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Hourly Price Trend Forecasting of Bitcoin Based
on Fuzzy Candlestick Pattern Modeling

Abstract

Objective: Forecasting price trends in financial markets—particularly in
volatile and nonlinear environments such as cryptocurrency exchanges—
remains a critical challenge for analysts, traders, and researchers. Japanese
candlestick charts are widely used for technical analysis, yet their interpretation
is often subjective, heuristic, and lacking reproducibility. This study aims to
address these shortcomings by introducing a fuzzy logic-based framework for
modeling candlestick structures and predicting short-term price movements,
bridging the gap between human intuition and algorithmic precision.

Methods: The study employs hourly Bitcoin data from September 2017 to May
2025. Each candlestick is decomposed into body, upper shadow, and lower
shadow, then standardized and fuzzified using triangular membership functions
designed to capture Bitcoin’s volatility. Each candle is encoded into a three-
character fuzzy code, representing dominant membership values, which are
statistically linked to the next candle’s trend (bullish, bearish, or neutral). From
these associations, fuzzy decision rules are extracted. Two predictive models
are constructed: a soft rule model, which issues a forecast if three out of four
top-matching codes agree, and a hard rule model, which requires full
agreement. Both models are backtested out-of-sample and applied to simulated
trading strategies under fixed-capital and capital-adjusted conditions, assuming
an initial $100,000 investment. Frequency analysis identifies recurring bullish
and bearish patterns that support rule-based forecasting.

Results: In the soft rule model, 10,891 trades generated a net profit of $190,419
with a 54.1% win rate and an average profit of $17.48 per trade. The hard rule
model executed 6,761 trades, achieving a net profit of $187,979, a 55.8% win
rate, and an average profit of $27.80 per trade. Both models substantially
outperformed the buy-and-hold benchmark. Statistical validation via paired t-
tests over 1,000 random 14-day intervals yielded p-values <0.00001,
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confirming outperformance at a confidence level above 99.9%. While no
statistically significant difference in mean returns was found between the two
models (p = 0.463), the hard rule model demonstrated superior risk-adjusted
performance with a higher Sharpe ratio and lower volatility. Frequency analysis
further identified recurring bullish and bearish fuzzy patterns with reliable
predictive power.

Conclusion: This research presents a fully interpretable and standalone
candlestick-based forecasting model that operates without reliance on external
indicators or multi-candle sequences. By formalizing candlestick components
through fuzzy logic, the system provides transparency, reproducibility, and
practical utility for financial analysts. Beyond profitability, the model
highlights interpretable fuzzy patterns that could serve as building blocks for
intelligent, rule-based trading systems. Compared to opaque machine learning
models, the proposed fuzzy framework offers a balanced combination of
interpretability, adaptability, and predictive accuracy—making it a valuable
tool for navigating volatile cryptocurrency markets. Overall, the study
demonstrates that combining traditional candlestick analysis with fuzzy logic
can yield a robust, statistically validated framework that bridges heuristic
intuition and systematic trading, potentially informing future research on
algorithmic financial forecasting and adaptive market strategies.

Keywords: Candlestick Charts, Fuzzy Logic, Trend Forecasting, Trading
Strategies, Bitcoin Price



