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Abstract 

Autonomous aerospace and mechanical systems increasingly require computational architectures capable not 
merely of predicting system behavior, but of determining whether candidate operating states satisfy ordered 
physical, structural, operational, and safety constraints before those states are admitted for execution. This 
paper introduces a mechanical-engineering implementation of recursive admissibility derived from the SEXA 
computational framework and investigates its use as a deterministic supervisory architecture for constraint-safe 
state selection, fault detection, and digital-twin reconstruction. 

The proposed architecture extends previous work in which the SEXA framework was organized as a 
hardware-verifiable recursive computational system characterized by deterministic execution, traceable 
intermediate states, dimensional reduction, computational correspondence, and explicit failure conditions. The 
present investigation moves beyond that computational validation problem by constructing an engineering test 
environment in which measurable mechanical state variables are subjected to an ordered Γ-admissibility chain 
before acceptance into the operational state space. 

 

Let the instantaneous engineering state be represented by 



 

Thus, a candidate mechanical state is admitted only when it survives the complete ordered constraint chain. 
This directly adapts the corpus's defining principle that admissibility precedes evaluation; in the full-stack SEXA 
formulation, the Γ chain acts before energetic evaluation and only Γ-invariant configurations contribute to the 
resulting state. 

For engineering implementation, the six stages are interpreted as sequential constraint classes governing 
existence, flow/transition validity, manifold or model consistency, symmetry/invariance, recursive 
persistence, and realization/observation. The objective is not to assert that these operators have already 
been experimentally established as physical laws. Rather, they are investigated here as a deterministic 
engineering constraint architecture whose state transitions and failures can be measured computationally. 

A digital-twin benchmark is then constructed in which nominal aerospace/mechanical trajectories are 
deliberately subjected to sensor drift, thermal excursions, excessive vibration, stress-limit violations, actuator 
faults, inconsistent state transitions, and compound faults. For every injected disturbance, the system records 
the first Γ stage at which admissibility fails, the rejected state, the surviving reduced state representation, and 
the reconstruction trace. 

The central hypothesis tested is therefore: 

 

 



The experiment evaluates deterministic repeatability, fault-detection rate, false-admission rate, false-rejection 
rate, constraint-stage localization, reconstruction consistency, computational latency, and state-trace 
reproducibility. These quantities establish measurable engineering criteria through which the proposed 
architecture can succeed or fail rather than relying upon qualitative interpretation. 

This engineering formulation is motivated by the existing SEXA dimensional architecture, which distinguishes a 
higher-dimensional structural representation from a bounded operational representation and treats dimensional 
reduction as an admissibility-governed computational process. The corresponding computational architecture 
was previously developed as a deterministic and traceable framework intended to support future software 
simulation, formal verification, embedded computation, and hardware-assisted implementation. The 
predecessor work explicitly identifies reproducible execution, observable intermediate states, and identifiable 
failure conditions as necessary properties of a hardware-verifiable recursive architecture. 

The contribution of the present investigation is therefore not the introduction of another governing equation and 
not a claim of completed physical verification of the wider SEXA Unified Field Framework. Instead, this work 
isolates recursive admissibility as an engineering mechanism and subjects it to a defined aerospace and 
mechanical benchmark containing measurable state variables, known fault conditions, deterministic constraint 
evaluation, and quantitative performance criteria. 

The resulting framework provides a testable pathway for investigating whether ordered recursive admissibility 
can function as a supervisory computational layer for autonomous aerospace systems, mechanical digital 
twins, structural-health monitoring, predictive maintenance, fault-tolerant control, and future embedded or 
hardware-assisted mechanical systems. 

Keywords: Recursive Admissibility; Autonomous Aerospace Systems; Mechanical Systems; Fault Detection; 
Digital Twin; Structural Health Monitoring; Predictive Maintenance; Constraint-Safe State Selection; Hardware 
Verification; Fault-Tolerant Control; Recursive Computing; SEXA; Γ-Admissibility; Dimensional Reduction. 

1.​ INTRODUCTION 

Modern aerospace and mechanical systems increasingly operate through continuous interaction between 
physical machinery and computational decision architectures. Aircraft, spacecraft, unmanned aerial vehicles, 
robotic mechanisms, propulsion systems, rotating machinery, autonomous vehicles, manufacturing platforms, 
and structural-health-monitoring systems can generate large quantities of sensor information describing their 
instantaneous physical condition. Temperature, pressure, vibration, acceleration, rotational velocity, mechanical 
stress, strain, actuator position, power consumption, and diagnostic variables may be measured continuously 
and incorporated into control systems or digital-twin representations. 

The existence of these measurements, however, does not by itself establish that the resulting computational 
representation describes an admissible mechanical state. 

A temperature measurement may remain within its individual operating limit while becoming incompatible with 
the simultaneously measured pressure state. A rotational velocity may remain below its nominal maximum 
while the associated vibration spectrum indicates an unstable operating regime. An actuator command may 
independently satisfy its displacement constraint while producing a transition that is inconsistent with the 
mechanical state inherited from the preceding time step. Likewise, multiple sensors may individually report 



numerically permissible measurements while their combined configuration violates a structural, dynamical, 
energetic, or operational relationship required by the physical system. 

The engineering problem considered in this paper is therefore not limited to state estimation or 
threshold-based fault detection. It concerns state admissibility: whether a candidate mechanical state should 
be permitted to enter or remain within the operational state space of an autonomous system. 

Let the complete candidate state space of a mechanical system be denoted by 

 

 



 

This construction follows directly from the computational direction established in the preceding SEXA 
hardware-verification work. That work identifies deterministic inputs and outputs, observable intermediate 
computational states, and explicit failure conditions as requirements for engineering implementation. It also 
identifies software implementation, formal verification, quantitative performance measurement, and eventual 
engineering realization as subsequent stages of investigation. 

The present work advances into that next stage by introducing a controlled mechanical digital-twin environment 
in which nominal trajectories and deliberately corrupted trajectories can be evaluated against known ground 
truth. 

The distinction between the present investigation and the preceding computational architecture is important. 
The earlier work asks whether recursive admissibility and dimensional reduction can be organized into 
deterministic and traceable computational operations. The present work asks whether an engineering 
implementation of those operations can correctly distinguish admissible mechanical states from deliberately 
introduced fault states. 

Accordingly, four objects are known for every benchmark trial: the original nominal state, the injected 
disturbance, the expected admissibility classification, and the output produced by the Γ-admissibility 
architecture. This allows direct calculation of true admissions, true rejections, false admissions, and false 
rejections. 

 

Failure of this equality is not reinterpreted as a successful result. It constitutes a benchmark error and enters 
the corresponding false-admission or false-rejection measurement. 



This requirement is essential to the engineering character of the paper. The wider SEXA corpus distinguishes 
structural or computational survivability from experimental physical confirmation; the existing 
hardware-oriented work explicitly states that computational consistency does not establish every associated 
physical interpretation. The present benchmark preserves that distinction. 

Consequently, successful benchmark performance would support the narrower proposition that ordered 
recursive admissibility can operate as a reproducible engineering constraint architecture under the conditions 
tested. It would not, by itself, establish the broader physical claims of the SEXA Unified Field Framework. 

The primary research question of this investigation is therefore: 

Can an ordered, hardware-verifiable recursive admissibility architecture distinguish nominal from faulty 
aerospace and mechanical states while preserving deterministic execution, explicit fault localization, 
computational traceability, and reconstructable digital-twin state information? 

The remainder of this paper develops the Γ-admissibility engineering formulation, defines the mechanical 
digital-twin benchmark, specifies the controlled fault classes, establishes quantitative performance and 
falsification criteria, and evaluates whether the resulting architecture satisfies those requirements. 
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