Setup of “Spectrum Lab” and
“GPS2Time” SW for the suggested
VLF/LF receiver.

First, download the latest version from Here. Unzip, and run the setup program
(InstallSpecLab.exe), when finished, run SpeclLab. Load configuration setting provided

“ACH_20211122.USR” through File — Load setting from... And.... Done.

Another way is to configure manually the options to start receiving signals. First of all

software must connect to the right soundcard. From options we open the Audio 1/O card

(Figure 1).
SpecLab Configuration and Display Control EI@
TR Control | Memory ] Filenames ] Audio Files | Markers | System | Freg-Resp |
spectum (1) | .@ | -G | .@ | RadioDF | FFT | | AD/DA Server |
Input Device / Stream / Driver Audio Processing Samplerate Calibrator

IA: Focusrite USB ASIO ﬂ J Mominal Sample Rate (in} | 192000 - | || Correct Frequency
params;| 2 decimate input SR by |1 -

Displayed Frequen
0= Cirl other sources == | Hesample.. |a|| except sync input j Ay . Y

Sample Rate Calibration Table [Hz]

timeoutims | 300 latency/ms| 3000 5 5 :
Output Device / Pipe / Driver 3512 3511.998355 5511.9983558
1 Default WAVE output - | |B000 OG0 G0TT4E TR0 9077454 Calibrate Qutput SR
P
11025 |11025.00052 11025 000526
params. | 12000 |11999 99903 115999956038
II} Ctrl other destinations == T £ TSN N T SN D T Continuous Calib. ..
=000 [ resample to nominal output 5.R.
Chilyent’ Exfemy come. ms [ use different sample rate for output : ? about SH calib.
16 +| bits/sample nominal: 192000 Sis
[v Stereo Input [ Sterep Output Resampling quality high -

V2 input adjustment...

[v minimize latency (use small buffers)

Figure 1 Sound I/0 card.

We must choose the low-noise external sound ard. In our case, for the ACH station
the soundcard is the Focusrigth USB Asio. If the sound card is referred to by two similar names,
one must try both, to determine which is the right one. We use both audio channels, the left
is connected to the antenna, and the right channel to the 1 PPS pulse from the GPS receiver.

Soundcard sample rate must set it to 19200 Samples/sec.



https://www.qsl.net/dl4yhf/speclab/install_speclab.zip

Then we must configure FTT (Figure 2). Real FFT, starting at 0 Hz (audio) is chosen for
FTT input, and the source is L5 (the input of the analyzer and data record after processing the

signal).

From FTT properties we choose the higher FTT input size for lower equivalent noise.
The relation between this parameter and the minimum sample time is reported in an info
window at the bottom of the same card. If is essential for higher sample rates, the FFT length

must be lower according to our needs.

Speclab Configuration and Display Control El@

TRX Control | Memory ] Filenames ] Audio Files | Markers | System | Freg-Resp |
spectum(1) | @ | .@ | .4 | RadoDF | Audio O | AD/DA Server |
FFT properties, frequency resolution FFT Input (same for all channels}

Decimate input by (divisor) |1 hd Type IReaI FFT, starting at 0 Hz (audio} ﬂ
FFT input size (Tlength™) |2|]9?1 52 d Source |L5-=Leﬁ Output, 192 kSis j
FFT window function |Hamming - 0.0
[ use anti-alias fiter for decimation [ Stcesif ifereae: Iﬂ'ﬂi
[+ =ame FFT params for all anakyser channels

[ what's that ?
Effect of FFT settings with fs= 152.000 kHz:

Width of one FFT-bin: §1.5527 mHz
Equiv. noise bandwidth: 124.512 mHz
Max freq range: 0.00000 Hz .. 96.0000 kHz
FFT window time (length): 10.92 5 Type |Nﬂrmﬂl (ampltude onby} j
FFT window overlap: -37.3 %

Unit |V (Vokage) |

internal average (#FFTs) |0 i‘
smoothing (#¥bins) 0 :l

FFT Cutput

+  Shown: Settings for Analyser 1, channel 1 (L}|

il & Apply B ciose | ? Help |

Figure 2 FFT configure card

It's up to our needs to report readings as Volage, power, percent, or dB, through the

FTT Output setting.

Next comes the display settings. The way signals appear on to screen affects the data
record. Spectrum settings are split into four cards. In the first (Figure 3) card we set the way
the spectrogram (Waterflow) is running, what information appears on it, and the refresh rate,

which is the same as to sample rate (for convenience reasons). At the bottom of the




spectrogram, we can enable time info. This is useful as there is the ability to save periodically

spectrograms for an easy and quick later view of spectral conditions.

Speclab Configuration and Display Control
TRX Control |

@ |

[w “ertical Frequency Axis

[ double-width waterfall lines
[v optimum waterfall average
[ triggered Spectrum more..
[ peak detecting cursor

[ emphasize MIN+MAX values
[ show spectrum as bargraph
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[ clear non-buffered WF area

L@ | @

[N N (R N A

Waterfall Scroll Interval

'151}1}1} f* mz  sec ( min

[ automatic: |50 | % overlap

[~ =smooth scroll, high CPU load

Figure 3 Spectrum card no 1
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don't redraw WF after modifying settings
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-
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=

Show :{ both / Plot right

Maths:|nune
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[ resize by dragging f-scale

Channels / Connections ... |
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30
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Speclab Cenfiguration and Display Control

TRX Control |

Memory
Spectrum (1) i

_ | @ | @

Amplitude Range & Spectrogram Options:

Range |1E=-ﬂﬁ _IEI-.EI-D'E | v

Offset ||:|_|:| _}||:| ")
(expre=ssion) (calculated)

[ individual range/contrast/brightness per chnl

= | Ref{-100 dB

Amplitude bar (in spectrogram}
¥ visible [ withscale  size (pix): |150

Show channels from watch-window:

dizplay range:|400 % of full ADC swing
amplitude calibration

Visual AGC |off

See alzo:

=== Basic dizplay settings on the previous tab

(=[O =

_ ] Filenames ] Audio Files | Markers | System | Freq-Resp |
| | RadioDF | FFT | |

| AudioVo | ADMDA Server |
Special display options

[ show REMOTE spectrum (via C-v)
[ “stereo-color” waterfall for dual input
[~ show correlation .. MOre

[ show labels like Ch1, Ch2, Correlation
[ TIME-reassigned spectrogram display
[ FREQUENCY-reassigned display
Options for the Frequency Axis

[v grid in graph

[ oridin waterfall [ ... dotted

[ Split frequency scale

[ Logarithmic [ LSB mirror

[ place freq scale on "other” side

Frequency scale style |Classic hd
Fixed size (0=auto) 35 pixel

Radio Freq Offset [Hz] |0.0

Spectrum Colours and Trigger Options ===

Figure 4 Spectrum card no 2

-~

Shown: Settings for Anahlyser 1, channel 1 (L}|

q/ Apply E Close | ? Help |




In the fourth spectrum card, we are set visual limits of signal strength and the option

an amplitude bar to appear at the top of a spectrogram (Figure 5)

b2

tions Quick Settings Components  View/Windows Help

Figure 5 Amplitude Bar

At this point, SpecLamp can receive and display signals of VLF/LF frequencies up to 90
kHz. Next step is to improve accuracy.

Sampling Rate and Frequency Correction [E]
- Sampling Rate Detector | Frq Offset Detector | Scope | Debug |

Sync freql 5|:|uru:&|1.|]' Hz [GPS pulse rate] j [ Enabled

[ measure only
j [ vainput

Sync'd Resample ||:|nr'_.r ‘the other’ channels _vJ | GPS phase lock
[ Sync pulse out
[ Subtract pulse
Scope Option |[|]] Interpolated PPS signal _‘-J [ MMEA after Sync
[ alternative Algor.

Win ampl. |30 dBfs MNMEAn/a|9500.00 Hz  Pulse width |0.00 5
Ud. cycle |1 s Bandwidth|1.0 Hz Avrg (1024

Max deviation from initial sample rate |175.0 ppm

Curr. SR |[191999.7680621 Hz ==| in calib table: [192000.003408 Hz

GP5-Pulse: tH=100.0ms ampl: +77% -56% NMEA: 0%

SR= 191599 786 Hz; Mean&0=191559 76062 Hz V’ Apply
StdDev&0= 0.02085 Hz ~~ 1089 ns/second
System - GPS time: 54.5ms

History| _1.418-1216-1.129-1.272 1422 1263 . ? Help
(pRm} | -1.114 -1.246 -1 454 -1 256 -1.130 :

clear Show GPS
copy =

Status: PPS peaks ok i

Input channel |REI=ADC. R (direct)

Mode / algorithm |GP5 sync without NMEA _+ |

Figure 6 sampling rate and frequency correction configuration

Recording of an 1 PPS pulse from a GPS receiver is necessary. From sampling rate and
frequency correction configuration card (chosen from Spectrum Lab Components, SR cal) we
set synchronization through 1.0 Hz, GPS sync without NMEA. If the GPS can not deliver a 1PPS

pulse one can synchronize time by receiving a strong time-station such as RBU or DCF-77. This



synchronization is essential to measure the phase variation of the stations. Phase

measurements are possible through the Watch list and plotter window.

9 st Watch List and Plotter ==&
File Plotter Cursor View/Windows Help

Watch List | Plofter || Layout | Horizontal | Channels & Colors | Memory, Misc. | Export

2022-06-27 03:17:43: WWVB=73.78

SL Watch List and Plotter
File Plotter Cursor  View/Windows Help
WWatch List ‘ F'Inﬂerl La*,ruutl Hnrizuntal] Channels & Colors | Memary, Misc. | Expurt.|

Hr (Title E wprezsion Result [alug] Fomat Scale Min - |Scale Max
paml[E0000,C410,1.L5).abs_phase(10) B4 E73 0. 08 180 180
DCF-77 \pam1(77500,0w10,1.L5).abs_phase{10] -160.861 HEH0. 084 180 180
ER) pam3[489399.93469 M5K200,1.L1).phase(10) 189.432° 0. 0t 1800 1800
REU pamb(66666. BEEREEEEEE.C10,1 LS abs_phase(10]  -125.963 HEH0. 084 180 180

Figure 7 Watch list and Plotter window

Speclab can record data for up to nine transmitters, depending on the available

processing power of the host PC. Recording is continuing as long as the window is open.

From export calculated data continuously, we can set, up as to 40 frequency areas for
monitoring (Figure 8). The most common expression used is just to record s the (power-)
average value in a specified frequency range, other parameters that can be recorded are

minimum, maximum, or signal to noise in a range. The syntax is shown in Figure 8.

Plot window data, spectrogram, and calculated data are continuously stored in
individual files. Setting periodic or scheduled action, these files can change the name at a

scheduled time through screen capture, Periodic, and scheduled Action window (Figure 9).
To change plot data use: plot.export (str("YYMMDDhhmm",now)+"_plot.csv")).
To change main data record use: export.start(str("YYMMDDhhmm",now)+".csv"

As all recordings use UTC is easier to change the time zone of the PC to UTC zone.



Spectrum Lab - File Export Format
File Contents | Filename & Activation | Export of FFT resutts |

Column Separator (ASCI) F Number of columns: ’F

Column [Title |Nu.meric. Expression |Fnrmat ‘Flags ‘anatted Besults
2 g avrg (#1, 61760, £1790) B0. 08888841 0.0005227401
9 Noise 68 kHz avrg (#1, 68860, 68830) $0.088488{1 0.0013427614
10 Hoise 73 kHz avrg (#1, 73860, 73890) 20.08228241 0.0012909833
11 Noise_79_kHz avrg (#1, 79660, 79650) #0. 08488441 0.0013485044
12 Noise B85 kHz avrg (#1, 85660, 85630) $0.088488{1 0.0011101241
13 JWH_ 16400 Hz avrg (#1, 16375, 16425) #0. 08888841 0.0006458667
14 ICH_20270_H=z avrg (#1,20245,20285) #0.0f&4484 1 0.0056787628
15 DHO38_23400_H=z avrg (#1,23375,23425) #0. 0844841 0.0002459425
16 WAR 24000 Hz avrg (#1, 23975, 24025) B0, 08888841 0.0005360467
17 TBB_26700_H=z avrg (#1, 26675, 26725) #0. 08844841 0.00560985941
18 ISR_29700_H=z avrg (#1,29675,29725) #0. 08848841 0.0044499194
19 NRK_37500_HZ avrg (#1, 37475, 37525) B0. 08888841 0.0017269623
20 SEC_44200 H=z avrg (#1, 44175, 44225) #0. 0844841 0.0011406451
21 H5Y_ 45900 Hz avrg (#1, 45875, 45925) 20.08888241 0.0043751671
22 SER_49000_H=z avrg (#1, 48975, 49025) #0.0FF488441 0.0063922011
23 M3F_&0000_H=z avrg (#1,59975, 60025) #0. 0844841 0.0007542609
24 FIIG_£2600 Hz avrg (#1, 62575, 62625) B0, 08888841 0.0010372091
23 FTR63_63850_Hz avrg (#1, 63825, 63873) #0.0f&484 1 0.01007459334
26 FOE_&5800_H=z avrg (#1, 65775, 65825) #0. 08848841 0.0007700513
27 REU 66666 Hz avra(#1. 6664]1. 66691) #0.0&##44841 0.0014615965
Test #1 =

e ||2CI22—UE—26 12:49:43,0.0002670355,0.0002875104,0.0005141663,0.0007063333,0.0006807024,0.001722
ast #2 =

Menu... ‘ Y- Apply | o OK | X Ahbrech&n‘ ? Hife

Figure 8 set frequencies for monitoring

Screen Capture, Periodic and Scheduled Actions
Periodic Actions Scheduled Actions | Conditional Actions | Screen Capture | Capture Macros |

v active Mumber of rows: |2 il

MNr Time of day |Rction (macros)
1 00:-00:00 export._start (1, "eo\\data'\\"+3tr ("YYYYMMDD" , now) +" . cav™)
2 Qo0:-00:-00 plot.export file=("plot_"+str (YYYYMMDD", K now)+".csv™)

Figure 9 screen capture, Periodic and scheduled Action window

Finally, from Lab Components one must set DSP filters. It is a graphical interface.
Bandwidth and attenuation are chosen, one can normalize all (if possible) the recorded
transmitter signals. Every frequency that is not recorded can be highly attenuated, so
processing uses less computing power. After the DSP section, a final stage can amplify or

attenuate all signals.



User settings and DSP filters can be backed-up and restored by means of TXT-like files,

such as the provided “ACH_20211122.USR” and “ACH_20211122.FRS”, respectively.
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Figure 10 DSP filter set, GUI

GPS2Time free software

An accurate pulse of 1 PPS helps SpeclLab to resample sounds card sample rate to
exactly 192000 Samples/sec. This is crucial, especially for phase variation measurements. PC’s
real-time clock is responsible too for these measurements. It comes to our attention that
fixing the accuracy of the PC RTC phase measurement were improved. Using a freeware
program called GPS2Time we managed to synchronize RTC using a GPS receiver. The only
settings are to run it as administrator and after connecting to GPS receiver one needs to set
the update rate to zero. That means that GPS2Time is continuously correcting the PC’s RTC.
The suggested VLF/LF recever uses the same GPS receiver for both SW. 1 PPS pulse is applied

to the left channel of the sound card, while GPS data are also handled by GPS2Time.



https://vk4adc.com/web/index.php/software-projects/55-vk4adc-utils/181-gps2time

	GPS2Time free software

