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Abstract 

 

Mobility and independence for visually impaired individuals remain significant challenges 

worldwide in both indoor and outdoor environments. Recent advances in artificial intelligence 

(AI), the Internet of Things (IoT), wearable technologies, and sensor systems have enabled the 

development of innovative assistive solutions to address these challenges. One such solution is the 

Smart Cap, an affordable wearable device integrating sensors, AI, and IoT technologies to enhance 

environmental awareness and navigation for blind and visually impaired users. This paper reviews 

recent research and technological developments supporting the Smart Cap and presents its 

architecture, functionality, performance, and cost-effectiveness in comparison with existing 

assistive technologies such as smart canes and smart glasses. The review highlights AI-based 

object recognition, IoT-enabled data acquisition, sensory feedback mechanisms, and user-centered 

design approaches that improve navigation accuracy, safety, and usability. Comparative analysis 

indicates that the Smart Cap offers a balanced combination of hands-free operation, reliable 

obstacle detection, and low implementation cost while maintaining practical performance. Finally, 

the paper discusses current challenges and future research directions for advancing intelligent 

assistive navigation systems. 

 

 

Keywords 

 

Assistive Technology, Navigation Systems, Vision Impairment, Artificial Technology 

 

 

  

https://creativecommons.org/licenses/by/4.0/


JOURNAL OF INNOVATION AND TECHNOLOGY  

eISSN:2805-5179                                                                                                                        Vol.2026, Issue 2, No.4 

116 
 
http://ipublishing.intimal.edu.my/joint.html 

 

Introduction 

Globally, an estimated 2.2 billion people experience vision impairment, including blindness, with 

nearly 1 billion cases being preventable. In India, approximately 15 million people are blind, and 

about 3.5 million cases are attributed to corneal blindness. These statistics highlight the growing 

importance of the domain of assistive technologies, particularly AI- and IoT-enabled navigation 

systems that support independent mobility and environmental awareness for visually impaired 

individuals. Despite significant advances in smart canes, smart glasses, and wearable assistive 

devices, limitations related to cost, usability, intelligence, and emergency preparedness continue 

to restrict their widespread adoption, as summarized in Table 1. Furthermore, visually impaired 

individuals face additional challenges during disasters and emergency situations, creating a need 

for adaptive and reliable assistive solutions capable of providing real-time guidance and support, 

as presented in Table 2. The Smart Cap has been developed to address these challenges through 

the integration of sensors, GPS  and wireless communication technologies. By providing real-time 

information regarding obstacles, traffic conditions, pedestrian movement, weather changes, and 

surrounding hazards, the system enables users to navigate safely and confidently. The Smart Cap 

incorporates user-friendly functions including voice commands, hands-free communication, 

navigation assistance, and intelligent alerts. It delivers turn-by-turn guidance while notifying users 

of nearby obstacles and important locations. Its compatibility with existing assistive technologies 

further enhances its practicality and accessibility. The primary objective of this study is to develop 

an affordable, wearable, and intelligent navigation aid that improves mobility, safety, and 

independence for visually impaired individuals. Through the integration of advanced sensing and 

communication technologies, the Smart Cap offers a convenient and personalized user experience. 

By reducing dependence on external assistance and increasing confidence in unfamiliar 

environments, the proposed system has the potential to significantly enhance quality of life and 

accessibility for visually impaired users. 

 

Table 1. A Systematic Literature Review of Intelligent Assistive Solutions: Technologies, 

Applications, and Constraints 
Authors(s) Technology Description Functionalities Limitations 

Tapu et al. (2018); 

(Freitas et al., 2022) 

AI-based 

Navigation System 

Deep learning-based 

navigation for visually 

impaired 

Scene analysis, path 

guidance, object 

recognition 

High computation 

cost 

Pradhan et al. (2018) 
Voice Assistant 

Technology 

AI-based speech 

interaction system 

Speech-to-text, text-to-

speech, voice commands 

Accuracy issues in 

noise 

(Sun et al., 2020) 
Wearable Health 

Devices 

Smart wearable 

healthcare monitoring 

systems 

Health tracking, alerts, 

diagnostics 

Privacy concerns, 

battery limits 

(Ketter et al., 2023) 
Smart Mobility 

Systems 

AI-driven accessible 

transport systems 

Route optimization, smart 

navigation 

Infrastructure 

dependency 

(Freitas et al., 2022) 
Deep Learning 

Assistive Models 

Neural network-based 

assistive applications 

Real-time detection, 

classification 

Requires large 

datasets 

(Mahmud et al., 2020) 
Cloud-enabled 

Assistive Devices 

Cloud-integrated 

assistive solutions 

Data storage, remote 

access 

Latency, security 

risks 

     

(Harper et al., 2017) 
Assistive Learning 

Technologies 

Digital tools for 

learning disabilities 

Personalized learning, 

accessibility 

Limited 

adaptability 
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Authors(s) Technology Description Functionalities Limitations 

Pradhan et al. (2018) 
Human–AI 

Interaction Systems 

AI systems supporting 

accessibility through 

interaction 

Voice/UI interaction, 

automation 

Usability 

challenges 

 

 

Table 2. Smart Cap: Addressing Critical Needs of the Visually Impaired in Emergency Scenarios 
 

S. 

No. 

Special Needs of the Visually Impaired Unique Qualities of Smart Cap for 

Disaster/Emergency Situations 

1 Extra support in unfamiliar circumstances or 

environments 

Smart Cap can be used immediately in disasters if relief 

efforts are stretched 

2 Need a confirming ‘calm voice’ in a 

disaster/emergency situation 

Smart Cap is excellent for those living alone (often 

overlooked in emergencies) 

3 Need familiar, unchanging environments Smart Cap is connected to the Cloud thus, navigates if 

terrain is changed during disaster 

4 Need or expect special rescue efforts 

 

Smart Cap is used independently to navigate a damaged 

path 

5 Require independence and non-vulnerability Smart Cap can build confidence in user in emergency 

situations 

6 Require sensory inputs to concur for greater 

self-assurance 

Smart Cap cleverly combines sensory substitution and 

position display signals 

7 Require support in new surrounding 

 

Smart Cap can offer additional support in evacuation 

centres 

8 Visually impaired need support for atypical 

activities 

Smart Cap supplements most guide related efforts like 

the use of a guide dog 

 

Methodology 

Smart Cap 

A combination of user-centric design methods and experimental development was used to create 

the Smart Cap assistive system. An initial evaluation of current assistive technologies available for 

visually-impaired individuals was performed to determine shortcomings within those systems, and 

how they could be applied to emergency/disaster situations. The main goal of this research project 

was to develop a more efficient assistive technology than what currently exists; specifically in 

regards to improved response time, adaptability and overall functionality. 

In order to assess the practical application of the design, the design process included collaboration 

directly with visually impaired individuals to gather information regarding real world problems 

they encounter when navigating environments. Specifically these issues include, but are not 

limited to; detecting obstacles, being aware of potential harmful levels of U.V. radiation, falling 

detection and knowing their exact location at all times. Aspects of this input were then utilized in 

formulating system requirements and defining functional specifications for the Smart Cap. 

The Smart Cap System utilizes a modularized architecture consisting of four separate sub-

modules: a UV sensor module, an obstacle detection module, a fall-detection module utilizing an 

accelerometer and a GPS/GSM module for communication. The physical aspects of the modules 

were created using various components which include: an Arduino Nano microcontroller board, 

HC-SR04 ultrasonic distance measuring sensors, an ML8511 ultraviolet light sensor, a Lily Pad 
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vibration motor and an A9G GSM/GPS module. To provide maximum usability in terms of weight, 

comfort and long term use, the system was designed with ergonomics as a top priority. 

Once the system's modular components had been defined, the next step was prototype 

development. Prototype development consisted of designing the electronic circuits required for 

each component, creating 3D models of each component, and writing embedded C++ code to allow 

for real-time signal processing and control over the individual modules. Once the prototypes were 

complete, the next phase of development was functional testing in a simulated urban environment 

designed to simulate the types of mobility related challenges that would occur in real life. 

Functional testing demonstrated that the system operated correctly in terms of obstacle detection 

accuracy, fall detection speed and environmental awareness. 

The total functioning of the Smart Cap utilizes both hardware and software components. Upon 

activation of the smart cap by either voice command or a manual switch, it activates all necessary 

modules including sensors, camera, GPS, microphone and wireless connectivity via the raspberry 

pi. In addition to monitoring its surroundings constantly upon activation, the Smart Cap provides 

immediate alerts based on the type of hazard detected. Obstacle detection results in audible and/or 

vibratory feedback to assist the visually impaired person in safely traversing his/her environment. 

The system also allows for voice-controlled navigation via speech-to-text and text-to-speech 

technologies. Furthermore, since it has internet capability, the system enables caregivers to view 

the user's location and/or status in real time. The working flow diagram of the proposed smart cap 

is explained in figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Working Flow Diagram of Smart Cap.  

 

Smart Cane: 

The smart cane is a revolutionary assistive device designed for visually impaired people to move 

in a safer and freer way. Smart canes have two main applications: to help navigate around obstacles 

and to detect water. Smart canes use ultrasonic sensors (located near the tip) to determine if there 

are nearby objects in your path. If the sensor detects an object within a set distance from you, it 

will vibrate to let you know, which allows you to react quickly to potentially dangerous situations. 
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In addition to helping people avoid obstacles, smart canes also detect water. In order to be able to 

move safely, as well as avoid slipping on slick surfaces or stepping into puddles that may cause 

them to fall, it is important to be aware of ground moisture. A smart cane uses water sensors located 

at the bottom of the cane. When these sensors detect moisture, the cane provides a warning to the 

user. These added safety features allow individuals to make safer and more reliable decisions when 

moving about during the day. Working flow of the proposed smart cane is explained in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Flow diagram of the proposed system for the Smart Cane.  

 

Results and Discussion 

This section describes how all of the components of the devices of the assistive kit were modeled, 

simulated, fabricated and described with sufficient detail so that they could be replicated by anyone 

who wants to model, simulate and fabricate the same device. Each device was thoroughly detailed 

and every step involved in creating a specific device was clearly documented. 

Hardware Design  

Construction of the cap design overview: 

 

This drawing represents a multiview technical layout of a construction helmet, including front, 

side, and isometric perspectives, along with key dimensions. It illustrates a helmet that is built not 

only for impact protection but also for modularity and functional attachments. 

 

Key Design Features:  

The yellow concaved shell of the helmet is created to reduce force of impact on the wearer's head 

when struck by an object. The helmet allows for an excellent peripheral vision due to its length of 

282.93mm. The helmet has a multi-functional purple top section which can be used to attach 

multiple types of accessories (lights, cameras, etc) utilizing clips and screws which allow for ease 

of attachment to electronic devices. 

There are three round holes located at the top of the helmet to provide air circulation through the 

helmet. These holes could also be used to mount or create additional structural support within the 

helmet to ensure the helmets inner components remain stable while providing cooling. 
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The bottom of the helmet contains clips and slotted areas to provide flexibility in adjusting the 

chin strap and suspension systems to allow for different sized wearers to obtain a snug fit. 

Finally, the helmet was constructed using two layers. A primary layer protects the wearer's head 

and an optional secondary upper layer that can be removed if upgraded or modified. 3D printing 

model of the prototype is depicted in figure 4 and dimensional image of the smart cap is explained 

in figure 5. 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 4. Smart Cap 3D Print Model- internal and external view of prototype 

 

Materials Used in 3D printing of proposed model 

 

FDM (Fused Deposition Modelling) Printer:  

Best for: Basic prototyping and larger parts Examples: Creality Ender 3, Prusa i3 MK3S+, 

Ultimaker S3. It is affordable, widely used, easy to handle  

PLA (Polylactic Acid) Use   

Prototyping and demo models. It is easy to print and is biodegradable. 

 

 
Figure 5. Dimensional image of Smart Cap 

Dimensional Highlights 

Width across the top: ~151.05 mm  

Height from base to top: ~193.26 mm (approximate combined from 62.00 mm + 131.26 mm)  

Base width (front view): ~283.29 mm  

 

  



JOURNAL OF INNOVATION AND TECHNOLOGY  

eISSN:2805-5179                                                                                                                        Vol.2026, Issue 2, No.4 

121 
 
http://ipublishing.intimal.edu.my/joint.html 

 

Construction of the cane design overview: 

 

The Smart Cane is composed of four key modules: Obstacle Detection, and Alert Generation. 

These modules work in tandem to provide a safe and intelligent mobility experience for visually 

impaired users of the system. Obstacle detection helps avoid collisions, and alert generation 

provides feedback via audio or vibration. 

The Smart Cane has an "L" shaped Hand Grip. This will ensure the user has a solid grasp of the 

cane with comfort. There is an electronic housing area on one side of the handle (hand grip) that 

houses some of the critical components of the cane including the microcontroller & power supply. 

The housing can have some of the sensors included in addition to the microcontrollers & power 

supplies. The water detection sensor is located at the bottom of the cane to detect when there is 

wetness or slickness on the surface. The attachment of sensors in the prototypes is depicted in 

figure 6. The end of the cane is intended for smooth contact with the ground. It allows for ease of 

walking while it still provides for additional sensors for detecting hazards on the ground, such as 

puddles. Additionally, the electronics and wiring components were placed inside the cane using 

custom-made 3D printed parts so they could be integrated into the cane properly & securely. 

 

 

 

 

 

                   

 

 

 

 

 

 

 

 

Fig. 6. Smart Cane – sensors and protype view  

 

Discussions 

Unlike current assistive technology products which are often limited to detecting obstacles or 

providing voice commands, the Smart Cap provides users with an innovative product that has all 

four primary functionalities (obstacle detection, navigation assistance, object recognition, and 

voice command) in one device. Furthermore, as compared to other devices, the Smart Cap is 

designed for wearability on a person's head. Thus it provides users with an even more convenient 

and integrated way to use their assistive technology. 
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Table 3: Comparative Feature Matrix of Assistive Navigation Devices for visually impaired 

individuals. 

 

Features Smart Cap Smart Cane Smart Glasses 

AI-Powered Navigation Yes Yes Yes 

Battery Life Medium-High High Low 

Cost (Approximate) Low Medium-High High 

Hand-Free Operation Yes No Yes 

IoT Connectivity Yes Limited Yes 

Obstacle Detection Ultrasonic + Vision Ultrasonic Vision 

User Customization Medium Medium Medium 

 

The Smart Cane (and other) canes are equipped with AI and Ultrasonic sensors that will find 

objects around you and give you directions on how to get where you need to go. They work well, 

however some may find them awkward, difficult to carry with one hand, and restrictive when 

trying to perform multiple tasks at once. Comparative Feature Matrix of Assistive Navigation 

Devices for visually impaired individuals is explained in Table 3. 

Smart Glasses also provide users with awareness of their surroundings through both sight and 

hearing. However, the biggest drawback to smart glasses is the battery life - most have a limited 

battery life before needing to be charged again. 

Unlike Smart Caps, the Smart Cane has no function allowing for hands-free use. Using Multimodal 

sensing technology combines both your vision and the distance from an object to create an efficient 

obstacle detection method. Additionally, because this technology utilizes low cost materials, 

accessibility is increased. Lastly, scalability is available in case you want to upgrade or add new 

features like Brain Computer Interface (BCI) technology. 

 

Conclusion 

In summary, the Smart Cap is one of the most innovative solutions in providing autonomous 

assistance for the visually impaired. The Smart Cap uses several forms of technology including 

AI, IoT, GPS, and even ultrasonic sensors. All of these technologies provide real time obstacle 

detection, responsive voice commands, and allows the caregiver to track the location of the person 

wearing the cap. Together, this provides independence of movement for the wearer; identifies 

potential hazards and enables interaction with their environment. Additionally, the Smart Cap is 

designed without using your hands which enhances its ease of use and comfort compared to other 

assistive devices. 

The Smart Cap compliments the Smart Cane. The smart cane detects obstacles at ground level and 

warns about water hazards as well. The cane contains both ultrasonic sensors and water hazard 

sensors. Thus, it alerts users to puddles, slippery floors, or open bodies of water to help them 

prevent slips and falls. The Smart Cane is ideal for traveling. Although it needs to be operated 

manually, it can be used with wearable technology such as the Smart Cap. 



JOURNAL OF INNOVATION AND TECHNOLOGY  

eISSN:2805-5179                                                                                                                        Vol.2026, Issue 2, No.4 

123 
 
http://ipublishing.intimal.edu.my/joint.html 

 

These two technologies together address a wide variety of problems that the visually impaired 

experience. As they continue to evolve through user input, new technologies and continuous 

refinements, we can expect to see further improvements in accessibility and independence for 

those who are visually impaired.  

The potential that exists with the Smart Cap is considerable; however, there are some limits to this 

smart cap. There could be an impact from environmental factors such as extreme weather (i.e., 

extremely wet conditions, fog, dim light), connectivity issues with networks, etc. that could 

negatively affect the ability of the Smart Cap to detect obstacles and provide users with adequate 

guidance. Battery life of the various component parts will have a bearing on continued use. For 

example, while AI based object detection may continually update to ensure accuracy of detecting 

objects/ scenes, it does require significant computer resources (memory space). Periodic software 

updates will be required to continue maintaining object /scene detection accuracy. Future research 

will focus on developing better battery efficiency, developing new AI deep learning algorithms 

that will enhance the capability to identify objects/scenes accurately, and increasing real time 

processing capabilities utilizing Edge Computing. The inclusion of BCI, Haptic Feedback 

Systems, and Multi-Sensor Fusion Techniques could greatly enhance User Interaction and 

Navigation Accuracy. It is possible future versions will include Indoor Navigation Support, 

Emergency Response Integration, Multilingual Voice Assistance, Cloud-Based Analytics and 

many other features that would contribute to creating a more reliable, all-encompassing Intelligent 

Assistive Solution for Visually Impaired Individuals. 
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