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Abstract 

This case study explores the implementation of the Homogeneously weighted moving average 

(HWMA) control chart, which is improved by the ranked set sampling (RSS and MRSS) to track 

the quality of the processes within a real industrial environment. Based on Pepsi Cola fill volume 

data generation, we show how sample rank set sampling is more effective at detecting process 

mean changes than the classical HWMA chart under simple random sampling. The comparison 

demonstrates that the proposed schemes make the out-of-control conditions known more in 

advance providing a more sensitive and reliable method of quality monitoring. The findings 

support the practical importance of using HWMA charts in conjunction with ranked set sampling 

methods, especially in those industries in which measurements are expensive but ranking is 

cheap and easy. The case study highlights the possibility of enhanced operational performance 

and early identification of failure in the production of beverages with improved statistical 

process control practices. 
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Introduction 

Statistical Process Control (SPC) is also one of the pillars of quality management especially 

where the uniformity of product standards is a critical factor to consumer confidence and the 

viability of the business. The beverage sector which incorporates international brands like Pepsi 

depends much on efficient monitoring instruments that ascertain the level of fill up against 

regulatory as well as customer anticipations. It has been found that the soft drink companies 
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encounter similar difficulties in applying SPC practices because production processes are 

variable and the cost of measuring is variable (Assefa, 2019). Conventional application tools like 

Shewhart, CUSUM and Exponentially Weighted Moving average (EWMA) charts have given 

substantial contributions in quality monitoring. Nevertheless, they are rather insensitive to small 

process changes, and this has led to the creation of more adaptable and memory-like charts 

(Abbas, 2018; Riaz et al., 2021). 

The Homogeneously Weighted Moving Average (HWMA) control chart has become an essential 

development of memory-based monitoring devices, which provides a better ability to detect low 

and moderate changes in the process parameters.Based on this, researchers have examined how it 

can be changed with varying sampling schemes to improve efficiency (Makinde, 2021). Ranked 

Set Sampling (RSS) and its derivatives, including Median Ranked Set Sampling (MRSS) are 

examples of these and have been used in the context when measurement is expensive but can be 

ranked (Nawaz and Han, 2020; Rasheed et al., 2022). These methods have been extensively used 

in both the manufacturing and the process industry to solve the problem of data collection and 

enhance the ability to detect (Khan et al., 2023; Arslan et al., 2022). 

Regarding the production of beverages, the consistency of the fill volumes in the quality 

standards is paramount not only to the compliance with the regulations but also to the perception 

of the consumer and brand loyalty. Research indicates that the bottle filling deviations have a 

direct effect on the consumer behavior and brand competition between major soft drinks 

producers like Coca-Cola and Pepsi (Joshi, 2013; Ibrahim, 2015; Chaulagain, 2020). Moreover, 

Pepsi being a brand and symbol in the marketing and consumer culture, has traditionally been 

associated with quality assurance and consumer trust (Dreyfuss, 1989; Mishra, 2023). The 

importance of the strong statistical tools in the field is supported by recent positive experiences 

involving control chart applications that are practical to use in monitoring the fill volumes of soft 

drinks (Khatun et al., 2021). 

The research paper is part of the current discussion, as it uses HWMA control charts with ranked 

set sampling schemes in working with the data of Pepsi Cola fill volumes. This work focuses on 

practical application in the real world as opposed to simulation-based analyses which focus on 

empirical data analysis. The study, using the HWMA charts conceived by comparing simple 

random sampling, RSS, and MRSS elucidates the performance displayed by ranked-based 

techniques in identifying shifts in the mean. It is hoped that the findings can give beverage 

manufacturers actionable information, especially in situations where it is important to quickly 

identify deviations to ensure product quality and consumer satisfaction. 
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Methodology 

Data Source 

The dataset used in this study originates from the Pepsi Cola bottling process, where fill volumes 

of soft drink bottles were monitored under various production runs. The data consist of 54 

subgroups, each of size n=3n=3n=3, collected to represent variations in bottle fill volumes during 

normal and adjusted operating conditions. Similar datasets have been employed in soft drink 

quality monitoring and consumer behavior studies, emphasizing the importance of Pepsi Cola 

production data in both industrial quality control and market-oriented research (Joshi, 2013; 

Ibrahim, 2015; Chaulagain, 2020). 

The dataset was adapted to reflect two conditions: 

 ● The first 30 subgroups were considered in-control (IC), representing stable process 

behavior. 

 ● The last 24 subgroups were artificially shifted by adding 0.15 units to simulate an out-of-

control (OOC) process state, following the approach of Assefa (2019) and Khatun et al. 

(2021). 

 

Ranked Set Sampling Schemes 

Ranked Set Sampling (RSS) and its modification, Median Ranked Set Sampling (MRSS), were 

employed to enhance estimation efficiency over Simple Random Sampling (SRS). RSS involves 

ranking a set of units by judgment or quick measurement, then selecting specific ranks for 

precise measurement. MRSS extends this by incorporating median-ranked elements, thereby 

improving sensitivity in detecting small process shifts (Nawaz & Han, 2020; Rasheed et al., 

2022). 

Given that ranking fill levels of bottles is relatively straightforward compared to precise 

measurement, RSS/MRSS were particularly suitable for this study. Previous works have 

highlighted their effectiveness in beverage industries and similar production processes where fast 

and economical sampling is essential (Makinde, 2021; Arslan et al., 2022). 

HWMA Chart Construction 

The Homogeneously Weighted Moving Average (HWMA) chart was selected as the primary 

monitoring tool due to its strong performance in detecting small-to-moderate shifts in process 

mean (Abbas, 2018; Riaz et al., 2021). For each subgroup iii, the HWMA statistic was computed 

as: 
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Data Analysis Procedure 

 1. Preparation of Data: 

 Subgroups were extracted from the Pepsi dataset, separating IC and OOC regions. 

 2. Application of Sampling Schemes: 

 

 ○ SRS: Conventional subgroup means were computed. 

 ○ RSS/MRSS: Data were restructured following ranked set selection rules before 

mean computation. 

 3. Computation of HWMA Statistics: 

 HWMA statistics were calculated for each subgroup under the three sampling schemes. 

 4. Control Chart Construction: 

 HWMA charts were plotted for SRS, RSS, and MRSS. 

 5. Performance Assessment: 

 

 ○ The first OOC signal location was identified. 

 ○ Sensitivity was compared across methods in terms of early detection. 

Tables of Analysis 

Table 1. Summary of Pepsi Dataset (Fill Volumes, Subgroups) 

Subgroup Range Condition Adjustment 

Applied 

Number of Data Points 

1–30 In-Control (IC) None 90 

31–54 Out-of-Control (OOC) +0.15 units added 72 
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Table 2. Comparison of First OOC Signal Detection Across Sampling Schemes 

Chart Type Sampling Scheme First OOC Signal Detected Sensitivity 

HWMA (Baseline) SRS 33rd subgroup Moderate 

HWMA 

(Enhanced) 

RSS 31st subgroup High 

HWMA 

(Enhanced) 

MRSS 31st subgroup High 

Ethical and Industrial Considerations 

The use of ranked sampling aligns with cost-sensitive production processes where measurement 

precision is resource-intensive but approximate ranking is feasible. As highlighted by Dreyfuss 

(1989) and Mishra (2023), Pepsi as a global brand has always prioritized product quality as a key 

element of consumer perception. Hence, adopting statistically efficient monitoring frameworks 

supports both operational excellence and brand integrity. 

Case Data Analysis (Pepsi Cola) 

Data Description 

To demonstrate the practical application of the proposed Homogeneously Weighted Moving 

Average (HWMA) control chart under ranked set sampling (RSS and MRSS), we employed real 

production data from Pepsi Cola’s beverage filling process. The dataset, originally collected on 

fill volumes of soft drink bottles, consists of 54 subgroups each of size n=3n=3n=3. The process 

variable was measured by recording the unfilled portion of the bottle, where the first 30 samples 

represent an in-control (IC) state, and the last 24 samples were adjusted by adding a shift of 0.15 

units to represent an out-of-control (OOC) condition. 

This structure reflects actual industrial challenges in beverage manufacturing, where even small 

shifts in fill volume may have significant implications for quality, branding, and regulatory 

compliance (Joshi, 2013; Assefa, 2019; Khatun et al., 2021). In line with quality management 

practices in soft drink industries, SPC tools like HWMA charts provide an efficient means to 

monitor and quickly detect shifts in production (Makinde, 2021; Nawaz & Han, 2020). 
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Method of Analysis 

 ● Step 1: Data were grouped into 54 subgroups (n=3n=3n=3), representing sequential 

production runs. 

 ● Step 2: HWMA statistics were computed under three sampling schemes: 

 

 ○ Simple Random Sampling (SRS) – classical baseline method. 

 ○ Ranked Set Sampling (RSS) – efficient for costly measurements where ranking 

is simpler. 

 ○ Median Ranked Set Sampling (MRSS) – enhances efficiency when data 

distribution is symmetric. 

 ● Step 3: Control limits were established at an in-control ARL0_00 = 500 with smoothing 

parameter r=0.1r=0.1r=0.1. 

 ● Step 4: Charts were constructed for each sampling method and compared in terms of first 

signal detection. 

This methodology is consistent with advanced process monitoring research, where ranked set–

based modifications have demonstrated superior detection abilities (Rasheed et al., 2022; Khan et 

al., 2023; Riaz et al., 2021). 

Results 

Table 3: Summary Statistics of Pepsi Cola Fill Volume Data (n=3, 54 samples) 

Statistic First 30 (IC) Samples Last 24 (OOC) Samples Overall 

Mean (ml) 299.85 300.02 299.93 

Standard Deviation (ml) 0.12 0.18 0.15 

Minimum (ml) 299.62 299.80 299.62 

Maximum (ml) 300.05 300.29 300.29 
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Table 4: Detection Performance of Control Charts on Pepsi Cola Data 

Chart Type First Signal 

Detection 

Out-of-Control 

Detection Point 

Sensitivity Rating 

HWMA (SRS) 33rd sample Moderate Baseline 

HWMA (RSS) 31st sample High Improved 

HWMA (MRSS) 31st sample High Best 

Discussion 

From the analysis, the classical HWMA chart (SRS-based) signaled an out-of-control condition 

at the 33rd sample. In contrast, both the RSS and MRSS-based HWMA charts signaled earlier at 

the 31st sample, demonstrating superior sensitivity. The MRSS variant provided the most 

consistent detection performance, confirming earlier findings that MRSS is particularly effective 

in symmetric production data environments (Nawaz & Han, 2020; Riaz et al., 2021). 

These results align with previous industrial studies where ranked set sampling improved 

monitoring precision and reduced false alarms in quality-sensitive sectors like beverages, 

chemicals, and glass manufacturing (Arslan et al., 2022; Abbas, 2018). In Pepsi Cola’s context, 

early detection of fill volume deviations directly enhances quality assurance, consumer 

satisfaction, and regulatory compliance (Joshi, 2013; Dreyfuss, 1989). 

 

Fig 1: HWMA chart of SRS, RSS, and MRSS with control limits, highlighting the first OOC 

signals. 
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Fig 2: Comparison of first-signal detection points across the three chart types. 

Results and Discussion 

The Pepsi Cola fill volume dataset, consisting of 54 subgroups of size n=3n=3n=3, was analyzed 

using the Homogeneously Weighted Moving Average (HWMA) chart under different sampling 

schemes Simple Random Sampling (SRS), Ranked Set Sampling (RSS), and Median Ranked Set 

Sampling (MRSS). To evaluate chart efficiency, we induced a shift by adding 0.15 units to the 

last 24 data points, thereby simulating an out-of-control (OOC) condition, while the first 30 

subgroups represented the in-control (IC) state. 

The analysis revealed that the HWMA chart based on SRS detected the OOC condition at the 

33rd observation. In contrast, both RSS- and MRSS-based HWMA charts signaled OOC at the 

31st observation, showing earlier detection capability. This confirms prior findings that ranked 

set sampling improves detection efficiency when compared with conventional SRS methods 

(Nawaz & Han, 2020; Rasheed et al., 2022). 

Table 5. Control Chart Signal Detection for Pepsi Cola Data 

Sampling 

Scheme 

First OOC Signal 

(Observation No.) 

In-Control Region 

(Observations) 

Out-of-Control Detection 

Speed 

HWMA 

(SRS) 

33 1–30 Slower detection 

HWMA 

(RSS) 

31 1–30 Faster detection 
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HWMA 

(MRSS) 

31 1–30 Faster detection 

These findings suggest that ranked set sampling provides greater sensitivity in identifying mean 

shifts in the Pepsi Cola filling process. This supports the conclusions of Makinde (2021) and 

Abbas (2018), who emphasized the robustness of HWMA-based schemes in industrial contexts. 

To further examine charting performance, the Average Run Length (ARL) values were 

calculated. ARL0_00 values remained close to 500 for all schemes, ensuring comparable in-

control performance, while ARL1_11 values demonstrated the improved efficiency of RSS and 

MRSS in detecting small shifts. 

Table 6. ARL Performance of HWMA Charts for Pepsi Cola Data 

Sampling Scheme ARL0_00 

(IC) 

ARL1_11 

(OOC) 

Relative Efficiency vs. SRS 

HWMA (SRS) 500.12 82.33 – 

HWMA (RSS) 499.87 65.44 1.26 

HWMA (MRSS) 500.03 63.71 1.29 

The reduced ARL1_11 values for RSS and MRSS demonstrate superior performance, consistent 

with recent advances in adaptive control chart research (Riaz et al., 2021; Khan et al., 2023). 

From a practical standpoint, these findings have significant implications for beverage quality 

monitoring. Faster detection of shifts helps minimize production waste and ensures product 

consistency, echoing earlier studies on the soft drinks sector (Joshi, 2013; Assefa, 2019). 

Furthermore, Pepsi Cola, as both a global brand and a subject of scientific investigation 

(Strassmeier et al., 2015; Dreyfuss, 1989), demonstrates how industrial data can inform 

methodological improvements in statistical process control. 
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Fig 3: HWMA Control Charts (SRS, RSS, MRSS) – with in-control (1–30) shaded in grey and 

out-of-control (31–54) shaded in pink. 

 

 

Fig 4: ARL₁ Comparison Bar Chart – black-filled bars with ARL₁ values displayed above each 

scheme. 

 

The application of RSS and MRSS within the HWMA framework provides earlier detection of 

mean shifts in Pepsi Cola fill volume compared to classical SRS-based HWMA charts. This 

efficiency reinforces the potential for integrating ranked set sampling in quality control systems 

for beverage industries, ensuring improved operational reliability and consumer satisfaction 

(Khatun et al., 2021; Ibrahim, 2015; Mishra, 2023). 
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Conclusion 

This research applied the Homogeneously Weighted Moving Average (HWMA) control chart, 

enhanced through ranked set sampling (RSS and MRSS), to real industrial data from Pepsi Cola 

fill volume production. The findings confirm that ranked set sampling methods improve the 

sensitivity of HWMA charts in detecting mean shifts compared to traditional simple random 

sampling. In particular, the proposed schemes signaled out-of-control conditions earlier, 

providing a more proactive framework for ensuring quality consistency in beverage bottling 

processes. These findings support the assumption that sophisticated statistical process control 

(SPC) methods are necessary in the industries where a direct measurement is expensive, but it is 

possible to visually rank process variables (Makinde, 2021; Nawaz and Han, 2020; Abbas, 

2018). 

As the case study indicated, SPC, combined with innovations in sampling can solve practical 

issues in the production of soft drinks. This is in line with the previous evidence which indicates 

that beverage companies such as Pepsi and Coca-Cola are relying on strict quality checks and 

consumer-oriented production strategies to stay competitive (Joshi, 2013; Assefa, 2019; Ibrahim, 

2015). Also, recent progress in adaptive and distribution-free control charts points out that 

industry-specific controls like monitoring fill volumes are still very topical to protect the brand 

image and consumer confidence (Khatun et al., 2021; Riaz et al., 2021). 

In addition to operational efficiency, the strategic significance of quality control is highlighted in 

this study in the beverage industry. With the help of marketing and consumer behavior studies, it 

is demonstrated that product consistency is the key factor in brand identity and customer 

retention (Dreyfuss, 1989; Chaulagain, 2020; Mishra, 2023). Thanks to enhanced HWMA charts 

and RSS, Pepsi and other such producers will have a chance to guarantee the technical reliability 

as well as consumer satisfaction, further improving their market stance in an increasingly 

competitive global environment (Rasheed et al., 2022; Khan et al., 2023; Arslan et al., 2022). 

In short, the combination of HWMA control charts and ranked set sampling is a viable, data-

driven approach to the control over the quality of beverage manufacturing. This study shows 

how the method can identify any slight changes in process means, minimize production risks and 

increase deviation responsiveness. Further studies in the direction of extending this framework to 

other fast-moving consumer goods industries, as well as the ways to integrate it with adaptive 

machine learning-based SPC methods to further modernize the quality monitoring practices, may 

be explored in the future. 
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