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[bookmark: _Toc230693016]Abstract
This report presents the design, development, and evaluation of a low cost electronic blind assist cane intended to improve obstacle awareness and user safety for visually impaired individuals. The project aimed to address limitations associated with traditional white canes and high cost complex smart canes. The final prototype incorporated an Arduino Nano microcontroller, dual ultrasonic sensors, vibration based haptic feedback system, rechargeable battery supply, and telescopic aluminium cane structure.

The dual-sensor configuration enabled the detection of both ground level and overhead obstacles, improving environmental awareness compared to other mobility aids. Testing demonstrated that the system was capable of detecting obstacles almost instantly within the programmed operating ranges while achieving an estimated continuous battery life of approximately 12 hours. In addition, the prototype achieved a total cost of approximately £87.27, remaining significantly cheaper than many existing commercial smart canes currently available.

Throughout development, several engineering limitations and design trade-offs were identified, including increased weight caused by the external electronic enclosure and limited haptic feedback functionality. Overall, the project successfully demonstrated the feasibility of developing an affordable and functional smart mobility aid. 

[bookmark: _Toc230693017]Introduction
[bookmark: _Toc230693018]Background
Sight loss continues to be a major global issue, creating significant challenges in mobility, independence, and everyday safety for affected individuals. In the UK alone, over 2 million people currently live with sight loss severe enough to affect daily life, with this figure projected to exceed 4 million by 2050 (RNIB, 2024). Globally, the World Health Organization estimates that approximately 2.2 billion people experience some form of visual impairment, highlighting the growing demand for effective assistive technologies (World Health Organization, 2023).

Traditional white canes remain widely used due to their simplicity, reliability, and low cost. However, they are limited to short range ground level obstacle detection, meaning hazards above waist height can often go undetected. This creates safety risks in environments containing overhead obstacles such as signs or tree branches. Research by Hersh and Ramirez (2018) demonstrated that electronic long canes can improve obstacle detection and reduce collisions in urban environments.

[bookmark: _Toc230693019]Current Limitations of Existing Solutions
Despite recent advancements, many smart cane systems remain inaccessible due to high costs and complex user interfaces. Advanced devices often integrate technologies such as LiDAR, GPS, and smartphone connectivity, resulting in commercial products retailing between £600 - £800 (Sound and Sight Technology, 2024). In addition, overly complicated assistive devices are more likely to be abandoned by users, particularly when requiring extensive technical interaction (Federici, Meloni and Borsci, 2016). Therefore, there remains a clear need for a low cost and simple smart mobility aid that improves safety without increasing user complexity (Frenkel, 2014; J. Muhsin et al., 2023).

[bookmark: _Toc230693020]Project Overview
The aim of this project was to design and develop a low cost electronic blind assist cane capable of improving obstacle awareness and user safety while remaining practical for everyday use (J. Muhsin et al., 2023). The prototype uses an Arduino Nano microcontroller, dual ultrasonic sensors, and vibration based haptic feedback to detect both ground level and overhead obstacles. A key objective throughout the project was to maintain a total prototype cost below £100, improving accessibility compared to existing commercial smart cane systems.

[bookmark: _Toc230693021]Updated Research & Design Decisions
[bookmark: _Toc230693022]Sensor Selection
One of the main development decisions throughout the project was selecting an appropriate sensing system that balanced affordability, reliability, and ease of implementation. Ultrasonic sensors were chosen due to their relatively low cost, low power consumption, and simple integration with the Arduino Nano microcontroller (Kazi, Limu and Md. Rakibuzzaman, 2023). Previous research into smart canes identified ultrasonic sensing as one of the most commonly used obstacle detection methods within assistive mobility devices due to its ability to provide reliable short range detection while remaining cost effective (Frizziero et al., 2021; Kazi, Limu and Md. Rakibuzzaman, 2023). The final prototype implemented a dual ultrasonic sensor configuration to improve environmental awareness by detecting both ground level and overhead obstacles simultaneously.

The lower sensor was programmed to detect obstacles between 40cm and 80cm, while the upper sensor operated between 40cm and 120cm to improve detection of hazards positioned above waist height. This addressed one of the main limitations associated with traditional white canes and some electronic cane systems, where overhead objects often remain undetected (Hersh and Ramirez, 2018). Testing showed that both sensors operated effectively indoors and were capable of detecting objects almost instantly within their programmed ranges. However, it was identified that ultrasonic sensing accuracy reduced when detecting soft materials due to sound wave absorption. In comparison, LiDAR systems provide greater accuracy and environmental mapping but significantly increase system cost and complexity (Mai et al., 2023). As a result, ultrasonic sensing was considered the most appropriate choice for achieving the affordability target of the project.

[bookmark: _Toc230693023]Structural Design Decisions
A major focus throughout the design process was ensuring the smart cane remained lightweight, portable, and practical for everyday use. The decision to use a telescopic aluminium shaft was made to improve transportability while maintaining sufficient structural strength and durability. Aluminium was selected due to its corrosion resistance and strength to weight ratio, making it suitable for repeated daily use (Frizziero et al., 2021). The telescopic design also allowed the cane to collapse for easier storage and transportation without affecting overall functionality.
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[bookmark: _Toc230693060]Figure 1 - External ABS Enclosure + Battery Holder

During the initial design stage, the intention was to internally house all electronic components within the shaft of the cane to improve aesthetics, cane balance, and reduce external bulk. However, once the components arrived and assembly began, it became clear that the shaft diameter was too small to safely contain all wiring and electronic hardware. As a result, the design was modified during development to incorporate an external ABS plastic enclosure mounted onto the cane. Although this increased the overall prototype weight to approximately 700g, it provided a practical solution that allowed the electronics to be securely integrated while maintaining system functionality. This highlighted the importance of adapting designs to real engineering constraints.

[bookmark: _Toc230693024]Feedback System Design
The project implemented a vibration based haptic feedback system rather than audio feedback to ensure users remained aware of surrounding environmental sounds such as traffic or nearby pedestrians. Research has shown that haptic feedback can provide a more intuitive and less intrusive form of obstacle awareness for visually impaired users (Kim and Cho, 2013; Megharsh L et al., 2025). Vibration motors were integrated into the cane handle to provide direct feedback when obstacles were detected.
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[bookmark: _Toc230693061]Figure 2 - Vibration Feedback System

During development, the vibration strength initially caused soldering failures within the wiring connections due to excessive motor movement. This issue was resolved by reducing vibration intensity to improve reliability during prolonged operation. Although the feedback system successfully alerted users when obstacles were detected, the final prototype was unable to provide separate vibration patterns for ground level and overhead obstacle detection. This reduced the amount of environmental information provided to the user and was identified as an area requiring further development within a future prototype.

[bookmark: _Toc230693025]Affordability & Accessibility
Maintaining affordability remained one of the most important objectives throughout the project. The final prototype achieved a total component cost of approximately £87.27, remaining within the original £100 target. This provides a significant cost reduction compared to existing commercial smart canes, many of which retail between £600 and £800 (Sound and Sight Technology, 2024). In addition to affordability, the project prioritised simplicity and accessibility by implementing a single-button user interface without requiring smartphone integration (Phillips and Zhao, 1993). This reduced overall system complexity and aligned with research suggesting that simpler assistive technologies are less likely to be abandoned by users (Federici, Meloni and Borsci, 2016).

[bookmark: _Toc230693026]Final Design
The final prototype was designed to improve obstacle awareness for visually impaired users while remaining lightweight, affordable, and practical for everyday use. The completed system consisted of an Arduino Nano microcontroller, dual ultrasonic sensors, vibration motors, driver board, rechargeable battery system, telescopic aluminium cane, and an external ABS plastic enclosure used to house the electronic components. The prototype successfully achieved the main project objective of producing a functioning smart cane for under £100.
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[bookmark: _Toc230693062]Figure 3 - Final Prototype Design
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[bookmark: _Toc230693063]Figure 4 - Component Configuration

The structural design focused heavily on portability and usability. We selected a telescopic aluminium shaft due to its lightweight structure, corrosion resistance, and durability during daily use (Frizziero et al., 2021). The telescopic functionality allowed the cane to collapse for easier transportation and storage while maintaining structural strength when fully extended. An ABS plastic enclosure was externally mounted onto the cane to protect the electronic hardware from impacts and environmental exposure. Although the initial design intended to internally integrate all electronics within the shaft, this was not achievable due to limited internal space within the cane diameter. As a result, the external housing became a necessary design modification during assembly.

The sensing system used two ultrasonic sensors positioned at different angles along the shaft to improve obstacle detection coverage. The lower sensor was programmed to detect ground level obstacles between 40cm and 80cm, while the upper sensor operated between 40cm and 120cm to improve detection of overhead hazards. This dual-sensor configuration allowed the prototype to detect multiple obstacle heights simultaneously, addressing a major limitation associated with traditional white cane and other competitors on the market. 
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[bookmark: _Toc230693064]Figure 5 - Ultrasonic Sensor Positioning

The haptic feedback system consisted of vibration motors integrated within the handle to provide obstacle alerts directly to the user, while allowing them to remain aware of surrounding sounds such as traffic. The electronic assembly process was completed in stages to reduce system faults during development. Initially, the Arduino Nano was connected to the driver board and vibration motors to verify the feedback system was working. The ultrasonic sensors were then individually tested before the full system was connected. Finally, the push-button power switch was connected between the battery supply and Arduino Nano to provide simple system control and improve battery efficiency when not in use.
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[bookmark: _Toc230693065]Figure 6 - Component Assembly

[image: A box with wires and wires

Description automatically generated]
[bookmark: _Toc230693066]Figure 7 - Internal Housing of Components

The completed prototype weighed approximately 700g and achieved an estimated continuous battery life of around 12 hours. While heavier than some commercial smart canes currently available, with WeWalk offering smart canes weighing 252 – 370g (WeWalk, 2025), the final design successfully demonstrated the intended obstacle detection and vibration feedback functionality.

[bookmark: _Toc230693027]Evaluation
[bookmark: _Toc230693028]Functional Performance
The final prototype successfully achieved its primary objective of improving obstacle awareness for visually impaired users through the use of dual ultrasonic sensors and vibration based feedback. Testing demonstrated that both sensors were capable of reliably detecting obstacles within their programmed operating ranges as previously stated, resulting in improved environmental awareness compared to traditional white canes, which are limited mainly to ground level obstacle detection (Hersh and Ramirez, 2018).

The response time of the system was almost instant during indoor testing, allowing vibration feedback to be delivered immediately when an obstacle entered the detection range, which helped provide clear and responsive user feedback during movement. However, it was identified that soft materials reduced sensor accuracy due to ultrasonic wave absorption. This created occasional inconsistencies in obstacle detection, highlighting a limitation commonly associated with ultrasonic sensing systems. In addition, testing was only completed indoors, meaning further outdoor testing would be required to fully validate long term environmental performance and weather resistance.
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[bookmark: _Toc230602045]Table 1 - Smart Cane Testing Table
[bookmark: _Toc230693029]Usability Evaluation
Usability was also a main priority throughout the project development process. The prototype implemented a simple single-button operation without requiring smartphone integration or complex controls. This improves accessibility for users with limited technical experience and reduces the learning barriers often associated with more advanced assistive technologies (Federici, Meloni and Borsci, 2016). The vibration based feedback system also allowed users to remain aware of surrounding sounds such as traffic or any nearby noises, making the system less intrusive than audio based alternatives.

The telescopic aluminium shaft improved portability while maintaining a lightweight aluminium structure to help reduce strain during prolonged use. However, the final prototype weighed approximately 700g due to the addition of the external ABS plastic housing which is heavier than some commercial smart canes currently available, such as the WeWalk V2 smart cane, which weighs approximately 252 - 370g (WeWalk, 2025). The increased weight may reduce comfort during prolonged daily use, making this an important area for future improvement.
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[bookmark: _Toc230602046]Table 2 - Smart Cane Comparison

[bookmark: _Toc230693030]Reliability & Safety
The prototype incorporated several safety and reliability features throughout the final design. The system operated using a low voltage 5V power supply, reducing electrical risk during operation. The rechargeable battery system also included overcharge, thermal, and short circuit protection to improve user safety during long term use. Structurally, the aluminium shaft provided sufficient durability for repeated use, while the ABS enclosure protected the electronic components from impacts and environmental exposure.

A key strength of the design was that the cane remained fully functional as a standard mobility aid even if the electronics failed. This fail safe approach ensured that user safety did not become entirely dependent on the electronic systems. However, some reliability limitations were identified during development. Initially, excessive vibration strength caused soldering failures within the wiring connections, requiring the vibration intensity to be reduced to improve system reliability. In addition, the water resistance of the final prototype was not formally tested, meaning further validation is required before long term outdoor use could be fully confirmed.

[bookmark: _Toc230693031]Design Trade-Offs
Several engineering limitations and design trade-offs became apparent throughout the prototyping process. One of the main issues encountered was the limited internal diameter of the telescopic shaft, which prevented all electronic components from being internally integrated as originally intended. As a result, an external ABS plastic enclosure was implemented to house the electronics. Although this increased practicality and simplified assembly, it also increased the overall prototype weight and reduced the aesthetic integration of the final design.

Another limitation involved the haptic feedback system. While the vibration motors successfully alerted users when obstacles were detected, the system was unable to provide separate vibration patterns for overhead and ground level obstacles. This reduced the amount of environmental information available to the user and limited navigation precision. Despite these limitations, the project successfully demonstrated that a functioning smart cane capable of multi-height obstacle detection could be developed for under £100, representing a significant affordability advantage compared to many existing commercial alternatives.

[bookmark: _Toc230693032]Cost & Project Management
A key objective throughout the project was to develop a functioning smart cane prototype while remaining within the target budget of £100. The final prototype achieved a total component cost of approximately £87.27, successfully meeting the affordability objective established during the initial research phase. Components were selected carefully to balance performance, reliability, and cost efficiency. Lower cost technologies such as ultrasonic sensors and an Arduino Nano microcontroller were prioritised over more advanced systems such as LiDAR and computer vision, which would have significantly increased overall project cost.

The majority of components were sourced from low cost suppliers such as Amazon to improve accessibility and reduce manufacturing expenses. In addition, the use of a telescopic aluminium cane as the structural base reduced the need for expensive custom manufacturing during the first prototype stage.

Project management was supported through weekly team meetings, shared documentation, and the use of a Gantt chart to monitor progress and allocate responsibilities. This helped ensure that tasks such as research, prototyping, testing, and report writing were completed within the project timeframe while maintaining clear communication between team members. Evidence of project scheduling, individual task allocation, and team communication records can be found in Appendix A, B, and C.

[bookmark: _Toc230693033]Recommendations
Although the final prototype successfully achieved its main objectives, several improvements were identified throughout the development process that would improve overall performance, usability, and reliability within a future version of the smart cane. One of the most significant improvements would be redesigning the telescopic shaft using CAD software allowing us to produce a custom 3D printed design. This would allow the electronic components to be fully integrated within the shaft as originally designed, removing the need for the external ABS enclosure. As a result, the overall weight of the cane could be reduced, improving overall comfort and balance during daily use.

Another important improvement would involve enhancing the haptic feedback system. The final prototype only provided a single vibration response regardless of obstacle height. Introducing separate vibration patterns for ground level and overhead obstacles would improve environmental awareness and navigation accuracy provided to the user.

In addition, a vital part of moving forward with the development process would come from formal user trials involving visually impaired individuals. This would provide more accurate feedback regarding usability, comfort, and overall effectiveness during real world use helping us with the direction of further improvements.

Finally, future designs could investigate integrating more advanced sensing technologies such as LiDAR to improve obstacle detection accuracy and environmental mapping, although this would need to be balanced carefully against increased system cost and power consumption (Mai et al., 2023).

[bookmark: _Toc230693034]Reflective Journal
Using Gibbs’ Reflective Cycle, I reflected on the overall development process of the electronic blind assist cane and the personal learning I have gained throughout this project. My main role within the group focused on the structural design, portability, usability, and safety aspects of the prototype. At the beginning of the project, I felt confident contributing design ideas and researching existing smart canes, although I was initially unsure on how the planned design would develop into a physical prototype.

One of the biggest challenges encountered during development was discovering that the electronic components could not fit inside the telescopic shaft as originally planned. Initially, this was frustrating because the internal integration of components formed a major part of the original design concept. However, after discussing the issue as a group, I adapted the design by introducing an external ABS plastic enclosure to house the electronics. Although this increased the overall weight of the cane, it allowed the project to continue functioning successfully and demonstrated the importance of adapting designs to real engineering limitations.

Working as part of a team was also a valuable learning experience. Regular communication and task allocation allowed each member to focus on different areas of the project while still contributing towards a shared objective. This improved my understanding of how structural design decisions directly affect electronic integration and overall usability.

Overall, the project improved my confidence in product design, teamwork, and engineering problem-solving. For future projects, I would place greater emphasis on early dimensional planning, CAD modelling, and prototype testing before purchasing components. This would help identify integration issues earlier and improve the efficiency of the overall design process.
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[bookmark: _Toc230693067]Figure 8 - Group Project Gantt Chart
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