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New Journey

• Why are automated beacon receivers needed?

• What would they need to do?

• Can they be made at relatively low cost?

• What is best way to calibrate & test the monitors?
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Why?

• We built a propagation analysis/prediction tool with 

A.I. perfected algorithms.

– This is a significant investment of IP and infrastructure.

– We started with examining ~80,000 actual microwave 

contacts between 2 points.

– New path link closures continue to be reported every day 

but at a very slow rate. Requires submission of contact info.

• Additional real path loss/gain is needed.

– For different seasons of the year.

– From different geographical areas.

• A monitor can measure and report results tirelessly.
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Why?

• Bell Burnell (1967) Pulsars discovered

– A dumb, continuously running receiver caught something a 

scheduled or manual observation would not have found.

• Joe Taylor and Russell Hulse (1974) Binary Pulsar 

PSR B1913+16. 

– Nobel prize was awarded in 1993 but not for the discovery 

moment itself.

– It was awarded for the years of precise, repeated timing 

measurements of the pulsar's orbital period, which showed 

the orbit decaying at exactly the rate general relativity 

predicts for gravitational wave emission.
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What do they need to do?

• Monitor a specific microwave band.

– It’s possible there could be more than one beacon on a 

band.

• Be located such that a beacon can be detected 

some percentage of the time.

• Report results to a central database.

– NTMS/W5ISP propagation engine.

– Other web accessible pages to display real time 

path/propagation status (HamSCI).
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Can they be made at relatively 

low cost?

• Initial 10 GHz monitor prototype:

• Use a satellite LNB in combination with a surplus 

satellite dish.

• Use a low cost SDR dongle to process the LNB I.F. 

signal.

• Use a (headless) Raspberry Pi 4 to manage the 

SDR and report results.

• Use existing WIFI router at op QTH for reporting 

back to database.
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Monitor Designs

• Model #1, indoor & outdoor version
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10 GHz Monitor Design

• Model #1, indoor & outdoor version, LNB IF = 618 MHz

Part Description

Dish Surplus

LNB FTA Universal Ku Band LNB 0.1 dB Model 300101

Bias-T Needs to pass 12v to LNB and IF freq. of ~618 MHz

SDR NooElec NESDR Smart V5 or RTL-SDR

Processor Raspberry Pi 4 B 2 GB

DC conv. DC to DC converter like Amazon DROK 180080AFA

Coax/cable Various short SMA male to SMA male coax and DC wiring

Software Available on GitHub public repo: NTMS

https://github.com/North-Texas-Microwave-Society/SDR-

based-beacon-receive-systems

https://github.com/North-Texas-Microwave-Society/SDR-based-beacon-receive-systems
https://github.com/North-Texas-Microwave-Society/SDR-based-beacon-receive-systems
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Model #1 -10 GHz Monitor
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Monitor Designs

• Model #2, for bands < 10 GHz (HamSCI, others)
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Monitor Designs

• Model #3, use existing equipment.
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Monitor Designs

• Model #4, high stability – enables WSJT-X decode.
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Monitor Designs

Model Basic config Function Pro/Con

1 Indoor/Outdoor

10/24/47/? GHz

Microwave 

propagation

Low cost to 

high cost 

based on freq.

2 Indoor/Outdoor 

Less than 10 GHz

VHF/UHF 

propagation

Low cost to 

high cost 

based on freq.

3 Use existing (ops) 

equipment

Any frequency – 

our demo used 

this model

Low cost 

4 Hi stability – can 

decode WSJT-X

Very weak 

signal 

Higher cost
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Model #4 Hi res system

• Bullseye modified to use external reference.

• Bodnar or other programmable GPSDO ref.

• Other components the same as Models 1 – 3.
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Install the monitor

• Choose a location.

• Consider how the device will be powered.

• Needs to be in-range of the WIFI 

connection or use an ethernet cable.

• Indoor units in plastic case use WIFI 

antenna printed on Rpi PCB but can be 

fitted with external WIFI antenna.

• Outdoor units in metal casing use 

external WIFI antenna.
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Software load and 

configuration

• For volunteer ops, NTMS can perform the 

configuration. We will use a short info form.

• For others:

• Establish connection with Rpi.

• Pull code from NTMS GitHub.

• This will download the latest code.

• Run calibration script (optional).

• Update monitor script to use gain/threshold 

values from calibration recommendation.

• Start the monitor. 

• Validate the beacon is being received.
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• Here is the internal code for monitor_calibrate.sh

WWW.NTMS.ORGWWW.NTMS.ORG

Calibrate options
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Identify gain and threshold 

(one time calibration)

• While pointed to cold sky, step through all SDR gain 

values (29 steps, 0-49.6 dBFS).

• Take n FFT sweep at each step, averaging each.

• Compute noise floor as median power across spectrum 

centered on beacon frequency (+/- 500 kHz)

• Print a table: gain_dB | noise_floor_dBFS | 

delta_from_previous_step.

• Identify the knee and recommend gain & threshold.

• Also create .csv file for comparison across 

stations/LNBs.
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dBFS

• dBFS = "decibels relative to Full Scale." 

• It's not an absolute physical unit (not watts, not volts at an 

antenna)

• it's purely a statement about how "loud" a digital sample is 

relative to the maximum value the file format can represent.

• For 16-bit PCM audio (what all WSJT-X WAV files are), the full-

scale reference is the largest representable sample value, 

32768. The formula used:

• dBFS = 20 * log10(RMS_amplitude / 32768)

• 0 dBFS is the ceiling, not a target. 

• RMS vs. peak matters.

• It is a property of the digital recording, not the RF signal. 
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Cold sky measurement
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Calibration results (cold sky)
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Calibration run
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• Headless operation

– Rpi Connect 

• Create account at Raspberrypi.com.

• Register your device.

– Internal network

• Home WIFI, all devices attached to local WIFI.

• Field operation, all devices attached to cell phone 

hot spot

– Other options exist.

• Add monitor and keyboard if necessary!

WWW.NTMS.ORGWWW.NTMS.ORG

Rpi connectivity options
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• Create an account for free, list devices.
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Raspberry Pi Connect
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Raspberry Pi Connect

• Open a “remote Shell”
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Raspberry Pi Connect

• Open “desktop sharing”
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• “Termius” on laptop, after creating devices, double-click!

WWW.NTMS.ORGWWW.NTMS.ORG

Terminal tools – you can 

always use a CMD terminal
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• Termius terminal on Laptop

WWW.NTMS.ORGWWW.NTMS.ORG

Rpi connectivity
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• Demo of beacon monitor and WSJT decoding is next.

WWW.NTMS.ORGWWW.NTMS.ORG

Termius in use
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Termius on cell phone
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Test setup for demo

A splitter was used to feed transverter output two directions
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• Outdoor KM5PO/B 47088.359

• Indoor W5LUA/B 47088.353

WWW.NTMS.ORGWWW.NTMS.ORG

The two 47 GHz beacons
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Demo
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• From the beacon_monitor.sh shell script

• Pre-configured by NTMS – ready to go

WWW.NTMS.ORGWWW.NTMS.ORG

Beacon monitor options
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• Shell script options are printed to screen output at 

startup

WWW.NTMS.ORGWWW.NTMS.ORG

Beacon monitor options
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Beacon monitor display
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/var/lib/ntms-beacon/beacon_log.csv 

WWW.NTMS.ORGWWW.NTMS.ORG

Excel beacon log
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Open Power Shell window on PC

scp km5po@raspberrypi2.local:/var/lib/ntms-

beacon/beacon_log.csv 

C:\Users\km5po\Downloads\beacon_log2.csv

WWW.NTMS.ORGWWW.NTMS.ORG

Transfer beacon log to PC
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How it sweeps spectrum
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How it sweeps spectrum

• Step 1 Compute averaged power spectrum from IQ samples.    

• Splits the sample buffer into non-overlapping FFT frames, windows 

each,    computes magnitude squared, and averages across frames.    

• Returns:

• freqs_offset: array of frequency offsets from center (Hz), FFT-shifted.        

power_db: array of power values in dBFS (dB relative to full scale).

• Step 2 Find up to max_signals peaks within +/-(span/2) of center using 

iterative peak suppression.

• Algorithm:

• 1. Find strongest peak in span.

• 2. Suppress +/-suppress_hz bins around it (zero them out in a copy).

• 3. Repeat up to max_signals times.

• Returns:

• list of (peak_freq_hz, peak_power_dbfs) tuples, strongest first. 

Always returns at least one entry.
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Decodes from demo



W5HN

North

Texas

Microwave

Society

NTMS

44
WWW.NTMS.ORGWWW.NTMS.ORG

Beacon field observations

• Estimated beacon coverage vs observed.

• Estimated coverage from Radio Mobile
– VE2DBE tool set

• NTMS/W5ISP propagation predictions 

revealed upcoming conditions.

• We saw normal and enhanced conditions.

• Rover reception vs. beacon monitor 

observations.
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Denton 10 GHz beacon
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Observations – normal 

conditions
• 6-26 and 6-27 - Normal conditions, W5LUA best -21 
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NTMS/W5ISP prediction –June 30 

4:45 am current for + 4 hours
• Ducting metrics predicted at approx. 9:00 am CDT
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NTMS/W5ISP prediction –June 30 

4:45 am current for + 4 hours
• Inversion strength metrics predicted at approx. 9:00 am CDT



W5HN

North

Texas

Microwave

Society

NTMS

49
WWW.NTMS.ORGWWW.NTMS.ORG

NTMS/W5ISP prediction –June 30 

4:45 am current for + 4 hours
• Inversion base (height) metrics predicted at approx. 9:00 am CDT
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Observations – 6/30/26 

enhanced conditions
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Original algorithm NTMS 

findings for W5LUA obs.
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“Contact” analysis in NTMS 

tools (W5LUA)
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“Contact” analysis in NTMS 

tools (W5LUA)
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“Contact” analysis in NTMS 

tools (W5LUA)
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“Contact” analysis in NTMS 

tools (W5LUA)
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Contact analysis delta 

between W5LUA and K5MNZ

W5LUA K5MNZ

DX 95 km 106 km

Time 14:00 utc 12:00 utc

Duct layer 2480-4034 ft, 2921-4474 ft

N units -159 -152

BL depth 564 m. 286 m.

Common Volume 427089 km² 418196 km²

Heavy Rain 

Pixels

3 15
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Beacon monitor dx

7-17-26

Distance/height Avg noise dBFS Best signal strength 

dBFS

100’ from beacon -33.4 -5.7

100’ but beacons OFF -47.3

8.5 km dx - 100’ above 

surrounding ground

-47.7 -27.7

28 km dx – 60’ above 

surrounding ground

-45.0 -18.7
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Beacon monitor dx

DX 100 feet.

DX 8.5 km.

DX 28 km.
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Next steps (Part 2 updates)

• Deploy beacon monitors in DFW area.

• Current planned beta monitor sites: 

– WA5WCP - G. Paul, EM12JO88PM

– W5ISP - Graham, EM13SF88TX

• Build hi-stability beacon monitor for Q65 

decode reporting.

• Resolve psk reporter feed issue.

– Separate internal Rfzero config elements

– Expand Rfzero WSJT string > 13 characters
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HamSCI
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Preview for future meetings

• Rfzero modulation = see the CW/Carrier 

signal before decodes occur. +2.1 dB SNR

• Understanding the decode threshold.

• Tweaking the receive chain.

• Lab tools created:

– Q65 Toolkit – Creates synthetic Q65 files

– Q65 Analysis – Performs analysis on wav files
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CW/Carrier but no Q65 

decode
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Beacon decode limit is 

approximately -27 / -28

Beacon message cannot enter the AP pipeline
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Ordinary noise floor 

improvements



W5HN

North

Texas

Microwave

Society

NTMS

65
WWW.NTMS.ORGWWW.NTMS.ORG

Why “AP adds ~3 dB” does not 

apply here
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A 2 dB improvement makes 

possible a -27 dB decode
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Optimize receive chain

• Gain levels of receive stages.

– The system noise floor is dominated by the fixed noise 

figure of the LNB so by the time the signal hits the SDR, the 

LNB thermal noise is well above the SDR’s internal noise at 

moderate gain.

– Need to find the SDR “knee”.

– Below the knee, then ADC quantization noise dominates – 

noise floor in dBFS appears artificially low and flat.

– Past the knee, LNB noise dominates – noise floor in dBFS 

rises 1 dB per 1 dB of added gain (good-seeing real noise, 

not ADC artifacts)

– Too high: ADC clips.

– We want to be just above the knee. The threshold then sits 

some margin (6-10 dB?) above the noise floor.
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Q65Toolkit

• Runs under Ubuntu (Linux).

• Generates synthetic WSJT-X Q65 .wav files
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Q65Analysis

• Runs under Windows.

• Batch .wav file processor

• Deep_dig  .wav file processor
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Links

youTube Beacon demo – two 46 GHz beacons

youTube Beacon calibration run demo

https://youtu.be/UEJOrb-m5bA
https://youtu.be/UEJOrb-m5bA
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