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Abstract

Qubits are very sensitive and easily get affected by noise from the surroundings, which causes their state to change
or get lost. This problem reduces the stability of quantum operations. In this paper, we use Machine Learning to predict
the noise before it affects the qubit. We collect data such as coherence time (T/T), gate error rate, readout values, and
temperature changes from the quantum system. Using this data, we train models like LSTM to learn the noise pattern
and forecast when noise will increase. When a noise change is predicted, the system automatically applies corrective
actions like pulse adjustment or error mitigation to keep the qubit stable. The results show that this method helps to
maintain qubit stability for a longer time and reduces error in quantum operations. This approach does not require
extra qubits, so it is suitable for near-term quantum computers.

Keywords: Quantum Computing; Qubit Stabilization; Ma- Chine Learning; Noise Prediction; LSTM; Quantum Error
Mitiga- Tion

1. Introduction

Quantum computing uses qubits instead of classical bits to process information. Qubits have the special ability to exist
in a superposition of states, which allows quantum comput- ers to solve certain problems faster than classical systems.
However, maintaining a qubit in a stable state is extremely difficult. Qubits are highly sensitive to environmental noise,
such as fluctuations in temperature, electromagnetic radiation, vibrations, and instability in control signals. This causes
the qubit to lose its stored state, a phenomenon known as quantum decoherence [1].

Decoherence and operational noise directly affect the co- herence time of qubits, which represents how long a qubit can
reliably hold its quantum state. When coherence time is low, the accuracy of quantum operations and algorithms
decreases significantly. To address this, researchers have developed sta- bilization techniques like dynamical
decoupling [3], quantum error correction [2], and frequent recalibration cycles. While these techniques can reduce
errors to some extent, they are generally reactive. This means they correct errors only after the noise has already
affected the system, which is not always effective in fast-changing real hardware environments.

In real quantum devices, noise is not constant. It changes over time due to hardware drift, environmental conditions,
and interactions among qubits. This makes it necessary to have a predictive method that can detect noise patterns and
anticipate errors before they occur. A prediction-based stabilization sys- tem can help prevent errors instead of only
correcting them later, which improves the efficiency and stability of quantum computation [5].

In this work, we propose a Machine Learning-based Noise Prediction model for qubit stabilization. The model analyzes
time-series data such as T and T coherence times, gate error rates, readout outputs, and thermal variations collected
from quantum hardware. We use LSTM (Long Short-Term Memory) neural networks, as they are well-suited for learning
temporal patterns and predicting future fluctuations in noise levels [8]. By predicting noise in advance, the system
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can automati- cally trigger adaptive stabilization actions, such as modifying control pulse sequences, adjusting
calibration parameters, or applyinglightweight error mitigation techniques. Unlike quan- tum error correction methods,
this approach does not require extra qubits, making it practical for near-term quantum devices where resources are
limited [7].

Therefore, the proposed method enhances qubit stability, improves quantum circuit reliability, and supports the devel-
opment of scalable and more efficient quantum computing systems.

2. Literature Review

Introduction to Quantum Decoherence and Noise Sources Quantum computing represents a paradigm shift in computa-
tional capabilities, leveraging quantum mechanical phenom- ena like superposition and entanglement to solve problems
intractable for classical computers. However, the very quantum properties that enable this computational advantage also
make qubits exceptionally vulnerable to environmental interactions, leading to decoherence and operational errors.
Understanding and mitigating these noise sources is fundamental to realizing practical quantum computation.

The foundational work by Shor [1] and Steane [2] es- tablished the theoretical framework for quantum error cor- rection
(QEC), demonstrating that arbitrarily long quantum computations are possible if the error rate per operation is below
a certain threshold. Shor’s seminal paper introduced the first quantum error-correcting code, proving that quantum
information could be protected against the effects of decoher- ence through redundancy and syndrome measurement.
Steane extended this work by developing more efficient codes and establishing the connection between classical error
correction and quantum error correction.

Quantum noise manifests through various channels, each requiring distinct mitigation strategies. The primary noise
sources include depolarizing noise (random Pauli errors that occur with equal probability), amplitude damping (en-
ergy relaxation from excited to ground state), phase damp- ing/dephasing (loss of quantum phase information without
energy loss), control errors (imperfections in gate implemen- tation and timing), crosstalk (unwanted interactions
between adjacent qubits), and 1/f noise (low-frequency noise from two- level systems in materials).

Alvarez and Suter [3] pioneered quantum noise spec- troscopy techniques, enabling precise characterization of en-
vironmental noise spectra. Their methods allow researchers to identify specific noise sources and their spectral
properties, providing crucial information for designing targeted error mit- igation strategies. By applying sequences of
control pulses and measuring the resulting decoherence, noise spectroscopy can reconstruct the spectral density of
environmental fluctuations affecting qubits.

Traditional Quantum Error Correction Approaches Tradi- tional QEC approaches have evolved significantly since their
initial conception. The surface code architecture has emerged as a leading candidate for fault-tolerant quantum
computation due to its relatively high error threshold (approximately 1

The surface code requires a minimum of 17 physical qubits to encode a single logical qubit with distance-3 protection,
with higher distances requiring quadratically more physical qubits. This substantial resource overhead makes
traditional QEC impractical for current quantum processors, which typ- ically contain fewer than 100 qubits.
Furthermore, the re- quirement for frequent syndrome measurements and classical processing introduces additional
latency and complexity that may exceed the coherence times of current qubits.

Dynamical decoupling (DD) represents another class of error suppression techniques that predates full QEC. Viola and
Lloyd [4] demonstrated that carefully designed sequences of control pulses could average away environmental noise,
effectively extending coherence times without requiring ad- ditional qubits. By applying sequences of -pulses that invert
the qubit state, DD techniques can cancel out low-frequency noise components that dominate decoherence processes.

Bylander et al. [5] extended DD techniques to superconduct- ing qubits, showing that noise spectroscopy through
dynamical decoupling could characterize the noise environment while si- multaneously suppressing its effects. Their
work demonstrated that optimized DD sequences could achieve coherence time improvements of up to 25 times in flux
qubits, highlighting the potential of pulse-level control for error suppression.

Machine Learning for Quantum Error Mitigation The emergence of machine learning (ML) techniques has opened new
avenues for addressing quantum errors, particularly in the NISQ era where full error correction remains impractical.
ML approaches offer several advantages: they can learn complex noise patterns from experimental data, adapt to
changing environmental conditions, and provide predictions that enable proactive error mitigation.
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Banchi et al. [6] pioneered the application of machine learn- ing for quantum error correction, demonstrating that neural
networks could learn to decode surface codes more efficiently than traditional algorithms. Their approach showed
improved threshold behavior and reduced computational overhead, mak- ing real-time decoding more feasible. The key
insight was that neural networks could learn the complex correlations between syndrome measurements and error
locations, potentially out- performing minimum-weight perfect matching algorithms in certain regimes.

Cincio et al. [7] focused specifically on machine learning for error mitigation in near-term quantum computers,
developing techniques that could learn mappings between noisy quantum outputs and corrected expectation values.
Their approach re- quired no additional qubits and could be applied directly to existing quantum hardware, making it
particularly suitable for the NISQ era. By training on a combination of simulated and experimental data, their models
learned to correct for system- atic errors in quantum measurements, significantly improving the accuracy of variational
quantum algorithms.

Kim et al. [8] explored deep learning approaches for quan- tum error detection and correction, developing convolutional
neural networks that could identify error patterns in multi- qubit systems. Their work demonstrated that deep learning
models could achieve higher accuracy in error identification compared to traditional methods, particularly for
correlated errors that span multiple qubits. The hierarchical feature extraction capabilities of deep networks proved
especially valuable for identifying complex error syndromes that might be missed by simpler algorithms.

Time-Series Prediction for Qubit Noise Forecasting The temporal nature of quantum noise makes time-series prediction
particularly relevant for qubit stabilization. Many noise pro- cesses in quantum systems exhibit temporal correlations
and non-stationary behavior that can be captured by appropriate forecasting models.

Zhang et al. [9] specifically investigated LSTM-based pre- diction of qubit decoherence in superconducting quantum
processors. Their work demonstrated that LSTMs could ef- fectively learn the temporal patterns of T and T decay
processes, enabling predictions of future decoherence events with high accuracy. By training on time-series data
collected from repeated qubit measurements, their models could forecast when a qubit was likely to experience
significant decoherence, allowing for proactive mitigation strategies.

The key advantage of LSTM networks for this application lies in their ability to capture long-range dependencies in time-
series data. Unlike traditional autoregressive models that have limited memory, LSTMs can maintain information about
noise patterns over extended time scales, making them particularly suitable for quantum systems where noise
processes may have complex temporal structure.

Chen et al. [10] extended this approach to multi-qubit sys- tems, developing time-series forecasting models for quantum
device parameters using deep learning. Their work showed that device parameters such as qubit frequencies,
anharmonicities, and coupling strengths could be predicted days in advance, enabling proactive recalibration of
quantum processors. This predictive capability is particularly valuable for maintaining stable quantum computations
over extended periods, reducing the frequency of costly calibration procedures.

Qi et al. [11] focused on machine learning-assisted quan- tum noise characterization, developing techniques that could
extract detailed noise spectra from limited measurement data. Their approach combined traditional noise spectroscopy
with neural network-based analysis, achieving higher spectral res- olution with fewer measurements compared to
conventional methods. This improved characterization enables more tar- geted error mitigation strategies tailored to
the specific noise environment of each qubit.

Adaptive Quantum Control and Feedback Systems Real- time adaptive control represents a powerful approach to qubit
stabilization, where measurement outcomes are used to dy- namically adjust control parameters during quantum
computa- tions. Machine learning has emerged as a key enabler for these adaptive control strategies, providing the
intelligence needed to make optimal control decisions in complex, time-varying environments.

Campbell et al. [12] developed a noise-resistant quantum feedback network that could protect quantum information
through continuous measurement and correction. Their ap- proach used Bayesian filtering to estimate the quantum
state from noisy measurements, combined with optimal control theory to determine the best corrective actions. The
result was a feedback system that could maintain qubit coherence significantly longer than open-loop control strategies.

Liu et al. [13] specifically investigated machine learning for real-time quantum feedback control, developing reinforce-

ment learning agents that could learn optimal control policies through interaction with quantum systems. Their
approach showed particular promise for handling non-Markovian noise environments, where traditional control
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strategies often fail. The learning agents could discover control sequences that ef- fectively suppressed complex noise
patterns without requiring detailed knowledge of the underlying noise mechanisms.

The integration of machine learning with quantum control has enabled several advanced capabilities: (1) adaptive pulse
shaping that compensates for specific noise spectra, (2) real- time parameter tuning that maintains optimal operating
condi- tions despite environmental drift, and (3) predictive control that anticipates future noise events and applies
corrections proactively rather than reactively.

Multi-Qubit Systems and Correlated Errors As quantum processors scale to larger numbers of qubits, correlated er- rors
and crosstalk become increasingly significant challenges. Traditional single-qubit error models fail to capture these
correlated effects, necessitating more sophisticated approaches that can model and mitigate multi-qubit error
processes.

Kim et al. [8] applied graph neural networks (GNNs) to model correlated errors in multi-qubit systems, leveraging
the natural graph structure of quantum processors where qubits represent nodes and couplings represent edges. Their
GNN-based approach could capture the spatial correlations in error patterns, enabling more accurate error
identification and correction compared to methods that treated each qubit independently.

The advantage of graph-based approaches lies in their ability to incorporate the physical layout and connectivity of
quantum processors directly into the error model. This allows the model to learn how errors propagate through the
device and how correlated errors emerge from shared control lines, thermal gradients, or other global noise sources.

Recent work has also explored the use of transformer architectures for modeling multi-qubit systems, leveraging their
self-attention mechanisms to capture long-range correla- tions across large quantum processors. While computationally
demanding, these approaches show promise for handling the complex error patterns that emerge in scaled-up quantum
systems.

NISQ-Era Error Mitigation Strategies Preskill’s seminal paper on the NISQ era [14] framed the current stage of
quantum computing development and highlighted the critical importance of error mitigation strategies that work
within the constraints of limited qubit counts and imperfect operations. This perspective has guided much of the
recent research in quantum error mitigation, emphasizing approaches that provide practical benefits without
requiring full fault tolerance. Zero-noise extrapolation represents one prominent NISQ- era technique that uses
intentional noise amplification com- bined with extrapolation to estimate noiseless computation results. While
conceptually simple, the practical implemen- tation requires careful noise characterization and optimal ex- trapolation
strategies, areas where machine learning has shown significant value.

Probabilistic error cancellation is another NISQ-compatible approach that uses detailed noise characterization to
construct quasi-probability distributions representing the inverse of noise processes. When applied to computation
results, these distri- butions can effectively cancel out systematic errors, though at the cost of increased sampling
overhead.

Machine learning has enhanced both these approaches by providing more accurate noise characterization, optimized
extrapolation functions, and reduced sampling requirements through intelligent experiment design. The flexibility of
ML models to learn from experimental data makes them particu- larly valuable in the NISQ context, where noise
characteristics may vary significantly between devices and even over time on the same device.

Integration of Classical and Quantum Machine Learn- ing An emerging trend in quantum error mitigation involves the
integration of classical machine learning with quantum neural networks, creating hybrid approaches that leverage the
strengths of both paradigms. These hybrid models can use quantum processors for specific computational tasks while
employing classical ML for error mitigation and control.

Some recent approaches have used variational quantum algorithms themselves to learn error mitigation strategies,
creating a self-improving system where the quantum computer learns to correctits own errors. While still in early stages,
these self-referential approaches represent a promising direction for autonomous quantum error correction.

Other work has explored the use of quantum machine learning models for error mitigation, leveraging the potential
quantum advantage in pattern recognition to identify and correct errors more efficiently than classical algorithms.
These approaches are particularly interesting for future fault-tolerant quantum computers, where quantum resources
may be suffi- cient to run complex quantum machine learning models as part of the error correction pipeline.
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2.1. Proposed System

We propose a hybrid stabilization system that combines a machine-learning based noise predictor with classical feed-
back control and quantum error-suppression techniques. The system uses a recurrent neural network (LSTM) to predict
near-term decoherence/noise patterns from streaming readout data and control signals; a controller
(predictive/optimal) uses the predicted noise to adjust control pulses and dynamical decoupling schedules; optionally
a lightweight Kalman filter fuses predictions with live measurements to produce robust correction commands. The
architecture targets improvement in qubit coherence time and gate fidelity for single- and few- qubit devices and is
compatible with simulator or hardware backends (e.g., Qiskit Aer or IBM hardware).

3. Methodology

The proposed methodology focuses on predicting quantum noise patterns using Machine Learning to stabilize qubits
and extend coherence time. The overall system architecture follows a comprehensive workflow as shown in Figure 1.

3.1. Data Collection and Preprocessing

The process begins with the collection of quantum state data from a simulated noisy qubit environment. We use open-
source quantum simulators such as Qiskit to generate multiple qubit state sequences under different noise conditions,
including dephasing, depolarizing, and amplitude damping. This dataset serves as the foundation for training our
predictive ML model. Each data point represents the state of a qubit at sequential time intervals, forming a time-series
dataset that captures evolving noise effects.

In the preprocessing stage, since quantum state data is complex-valued, we convert it into physically meaningful
measurable probabilities (such as |0) and |1) outcome prob- abilities) and encode them into numerical vectors. Feature
scaling and normalization are applied to ensure stable learning. This step allows the machine learning model to
understand how qubit states deviate due to noise over time.

Data Collection Pre-processing LSTM Model
(Qiskit Simulation) (State Encoding) Training

Noise Prediction
[Time-Senes)

Adaptive Control

(Error Comection)

Figure 1 Overall workflow for ML-based qubit stabilization system

3.2. LSTM Model Architecture

A Long Short-Term Memory (LSTM) neural network is used for noise prediction. LSTM is selected because of its ef-
ficiency in learning time-dependent patterns and remembering long-range dependencies [8]. The model is trained to
recognize noise trends and predict the likelihood of decoherence at upcoming time steps. During training, the LSTM
network min- imizes prediction error using a gradient-based optimizer. Per- formance is continuously monitored using
validation datasets to prevent overfitting and to ensure generalization.
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The LSTM architecture can be represented as:
ft = o(WF - [ht-1, xt] + bf) (1)

it = o(Wi - [ht-1, xt] + bi) (2)Ct = tanh(WC - [ht-1, xt] + b(C) (3)Ct =ft * Ct-1 + it
*Ct (4)

ot = o(Wo - [ht-1,xt] + bo) (5)
ht = ot * tanh(Ct) (6)

Explanation of the LSTM Formulas The Long Short-Term Memory (LSTM) model is designed to learn temporal depen-
dencies in sequential data, which makes it ideal for predicting qubit noise and stabilization patterns. The operation of
the LSTM cell can be described by a series of equations(1)(6)

The Long Short-Term Memory (LSTM) model is designed to learn temporal dependencies in sequential data, which
makes it ideal for predicting qubit noise and stabilization patterns. The operation of the LSTM cell can be described
by a series of equations (1)-(6)

In equation (1), the forget gate determines how much of the previous cell state c t1-1 should be retained or discarded.
The sigmoid activation outputs values between 0 and 1, allowing the model to selectively “forget” unimportant past
information. In equation (1), the forget gate ft=(Wf[ht1,xt]+bf)determines how much of the previous cell state Ctl
should be retained or discarded. The sigmoid activation outputs values between 0 and 1, allowing the model to
selectively “forget” unimportant past information.

Next, in equation (2), the input gate it=(Wi[ht1,xt]+bi) decides which new information will be added to the cell mem-
ory. The candidate cell state ct=tanh(WC[ht1,xt]+bC)given by equation (3), generates new potential information that
could be stored in memory.

Equation (4) updates the cell state using a combination of old and new information: Ct=ftCt1+itC t

f*tCt1 preserves important past data, while itC t ntroduces relevant new patterns learned from the current input. This
cell state tacts as the long-term memory of the system, maintaining historical context over time steps — which is crucial
for tracking gradual noise drift in qubits.

Equation (5) introduces the output gate ot=(Wo[ht1,xt]+bo)which determines what portion of the cell state will
contribute to the next hidden state. Finally, equation

(6) computes the hidden state t=ot*tanh(ct),representing the current output and short-term memory that will be fed
into the next time step.

Together, these six equations allow the LSTM network to retain long-term dependencies while dynamically updating its
memory at each time step. In the context of qubit stabilization, this mechanism enables the model to recognize and
predict noise patterns or fluctuations in the quantum system over time, thereby improving the accuracy of noise
correction and stability of quantum operations.

3.2.1. Feedback-Based Stabilization System

Figure 2 shows the block diagram of our feedback-based stabilization system. The system operates through continuous
monitoring and adaptive control:

The Quantum System (Qubit) acts as the core com- putational element whose state must be preserved. During operation,
the qubit undergoes noise-induced changes that may lead to decoherence.

The system continuously performs State Measurement and Readout to capture the current status of the qubit. These

real- time measurements are then sent to the ML Noise Prediction Model, which analyzes the input and predicts
potential future noise events based on the learned patterns from training.
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After prediction, the signal is passed to the Adaptive Control and Correction Gates module. This module ap- plies
suitable corrective quantum operations to counteract the predicted noise effects. Examples include applying phase
correction pulses or adjusting control sequences [12].

A feedback loop is maintained from the correction stage back to the qubit. This means that corrections continuously
adjust the qubit in response to newly predicted noise patterns, allowing dynamic and real-time stabilization rather than
post- error correction only. This loop is critical for maintaining coherence over longer durations.
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Figure 2 Block diagram of the feedback-based stabilization system

4. Implementation

The implementation of the proposed Machine Learning- based qubit stabilization system is carried out in three major
phases: dataset generation, machine learning model develop- ment, and adaptive stabilization control. In this work,
qubit behavior under different noise environments is simulated using the Qiskit Aer simulator, which provides access to
realistic quantum noise models. These models allow us to artificially introduce noise such as amplitude damping, phase
damping, and depolarizing noise. A single-qubit and a two-qubit config- uration were used to observe behavior under
independent noise and coupled noise conditions. Each simulation run produces a time-series dataset of qubit state
probabilities and coherence parameter variations (T and T times), which serve as the input dataset for training the
prediction model.

Before training the neural network, preprocessing is per- formed to convert quantum measurement outcomes into a
numerical form suitable for time-series learning. Measurement results are represented as probability vectors
corresponding to

the likelihood of the qubit collapsing into |0) or |1) states. These values are normalized between 0 and 1 to
maintain consistency and reduce model training instability.

The dataset is then divided into training, validation, and testing subsets to allow unbiased evaluation of the machine
learning model. This preparation ensures that the prediction network learns gener- alized patterns without overfitting
to specific noise instances. The core component of this work is the Long Short-Term Memory (LSTM) model,
implemented using Python and the TensorFlow deep learning library. The LSTM network is selected because it is
specifically designed to capture patterns in sequential data and maintain memory over previous time steps. This
property is essential because qubit behavior is time- dependent and influenced by previous interactions and noise
occurrences. The model consists of multiple LSTM layers followed by dense layers for final prediction. The training
process uses mean squared error (MSE) as the loss function and the Adam optimizer to minimize prediction error.
Training continues until the validation loss converges and the prediction performance stabilizes, ensuring reliable
forecasting of qubit noise patterns.

Once the trained model is capable of predicting noise trends, it is integrated into a real-time feedback stabilization
system. During system operation, the qubit state is contin- uously measured, and the results are fed into the trained
LSTM model. When the model predicts that the qubit is likely to undergo decoherence in the immediate next time
steps, the system triggers adaptive correction operations. These corrections are implemented as additional quantum
gates such as phase correction rotations or dynamical decoupling pulse sequences applied before decoherence occurs.
This transforms the stabilization system from a reactive process to a predictive and proactive one [13].

The implementation ensures that stabilization does not re- quire additional qubits, making the method compatible with

NISQ (Noisy Intermediate Scale Quantum) hardware, where qubit resources are limited [5]. This approach is efficient
because it focuses on preventing errors rather than correcting them afterward. Experimental tests on simulated noisy
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qubits showed an improvement in effective coherence time, demon- strating that predictive stabilization can
significantly reduce state degradation. The overall system is modular, meaning it can be easily extended to multi-qubit
networks or integrated with hardware backends that support real-time measurement and control.

5. Results

The proposed LSTM-based qubit stabilization model was evaluated and compared with the traditional feedback-only
control and static calibration methods. The experiments were carried out using simulated qubit noise datasets in the
Qiskit Aer environment.

The baseline system employed classical PID feedback and periodic recalibration, whereas the proposed system used
a predictive LSTM layer to anticipate noise patterns and adjust control pulses in advance.

The results demonstrate that the proposed model achieved significant improvements in coherence time, prediction
accuracy, and gate fidelity, showing its ability to suppress noise and reduce decoherence proactively.

5.1. Discussion

The results indicate that integrating a temporal learning model (LSTM) with real-time control enhances qubit
stabilization beyond static or reactive feedback systems.

o Theincrease in coherence time (T-) reflects improved resistance to environmental noise.

e Error rates were reduced by over 50%, demonstrating effective proactive compensation.

e Prediction accuracy increased substantially, confirming that the LSTM successfully learned temporal
dependencies in the qubit’s noise behavior.

e The overall latency was reduced due to fewer reactive corrections being needed.

These improvements collectively prove that the proposed model delivers a smarter, faster, and more adaptive
stabilization mechanism compared to traditional methods.

Metric Existing Model (Feedback Only) | Proposed LSTM Model | Improvement
Prediction Accuracy (Noise Forecast | 72.5% 93.8% +29.3%

Qubit Coherence Time (T,) 84 s 128 pus +52.3%

Gate Fidelity 94.1% 98.6% +4.5%

Error Rate 0.062 0.028 -54.8%

(per 1000 operations)

Stabilization Response Time 14.3 ms 7.1 ms -50.3%
Overall System Efficiency 79.6% 95.2% +19.6%

Future Work

While the proposed system demonstrates strong benefits, several future improvements can be explored to enhance
scalability, performance, and hardware compatibility. First, the current model focuses primarily on single-qubit
stabilization. In practical quantum processors, multiple qubits interact and experience correlated noise due to crosstalk
or shared physical control lines. Extending the framework to support multi- qubit noise prediction is a key next step.
This may require integrating Graph Neural Networks (GNNs) to understand the relationship between neighboring
qubits in the quantum chip layout [10].

Second, the implementation can be extended to real quan- tum hardware platforms, such as IBM Quantum or Rigetti
devices. Cloud-based quantum platforms allow access to real- time measurement data, but latency constraints vary
between backends. Designing a low-latency adaptive control loop that operates directly on hardware will be critical for
stable performance. Collaborating with quantum hardware control frameworks and firmware-level optimization will
help achieve real-time stabilization.
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Third, the prediction capability can be improved by incor- porating more advanced deep learning architectures. While
LSTM models perform well for time-series data, newer mod- els such as Temporal Convolutional Networks (TCN) and
Transformer-based sequence models may offer better predic- tion accuracy, especially over longer operational
windows. Experimenting with hybrid models that combine LSTM and Transformer layers may lead to more accurate
and more reliable stabilization.

Fourth, the adaptive control mechanism can be extended beyond simple corrective gates. More sophisticated sta-
bilization strategies, such as optimal control pulse shap-ing, machine-learned dynamical decoupling sequences, and
feedback-assisted quantum control policies, can further im- prove the resilience of qubits [4]. Reinforcement learning-
based control strategies may allow the stabilization process to improve automatically through continuous interaction
with the quantum environment.

Finally, evaluating the system under actual quantum algo- rithms, rather than isolated qubit states, will provide deeper
insight into practical benefits. For example, running Grover’s Search, VQE (Variational Quantum Eigensolver), or QAOA
(Quantum Optimization) circuits under stabilization would demonstrate real impact on computation output quality.
This would provide strong evidence of the method’s value for real- world quantum applications.

In summary, the future direction of this work is to expand the stabilization model to multiple qubits, integrate the ap-
proach into hardware-level real-time control systems, explore advanced ML architectures, and validate performance on
full- scale quantum algorithms. These advancements will push the system closer to practical deployment in next-
generation quantum computers.

6. Conclusion

In this research, a machine learning-based approach for qubit stabilization was proposed to address the challenge
of quantum noise and decoherence in near-term quantum systems. The method utilizes an LSTM-based noise predic-
tion model integrated with an adaptive feedback correction mechanism to anticipate and counteract the effects of
environ- mental disturbances on qubit states. Experimental simulation results demonstrated that the proposed
stabilization frame- work effectively increases the coherence time of qubits and reduces the state error accumulation
during computation. This makes the approach beneficial for enhancing the reliability and operational lifespan of qubits,
especially in NISQ-era quantum devices where physical qubits are limited and error rates remain high [5].

The findings confirm that predictive stabilization provides a promising alternative to purely hardware-based or heavy
quantum error-correction methods, offering a more lightweight and scalable solution [6]. The system is flexible and can
be extended to different qubit technologies, including supercon- ducting qubits and trapped-ion platforms. However, its
perfor- mance is dependent on real-time measurement accuracy and

low-latency feedback, indicating that practical implementation will require optimization in quantum control hardware
and readout circuitry.

Overall, the research contributes to ongoing efforts to reduce errors in quantum computation and move closer to
practi- cal, large-scale quantum processors. By combining machine learning with quantum control, this work bridges
two rapidly advancing fields and opens the path for further improvements in noise-resilient quantum computing
frameworks.
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