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TAbstract: 

‘Ignis’ is a personal fire-safety device for Deaf and hard of hearing individuals that 

detects active nearby fire/smoke alarms and alerts the user through visual and 

sensory components. D/deaf people are at an increased risk during a fire; cultural 

issues including lack of education increase this risk. Furthermore, existing products 

on the market cannot effectively protect those who travel with profound hearing loss, 

as most systems are designed for a single location.   

Ignis uses a bandpass filter to isolate the approximate frequencies of British 

fire/smoke alarms above a specific decibel level. The device responds to these 

frequencies immediately and continues throughout the alarm’s duration; this alerts 

the user by flashing and vibrating using high intensity LEDs and a vibration motor, in 

an identical pattern to the fire/smoke alarm’s tone.   

A detailed design process was used to reach the final design. This report covers the 

progression from a technical concept to a final design and prototype, including 

iterative research, concept design, CAD, and test rigging.  
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Chapter One – Introduction and Context 

1.1 Background and Problem: 

This project aims to provide a solution and address the cultural issues that surrounds 

a lack of affordable and effective fire-safety precautions for deaf and hard-of-hearing 

(D/deaf) individuals in the United Kingdom.  

Statistics (2021/22) show there are over twelve million people living with ‘greater 

hearing loss’ making it the second most common disability in the UK. Despite this, 

it’s considered that fire safety overlooked among D/deaf individuals as “they do not 

receive the same media, educational, or industry attention as the hearing population” 

(Preventionweb, 1999).   

Whilst fire-safety regulations have improved in recent years, alongside the 

introduction of BS-EN54-23:2010 and later regulations (i.e. The Fire Safety 

(England) Regulations 2022, Building Safety Act 2022 and extended guidance on the 

1st Oct 2023), there remains a lack of “effective” and “suitable” alarming devices that 

suit a range of situations for vulnerable groups (S2 Fire Solutions, 2017).  

1.2 Market:  

The D/deaf population in the UK that are “profoundly hard of hearing” is 

approximately 900,000 (Hearing Link, 2024). Assuming an obtainable market size is 

between 3-5% of the total market size; this would be 27,000-45,000 individuals per 

year. Following research, however, it’s apparent D/deaf communities are closely-knit 

and rely less on media, which is likely to influence sales.  
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Across the UK, 188,000 people use British sign language (BSL). Of this submarket, 

65% of individuals are unable to speak; a large percentage also cannot read (Wilson, 

MW et al. 2019) which is a contributing reason for small communities. 

The D/deaf population also has a high percentage of individuals with ‘secondary’ 

conditions, including ASD and ADHD (National Deaf Children’s Society, 2024S). 

Additionally, D/deaf adults frequently have a lower income than average due to a 

reduced employment rate (65%) (Hearing Link, 2024).  

Nonetheless, there is a record of “unsatisfactory” medical attention for D/deaf 

individuals in the United Kingdom. The proportion of audiologists to members of the 

public is 1 per 16,805 people; with an NHS project demonstrating that a further 1700 

audiologists would be required (Hear4U,2024).  

As many as 6.3% of adults aged over 70 have severe hearing loss (Hear4U, 2024). 

As the UK’s population is aging, it’s predicted that the population over the age of 80 

will double over the next 10 years (Centre for Aging Better, 2023), increasing the 

D/deaf population.  

 

 

 

 

 

 

 

 

Figure 1 - Population statistics (Centre for Aging Better, 2023) 
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Whilst the D/deaf population is commonly associated with being elderly, a large 

proportion of the working population also have hearing loss. This demographic is 

already “marginalised” (Green, W.S; Jordan, P.W., 1999); which is likely to worsen as 

the population ages. 

1.3 Existing Products/Methods: 

To avoid discriminating against disabled people, regulation BS-EN54-23:2010 

requires compliant visual alarming devices (VADs) to be installed in public buildings 

where D/deaf people are “likely” to be alone (S2 Fire Solutions, 2017). There are still 

associated risks with these devices, however.  

According to the FIA, existing products, such as pagers and vibrating pads can be 

used in place of a VAD. Building regulations (ADB) state that “areas where persons 

with impaired hearing are likely to be on their own, ‘pagers’ are more appropriate” 

(S2 Fire Solutions, 2017). There are also known issues with these devices, however, 

such as their convenience for travel.   

Alternatively, methods such as the ‘buddy system’/PEEPs are used. Whilst they 

mitigate the risk of injury, they’re also reliant on circumstance; the ‘buddy’ is 

assumed to always be nearby and PEEPs doesn’t necessarily consider the 

measures needed to alert the person (Alerter Group, N.D). 

Existing “specialised detection and alarm devices” on the market are “prohibitively 

expensive”, with a “dearth of information” on how to obtain them (Preventionweb, 

1999). As a result, smartphone applications are a popular alternative to assistive 

devices (RNID, 2014). Despite this, further research revealed examples of software 

issues with ‘sound recognition’ on smart devices (Apple Community, 2020).  
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Further research revealed popular brands of vibrating bed alarm are frequently 

referenced amongst D/deaf communities; however, they are not portable and are 

primarily designed for home use. Although vibrating alarms are often necessary, the 

market is antiquated; with popular designs remaining unchanged for years.  

Hearing aids, however, have changed significantly over recent years. The 

appearance and quality of these products are exceptional and follow modern trends, 

providing colour options, custom ear moulding, ITE/ITC devices, and smart device 

connectivity (Help in Hearing, 2016; Hear4U, 2023; RNID, N.D.; Hearingaid, 2024), 

inspiring the design of Ignis.   

 

 

 

 

 

 

During the proposal stage, a product matrix (figure 4) was used to find 

common/desirable features amongst competitor products. Additionally, a ‘SWOT’ 

analysis was conducted to understand the advantages/disadvantages of existing 

products (Appendix A). 

 

 

 

Figure 2 - Phonak Virto P-Titanium (Preston Hearing 
Centre, 2024) 
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1.4 Technical Challenges:  

To compete with the existing products on the market, Ignis has been designed with 

BS-EN54-23:2010 as close guidance. As a result, the product is required to use red 

LEDs, capable of generating 0.4lux in an ambient light of 800lux.  

Secondary research showed that existing products typically rely on visual and/or 

tactile methods of alerting the user. The product is required to have a vibration motor 

with an intensity strong enough to be felt through the casing of the device.  

Fire alarms in the United Kingdom don’t have a universal, regulated tone and 

frequency, making identifying an alarm challenging. Many of the frequencies for fire-

alarms are between 800-970Hz or 2400-2800Hz, identifying this is also necessary 

(Eaton, N.D). 

Ignis is also required to detect a fire/smoke alarm from a suitable distance. Research 

indicates that two detectors should be no further than 7.5-10m apart from one 

another (FireAngel, 2020; Channel, N.D). An average fire alarm is also required to 

produce a sound at 85 decibels from 3 meters (GOV.UK, 2012); the inverse square 

Figure 3 – Competitor Matrix (Author 2023) 
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law (University of Manchester, N.D.) shows a device capable of detecting a sound 

over 70dB is suitable.  

 

 

 

 

 

 

 

 

 

 

1.5 Humanistic Challenges:  

As a result of D/deaf individuals being a vulnerable group, its important the following 

were addressed during the design process:  

• Inclusive design  

• Intuitive design  

• Affordable design  

• Long-lasting design 

• Sustainable design  

Figure 4 - Inverse Square Law (Author 2023) 
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Initially, the inclusive design of Ignis was inspired by ‘Human Factors in Product 

Design’ by William S. Green and Patrick W. Jordan (1999). The author Roger 

Coleman, states “disability is the result of a mismatch between people and their 

surroundings”. Ignis aims to provide equal opportunities for the D/deaf community, 

reducing their dependence on public VADs.  

The author also comments on designing for Deaf individuals to benefit those who are 

hard-of-hearing. Equally, Ignis considers the needs of ‘Deafblind’ people to improve 

the product’s functionality.  

 

 

 

 

 

 

 

Patrick W. Jordan also reflects on the misconception that disabilities are “confined” to 

the elderly. The author states that young adults with disabilities are an “unattractive 

target group” as they are “marginal and provide little commercial benefit”. Despite 

this, inclusive design should be practiced; Ignis also aims to be attractive for younger 

demographics.  

Jordan also states that products are often designed for disabled people with a 

medical or clinical aesthetic (Mullick and Steinfieldcited by Jordan,1999). As a result, 

Figure 5- Disability in Europe (Green, W.S; Jordan, P.W., 1999) 
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Figure 6 - UN Sustainability Goals (United Nations, 2023) 

how the product communicates the user’s disability was a key consideration for the 

project.  

1.6 Sustainability Goals:  

The following sustainability goals are central to ‘Ignis’ (Figure 6): 

• Good health and well-being – Ignis aims to promote good health and well-

being in vulnerable communities by alerting them to a potential fire. 

• Quality education – Ignis aims to highlight the importance of fire-safety for 

D/deaf individuals.  

• Sustainability cities and communities – By providing a personal fire-safety 

device, a D/deaf person can become less reliant on existing infrastructure. 

Responsible consumption and production – The product has been designed as a 

permanent assistive device, without the need to be replaced. Ignis will use 

recyclable materials (i.e. Aluminium/ABS) and follow the WEEE directive. The 

BS8887 (MADE) directive has also been considered.  
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1.7 Solution:  

Ignis (Figure 7) is a personal fire-safety device that encourages D/deaf individuals to 

gain independence when travelling alone. The product can identify the audio 

characteristics of a fire/smoke alarm and alerts the user through visual and tactile 

components. 

Following British standard BSEN54-23:2010, Ignis has been designed to detect any 

fire/smoke alarm up to 13 meters away; with visual and tactile elements tested to 

ensure the device alerts the user.  

Throughout concept generation and detail design, ergonomic and usability features 

have been considered to ensure the device is convenient. As such, Ignis is intended 

to travel with the user at all times.   

This product also strives to challenge stigmas associated with products for 

elderly/vulnerable groups, using high-quality materials and a colourful design. Ignis 

has also been designed without obsolescence in mind; the analogue circuit doesn't 

require updates or 'down-time'. 
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Figure 7 – Product Render (Author, 2024) 

Figure 8 – Name/Logo (Author 2024) Figure 9 – Competitor Brand (Appendix B) 

 

 

 

 

 

 

 

 

 

 

 

 

1.8 – Intellectual Property Rights 

Trademarks -  

UK trademarks are supported by the Trademark Act (1994); however, EU trademarks 

must be registered separately if necessary. It is recommended, due to cost that a UK 

trademark is registered first (Appendix B). Although the trademark name ‘Ignis’ 

passes absolute grounds, recommendation suggests changing the name and logo. 

This is due to existing trademarks having similar aural and visual aspects within 

classes 9 and 10.   
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Figure 10 - Double Diamond (Design Council, N.D.) 

Patents -  

Although Ignis makes use of “old technology”, existing products on the market are 

sufficiently different. As such, Ignis is considered a novel invention. Subsequently, it 

is important to not disclose information, unless under a contractual agreement. 

Following advice suggests, Ignis is also likely to pass “inventiveness” and industrial 

application. It’s also suggested that obtaining a trade secret would be ideal, avoiding 

the patent fees. Alternatively, charities may sponsor the product to obtain a patent.  

 

Chapter Two – The Design Process 

2.1 Overview  

 

 

 

 

 

 

 

 

 

 

 

 

 

This project took inspiration from the ‘Double Diamond’ design process (Design 

Council, N.D.); following the stages: ‘discover’, ‘define’, ‘develop’ and ‘deliver’. As a 
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Figure 11 - Onshape Concepts (Author 2023) 

result, the first stages of the project involved exploring the context and design 

problem through empathising with the target market.  

As the project progressed, the design process was broken down into a Gantt chart 

(Appendix C) which highlighted aspects of the project that required further work. The 

design of Ignis was an iterative process, with new research into inclusive design, 

existing products, technical concepts, et cetera., altering concept generation/detailed 

design. As such, this time-plan changed as the project progressed. 

All work, including research and concept generation/development was also recorded 

in a logbook with references, which has been valuable. As the project progressed, 

the ability to refer to previous data/technical concepts was often necessary. 

During concept generation/development, CAD software was used to develop 

technical concepts, with iterations being stored in organised folders. This was key to 

visualising concept generations.   
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Figure 12 - Technical Concepts (Author 2023) 

2.2 Secondary Research:  

Following research into the market/context during the proposal stage, further 

secondary research was required to gain a deeper understanding of the target 

market and the problem. At this stage, research gave insight into a wide variety of 

topics, including hearing loops/aids, funding for D/deaf individuals, healthcare, British 

standards, fire/smoke alarms and technical feasibility. 

Following a set of technical concepts, it was realised that an electronic device would 

be the most effective method of alerting a D/deaf person. Research was later 

conducted into various methods of identifying the sound produced by a fire/smoke 

alarm, including the benefits of analogue filtering over digital sampling.  

 

 

 

 

 

 

 

 

 

Following an increase of unsatisfactory VADs on the market, BS-EN53-23 was 

introduced to improve standards. This specification gave me an initial set of 

parameters to follow and led an initial PDS. This British standard also directed 
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further research, including the importance of colour theory in safety products and 

designing for marginal groups (i.e. epileptic users).  

Through secondary research, it was possible to empathise with the target market; by 

searching online forums and support groups, it became clear how members of these 

communities felt isolated due to a lack of communication. D/deaf individuals 

frequently struggle with language as they’re unable to learn phonetics at an early 

age; upon realising this, the “dearth” of information online became far more evident.  

Secondary research continued throughout the project, giving insight into inclusive 

design, electronic design, design for manufacture, IP, standards, sustainability 

aesthetics et cetera. 

2.3 Primary Research:  

Following the approval of the ethics checklist and participation 

information/agreement forms (Appendix D), a questionnaire was produced and 

distributed to a local D/deaf community, alongside social-media communities to 

better understand their views of fire-safety (G1) (Appendix E).  

Another questionnaire was created for members of a safe and well team at 

Dorset&Wiltshire Fire Service (G2) to understand their perspective on education and 

existing fire precautions for the D/deaf community. Both groups clarified that the 

device would be useful, despite acknowledging precautions already exist (Figure 13).  
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Figure 13 - JISC Questionnaire (Author 2023) 

 

 

 

 

 

 

 

Primary research also provided insight into the humanistic challenges of the project, 

including subtlety, appropriate pricing, use of existing products, funding, and 

questions regarding lifestyle. This research led to changes in the PDS (Appendix F) 

and concept designs.  

During primary research, a ‘split-view’ regarding subtlety was found. This coincides 

with current trends in personalising hearing aids (Help in Hearing, 2016), where the 

younger generation frequently appeal to using bold colours. Ignis should build on 

existing trends and encourage D/deaf individuals to express themselves.   

Questionnaire responses (G2) also suggested that the product should be designed 

for children, ultimately changing the aesthetics of a customisable ‘top casing’ and 

improving the product’s safety/usability features during detail design (Figures 14/15).  
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Figure 14 - Gaskets (Author, 2024) 

Figure 15 – Aesthetic Design (Author 2024) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Participants also gave insight into personal experiences; of six participants, two felt 

their workplace didn’t supply sufficient safety-provisions and training, validating a 

portable design. Most participants also stated they take part in activities that would 

make a wearable design inconvenient, changing designs during concept 

generation/development to include usability options.   
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Figure 16 - Technical Concept Analysis (Author, 2024) 

2.4 Technical Concepts  

Exploring technical concepts was necessary to widen the scope of the project before 

developing an idea further; it was equally important to fully understand the 

advantages/disadvantages of each concept.  

A PDS was created following initial research, enabling technical concepts to be 

evaluated in a matrix analysis (Figure 16). It was considered an electronic circuit that 

identifies sound patterns or frequency would be the most technically feasible. 

Despite this, a wide range of technical concepts were generated (Appendix G).  

Although this narrowed the variety of initial concepts, it ensured a reliable/feasible 

scope for the upcoming project. 
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Figure 17 - Persona (Author, 2024) 

2.5 Product Design Specification  

 

A PDS (Appendix F) was created and regularly updated, according to research, test-

rigging and concept generation acting as a guide for further designs. As such, the 

products criteria changed according to the user’s needs, which is reflected 

throughout the design process; many aspects of the PDS have also been removed 

or changed. 

2.6 Persona & User Journey 

A set of personas and a user journey were outlined during the initial stages of 

concept generation. This summarised previous research, specifically regarding 

lifestyle and existing products.  
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Figure 18 – User Journey (Author, 2024) 

Figure 19 - Initial Concepts (Author, 2023) 

 

 

 

 

 

 

 

 

2.7 Concept Generation  

At first, concept generation was quick and unprecise; each concept changed in 

shape, user interaction, ergonomics, and function. This allowed a broad variety of 

designs to be generated, whilst keeping the proposed technical concept as a 

common theme.   

 

 

 

 

 

 

 

 

Following the PDS review, a set of shape generations were created using random 

lines. Although this method didn’t generate many concepts, considering the 

characteristics of shapes and what it communicated to the user was useful. 

Reflecting on initial concepts, the designs with sharp, geometric shapes were 

associated with eye-catching and unnerving, exciting design.  
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Figure 20 - Concept Shape Generation (Author, 2023) 

Figure 21 - Initial Concepts (Author, 2023) 

 

 

 

 

 

 

 

 

The initial designs with rounded features felt comparatively calming, appropriate for a 

safety device for a vulnerable market. Following designs used soft features and 

leaned into user interaction, physio-pleasure, and ergonomics.  

Although, the PDS specified the design should be wearable; it became apparent that 

the product must be versatile and convenient. As such, concept generation began to 

focus on desk-based/modular designs (Figure 22).  
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Figure 22 – Colour development (Author, 2023) 

As shown in Figure 23, the concepts also began to introduce colour to highlight 

key/unique aspects of each design. At this stage, red was the primary colour for each 

design, due to its association with fire and fire-safety products. Research on colour 

theory suggests light blue and green have connotations of safety, however, it was 

unknown whether the product should prioritise subtlety. 

  

 

 

 

 

 

 

 

 

 

 

Subsequent designs were broken into the categories: inclusivity, desk-based design, 

and usability/ergonomic design, as shown in appendix H. To evaluate the designs, 

they were presented in a single document and labelled 1-31; each of these designs 

were referenced in another matrix analysis against the PDS and marked ‘suitable’ 

(x), or ‘not suitable’ (N/S) (Appendix I).  

The most suitable designs were illustrated as shown in appendix I, with the desirable 

features being taken forwards for further development.  
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Figure 23 - Concept Generation (Author, 2023) 

Figure 24 – Foam Modelling (Author, 2023) 

 

 

 

 

 

 

 

 

 

 

 

 

Foam modelling was also used to establish an appropriate size/shape, using 

anthropometric data (NC State University, 2006) as a reference. Foam modelling 

was completed throughout the concept generation/development stage and 

encouraged a wide variety of ergonomic/modular designs to be created (Figure 25).   
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Figure 25 – CAD Development (Author, 2023) 

As previously mentioned, CAD quickly became an integral part of concept 

generation/development. The key designs from the matrix analysis (Appendix I) were 

modelled, allowing each to be visualised with materials, dimensions, colours et 

cetera. This also allowed designs to be broken into individual parts, which could be 

manipulated, assisting design for assembly/disassembly, design for manufacture and 

improved user interaction features (i.e. Figures_).  

 

 

 

 

 

 

 

 

 

 

At this stage, a ‘concept-viva’ design was created, sharing features from previous 

concepts (Figure 27). This design progressed leading up to the concept viva, 

initiating detailed design (i.e. modular design, appearance, weight, usability features 

et cetera.).  

During concept development, a schematic was also created. Using this, required 

components and their sizes were understood, influencing aspects of the design (i.e. 

height). A basic Veroboard test-rig was also built to demonstrate the product’s 

feasibility. 
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Figure 26 - Matrix Analysis Designs (Author, 2023) 

Figure 27 - Concept Viva Design (Author, 2023) 

 

 

 

 

 

 

 

 

Throughout concept generation, the materials for the product had also been 

considered. Following research into inclusive design (William S. Green & Patrick W. 

Jordan, 1999), it was decided an aluminium casing would convey high-quality and 

long-lasting design. This remained subject to change, depending on cost of 

manufacture.   
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Figure 29 – Battery Casing (Author, 2024) Figure 28 – PCB (Author, 2024) 

2.7 Detailed Design:  

Following the ‘concept viva’, a list of design considerations/issues was created 

(Appendix J). Potential solutions for each consideration were developed in CAD and 

produced using 3D-printing, allowing further testing to be performed.  

Using the schematic previously designed, components were plotted onto a PCB 

layout, giving approximate dimensions for the circuit (Figure 29). This introduced 

new design considerations, including battery size and location. Subsequently, a 

battery holder was to be designed to improve space efficiency for the product (Figure 

30).   

 

 

 

 

 

 

 

 

 Another design consideration was integrating the microphone ports. The product 

required a method of being waterproof (Figure 31). Although this solution requires 

additional parts, it reduces the use of adhesive during assembly, following the 

WEEE/MADE directives. 
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Figure 30 – Waterproofing (Author, 2024) 

Figure 31 – Strap fitting (Author, 2024) 

 

 

 

 

 

 

Designing a convenient strap for users was also necessary. The initial solution 

featured a modular base that could be swapped out for another (Appendix J), 

however this would be expensive and inconvenient. Further design development led 

to a base with a quick-release clip (Figure 32); additional usability testing is required, 

however.  

 

 

 

 

 

 

The ‘secondary’, smaller strap also required development. Initial concepts included a 

thread to ensure the strap remained fixed during exercise, following results from 

primary research (Appendix E). Although, this design was not feasible for 

manufacture, leading to an alternative magnetic strap design (Figure 33).    
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Figure 32 – Magnet strap (Author, 2024) 

Figure 33 – Deaf flag (Wikipedia, 2023) 

 

 

 

 

Following results from primary research, designing for young adults/children was 

important. Initial research revealed the colours blue and yellow are important to the 

D/deaf society, representing their flag (figure 34). Alongside further research, post-

modernism also inspired the design, due to its wide use of bright and bold colours as 

a “rebellion” (Elephant Media, 2024).  

Through aesthetic research/concepts, it was realised the ‘top-casing’ should be 

interchangeable, with multiple colour options and a variety of designs. This also 

allows the user to determine whether the product is subtle or bold, removing the 

‘split-view’ and transgenerational design constraints.  

 

 

 

 

 

 

During testing, it was found that resonant frequencies of vibrations can activate the 

circuit. As a result, two silicone ‘dampeners’ were designed and integrated into the 

‘base-casing’, reducing the impact of the vibrations on the circuit.  
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Figure 34 – Dampeners (Author 2024) 

Figure 35 – Initial Quote 

  

 

 

 

 

 

 

Additional features were added throughout detail design, following research and 

testing.  

Initial Quotes:  

To establish an approximate cost for the product, a range of companies were 

contacted from the UK and abroad. It was immediately apparent that manufacturing 

costs from the UK were not viable for an aluminium casing, however, quotes from 

China may be feasible (Figure 36).  

 

 

 

 

 

 

Design for manufacture:  

Following initial quotes, other materials/methods of manufacture were considered 

(Appendix K). However, as the thickness of injection moulded parts is larger than 
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Figure 36 – Draft angles (Author, 2024) 

milled components, it would require significantly increasing the size of the design. 

Die casting was also considered; however, it cannot achieve a similar surface 

roughness and isn’t suitable for anodising.   

At this stage, draft angles were added to plastic components (Figures_) and the 

sizes of parts changed to account for machining tolerances (Appendix L). The wall 

thicknesses of parts were also edited, ensuring each part was viable for 

manufacture.  

 

 

 

 

 

 

 

 

 

Rapid Prototyping:  

As the design progressed further, 3D printing allowed the product to be visualised; it 

also enabled specific test-rigs (i.e. angle of light) to be completed.  

Laser cutting and etching were also used to demonstrate the appearance of the 

customisable ‘top casing’, and the acrylic screens.   

A test-rig was conducted to determine whether a pattern would display correctly over 

a curved surface when laser etching. Further testing was also completed to 

understand how many passes and what power is required to etch a suitable depth 

into aluminium.   



Rian Edmondson   
 

36 

Figure 38 – 3D print (Author, 2024) Figure 37 – Laser-etched design (Author, 2024) 

 

 

 

 

 

 

 

 

 

 

 

Materials Analysis: 

Following initial quotes and design for manufacture, the materials were evaluated 

using online datasheets and Granta EduPack. Aluminium 6061, silicone (KEG-2003-

70A/B) and ABS were found to be suitable materials for the product following a 

matrix analysis due to their recyclability, UV resistance, availability and aesthetic 

properties (Appendix K). 

Final Quotes and BOM:  

During detail design, further quotes were received (Appendix M) and listed in a bill of 

materials (BOM) (Appendix N). Multiple companies were approached for various 

manufacturing processes and distribution. The quantity stated was based on the 

obtainable market (27000 individuals) on a yearly basis. As such, the overall cost of 

the product (including overheads) was found to be £85.00.   
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Figure 39 – Gasket Quote 

 

 

 

 

 

Developing engineering drawings (Appendix O) was necessary to receive quotes 

and explain the manufacturing process. These were later used to develop a set of 

manufacturing instructions in preparation for prototyping.  

At this stage the final design was reached (Appendix P) and presented during the 

detail viva.  

 

Test-rigs:  

Bandpass filter:  

During the concept development stage, research and development of a 3kHz 

bandpass filter led to a Veroboard circuit being created and tested (Figure 41). To 

test it, a signal generator and a speaker was used to simulate a smoke alarm.  

The test showed that the technical concept was feasible and could be developed 

through further testing. However, it also revealed that the central frequency (f0) was 

not accurate to the equation (Figures 41).  
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Figure 40 – Bandpass equations (Wikipedia, 2024) 

Figure 41 - Schematic (Author, 2024) 

 

 

 

 

 

This is likely due to the quality of the components; low-tolerance resistors/capacitors 

should be used if commercialised.  

It was also found that the bandwidth of the filter was too high; the filter allowed 

frequencies between 2000-4000Hz to pass; to reduce this, further ‘poles’ should be 

added to the filter, which would be possible when using smaller surface-mount 

components.  
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Figure 42 – Vibration Testing (Author, 2024) 

It was further realised that a motor can induce a frequency in the microphone; to 

alleviate this affect the motor should be secure and be physically distant from the 

PCB.  

Vibration testing:  

During the detail design stage, a test rig was developed to test vibrations produced 

by the motor. A vibration motor was attached to different thicknesses of 

ABS/aluminium sheets and the movement of the material was measured using an 

accelerometer.  

The results demonstrated that the thickness of the material significantly affected the 

intensity of the vibration felt through it (Figure 43). As a result, a section of the base 

component was removed, reducing the thickness of the aluminium to 1mm.  

 

 

 

 

 

 

 

 

 

 



Rian Edmondson   
 

40 

Figure 43 – Light Testing (Author, 2024) Figure 45 – Angle Testing (Author, 2024) 

Angle/intensity of light:  

To measure the intensity of the light emitted by the product, a lux meter was used. 

Using a set of 3D prints, four LEDs were angled and measured at different distances 

(Figure 45). It was found that the light was most intense when 

perpendicular/coincident to the lux meter. As a result, the LEDs for the product are 

surface mount.   

Further testing (Figure 44) under an ambient light of 800 lux, demonstrated that four 

LEDs could exceed the intensity under BSEN54-23. 

 

 

 

 

 

 

 

 

 

  

Magnetic strap testing: 

A test rig using a 3D print of the magnet strap demonstrated the strap doesn’t detach 

under pressure, due to the strength of the magnets and the strap’s elasticity.   
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Developing electronics:  

It was realised that at specific distances from the speaker, the signal detected by the 

microphone was more intense. These increments changed with the frequency of the 

sound, suggesting it was caused by the compression/rarefaction of the soundwave.  

Due to a fire/smoke alarms intensity, the circuit would function reliably within the 

distance specified (13 metres), however at further distances it may begin to “flicker”, 

as the amplitude/sound pressure decreases.  

 

 

 

 

 

 

 

 

 

It was also found that each bandpass filter has multiple resonant frequencies. This 

can also be reduced by adding ‘poles’ to the filter, like the ‘bandwidth’ issue. 

Changes made during detail design to reduce vibrations affecting the circuit were 

also tested to be successful.  

IP – Logo Iterations:  

Using AI [DALLE], iterations of a logo were generated based on an initial sketch of a 

flame.  

Figure 44 - Sound Characteristics (The Physics Classroom, 2023) 
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Figure 45 – Logo Design (Author, 2024) 

The following images were generated; from which a segment was edited (Figure 46). 

Although the logo would be updated for commercial use, it communicates the 

colours of the D/deaf community and the purpose of the product/company.  
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Figure 46 – Final Design (Author 2024) 

Chapter Three – Evaluation of the Final Design  

Within this section the key points of the PDS are reflected upon, giving an evaluation 

of the final design (Appendix E). 

Final Design:  
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3.1 Market:  

[1.1/1.2] – Market size: 

Despite the market size being large (900,000), groups of D/deaf people can be 

challenging to reach (1.2). The obtainable market size is approximately 27000; 

meaning every month 2250 would have to be manufactured. The product therefore is 

suitable for batch manufacture.  

Changing the manufacturing process to injection moulding (Figure 54) may allow the 

product to be mass manufactured, without influencing aesthetics negatively. Further 

research and quotes are required.  

 

 

 

 

 

 

[1.2.1/1.2] – Employment and secondary conditions 

“The market includes those with secondary conditions – Maintaining and using the 

product must be intuitive for the user”. Intuitive design has been considered 

throughout the design process. When the user is required to change the device’s 

batteries/straps, the base/top casing have been designed to be easily removed using 

magnets.  

Figure 54 – Plas�c Render (Author 2024)   
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The battery casing has also been designed so the batteries locate themselves 

between two components. Additionally, to power-off the device, the user can simply 

rotate the base casing.  

To accommodate for the lower employment rate and income of D/deaf individuals, 

the device has been designed to be significantly more affordable than competitor 

products, despite a high cost of manufacture.  

[1.3/1.3.1] Individual use   

The product has been designed to be portable, affordable, and convenient for the 

user. Whilst Ignis is suitable for both individual and group settings, the design 

prioritised enforcing the user’s confidence and personal safety. As such, the product 

is intended as a personal device with specific design features encouraging 

personalisation.  

[1.9] – Age and inclusivity 

As the design can be customised, it allows the user to express themselves; it has not 

been designed to be gendered and isn’t age specific.   

When designing the product, anthropometric data of women and men was used to 

determine its size limits (width and length) (NC State University, 2006). Despite the 

product having a large height/depth, the product is an appropriate size to fit on the 

user’s upper arm, whilst being large enough for the PCB.  

 

3.2 – Function:  

[2.1] – BS-Standard requirements 
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Following BSEN54-23, the product emits 0.4 lux on a surface perpendicular to the 

light emitted, in an ambient light level of 800 lux. Test rigs have revealed that four red 

LEDs could exceed this level. In most instances however, the ambient light would be 

lower, improving the device’s ability to alert the user.  

[2.1.2] – Flashing rate & Epilepsy  

The product has been designed to flash at an identical rate to the alarm’s tone. BS 

fire tones are typically 2Hz, however some exceed this. The tones that exceed this 

limit are typically “sweeping” through frequencies, however, producing a steady light 

to alert the user (Eaton, N.D.), making the product suitable for D/deaf individuals with 

epilepsy.  

[2.2] – Battery requirements 

Ignis uses AG10 coin cell batteries which are commonplace and affordable. The 

batteries, as previously stated, are replaceable and use a bespoke battery casing to 

improve the process for the user. This ensures replacing the batteries is “convenient” 

(2.2.1 – PDS).  

[2.3.1] – Environment  

As the product has been designed following the specification BS-EN54-23, it can be 

seen under various light conditions (<800 lux), however, when necessary, the 

product uses a vibration motor to alert the user.  

[2.4] – Light visible through covering material 

Two layers of acrylic have been used to cover the PCB and ensure the device is 

waterproof. One layer of the acrylic is coloured red and frosted, whereas the other 

layer is clear. The frosted layer has a significantly lower light transmission than clear 
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acrylic, however. The colour red reduces the light transmission further; it may be 

necessary to increase the light emitted from the device to compensate 

(SimplyPlastics, N.D.). 

[2.5] – Mounting options 

Ignis has been designed with an option of two straps to improve the products 

versatility, ensuring the user isn’t forced to wear the device. As such, it can be used 

in most scenarios, following primary research responses.   

The ‘quick connector’ fitting and magnetic strap also allow the user to quickly swap 

between mounting options for convenience ([4.4] – Ergonomics). 

[2.6] – Sound filter 

A bandpass filter has been designed to filter sound frequencies and decibel levels. 

Throughout the design process the circuit has been tested and developed to ensure 

its function is accurate and reliable.  

To account for the different frequencies emitted by British fire/smoke alarms, another 

bandpass filter was added to detect both types of alarm. As previously stated, 

increasing the poles of the filter would improve its accuracy. 

The vibration generated by the filter matches the tone of the fire alarm, potentially 

assisting the user in identifying the warning. For further development, changing the 

circuit to be digital would potentially make the circuit more reliable. 

[2.10] – Energy consumption 

The device has been designed to use low amounts of power whilst idle, enabling it to 

last longer between replacing the batteries. When the device detects the correct 

frequency, it activates and remains active throughout the sound’s duration. 
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Figure 47 – Capacity Testing (Author, 2024) 

The product has a capacity of 130mAh and uses approx. 130mA when active (Figure 

48) and can operate for 35 minutes. However, when the product is idle, it’s capable 

of lasting multiple days.  

 

 

 

 

 

 

 

 

[2.11] – Reliability 

Through testing it has been established that the device can consistently detect a 

fire/smoke alarm, making it a safe product to rely upon. False alarms can be 

generated by loud sounds at a similar frequency, however.  

[2.12] – Eaton Database  

The Eaton database of Fire/smoke alarm tones was highly influential to the 

development of the bandpass filter. As British fire/smoke alarms are non-standard, it 

cannot be guaranteed that all fire/smoke alarms will be detected by Ignis, however, 

most of these alarms have common frequencies (800-970Hz & 3100Hz) (Eaton, 

2023) which can be filtered.  

[2.13] – Low battery indication  
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The product has been designed to produce a light when the battery is low. This will 

show an orange LED and is easily identifiable. Whilst this has disadvantages (i.e 

increased battery use), it allows the user to know when to change the battery before 

their safety is compromised.  

[2.14] – Light angles  

During testing, the most effective angle for the LEDs was found to be perpendicular, 

in line with secondary research. As a result, the LEDs are surface mount to the PCB. 

The device also features smaller screens on its side, allowing light to be seen from 

wider angles. 

   

3.3 – Aesthetics 

[3.3] - Colour 

When the product is active it uses red light which has connotations of danger and 

emergency to draw the user’s attention. As “emotional context alters a colours 

impact” for attention and motor behaviour, during a fire “signs that are vital for safety 

should use red to attract attention” (Kuniecki et al., 2015).  

As the product is customisable, the user also has a degree of control regarding its 

subtlety.  

[3.4] – Visual Cues 

Although the product was designed to be intuitive when assembling/disassembling, 

further visual cues should be included to indicate the correct orientation of 

components.  
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The product draws the attention of the user to the top face of the product; as a result, 

the user’s view should be drawn to the acrylic screen and warning light.  

[3.6] – D/deaf colour scheme 

As discussed under ‘detail design’, the D/deaf flag influenced the colour scheme of 

the product and its logo/branding, although further colours were proposed later in the 

design stage.  

 

3.4 – Ergonomics 

[4.4] Quick connector strap 

A strap clip was designed to allow the user to quickly swap between different straps; 

the final design is cost effective.  

[4.5] - Weight 

The product weighs approximately 100 grams (Figure 56); following guidance from 

the FAA (2005), this weight is suitable for a portable device. The product was also 

designed to have a centre of gravity, around the magnetic strap; as a result, the 

product is more stable when attached to a bag/belt.  
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[4.6] - Body Movements/size:   

When the product is worn, it is located on the user’s upper arm. As such, the device 

doesn’t restrict the user’s movements; although reducing the product’s height would 

allow it to fit inside the user’s pocket/smaller bags.  

The design also features a silicone inlay to provide comfort against the skin when 

worn ([5.3]).  

The product is within the size requirements set within the PDS (100*60mm) based 

on secondary research.  

[4.8] – Tactile Features 

The PCB casing has two notches removed to assist the user in removing the 

top/base casing. Further tactile features should be implemented into the design if 

developed.  

[4.9] – Safety 

Figure 48 – Weight Calculations (Author, 2024) 
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Safety has been a consideration throughout the design process. The design features 

two rubber gaskets which separates the aluminium casing, reducing the risk of the 

user pinching their finger under the force of the magnets.   

As previously mentioned, the electronics/LEDs are suitable for epileptic users with a 

flash rate typically under 2Hz. The electronics are also inaccessible for children.  

 

3.6 - Sustainability Goals  

The project achieved all of the UN sustainability goals referenced in Chapter one. 

Most notably, the device contributes to good health and wellbeing; effectively and 

reliably being able to detect a fire alarm from a reasonable distance and alerting a 

D/deaf person.   

 

3.7 - IPR 

Following advice, a timeline has been created (Figure 50) for IP. Although a 

sponsorship would be ideal to reduce patent/trademark fees in return for product 

use, it is equally viable to obtain a ‘trade secret’.  

When/if obtaining a patent to commercialise the product, it should also be 

considered whether it restricts reasonable development of other assistive products 

for D/deaf individuals.  
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Chapter Four – Conclusions and Recommendations   

 

4.1 - Technical Challenges:  

The final solution has demonstrated technical feasibility, despite being constrained to 

a small form. The product effectively detects a nearby fire/smoke alarm and alerts 

the user. Each aspect of its function has been tested and integrated well; achieving 

the technical goals set during the proposal stage.  

 

4.2 - Human challenges:  

Aesthetics and its impact on inclusive design has been a key consideration for the 

project. By reflecting on primary research and existing design trends, Ignis has given 

personalisation options and maintained a high-quality appearance through its use of 

materials.   

Other human challenges were presented throughout the design process (i.e. age, 

safety, usability et cetera.) which influenced concept/detail design. As a result, 

Figure 49 - IP Timeline (Author, 2024) 
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features (i.e. battery casing/gasket design) have been designed to improve user 

experience.   

4.2 - Design Improvements:  

For future development, the following design improvements could be made to better 

suit its function/market: 

Developing a supporting app that connects to an online system would allow 

parents/family and carers to be notified if a fire-alarm is activated; although this 

would require app design and integration, with potential software issues over time.  

Changing the circuit to be digital would also allow the product to identify patterns in 

sound, reducing the chance of false alarms. Developments in AI sound detection (i.e. 

Altexsoft, 2022) have led to significant advancements in this field.  

During the detail design phase, the casing was also increased in height to account 

for larger components; using smaller surface mount components would allow the 

casing to be reduced in height (Figure 58), making it convenient to wear on the 

upper arm.   

 

 

 

 

 

 

Figure 58 -  Reduced Height (Author, 2024) 
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As discussed within Chapter 2, additional poles would improve the bandpass filter, 

reducing its bandwidth and its number of resonant frequencies; using smaller 

surface-mount components would allow this. Furthermore, changing the components 

to be low tolerance would improve the accuracy of the filter (f0).  

 

 

 

 

 

 

 

Ignis would benefit from rechargeable batteries; this would not be convenient, but it 

would remove the need for a detachable base and waterproof casing, reducing the 

complexity of the design and its cost. 

Although the product has a low battery indication, it would be ideal to also have a 

method of testing the battery level. Using a microcontroller would allow the low 

battery indication to occasionally flash in a set pattern, saving battery and making it 

easy to distinguish from the alarm.  

The product should include markings to display the coverage volume of the product 

alongside markings to display the correct orientation of each part and CE/UKCA 

markings.  

Bandwidth 

Central Frequency 

Figure 50 - Bandpass Filter (Wikipedia, 2024) 
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As previously mentioned, (Chapter 2 – 2.4), increasing the light emitted from the 

product may be necessary. Alternatively, using clear and clear-frosted acrylic screens 

would increase light transmission; the LEDs would remain red. Further testing should 

be conducted into the most effective angle of LEDs and how to improve visibility from 

the side of the product.   
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