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Abstract

Problem statement: Current app-based fertile window predictions
typically rely on simple back-calculation from average cycle length
and the inferred end of the current menstrual phase. This approach
ignores within-person variation in onset and duration of the fertile
window, resulting in a high risk of misestimations. Established
alternatives for ovulation detection often involve additional costs
(e.g., LH tests, intravaginal sensors), are infeasible for at home use
(e.g., urine tests, blood draws), or require strict daily adherence
(e.g., basal temperature tracking) reducing their usability in
practice. Cervical mucus (CM) characteristics are strongly
associated with estrogen levels and change predictably around
ovulation. CM is fast and easily observable and cost-free. However,
CM can be influenced by external factors such as sexual
intercourse or infections.

Solution: We propose a rule-based, dynamic prediction model that
integrates between-person average menstrual phase lengths,
within-person cycle variations, and CM observations to estimate
current cycle phases with improved accuracy while remaining low-
cost and user-friendly.

Methods & Theory: The statistical framework continuously updates
predicted cycle phases by combining user-specific average cycle
lengths with population-based averages of hormonal changes and
CM observations. Model reliability was evaluated using synthetic
data, demonstrating robust phase estimation. The next step
involves validation with real user data and LH testing to assess
accuracy and practical feasibility.

Conclusion & Significance: To our knowledge, this is the first
conceptual model that jointly leverages average cycle phase
lengths, intra-individual variability, and CM characteristics for
dynamic menstrual phase prediction. This approach offers
interpretable, individualized, and cost-free foundation for next-
generation menstrual and fertility tracking applications.
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