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Problem Statement: 
Blind and low-vision travelers currently rely on mobility aids such as the white cane or guide dog, which provide contact-level information but limited semantic understanding of the environment. A cane can indicate the presence of an obstacle or curb, but it cannot reliably distinguish between a stair and a shadow, identify a doorway, or describe whether an upcoming turn leads to an elevator, corridor, or dead end. In crowded, cluttered, or uneven environments, this lack of real-time scene understanding increases mobility effort, leading to frequent stops, inefficient detours, head-level collisions, and repeated dependence on bystanders for clarification.

This situation not only reduces travel speed but also increases cognitive load, as users must continuously infer, verify, and correct their understanding of the surroundings. Mental resources are allocated to low-level navigation decisions instead of goal-oriented tasks. There is therefore a clear need for an assistive system that augments existing aids with timely, concise, and context-aware guidance.

The proposed project addresses this gap by developing a lightweight, on-device smart-glasses system that provides minimal but informative cues about the environment. The system prioritizes a haptics-first guidance policy, using distinct vibration patterns for navigation and hazard alerts, while reserving speech output for information that explicitly requires verbal content (e.g., room numbers or signage). All perception and decision-making processes are executed locally on the device to reduce latency and preserve user privacy; video data are not streamed to the cloud by default.

The smart glasses are designed to complement, not replace, existing mobility aids. The core hypothesis is that adding a layer of semantic understanding—delivered through restrained and well-structured cues—will reduce collisions, improve route completion time, and lower subjective cognitive load during travel. To evaluate this hypothesis, the system will be tested with blind and low-vision participants in realistic indoor and outdoor scenarios, comparing performance with and without the smart glasses. Outcome measures will include collision frequency, time-to-goal, false alert rate, perceived workload (NASA-TLX), and user feedback on comfort, usability, and cue clarity.

If the system achieves its performance targets, it is expected to support safer, more efficient, and more independent mobility for blind and low-vision users, while maintaining privacy and minimizing additional cognitive burden.

Research Objectives:
1. Primary Outcome Objective – Mobility Effectiveness

Demonstrate that the smart-glasses system reduces real-world mobility friction compared to a cane-only baseline by:

Achieving ≥ 20% reduction in collision events per route.

Achieving ≥ 15% reduction in average time-to-goal.

Producing a statistically significant reduction in cognitive load (lower NASA-TLX total score; p < 0.05).
2. Technical Objectives – On-Device Perception and System Performance
· Real-time inference:
Maintain ≥ 20 FPS end-to-end on smart-glasses-class hardware, with median perception-to-cue latency ≤ 100 ms.
· Detection quality:
Achieve precision ≥ 0.80 and recall ≥ 0.75 for high-priority object classes (e.g., doors, stairs, people, vehicles) under typical indoor and outdoor lighting conditions.
· False alerts:
Limit false alert rate to ≤ 1 per 10 minutes of walking in target environments.
· Energy and thermals:
Support ≥ 2.5 hours of mixed-use operation without exceeding a safe surface temperature (≤ 42 °C) on the device frame during continuous load.

3. Guidance and User Experience Objectives

Haptics-first guidance policy:
Validate that a haptics-first, speech-on-demand strategy leads to:
Lower NASA-TLX scores, and
Fewer missed cues,
compared to an audio-dominant guidance baseline
· Usability:
Reach a System Usability Scale (SUS) score ≥ 80 (indicating excellent usability) and ≥ 75% task success on first-time routes after an onboarding period of ≤ 15 minutes.

· Cue clarity:
Achieve ≥ 85% correct interpretation of haptic patterns for left, right, stop, and close-hazard cues in
4. Privacy and Safety Objectives
· Local processing by default:
Ensure that 100% of video inference runs on-device by default, with:
· No persistent video storage, and
· No cloud streaming unless explicitly enabled by the user.
· Consent and transparency:
Provide clear user interface indicators and explanations for any data-sharing behavior, such that ≥ 90% of participants can correctly describe data collection and sharing policies in a post-study quiz.

5. Evaluation and Generalization Objectives
· Route diversity:
Evaluate the system across at least:
o	Three indoor scenarios (e.g., corridors, stairwells, lobbies), and
· Three outdoor scenarios (e.g., sidewalks, crossings, bus stops),
and demonstrate directionally positive improvements in mobility metrics in ≥ 80% of these scenarios.
· Robustness:
Assess performance under nuisance conditions such as low light, glare, and moderate crowding, with no more than 25% degradation from nominal performance metrics.
· Ablation and policy analysis:
Quantify the contributions of:
· The guidance policy (haptics-first vs. audio-dominant), and
· Individual perception components (e.g., object detector vs. proximity checks),
to the overall mobility outcomes.

6. Optional Stretch Objectives
· Arabic OCR pilot:
Implement and evaluate an Arabic text recognition module targeting ≥ 80% accuracy on common indoor signage (e.g., room numbers, floor labels) under typical lighting conditions.
· Caregiver support features:
Prototype an opt-in caregiver alert feature with:
· ≤ 30 s alert latency, and
· ≥ 95% successful delivery rate during trials.
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