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ABSTRACT

Irregularities in the ionospheric density are commonly assumed
to be elongated along geomagnetic field lines, giving rise to
scintillation fading patterns that reflect this elongation. An
experiment was carried out in which L-band GNSS signals were
measured over the course of nine days using four ScintPi 3.0
scintillation monitors spaced along magnetic east-west and
north-south directions at the magnetic equator. Scintillation
patterns were found to be greatly elongated in the north-south
direction. The extent of elongation was investigated, finding
nearly perfect correlation values at a distance of 0.9 km.
Likewise, large, but with larger variance, correlations were
detected at a distance of 5.8 km, which is, to the authors’
knowledge, the Ilongest distance elongation has been
investigated since the results reported by Kintner et al. (2004)
for a 1 km N-S baseline.

1. GOALS

» Gomez Socola and Rodrigues (2022) developed a low-cost,
GNSS-based ionospheric scintillation and Total Electron
Content (TEC) monitor. (ScintPi 3.0) .

» They showed that despite the low resolution, 1 dB and 20
Hz, ScintPi 3.0 can provide excellent estimates of
scintillation indices (S4).

» \We used ScintPi 3.0 to setup an experiment at the magnetic
equator to investigate the elongation of L-Band scintillation
patterns. The experiment had the following goals:

G1) To evaluate the ability of ScintPi to identify the N-
S elongation of scintillation patterns

G2) To compare results obtained with a ~1 km N-S
baseline with those obtained by Kintner et al. (2004)

G3) To make new measurements of scintillation
pattern elongation for a baseline greater than 1 km.

2. BACKGROUND

» lonospheric scintillation is an important component of space
weather and can be described as rapid fluctuations in the
phase and/or amplitude of trans-ionospheric radio signals.

» lonospheric irregularities are often described as “field-
aligned”, meaning that electron density perturbations
observed, for instance, at the magnetic equator “elongate”
along geomagnetic field lines to low latitudes. This is based
on the assumption of nearly equipotential field lines. Farley
(1959, 1960) provide the theoretical foundation for
estimates of the mapping for irregularities of different scale
sizes.

» \While observations have already confirmed that large scale
size irregularities indeed map well along field lines, Kintner
et al. (2004) pointed that elongation for irregularities of
scale sizes of a few 100s of m (responsible for L-Band
scintillation) have yet to be better measured. They setup a
low latitude experiment that allowed them to confirm the
elongation of L-Band scintillation pattern over a baseline of
1 km in the magnetic N-S direction but indicated that
additional observations, particularly with longer baselines,
are needed.

» Investigating the shape and orientation of scintillation
patterns and how they are cast is important because
understanding scintillation can lead to a stronger insight of
the characteristics of the ionospheric irregularities that
create them.

3. EXPERIMENTAL DESIGN
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Figure 1: Map of ScintPi locations with photograph of deployments

» GNSS signal measurements at a rate of 20 Hz were made from March 10 to March 19, 2023, near the
Jicamarca Radio Observatory in Peru (11.97° S, 76.87° W, and 1.3° dip angle). The measurements
were made using an array of four temporary autonomous ScintPi 3.0 stations, labeled T, O, S, and U

and shown in Figure 1 and Table 1.

4. METHODOLOGY

» Cross-correlation functions were computed using 60 seconds of L1 C/No measurements where the
minimum S4 index was greater than 0.4 and satellite elevation was greater than 15°. Figure 4 shows an
example correlation function for different baselines. Figure 5 shows examples of signal measurements.

» Because the scintillation patterns evolve in their own reference frame, comparing north-south
correlations is fair only when the scintillation pattern is oriented parallel to the receiver pair and when
the time delay is relatively small. We consider lags, or t, where |7| < 5s.

» Moreover, in general, scintillation surfaces will have different orientations. We will consider the
projection angle ® between the magnetic north-south and the scintillation fade surface, as depicted in
Figure 3. Using a geometric representation, the projection angle can be calculated from lag times and
distances Eq 1.
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Figure 3: A scintillation fade pattern, represented by Figure 4: Example cross-
phase surface k, angle ® moving with constant correlation functions for (a) when
velocity V across receivers c, a, b. Adapted from lag times are similar and (b) when
Kintner et al. (2004). lags diverge.
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Figure 5: Examples of C/No derived curves for stations T, O, and U when each scintillation pattern
has been shifted to the position corresponding to maximal correlation for the correlation functions
depicted respectively in figures 4a and 4b.
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5. PRELIMINARY RESULTS
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Figure 6: Count distribution of maximum correlation Figure 7: Count distribution of maximum correlation
coefficients for the T-O baseline (0.9 km) for alll coefficients for the T-U baseline (5.8km) for all cases
cases where L1 S4 > 0.4 and elevation > 15° (black), where the L1 S4 > 0.4 and elevation > 15° (black),
and for cases where |®| < 2.5° and |t| < 5 seconds and for cases where |®| < 2.5° and |t| < 5 seconds
(blue). (blue).

6. DISCUSSION
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7. FUTURE WORK

P Investigate the projection angle as
a function of satellite position

P Analyze time duration of
scintillation fade

P Measurements beyond 5 km NS

» Even before accounting for the projection angle, most of the points (>70%)
measured by ScintPis spaced 0.9 km N-S had maximum correlation
coefficients of over 0.9. These results are similar to those of Kintner et al
(2004) for a similar baseline (1 km). Likewise, a significant portion of the
tested points before (10%) and after masking (40%) had maximum
correlation coefficients of over 0.9. Because of the prevalence of high
correlation values, we conclude that ScintPi is capable of measuring the N-S
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» Nonetheless, we conclude that our spaced by 1km NS. Adapted from

experiment results are in good agreement Kintner et al. (2004)
with prior results. ' '

» \We presented a correlation analysis for scintillation measured by receivers
separated 5.8 km in the north-south. Considering only small projection
angles and lag times skews the distribution of correlation values close to 1.
Therefore, we conclude that the elongation of scintillation fading indeed
extends to 5.8 km north-south and perhaps much further beyond.

» Due to the high variance of the dataset, it is unclear whether an
appreciable change in elongation has been detected from 0.9km to 5.8km.
When scintillation patterns are not aligned, the maximum value of the
correlation pattern will assume the value at any of the similarly valued
peaks, giving nearly random values for the lag time. Therefore, filtering
based on lag times can include misidentified points from unaligned
scintillation patterns.

» \Work is currently being done to improve the selection of data so that only
patterns with the same orientation are compared.
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