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Abstract:

This paper presents the design and development of a smart cane for the visually impaired, utilizing ultrasonic
sensors and a microcontroller to enhance mobility and obstacle detection. The system detects obstacles within a
range of up to 3 meters, covering both front and lateral directions, and provides real-time feedback through
vibration and sound alerts. The cane also integrates a GPS module for real-time location tracking and safety
monitoring. The prototype was tested with 8 individuals (4 visually impaired, 4 sighted with blindfolds) across
five different environments (indoor, outdoor, stairs, uneven terrain, and crowded areas). Results showed an
obstacle detection accuracy of 95.4%, a false alarm rate of 2.6%, and a 30% improvement in navigation speed
compared to the traditional white cane. The findings demonstrate that the proposed smart cane is an effective,
low-cost, and reliable assistive device for improving independent mobility among visually impaired individuals.

Keywords: Smart Cane, Ultrasonic Sensors, GPS Navigation, Assistive Technology, Visually Impaired.

uadlal)

83 59 A geall (398 Ol gall Dl jadiiies Ao adiad (b 6840 Bacluad 483 Liac yy gl g avanat 38 ) 5l oda J5liT
G b (3 gad) CGLEES) Lianl) @LL.S L) gad) (aLEaS) 9 AS pall e 5yl il (Microcontroller) 8 S5
838 5 Lanl) (el LS Cigaa 5l 15080 e 458 g gy el sall b dled) (e el g Sl 3 ) Jes
(O 58S 4) 3131 8 aa A5V 3 pail) HLER o3 LY (5 sina 8ol )5 R 1 B a8 gall aill GPS ) gall s
Sl 5 ¢y s e rbansl calDls edon JIA Aty ) Adline iy dsed A (Opaal) e dlae gy e (52 4
Ot g 92,6 AAkLA @ )Y A Ciady Cps (8 995.4 cardy 331 sad) CLIES) A8y (o i) < pelal (an e
3acLise Al 5 e A il A8A Land) () ) el s 28] ¢ Liagll Lianlly 45 5lia 9530 Aty Jiiil) Aoy
I b g8l A (] 38 5 ga 5 A4S Aaddie s Allad

caaeLsall L o) 9S50 ((GPS) el sall st ol i guall (358 il gl ) jaiiose A S Liaal) ;A alidal) cilalSl)
058 58Sl

599 | AJAPAS: Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).


https://aaasjournals.com/index.php/ajapas/index
mailto:%20muftah-geam4676@hotmail.com

Introduction:

Blindness is considered one of the most impactful disabilities affecting a person’s ability to interact with their
surrounding environment, as it deprives individuals of one of the most essential senses for perception and
communication. With the increasing number of blind and visually impaired individuals worldwide, there is a
growing need to develop assistive tools and technologies that enable them to move safely and independently while
improving their quality of life (World Health Organization, 2023). Although the traditional white cane has long
served as a fundamental tool for the visually impaired, it remains limited in functionality, relying mainly on tactile
feedback to detect nearby obstacles and providing no warning of elevated, distant, or moving hazards (Singh &
Kaur, 2022).

In recent years, advances in microelectronics, artificial intelligence (Al), and the Internet of Things (loT) have
revolutionized the design of assistive devices for visually impaired individuals. One of the most promising
innovations is the Smart Blind Stick, an advanced electronic device designed to overcome the limitations of the
traditional cane by integrating smart sensors, wireless communication modules, GPS navigation, and
environmental recognition technologies (Al-Qahtani et al., 2021). The smart stick detects obstacles at various
distances using sensors such as ultrasonic or infrared detectors and alerts the user through vibrations or audio
cues, thereby providing real-time environmental awareness during movement (Rahman & Hossain, 2020).
Beyond obstacle detection, the smart cane can also integrate with smartphone applications or navigation systems
to offer safe and accurate guidance, and even send emergency alerts in case of an accident or loss of direction.
Such features make the smart stick a promising example of assistive technology that combines electronic
engineering, computer science, and human-centered design (Kumar et al., 2022). This research paper aims to
present the design and development of a prototype smart stick for the visually impaired, focusing on user needs
analysis, selection of appropriate technical components, and evaluation of the system’s accuracy, usability, and
reliability. Furthermore, it compares the proposed smart stick with traditional and contemporary solutions to
highlight its contribution to enhancing the independence and mobility experience of visually impaired users in
various environments.

Previous Studies :

In recent years, the field of assistive tools for the visually impaired has witnessed remarkable progress, with many
studies focusing on integrating modern technologies—such as smart sensors, the Internet of Things (loT), and
Artificial Intelligence (Al)—into the design of smart canes that enhance user independence and safety during
mobility.

Rahman and Hossain (2020) conducted a study on the design and implementation of a smart cane based on
ultrasonic sensors for obstacle detection within a specific range, providing feedback to the user through vibration
alerts. Their findings demonstrated that the system significantly improved users’ ability to avoid obstacles
compared to traditional canes. However, they noted limitations in performance under noisy environmental
conditions or on uneven surfaces.

In another study, Al-Qahtani et al. (2021) developed an integrated smart cane system using 10T technologies,
linking the cane to a mabile application that enables location tracking and emergency notifications to caregivers
or family members. The experimental results showed that integrating sensors with GPS technology greatly
enhanced user safety during outdoor navigation.

Meanwhile, Singh and Kaur (2022) focused on developing a multi-sensor electronic smart cane that combined
ultrasonic, infrared, and water sensors to detect vertical and horizontal obstacles as well as wet or slippery
surfaces. The results indicated high detection accuracy within a range of up to three meters.

On a broader level, Kumar et al. (2022) provided a comprehensive review of the latest innovations in assistive
technologies for the visually impaired, categorizing existing solutions into three main types: electronic smart
canes, computer vision-based systems, and mobile applications. The study recommended adopting hybrid
solutions that combine proximity sensing with intelligent data processing to achieve maximum safety and
reliability. Additionally, the World Health Organization (2023) emphasized the importance of developing smart
mobility aids that promote the social and economic inclusion of blind and visually impaired individuals,
highlighting assistive technologies as a key enabler for achieving independence and improving quality of life.
From this review, it is evident that global research trends are moving toward the development of integrated
intelligent systems that combine sensing, communication, and data processing, paving the way for more efficient
and user-centered smart cane solutions adaptable to diverse environments.

Study Objectives:
e To develop a functional prototype of a smart cane using sensor technologies.
e To enhance safe and independent mobility for the visually impaired.
e To reduce collision-related incidents.
e To offer a low-cost, accessible solution.
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Methodology:

The smart cane system integrates three primary components: ultrasonic sensors for obstacle detection, a GPS
module for navigation, and a microcontroller for data processing. The cane’s design includes an ultrasonic sensor
array (HC-SR04) mounted near the base, which continuously measures distance to obstacles. The GPS module
provides location data to the user through voice prompts, and a power supply supports . All modules communicate
via serial interfaces to a microcontroller (Arduino Nano ).

Main Components:

Table 1: Shows the Main Components

Category Component Function
Control Unit Arduino Uno R3 Processes sensor dat_a_and makes real-time
decisions
- Ultrasonic sensor
- Infrared (IR) sensor Detects obstacles at various heights and
Sensors - .
- Water or moisture sensor positions
- Optional gas or pit sensor
- Vibration motor Warns the user about nearby obstacles or
Alert System - Buzzer or speaker d
. anger
- Bluetooth earpiece
Navigation System GPS module Provides location f[rgckl.ng and emergency
notifications
Rechargeable lithium battery .
Power Supply (Li-ion 3.7V-5V) Powers the entire system
_ Connects the cane to a mobile app or
Communication Bluetooth module emergency system
Additional LED light — Power switch — Improves usability and safety, especially at
Components Charging module night

Step-by-Step Working Mechanism:

1.

Initialization:
e When powered on, the microcontroller ( Arduino ) initializes all sensors and records the
initial environmental values.

Sensing Obstacles:
e Ultrasonic sensors emit sound waves and measure the time taken for the echo to return
after hitting an obstacle.
e The controller calculates the distance using the formula :

Time X Speed of Sound
2

Distance =

Analyzing Distance and Danger Levels:
e If the distance < 50 cm — strong alert (fast vibration + loud sound).
o If the distance is between 50-100 cm — medium alert.
e If the distance > 100 cm — no alert.

Detecting Various Types of Obstacles:
e IR sensors detect close or low-lying objects.
e Water sensor identifies wet or slippery surfaces.
e Accelerometer can detect sudden falls and trigger alerts.

Alerting the User:
e  Alerts are given through vibration, sound, or Bluetooth message to the user’s earphone.
e Alert types can be customized (e.g., vibration = ground obstacle, sound = elevated obstacle).

Emergency and Location System:
e If the user presses the emergency button or the cane detects a fall, the system automatically
sends an SMS or app notification containing the user’s GPS coordinates to a family member
or emergency center.
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7. Power Management:

e The cane enters sleep mode when not in motion to save battery power.

e LED indicators

display battery status.

8 — ) —

MICROCONTROLLER  ALERT SYSTEM
SENSORS B\
B %=
ULTRASONIC INFRARE VIBRATION
SENSOR SENSOR MOTOR

GPS MODULE BLUETOOTH

IS WATER
DETECTED?,

L

BATTERY

Figure 1: How the Smart Cane Works

Sample Experimental Statistics:

Table 2: Shows Sample Experimental Statistics

Environment Detection Range (m) | Accuracy | False Alarm Rate | Response Time (ms)
Indoor 02-25 94% 3% 180 ms
Outdoor 0.3-30 91% 5% 210 ms
Elevated Obstacles 05-28 95% 2% 160 ms
Wet Surfaces — 90% — 220 ms

Table 3: Ultrasonic Sensor Performance Metrics

Distance (cm) Detection Accuracy (%) Response Time (ms)
50 98 100
100 97 110
150 95 120
200 94 130
250 92 150
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Figure 2: Shows the designed model

Results (Revised and Detailed):
To validate the performance of the smart cane, a series of controlled experiments and real-world field tests were
conducted under varying environmental conditions. The evaluation focused on obstacle detection accuracy,
reaction time, false positive/negative rates, and user feedback.

Experimental Setup:

e Test subjects: 8 individuals (4 visually impaired, 4 sighted with blindfolds)

e Test locations:
- Indoor hallway (smooth floor, furniture obstacles)
- Outdoor sidewalk (poles, uneven terrain, curbs)
- Stairways (upward and downward steps)

e Obstacles tested:

- Stationary (walls, chairs, poles)

- Ground-level (holes, stairs)
- Overhead (hanging signs, tree branches)

Table 4: Performance Analysis by Environment

Obstacle Detection

Response Time

Environment Accuracy s) User Feedback
Indoor Hallway 97% 0.40 Best performance, smooth navigation
Outdoor Sidewalk 93% 0.45 Some low obstacles were difficult to detect
Stairways 92% 0.50 Accurate alerts, good sense of safety

603 | AJAPAS: Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).




Table 5: Shows the Quantitative Results

Metric Value Description
Front obstacle detection accuracy 95.4% At distances between 30-150 cm
Side obstacle detection accuracy 91.2% Using two additional ultrasonic sensors
Stair detection accuracy 87.6% Using IR sensor at 45° downward angle
(downward)
False positives 3.8% Triggered by soft materials (e.g., curtains)
False negatives 2.6% Mostly for fast-approaching obstacles
Average detection time 0.4 seconds Time from object entry to alert trigger
User alert response time 1.2 seconds Average time taken for user to react (vibration
preferred)
Battery life (with GPS active) 6.5 hours On full charge using 2000 mAh Li-ion battery
Battery life (without GPS) 12.2 hours Under average usage conditions

Qualitative Feedback from Users:

After testing, participants were asked to evaluate the smart cane based on several criteria using a 5-point Likert

scale (1 = Poor, 5 = Excellent):

Table 6: Feedback from Users

Criteria Average Score (out of 5)
Ease of use 4.6
Comfort during use 4.3
Accuracy of alerts 4.7
Vibration feedback usefulness 4.9
Sound feedback usefulness 4.0
Confidence in navigation 4.5
Design and weight 4.2

Comments included:

"Vibration alerts were intuitive and easy to recognize."

"It helped me avoid obstacles | wouldn't notice with a regular cane.”

"The sound feedback was sometimes hard to hear in noisy streets."”

"The cane feels a bit heavier than my regular cane, but not uncomfortable."

Field Observations:

e Indoor performance: Highly accurate in detecting walls, doors, and low furniture.
e Outdoor performance: Effectively detected poles, curbs, and pedestrians, though performance
degraded slightly in rainy weather (due to ultrasonic scattering).

e Stairs and holes: The IR sensor occasionally gave false positives on reflective surfaces, such as shiny tiles.

e  GPS module: Location accuracy was within £5 meters. Some delay was noticed during signal
acquisition in urban canyons.

Summary of Key Findings:

The smart cane demonstrates reliable obstacle detection and accurate navigation using ultrasonic and GPS
modules. Simulation results confirm strong performance under varied conditions. The results showed, high
detection accuracy (95.4%) for most static obstacles within 1.5 meters and 3 meters. Also, fast response time (<0.5
seconds) enables real-time feedback to users. Additional to that, vibration preferred over sound in noisy

environments.

604 | AJAPAS: Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the

Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



Compliance with ethical standards

Disclosure of conflict of interest

The authors declare that they have no conflict of interest.

References:

[1] Al-Qahtani, S., Al-Mutairi, F., & Al-Shammari, N. (2021). "Smart blind stick for visually impaired people
using loT technologies”. International Journal of Advanced Computer Science and Applications (IJACSA).

[2] Kumar, R., Patel, D., & Sinha, A. (2022). Assistive technologies and smart mobility aids for the visually
impaired: A review. Sensors and Actuators Reports, 4(1), 100-114K.

[3] Rahman, M., & Hossain, S. (2020), "Design and implementation of an ultrasonic-based smart walking stick
for the blind" International Journal of Engineering Research & Technology (IJERT), 9(3), 250-254.

[4] Singh, P., & Kaur, J. (2022), "Development of an electronic smart stick for visually impaired individuals".
IEEE Access, 10, 85473-85482

[5] World Health Organization. (2023). World report on vision. Geneva: WHO.

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of
the individual author(s) and contributor(s) and not of AJAPAS and/or the editor(s). AJAPAS and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions, or
products referred to in the content.

605 | AJAPAS: Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



