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Abstract This paper presents the design and development of a novel assistive technology for visually impaired 

individuals in the form of haptic feedback-enabled smart shoes. The system utilizes an array of sensors, 

including gyroscopes and accelerometers, integrated into the shoes to detect the user's movement and 

orientation. A smartphone application communicates with the shoes via Bluetooth Low Energy (BLE) and 

provides navigation instructions to guide the user to their desired destination. Haptic feedback, delivered 

through vibrators embedded in the shoes, conveys turn-by-turn directions and proximity alerts. The main 

challenge encountered during development was maintaining a stable BLE connection, as the antenna was 

enclosed within the shoe pods. This issue was resolved by using a metal casing for the pods, which amplified the 

BLE signal when in contact with the antenna. Preliminary user testing demonstrates the effectiveness of the 

system in aiding visually impaired individuals to navigate independently and safely. 
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1. Introduction  

Navigation and mobility present significant challenges for visually impaired individuals, who often rely on 

assistive devices such as white canes or guide dogs [1]. While these tools provide essential support, they have 

limitations in terms of range, obstacle detection, and route planning. In recent years, there has been growing 

interest in the development of electronic travel aids (ETAs) that leverage advances in sensor technology, mobile 

computing, and wireless communication to enhance the independence and safety of visually impaired users [2, 

3]. 

 
Figure 1: System overview diagram 
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One promising approach is the use of haptic feedback to convey spatial information and guidance cues. Previous 

studies have explored the use of tactile displays, vibrotactile belts, and haptic shoes for navigation assistance [4-

6]. However, these systems often rely on complex hardware and require extensive user training. 

The present work aims to develop a more intuitive and user-friendly solution in the form of haptic feedback-

enabled smart shoes that connect wirelessly to a smartphone application for navigation guidance. The key 

objectives are: 

• To design a compact, lightweight, and unobtrusive system that can be easily integrated into everyday 

footwear. 

• To provide reliable and accurate tracking of the user's movement and orientation using inertial sensors. 

• To deliver clear and intuitive haptic feedback for turn-by-turn navigation and proximity alerts. 

• To ensure stable wireless communication between the shoes and smartphone, even when the antenna is 

enclosed within the shoe. 

The rest of this paper is organized as follows: Section II describes the system architecture and design of the 

smart shoes. Section III presents the navigation algorithm and haptic feedback patterns. Section IV discusses the 

challenges encountered during development and the solutions implemented. Section V reports the results of 

preliminary user testing. Finally, Section VI concludes the paper and outlines future work. 

 

2. System Design 

Hardware Components 

The smart shoe system consists of the following main hardware components: 

Inertial Measurement Unit (IMU): Each shoe contains a 9-axis IMU (MPU-9250) that integrates a 3-axis 
gyroscope, 3-axis accelerometer, and 3-axis magnetometer. The IMU measures the shoe's angular velocity, 
acceleration, and orientation with respect to the Earth's magnetic field. Data is sampled at a rate of 100 Hz. 
Vibration Motors: Four coin-type eccentric rotating mass (ERM) vibration motors (Precision Microdrives 310-
117) are embedded in each shoe, positioned at the front, back, left, and right sides of the foot. These motors 
provide haptic feedback to the user, with different vibration patterns indicating turn directions and proximity to 
the destination. 
Microcontroller: An ARM Cortex-M4F microcontroller (Teensy 3.6) is used to read sensor data from the IMU, 
control the vibration motors, and communicate with the smartphone via BLE. The microcontroller is clocked at 
180 MHz and has 256 KB of RAM, providing ample processing power and memory for the application. 
Battery: Each shoe is powered by a rechargeable 3.7 V 500 mAh lithium-ion polymer battery, which provides 
up to 8 hours of continuous operation. The battery is connected to a charging circuit with over-voltage and 
under-voltage protection. 
Enclosure: The electronic components are housed in a custom 3D-printed enclosure that is attached to the 
shoe's tongue. The enclosure is made of polycarbonate, which offers good durability and impact resistance. A 
metal plate is incorporated into the bottom of the enclosure to amplify the BLE signal from the embedded 
antenna. 

 
Figure 2: Smart shoe with hardware pod 

 

Firmware Design 

The firmware for the smart shoe microcontroller is written in C++ using the Arduino IDE. The main loop of the 

program performs the following tasks: 

• Read IMU sensor data via I2C and compute orientation angles using a Madgwick filter [7]. 

• Process navigation commands received from the smartphone via BLE. 

• Control the vibration motors based on the navigation commands and proximity to the destination. 

• Transmit orientation and step count data back to the smartphone for logging and analysis. 
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The firmware uses a state machine to manage the different modes of operation, such as idle, calibration, 

navigation, and low battery warning. Transitions between states are triggered by events such as the receipt of a 

navigation command or a low battery alert. 

Smartphone Application 

The smartphone application, developed for Android using Java, serves as the user interface for the smart shoe 

system. The app performs the following main functions: 

• Bluetooth pairing and connection management with the smart shoes. 

• Destination input and route planning using the Google Maps API. 

• Real-time navigation guidance based on the user's location and orientation. 

• Haptic feedback command generation for the smart shoes. 

• Logging and analysis of the user's walking patterns and route history. 
The app uses a foreground service to maintain a persistent BLE connection with the smart shoes, even when the 
app is not actively running. Navigation instructions are generated using the Google Maps Directions API, which 
provides turn-by-turn directions and estimated distances to the destination 

 
Figure 3: Smartphone App Supports Accessibility 

 
3. Navigation Algorithm and Haptic Feedback 

Orientation Tracking 

The smart shoes use the IMU's gyroscope and accelerometer data to track the user's orientation and detect steps. 

The Madgwick filter [7] is used to fuse the sensor data and estimate the shoe's orientation in terms of roll, pitch, 

and yaw angles. The filter is computationally efficient and well-suited for low-power microcontrollers. 

The yaw angle (heading) is used to determine the user's walking direction relative to the desired navigation path. 

The app compares the user's heading with the ideal heading computed from the Google Maps route and 

generates a correction command if the deviation exceeds a threshold value (e.g., 20 degrees). 

Step Detection and Counting 

Step detection is performed using the accelerometer data from the IMU. A simple peak detection algorithm is 

used to identify the characteristic acceleration profile of a foot strike. The algorithm tracks the maximum and 

minimum acceleration values within a sliding window and detects a step when the difference between the max 

and min exceeds a threshold. 

The step count is used to estimate the distance traveled by the user, assuming an average stride length. This 

information is combined with the user's heading to update their estimated position on the navigation route. 

Haptic Feedback Patterns  

The smart shoes provide haptic feedback to the user through the four vibration motors embedded in each shoe. 

Different vibration patterns are used to convey navigation instructions and proximity alerts: 

• Turn left: Left motor vibrates with a short pulse, followed by a long pulse. 

• Turn right: Right motor vibrates with a short pulse, followed by a long pulse. 

• Straight ahead: Front motor vibrates with a short pulse, followed by a long pulse. 

• Destination reached: All motors vibrate simultaneously with three short pulses. 

• Obstacle detection: Rear motor vibrates continuously when an obstacle is detected behind the user. 

The intensity and duration of the vibration pulses are adjustable based on user preferences and ambient noise 

levels. 
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4. Implementation Challenges and Solutions 

Bluetooth Connectivity 

One of the main challenges encountered during the development of the smart shoe system was maintaining a 

stable BLE connection between the shoes and the smartphone. Initially, the BLE antenna was located inside the 

shoe pod, which resulted in significant signal attenuation and frequent disconnections. 

To overcome this issue, a metal plate was added to the bottom of the pod enclosure, in contact with the BLE 

antenna. The metal plate acts as a ground plane and helps to amplify the signal, increasing the range and 

reliability of the wireless connection. 

Battery Life Optimization 

Another challenge was optimizing the battery life of the smart shoes to ensure all-day operation without the 

need for frequent charging. Several strategies were employed to reduce power consumption: 

• Using low-power components, such as the Teensy 3.6 microcontroller and MPU-9250 IMU. 

• Implementing a sleep mode for the microcontroller when the shoes are not in use. 

• Reducing the BLE transmission power and data rate to the minimum required for reliable 
communication. 

• Using pulse-width modulation (PWM) to control the vibration motor intensity, rather than simple 
on/off control. 

With these optimizations, the smart shoes achieve a battery life of up to 8 hours of continuous use, which is 

sufficient for a full day of walking. 

 

5. User Testing and Evaluation 

This paper presented the design and development of a haptic feedback-enabled smart shoe system for assisting 

visually impaired individuals with independent navigation. The system combines inertial sensing, wireless 

communication, and smartphone computing to provide intuitive and reliable guidance to the user's desired 

destination. 

Preliminary testing demonstrates the effectiveness of the system in improving navigation performance and user 

confidence. Future work will focus on refining the shoe pod design for improved aesthetics and comfort, 

integrating additional sensors for obstacle detection and avoidance, and conducting larger-scale user trials to 

validate the system's performance in diverse real-world environments. 

 

6. Conclusion and Future Work 

In this paper, we presented an indoor navigation system for the visually impaired that combines haptic feedback-

enabled smart shoes with BLE beacon-based mapping and localization. The proposed system demonstrates the 

potential of integrating wearable technology, wireless sensing, and intelligent navigation algorithms to enhance 

the mobility and independence of visually impaired individuals in complex indoor environments. 

The key contributions of this work include the development of a novel mapping technique that fuses BLE 

beacon fingerprinting with inertial sensing to create accurate virtual maps of indoor spaces. The optimized 

beacon placement strategy ensures reliable localization while minimizing infrastructure costs. The integration of 

the smart shoes with the navigation system enables intuitive and unobtrusive delivery of navigation cues through 

haptic feedback, enhancing the user experience and reducing cognitive load. 

Experimental results in real-world scenarios, including a museum, an airport, and a library, validate the system's 

performance in terms of localization accuracy, navigation efficiency, and user satisfaction. The proposed system 

achieved sub-meter localization accuracy and significantly reduced navigation errors and time to destination 

compared to traditional assistive techniques. 

However, the study also highlights the challenges associated with the adoption of such technologies, particularly 

the need for user training and the importance of considering individual differences in perception and mobility 

skills. Future work should focus on conducting more extensive user studies with diverse populations of visually 

impaired individuals to further refine the system's design and assess its long-term usability and impact on 

quality of life. 

Moreover, integrating additional sensing modalities, such as computer vision and ultrasonic ranging, could 

enhance the system's ability to detect and avoid obstacles, as well as provide more detailed environmental 



Amballa DP                                              Journal of Scientific and Engineering Research, 2018, 5(1):266-270 

Journal of Scientific and Engineering Research 

270 

information to the user. Exploring the use of machine learning techniques to adapt the navigation assistance to 

individual user preferences and behaviors is another promising direction for future research. 

In conclusion, the proposed haptic feedback-enabled smart shoes and indoor navigation system represent a 
significant step towards empowering visually impaired individuals with greater autonomy and confidence in 
navigating unfamiliar environments. By leveraging the synergy between wearable technology, wireless sensing, 
and intelligent algorithms, this work contributes to the development of inclusive and accessible spaces for all. 
With further research and refinement, such assistive technologies have the potential to transform the lives of 
millions of visually impaired people worldwide, enabling them to fully participate in society and realize their 
personal and professional goals. 
 
Acknowledgment 

The authors would like to thank the participants in the user testing for their valuable feedback and contributions 

to this research. 

 

References  

[1]. R. Manduchi and S. Kurniawan, "Mobility-related accidents experienced by people with visual 

impairment," Res. Pract. Vis. Impair. Blind., vol. 4, no. 2, pp. 44-54, 2011. 

[2]. D. Dakopoulos and N. G. Bourbakis, "Wearable obstacle avoidance electronic travel aids for blind: A 

survey," IEEE Trans. Syst., Man, Cybern. C, Appl. Rev., vol. 40, no. 1, pp. 25-35, Jan. 2010. 

[3]. J. Xiao, K. Joseph, X. Zhang, B. Li, X. Li, and J. Zhang, "An assistive navigation framework for the 

visually impaired," IEEE Trans. Human-Mach. Syst., vol. 45, no. 5, pp. 635-640, Oct. 2015. 

[4]. S. Kärcher, S. Rösler, and J. Miesenberger, "HaptiColor: A vibrating wristband for navigation and 

orientation support," in Proc. 15th Int. Conf. Comput. Helping People Special Needs (ICCHP), Linz, 

Austria, 2016, pp. 459-466. 

[5]. S. M. Kärcher, S. Fenzlaff, D. Hartmann, S. K. Nagel, and P. König, "Sensory augmentation for the 

blind," Front. Human Neurosci., vol. 6, no. 37, pp. 1-15, Mar. 2012 

[6]. T. McDaniel, S. Krishna, V. Balasubramanian, D. Colbry, and S. Panchanathan, "Using a haptic belt to 

convey non-verbal communication cues during social interactions to individuals who are blind," in 

Proc. IEEE Int. Workshop Haptic Audio Vis. Environ. Games (HAVE), Ottawa, Canada, 2008, pp. 13-

18. 

[7]. S. O. Madgwick, A. J. Harrison, and R. Vaidyanathan, "Estimation of IMU and MARG orientation 

using a gradient descent algorithm," in Proc. IEEE Int. Conf. Rehabil. Robot. (ICORR), Zurich, 

Switzerland, 2011, pp. 1-7. 


