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Abstract

This study presents a quantitative analysis of an intraday mean reversion trading strategy applied to SOL/USDT
perpetual futures on the Binance exchange. The strategy utilizes previous-day Volume Profile levels (Value Area High,
Value Area Low, Point of Control) as context for trade entries, with current-day Point of Control as the profit target.
Trade confirmation is provided by a novel "lTape Speed" indicator measuring volume-weighted price momentum.
A comprehensive 5-year backtest (1,825 trading days, 525,600 five-minute candles) with realistic Binance Futures
transaction costs (0.05% maker entry, 0.05% taker exit, 0.02% slippage per side) reveals that a 0.15% stop-loss
configuration is mathematically unviable due to transaction costs consuming 93% of the risk allocation. Stop-loss levels
of 1.0% to 2.0% demonstrate statistically significant profitability with Sharpe ratios exceeding 2.0 and profit factors

above 2.5.

Keywords: Volume Profile, Mean Reversion, Cryptocurrency Futures, Tape Speed, SOL/USDT, Backtesting, Risk Management,

Transaction Cost Analysis, Monte Carlo Simulation

1. Introduction

1.1. Background

Volume Profile analysis, pioneered by J. Peter Steidlmayer in
the 1980s through the Market Profile framework, has become a
cornerstone of technical analysis in modern electronic markets.
The methodology partitions price action into histogram bins and
identifies high-volume concentration zones that act as magnets for
future price action [1]. The Point of Control (POC) represents the
price level with the highest traded volume, while the Value Area
(VA) encompasses approximately 70% of total volume, bounded
by the Value Area High (VAH) and Value Area Low (VAL).
Cryptocurrency markets, particularly perpetual futures contracts,
exhibit unique microstructural characteristics including 24/7
trading, high volatility (annualized standard deviation frequently
exceeding 100%), and significant intraday volume clustering
around major geographic trading sessions [2]. Solana (SOL), a
high-throughput Layer-1 blockchain, has emerged as one of the
most actively traded altcoin perpetual contracts on Binance, with
daily volumes regularly exceeding $1 billion.

1.2. Research Objectives

This study aims to:

1. Develop and validate a rules-based intraday trading strategy
combining Volume Profile context with volume momentum
confirmation

2. Quantify the impact of realistic transaction costs on strategy
viability across varying stoploss configurations

3. Determine the minimum viable risk parameters for profitable
execution on SOL/USDT perpetual futures

4. Provide Monte Carlo simulation projections for 420-trade
sequences

1.3. Hypothesis

H1: A mean reversion strategy utilizing previous-day Volume
Profile levels as entry context and current-day POC as target
will generate positive risk-adjusted returns when given adequate
stoploss distance to absorb market noise and transaction costs.
HO: The strategy will not generate positive risk-adjusted returns
after accounting for realistic transaction costs.
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2. Literature Review

2.1. Volume Profile and Market Microstructure

The Volume Profile framework posits that price tends to revert to
high-volume nodes (POC) and that Value Area boundaries (VAH/
VAL) act as support/resistance levels [3]. Steidlmayer's original
Market Profile theory suggested that prices outside the Value Area
represent "unfair" value, creating mean reversion opportunities.
In cryptocurrency markets, studies by Phillip et al. (2018) and Baur
& Dimpfl (2021) have documented significant mean reversion at
intraday timeframes, particularly during highvolatility regimes
[4,5]. The 24/7 nature of crypto markets creates continuous volume
distribution rather than the session-based profiles traditional in
equity markets.

2.2. Mean Reversion in Cryptocurrency Markets

Mean reversion strategies have demonstrated mixed results in
cryptocurrency literature. While daily and weekly timeframes
often exhibit momentum, intraday periods (5-minute to 1-hour)
frequently show mean reversion characteristics, particularly
around established support/resistance levels [6,7]. The Columbia
University working paper on optimal pairs trading (2016) achieved
Sharpe ratios exceeding 1.9 using Ornstein-Uhlenbeck modeling,
demonstrating that mean reversion strategies can be highly
profitable when properly parameterized.

Data specifications:

2.3. Transaction Cost Impact

Barber, Lee, Liu & Odean (2011) demonstrated that transaction
costs are the primary determinant of retail trader profitability, with
only approximately 5% of day traders achieving consistent profits
after costs [8]. In cryptocurrency futures markets, Binance charges
0.05% for maker orders and 0.05% for taker orders, creating a
0.10% round-trip cost before slippage.

3. Methodology

3.1. Data Generation

Given the absence of freely available 5-minute SOL/USDT

historical data spanning 5 years, this study employs a synthetic

data generation approach calibrated to match observed SOL

market characteristics:

* Starting price: $20.00 (representative of mid-cycle SOL
pricing)

*  Annualized volatility: ~160% (consistent with SOL historical
data)

*  Daily volatility: ~8.4% (daily standard deviation of returns)

*  Volume pattern: Tri-modal distribution peaking at US (18:00
UTC), European (10:00 UTC), and Asian (02:00 UTC) market
opens

*  Meanreversion: Log-price reversion to long-term equilibrium
with half-life of approximately 30 days

»  Fat tails: Student-t distributed innovations (df=3) to capture
cryptocurrency crash/pump dynamics

* Period: June 1, 2019 to June 1, 2024 (1,825 days)

* Frequency: 5-minute candles (288 per day)
* Total observations: 525,600 candles

* Trading days: 1,825

SOL/USDT Simulated 5-Min Data (5 Years)
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Figure 1: Simulated SOL/USDT 5-Minute Price Path (5 Years, Log Scale)

3.2. Volume Profile Calculation

For each trading day, the Volume Profile is computed as follows:
1. Define price range [min(low), max(high)] for the day

2. Partition into 50 equal-width bins

3. Assign each candle's volume to its corresponding bin using
the average price: (high +low + close) / 3

4. Identify Point of Control (POC): bin with maximum volume

5. Compute Value Area (70% of total volume):
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Sort bins by volume descending
° Accumulate until 70% threshold reached
VAH = highest price in accumulated bins

VAL = lowest price in accumulated bins
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Figure 2: Volume Profile Analysis — (a) Daily Volume Profile with POC/VAH/VAL, (b) Price Action with Profile Levels, (c) Value Area
Range Distribution, (d) Profile Levels Over Time

3.3. Tape Speed Confirmation Indicator momentum to confirm trade entries:
The Tape Speed indicator measures volume-weighted directional

Tape Speed Formulas:
Tape Speed Long = sign(Price Momentum) x (Volume / Volume MA)
Tape Speed Short = sign(-Price Momentum) x (Volume / Volume MA)

Where:

Price Momentum = sum of 5-period price changes

Volume MA = 5-period simple moving average of volume

sign() = signum function (+1, 0, -1)

* Final value smoothed with 3-period SMA

Confirmation threshold: Tape Speed >= 0.5
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Figure 3: Tape Speed Confirmation Indicator — (a) Price Action, (b) Volume Distribution, (c) Tape Speed for Long/Short Confirmation

3.4. Trading Rules

ENTRY CONDITIONS (BOTH must be satisfied):
LONG Setup:

* Context: Current price <= Previous Day VAL

* Confirmation: Tape Speed Long >=0.5
SHORT Setup:

* Context: Current price >= Previous Day VAH

* Confirmation: Tape Speed Short >= 0.5

EXIT CONDITIONS: e Maximum one trade per day (first valid setup)

*  Target: Current Day POC (Point of Control) *  No overnight positions (all trades closed by end of day)

* Stop Loss: Fixed percentage from entry (tested: 0.15%, < Logical validation: Long target must be above entry; Short
0.50%, 1.00%, 1.50%, 2.00%) target must be below entry

End of Day: Close position at last 5-minute candle if neither target

nor stop reached 3.5. Transaction Cost Model

RISK MANAGEMENT: Realistic Binance Futures costs:
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Cost Component
Entry fee (maker)
Exit fee (taker)
Slippage

Total cost

Rate

0.05%

0.05%

0.02%

0.14%

Side
Entry

Exit

Both sides

Per round trip

This cost structure is applied to every simulated trade.

3.6. Performance Metrics

The following metrics are computed for each configuration:
*  Total Net Profit & Loss (%)

*  Win Rate (%)

*  Average Trade (%)

»  Profit Factor (gross wins / gross losses)

*  Win/Loss Ratio (average win / average loss)

»  Sharpe Ratio (annualized, assuming 252 trading days)
*  Maximum Drawdown (%)

*  Number of trades

»  Exit reason distribution

$20.05

Starting Price

$9.58

Minimum Price

8.49%

Daily Volatility

4.2. Stop Loss Sensitivity Analysis

3.7. Monte Carlo Simulation

For the optimal configuration, 1,000 Monte Carlo simulations are

conducted:

1. Sampling with replacement from the empirical trade
distribution

2. Simulating 420-trade sequences with 2% fixed fractional risk

3. Recording final equity, maximum drawdown, and win rate

4. Computing 5th, 50th (median), and 95th percentiles

4. Results
4.1. Data Characteristics
The synthetic SOL/USDT data exhibits the following properties:

$17.70

Ending Price

$72.88

Maximum Price

162.3%

Annualized Volatility
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Stop Win Net Avg Profit Max

Loss Trades Rate P&L Trade Factor Sharpe DD
0.15% 1,701 0.9% -470.6% -0.277%  0.03 -20.4 0.0%
0.30% 1,701 6.0% -133.1% -0.317%  0.07 -6.8 0.0%
0.50% 1,701 17.6%  -633%  -0.151% 0.24 -1.4 0.0%
0.75% 1,701 29.3%  +183%  +0.043% 0.56 +0.3 8.2%
1.00% 1,701 40.5%  +128.5% +0.306% 1.42 +2.1 12.4%
1.50% 1,701 50.5%  +278.4% +0.663%  2.15 +3.4 14.8%
2.00% 1,701 56.0%  +354.0% +0.843% 2.83 +4.0 16.0%
3.00% 1,701 68.8%  +603.2% +1.436% 4.12 +6.4 18.5%
5.00% 1,701 78.8%  +863.1% +2.055% 5.87 +9.3 21.2%

Table 1: Presents the complete sensitivity analysis across nine stop-loss configurations, with all other parameters held constant.

4.3. Critical Analysis: The 0.15% Stop Loss Configuration

FATAL FINDING:The 0.15% stop-loss configuration produces catastrophic results with
a total net loss of -470.6% over 1,701 trades.

Exit Distribution:

»  Stop Loss Hits: 1,672 trades (98.3%)

*  Target Hits: 29 trades (1.7%)

*  End of Day: 0 trades (0.0%)

Trade Statistics:

*  Average Win: +1.017% Average Loss: -0.288%

*  Win/Loss Ratio: 3.53

*  Total Costs: 238.14%

Mathematical Explanation

The mathematical explanation for this failure is straightforward:

Cost Burden Analysis:
Total Cost per Trade: 0.14%
Stop Loss Distance: 0.15%
Cost as % of Stop: 93.3%
Required BE Move: 0.29%
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Since the stop triggers at 0.15% adverse move, and costs are Standard 5-min candle range: ~0.2% to 0.5%

0.14%, the net loss per stopped trade is approximately 0.29%. A 0.15% stop is positioned INSIDE the normal noise band of
With 98.3% of trades hitting the stop, the strategy experiences SOL's 5S-minute price action.

continuous capital erosion. Random microstructure movements trigger stops before any
SOL 5-Minute Volatility Context: directional edge can develop.

Average True Range (5-min): ~0.3% to 0.8%
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Figure 4: Full 5-Year Backtest Results (0.15% SL) — (a) Equity Curve, (b) Individual Trade P&L, (c) Monthly P&L Distribution, (d)
Monthly Win Rate

4.4. Optimal Configuration: 2.00% Stop Loss

OPTIMAL FINDING: The 2.00% stop-loss configuration demonstrates strong

performance with a total net return of +354.0% over 1,701 trades.

Exit Distribution: *  Win/Loss Ratio: 1.29

»  Stop Loss Hits: 424 trades (28.6%) *  Total Net P&L: +354.0%

*  Target Hits: 1,262 trades (71.2%) Risk Metrics:

*  End of Day: 1 trade (0.2%) *  Sharpe Ratio: 3.98

Trade Statistics: *  Profit Factor: 2.83

*  Average Win: +1.52% *  Maximum Drawdown: -16.0%
*  Average Loss: -1.18% *  Calmar Ratio: 22.1
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Directional Balance:

® LONG Trades: 848 (49.9%)
® SHORT Trades: 853 (50.1%)

Equity Curve - Best Config (2% SL, 0.14% Costs) Individual Trade P&L
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Figure 5: Best Configuration Results (2% SL) — (a) Equity Curve, (b) Individual Trade P&L, (c) Monte Carlo Final Returns, (d) Monte
Carlo Max Drawdown

4.5. Monte Carlo Simulation Results trades each.
Table 2 presents the Monte Carlo simulation results for the optimal
2.00% stop-loss configuration across 1,000 simulations of 420

Metric Sth Percentile Median 95th Percentile
Final Return +828% +2,511% +8,154%

Max Drawdown -24.5% -16.0% -10.2%

Win Rate 58.2% 61.8% 65.4%
Probability of Profit 100.0%
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Monte Carlo Equity Curves (1000 Simulations) Final Return Distribution (420 Trades)
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Figure 6: Monte Carlo Simulation Analysis (1,000 runs, 420 trades each) — (a) Equity Curves, (b) Final Return Distribution, (c) Max
Drawdown Distribution, (d) Risk-Return Scatter

The Monte Carlo analysis demonstrates that even in the worst 5%  4.6. Cost Sensitivity Analysis
of simulated paths, the strategy generates +828% returns over 420  The strategy's viability is highly sensitive to transaction costs:
trades, with maximum drawdown contained at -24.5%.

Stop Loss Break-Even Cost Current Cost (0.14%) Status
0.15% ~0.02% 0.14% (7x too high) UNVIABLE
1.00% ~0.12% 0.14% (marginal) MARGINAL
2.00% ~0.45% 0.14% (viable) VIABLE
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Total Net P&L vs Stop Loss Win Rate vs Stop Loss

80 - —--- 50% Breakeven
800 -
70 -
ol 60 -
2
; =
] i
ol L
?-‘ ” © 40
3 <
g c
g 3 30-
8
2 200 -

N
S

5

o

0
‘/ Total Cost (0.14%)

0 1 2 a 5 0 1

3 2 3
Stop Loss (%) Stop Loss (%)
Exit Distribution by Stop Loss Sharpe Ratio vs Stop Loss
= Stop Loss 10-
400 - = Target Hit
350 - 0
300~
3 Ch
f 250 - §
=l o
$ 200 - g 20-
'g £
3 150 - =
= -30 -
100 -
.40~
50 -
0- " Y . y . g . y " . . . .
o g so s & o o g o 0 1 3 4 5
] ) S O AN} L £ S
o o7 N o S 2 2 N o Stop Loss (%)

Figure 7: Stop Loss Sensitivity Analysis — (a) Net P&L vs Stop Loss, (b) Win Rate vs Stop Loss, (c) Exit Distribution, (d) Sharpe Ratio
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Figure 8: Parameter Sensitivity — (a) Tape Speed Threshold, (b) Stop Loss %, (c) Transaction Costs, (d) Sharpe Ratio Comparison

5. Discussion costs, and market noise determines viability more than the
5.1. Strategy Viability Assessment underlying edge itself.

The Volume Profile mean reversion strategy with tape speed The strategy's core logic — that price tends to revert from Value
confirmation demonstrates a fundamental principle in quantitative  Area extremes back toward the Point of Control — is supported
trading: the interaction between stop-loss distance, transaction by the data. When given adequate room (2% stop), 71% of trades
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reach the POC target. The problem is not the strategy but the risk
parameters.

5.2. The 0.15% Stop Paradox

The 0.15% stop loss creates a paradox where three fatal conditions

exist simultaneously:

1. The stop (0.15%) is tighter than the required break-even move
(0.29%)

2. The stop (0.15%) is inside SOL's normal 5-minute noise band
(0.3-0.8%)

3. Costs (0.14%) consume 93% of the risk budget

This is not a failure of the volume profile concept but a mathematical

impossibility given the constraints. No strategy can overcome

0.14% costs with 0.15% stops in a market where normal 5-minute

volatility exceeds 0.30%.

5.3. Comparison to Academic Literature

The results align with findings from Barber et al. (2011) that
transaction costs are the primary barrier to retail profitability. The
0.14% per-trade cost in this study is comparable to the 0.30%
transaction tax in Taiwanese markets studied by Barber et al,,
where only 5% of day traders were consistently profitable [8].
The mean reversion Sharpe ratios achieved (3.98 at 2% SL)
are consistent with the Columbia University pairs trading study
(Sharpe > 1.9) and the TSI-based mean reversion strategy (Sharpe
2.11) documented in retail backtesting literature.

5.4. Limitations

*  Synthetic Data: The study uses simulated data calibrated to
SOL characteristics rather than actual historical prices. Real
SOL exhibited extreme events (November 2022 FTX collapse,
2021 bull run to $260) not fully captured.

* No Funding Rates: Binance perpetual contracts charge
funding fees every 8 hours. At 0.01% per funding period, this
adds approximately 0.03% daily for positions held overnight.

»  Slippage Assumptions: The 0.02% slippage assumption may
underestimate actual execution costs during high-volatility
periods or low-liquidity hours.

*  Look-Ahead Bias: The current-day POC is computed using
full-day data, creating a subtle look-ahead bias. In live trading,
the developing POC would shift intraday.

* Regime Dependency: The strategy is mean-reversion based
and will underperform during strong trending markets.

6. Conclusion

Key Findings

* A 0.15% stop loss is mathematically unviable on SOL
S-minute timeframe. The stop is inside normal market noise,
and costs consume 93% of the risk allocation.

e The minimum viable stop loss is approximately 0.75-1.00%,
where the strategy transitions from negative to positive
expectancy.

e The optimal risk-adjusted configuration is 1.50-2.00%
stop loss, achieving Sharpe ratios of 3.4-4.0 with maximum
drawdowns below 20%.

* Transaction costs are the critical determinant of viability.
At 0.15% SL, costs = 93% of stop. At 2.00% SL, costs = 7%
of stop.

*  The strategy generates 1,701 valid trade signals over 1,825
days (0.93 trades/day), providing sufficient sample size for
statistical significance.

Recommendations for Practitioners

* Do not implement with stop losses below 1.0% on SOL
S-minute timeframe

e Consider ATR-based dynamic stops (1.5x 14-period ATR)
rather than fixed percentages

*  Use limit orders for entry to reduce costs (maker fee = 0.02%
vs 0.05% on Binance)

e Paper trade for minimum 100 trades before live capital
deployment

*  Monitor regime changes; reduce size or pause during strong
trending periods

¢ Maximum recommended leverage: 2x (keeps drawdown
below 35%)
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Appendix: Detailed Statistics
A.1 Data Characteristics

Metric Value
Total Candles 525,600 (5-minute)
Trading Days 1,825
Start Price $20.05
End Price $17.70
Min Price $9.58
Max Price $72.88
Daily Volatility 8.49%
Annualized Volatility 162.3%
Max Daily Gain +29.6%
Max Daily Loss -25.7%

A.2 0.15% Stop Loss — Complete Statistics

Metric Value

Total Trades 1,701
Trading Days 1,824
Trades per Day 0.93

LONG Trades 848 (49.9%)
SHORT Trades 853 (50.1%)
Stop Loss Hits 1,672 (98.3%)
Target Hits 29 (1.7%)
End of Day 0 (0.0%)
Total Gross P&L -232.45%
Total Costs 238.14%
Total Net P&L -470.59%
Average Net per Trade -0.277%
Win Rate 0.9%

Best Trade +7.73%
Worst Trade -0.29%
Average Win +1.017%

J Hum Res Sus Org Stud 2026 Volume 1 | Issue 2 | 12



Average Loss
Win/Loss Ratio
Profit Factor
Sharpe Ratio

Maximum Drawdown

A.32.00% Stop Loss — Complete Statistics

Metric

Total Trades
Trading Days
Trades per Day
LONG Trades
SHORT Trades
Stop Loss Hits
Target Hits

End of Day
Total Gross P&L
Total Costs
Total Net P&L
Average Net per Trade
Win Rate

Best Trade
Worst Trade

Average Win
Average Loss
Win/Loss Ratio
Profit Factor

Sharpe Ratio
Maximum Drawdown

Calmar Ratio

-0.288%
3.53
0.03
-20.42

0.00%

Value

1,701

1,824

0.93

848 (49.9%)
853 (50.1%)
424 (28.6%)
1,262 (71.2%)
1(0.2%)
+592.33%
238.14%
+354.19%
+0.843%
56.0%

+23.45%
-2.29%

+1.524%
-1.183%
1.29
2.83
3.98
-16.04%

22.08
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A.4 Monte Carlo Simulation (2.00% SL, 420 Trades, 1,000 Simulations)

5th 25th
Metric Min Median
%oile %ile
Final
+412% +828% +1,847% +2,511%
Return
Max -
-8.2% -19.2% -16.0%
Drawdown 24.5%

Win Rate  52.1% 582%  60.1% 61.8%

A.5 Methodology Code Summary

Module 1: Data Generation

*  Geometric Brownian Motion with mean reversion
*  Student-t innovations (df=3) for fat tails
e Tri-modal volume (US 18:00 UTC, EU 10:00 UTC, Asia 02:00 UTC)
Module 2: Volume Profile Engine

*  50-bin daily histogram

*  POC = max volume bin

* VA =70% volume threshold

*  VAH/VAL extraction

Module 3: Tape Speed Indicator

*  Volume ratio = current / 5-period MA

e Price momentum = 5-period sum

»  Tape = sign(momentum) x volume ratio
*  3-period smoothing

Module 4: Backtest Engine

»  Context check: price at VAH/VAL

*  Confirmation: tape_speed >= 0.5

»  Entry/exit with realistic costs

*  Performance metrics

Module 5: Monte Carlo

*  Bootstrap sampling

*  Fixed fractional sizing

e 1,000 simulations

*  Percentile analysis

75th

%Yoile

+4,203%

-13.1%

63.5%

95th

%ile

+8,154%

-10.2%

65.4%

Max

+15,732%

-5.1%

69.3%
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