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Abstract— This paper presents a novel approach to the design and development of medical devices through the Adaptive User-Driven
Innovation (AUDI) methodology, specifically framed to meet India’s unique healthcare demands and industry landscape. The AUDI
methodology, combining elements of Design Thinking, TRIZ, Lean Startup, User-Centered Design, Agile development and Reverse
Engineering, creates a hybrid approach that addresses the limitations of conventional design frameworks. It emphasizes user empathy,
iterative innovation, and regulatory alignment, making it suitable for the multidisciplinary and compliance-heavy field of medical device
design.

The proposed methodology’s structured approach enhances affordability, adaptability, and usability for underserved rural healthcare
sectors while supporting the growing medical tourism industry. With a focus on rapid prototyping, rigorous validation, and market fit,
the AUDI framework supports ethical standards and data security, ensuring safe and effective devices. This research aims to establish
AUDI as a model for scalable, high-quality medical device innovation in India, aligning with government initiatives and fostering a self-
reliant industry capable of meeting both domestic needs and global market demands.

Index Terms— Agile, AUDI, Design Thinking, I1SO, Lean Startup, Regulatory Clearance in Medical Devices, Reverse Engineering,
TRIZ, User-Centered Design

aimed at promoting Atma Nirbhar Bharat (Self-Reliant India).
India's medical device industry faces unique challenges. The
In healthcare, the design and development of innovative  sector is fragmented, with a high concentration of small and
medical devices play a pivotal role in addressing critical  medium enterprises (SMEs) that struggle to navigate complex
challenges and improving patient care. The continuous regulatory frameworks and access adequate funding for
advancements in technology, with the increasing demand for  innovation. Furthermore, per capita medical device
efficient and patient-centered healthcare solutions, have consumption in India remains extremely low at $3 USD,
propelled the need for novel medical devices that can enhance  compared to $221 to $415 in more developed countries,
treatment outcomes, address specific challenges, enhance  highlighting an unmet need for affordable and accessible
diagnostic capabilities, improve treatment efficacy, and healthcare solutions. Additionally, the growing healthcare,
enhance patient comfort. The medical device sector in India  particularly in rural areas where accessibility remains a
is set to be enhanced as the country's demographic dynamics,  challenge, points to the urgent need for adaptable, robust
increased healthcare spending, and government initiatives  devices that can function in low-resource settings. Combined
aimed at supporting indigenous innovation will boost this  with the rise of medical tourism, which is projected to
sector. India is projected to have a population of 1.6 billion  contribute $13 billion to the economy by 2026, and the
by 2050, which is going to have vast health needs, and the  potential for the sector to create 4 million jobs by 2025, the
demand for accessible, affordable medical devices is growing ~ medical device market in India is on the threshold of a great
rapidly. By 2026, healthcare spending is expected to reach  transformation [1-12].
$372 billion, underscoring the need for an effective domestic The medical device design process is notably
medical device industry to meet this demand. multidisciplinary, requiring adherence to rigorous regulatory
Currently, India imports approximately 80% of its medical ~ standards, emphasis on patient safety, and assurance of long-
devices, creating substantial reliance on global supply chains  term reliability. This intricate process often involves
and subjecting the country to global price and availability  significant testing and validation cycles to ensure devices
fluctuations. In response, India has been steadily working to  perform accurately over time. While existing design
enhance its self-reliance through initiatives such as the  methodologies like Design Thinking, TRIZ, Lean Startup,
Production Linked Incentive (PLI) scheme and policies and User-Centric Design, and Agile have shown success in

. INTRODUCTION
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various sectors, they fall short in addressing the specific
challenges encountered in medical device design. The
conventional product development methodologies may
emphasize speed and agility, which are often incompatible
with the thorough testing, user-centeredness and regulatory
compliance essential in medical device design. Furthermore,
given the direct impact of medical devices on human health,
ethical considerations such as data security, privacy, and user
sensitivity are critical, often exceeding the standards required
in other fields.

To address these limitations, this paper proposes a new
hybrid methodology for medical device development, which
synthesizes elements of multiple design methodologies to
enhance suitability and adaptability for medical device
innovation. The AUDI (Adaptive User-Driven Innovation)
methodology brings a novel approach to biomedical device
development by integrating multiple proven design and
innovation frameworks into a unified, adaptive process.
While existing methodologies, such as Bio design and others,
offer effective pathways for medical device development,
they often focus on specific stages of the product lifecycle,
such as problem identification, iterative prototyping, or
regulatory pathways, rather than offering a fully integrated
process that encompasses user needs, technical innovation,
and market fit within a single adaptable framework.

This AUDI approach includes focused design stages,
extended testing and validation phases, user-centric
adaptations incorporating clinical insights, cost-effective
scalability, and rigorous data security and ethical standards.
The proposed methodology considers India's specific needs,
including rural healthcare accessibility, affordability, and
regulatory alignment, to foster a robust ecosystem for medical
device innovation. This methodology thus aims at reducing
its import dependency, enhancing domestic manufacturing to
make India hold a good position in the global medical device
sector through practical solutions to meet India's healthcare
challenge.

Through a systematic examination of the proposed
methodology, this research’s to the evolving discourse on
medical device development, presenting a framework that
aligns with the nuances of the healthcare landscape. By
fostering innovation, regulatory alignment, and affordability,
this methodology seeks to enable the creation of safe,
accessible, and effective medical devices suited to the diverse
needs of healthcare system.

Il. OVERVIEW OF TRADITIONAL
METHODOLOGIES

The following section gives an overview of the few
existing methodologies used in the design and development
of the products:

A. Design Thinking

DT [13, 14] is a problem-solving technique that prioritizes
human-centeredness, iteration, and the key values of empathy,
creativity, and cooperation. It is a mindset and a structured

process that seeks to understand and address complex
problems in empathetic ways. DT originated in the 1960s at
Stanford University, primarily driven by the work of
engineers David Kelley and Terry Winograd. There were five
key stages [15] (Fig. 1):

Empathize: It involves deeply understanding the people
you are designing for. This includes observing and
engaging with end-users, stakeholders, and customers to
empathize with their needs, pain points, motivations, and
aspirations.

Define: In this stage, the insights gathered during the
empathize stage are analyzed and synthesized to define
the core problem statement or the "point of view." This
involves reframing the problem in a human-centered way,
ensuring that it reflects the true needs and challenges of
the users.

Ideate: The ideation stage is about generating a wide
range of possible solutions. Cross-functional teams come
together to brainstorm and explore various creative ideas.
Ideation techniques such as brainstorming, mind mapping,
and sketching are commonly used to encourage divergent
thinking.

EMPATHIZE DEFINE

TEST

Fig. 1: Design Thinking Methodology, five stages

Prototype: In this stage, the best ideas generated during
ideation are transformed into tangible prototypes or
representations of the potential solutions. The key is
creating quick, low-cost prototypes, allowing rapid
testing and iteration.

Test: The final stage involves testing the prototypes with
the end-users to gather feedback and insights. The
feedback loop in the testing stage is crucial for
understanding user reactions, preferences, and pain points,
which inform further ideation and prototyping.

It's important to note that DT is not a linear process, and
the stages can be revisited and iterated as needed. The
emphasis on iteration and rapid prototyping allows for
constant improvement and adaptation based on user feedback.

B. TRIZ Methodology

TRIZ, or the Theory of Inventive Problem Solving [16, 17],
was developed by Genrich Altshuller in the mid-20th century
as a systematic approach to solving engineering and technical
problems. At its core, TRIZ is built on the premise that
inventive solutions to complex problems can be methodically
analyzed and synthesized using a set of principles and
patterns. By understanding these patterns, TRIZ can help
inventors come up with new and creative solutions to
problems. It is based on converting a complex or particular
problem into a general problem, solving the general problem,
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and then applying the general solution to the specific problem
(Fig. 2). TRIZ uses various tools and techniques to help

Empathy
Analysis

inventors solve problems, which include [18]:
Testing
& Evaluation

L

General
Solution

Fig. 2: TRIZ Methodology for solving the problem

« The 39 Technical Contradictions:  Technical
contradictions are situations where two desirable goals
conflict with each other. The Altshuller Matrix, or TRIZ
Matrix, or Contradiction Matrix works based on the
contradiction that improving one parameter of the system
leads to worsening (needing to be preserved) other
parameters. The TRIZ contradiction matrix using
technical contradiction can give a standard solution to the
specified problem.

» The 40 Inventive Principles: The 40 Inventive Principles
are a set of general principles that can be used to solve
problems. Each principle is a different way of looking at
a problem and can be used to generate new ideas for
solutions.

» The Ideal Final Result (IFR): It is a description of the
perfect solution to a problem. Describing the perfect
solution leads to a better understanding of the problem
and the goals to achieve.

» Based on the 39 universal parameters for the TRIZ
technical contradiction [19], the contradictions were
selected based on their worsening and improving features,
and using the TRIZ matrix among the 40 inventive
principles, some principles were shortlisted that may be
used in subsequent design activities and assist in
preserving the worsened parameter by either nullifying
the effect or resolving the contradiction.

I TRIZ Technical Contradiction Methodology |

Define Technical Formulate Solutio

System thre
. B »

e e 1
Formulate 1deal Contradiction Matrix to
Final Result(TFR)

Contrast/ Compare Formulate Contradictions
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Fig. 3: Flow chart for TRIZ Methodology

C. Lean Startup Methodology

The LS methodology [20, 21] is a contemporary approach
to entrepreneurship and product development that prioritizes
agility and adaptability and was developed by Eric Ries.

Essentially, this methodology is a response to traditional,
time-consuming product development processes that often
result in costly failures. Composed of three words (Fig. 3):

» Lean: To optimize the resources and minimize the waste
by efficient working.

« Startup: Any institution or product development process
that works on a new product having uncertainty in usage,
implementation by the users.

« Methodology: A set of Principles used to gather
information and insights in a systematic order.

The core idea behind the LS methodology is to minimize
the time and resources spent on building products that
customers may not want or need (in the future) [22]. It
encourages a scientific approach to developers, where
assumptions and hypotheses are tested and validated through
quick and low-cost experiments.

In this study, employing the LS methodology, the primary
focus was on harnessing secondary research to gather
information and insights relevant to the project. The
following outlines the research process [52] (Fig. 4):

» Information Gathering: The initial phase involves
systematically exploring existing literature, market
reports, and available data to establish a comprehensive
understanding of the problem space and to identify
potential research opportunities.

e Build: It denoted the development of the research
framework and strategy based on the insights acquired
from secondary research. The formulated hypotheses and
research questions guide the investigation.

» Measure: It entailed the systematic collection of data and
empirical evidence to assess and validate the hypotheses.
Various research methods were employed, including
surveys, interviews, and data analysis, to gather relevant
information.

» Learn: In the "Learn" phase, the data collected during the
"Measure" stage was analyzed. The primary aim was to
derive meaningful conclusions, either confirm or refine
the initial hypotheses, and gain deeper insights into the
problem or opportunity.

Itis a cyclic process and is used till good conclusive results
are obtained. The detailed flow chart for the implementation
of the LS methodology is shown in Fig. 5.

Lean
Startup
Methodology

Measure

Fig. 4: Build Measure Learn Process of Lean
Methodology
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Fig. 5: Generalized Flow Chart for Lean Startup
Methodology

D. User-Centric Design Approach

User-centric design, also referred to as user-centered
design (UCD) [23, 24, 25], is an approach to product
development and design that prioritizes the end user
throughout the entire design process. It places a strong
emphasis on understanding the needs, preferences,
behaviours, and experiences of the individuals who will
interact with the product or system being created.

The fundamental principles and activities associated with
user-centric design encompass:

User Research: Deep insights into target users' objectives,
challenges, and behaviours through methods like
interviews, surveys, and observations.

Persona Development: Creating detailed user personas to
guide design choices and empathize with users' unique
needs.

Prototyping and lIteration: Continuous improvement
through creating and refining prototypes based on user
feedback.

Usability Testing: Evaluating product usability through
user testing to identify areas for improvement.
Accessibility: Ensuring product accessibility for users
with disabilities, addressing visual, auditory, and motor
impairments.

User-Centered Evaluation: Consistent assessment of
design alignment with user needs and expectations.

User Feedback Integration: Actively seeking and
integrating user feedback throughout development,
including post-launch refinements.
This methodology is widely employed across various
domains, encompassing web and application design, product
design, industrial design, and software development. User-
centric design bolsters user satisfaction, encourages product
adoption, and augments overall market success (Fig. 6).

User Centric Design

Implement

Evaluation

Fig. 6: User Centric Design Methodology

E. Reverse Engineering

Reverse engineering [26, 27] is a process that involves
dissecting and analyzing an existing product or system to
understand how it works, to gain insights for improvement,
replication, or troubleshooting. This approach does not
involve copying or stealing intellectual property but rather
focuses on comprehending the underlying principles,
components, and functionalities of a device or system. It is
often employed to enhance or modify existing products,
explore innovative design possibilities, or troubleshoot issues
(Fig. 7). Reverse engineering is a valuable tool in various
industries, including technology, manufacturing, and
automotive, allowing engineers and designers to gain
valuable insights and knowledge for further development and
innovation while respecting intellectual property rights [28].

*i ¥ Gt

‘ —
Analyzed Test & Production
Modified
Original Product & |nformation & Improved Validate
Extracted Product

Fig. 7: Reverse Engineering Methodology

Frugal innovation [29] leads to the development of cost-
effective and resource-efficient solutions that address
complex challenges and meet the needs of underserved
populations. It allows for the enhancement of device
performance, reliability, and safety.

17



FHIFERP

Explore Your Research

ISSN (Online) 2456 -1304

International Journal of Science, Engineering and Management (IJSEM)
Volume 12 Issue 11 November 2025

F. Agile Methodology

The Agile methodology [30] is a set of principles and
practices that focus on iterative development, collaboration,
and flexibility, allowing teams to quickly adapt to changes in
project requirements. It emphasizes delivering small,
functional parts of a project in short cycles, known as sprints,
rather than waiting to deliver a fully completed project at
once. It’s a framework that embraces the unpredictable nature
of development by focusing on flexibility, incremental
progress, and quick adaptation to user needs. Agile's core
methodologies guide teams to stay responsive, user-focused,
and efficient in project development (Fig. 8).

Plan ‘()esign ' ﬁéevelop Q(Test " #(Jeplov' »(Qeview'
Fig. 8: Agile Dévelopment Methodology

I11.  CHALLENGES IN MEDICAL DEVICE
DEVELOPMENT WITH TRADITIONAL
METHODOLOGY

Current design methodologies were effective in various
industries, but upon implication of than in medical device
development, specific challenges were observed:

+ Patient Safety and Regulatory Compliance: Unlike
consumer products, medical devices have direct health
implications, requiring strict adherence to standards like
ISO 13485 and FDA guidelines. Failure in these devices
can be life-threatening, demanding rigorous risk
assessments, fail-safe designs, and extensive validation
processes that are not central to standard Agile or Design
Thinking frameworks.

» Long-Term Reliability and Testing: Medical devices are
expected to function accurately over long periods, often
in challenging environments. lterative methods favor
rapid prototyping but may lack the durability and
biocompatibility testing essential for medical applications,
which must withstand sterilization and heavy use. A
medical device-focused methodology would include
rigorous performance testing under real-world conditions.

» Ethical and User-Sensitivity Needs: Traditional user-
centric methods require adaptation for medical devices to
ensure accessibility and usability across diverse, often
vulnerable populations. Medical devices must be
ergonomic and accessible, especially for elderly or
physically challenged patients, with a focus on patient
privacy and safety.

» Clinical and Specialized Input: Medical devices require
collaboration not only with designers but with healthcare
professionals for clinical insights. A dedicated
methodology for medical devices would involve
continuous clinical collaboration, essential for aligning
the device’s functionality with real-world clinical needs.

A. India-Specific Needs

In India, the need for affordable and accessible healthcare
solutions poses unique design challenges:

e Cost-Effective and Scalable Solutions: India’s vast
healthcare needs demand low-cost devices with reliable,
long-lasting performance. A dedicated methodology
would integrate cost-effective design principles without
compromising quality or safety, along with local
manufacturing.

» Adaptation for Rural Healthcare: Devices must function
in low-resource, rural settings, necessitating designs that
are rugged, portable, and maintenance-free. Standard
methodologies overlook these factors, underscoring the
need for an India-tailored approach.

» Localized Compliance and Regulatory Frameworks:
India’s evolving regulations, such as the Medical Device
Rules 2017, require a methodology that embeds
compliance with local standards at each development
stage, minimizing delays in market entry.

B. Usage of Traditional Design Methodologies

Under different aspects, these methods can be adopted, i.e.,
DT is an early-stage adopting method which can be used to
create a product starting from the problem identification; it is
one of the most effective design methods used today.
Similarly, Lean Startup can be employed when the need is
there, but there is uncertainty. The user-centric design is also
used when there is not much empathy required a general
statement is already defined. TRIZ is used to get more
ideations, i.e., quick solutions for the general statement of the
problem. The RE is more effective in the prototyping stage,
where the current devices were modified as per the needs of
the user. Agile is required when we need to develop with
fewer constraints. Table 1 & Fig. 9 show the generalized use
case scenarios and adaptability of the various design methods.

Product Development Methodology

Design Thinking

Lean Startup. i
User CentricDesign ABile Development

Reverse Engineering

EFFECTIVENESS

TRIZ

= = =

Timeline

Fig. 9: Product Development cycle of various
methodologies
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Table 1: Generalized use case scenarios of Various Methodologies

Optimal Design

Secondary

Scenario Meth_odology Considerations Rationale
(Primary)
Critical device with user|Design Thinking |User-Centered |Adaptable, rapid iteration, user empathy, fast
interface, complex & urgent Design,  Lean|development. Requires a strong interdisciplinary team.
challenges Startup UCD for specific user needs, Lean Startup for market fit

validation.

Completely new solution and
problem definition required

TRIZ

User-Centered
Design

Quick method for innovative solutions. UCD can help
refine problem definition based on user needs.

uncertain, and high market
competition

Enhance the reusability & |Reverse Design Analyze existing solutions for targeted improvements
effectiveness of  existing| Engineering Thinking and optimizations. Design Thinking can help identify
devices. new functionalities or user needs.

Problem modification | Lean Startup Design Focuses on rapid iteration and customer needs for market
needed, user acceptance Thinking success. Design Thinking can help validate initial

problem definition and potential solutions.

Software-driven medical

Design Thinking

User-Centered

Adaptable, user empathy, and iterative development.

points

device with complex Design, Agile|UCD for specific user needs, Agile for faster software
functionality Development  |development cycles.

Specific user group with|User-Centered Design Close user interaction throughout the process ensures the
well-defined problem & pain | Design Thinking final product addresses their specific needs.

A specialized methodology for the development of a
medical device should include regulatory-focused stages,
extended testing cycles, clinical-centered user research,
affordable design strategies, Specific user needs, and a long-
term solution. This would support the development of reliable,
compliant medical devices tailored to India's diverse
healthcare environment, fostering affordable innovation and
addressing the limitations of conventional design methods.

IV. PROPOSED HYBRID METHODOLOGY FOR
MEDICAL DEVICE DEVELOPMENT

A hybrid methodology was made for the development of
medical Devices by combining the best aspects of Design
Thinking, TRIZ, Lean Startup, User-Centered Design (UCD),
and Reverse Engineering. Agile methods, we can leverage the
strengths of each methodology to address the complexities of
biomedical product development. The new theory can be
termed " Adaptive User-Driven Innovation " (AUDI). This
theory integrates rapid development cycles, systematic
problem-solving, and iterative user feedback with a strong
emphasis on innovation and usability for the design &
development of medical devices.

A. Core Components of the AUDI Theory
1) Iterative Problem Solving and Innovation (TRIZ &
Design Thinking)

» Design Thinking for Problem Framing and Ideation:
Design Thinking is employed to frame the problem with
empathy, ensuring that the user's needs and challenges are

4)

at the core of development. It also facilitates the ideation
process, helping create a human-centric solution.

TRIZ for Innovation: TRIZ serves as the foundation for
identifying innovative solutions. This phase helps in
solving technical contradictions and generating novel
ideas quickly.

User-Centered Validation and Feedback Loops (UCD &
Lean Startup)

User-Centered Design and Lean Startup for Rapid
Prototyping and Market Validation: The entire process
will ensure that users (patients, healthcare professionals)
are involved in every phase of the development. This
phase integrates user testing, feedback, and iterations to
refine the design based on real-world usage scenarios via
rapid prototyping and market validation through
Minimum Viable Products (MVPs)..

Fast-Track Improvement through Existing Knowledge
(Reverse Engineering)

Reverse Engineering: In biomedical device development,
Reverse Engineering can be applied to understand and
improve upon existing solutions. By analyzing successful
devices, teams can identify what works and what does not,
and apply this knowledge to their designs.

Speed, Adaptability, and Compliance
Development & Regulatory Integration)

Agile Development: While Lean Startup focuses on
MVPs, Agile Development enables the team to be flexible

(Agile
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methodologies at different phases of the Product development,

and adapt to changes throughout the project. For
biomedical devices, this is particularly important to stay
compliant with evolving regulations while maintaining
product quality.

Regulatory Integration: A specific addition for
biomedical devices is integrating regulatory feedback
loops early in the process to ensure compliance with FDA
or CE standards. This step will ensure that the fast-paced
development doesn't overlook safety, efficacy, or legal
requirements.

By combining all the positive aspects of the various design

Adaptive User-Driven Innovation, i.e., AUDI process, is
developed as shown in Fig. 10.

Design
Thinking

Fig. 10: AUDI method Framework

AUDI: ‘Adaptive User-Driven Innovation’ Development Process

Rapid Prototyping
& User Testing

Iterative Regulatory
Prosce heiion o e e
Market Fit Finalization
LLean Lagile
Development
1.Design Reverse Engineering Startup ) m“]
Thinking Thinking for Refinement et Bt L)

2uen Development Integration
| I | I

1.Reverse

Engineering
2.TRIZ

Fig. 11: Flow chart of the AUDI Development process at

different phases of product development

B. Steps of Applying the AUDI Methodology
The detailed steps at different phases of the design and

development of the medical device in the AUDI methodology
are described in detail in Fig. 11.

1)

User Empathy & Problem Definition
Primary Methodology: Design Thinking

2)

Goal: Develop a deep understanding of the problem space.

Actions: Conduct interviews with patients, healthcare
professionals, and other stakeholders to gather insights.
Output: User personas, problem statements, and initial
ideas.

Ideation & Innovation

Primary Methodology: TRIZ
Goal: Generate innovative
biomedical challenges.
Actions: Use TRIZ to identify contradictions in current
devices or processes and solve them. Facilitate workshops
with interdisciplinary teams (engineers, designers,
clinicians) to ideate solutions.

Output: A pool of innovative ideas, concepts, and possible
prototypes.

ideations to complex

Case 1: Rapid Prototyping & User Testing

Primary Methodology: Lean Startup

Goal: Develop rapid prototypes based on the most
promising concepts.

Actions: Create a series of low-fidelity prototypes
(MVPs), test them with real users, and gather feedback.
Iteratively refine the prototypes based on feedback.
Output: MVPs that have been validated by actual users,
reducing the risk of failure in later stages.

Case 2: Reverse Engineering for Refinement

Primary Methodology: Reverse Engineering

Goal: Improve existing solutions or integrate proven
designs.

Actions: Analyze existing biomedical devices that
address similar problems. Use TRIZ to improve upon
their functionality, ergonomics, or safety features.
Output: Enhanced prototypes or new designs that
combine the best aspects of proven solutions with novel
innovations.

Iterative Development & Market Fit

Primary  Methodology: Lean
Development

Goal: Ensure market viability and readiness for scaling.
Actions: Use Lean Startup principles to gather market
feedback, run customer discovery processes, and refine
the product. Integrate Agile Development to adapt to user
demands and regulatory constraints.

Output: A product that is user-tested, market-validated,
and regulatory-compliant.

+

Startup Agile

Regulatory Compliance & Finalization

Primary Methodology: Agile + Regulatory Integration
Goal: Achieve final approval for market entry.

Actions: Work closely with regulatory bodies during the
final phases of development, ensuring that the device
meets necessary standards. Use Agile sprints to quickly
address regulatory feedback.

Output: A finished, compliant biomedical device ready
for production and distribution.
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V. RESULTS AND DISCUSSIONS

In this research, the AUDI methodology was developed
using the traditional methodologies for the development of

medical devices. The table summarises the detailed steps for
the AUDI process.

Table 2: Various methods, key actions, and outputs of the AUDI methodology

Primary
Methodology

Secondary

Stage Methodology

Key Action Output

User Empathy &

User personas, problem

Design User-Centered | Conduct user research, L
1| Problem Thinkin Design (UCD) | interviews, and gather insights statements, and initial
Definition g g ' g g ideas
, e[ e [T e
Innovation Thinking ’ plinary PIs, y

ideation prototypes

Rapid Prototyping User-Centered

Build low-fidelity prototypes,

3 & User Testing Lean Startup Design (UCD) test with users, gather User-validated MVPs
feedback
Reverse Analyze existing devices, .
. . Reverse . ; . Improved designs or
4 | Engineering for Enaineerin TRIZ enhance functionality using enhanced prototvoes
Refinement g g TRIZ principles P yp
Iterative Adile Market feedback, customer Market-validated,
5 | Development & Lean Startup g discovery, iterative product regulatory-ready
. Development .
Market Fit refinement prototypes
Regula_tory Agile Regulatory Work with regulatory bodies, Fing| r_egulatory-
6 | Compliance & . compliant product ready
R Development | Integration ensure standards are met .
Finalization for production

The AUDI methodology’s novelty lies in its multi-faceted,
adaptive, and proactive approach to product development,
particularly for biomedical devices. It provides an integrated
pathway that not only fosters user-centered solutions but also
drives technical innovation through TRIZ and leverages
market feedback for rapid iteration and refinement. AUDI
differs from existing biomedical device design methods by
emphasizing continuous innovation, regulatory adaptability,
and faster time-to-market, making it uniquely suited for
developing cutting-edge biomedical devices in today’s fast-
paced, high-demand healthcare environment.

A. Advantages of the AUDI Theory

» Faster Development Cycles: Combining Lean Startup and
Agile Development allows for rapid iteration, reducing
the time to market for biomedical devices.

» User-Centered Innovation: Design Thinking and UCD
ensure that the final product meets actual user needs and
creates empathy-driven, human-centric devices.

» Systematic Problem Solving: TRIZ offers a structured
approach to overcoming technical barriers, enhancing the
innovative potential of biomedical devices.

» Optimized Through Reverse Engineering: Learning from
existing successful designs enhances the effectiveness
and safety of the devices.

* Regulatory Readiness: By integrating compliance
throughout the process, the theory ensures smoother
regulatory approval, a critical aspect of biomedical
devices.

VI. FUTURE DIRECTIONS FOR MEDICAL DEVICE

DESIGN METHODOLOGIES

The future of medical device design methodologies,
particularly through the Adaptive User-Driven Innovation
(AUDI) framework, promises a transformative approach to
biomedical product development. By integrating the
strengths of Design Thinking, TRIZ, Lean Startup, User-
Centered Design, and Reverse Engineering, AUDI not only
streamlines the design process but also enhances the
credibility of solutions developed. Initial testing has shown
promising results, indicating that this hybrid methodology
effectively addresses the complexities inherent in medical
device design while ensuring user-centricity and regulatory
compliance. The adaptability of AUDI allows teams to
rapidly iterate and innovate, making it a formidable tool for
meeting the ever-evolving demands of the healthcare
landscape.

As the healthcare industry continues to advance, the need
for rigorous case studies showcasing the effectiveness of the
AUDI methodology will become increasingly important.
Future research will focus on expanding the application of
AUDI across diverse medical device categories, enabling
deeper insights into its efficacy and reliability. By
documenting additional case studies, researchers can validate
and refine the AUDI framework, fostering a robust body of
knowledge that can be leveraged by design teams worldwide.
This approach not only reinforces the reliability of solutions
but also encourages collaborative innovation among
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interdisciplinary  teams, ultimately leading to the
development of safer, more effective medical devices that
better serve patients and healthcare providers alike.

VII.  CONCLUSION

Traditional design methodologies have proven insufficient
in addressing the unique challenges of medical device
development, including the need for user-centered innovation,
rapid iteration, and stringent regulatory compliance. These
limitations necessitated the creation of the Adaptive User-
Driven Innovation (AUDI) methodology, a comprehensive
framework designed specifically to meet the demands of
modern healthcare product development.

By integrating established methodologies such as Design
Thinking, TRIZ, Lean Startup, Reverse Engineering, and
Agile Development, the AUDI framework overcomes the
constraints of traditional approaches. It provides a structured
yet adaptive pathway for developing medical devices that are
innovative, user-centric, and regulatory-compliant, ensuring
faster time-to-market while maintaining high safety and
effectiveness standards.

The key strength of the AUDI framework lies in its
adaptability and proactive nature, allowing teams to
iteratively refine prototypes, incorporate user feedback, and
navigate complex regulatory landscapes. It emphasizes
continuous improvement through systematic problem-
solving and optimization, leveraging the best practices from
existing devices while fostering innovations.

The methodology’s ability to integrate diverse perspectives
and ensure faster time-to-market provides a competitive edge
in the fast-evolving biomedical sector. Early applications of
the AUDI methodology have demonstrated its potential to
streamline design processes, enhance user satisfaction, and
meet stringent compliance requirements.

Looking forward, further validation of the AUDI
framework through rigorous case studies and diverse
applications across medical device categories will strengthen
its reliability and effectiveness. This will pave the way for the
development of safer, more efficient, and innovative devices,
ultimately benefiting patients, healthcare providers, and the
broader medical industry. The AUDI methodology thus
represents a significant advancement in medical device
design, fostering interdisciplinary collaboration and
addressing the growing demands of modern healthcare
systems.
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