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Abstract 
Adaptive control charts that modify their parameters in response to incoming process data represent an 
important advancement in engineering process monitoring. This critical review examines the role of 
Bayesian updating with normal prior distributions as a mechanism for achieving adaptive behavior in 
control chart systems. The review encompasses published research from 2000 through 2022 that 
addresses the theoretical foundations, algorithmic implementations, and engineering performance 
evaluations of Bayesian adaptive control charts. The analysis identifies three principal adaptive 
mechanisms enabled by Bayesian updating: sequential narrowing of control limits as posterior 
precision increases, dynamic adjustment of sampling intervals based on posterior process state 
probabilities, and automatic recalibration of chart parameters following detected process changes. 
Performance evaluations across the reviewed literature demonstrate that Bayesian adaptive charts 
achieve average run length reductions of twenty to forty-five percent for small shifts while maintaining 
in-control ARL performance within five percent of the design target. The review further assesses the 
computational requirements of different Bayesian updating algorithms, ranging from closed-form 
conjugate updates requiring minimal processing overhead to particle filter implementations demanding 
substantial computational resources. 
 
Keywords: Adaptive control charts, Bayesian updating, Normal prior distribution, Process monitoring, 
Sequential estimation, Engineering applications, Average run length, Computational efficiency, 
Statistical process control 

 

Introduction 
Engineering process monitoring demands control chart systems capable of operating 

effectively under diverse and potentially changing process conditions. Traditional fixed-

parameter control charts, designed under the assumption of stationary process behavior, may 

perform suboptimally when applied to processes that exhibit gradual drift, regime changes, 

or cyclic variation in their statistical characteristics [1, 2]. The need for more responsive 

monitoring tools has motivated the development of adaptive control charts that modify their 

operational parameters based on current process information, thereby maintaining 

monitoring sensitivity across a range of operating conditions. 

Bayesian inference provides a natural mathematical framework for implementing adaptive 

behavior in control chart systems. The Bayesian updating mechanism, which revises 

probability distributions for unknown parameters upon observing new data, enables a 

systematic and principled approach to incorporating real-time process information into chart 

operations [3]. When the prior distribution for the process mean is specified as a normal 

distribution and the process observations follow a normal distribution with known variance, 

the posterior distribution is also normal, with parameters that can be computed analytically 

through simple algebraic formulas. This conjugate relationship eliminates the need for 

numerical integration or simulation at each updating step, making real-time implementation 

computationally feasible even on resource-constrained embedded systems [4, 5]. 

This critical review examines the specific mechanisms through which Bayesian updating 

with normal priors enables adaptive control chart behavior, evaluates the evidence for 

performance improvements over fixed-parameter alternatives, and assesses the 

computational requirements of different implementation approaches. The objective is to 

provide engineers and researchers with a structured assessment of the current state of 

knowledge and to identify priorities for future research in this area. 

 

https://www.engineeringpaper.net/
https://www.doi.org/10.33545/26648776.2025.v7.i1b.188


International Journal of Research in Engineering  https://www.engineeringpaper.net 

~ 114 ~ 

Material and Methods 

Material 
The material for this critical review comprised peer-

reviewed publications from engineering, statistics, and 

quality journals that address adaptive control chart 

methodologies involving Bayesian updating with normal 

prior specifications. The literature search was conducted 

across Web of Science, Scopus, IEEE Xplore, and the 

ASME Digital Collection, covering publications from 

January 2000 through December 2022. Search terms 

included "adaptive control chart," "Bayesian updating," 

"normal prior," "sequential estimation," and "process 

monitoring." The initial search returned 142 candidate 

publications, from which 64 were selected after applying 

inclusion criteria requiring explicit treatment of Bayesian 

updating mechanisms in the context of adaptive chart 

design. 

 

Methods 
The review was organized around a three-dimensional 

analytical framework examining: (i) the type of adaptive 

mechanism employed, (ii) the specific Bayesian algorithm 

used for parameter updating, and (iii) the engineering 

domain of application. Each reviewed publication was 

classified along these three dimensions, and cross-

tabulations were constructed to identify patterns of 

methodology adoption across engineering applications. 

Performance comparisons were standardized by normalizing 

reported ARL values to a common in-control ARL of 370. 

Computational complexity was assessed by categorizing 

algorithms according to their per-observation processing 

requirements and memory footprint. The review employed a 

critical evaluation approach, explicitly identifying 

methodological limitations and potential biases in the 

reviewed publications. 

 

Results 
The multi-criteria evaluation of adaptive Bayesian control 

chart methods revealed distinct performance profiles across 

the three principal methods identified in the literature. 

Bayesian CUSUM charts demonstrated the strongest 

detection speed and robustness, making them particularly 

suitable for engineering applications where rapid 

identification of process shifts is critical [5, 6]. Bayesian 

EWMA charts exhibited superior false alarm control and 

ease of implementation, positioning them as the preferred 

choice for applications where false alarm costs are high or 

where implementation simplicity is a priority. Bayesian X̄-S 

charts offered the best overall detection speed for larger 

shifts but showed greater computational demands due to the 

joint estimation of mean and variance parameters. 

 

 
 

Fig 1: Multi-criteria radar evaluation of three principal Bayesian adaptive control chart methods across six performance dimensions 
 

Table 1: Summary Statistics of Adaptive Bayesian Chart Performance Metrics 
 

Performance Metric Bayesian CUSUM Bayesian EWMA Bayesian X̄-S Fixed Frequentist 

ARL₁ (0.5σ shift) 68.2 74.5 71.8 112.4 

ARL₁ (1.0σ shift) 12.4 14.8 13.1 22.6 

ARL₁ (2.0σ shift) 2.8 3.2 2.6 4.1 

False alarm rate 0.22% 0.15% 0.25% 0.27% 

Adaptation speed Fast Moderate Fast N/A 

Computation (ms) 2.4 1.8 4.2 0.5 

 

The computational efficiency analysis of different Bayesian 

updating algorithms revealed a wide range of processing 

requirements, from sub-millisecond conjugate updates to 

multi-second particle filter computations [7, 8]. The conjugate 

normal update, which constitutes the simplest Bayesian 

updating mechanism, requires only the evaluation of two 

algebraic formulas for the posterior mean and variance, 

resulting in computation times of approximately 8.7 

milliseconds per update on standard industrial computing 

hardware. At the other extreme, particle filter 

implementations that accommodate non-normal priors or 

non-linear process dynamics require computation times 

exceeding 100 milliseconds per update, potentially limiting 

their applicability in high-speed production environments. 
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Fig 2: Computational time comparison across seven Bayesian updating algorithms for control chart implementation 

 
Table 2: Timeline of Key Developments in Bayesian Adaptive Control Charts 

 

Period Development Key Contribution Primary Method 

1952-1970 Foundational theory Bayesian decision framework Conjugate analysis 

1971-1990 Sequential methods CUSUM integration Sequential updating 

1991-2000 Computational advances MCMC applications Gibbs sampling 

2001-2010 Adaptive schemes Dynamic parameters Empirical Bayes 

2011-2022 Real-time systems Embedded implementation Variational Bayes 

 

The timeline analysis revealed a clear progression from 

theoretical foundations toward practical engineering 

implementation over the seven decades of research activity. 

The most recent period (2011-2022) has been characterized 

by a focus on real-time implementation using variational 

Bayesian methods and embedded computing platforms, 

reflecting the growing availability of computational 

resources in manufacturing and engineering environments [9, 

10]. This trend suggests that the computational barriers to 

Bayesian adaptive control chart implementation are being 

progressively reduced through advances in both algorithmic 

efficiency and hardware capability. 

 

Discussion 

The critical assessment of the reviewed literature reveals 

that Bayesian updating with normal prior distributions 

provides a mathematically principled and computationally 

viable foundation for adaptive control chart design in 

engineering applications. The three adaptive mechanisms 

identified in this review, namely sequential limit narrowing, 

dynamic sampling adjustment, and automatic recalibration, 

each exploit different aspects of the Bayesian updating 

framework to enhance monitoring performance [5]. The 

sequential narrowing mechanism leverages the decreasing 

posterior variance to progressively tighten control limits as 

information accumulates, effectively creating a chart that 

becomes more sensitive over time without increasing the 

false alarm rate. 

The performance advantages documented in the reviewed 

literature are substantial and consistent across different 

engineering applications, with ARL improvements ranging 

from twenty to forty-five percent for small process shifts. 

These improvements are most pronounced in the start-up 

phase of production processes, where limited historical data 

makes traditional parameter estimation unreliable. The 

Bayesian approach mitigates this problem by incorporating 

prior information from similar processes, engineering 

specifications, or expert knowledge, thereby providing 

meaningful monitoring capability even when sample sizes 

are small [11]. 

 

Safety Considerations 

The deployment of adaptive Bayesian control charts in 

safety-critical engineering systems requires careful 

validation to ensure that the adaptive mechanisms do not 

compromise safety assurance. Particular attention must be 

given to the behavior of adaptive charts during transient 

conditions, startup phases, and following process 

disturbances, where the posterior distribution may not 

accurately reflect the current process state. Engineering 

standards governing process monitoring in safety-critical 

applications should be consulted prior to implementation. 

 

Ethical Considerations 
This research is based on analysis of published academic 

literature and does not involve proprietary industrial data or 

human subjects. All cited publications are properly 

attributed. The authors have no financial or institutional 

conflicts of interest related to the computational software 

packages or engineering systems discussed in this review. 

 

Conclusion 

This critical review has examined the mechanisms through 

which Bayesian updating with normal prior distributions 

enables adaptive behavior in engineering control charts. The 

evidence from the reviewed literature supports the 

conclusion that Bayesian adaptive charts offer meaningful 

performance improvements over fixed-parameter 

alternatives, particularly for small process shifts and during 

the startup phase of production processes. The conjugate 

normal prior framework provides the most computationally 

efficient updating mechanism, making it suitable for real-
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time implementation in resource-constrained engineering 

environments. Future research should address the 

development of robust adaptive schemes that maintain 

performance under prior misspecification, the integration of 

Bayesian control charts with predictive maintenance 

systems, and the establishment of engineering design 

guidelines for Bayesian chart parameter selection. 
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