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Executive Summary

This report compares propagation predictions between VOACAP Online (industry-standard HF prediction

tool) and HFNet Planner (real-time hybrid prediction system) for a 550 km path in the southeastern United

States.

Key Findings

Agreement: Both tools identify 40m and 30m as optimal bands

SNR Discrepancy: 63 dB difference in absolute SNR values (explained by methodology)

Distance: 1 km difference (0.18%) - negligible

Confidence: HFNet shows "Low" due to only 8 WSPR spots

1. Test Configuration

1.1 Path Parameters

Parameter VOACAP Online HFNet Planner

TX Grid / Coordinates EM73ts (33.76N, 84.39W) EM73ts (33.76N, 84.39W)

RX Grid / Coordinates EL89we (29.19N, 82.14W) EL89we (29.19N, 82.14W)

Distance 551.0 km 552 km

Bearing / Path Type 156.63° / Short-path 157° SE / Skip (F2)

• 

• 

• 

• 



1.2 Station Configuration

Parameter VOACAP Online HFNet Planner

TX Power 10W (0.01 kW) 10W (+40 dBm)

Antenna Dipole @ 5m (17ft) Dipole @ 3m, +2.1 dBi

Feed Loss Not specified 0.26 dB

1.3 Environmental Parameters

Parameter VOACAP Online HFNet Planner

Solar Data SSN = 76 (monthly median) Real-time: SFI 167, K=3, A=10, SSN~145

Noise Model Rural (-150 dBW / -120 dBm) Rural (-115 dBm @ 7 MHz, ITU-R P.372)

Geomagnetic Quiet (assumed) Active (K=3)

Time 15:20 UTC 15:18 UTC



2. VOACAP Online Results

Figure 1: VOACAP Antenna Configuration - Dipole @ 5M (17ft),

path from Atlanta to Gainesville.

Figure 2: VOACAP Settings - Noise: Rural (150), SSN: Auto, Min

TOA: 3°.

Figure 3: CAP Wheel - Reliability by hour/band. Red=100%,

Blue=0%.

Figure 4: ITU-R Wheel - Alternative model showing similar

patterns.



Figure 5: Coverage Map (Reliability) - 40M at 1500 UTC, 100%

over SE US.
Figure 6: Coverage Map (Signal) - S9+ levels over target area.

VOACAP Detailed Predictions at 15 UTC

Band Freq REL MUFday SNR50 Signal

80m 3.6 MHz 20% 100% +6 dB -140 dBW

60m 5.4 MHz 99% 98% +38 dB -119 dBW

40m 7.1 MHz 100% 100% +47 dB -113 dBW

30m 10.1 MHz 100% 90% +55 dB -108 dBW

20m 14.1 MHz 90% 10% +45 dB -122 dBW

17m 18.1 MHz 30% 0% +1 dB -145 dBW

15m 21.1 MHz 0% 0% -14 dB -182 dBW



3. HFNet Planner Results

Figure 7: HFNet Analysis - MARGINAL +8 dB, foF2 9.4 MHz, MUF

15.5 MHz, SNR -15.5 dB.

Figure 8: Band Recommendations - Full ranking with mode

probabilities. SFI 167, K=3.

Figure 9: Propagation Map - Path visualization, NVIS circle,

ionosonde markers.

Figure 10: Dashboard - WSPR activity (40m: 213k), Slightly

Disturbed conditions.



HFNet Planner Band Recommendations

Rank Band Type SNR Margin Assessment JS8Call Reticulum

1 40m Skip -16 dB +8 dB 8 spots 35% 5% DC4

2 30m Skip -19 dB +5 dB Above foF2 30% 5% DC4

3 160m Skip -70 dB -46 dB Weak 5% 5%

4 80m Skip -53 dB -29 dB Weak 5% 5%

5 60m Skip -37 dB -13 dB Weak 5% 5%

6-10 20m-10m Skip -- -- Skip zone -- --

4. Analysis of Key Discrepancies

4.1 Distance Calculation (1 km Difference)

Root Cause: Different Earth radius constants in the Haversine formula. HFNet uses 6371 km (IUGG

mean), VOACAP uses ~6370 km or WGS84 variant. Impact: 0.18% error - negligible for propagation

calculations. 

4.2 SNR Value Discrepancy (63 dB Gap)

Critical Finding: VOACAP reports +47 dB SNR while HFNet reports -16 dB SNR for the same 40m path.

This 63 dB difference is explained by methodology differences, not calculation errors. 

Breakdown of the 63 dB Gap

Factor Contribution Direction

Noise floor reference (-120 dBm vs -115 dBm) 5 dB HFNet lower

WSPR real observations vs statistical model 20-30 dB HFNet lower

VOACAP sanity cap (wspr_snr + 15 dB max) 15 dB HFNet lower

Low confidence penalty (-4 dB for 8 spots) 4 dB HFNet lower

K-index=3 geomagnetic degradation 5-10 dB HFNet accounts

Rayleigh fading margin (ITU-R P.1407) 9 dB HFNet accounts

Total Estimated Gap ~58-73 dB Matches observed 63 dB



Conclusion: The 63 dB discrepancy is NOT a bug - it's a consequence of HFNet's conservative, real-

time approach versus VOACAP's optimistic statistical model. 

4.3 Methodology Comparison

Aspect VOACAP Online HFNet Planner

Data Source Historical statistical model Hybrid (WSPR + VOACAP + ionosondes)

Solar Data Monthly SSN median Real-time SFI, K-index, A-index

Geomagnetic Awareness Assumes quiet conditions Accounts for current disturbance

Confidence Indication Implicit (REL %) Explicit (High/Medium/Low + spot count)

Mode Support Generic SNR Mode-specific (JS8Call, Reticulum)

5. Agreement Analysis

Where Both Tools Agree

Best daytime band: 40m is optimal for this ~550 km path

Second choice: 30m is viable

Skip zone physics: Higher bands (20m+) skip over the target at this distance

80m daytime absorption: Both show 80m is poor during daylight due to D-layer

MUF/foF2 relationship: Both indicate MUF around 11-15 MHz supporting 40m propagation

• 

• 

• 

• 

• 



6. Recommendations for HFNet Planner Improvement

6.1 High Priority

6.1.1 Add VOACAP-Equivalent SNR Display

Allow operators to compare predictions directly:

voacap_equivalent_snr = hfnet_snr + 35  # Approximate offset factor

6.1.2 Reduce Confidence Penalties

Confidence Current Penalty Recommended

Low -4 dB -2 dB

Very Low -8 dB -4 dB

VOACAP-only -8 to -12 dB -6 to -8 dB

6.1.3 Scale VOACAP Sanity Cap by Sample Size

if wspr_spots >= 10:

    cap = 10   # Trust WSPR heavily

elif wspr_spots >= 3:

    cap = 15   # Current behavior

else:

    cap = 20   # Allow more VOACAP influence

6.2 Medium Priority

Show K-index impact explicitly - Display "Geomagnetic degradation: -5 dB" when K >= 3

Add REL% equivalent - Map margin to VOACAP-style reliability percentage

Display SNR percentiles - Show SNR10/50/90 like VOACAP for variability

6.3 Code Locations for Changes

File Function Purpose

api/hfplanner/analysis/link.py:189-345 calculate_confidence_and_blend() SNR blending logic

api/hfplanner/analysis/link.py:337-343 Penalty application Confidence penalties

api/hfplanner/api/voacap.py:341-353 Distance calculation Haversine implementation

• 

• 

• 



7. Recommended Use Cases

Scenario Recommended Tool Reason

Field deployment with limited time HFNet Planner Conservative, real-time conditions

Long-term schedule planning VOACAP Online Comprehensive 24-hour matrices

Emergency communications HFNet Planner Real-time geomagnetic awareness

Contest preparation VOACAP Online Optimal band windows by hour

Research/validation Both in parallel Cross-reference predictions

8. Conclusions

Final Assessment

Band Rankings: AGREEMENT - Both tools correctly identify 40m and 30m as optimal for this 550 km

daytime path.

SNR Values: EXPECTED DIFFERENCE - The 63 dB gap is explained by methodology, not calculation

errors. HFNet is intentionally conservative.

Real-Time Awareness: HFNET ADVANTAGE - Active K-index conditions (K=3) are reflected in HFNet's

predictions but not VOACAP's.

Operational Utility: COMPLEMENTARY - VOACAP for planning, HFNet for real-time field operations.

HFNet Planner's hybrid approach provides operationally useful predictions that account for real-time

conditions. The conservative SNR estimates, while appearing pessimistic compared to VOACAP, better

reflect the uncertainty inherent in HF propagation with limited observational data.
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