it lies within the specified 

range. It consists of ultrasonic sensor, GPS module and a 

webcam. Ultrasonic sensor identifies the object within the 

range of 3.0 cm to 4.0 m and gives the distance value. If the 
obstacle lies within the specified range of 50-100 cm, the 

image of the obstacle is captured using the connected 
camera. Captured image is forwarded to the Raspberry pi 

processor and identified with the help of the SIFT algorithm, 

which is an image recognition algorithm. The model is 

trained to identify objects like chair, table and door. With the 

help of Espeak library of PYTHON programming language, 

the identified object type is transformed into speech and 

then communicated to the blind person via ear pieces. Thus, 
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knowing the type of obstacle in front, the person can respond 

accordingly. A GPS module is also attached to the stick, 
which gives the current location in order to continuously track 

the person. The current location and the obstacle distance 

value is directed to Ubidots, which is  a cloud platform, to 

monitor and alert the blind person. Hence, one can see the 

live location on the maps and provide guidance, if required. 

The major components and their technical specifications are 
mentioned below. 

 

A. Smart Walking Stick 
The block diagram in fig.1 proposes the smart stick for 

walking. Different blocks involved are explained in the 

subsequent sections. 

 
 

Fig.1 Block diagram of the smart stick for walking. 

 

B. Raspberry Pi 3 

The Raspberry Pi 3 Model B lies in the third generation 

of similar models. This card, placed on a single board 

computer, is used for many applications. It has following 

features. 

 Broadcom BCM2387 chipset  

 802.11 bgn Wireless LAN and Bluetooth 4.1 

(Bluetooth Classic and LE)  

 1.2GHz Quad-Core ARM Cortex-A53  

 4 x USB ports  

 1GB RAM, 64 Bit CPU  

(Source: www.raspberrypi.com) 

 

The purpose of a Raspberry Pi in the proposed walking 

stick is to interface all the components, process the image 
for recognition of the object, send the output to the cloud 

for monitoring and give a speech output for the visually 

impaired person. 

 

C. Ultrasonic Sensor  
The ultrasonic sensor measures distance by sending 

ultrasonic waves. The sensor, placed a little below the 

handle, transmits an ultrasonic wave which is reflected 
from the object and received by the ultrasonic receiver. It 

measures the object distance. The time between the 
emission and reception is calculated using the formula 

given in Equ. 1 

         
                               

 
  …………….(1)    

The velocity of sound is considered as 340 m/sec. Once 

the object is within the distance of 50 to 100 cm, an alert 
signal is sent to the Raspberry Pi to take an image using 

the camera, and this distance is sent to the cloud for the 

guardian to monitor. The features of the sensor are given 

below. 

 Current consumption is 15 mA 

 Supply voltage of the sensor is 5 V 

 40 kHz is the ultrasonic frequency 

 Maximum range: 4 m 

 Minimum range: 3 cm 

 

D. GPS Module 
The GPS module used is based on the u-blox NEO-6M 

GPS engine. The patch antenna is commonly used in 
most applications. They are flat and placed on a metal 

base plate. For better GPS receiver performance, the 

attached antenna should be parallelly oriented and must 

be having a clear view of the sky, making sure a direct 

line of sight for as many satellites as possible. This is 

attached to the stick providing location constantly and 

sending it over to the Ubidots platform for the guardian to 

keep a track of the person. 

 

E. Webcam  

Webcam is used as a video camera which feeds its 

images continuously in real time to the Raspberry pi 

which processes the image captured to give an audio 

output to the earphones/headset. The output is audio 
mode, telling the person what lies ahead of him. Table 1 

shows the specification of the video and image captured. 

 

Table 1 

Image and video specifications 

Frame Rate 30 fps 

Still Image Sensor 

Resolution 
5 Megapixel 

Video Capture Resolution 1024 x 768 

 

F. Smart Walking Stick Prototype 

Fig. 2 shows the prototype picture of the laboratory built 

smart walking stick. Both front and rear view of the 
prototype is displayed in Fig. 2 (a) and (b), respectively. 
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(a)                                        (b) 

Fig.2 Smart walking stick prototype, (a) side view, (b) rear 

view with individual components. 
 

 

3. UBIDOTS AND SIFT ALGORITHM  
This section discusses the platform used to implement the 

programming and details of the SIFT algorithm.  
 

A. UBIDOTS 
The Ubidots is an Internet of Things (IoT) data visualization 

and analytics company. It is a user focused IoT App builder 

with data analytics and cloud function tools. With the Ubidots 

platform, the user collects, enhances, and delivers sensor 

and actuator data that matters for the businesses and users 

to make data-driven decisions that improve efficiency and 

effectiveness. Few of the IoT solutions offered by Ubidots 

are listed below. 

 Asset Monitoring, Optimization and Tracking 

 Cold Chain Monitoring and Alarms  

 Environmental, Energy Monitoring and Management 

 Industrial Automation  

 Irrigation Control and Monitoring  

 Inventory Management and Monitoring  

 Livestock Monitoring and Tracking, Precision 

Farming and AgTech 

 Pollution Monitoring and Air Quality Control  

 Water Monitoring and Management  

 Weather Systems and Alarms  

 

B. Algorithm: Scale Invariant Feature Transform 

(SIFT)  

The scale-invariant feature transform (SIFT) is a technique 
in computer vision used for detecting salient, stable feature 

points in an image. It is invariant to image scale and rotation, 

i.e., the image can be matched even if the scale or 

orientation of the image is changed. Applications of this 

algorithm include object recognition, 3-D modelling, robotic 

mapping and navigation, video tracking, gesture recognition, 

identification of wildlife and match moving. Broadly 

speaking, there have been two types of image matching 
algorithms, local and global. Local algorithms are applied 

and are successful. However, global algorithms are 

observed as unstable. In a local based feature matching 

algorithm, there are 2 main steps: key point detection and 

descriptor establishment [5]. SIFT was an algorithm that 

was purported by David Lowe in 2004 to feature match 
images under variable scale and rotation conditions [6]. 

 

The SIFT algorithm comprises of the following 

functional steps, namely: 

i. Scale space peak selection 

ii. Feature point (keypoint) detection 

iii. Feature point localization 
iv. Assigning orientation 

v. Feature descriptor generation 
 

(i) Scale space peak selection: All the objects have 

proper visual meaning only at a certain scale. The 

convolution of a Gaussian kernel (blurring image) at 

various scales with the input image results in a scale space 

of an image as a function L(x,y,σ). Scale-space is 

partitioned by developing many octaves. The octaves 

numbers and their scales are size dependent on the 

original image. Each octave’s image size is the half of the 

former one. Further the blurring of every octave’s image is 

done by convoluting the Gaussian operator G(x,y,σ) and 

the image I (x,y). The image’s scale space is a function 

L(x,y,σ) is given in Equ .2 

 (     )   (     )   (   )…………………..(2) 

Difference of Gaussians images are generated using the 

blurred images. The images obtained from the this process 

are used to look for the distinct points (keypoints) in an 
image. The Difference of Gaussian (DoG) is attained by 

subtraction between blurred images with two separate σ. 

This process is conducted in the Gaussian pyramid for 

various octaves of the image.  
 

(ii) Feature point detection: The generated DoG are used in 

the Laplacian generation of scale invariant Gaussian (LoG) 

approximations. This ensues in the detection of corners 
and edges on the image, that detects the key-points. Since 

noise sensitivity is extremely high in the second order 
derivative, Gaussian blurring eliminates the noise and 

decreases the noise sensitivity of the second order 
derivative. It is also very computationally intensive to 

measure the Laplacian for each pixel. Images of DoG are 
proximately comparable to LoG images. Therefore, the two 

consecutive blurred images of Gaussian are obtained and 

subtracted from each other, and this process is reworked 

for all probable combinations of images that are blurred 
images. The consequent stage is of finding the points of 

extreme, i.e., the maxima and minima among the detected 

key-points. A total of 26 number of checks are done, which 
includes the checks with the same image and images in 

the high and low levels.  
 

(iii) Keypoint localization: This process involves accurately 

identifying the location of the keypoints. Since a huge 

amount of key-points are developed, some have to be 

rejected since they lie along the edges or have low 
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contrast. Some of them are removed with the help of 

intensity checks while others are removed with the help of 
the Hessian Matrix. The approach is to find out the two 

gradients at the keypoint that stand perpendicular to one 

other. 

 

(iv) Assigning Orientation: This step involves assigning a 

position to every identified keypoint to turn them into 
rotating invariant. The neighborhood surrounding the 

location of the keypoint is taken dependent upon the scale, 
and the magnitude of the gradient. An orientation histogram 

covering 360 degrees with 36 bins is generated. Each pixel 

is accredited with an orientation around the keypoint and a 

histogram prepared. The histogram’s highest peak is taken 
and any peak above the threshold of 80% is also taken into 

consideration to calculate the orientation. It generates 
keypoints with the same scale and location but in different 

directions. 
 

(v) Keypoint descriptor: After having scale, location and 
orientation for each keypoint, next step is for the 

computation of a descriptor in the region of the local image 

of each keypoint which is done by assuming a 16×16 

window about the keypoint. Then, it is divided in a 4×4 size, 

into 16 sub-blocks. Every sub-block, eight number of bin 

orientation histogram is created. With 4 × 4 × 8 directions, it 

gives 128 bin values. It is presented as a feature vector to 
make a keypoint descriptor. Matching of keypoints between 

two images is done by recognizing their nearest neighbors. 
In some of the cases, the secondary closest match is 

extremely close to the first one. One of major reasons for 
this is noise. In such cases, the ratio of closest-distance to 

secondary-closest distance is considered. Assuming that 

the ratio is more than 0.8, they are neglected. This 

eliminates approximately 90% of false matches.  

 

4. RESULTS AND DISCUSSION 
The final output is observed as an audio output that 
indicates the user of the obstacle in front of them. There is 

a time lag of almost 4 seconds. Fig. 3 indicates the running 

module presenting the ultrasonic sensor value constantly. 

The GPS module reads updates itself continuously. 

 
Fig.3: Output of Ultrasonic and GPS module running on the 

OS of Raspberry Pi. 

 

The location via google maps is clearly presented on the 
ubidots platform along with the ultrasonic readings in Fig. 4 

that may be accessed from anywhere. 

 
Fig.4 Output on UbiDots. 

 
Fig. 5 shows a picture of the chair used as an obstacle on 

the  phone screen. 

 
Fig.5 Picture of obstacle on phone screen. 

 

5. CONCLUSIONS AND FUTURE WORK 
This paper combines the use of SIFT algorithm and GPS 

module. The paper proposes a stick with the benefit of both 
object detection and location update. The design involves 

the use of simple ultrasonic sensors, webcam and GPS 

module. Thus, the stick detects the object in front and 

identifies it as an obstacle. The SIFT algorithm identifies 

the obstacle for the blind person. This information in 
conveyed to the user as voice output via earphones. 

Simultaneously, the location of the person also keeps 
getting updated on the Ubidots cloud. Therefore, 

caretakers can monitor the blind person and alert him, if 

required. The design and construction of this walking stick 

is of great benefit to a blind people for their independent 
mobility. The clear identification of the object in front of the 

person allows him to make his decision accordingly.   

 

The future works on this stick can be as follows: 

1. To decrease the lag of the algorithm for reducing the 
real time lag experienced by the user. 

2. Multiple ultrasonic sensors can be used to increase 

its efficiency to detect the staircase. 

3. The stick detects the pictures instead of real-time 

objects due to the lack of an effective background 
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subtractor  that does not introduce extra lag. Hence, 

the code will require a more effective background 
detector, provided no more time delay is introduced. 
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