An Algorithm for Determining the Timing of Components
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Introduction Signals Preparation / \
 The United States National Institute of Standards and Technology (NIST) * The white noise and the chirp components are first extracted from the i
operates two HF broadcast radio stations with the goal of disseminating test signal. PeRemoved NOGN 22O I Aoy | [,
reference time and frequency standards to the world through e The received signal isan sutterwortn e Frequency Response 1oam0
ionospheric refractions of the transmitted signals. One station, WWV, is 1Q signal, which requires :—::: o
located near Fort Collins, CO. The second station, WWVH, is in Hawaii. demodulation. Then, DC " 04 \ . : TR ITITY [emugqll e
* Theionosphere is highly dynamic and variable. The propagated signals offset removal is - i N RIE ‘ ,;;J MM\ | I i Ww a
may be modulated in many ways. Through analysis of the signals oerformed. Similarity 1o e o ' ——
received by mte.r.eSted.radlo operators at different locations, we can between the s000 * Similarly, we cross-correlate s comelation between the Template and the Signal from Start to 27.479678 Seconds
study what additional ionospheric measurements can be gleaned from transmitted and the extracted chirps with |
. . . . 300
the WWV/WWVH ’.cra.nsmltter beyond carrier Doppler shift and time-of- transmitted signals can , the newly filtered signal, N
flight of stanleard t.lmlng pulses. o N o already be observed due hetween the interval
* In coIIaboratlor? with a Ham RE}dIO Science Citizen Investigation | to the high-SNR 2000 marked by the start of 100
(HamSCI) workl.ng group, startm.g November 15., 2021, thg two stations received signal. o white noises identified in g 0
begin transmitting the first version of the test signal on minute 8 of the previous step. 100
ea.ch hm." on WWV, and rr.unut.e 48 on WWV.H'_ . Analysis * The start time of the chirps -
* This project .SEEkS to precisely identify the timing of each test s.lgnal * First, we identify the timing of the white noises, which make it simpler to with respect to the first 0
component in the recorded data. The r.esults .can help to explal.n the identify the chirps that happen in between. Since the white noise is unique white noise is at 14.04 0 : 1o = 2 %
b.roken symmetry between the transmitted signal and the received at any point in time, we can use a Butterworth filter with a cutoff seconds. fauls
signal. ] frequency of 10kHz.
Te St Slgn al ) Butterworth Fitler Frequency Response - C on CI u Si on
10 second voice 100 e  The performance of the algorithm itself is estimated by calculating the
announcement. il g noof—st | SNR of each received signal and the corresponding confidence interval
* Gaussian white noise o2/ |8 a0 of the algorithm. The algorithm performs well only with high-SNR signals
(2 seconds). " oae _ _ such as the one used for this demonstration.
* One second blank ol oot o eenonee 000 e e * The team is gradually improving the algorithm to remedy this
time. _1.00 2_ j 8000 shortcoming. Part of that process includes a proper computation of the
 Phase-coherent 2, 3, B . 6000 SNR.
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* Enthusiasts may interact or even input their own data using the
JupyterLab notebook at the URL below:
https://mybinder.org/v2/gh/KCollins/wwv-h-wg/main
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. 1(:;)ta| d bl k 5000 | ‘u :h‘ | . Then, we CFOSS-COFFEIBte Cros;sj{:orrelation between the Template and the Signal from Start to 73.858067 Seconds Refe rences
.ne >econ an o 10 15 20 3 30 35 4o the extracted white noise Lombardi. “Radio Station WWV.” NIST, 16 Nov. 2021, https://www.nist.gov/pml/time-and-frequency-
tlme.. o | | with the filtered sienal L division/time-distribution/radio-station-wwv.
* An eight-second sequence consisting of linear up-chirps and down- . 5 a Pamela.corey@nist.gov. “WWV/WWVH Scientific Modulation Working Group.” NIST, 5 Nov. 2021,
chirps, generated with MATLAB: long is 5 kHz over 1 second (TBW = Anc}ther chreIatlon |5h 5o — http()jszl//www.nistk.gov/pml/time—and—frequencv—division/time—services/wwvwwvh—scientific—
. _ - erforme etween the modulation-working-group.
5'000)' short is 5 kHz over 0.05 seconds (TBW - 250)' To wit: 3 short up, P : : -1 Kristina Collins. (2021). WWV/H Characterization Signal. Zenodo.
3 short down, 0.5 seconds blank, 3 long up, 3 long down. 100 ms staOrlt Ef the flltir:Zd S'.gfr.‘a(; https://doi.org/10.5281/zenodo.5182323
between chirps and at the end of each sub-sequence. and the start ot identitied -2 , , , | | |
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 Repeat of the pseudorandom Gaussian white noise sequence from (2)
for synchronization.
e 3 seconds blank time (Collins et al., 2021).

stations, which maintains the transmitting consistency of the test signal.
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* The start time of the first white noise is at 20.70 seconds. The start time
of the second white noise with respect to the first is 27.48 seconds.
Next, a bandpass filter of frequency range 1kHz-5kHz is applied to the
demodulated received signal to reveal the chirps.
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