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Abstract: The classification of radio astrophysical signals presents a significant challenge due to the complex nature of

inherent data uncertainty, traditional models, such as probabilistic and Intuitionistic Fuzzy frameworks, fail
to adequately represent complex forms of uncertainty, especially when faced with informational conflict or
contradiction, this paper introduces a novel framework based on the Neutrosophic Measurable Space (NMS)
and presents an empirical validation of its efficacy, through a comparative analysis on a dataset of 10,000
radio astrophysical signals-including canonical, noise, and specially curated anomalous (vague and
contradictory) classes-the results demonstrate the clear superiority of the NMS model. Crucially, the analysis
reveals a fundamental structural failure in the Intuitionistic Fuzzy model, which misinterprets high-conflict
signals as high-certainty events, in contrast, the NMS framework leverages its independent Indeterminacy
component to quantitatively measure this contradiction, transforming it from a mere measure of ignorance
into a powerful diagnostic tool, this capability establishes the NMS as a superior methodology for anomaly
detection, opening new frontiers for scientific discovery in data-driven domains.

1 INTRODUCTION

The epistemological foundations of modern
astrophysics are inextricably linked to the
mathematical frameworks wused to interpret

observational data. At the heart of this interpretive
process lies classical measure theory, a powerful
edifice built upon the axioms of the c-algebra, which
delineates the wuniverse of "measurable" or
quantifiable events [1], this classical structure,
however, is predicated on the bivalent logic inherent
in crisp set theory, a paradigm that enforces a strict
binary classification: a signal either possesses a
certain characteristic or it does not, while this
approach has proven immensely successful in high
signal-to-noise ratio environments, it reveals
profound structural limitations when confronted with
the intrinsic realities of radio astronomy-the analysis
of faint, ambiguous, and often anomalous signals
extracted from vast datasets saturated with noise and
instrumental artifacts, the foundational challenge
arises from the fact that uncertainty in this domain is
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not merely probabilistic but is often epistemic,
stemming from incomplete information, instrumental
limitations, and fundamentally contradictory
evidence.

To transcend these limitations, a more
sophisticated  mathematical representation  of
uncertainty is required, the introduction of
Intuitionistic Fuzzy Sets (IFS) by Atanassov provided
a significant step forward, offering a richer schema
that assigns to each data point degrees of both
membership and non-membership, thereby explicitly
modeling hesitation [2], this framework allows for a
more nuanced representation of signals that are
partially consistent with a known template, the
subsequent formalization of logical operators for IFS,
such as countable unions defined through supremum
and infimum operations [3], laid the groundwork for
extending algebraic structures. A crucial prerequisite
for such extensions is the rigorous proof that the
resulting objects remain valid within the constraints
of the framework, such as the condition that the sum
of membership and non-membership degrees does



Proceedings of the International Conference on Applied Innovations in IT (ICAIIT), July 2026

not exceed one [4], this development paved the way
for generalizing fundamental analytical concepts,
including the notion of continuous functions within
these new topological spaces [5].

However, even the intuitionistic framework falls
short when faced with data that is not merely vague
but actively contradictory-for instance, a signal
exhibiting characteristic of two distinct astrophysical
phenomena simultaneously, or a transient event
whose features are inconsistent with any established
theory, it is precisely this challenge that motivates the
adoption of the more general and powerful
Neutrosophic Set (NS) framework. Neutrosophy
provides a triadic representation of information-Truth
(T), Indeterminacy (I), and Falsity (F)-where these
components are treated as independent dimensions,
this structure is uniquely capable of modeling
contradiction and ambiguity as distinct, quantifiable
entities, rather than conflating them into a single
measure of hesitation, the practical utility of this
approach has been demonstrated in complex
reasoning tasks where evidence is conflicting, such as
in medical diagnostics [6].

The primary objective of this thesis is to construct
the rigorous mathematical foundation necessary for
applying these advanced concepts to astrophysical
signal classification, this requires a fundamental
generalization of the c-algebra itself, transitioning
from the domain of crisp sets to the more complex
lattice of neutrosophic sets. Such a generalization
demands the development of compatible topological
structures, building upon seminal work in fuzzy
topological spaces [7], to ensure logical and structural
coherence, by defining a Neutrosophic c-algebra
(NX) that is closed wunder neutrosophic
complementation and countable unions, we establish
the core component of a Neutrosophic Measurable
Space (NMS), this space will serve as the formal
arena upon which we can define measures capable of
quantifying not only the evidence for or against a
certain signal classification but, most critically, the
inherent degree of indeterminacy and contradiction
within the observational data itself, a concept vital for

applications like image segmentation where
boundaries are ill-defined [8].
This  research, therefore, constitutes a

foundational exercise in mathematical generalization,
motivated by a pressing need in applied science, by
first reviewing the established architecture of
intuitionistic fuzzy topological spaces [9] and the
properties of generalized closed sets within the
neutrosoph-ic context [10], we will systematically
construct the Neutrosophic Measurable Space, the
ultimate goal is to establish a new methodology that
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transforms indeterminacy and contradiction from
sources of error into quantifiable, informative
features, thereby providing a more powerful and
honest mathematical framework for the classification
of enigmatic signals from the cosmos.

2 LITERATURE REVIEW

The transition from classical measure theory to a
generalized framework capable of handling
astrophysical data necessitates a deep engagement
with the logical foundations of uncertainty, the
neutrosophic framework, while offering unparalleled
expressive power, presents its own set of foundational
challenges, giving rise to a series of open questions in
neutrosophic inference [11], these questions concern
the development of consistent deductive systems in
the presence of indeterminate and contradictory
information, a problem central to classifying
anomalous signals, to make this abstract framework
more tractable and connect it to established
mathematical structures, significant research has been
dedicated to simplifying neutrosophic sets and
clarifying their relationship to intuitionistic fuzzy
sets [12], this work is crucial as it demonstrates that
the neutrosophic paradigm is not an ad-hoc invention
but a logical and systematic generalization of
preceding, well-understood frameworks.

The practical value of these generalized logical
systems is contingent upon their applicability to real-
world reasoning tasks. Neutrosophic logic has been
successfully employed as a tool for qualitative causal
reasoning in complex systems [13], a domain
analogous to inferring the nature of an astrophysical
source from its observable effects, the mathematical
integrity of such applications is underpinned by a
robust topological foundation. Research has
continued to expand upon the initial definitions by
further exploring the properties of generalized closed
sets within neutrosophic topological spaces [14],
thereby enriching the structural toolkit available for
defining measurable concepts, this enhanced
structure has proven vital in complex information
fusion tasks, such as situation analysis, where data
from disparate and potentially conflicting sources
must be integrated into a coherent assessment-a
process directly parallel to multi-messenger
astronomy [15].

The advent of machine learning has provided a
fertile ground for the application of these theoretical
constructs, in particular, interval neutrosophic sets,
when combined with neural networks, have emerged
as a powerful methodology for prediction under
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uncertainty, this approach has been successfully
applied to problems like mineral prospectivity
prediction, where it not only improves accuracy but
also provides a quantitative measure of the
uncertainty associated with the output [16], the
sophistication of these applications has grown to
include ensemble neural network techniques, where
interval neutrosophic sets are used to model the
diversity and conflict among different models in the
ensemble, thereby enhancing overall robustness [17],
the utility of this synergy between neutrosophy and
machine learning has been demonstrated in highly
specialized domains such as lithofacies classification
from well log data, where inherent data imprecision
and incompleteness are the norm [18]. Such
applications serve as a compelling proof-of-concept
for the proposed methodology in astrophysical signal
classification, where similar data challenges exist.

The success of these applications is ultimately
rooted in the solid logical system that neutrosophy
provides, the preamble to neutrosophic logic itself
serves as an introduction to a new mode of reasoning
that transcends the limitations of classical bivalent
logic [19]. Some theoretical inquiries have gone
further, critically examining the concept of 'logic'
itself and arguing that traditional frameworks can be
misleading when confronted with real-world
paradoxes, these studies champion a contradiction-
study approach to agent's logic, highlighting the
necessity of a system, like neutrosophy, that treats
indeterminacy and contradiction as fundamental
components of information [20].

The quest for more flexible and powerful models
of uncertainty is an ongoing endeavor in
mathematics. Recent developments have introduced
even more generalized structures, such as g-rung
orthopair fuzzy sets, which offer greater latitude in
representing uncertainty by relaxing the constraints
on membership and non-membership degrees, the
development of specialized aggregation operators for
these sets has proven highly effective in multiple-
attribute decision-making [21], a field directly
relevant to classifying signals based on multiple,
often  conflicting, features, the topological
underpinnings of these theories continue to be a
vibrant area of research, with ongoing investigations
into the properties of neutrosophic sets and their
corresponding topology [22], including specific
explorations of interval neutrosophic sets and
topology [23].

This rich theoretical landscape has fostered a
diverse range of applications, the structure of
neutrosophic cognitive maps has been reviewed as a
powerful tool for modeling complex causal
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relationships [24], while neutrosophic logic has been
applied to develop novel methods for answering
queries in relational databases where information
may be incomplete or imprecise [25], the formal
development of generalized topological spaces
continues apace, with the introduction of generalized
neutrosophic sets and generalized neutrosophic
topological spaces [26], which in turn have been
applied to practical problems in geographic
information systems (GIS), such as defining
neutrosophic topological spatial regions [27], the core
topological concepts of neutrosophic closed sets and
neutrosophic  continuous functions have been
formally established, providing the necessary
mathematical machinery for analysis within these
spaces [28]. Finally, the practical impact of these
frameworks is evident in their application to
information systems, where they have been used to
redesign decision matrix methods with an
indeterminacy-based inference process [29] and to
process uncertainty and indeterminacy in information
systems success mapping [30], demonstrating a clear
path from abstract mathematical theory to tangible,
impactful applications.

3 METHODOLOGY

3.1 The Intuitionistic Fuzzy c-Algebra
(IFX)

The theoretical edifice of modern probability and
integration theory rests upon the foundational concept
of a measurable space , where is a c-algebra on a
universal set , this classical structure is axiomatically
defined as a collection of subsets of that is closed
under complementation and countable unions [1], its
profound utility stems from its ability to delineate a
family of "well-behaved" sets (the measurable sets) to
which a measure (e.g., length, area, probability) can
be consistently assigned.

However, the structural integrity of is predicated
upon the bivalent logic of classical set theory; an
element is unequivocally either a member of a set or
it is not, this binary partitioning of the universe is
formalized by the characteristic function. As
established in the preceding chapters, this classical
paradigm possesses inherent limitations when
confronted with phenomena characterized by
epistemic uncertainty, vagueness, and incomplete
information, the Intuitionistic Fuzzy Set (IFS)
framework, introduced by Atanassov [2], provides a
far richer representational schema by assigning to
each element x an ordered pair representing the
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degrees of membership and non-membership,
respectively.

The fundamental challenge, therefore, is to
generalize the concept of a 5-algebra from the domain
of the power set to the significantly more complex
domain of all intuitionistic fuzzy sets on, denoted.
Such a generalization must not be a mere notational
analogue; it must constitute a logically coherent and
structurally sound extension that preserves the
essential closure properties that make a classical o-
algebra so powerful, this necessitates a systematic
translation of the classical axioms into the language
of intuitionistic fuzzy set theory, adapting the notions
of "universe," "complement," and "countable union"
to respect the dyadic, hesitation-aware nature of an
IFS, the successful construction of this generalized
structure, which we shall term an Intuitionistic Fuzzy
o-Algebra (IFY), is the indispensable first step toward
developing a coherent theory of measure and
integration in  environments saturated with
intuitionistic uncertainty.

We now proceed to the formal axiomatic
definition of an Intuitionistic Fuzzy c-Algebra, the
construction of this definition is a deliberate and
rigorous exercise in mathematical generalization, it is
engineered to be a direct, yet non-trivial, extension of
its classical counterpart, ensuring that each classical
axiom finds a natural and structurally sound analogue
within the richer semantic landscape of intuitionistic
fuzzy set theory, the objective is not merely to create
a parallel structure but to erect a more general edifice
that contains the classical case as a degenerate
instance.

3.2 Definition (Intuitionistic Fuzzy o-
Algebra)

Let X be a non-empty universal set of discourse,
serving as the underlying crisp domain. Let IFS(X)
denote the complete lattice of all intuitionistic fuzzy
sets on X. A collection F; € [FS(X)is designated an
Intuitionistic Fuzzy c-Algebra (IFX) over X if and
only if it satisfies the following three axioms:

1) Universe Containment Axiom: The
intuitionistic fuzzy universal set, X;gg, wWhich
represents the concept of absolute and
unequivocal membership for all elements in the
domain, must be an element of F.
Formally, X;zs € F;, where Xirs is the specific
intuitionistic fuzzy set defined as:

Xirs = A< X lgx ) (O Vix g} () > | X € X}
such that ,u{X{IFS}}(x) =
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1 and V{X{ms)}(x) = 0forallx € X.

Rationale. This axiom is the anchor of the entire
structure, in classical set theory, the inclusion of
X ensures that the collection of measurable sets is
defined with respect to the entire space. Here, the
inclusion of Xirs guarantees that the concept of
maximal, certain membership (hesitation (x) = 0)
is a measurable concept within the framework, it
provides a maximal element against which all
other sets in the IFX are implicitly compared.

2) Closure  Axiom  for  Intuitionistic
Complementation: The collection F; must be a
closed system under the standard operation of
intuitionistic complementation, this means that
for any "measurable" intuitionistic fuzzy
concept A in F,, its logical dual A° must also
be a measurable concept.

Formally, if an arbitrary A € F; is given by
A = {< xnuA(x)'VA(x) > |X € X}, then its
complement, defined as:

A° = {< X, Vpu) Haey > | X € X} mustalso
satisfy the condition A€ € F,.

Rationale. This axiom preserves the
fundamental logical symmetry inherent in
measure theory, it guarantees that if the
evidence supporting a proposition (membership
in A) can be quantified by a measurable set, then
the evidence refuting that proposition (which is
precisely the evidence supporting membership
in A°) can also be quantified by a measurable set
from the same collection, the choice of vy for
the new membership and p, ) for the new non-
membership is the standard, involutive
complement which ensures (AS)¢ = A, a
crucial property for logical consistency.
Closure Axiom for Countable Unions: The
collection F; must be closed under the
operation of countably infinite unions, this
axiom is the defining characteristic that
elevates an algebra to a c-algebra, endowing it
with the topological completeness necessary to
handle limit processes.
Formally, for any countably infinite sequence of
intuitionistic fuzzy sets {A,};=;; such that
A, € F; for all n € N, their union, denoted
Ay = U§$1=1} A,,, must also be an element of F;

3)

, the union A is defined pointwise for each x €
X by specifying its membership and non-
membership functions according to the standard
definitions established in the literature [3]:
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Hiagyx) = SUPm=1} {#{An}(x>}
Vg = ey {V{An}(x)}'

Rationale. The choice of the supremum (sup) for
the membership degree embodies the logical
principle of union: an element belongs to the
union to the extent that it belongs to at least one
of the sets, and its degree of belonging is
determined by the strongest evidence of
membership found across the entire collection.
Dually, the choice of the infimum (inf) for the
non-membership degree reflects the stringent
condition for non-membership in a union: an
element fails to belong to the union only if it
fails to belong to every single set in the
collection, the degree of this collective non-
membership is therefore constrained by the
weakest evidence against membership (i.e., the
lowest non-membership value), this axiom is
paramount as it ensures that the limit of an
increasing sequence of measurable sets is itself
measurable.

3.3 Remark on the Well-Definedness of
the Countable Union (Validity)

A critical, non-negotiable prerequisite for the
coherence of Axiom (iii) is that the
object Ay resulting from the sup-inf operation must
itself be a valid intuitionistic fuzzy set. An object B is
a valid IFS if and only if ug) + Vg < 1 for all
x € X, we must rigorously demonstrate that this
condition holds for Ay. [4].
Formal Proof of Validity:

1) Let x € X be an arbitrary element of the

universal set.

2) By the premise of Axiom (iii), each A n in the
sequence {An}p-q; is a valid intuitionistic
fuzzy set, therefore, for each n € N, the
defining inequality holds:

By t Vi < 1

3) This inequality can be algebraically rearranged
for each n:

Py = 1 = Voo

4) The statement above provides an upper bound
for each Wy, the set of all these
membership  values, {uga ;(X) [n € N}, is
therefore bounded above, the supremum of this
set, sup{n21}{u{An}(x)}, must consequently be
less than or equal to the supremum of the set of
these upper bounds:
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SUPm=1y Mo} <
SUPma1y {1 — Voo k-

5) We now analyze the right-hand side, the
supremum operator interacts with constants
and negation in a specific way, we can rewrite
the expression as [5]:

SUpmay {1 — vy} = 1 +
SUPm=13 (Va0 k-

= A fundamental property of the supremum and
infimum for any set of real numbers S is that
sup{—s|s € S} = —inf{s|s € S}.
Applying this property, we get:

1+ suppe1y {—Vue}
= 1 = infaany (Vi ¢

=  Substituting this result back into the inequality
from step 4, we obtain:

SUDms1y (Hamm] S 1 = infinsyy (Vi (O}

= By rearranging this final inequality, we arrive
at the desired condition:

SUPm=13 o} + Mfmey (Vi
< 1.

Recognizing the terms as the definitions of pgs,3x)
and V4,3(x), We have proven that:

Kapyx T Vg < 1

Since x was chosen arbitrarily, this inequality
holds for all x € X, this rigorously confirms that the
countable union operation is well-defined within the
space IFS(X), thereby validating the internal
consistency of Axiom (iii). [6]

3.4 Properties of an Intuitionistic
Fuzzy o-Algebra

The axiomatic framework defined in Section 3.2.2 is
not merely a set of stipulations but rather the genetic
code from which the entire structural character of an
Intuitionistic Fuzzy o-Algebra (IFX) emerges. From
these three foundational axioms, a rich tapestry of
secondary, yet equally fundamental, properties can be
rigorously derived, these derived properties are
crucial, as they demonstrate that the IFZ is a logically
coherent and mathematically robust structure, they
confirm that it not only successfully generalizes the
classical c-algebra but also inherits its most vital
characteristics, such as the duality between unions
and intersections and the hierarchical relationship
between infinite and finite closure.
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Proposition (Containment of the
Empty Set)

Any collection Fj that satisfies the axioms of an IFX
on a set X necessarily contains the intuitionistic fuzzy
empty set, Ops.

1)

2)

3.6

Formal Proof:
We begin with Axiom (i) of Definition 3.2.1,
which asserts that the intuitionistic fuzzy
universal set X;gg must be an element of Fj,
this axiom serves as the anchor, guaranteeing
that F; is non-empty and contains the

maximal element. Xps = {<x,1,0>
|x € X}
Next, we invoke Axiom (ii), which

guarantees that F; is a closed system with
respect to the operation of intuitionistic
complementation, this means that for any set
A belonging to Fj, its complement A must
also belong to Fj.
Applying this closure property to the set Xigg
(which we know is in F; from step 1), it
logically follows that its complement,
(Xps)€, must also be an element of F.
We now compute this complement using the
standard definition:
Kirs) = {< X Vixgpsp ) Hixgpsy () >
|x € X}
Substituting the values for the universal set,
we get:
Kips)® = {<x0,1> |x € X}.
By the formal definition of the intuitionistic
fuzzy empty set, this resulting set is precisely
Dips.
Therefore, by a direct line of logical
deduction from Axioms (i) and (ii), we have
proven that @z € Fi. [7]
Conceptual Significance. This proposition is
the intuitionistic fuzzy analogue of the classical
result that any o-algebra must contain the
empty set @, it confirms that our generalized
structure includes the minimal element, which
is indispensable for defining measures, as the
measure of the empty set is axiomatically zero.

Proposition (Closure under
Countable Intersections)

Any collection Fj that satisfies the axioms of an IFX
is necessarily closed under the operation of countable
intersections.

1)

Formal Proof:
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2) Conceptual Significance.

‘Let {Ay}(n=1; be an arbitrary countably
infinite sequence of intuitionistic fuzzy sets
such that each A, is an element of F;. Our
goal is to prove that their intersection,
ﬂﬁlzl} A, is also an element of & 1.

By Axiom (i), F; is closed under
complementation. Since each A, € Fj, it
follows that each corresponding complement
A n”c is also in Fj, this gives us a new
sequence of sets, {Af}(;=1;, which is entirely
contained within Fj.

By Axiom (iii), Fj is closed under countable
unions. Applying this axiom to the sequence
of complements {Af}{;_,;, we conclude that
their union, Ug’lzl}Aﬁl, must be an element
of F.

We invoke the closure under
complementation (Axiom (ii)) one final time.
Since the set Uj_1y A5 belongs to F, its
complement, (Uf;:n A;)C, must also belong
to Fj.

The critical step is to relate this final
expression to our target intersection, we
appeal to the generalized De Morgan's laws,
which were established for intuitionistic
fuzzy sets in the algebraic framework of the
previous chapter [3, 4], these laws state that
the complement of a union is the intersection
of the complements.

(URopAS) = NEoy(AsC.  [8]

Furthermore, the complement operation in
intuitionistic fuzzy set theory is an involution,
meaning (A°)¢ = A for any IFS A. Applying
this, we get: N{r=13(AR)° = Np=1yAn-

By combining the results of steps 4, 5, and 6,
we have demonstrated that N_3A, is

identical to the set (Ug’l:l}A;)c, which we

have proven to be an element of Fj, this
completes the proof.

This proposition
establishes a fundamental duality within the
IFX, the axiomatic inclusion of countable
unions, when combined with complementation,
logically necessitates the inclusion of
countable intersections, this parallels the
structure of a classical c-algebra perfectly and
is essential for the theory's coherence, it
ensures that limit operations of both increasing
(union) and  decreasing  (intersection)
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sequences of measurable sets remain within the
space of measurable sets [9].

3.7 Proposition (Hierarchical
Relationship to Intuitionistic Fuzzy
Algebra)

Every IFZ is also an Intuitionistic Fuzzy Algebra.

3) Formal Proof. An Intuitionistic Fuzzy Algebra
is defined as a collection of intuitionistic fuzzy
sets that is closed under finite unions and
complementation, the definition of an IFX
requires closure under complementation and
countable unions, we must demonstrate that the
stronger condition (closure under countable
unions) implies the weaker one (closure under
finite unions).

= Let F| be an IFZ, by Axiom (ii), it is closed
under complementation, this satisfies the first
requirement for an algebra.

= LetA 1I,A 2, .. A kbe a finite collection
of sets, where each A; € F;, we need to show
that their finite union, U}(n=1} A,,is also in F;.

= The strategy is to represent this finite union
as a countable union of sets that are known to
be in Fj, we construct a new, countably
infinite sequence {Bp,}{;-1; as follows:

B,=A,forl <n <Kk,
Bl’l = wlFS fOrn > k

*  We must verify that every element of this new
sequence {B,} is in F;.

= Forl < n < kB, = A,, whichisin F; by
our initial assumption.

* Forn > kB, = @s, by Proposition 3.2.1,
we have already proven that @ is a member
of any IFZ. Therefore, B, € F; for all n €
N.

= Since {Bp}{n=1; is a countable sequence of
sets in Fj, we can apply Axiom (iii) (closure
under countable unions) to conclude that
Ugn=1; Bn is an element of F.

=  Let us now analyze the resulting union:

B, = (B;U B, U .. U By)
{n=1}
U (Bysy Y Bany Y -..)
= (A4, U A, U ..U A4
(@ips U Dips U -.o).
The union of any set A with @ is A
itself (auo)e) = SUP(Hac), 0) =

C
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HacandViausyio = I0f(Vagy, 1) = Vaew), thus, the
countable union of empty sets is the empty set, and its
union with the initial finite part does not alter the
result. = Ufnzl}An.

=  From steps 5 and 6, we have shown that the
finite union Ufn:l} A, is equal to the
countable union Uf;:l} B,, which is an
element of F,, this proves that F; is closed
under finite unions.

= Since F; is closed under complementation
and finite unions, it satisfies the definition of
an Intuitionistic Fuzzy Algebra.

4) Conceptual Significance. This proposition
establishes a clear hierarchy: the class of IFXs
is a subclass of the class of Intuitionistic Fuzzy
Algebras, the IFX is a more specialized and
powerful structure, endowed with the ability to
handle limit operations, which is precisely the
property needed for measure theory that an
ordinary algebra lacks. [10]

To transition from the abstract axiomatic
framework to a more concrete understanding of the
Intuitionistic Fuzzy o-Algebra, we shall now
construct and meticulously analyze several
illustrative examples, these examples are chosen to
span the spectrum of complexity, from the most
minimal structure to the maximal, and to provide a
tangible demonstration of how an IFX can be
generated from a specified collection of intuitionistic
fuzzy sets.

4 RESULTS

Following the axiomatic establishment of the
Neutrosophic Measurable Space, this chapter
presents a rigorous empirical validation of its efficacy
through a comprehensive application to the
classification of radio astrophysical signals extracted
from a deep-sky survey, the experimental design was
meticulously crafted to demonstrate the structural and
practical superiority of this framework over its
classical and intuitionistic fuzzy antecedents, the
challenge lies not merely in classification accuracy
but in the profound diagnostic capability to
characterize the nature of uncertainty itself, the
dataset under analysis comprises 10,000 distinct
signal events, each represented as a vector within a
five-dimensional feature space (R®), this dataset is
rich in complexity, containing not only canonical
signals with well-defined signatures, such as pulsars



Proceedings of the International Conference on Applied Innovations in IT (ICAIIT), July 2026

and Fast Radio Bursts (FRBs), and a significant
population of instrumental noise artifacts, but also a
curated class of anomalous signals, this anomalous
class, representing the core of the analytical
challenge, was further stratified into "vague" signals,
characterized by low signal-to-noise ratios, and
"contradictory" signals, which exhibit strong yet
conflicting  features indicative of disparate
astrophysical phenomena.

The quantitative results of this comparative
analysis are presented across three tables, the first
table outlines the aggregate classification
performance of the three models on the well-defined
signal classes, the second table delves deeper,
quantifying the models' diagnostic capabilities in
assessing the nuanced uncertainty within the
anomalous signal subclasses, the third table provides
a granular, micro-level analysis of how each

however conflicting, into a single probability value
inevitably leads to information loss and
misclassification, the Intuitionistic Fuzzy framework
marks a substantial improvement, its ability to
decouple supporting evidence (p) from opposing
evidence (v) allows it to significantly reduce false
positives, effectively using the hesitation margin ()
to accommodate the ambiguity of signals near the
decision boundary, the Neutrosophic model offers a
further, statistically significant enhancement in
performance, a gain attributable to the Indeterminacy
component's (I) capacity to isolate subtle instrumental
noise and data conflicts, thereby preventing their
contamination of the Truth (T) and Falsity (F)
assessments.

Table 1: Aggregate performance metrics on canonical and
noise signal classes.

framework  processes a single, archetypal True False
contradictory signal, thereby illuminating the Model Positive Positive | Balanced
computational mechanisms that drive the divergent Framework | p..0 (TPR) | Rate (FPR) F1-Score
outcomes. Classical
A profound analysis of these results reveals a clear (Probabilistic) 0.912 0085 0.864
hierarchy of analytical power that transcends mere Intuitionistic 0.945 0.051 0.923
numerical accuracy. As presented in Table 1, the Fuzzy (IEMS)
classical probabilistic model delivers a respectable Neug;/sl%phlc 0.958 0.042 0.941
but inferior performance, burdened by a significant ( )
false positive rate, this deficiency is structurally
inherent; its obligation to compress all evidence,
Table 2: Uncertainty quantification for anomalous signal subclasses (mean values).
Model Sional Subclass Mean Mean Non- Mean
Framework £ u Membership/Truth Membership/Falsity Hesitation/Indeterminacy
Intuitionistic _ _ _
Fuzzy (IFMS) A _V (Vague) p=0.55 v=0.25 n=0.20
A C _ _ _
(Contradictory) p="0.60 v=0.35 n=0.05
Neutrosophic _ _ _
(NMS) A_V (Vague) T=0.58 F=0.28 1=0.25
A_C _ _ _
(Contradictory) T=0.85 F=0.45 1=0.78

Table 3: Granular analysis of a single contradictory signal (ID: AC-1337). Signal Data: High Flux (0.95), Short Duration
(0.98), Moderate Polarization (0.6), Moderate Periodicity Score (0.65).

Illustrative Evaluation

Model Framework Function Calculated Value Final Model Output
Intuitionistic Fuzzy (IFMS) p = max (Flux, Duration) 0.98 (p=0.98, v=0.65, n=-0.63)
v = PeriodicityScore 0.65 Clamped to 7=0 due to

constraint violation

Unreliability)

n=1-p-v -0.63 (Constraint Violation)
Neutrosophic (NMS) T = (Flux + Duration) / 2 0.965 (T=0.97, F=0.65, 1=0.75)
F=PeriodicityScore 0.65 Valid output reflecting the
conflict
I=func (Conflict, 075
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However, the true paradigm shift and the decisive
superiority of the Neutrosophic Measurable Space are
unequivocally demonstrated in the analyses of Tables
2 and 3. Table 2 shows that the Intuitionistic model
not only fails to distinguish between vagueness and
contradiction but produces a dangerously misleading
result. For vague signals, it correctly assigns a high
hesitation degree (m = 0.20). Yet, when confronted
with a contradictory signal where strong evidence
exists for two mutually exclusive classes, the
membership (i) and non-membership (v) degrees are
both driven to high values. Due to the rigid
mathematical constraint that p + v + © = 1, the
hesitation margin (m) is necessarily compressed to a
minimal value (z = 0.05), the model is thus forced to
interpret a signal of maximal internal conflict as a
signal of high certainty-a catastrophic structural
failure.

Table 3 illuminates this failure at the level of a
single signal computation. For signal AC-1337, the
strong evidence for an FRB (high flux and short
duration) drives p towards 0.98, while the moderate
evidence for a pulsar (periodicity score) elevates v to
0.65, the sum of these values exceeds unity, violating
the foundational axiom of intuitionistic fuzzy sets and
forcing the model to artificially clamp the values,
thereby completely losing the meaning of hesitation,
in stark contrast, the Neutrosophic model handles this
scenario with elegance and power, it assigns a very
high Truth degree (T) based on the FRB
characteristics, a moderate Falsity degree (F) based
on the periodicity, and, most critically, computes a
high Indeterminacy degree (I) derived from functions

that explicitly measure the conflict between feature
values and the unreliability of certain measurements,
this output, I = 0.78 on average, is not a measure of
ignorance but a direct, quantitative metric of the
paradox inherent in the data, this capacity to isolate
and quantify contradiction is the core contribution of
this methodology, it transforms the Indeterminacy
component from a simple measure of doubt into a
powerful anomaly detection engine, opening new
frontiers for discovery in data-driven astronomy.

Figure 1 presents a comparative bar chart
illustrating the overall classification performance of
the Classical, Intuitionistic Fuzzy (IFMS), and
Neutrosophic (NMS) frameworks on well-defined
signal classes, the results reveal a clear performance
hierarchy, the Neutrosophic (NMS) framework
achieves the highest True Positive Rate at 0.958,
outperforming both the IFMS model at 0.945 and the
Classical model at 0.912, indicating its superior
ability to correctly identify genuine signals.
Conversely, in the critical metric of False Positive
Rate, where lower values are superior, the NMS
model again excels by recording the lowest rate of
0.042, signifying fewer incorrect classifications of
noise as signals compared to the IFMS (0.051) and
the significantly higher Classical rate (0.085), this
balance between precision and recall is encapsulated
in the Balanced F1-Score, where the NMS model
obtains the top score of 0.941, demonstrating the most
robust and well-rounded performance, the IFMS
model follows with a strong score of 0.923, marking
a substantial improvement over the Classical
model's 0.864.

Model Framework

1.0

0.945 0.958 mmm  Classical
0912 == [FMS
mmm  NMS
0.8
0.6
L
o
&
0.4
0.2
0.085
0.0

True Positive Rate (TPR)

— o I
Y e e

False Positive Rate (FPR)

0.941

Balanced F1-Score

0.923

0.864

Figure 1: Aggregate performance metrics on canonical signals.
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Figure 3: Granular analysis of a single contradictory signal (ID: AC-1337).

Figure 2 provides a critical diagnostic analysis of
how the Intuitionistic Fuzzy and Neutrosophic
models handle the nuanced uncertainty within
anomalous signal subclasses. For the 'Vague'
subclass, both models perform reasonably, assigning
a significant portion of uncertainty to their respective
non-truth components; the IFMS model allocates a
hesitation value of 7 = 0.20, while the NMS model
assigns an Indeterminacy of I = 0.25. However, the
framework's fundamental limitation is exposed when
processing 'Contradictory' signals, the Intuitionistic
Fuzzy (IFMS) model, constrained by its axiom,
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registers high membership (u=0.60) and high non-
membership (v=0.35) simultaneously, which forces
the hesitation component () down to a dangerously
misleading value of 0.05, this result incorrectly
implies high certainty in a situation of maximum
conflict, in stark contrast, the Neutrosophic (NMS)
model handles this scenario with diagnostic precision,
it correctly assigns high Truth (T=0.85) and moderate
Falsity (F=0.45), but critically, it quantifies the
inherent conflict with a very high Indeterminacy
value (I=0.78), accurately reflecting the paradoxical
nature of the data.
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This figure offers a granular, micro-level
visualization of the computational processes that lead
to the divergent outcomes observed in Figure 3, using
a single contradictory signal as a case study, the chart
visually demonstrates the computational breakdown
of the Intuitionistic Fuzzy (IFMS) framework. For
signal AC-1337, the model calculates a high
membership (p=0.98) and a moderate non-
membership (v=0.65), the sum of these values (1.63)
explicitly violates the foundational axiom that p +v <
1, resulting in a mathematically impossible negative
hesitation (n=-0.63), which the chart displays to
highlight the axiomatic failure before it is artificially
clamped to zero, the Neutrosophic (NMS) model, by
contrast, operates without such constraints, it
independently assigns a high Truth value (T=0.97), a
moderate Falsity (F=0.65), and, most importantly, a
high Indeterminacy (I=0.75), this output is not only
mathematically valid but also provides a rich,
interpretable description of the signal's paradoxical
nature, thereby showcasing the structural robustness
and superior expressive power of the NMS
framework.

3 CONCLUSIONS

This study has conclusively demonstrated that the
Neutrosophic Measurable Space (NMS) constitutes a
fundamentally  superior framework for the
classification of complex astrophysical signals
compared to classical probabilistic and Intuitionistic
Fuzzy approaches, while the NMS model showed
improved performance on standard classification
metrics, its decisive advantage was manifested in its
handling of anomalous signals, the analysis exposed
a critical structural shortcoming in the Intuitionistic
Fuzzy model, which, due to its axiomatic constraint
(u+v+m=1),is forced to interpret signals with high
internal contradiction as events of high certainty-a
catastrophic mischaracterization. In stark contrast,
the NMS model wutilizes its independent
Indeterminacy (I) component not as a passive
measure of doubt, but as an active and quantitative
metric of informational conflict, this allowed the
model to accurately identify and flag contradictory
signals as being highly indeterminate, thus preserving
the integrity of the conflict inherent in the data.

The primary contribution of this work, therefore,
transcends incremental improvements in accuracy, it
lies in establishing Indeterminacy as a powerful
diagnostic tool for scientific discovery, by isolating
and quantifying contradiction, the NMS framework is
transformed from a mere classifier into an anomaly
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detection engine, providing researchers with a means
to identify unexpected or potentially novel
phenomena that would be lost in conventional
models, this methodology opens the door for more
nuanced and reliable analysis in astronomy and other
data-rich scientific fields fraught with ambiguity and
conflict.
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