
The Turkish Online Journal of Design, Art and Communication - TOJDAC  
ISSN: 2146-5193, September 2018 Special Edition, p.2613-2621

SMART PHONE ASSISTED BLIND STICK 

Subramoniam S. 
Professor 

Fakulti Kejuruteraan Pembuatan, Universiti Teknikal Malaysia Melaka 
sivarao@utem.edu.my 

Osman K. 
PhD 

Fakulti Kejuruteraan Elektronik dan Kejuruteraan Komputer, Universiti Teknikal Malaysia Melaka 
khairuddin.osman@utem.edu.my 

Abstract 
In the era of industrial revolution 4.0, various types of wearable computers and assistive technologies 
are being created for visually impaired people who are affected at different levels. Most electronics 
and innovative blind sticks are designed for both blind and visually disabled people to improve their 
safety, especially while they are mobiling. However, the traditional plain white cane is still the top 
choice for the visually impaired people due to its low cost. In this paper, we propose a blind navigation 
system that sends information from the controller mounted on white cane via Bluetooth connection to 
a smartphone alerting the user about obstacles through speech warning and vibration. In this case, 
Smartphone with haptic mode is chosen to enable easier detection. A Bluetooth module is used to 
improve the performance of control circuit and subsequently, an application was also developed to 
convert Text to Speech. On top of that, a Nano Arduino was used instead of common UNO Arduino in 
the effort to significantly reduce the size of the system which requires four ultrasonic sensors for best 
of is performance. The system was then embedded into a small casing, located on a strategic position 
of a white cane to detect below waist obstacles. The stick was the being successfully validated by 
personnel from Melaka of its efficiency. 

Keywords: Blind stick, visually-impaired people, Ultrasonic sensor, Microcontroller, Bluetooth 
module, Voice and vibration, white cane.  

Introduction 
World Health Organization (WHO) and the International Agency for Prevention of Blindness (IAPB) 
revealed that, approximately 285 million of people are visually impaired worldwide. Out of this, 39 
million are blind and 246 million have low vision. About 90% of the world’s visually impaired people 
live in Africa and other developing countries [World Health Organization, 2014]. According to the 
Department of Statistics Malaysia, total population in 2016 is estimated at 31.7 million people. Also, 
according to the Malaysian Association for The Blind (MAB) and the Malaysia Welfare Department 
statistics, to date there are 37,000 blind people registered with them with 50,000 totally blind and 
another 500,000 low vision people in the country where the number is expected to increase in double 
by year 2020.  

Commonly, blind people use white cane to guide themselves to maneuver themselves from a place to 
another by tapping the stick end to the ground to have physical contact alerting obstacles. The white 
cane (blind stick) is seen to be very helpful to them, yet, it stands a greater chance for the users 
presume wrongly of what is detected, especially for the new users. Therefore, various Electronic 
Travel Aids (ETAs) are being devised to help them maneuver with better confidence ensuring safety. 
Most of the blind assisting devices are developed embedding sensors which alerts the blind of 
obstacles ahead via vibration and sound [Gayathri G. Et. al, 2014], [Gulati, Rishabh., 2014].  

The blind assistive devices are seen to be very effective and useful in improving the blind’s self-
confidence while facilitating their movement to survive their daily life [Bangali J., Shaligram A., 
2014], [Kumar A., 2011]. While the higher end assistive devices are embedded with GPS system to 
trace and locate of the person should there be an emergency occurrence [Faria, J., 2010], Near-infrared 
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(IR) light or radio frequencies concepts are also found to be widely used in these applications [Peck 
M. E., 2008], [Saaid M. F., 2009]. On the other hand, slightly enhanced version uses ultrasonic 
technology for obstacle detection [Kim S. Y., Cho K., 2013]. These technologies, being the input 
signals are often integrated with the vibration, sound, and voice messages to alert blinds of the 
obstacles before them.  Figure 1 shows the widely used technology interaction network of blind 
assisting systems integrating different types of input and output technologies which are applied on 
different devices in alerting the blinds. Although these systems incur slight cost to the existing plain 
blind stick, but it provides better safety feeling and satisfaction among them. 

 

Figure 1: Technology interaction network of blind assisting systems 

Technology development in the area of helping blinds are still being progressed world-wide as the 
existing has limitations such as not being able to detect obstructions that are such as downward stairs, 
below the waistline of the blind people. Aligning with it, this paper reveals of how the project 
portrayed in this paper can be much helpful for the blind by having a smart phone connected to the 
ear-piece would alert the user when there is an obstacle below his/her waistline. The system algorithm 
was designed in such a way that the alert/notifying language can be selected by the user based on their 
preference. 

Conclusion 
The block diagram of the proposed system IS Shown in Figure 2, where the embedded system 
integrates ultrasonic sensors as a signal input to detect the obstacles from there directions, namely 
front, upper and side. The microcontroller, Arduino board act as the control unit to process the system 
data while the GPS module is embedded for location purpose. On the other hand, smartphone and the 
earphone to notify the user should the be an obstacle.   

As for now, the entire system is being powered by a 9VDC battery which its life is the most important 
to the user. To enhance the battery life between charging period, the project is also being worked to 
have energy harvested via solar and piezo technology.  

  
1. Ultrasonic Sensor 

1.
Ultrasonic Sensor was used as a signal input to the system where, it is a type of sensor that uses sound 
waves to detect an object or target. It works on similar principle of radar or sonar, which generates 
high frequency sound waves and evaluates the echo, which is received back by the sensor [Gayathri G. 
Et. al, 2014]. In this system, the ultrasonic sensor’s model used is HC-SR04 was used where, it can 
detect the within the range of 2 to 4 cm either of a moving or non-moving object. Four sensors were 
strategically located (Upper, lower, and both sides) to the system to enable high sensitivity of below 
waistline obstacle detection.  

The ultrasonic sensor is a crucial aspect of the cane as it is the main input to trigger the Talk-To-
Speech feature and also the vibration motor.  The functionality of the codes and the sensor was tested 
for which when the distance of the obstacle is lesser than or equal to 40cm, the text-to-speech will 
command saying ‘stop, front obstacle’ and if the distance between the obstacle and the sensor is more 
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than 40cm, the command will say, ‘keep walking’. Figure 2 shows the conduct connections between an 
ultrasonic sensor and microcontroller board. Alike another two were also connected, where each one of 
them are secured carefully on the wall of the casing which located on the blind stick. The position of 
the system on the stick was carefully done to ensure the bottom waistline detection is perfectly done. 
 

Figure 2: Wiring connection for one ultrasonic sensor 

Figure 3, shows the coding of the integration and connection between the microcontroller board and 
the ultrasonic sensor. On the other hand, Figure 4 shows the output readings of the ultrasonic sensor 
which clearly shows the distance and voice command to be executed for the user. 
 

Figure 3: Coding of one ultrasonic sensor 

 

Figure 4: Output reading of sensor in the form of distance with speech output 

Table 1 shows the position of the ultrasonic sensors with their corresponding set points. For front 
sensor, upward sensor, left sensor and right sensor, the wave distances are 70cm, 80cm, 40cm and 
40cm respectively. Table 2 demonstrates the audio text-to-speech command output for each of the 
sensor. 
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Table 1: Sensor position with its corresponding set point  

Table 2: Audio output of each sensor  

2. Vibration Alert 
As to provide the secondary level alert, a vibration motor is also embedded into the system where it 
would vibrate the blind stick gripper. Micro vibration is generated each time obstacle is detected in any 
of the pre-set direction. For example, if the front sensor is activated, vibration motor, which is 
embedded in cane gripper that attached to the thumb will be used is Grove mini vibration motor. Table 
3 below demonstrates the vibration alert position. 

Table 3: Location of vibration alert position in gripper  

The grove mini vibration motor in this project is connected to the grove base shield. The grove base 
shield is then stacked-up between the Arduino board and the shield board. A base was carefully 
designed and provided to subsequently reduce the harm due to blowback of electromotive force to the 
Arduino board as most of the low range boards can only withstand the maximum of 4mA and 
connecting motor directly onto it will possibly damage or deteriorate the performance of the entire 
system. Figure 5 presents the connection of a vibration motor via a grove board.   

On the other hand, Figure 6, shows the wire connections of a detection sensor to the vibration motor. 
Alike another two was done to complete the detection and alert system.   When the distance between 
the obstacle and the blind person is less than 40cm, the vibration motor will vibrate for one second and 
followed by a speech command. To detect obstacles from different directions, four sensor and two 

Sensor Position Wave Distance (cm)

Front sensor 70

Upward sensor 80

Left sensor 40

Right sensor 40

Sensor Input Speech Output

Front sensor Front obstacle, turn around

Upward sensor Upward obstacle, watch your 
head

Left sensor Left obstacle, turn right

Right sensor Right obstacle, turn left

All sensor on 
‘HIGH’

Obstacle around you, turn 
around

All sensor on 
‘LOW’

Keep walking

Sensor Position Wave Distance (cm)

Front Thumb

Below waistline Baby/Pinky
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vibration motors are wired to fulfill the requirement. The two vibration motors are connected 
respectively to front part and upper part of the ultrasonic sensor. This is to reduce the effect of frequent 
vibration when the cane is used in a heavy pedestrian flow. 
 

Figure 5: Vibration motor connection to grove base shield board 

 

Figure 6: Wiring for one sensor and one vibration motor 

3. Smartphone 
A special module is utilized for the system to enable smartphone voice command activation on the 
Android platform V2.3 and above. For better and clear notification to the user without having other 
pedestrians to hear, an earphone is included. This will also be a good option for the users in the case of 
noisy environment. Figure 8 shows the operational conditions which was designed to be a close 
system. 
 

Figure 7: Close loop of the system 

Circuitry Compartment 
Besides electronics and software creation for the system, the challenge is to have the entire circuitry 
and sensors into a smallest possible casing which can be easily located onto the blind stick. Having the 
right materials with optimized design would require not much of extra effort by the user to operate as 
compared to the cane itself.  

Four main aspects of which were also the concerns of blind association has been seriously taken into 
account. Figure 8 shows the four major concerns which are namely Size, weight, attachment method, 
and durability. 
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Figure 8: Major concerns in designing Circuitry Compartment 

Improper design of the circuitry compartment would fail the entire electronics system if it is too heavy 
or bulky. The smallest and lightest possible with easy to attach system is always the priority for the 
blind person. Besides that, positioning of the compartment on the stick is also done very carefully, 
which otherwise will cause the stick to self-spin while tapping to the ground due to the gravitational 
effect.  

To further holt the compartment at its designed position, corrugated is made to the base, which holds 
tightly of the entire system to the stick. As for the compartment casing, it is very tediously made to 
ensure the detection angle of the sensor is not affected by the tapping force which is transferred from 
the ground touching end. To ensure durability, micro padding of entire compartment to the stick is 
done.   

The 3D printing technology is used to print-out the uniquely designed compartment with Acrylonitrile 
Butadiene Styrene (ABS) material. Figure 9 shows the design as well as its features which has been 
able to secure the entire circuitry as compared to earlier version. Figure 10 shows the on board and the 
covered version of the fully developed compartment.   
 

Figure 9: Comparison of earlier (old) and current circuitry compartment 
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Figure 10: Circuitry compartment (a) with embedded circuit inside, (b) visible board 

Validation of Smart Phone Assisted Blind Stick 
The completed circuitry which embedded into a specially 3D printed compartment with corrugated 
base is fit onto the blind stick. Its weight of not more than 150 grams in total has been tested at the lab 
prior to validation.  

It is found to be perfectly function as desired. The stick was then taken for validation by the Melaka 
blind association. They found it to be very useful and highly appreciated of the developed system 
which is expected to be a ‘good friend’ especially for new to this blind association. Figure 11 shows 
the validation of smart phone assisted blind stick.    

The successfulness of this project have few advantages as compared to the existing where, this smart 
phone assisted blind stick is able to:   

i. Detect the obstacles below the waistline more efficiently; 
ii. Alert user via two modes (Voice command & vibration);  
iii. Smart phone enabled warning/command system 
iv. Multi-language selection for voice command; 
v. Light in weight, yet able to play multiple function; 
vi. No modification is required onto the original blind stick. 

 

Figure 11: Smart phone assisted blind stick – being validated 
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Validation of Smart Phone Assisted Blind Stick 
With most blind people having smart phones with them for communication via brail screen nowadays, 
an additional blind assistive feature has been developed via this research to help maneuvering 
themselves.  

As desired, the aim of this project has been successfully achieved where, a voice alert or warning 
command system has been designed and built to help the visually impaired community. While this 
system can easily be installed to the normal blind stick without any need of modification. Its ability to 
simultaneously detect obstacles at four different direction gives a great feeling of safe travel for the 
users, especially the beginners who face a lot of challenges while endangering themselves on pathways 
and road sides.  

The increase in self confidence by using this system would encourage more visually impaired people 
to go out of their homes for their earning and living. For those with no smart phone, this system 
enables a buzzer system to alert of the obstacles.   

The research group is currently working on to have energy harvested while the system is in use. The 
harvesting mean here is to be solar and multi-stage piezo system. This is expected to extend the battery 
life for more than 30% which could make the entire system to be more efficient than ever. Should this 
be successful, the visually impaired people will have wider opportunity to spend more time socializing 
outside for better societal benefits. 
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