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1. INTRODUCTION

Visual impairment affects millions of people worldwide and is a serious barrier to their mobility and
independence in carrying out daily activities. According to the World Health Organization (WHO),
approximately 285 million people suffer from visual impairment, with approximately 39 million people
experiencing total blindness [1]. Conventional mobility aids such as white canes have limitations, especially
in detecting overhead obstacles such as tree branches or signs [2].

Technological advances have opened up new opportunities to improve the mobility of blind
individuals in carrying out activities. LIiDAR (Light Detection and Ranging) and GPS (Global Positioning
System) technologies offer real-time obstacle detection and user location tracking [3]. These technologies not
only increase environmental awareness but also provide peace of mind for users and their families [4]. Many
studies have explored sensor-based navigation aids for the blind. Devices such as smart canes and electronic
glasses often use ultrasonic, infrared, or computer vision technologies [5]. However, many of these devices
still struggle with real-time processing, accuracy, and ease of use. In addition, high costs are a barrier to
adoption.

This research proposes a Smart Belt that integrates LIDAR and GPS technologies as a navigation
solution for visually impaired users [6]. The device detects surrounding obstacles and transmits real-time
location data to caregivers via the Telegram platform [7]. It is also equipped with vibration motors to provide
tactile feedback when obstacles are detected [8]. The objective of this study is to design and develop a Smart
Belt capable of accurately detecting obstacles and tracking user location [9]. Furthermore, the study evaluates
the system’s accuracy, usability, and overall performance, aiming to present a practical and affordable
assistive solution to enhance user autonomy and safety [10].
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2. METHOD

This research involved hardware and software development for the Smart Belt. The hardware
includes a VL53L0X LiDAR sensor for obstacle detection, a NEO-6MV2 GPS module for location tracking,
an ESP32 microcontroller as the system's core, and vibration motors for alerts [11]-[12]. The software was
built using the Arduino IDE, with data communication handled through the Telegram Bot API for real-time
notifications [13]. Two main test phases were conducted: 1) LiDAR sensor testing for measuring detection
accuracy of various obstacles under different lighting conditions, 2) GPS module testing for evaluating
location accuracy in different environments to verify real-time position tracking. Figure 1 shows the diagram
block of the proposed system.
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Figure 1. Diagram block of proposed system

This block diagram illustrates an assistive system for the visually impaired based on the ESP32,
which integrates a LiDAR sensor for obstacle detection and a NEO-6MV2 GPS module for location tracking
[14]. Data from the LiDAR sensor is processed by the ESP32 to activate a vibration motor as a warning when
an obstacle is detected in front of the user [15]. Additionally, the ESP32 transmits GPS location information
to Telegram, allowing family members or caregivers to monitor the user's position in real time. This system
is designed to enhance the mobility and safety of visually impaired individuals by providing haptic feedback
along with location tracking features [16]. Figure 2 shows the device design.

(@ (b)
Figure 2. Device design, a)Front view, b)Rear view

The working principle of the Smart Belt automation system for the visually impaired, based on the
ESP32 microcontroller, is to serve as the main processing unit that manages and controls the obstacle
detection and position tracking processes [17]. The VL53L0X LiDAR sensor is used to measure and detect
obstacles around the user, while the NEO-6MV2 GPS module functions to determine the user’s location in
real time [18]. The ESP32 controls the vibration motor, which provides haptic feedback when an obstacle is
detected in front of the user [19]. Location data and notifications are sent to the user or caregiver via a
Telegram bot to enhance safety. Overall, the system integrates both hardware and software to automate
navigation for visually impaired individuals, with the ESP32 serving as the central controller [20]. Figure 3
shows the control circuit of the proposed system
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Figure 3. Control circuit of the proposed system
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3. RESULTS AND DISCUSSION

Figure 4 shows the devices. Tests on the VL53L0X LiDAR sensor involved placing obstacles at
varying distances and conditions to assess its accuracy. Results showed that the sensor could detect objects
between 100 cm and 200 cm with high precision. When an object was within a defined threshold, the ESP32
activated the vibration motor to alert the user in real time. Figure 5 shows the LiDaR test results.

@

Figure 4. The results of the device, a) From the front, b) From the back
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Figure 5. The LiDAR test results

The NEO-6M GPS is a satellite signal receiver module used to determine geographic location with a
high degree of accuracy. It operates by receiving signals from GPS satellites to identify positions in the form
of latitude and longitude coordinates [21]. The NEO-6M GPS features an external antenna to enhance signal
reception and is equipped with EEPROM for storing configurations permanently. This module operates at a
voltage range of 3.3V to 5V and uses UART serial communication with an adjustable baud rate [22]-[23]. In
this study, the NEO-6M GPS is used to determine the user's location in real time, which can then be
transmitted via communication platforms such as a Telegram bot [24]. The accuracy of the GPS data is tested
by comparing the received coordinates under various environmental conditions, such as indoors, outdoors,
and during clear or cloudy weather [25]. Figure 6 shows the NEO-6M GPS test results.
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Figure 6. NEO-6M GPS test results
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The results of the Telegram bot test show that the system can send real-time location data to the
user. The test was conducted by sending the /location command through the Telegram bot connected to the
device. In some of the initial trials, the system displayed the message "GPS location not available,” indicating
that the GPS module was still in the process of acquiring a signal or had not yet obtained valid coordinates.
After a while, the system successfully sent the current location with accurate latitude and longitude in the
format, along with a Google Maps link to facilitate navigation. These results indicate that the Telegram bot
functions well in providing user location information, although there is a slight delay in obtaining the GPS
data. Figure 7 shows the telegram display.
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Figure 7. Telegram display.

The results of the test for the assistive device for the visually impaired show that the system
functions well in detecting distance using the LiDAR sensor, providing feedback through a vibrating motor,
and determining the user's location with the NEO-6M GPS module. When the detected distance is between
100 cm and 200 cm, the vibrating motor is activated as a warning. However, if the distance is less than 100
cm or greater than 200 c¢cm, the vibrating motor remains inactive. The GPS module successfully provided
location coordinates with good accuracy, with the signal status remaining stable throughout the testing.
Additionally, the notifications through the Telegram bot worked well, ensuring that any obtained data could
be sent and monitored in real-time. With these results, the developed device can assist the visually impaired
in navigating more safely and efficiently. Tabel 1 ilustrate the overall test results of the device.

Tabel 1. The overall test results of the device.
LiDAR

ON Time Di(sct;r;ce V:gl’oigipg Latitude Longitude ((B;)S State Telegram  Information
1 Ol_gg:'oz: 25 100 Active -0.892636  100.345673 6.5 Accurate Accepted  Succeed
2 01‘85:'12525 150 Active  -0.892584  100.345643 50 Accurate Accepted  Succeed
3 01_(?::_1250 25 200 No Active  -0.892623 100.345641 4.8 Accurate Accepted  Succeed
4 01_85:'22(? 25 50 No Active  -0.892637 100.345650 3.2  Accurate Accepted  Succeed
5 01-85:-223 25 100 Active -0.892623  100.345649 2.7  Accurate Accepted  Succeed
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4.  CONCLUSION

This research successfully developed a Smart Belt that can assist the visually impaired in detecting
obstacles and tracking their position in real-time. The developed system utilizes the VL53L0X LiDAR sensor
and the NEO-6MV2 GPS module, controlled by an ESP32, with testing results showing good detection
accuracy. With the notification feature via Telegram, this device can enhance the safety and independence of
users in their activities. In the future, this research can be further developed by improving battery life and
integrating artificial intelligence systems to enhance obstacle detection accuracy.

REFERENCES

[1] V. Bharati, "LiDAR + Camera Sensor Data Fusion On Mobiles With Al-based Virtual Sensors To Provide Situational Awareness
For The Visually Impaired,” 2021 IEEE Sensors Applications Symposium (SAS), Sundsvall, Sweden, 2021, pp. 1-6, doi:
10.1109/SAS51076.2021.9530102.

[2] P. Chavan, K. Ambavade, S. Bajad, R. Chaudhari and R. Raut, “"Smart Blind Stick," 2022 6th International Conference On
Computing, Communication, Control And Automation (ICCUBEA, Pune, India, 2022, pp. 1-4, doi:
10.1109/ICCUBEA54992.2022.10010707.

[3] S. Ahmedet al., "An Intelligent and Multi-Functional Stick for Blind People Using IoT," 2022 3rd International Conference on
Intelligent  Engineering and Management (ICIEM), London, United Kingdom, 2022, pp. 326-331, doi:
10.1109/ICIEM54221.2022.9853012.

[4] 1. Soliman, A. H. Ahmed, A. Nassr and M. AbdelRaheem, "Recent Advances in Assistive Systems for Blind and Visually
Impaired Persons: A Survey," 2023 2nd International Conference on Mechatronics and Electrical Engineering (MEEE), Abu
Dhabi, United Arab Emirates, 2023, pp. 69-73, doi: 10.1109/MEEE57080.2023.10127086.

[5] F. Ahammed, M. A. Adnan, M. F. Rahman, N. Alam, H. Paul and Z. A. Jibon, "Development of an loT-Based Intelligent Guide
Stick to Provide Improved Navigation Skills to Blind People," 2023 IEEE 11th Region 10 Humanitarian Technology Conference
(R10-HTC), Rajkot, India, 2023, pp. 1106-1111, doi: 10.1109/R10-HTC57504.2023.10461883.

[6] K. Gopal, J. Titoria, A. Uroj and B. Kumar, "Low-Cost Blind-Aid Stick to Prevent Accidents of Visually Impaired People," 2023
International Conference on Device Intelligence, Computing and Communication Technologies, (DICCT), Dehradun, India, 2023,
pp. 422-427, doi: 10.1109/DICCT56244.2023.10110195.

[7] P.Sharma, S. L. Shimi and S. Chatterji, "Design of microcontroller based virtual eye for the blind", Int. J. Sci. Res. Eng. Technol.,
vol. 3, pp. 1137-1142, 2014.

[8] N Sahoo, HW Lin and YH. Chang, "Design and Implementation of a Walking Stick Aid for Visually Challenged People", Sensors
(Basel), vol. 19, no. 1, pp. 130, Jan 2019.

[9] D. Isaksson, T. Jansson and J. Nilsson, "Audomni: Super-Scale Sensory Supplementation to Increase the Mobility of Blind and
Low-Vision Individuals—A Pilot Study," IEEE Transactions on Neural Systems and Rehabilitation Engineering, vol. 28, no. 5,
pp. 1187-1197, May 2020, doi: 10.1109/TNSRE.2020.2985626.

[10] R.R. Bourne et al., "Magnitude temporal trends and projections of the global prevalence of blindness and distance and near vision
impairment: A systematic review and meta-analysis", The Lancet Global Health, vol. 5, no. 9, pp. e888-897, 2017.

[11] F. Barontini, M. G. Catalano, L. Pallottino, B. Leporini and M. Bianchi, "Integrating Wearable Haptics and Obstacle Avoidance
for the Visually Impaired in Indoor Navigation: A User-Centered Approach," IEEE Transactions on Haptics, vol. 14, no. 1, pp.
109-122, 1 Jan.-March 2021, doi: 10.1109/TOH.2020.2996748.

[12] H. Vidhya, A. G. K. Sreeram, K. Kiran and K. Karankumar, "Arduino Based Smart Aiding System for Visually Challenged
People," 2022 International Conference on Power, Energy, Control and Transmission Systems (ICPECTS), Chennai, India, 2022,
pp. 1-5, doi: 10.1109/ICPECTS56089.2022.10047229.

[13] E.J. Chukwunazo and G. M. Onengiye, "Design and Implementation of Microcontroller Based Mobility Aid for Visually Impaired
People.", International Journal of Science and Research., vol. 5, no. 6, pp. 680-686, 2015.

[14] R. Radhika, P. G. Pai, S. Rakshitha and R. Srinath, "Implementation of Smart Stick for Obstacle Detection and
Navigation”, International Journal of Latest Research in Engineering and Technology, vol. 2, no. 5, pp. 45-50, 2016.

[15] P. K. Maduri, A. Kaushal, M. N. Khan, A. Kumar Rai, M. S. Khan and C. Sanjay Rameshwar, "Realtime Aid for Blind Using
Python," 2021 3rd International Conference on Advances in Computing, Communication Control and Networking (ICAC3N),
Greater Noida, India, 2021, pp. 1660-1664, doi: 10.1109/ICAC3N53548.2021.9725785.

[16] S. Cloix, V. Weiss, G. Bologna, T. Pun and D. Hasler, "Obstacle and planar object detection using sparse 3D information for a
smart walker", International Conference on Computer Vision Theory and Applications (VISAPP), pp. 292-298, 2014.

[17] A.F. Ikhfa and M. Yuhendri, “Monitoring Pemakaian Energi Listrik Berbasis Internet of Things,” JTEIN J. Tek. Elektro Indones.,
vol. 3, no. 1, pp. 257-266, 2022.

[18] E. Cardillo et al., "An Electromagnetic Sensor Prototype to Assist Visually Impaired and Blind People in Autonomous Walking,"
in IEEE Sensors Journal, vol. 18, no. 6, pp. 2568-2576, 15 March15, 2018, doi: 10.1109/JSEN.2018.2795046.

[19] A. Paulast, N. Prajapati, K. Kharayat, N. Negi, N. Sagar and Igra, "Assistive System For Blind And Visually Impaired
People," 2023 International Conference on Advancement in Computation & Computer Technologies (INCACCT), Gharuan, India,
2023, pp. 1-4, doi: 10.1109/INCACCT57535.2023.10141771.

[20] E. Cardillo, C. Li and A. Caddemi, "Millimeter-Wave Radar Cane: A Blind People Aid With Moving Human Recognition
Capabilities," IEEE Journal of Electromagnetics, RF and Microwaves in Medicine and Biology, vol. 6, no. 2, pp. 204-211, June
2022, doi: 10.1109/JERM.2021.3117129.

[21] A. De Leo, P. Russo and G. Cerri, "Electronic Travel Aid for Visually Impaired People: Design and Experimental of a Special
Antenna," 2021 IEEE International Symposium on Medical Measurements and Applications (MeMeA), Lausanne, Switzerland,
2021, pp. 1-6, doi: 10.1109/MeMeA52024.2021.9478670.

[22] S. Tejaswini, M. S. Sahana, K. Bhargavi, S. S. Jayamma, H. S. Bhanu and K. S. Praveena, "Obstacle Sensing Assistance for
Visually Impaired Person Using Arduino," 2021 5th International Conference on Electrical, Electronics, Communication,
Computer Technologies and Optimization Techniques (ICEECCOT), Mysuru, India, 2021, pp. 767-771, doi:
10.1109/ICEECCOT52851.2021.9708054.

[23] V.S.P,K.P,P.GandR. P, "Strategies and Tools for Secure Path Navigation of the Visually Impaired," 2023 3rd International
Conference on Pervasive Computing and Social Networking (ICPCSN), Salem, India, 2023, pp. 1220-1225, doi:

Journal of Industrial Automation and Electrical Engineering, Vol. 01, No. 02, December 2024 : 72-77



Journal of Industrial Automation and Electrical Engineering ISSN: 3089-1159 O 77

10.1109/ICPCSN58827.2023.00206.

[24] F. Al-Mugbali, N. Al-Tourshi, K. Al-Kiyumi and F. Hajmohideen, "Smart Technologies for Visually Impaired: Assisting and
conquering infirmity of blind people using Al Technologies," 2020 12th Annual Undergraduate Research Conference on Applied
Computing (URC), Dubai, United Arab Emirates, 2020, pp. 1-4, doi: 10.1109/URC49805.2020.9099184.

[25] T. Veiga, E. Ljunggren, K. Bach and S. Akselsen, "Blind Calibration of Air Quality Wireless Sensor Networks Using Deep
Neural Networks," 2021 IEEE International Conference on Omni-Layer Intelligent Systems (COINS), Barcelona, Spain, 2021, pp.
1-6, doi: 10.1109/COINS51742.2021.9524276.

Smart belt for the visually impaired to detect obstacles and track position ... (Naufal Jiadi)



