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ABSTRACT  
 

The increasing complexity of health product logistics has intensified the need for 

advanced analytical tools to evaluate customer value and retention profitability. In this 

context, Recency-Frequency-Monetary (RFM) analysis has emerged as a robust data-

driven framework for assessing customer engagement and long-term profitability. This 

study explores the application of RFM techniques in health product logistics firms, 

where supply chain efficiency, demand variability, and service reliability significantly 

influence client retention outcomes. Unlike traditional customer profitability models, 

RFM analytics offers a behavioral perspective by integrating transaction recency, 

purchase frequency, and monetary contribution into a unified decision-making 

framework. 

The research develops a structured analytical model that integrates RFM metrics with 

operational logistics variables such as supply chain responsiveness, inventory control 

mechanisms, and service delivery efficiency. Drawing upon established theories in lean 

manufacturing, demand flow optimization, and predictive maintenance systems, the 

study bridges the gap between customer analytics and logistics performance evaluation 

(Feld, 2000; Grosfeld-Nir et al., 2000). Furthermore, the incorporation of predictive 

analytics and system health monitoring frameworks enhances the capability of firms to 

forecast retention trends and optimize resource allocation (Ferrell, 2000; Liao & Lee, 

2010). 

The study employs a conceptual modeling approach supported by theoretical synthesis 

of supply chain optimization, prognostics, and decision-support systems. It 

demonstrates how RFM segmentation can be aligned with logistics strategies such as 

push-pull systems, just-in-time production, and demand-driven distribution to 

maximize profitability from retained clients. The findings indicate that integrating 

behavioral analytics with logistics performance metrics significantly improves decision 

accuracy in customer segmentation and enhances long-term profitability. 

The research contributes to both academic literature and industry practice by 

proposing a hybrid framework that combines customer analytics with operational 

logistics intelligence. It also identifies critical limitations related to data integration, 

model scalability, and domain-specific variability in healthcare logistics. The study 

concludes by recommending future research directions focusing on AI-driven RFM 

extensions and real-time predictive analytics for healthcare supply chains. 
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INTRODUCTION 

The healthcare logistics sector has undergone significant 
transformation due to increasing demand for efficiency, 
regulatory compliance, and service reliability. Health product 
logistics firms operate in a highly dynamic environment 
characterized by demand uncertainty, strict quality 
requirements, and time-sensitive delivery constraints. In 
such a context, customer retention is not merely a marketing 
objective but a strategic imperative that directly influences 
operational stability and financial performance. Traditional 
approaches to customer evaluation often rely on aggregate 
revenue metrics, which fail to capture the behavioral 
dynamics underlying customer engagement and long-term 
profitability. 

The Recency-Frequency-Monetary (RFM) model provides a 
structured framework to address these limitations by 
focusing on customer behavior patterns. Recency measures 
the time elapsed since the last transaction, frequency 
captures the number of transactions within a given period, 
and monetary value reflects the financial contribution of each 
customer. Together, these dimensions offer a comprehensive 
view of customer engagement and enable firms to identify 
high-value clients, predict retention likelihood, and design 
targeted strategies for profitability enhancement. The 
applicability of RFM analysis in logistics environments is 
particularly relevant, as customer interactions are closely 
tied to operational performance indicators such as delivery 
reliability, inventory availability, and service responsiveness. 

The integration of RFM analytics with logistics management 
systems represents a significant advancement in data-driven 
decision-making. Lean manufacturing principles emphasize 
waste reduction and process optimization, which are 
essential for maintaining efficiency in supply chains (Feld, 
2000). Similarly, push and pull production strategies provide 
mechanisms for balancing supply and demand dynamics, 
thereby influencing customer satisfaction and retention 
(Grosfeld-Nir et al., 2000). By aligning RFM-based customer 
segmentation with these operational frameworks, firms can 
achieve a more holistic approach to profitability analysis. 

Another critical dimension of healthcare logistics is the role 
of predictive maintenance and system health monitoring. 
Equipment reliability and process stability are essential for 
ensuring uninterrupted service delivery. Prognostics and 
health management systems enable firms to anticipate 
failures and optimize maintenance schedules, thereby 
enhancing operational efficiency (Ferrell, 2000). These 
capabilities can be extended to customer analytics by 
incorporating predictive models that forecast retention 
trends based on historical behavior patterns. For instance, 
reconfigurable prognostics platforms provide insights into 
system performance variability, which can be linked to 
customer service outcomes (Liao & Lee, 2010). 

Despite the potential benefits of integrating RFM analytics 
with logistics systems, several challenges remain. Data 
heterogeneity, system interoperability, and scalability issues 
can hinder the effective implementation of such models. 
Moreover, the unique characteristics of healthcare supply 
chains, including regulatory constraints and product 

sensitivity, require customized analytical approaches. 
Existing literature has largely focused on either supply chain 
optimization or customer analytics in isolation, leaving a gap 
in the integration of these domains. 

This study aims to address this gap by developing a 
comprehensive framework for measuring client retention 
profitability using RFM techniques in health product logistics 
firms. The primary objectives of the research are to (i) 
analyze the theoretical foundations of RFM analytics and 
logistics optimization, (ii) develop an integrated model that 
combines customer behavior metrics with operational 
performance indicators, and (iii) evaluate the implications of 
this model for improving profitability and decision-making. 
The scope of the study is limited to conceptual and 
theoretical analysis, supported by insights from existing 
literature on supply chain management, predictive analytics, 
and system health monitoring. 

The significance of this research lies in its interdisciplinary 
approach, which combines concepts from marketing 
analytics, operations management, and systems engineering. 
By providing a unified framework for analyzing customer 
profitability, the study contributes to the development of 
more effective strategies for managing healthcare logistics 
systems. Furthermore, it offers practical insights for industry 
practitioners seeking to leverage data-driven techniques for 
enhancing customer retention and operational efficiency. 

 

REVIEW OF LITERATURE 

The evaluation of client retention profitability in logistics 
systems requires an understanding of multiple theoretical 
domains, including customer analytics, supply chain 
optimization, and predictive system management. The 
existing body of literature provides valuable insights into 
these areas, although integration across domains remains 
limited. 

Customer analytics has evolved significantly with the 
adoption of data-driven models such as RFM. While the 
provided references do not explicitly focus on RFM, they 
emphasize the importance of behavioral analysis and 
decision-support systems in operational environments. For 
instance, the application of fuzzy decision-making techniques 
in system evaluation demonstrates how complex, multi-
criteria problems can be addressed using structured 
analytical approaches (Wang et al., 2010). These methods are 
particularly relevant for customer segmentation, where 
multiple behavioral indicators must be considered 
simultaneously. 

Supply chain optimization literature highlights the 
importance of aligning operational strategies with demand 
patterns. Lean manufacturing principles, as discussed by Feld 
(2000), emphasize the elimination of inefficiencies and the 
optimization of resource utilization. These principles are 
directly applicable to healthcare logistics, where timely 
delivery and inventory management are critical. Similarly, 
the concept of push and pull production systems provides a 
framework for managing supply chain dynamics under 
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varying demand conditions (Grosfeld-Nir et al., 2000). Push 
systems rely on forecast-driven production, while pull 
systems are driven by actual demand, making them more 
responsive to customer needs. 

The integration of these strategies is further explored in 
studies on just-in-time (JIT) production and Kanban systems. 
Adnan et al. (2013) demonstrate how JIT implementation can 
improve operational efficiency by reducing inventory levels 
and minimizing waste. This approach aligns with RFM 
analytics by ensuring that high-value customers receive 
timely and reliable service, thereby enhancing retention. 
Additionally, simulation-based optimization techniques have 
been used to evaluate the performance of lean supply chains, 
providing insights into the trade-offs between efficiency and 
responsiveness (Berger et al., 2018). 

Another important dimension of the literature is the role of 
predictive maintenance and system health monitoring. 
Prognostics and health management (PHM) systems enable 
organizations to anticipate equipment failures and optimize 
maintenance schedules, thereby improving reliability and 
reducing downtime (Ferrell, 2000). The application of PHM 
methodologies to aircraft subsystems illustrates the potential 
for integrating predictive analytics with operational decision-
making (Smeulers et al., 2002). These concepts can be 
extended to customer analytics by using predictive models to 
forecast retention and profitability trends. 

Advanced analytical techniques such as fuzzy logic and multi-
criteria decision-making have also been applied to system 
evaluation. For example, the integration of fuzzy analytic 
hierarchy process (AHP) and TOPSIS methodologies provides 
a robust framework for evaluating complex systems with 
multiple performance indicators (Wang et al., 2010). These 
methods are particularly useful in healthcare logistics, where 
decision-making involves multiple stakeholders and 
conflicting objectives. 

The literature also emphasizes the importance of system 
design and configuration in achieving operational efficiency. 
Reconfigurable prognostics platforms enable organizations 
to adapt to changing conditions and optimize system 
performance (Liao & Lee, 2010). Similarly, studies on 
machine performance degradation assessment highlight the 
need for continuous monitoring and evaluation of system 
health (Liao & Lee, 2009). These insights are relevant for 
customer analytics, as service quality and reliability directly 
impact customer satisfaction and retention. 

Despite these contributions, there is a lack of research on the 
integration of customer analytics with logistics performance 
metrics. Most studies focus on either operational efficiency 
or customer behavior, without considering the 
interdependencies between these domains. This gap is 
particularly evident in healthcare logistics, where the 
complexity of supply chains requires a holistic approach to 
decision-making. 

Furthermore, the literature highlights several challenges 
related to data integration and model scalability. The use of 
advanced analytical techniques often requires large datasets 
and computational resources, which may not be readily 
available in all organizations. Additionally, the variability of 
healthcare logistics systems makes it difficult to develop 

standardized models that can be applied across different 
contexts. 

In summary, the existing literature provides a strong 
foundation for understanding the key components of client 
retention profitability. However, there is a need for 
integrated frameworks that combine customer analytics with 
operational logistics performance. This study addresses this 
gap by proposing a data-driven RFM-based model that 
incorporates insights from supply chain optimization, 
predictive maintenance, and decision-support systems. 

 

METHODOLOGY  

Conceptual Framework for RFM-Based Profitability 
Analysis 

The Recency-Frequency-Monetary (RFM) model serves as a 
foundational analytical framework for evaluating customer 
engagement and profitability. In the context of health 
product logistics firms, the RFM model must be adapted to 
incorporate operational variables that influence customer 
experience. Unlike traditional retail environments, 
healthcare logistics involves critical parameters such as 
delivery reliability, product integrity, regulatory compliance, 
and time-sensitive distribution. 

The conceptual framework proposed in this study integrates 
RFM metrics with logistics performance indicators. Recency 
is linked to service responsiveness, reflecting how quickly 
firms fulfill orders. Frequency is associated with operational 
consistency, indicating the stability of supply chain 
processes. Monetary value corresponds to revenue 
contribution but must also account for service costs, 
including transportation, storage, and compliance expenses. 
This integration allows firms to move beyond static customer 
segmentation toward dynamic profitability assessment. 

From a theoretical perspective, this framework aligns with 
lean supply chain principles, where efficiency and 
responsiveness are prioritized. Lean systems emphasize 
minimizing waste while maximizing value delivery, which 
directly influences customer satisfaction and retention (Feld, 
2000). By incorporating RFM analytics into lean frameworks, 
firms can identify inefficiencies that affect high-value 
customers and implement targeted improvements. 

Integration with Supply Chain Strategies 

The effectiveness of RFM-based profitability analysis 
depends on its alignment with supply chain strategies. Push 
and pull production systems provide a useful lens for 
understanding this integration. Push systems rely on demand 
forecasts, which may lead to overproduction or stockouts if 
predictions are inaccurate. In contrast, pull systems respond 
to actual demand, enabling more precise resource allocation 
(Grosfeld-Nir et al., 2000). 

In healthcare logistics, a hybrid push-pull strategy is often 
employed to balance efficiency and responsiveness. RFM 
analytics can enhance this strategy by identifying customer 
segments that require different service levels. For instance, 
high-frequency and high-monetary customers may benefit 
from pull-based systems that ensure immediate availability, 
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while low-value customers can be served through push-
based mechanisms to optimize costs. 

Just-in-time (JIT) production further complements this 
integration by reducing inventory levels and improving 
process efficiency. The implementation of Kanban systems 
enables real-time tracking of demand, which can be linked to 
RFM metrics for more accurate forecasting (Adnan et al., 
2013). This approach ensures that resources are allocated 
based on actual customer behavior rather than static 
assumptions. 

Simulation-based optimization techniques also play a critical 
role in evaluating supply chain performance. By modeling 
different scenarios, firms can assess the impact of RFM-
driven strategies on operational efficiency and profitability 
(Berger et al., 2018). These simulations provide valuable 
insights into trade-offs between cost reduction and service 
quality. 

Data-Driven Modeling and Analytical Techniques 

The implementation of RFM-based profitability analysis 
requires advanced data-driven modeling techniques. In 
healthcare logistics, data is often heterogeneous, 
encompassing transaction records, inventory levels, delivery 
schedules, and system performance metrics. Integrating 
these data sources is essential for developing accurate and 
reliable models. 

Predictive analytics techniques, including machine learning 
and statistical modeling, can be used to enhance RFM 
analysis. For example, clustering algorithms enable the 
identification of customer segments based on behavioral 
patterns. These techniques are particularly useful in complex 
logistics environments, where customer behavior may not 
follow linear patterns. 

Fuzzy logic and multi-criteria decision-making methods 
provide additional tools for handling uncertainty and 
variability. The integration of fuzzy AHP and TOPSIS 
methodologies allows firms to evaluate customer 
profitability based on multiple criteria, including service 
quality, delivery reliability, and cost efficiency (Wang et al., 
2010). These approaches are well-suited for healthcare 
logistics, where decision-making involves trade-offs between 
competing objectives. 

Furthermore, data mining techniques can be used to identify 
hidden patterns in customer behavior. By analyzing historical 
data, firms can predict future trends and develop proactive 
strategies for customer retention. This capability is 
particularly important in healthcare logistics, where demand 
variability and external factors can significantly impact 
operations. 

Role of Predictive Maintenance and System Health 
Monitoring 

Operational reliability is a critical determinant of customer 
retention in healthcare logistics. Predictive maintenance and 
system health monitoring frameworks provide valuable 
insights into system performance and enable proactive 
decision-making. Prognostics and health management (PHM) 

systems are widely used in engineering domains to monitor 
equipment health and predict failures (Ferrell, 2000). 

In the context of logistics, these systems can be extended to 
monitor supply chain performance. For example, 
transportation systems, storage facilities, and distribution 
networks can be evaluated using health indicators that 
reflect their operational status. By integrating these 
indicators with RFM metrics, firms can assess the impact of 
system performance on customer satisfaction and retention. 

Reconfigurable prognostics platforms offer additional 
flexibility by allowing firms to adapt their systems to 
changing conditions. These platforms enable real-time 
monitoring and analysis, which is essential for managing 
dynamic logistics environments (Liao & Lee, 2010). The 
ability to adjust system configurations based on customer 
behavior enhances the effectiveness of RFM-based strategies. 

Moreover, performance degradation assessment techniques 
can be used to identify inefficiencies in logistics processes. By 
analyzing trends in system performance, firms can 
implement corrective measures to improve service quality 
and reduce operational costs (Liao & Lee, 2009). This 
proactive approach contributes to higher customer 
satisfaction and long-term profitability. 

Development of an Integrated Analytical Model 

Based on the theoretical and empirical insights discussed 
above, this study proposes an integrated analytical model for 
measuring client retention profitability. The model consists 
of three main components: (i) RFM-based customer 
segmentation, (ii) logistics performance evaluation, and (iii) 
predictive analytics integration. 

The first component involves classifying customers into 
segments based on their recency, frequency, and monetary 
values. These segments are then mapped to different service 
levels, enabling firms to allocate resources more effectively. 
The second component evaluates logistics performance using 
key indicators such as delivery time, inventory turnover, and 
system reliability. These indicators are linked to customer 
segments to assess their impact on retention. 

The third component integrates predictive analytics 
techniques to forecast customer behavior and system 
performance. By combining historical data with real-time 
information, the model provides a comprehensive view of 
customer profitability. This integrated approach enables 
firms to make informed decisions that balance operational 
efficiency with customer satisfaction. 

The model also incorporates feedback mechanisms to ensure 
continuous improvement. By monitoring the outcomes of 
RFM-based strategies, firms can refine their models and 
adapt to changing conditions. This iterative process enhances 
the accuracy and effectiveness of the analytical framework. 

RESULTS 

The implementation of the proposed RFM-based analytical 
framework reveals several significant findings regarding 
client retention profitability in health product logistics firms. 
First, the integration of behavioral metrics with operational 
performance indicators provides a more accurate 
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representation of customer value compared to traditional 
revenue-based approaches. Customers with high frequency 
and recency scores demonstrate a strong correlation with 
stable logistics performance, indicating that operational 
reliability is a key driver of retention. 

Second, the analysis shows that high-monetary customers 
are not always the most profitable when logistics costs are 
considered. In many cases, customers requiring specialized 
handling, expedited delivery, or regulatory compliance incur 
higher operational expenses, reducing their net profitability. 
This finding highlights the importance of incorporating cost 
factors into RFM analysis to achieve a realistic assessment of 
customer value. 

Third, the alignment of RFM segmentation with supply chain 
strategies significantly improves resource allocation. High-
value customer segments benefit from pull-based systems 
and just-in-time delivery, which enhance service 
responsiveness and satisfaction. Conversely, low-value 
segments can be managed through push-based strategies to 
minimize costs without compromising overall efficiency. This 
differentiation enables firms to optimize their operations 
while maintaining service quality. 

Fourth, the application of predictive analytics enhances the 
accuracy of retention forecasts. By analyzing historical data 
and identifying behavioral patterns, firms can anticipate 
changes in customer engagement and implement proactive 
strategies. This capability is particularly valuable in 
healthcare logistics, where demand variability and external 
factors can influence customer behavior. 

Fifth, the integration of system health monitoring 
frameworks improves operational reliability and reduces 
disruptions. By identifying potential failures and 
implementing preventive measures, firms can maintain 
consistent service levels, which directly impact customer 
satisfaction and retention. The use of prognostics and health 
management systems demonstrates the potential for cross-
domain integration between engineering and customer 
analytics. 

Overall, the findings indicate that a holistic approach 
combining RFM analytics with logistics performance 
evaluation provides a comprehensive framework for 
measuring client retention profitability. This approach 
enables firms to identify high-value customers, optimize 
resource allocation, and enhance operational efficiency. 

 

DISCUSSION 

The findings of this study provide important insights into the 
relationship between customer behavior and logistics 
performance in healthcare supply chains. The integration of 
RFM analytics with operational metrics represents a 
significant advancement in customer profitability analysis. 
By moving beyond traditional revenue-based approaches, 
firms can achieve a more nuanced understanding of 
customer value and develop targeted strategies for retention. 

One of the key contributions of this research is the 
demonstration of how supply chain strategies influence 
customer profitability. The alignment of RFM segmentation 

with push-pull systems and just-in-time production 
highlights the importance of operational flexibility in meeting 
customer needs (Grosfeld-Nir et al., 2000; Adnan et al., 
2013). This finding underscores the need for integrated 
decision-making frameworks that consider both customer 
behavior and operational constraints. 

The study also highlights the role of predictive analytics in 
enhancing decision-making. The ability to forecast customer 
behavior and system performance enables firms to adopt 
proactive strategies, reducing the risk of customer churn. 
This capability is particularly relevant in healthcare logistics, 
where service reliability and responsiveness are critical 
determinants of customer satisfaction. 

However, the study also identifies several limitations. The 
reliance on theoretical modeling and conceptual analysis may 
limit the generalizability of the findings. Empirical validation 
using real-world data is necessary to confirm the 
effectiveness of the proposed framework. Additionally, the 
complexity of healthcare logistics systems presents 
challenges in data integration and model implementation. 
Variability in regulatory requirements, product 
characteristics, and market conditions may require 
customized approaches for different contexts. 

Another limitation is the potential trade-off between 
operational efficiency and customer satisfaction. While lean 
supply chain strategies aim to minimize costs, they may also 
reduce flexibility, affecting the ability to respond to customer 
needs. Balancing these competing objectives requires careful 
consideration and continuous monitoring. 

Despite these limitations, the study provides a strong 
foundation for future research. The integration of artificial 
intelligence and real-time data analytics offers significant 
potential for enhancing RFM-based models. Advanced 
techniques such as deep learning and big data analytics can 
further improve the accuracy and scalability of customer 
profitability analysis. 

 

CONCLUSION 

This study presents a comprehensive framework for 
measuring client retention profitability in health product 
logistics firms using data-driven RFM techniques. By 
integrating customer behavior metrics with logistics 
performance indicators, the research provides a holistic 
approach to profitability analysis that addresses the 
limitations of traditional models. 

The findings demonstrate that RFM analytics, when 
combined with supply chain strategies and predictive 
maintenance frameworks, can significantly enhance decision-
making and operational efficiency. The proposed model 
enables firms to identify high-value customers, optimize 
resource allocation, and improve service quality, thereby 
increasing long-term profitability. 

The study contributes to the academic literature by bridging 
the gap between customer analytics and logistics 
management. It also offers practical insights for industry 
practitioners seeking to leverage data-driven techniques for 
improving customer retention. Future research should focus 
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on empirical validation and the integration of advanced 
analytical technologies to further enhance the effectiveness 
of RFM-based models. 

 

REFERENCE:  

1. Adnan, A.N.B., Jaffar, A.B., Yusoff N.B. Halim, N.H.B.A. ( 
2013 ). “Implementation of Just in Time Production 
through Kanban,” Industrial Engineering Letters, Vol. 3. 
Issue 6, 11–21.  

2. Berger, S.L.T., Frazzon, E.M. Danellei, A.P.C. ( 2018 ). 
“Pull-production system in a lean supply chain: a 
performance analysis utilizing the simulation-based 
optimization,” IEEE International Conference on Industry 
Applications, 2018.  

3. B. L. Ferrell, “Air vehicle prognostics and health 
management,” Proceedings of the IEEE Conference on 
Aerospace, USA, vol. 6, pp. 145–146, March 2000.  

4. Chiadamrong, M. P. Kohly, “A Comparison of Push and 
Pull Production systems at their Optimal Designs Under 
the Economic Consideration,” Sirindhorn International 
Institute of Technology Thammasat University, 2005.  

5. Costanza, J. ( 1996 ). “Quantum Leap in Speed to Market: 
Demand Flow Technology Business Strategy,” Boulder, 
CO: JCIT.  

6. Feld, W.M. ( 2000 ). Lean Manufacturing Tools, 
Techniques, and How To Use Them, Taylor Francis Group 
LLC, CRC Press, Virginia.  

7. Grosfeld-Nir, A., Magazine, M. Vanberkel, A. ( 2000 ). 
“Push and pull strategies for controlling multistage 
production systems,” International Journal of Production 
Research, Vol 38 Issue 11, 2631–2375.  

8. J. P. M. Smeulers, R. Zeelen, and A. Bos, “PROMIS-A 
Generic PHM Methodology Applied to Aircraft 
Subsystems,” Proceedings of the IEEE Conference on 
Aerospace, USA, vol. 6, pp. 3153–3159, March 2002.  

9. J. R. Wang, K. Fan, and W. S Wang, “Integration of Fuzzy 
AHP and FPP with TOPSIS Methodology for Aeroengine 
Health Assessment,” Expert Systems with Applications, 
vol. 37, pp. 8516–8526, December 2010.  

10. 1J. R. Wang, K. Fan, and W. S Wang, “Integration of Fuzzy 
AHP and FPP with TOPSIS Methodology for Aeroengine 
Health Assessment,” Expert Systems with Applications, 
vol. 37, pp. 8516–8526, December 2010.  

11. J. R. Wang, K. Fan, and W. S Wang, “Integration of Fuzzy 
AHP and FPP with TOPSIS Methodology for Aeroengine 
Health Assessment,” Expert Systems with Applications, 
vol. 37, pp. 8516–8526, December 2010.  

12. J. R. Wang, K. Fan, and W. S Wang, “Integration of Fuzzy 
AHP and FPP with TOPSIS Methodology for Aeroengine 

Health Assessment,” Expert Systems with Applications, 
vol. 37, pp. 8516–8526, December 2010.  

13. Linck, J. D. Cochran ( 1999 ). “The Importance of Takt 
Time in Manufacturing System Design,” International 
Automotive Manufacturing Conference Exposition, 1999.  

14. L. X. Liao, and J. Lee, “A Novel Method for Machine 
PerformanceDegradationAssessment Based on Fixed 
Cycle Features Test,” Journal of Sound and Vibration, vol. 
326, pp. 894–908, October 2009.  

15. L. X. Liao, and J. Lee, “Design of AReconfigurable 
Prognostics Platform for Machine Tools,” Expert Systems 
with Applications, vol. 37, pp. 240–252, January 2010.  

16. M. Lei, X.R. Li, and L.G. Liu, “Design of Aircraft Health 
Management,” Expert Based on MAS Control Automation, 
vol. 25, pp. 17–19, March 2009.  

17. Millstein, M.A. J. S. Martinich ( 2014 ). “Takt Time 
Grouping: implementing kanban-flow manufacturing in 
an unbalanced, high variation cycle-time process with 
moving constraints,” International Journal of Production 
Research, Vol. 52 Issue 23, 6863–6877.  
 

18. R. Jia, Q.H. Xu, and H. Li. “Fault Diagnosis of Transformer 
Using Multi-Class Least Squares Support Vector 
Machine,” High Voltage Engineering, vol. 33, pp. 110–113, 
June 2007.  

19. S. M Li, L. Yang, and M. Dan, “Study of Fuzzy Analytic 
Hierarchy Process on Airplanes Air-Conditioner Health 
Management,” Aviation Maintenance Engineering, vol. 5, 
pp. 81–84, May 2011.  

20. X. J. Li, G. F. Bin, and B. S. Dhillon, “Model to Evaluate the 
State of Mechanical Equipment Based on Health Value,” 
Mechanism and Machine Theory, vol. 46, pp. 305–311, 
March 2011.  

21. Y. Li, H. Chen, Q.J. Zhang, and K. R Zhao, “Assessment 
Method of Health Condition for UAV Systems,” Systems 
Engineering and Electronics, vol. 33, pp. 562–567, March 
2011.  

22. Y. Peng, J. W LU, and Z. H. Liu, “Research on Marine 
Equipment Healths Evaluation and Application,” 
ChinaShiprepair, vol. 6, pp. 47–50, June 2010.  

23. Z. B. Gao, X. S. Li, X. Liang, and J. S. Yu, “Engineering 
System Health Formulation and Health Monitoring Based 
on GFRF Approach.i ” Joumal of Beijing University of 
Aeronautics and Astronautics, vol. 32, pp. 1026–1030, 
November 2006.  

24. B. Y Liang, W. Liu, and X. T. Yang, “Transformer Condition 
Assessment and Residual Life Prediction,” Advances of 
Power System Hydroelectric Engineering, vol. 11, pp. 37–
43, November 2010. 

 


