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of satellites9 statuses, configurations, and performance parameters. A unified strategy between the 
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(Kovář, 2020)

ess the phase of the signal emitted by the satellite relative to the receiver9s 
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vital information such as the satellite9s ephemeris (precise orbital position), clock bias parameters, 

, and the satellite9s health status

. This information not only allows the receiver to determine the satellite9s exact 
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sky affect the accuracy of a GNSS receiver9s calculated position and time. It essentially indicates how 
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Comment on the trend of each graphics 

Veneto R.

CQ trend at point 1000

The 3D Quality Control (QC3D) metric exhibits an initial value of 0.0173 meter and reaches a peak 

of 0.0426 meter at 2 seconds ( . As the observation duration increases—particularly beyond 

40 seconds—the QC3D progressively decreases and stabilizes, ultimately falling below 0.01 meter 

and approaching 0.005 meter by the end of the 600 seconds observation period ( ). This 

trend demonstrates a marked enhancement in theoretical positional accuracy with extended 

observation time. Notably, the CQ2D and CQ1D curves consistently remain lower than the CQ3D, 

which is expected given that they represent individual components of the overall spatial accuracy 

(horizontal and vertical components, respectively).



GDOP trend at point 1000

The Geometric Dilution of Precision (GDOP) begins at a value of 2.8 ( . As the number of 

epochs increases, GDOP stabilizes around 1.8 between 250 seconds and 550 seconds before slightly 

increasing to 1.9 at 600 seconds (f . This trend closely mirrors the pattern previously 

observed in the CQ metric (

CQ trend at point 2000 

Between 1s and 3s, the CQ1D, CQ2D, and CQ3D metrics maintain identical values. A first peak is 

observed at 4s, after which the values begin to decrease (figure 22). By 9 seconds, CQ2D reaches its 

minimum value of 0.0091 meter—the lowest recorded for epochs under 10s. Beyond this point, the 

CQ metrics exhibit a gradual and nearly negligible decline, indicating stabilization. Notably, all three 

CQ components, along with GDOP, reach their highest value within the first 9 seconds at both Point 

1000 and Point 2000. As the number of epochs increases (figure 23), these metrics consistently 

improve, suggesting that extended observation time enhances positional accuracy.



GDOP trend at point 2000

The GDOP gradually increases over the initial epochs, reaching its maximum value of 12.2 at 6 

seconds (figure 24). This high value may be attributed to several factors, including poor satellite 

geometry due to clustering (i.e., low angular separation), temporary masking of one or more 

satellites, or a sudden drop in the number of visible satellites. Following this peak, GDOP decreases 

steadily, reaching its minimum value of 2.2, which suggests a significant improvement in positional 

accuracy. This value remains relatively stable until approximately 40 seconds (figure 25), when a 

secondary, though smaller, increase is observed. Beyond this point, GDOP exhibits an alternating 

pattern, fluctuating between 2.4 and 3.5. In any case, the extension of the observation period seems 

to benefit the general improvement of the GDOP.



Distance trend

In the short-term interval (figure 26), F12 exhibits a stable and low-amplitude distance difference 

profile, with values fluctuating narrowly around the zero baseline. This indicates a high degree of 

short-term consistency, with minimal deviation from the reference distance. Over the extended 600-

second interval, this trend persists: F12 continues to demonstrate limited variation, with no 

significant drift or abrupt changes. The long-term stability (figure 27) reinforces the reliability of F12 

for applications requiring sustained positional accuracy, confirming that its short-term precision is 

maintained over time.

Conversely, F32 shows greater variability in both the short-term and long-term graphs. In the 1–9 

second window, F32 fluctuates more widely than F12, with deviations reaching up to ±0.03 meter. 

This pattern is amplified in the long-term graph, where the distance difference ranges from 



approximately 20.03 to +0.05 meter. The broader amplitude and more frequent oscillations suggest 

that F32 is more sensitive to dynamic changes or may be subject to higher measurement noise. 

While it captures the same general motion trend as F12, its reduced stability over time may limit its 

suitability for high-precision or long-duration tracking tasks.

The comparative analysis confirms that F12 maintains superior consistency and alignment with the 

reference trajectory across both short and long durations. F32, while responsive to the same motion 

patterns, exhibits greater variability, which may reflect differences in sensor calibration, filtering, or 

environmental sensitivity. These findings highlight the importance of evaluating both short- and 

long-term behavior when assessing the reliability of positioning systems.



Elevation trend

The evolution of the elevation difference (figure 28) closely mirrors that of the distance difference, 

following a similar overall trend. On average, the magnitude of the elevation difference is 

approximately 0.0169 m, indicating a high level of accuracy. but worse than horizontal positioning. 

The error was in the order of 3 cm with observations acquired up to 240 seconds (figure 29). In the 

longest observation periods, the maximum error was 2 cm.



HXGN trend 

HXGN trend for measurements carried out on 19th March 2025

CQ

 Trend at point 1000

The CQ metrics exhibit a similar temporal pattern, with CQ3D consistently showing the highest 

values, indicating the lowest accuracy among the three components. Four major peaks are observed, 

the most prominent occurring within the first 50 seconds: 0.0144 meter at 3 seconds (figure 30) and 

0.0138 meter at 30 seconds. Between 30 and 300 seconds, a steady improvement in accuracy is 

noted. The remaining two peaks appear at 360 seconds (0.0078 meter) and 540 seconds (0.0121 

meter) (figure 31). Following the latter, the CQ reaches its minimum value of 0.0024 m, signifying 

optimal theoretical positioning accuracy.

Comparison with Veneto R. at the point 1000

The comparative analysis of CQ values across 3D, 2D, and 1D dimensions between HXGN 

measurements in March and Veneto R. reveals both consistent trends and notable divergences. 

Overall, the CQ values from Veneto R. tend to be slightly higher, with mean differences of +0.0035 

meter in 3D, +0.0017 meter in 2D, and +0.0030 meter in 1D. Despite these differences in magnitude, 

the temporal evolution of the CQ values across epochs exhibits a largely parallel trend between the 

two datasets. Both March and Veneto R. data show a general decline in CQ values over time, 

reflecting improved precision or reduced variability in later epochs. However, specific intervals—

particularly around Epochs 2 seconds, 9 seconds, and 13 seconds —highlight sharp increases in 

Veneto R. values compared to March, suggesting localized deviations possibly due to environmental 

or instrumental factors. Conversely, in the final epochs, the CQ values converge more closely, 

indicating a stabilization in measurement quality. These findings underscore a shared underlying 

trend in spatial quality metrics, while also emphasizing the importance of monitoring localized 

anomalies that may influence geospatial reliability.



GDOP 

Trend at point 1000

The GDOP reaches its maximum value of 2.2 at 1 second (figure 32), followed by a decrease to 1.7 

at 2 seconds. After 50 seconds, two prominent peaks of equal magnitude (1.9) are observed—first 

at 180 seconds and again at 540 seconds (figure 33). Following the latter, GDOP decreases to its 

minimum value of 1.4, indicating the highest level of positional accuracy within the observation 

period.



Comparison with Veneto R. at point 1000

The GDOP values for both the Veneto R. and HXGN GNSS networks exhibit a broadly similar temporal 

trend characterized by an initial decline followed by stabilization, reflecting the typical behavior of 

satellite geometry optimization over time. However, notable differences emerge in the magnitude 

and consistency of these trends. The Veneto R. datasets begin with higher GDOP values, peaking at 

2.8, and although it gradually decreases, it remains relatively elevated and variable throughout the 

epochs. In contrast, HXGN starts with a lower GDOP and demonstrates a more rapid and consistent 

decline, stabilizing around 1.7 with minimal fluctuation. This suggests that HXGN achieves optimal 

satellite geometry more efficiently and maintains it more reliably than Veneto R.; despite these 

differences, both networks converge toward a steady-state performance in later epochs, indicating 

comparable long-term stability. The resemblance in trend shape underscores shared underlying 

GNSS dynamics, while the divergence in GDOP magnitude and variability highlights HXGN9s superior 

geometric configuration and operational consistency.



CQ 

Trend at point 2000

The short-duration plot provides a magnified view of the initial 9 seconds (figure 34), during which 

all CQ metrics appear more stable. CQ 3D, CQ 2D, and CQ 1D remain within a narrow band, indicating 

consistent coordinate quality during the early phase of data acquisition. This stability may reflect 

favorable satellite visibility and minimal environmental interference at the start of the observation 

period.

In the long-duration plot (figure 35), all three CQ metrics exhibit fluctuations over time, with CQ 3D 

generally showing higher variability compared to CQ 2D and CQ 1D, as expected. The CQ 3D values 

range up to approximately 0.0120 meter, indicating periods of reduced positional precision in three-

dimensional space. CQ 2D and CQ 1D maintain relatively lower and more stable values, suggesting 

better consistency in horizontal and vertical positioning, respectively. These fluctuations may be 

attributed to changes in satellite geometry.

Overall, the CQ metrics demonstrate a dynamic but generally improving trend in theoretical 

coordinate precision over time. The lower and more stable CQ values in the long-duration plot 

suggest optimal conditions for initial positioning, while the short-duration plot highlights the 

importance of monitoring CQ variations for sustained accuracy in GNSS applications. 



Comparison with Veneto R. at point 2000

A comparative evaluation of CQ values at point 2000 between March measurements through HXGN 

and Veneto R. across 24 epochs reveals a consistent trend of higher positional uncertainty in the 

Veneto R. dataset across all dimensions. The average CQ values in Veneto R. exceed those in March 

by approximately 0.0246 meter in 3D, 0.0116 meter in 2D, and 0.0215 meter in 1D, indicating a 

systematic elevation in measurement variability. Despite these differences in magnitude, both 

datasets exhibit a similar downward trend over time, reflecting progressive improvements in spatial 

precision or stabilization of measurement conditions. However, Veneto R. data show pronounced 

spikes in CQ values at early epochs—most notably at epochs 4 seconds and 5 seconds —where 3D 

values reach 0.2404 meter and 0.1376 meter respectively, contrasting sharply with March values 

below 0.012 meter. Beyond these anomalies, the convergence of CQ values in later epochs suggests 

a harmonization in measurement quality, underscoring both the temporal consistency and episodic 

divergence in spatial accuracy between the two datasets.



GDOP 

Trend a point 2000

The short-duration plot (figure 36) provides an overall mapping of the initial 9 seconds, capturing 

the transient dynamics of GDOP during system initialization or satellite acquisition. The GDOP 

decreases from 1.7 to 1.5 within the first two seconds, followed by minor fluctuations between 1.4 

and 1.6. This behavior is characteristic of the receiver's rapid adaptation to changing satellite 

visibility conditions.

In the long-duration plot (figure 37), the GDOP initially registers a value of approximately 1.7, 

indicating suboptimal satellite geometry. A rapid decrease is observed within the first few seconds, 

stabilizing around 1.4. This suggests a swift improvement in satellite configuration, likely due to the 

acquisition of additional satellites or favorable changes in their spatial distribution. Between 360 

and 400 seconds, a moderate increase in GDOP to ~1.5 is noted, followed by a steady decline to 

approximately 1.2 by the end of the observation period. This final value reflects a highly favorable 

satellite geometry, conducive to high-precision positioning.

Comparison with Veneto R. trend

The GDOP values across the two datasets from Veneto R. at point 2000, and HXGN at point 2000—

exhibit distinct patterns in terms of accuracy and stability. Veneto R. at point 2000 displays the 

highest variability, with a mean GDOP of 3.10 and a standard deviation of 2.04, indicating significant 

fluctuations in satellite geometry. This dataset also contains the most pronounced peak, reaching 

12.2 at epoch 6 seconds, suggesting a moment of severely degraded positional precision. In contrast, 

HXGN at Point 2000 demonstrates the most consistent and reliable performance, with the lowest 

mean GDOP of 1.46 and a standard deviation of 0.08, peaking modestly at 1.7 at epoch 1 second. 

All two datasets exhibit a general trend of stabilization over time, but the magnitude and timing of 

their peaks—especially the sharp spike in Veneto R. at Point 2000—highlight the superior geometric 

configuration and operational stability of the HXGN.



Distance difference

Overall trend

During the short-duration interval (1–9 second), the F32 baseline exhibits significantly higher 

distance differences compared to F12 (figure 38), with a mean of 0.02528 meter and a standard 

deviation of 0.00296 meter, versus F129s mean of 0.00703 meter and standard deviation of 0.00281 

meter. These results indicate that F32 not only maintains larger deviations but also demonstrates 

slightly greater variability in its measurements. Both baselines reach their respective peaks at epoch 

4 seconds, where F12 records a maximum deviation of 0.01067 meter and F32 peaks at 0.02877 

meter, suggesting a shared moment of increased positional discrepancy. The consistently elevated 

values of F32 across all epochs point to structural or geometric differences in the baseline 

configurations, with F32 likely spanning a longer or more complex path, thereby accumulating 



greater measurement deviations. Despite these differences, the parallel trend and synchronized 

peak imply that both baselines are influenced by similar temporal or environmental factors affecting 

HXGN9s performance.

The reduced temporal scale facilitates a clearer comparison of short-term consistency, where F12 

appears slightly more stable than F32. Notably, when using the Zone 12 reference system (F12), 

horizontal distance errors remain within 1 centimeter, which is considered a highly accurate result 

(figure 38).

Over the long-duration interval (10–600 seconds) (figure 39), the F12 baseline exhibits a mean 

distance difference of –0.00322 meter with a standard deviation of 0.01885 meter, indicating a slight 

overall contraction and moderate variability. In contrast, the F32 baseline shows a positive mean of 

0.01506 meter and a comparable standard deviation of 0.01891 meter, suggesting a general 

expansion trend with similar fluctuation. Both baselines reach their maximum deviations at epoch 

360 s, where F12 peaks at –0.05854 meter and F32 at 0.07748 meter, marking a significant and 

synchronized anomaly. This shared peak likely reflects a common external influence—such as 

atmospheric disturbances or satellite geometry shifts—affecting both baselines simultaneously (Lu 

et al., 2025). While F32 consistently maintains higher values than F12, the presence of negative 

deviations in both series, particularly in F12, highlights periods of contraction or measurement 

reversal. Overall, F32 demonstrates a more consistently positive and expansive behavior, whereas 

F12 reflects a more oscillatory pattern with a slight bias toward negative deviations.

Comparison with Veneto R. Distance difference trend

The comparative analysis of distance differences across the HXGN and Veneto R., specifically for 

baselines F12 and F32, reveals both converging patterns and notable divergences in measurement 

behavior. A common feature among all four baselines is the presence of temporal variability, with 

fluctuations in distance differences observed across epochs. Each baseline exhibits a distinct peak, 

indicating moments of maximum deviation. Notably, both HXGN F12 and F32 reach their highest 

values at epoch 360 seconds (approximately 6 centimeters), coinciding with the peaks in CQ metrics 

for Points 1000 and 2000, despite favorable GDOP conditions. Excluding this anomaly, horizontal 

distance errors remain within 3 centimeters for observation periods between 50 and 240 seconds. 

For longer durations, the maximum error is limited to 2 centimeters, aligning with the performance 

observed in the Veneto R. for horizontal distances. Similarly, Veneto R. F12 and F32 both exhibit a 

peak at epoch 30 seconds, indicating a synchronized but earlier response within that network. This 



alignment of peak epochs within each network suggests internal consistency in how each system 

responds to environmental or operational factors.

Despite these structural similarities, the baselines differ significantly in magnitude and stability. 

HXGN F32 shows the highest mean distance difference (0.01506 meter) and the most pronounced 

peak (0.07748 meter), reflecting a more expansive and variable measurement profile. In contrast, 

HXGN F12 has a slightly negative mean (–0.00322 meter), indicating a tendency toward contraction, 

and exhibits the widest range of fluctuation, with values spanning from –0.04542 meter to 0.05854 

meter. The Veneto R. baselines demonstrate greater stability: Veneto R. F12 maintains a modest 

mean of 0.00437 meter with the lowest standard deviation (0.00986 meter), while Veneto R. F32 

records the highest average among all baselines (0.02259 meter) but with relatively low variability. 

Furthermore, negative values are more prevalent in the HXGN baselines, particularly F12, whereas 

Veneto R. F32 remains consistently positive, suggesting a more uniform expansion behavior.

The analysis of distance differences also reveals a non-linear and dynamic behavior for both F12 and 

F32, with F32 consistently exhibiting larger and more variable deviations. This pattern indicates that 

F12 offers a more stable and reliable alignment with the reference system, particularly in 

applications demanding high-precision positioning. The observed discrepancies are primarily 

attributed to cartographic distortions inherent in the coordinate systems. Specifically, Zone 12 (F12) 

functions as a reference system that is free from significant cartographic deformations within the 

Veneto R., particularly in the area surrounding Padova. In contrast, UTM Zone 32 (F32) is subject to 

systematic cartographic distortions throughout the same region. As a result, the increased positional 

errors associated with F32 are consistent with expectations based on its geodetic characteristics. 



Elevation difference

Overall trend

In the analysis of elevation differences using precise data, the maximum value is observed at 30 

seconds, reaching 0.0763 meter, while the minimum value of –0.0027 meter occurs at 5 seconds 

(figure 40). The variation over time is characterized by a series of alternating peaks, fluctuating 

between positive and negative values. This pattern suggests dynamic changes in vertical positioning 

accuracy, potentially influenced by satellite geometry, signal quality, or environmental factors. The 

graphic suggests very good accuracies with observations acquired for at least 480 seconds (figure 

41). Accuracies obtained with Veneto R. were better (3 centimeter with observation acquired in at 

least 7 seconds).

Comparison with Veneto R. trend

The comparative analysis of elevation differences between the HXGN and Veneto R. reveals both 

clear resemblances and significant divergences in vertical positioning behavior across specific 

epochs. A key resemblance between the two networks is the presence of alternating positive and 

negative elevation values, reflecting similar environmental or geometric influences. This similarity is 

particularly evident at epoch 1 second, where HXGN and Veneto R. record nearly identical elevation 

differences of 0.034 meter and 0.035 meter, respectively, with a minimal difference of 0.001 meter. 

Other epochs showing close alignment include epoch 2 seconds (difference of 0.005 meter), epoch 

10 seconds (0.007 meter), epoch 20 seconds (0.010 meter), epoch 40 seconds (0.002 meter), epoch 

180 seconds (0.001 meter), and epoch 600 seconds (0.001 meter). These instances suggest moments 

of consistent vertical measurement behavior between the two networks. In contrast, the networks 



diverge significantly at several epochs, indicating differences in sensitivity or response to external 

conditions. The most pronounced divergence occurs at epoch 30 seconds, where HXGN records a 

peak elevation of 0.076 m while Veneto R. shows 20.016 m, resulting in a substantial difference of 

0.092 m. Other notable divergences include epoch 6 seconds (difference of 0.063 meter), epoch 300 

seconds (0.068 meter), epoch 3 seconds (0.039 meter), epoch 8 seconds (0.031 meter), epoch 240 

seconds (0.032 meter), and epoch 420 seconds (0.034 meter). These discrepancies highlight 

moments where the HXGN exhibits sharper peaks or deeper troughs compared to the more 

moderate behavior of the Veneto R.

In summary, while both networks share a common pattern of elevation fluctuation and occasional 

alignment, the HXGN demonstrates greater variability and more extreme deviations, particularly at 

epochs 30s and 300s. The Veneto R. network, by contrast, maintains more consistent and balanced 

elevation measurements, with closer alignment to HXGN at several epochs, especially early and late 

in the observation period.



HXGN trend for measurements carried out on 2nd April 2025

CQ

Trend at the point 1000

As shown in the previous representation of CQ values, CQ2D consistently demonstrates the highest 

precision, followed by CQ1D and CQ3D (figure 42). This ordering aligns with expectations, as 

horizontal dilution of precision is generally less affected by ionospheric and tropospheric delays 

compared to vertical components (Setti, et al., 2025). Additionally, the CQ values at Point 1000 

exhibit a more pronounced oscillatory pattern, with relatively high amplitude variations, whereas 

Point 2000 shows a smoother evolution with lower amplitude fluctuations. The highest CQ values 

for point 1000 are observed at 8 seconds, reaching 0.0144 meter, 0.0119 meter, and 0.0081 meter 

for CQ3D, CQ1D, and CQ2D, respectively. Conversely, the lowest values occur at 5 seconds across all 

components, corresponding to 0.0097 meter (CQ3D), 0.0080 meter (CQ1D), and 0.0054 meter 

(CQ2D). 

Comparison with measurements conducted with Veneto R. at point 1000

The trend analysis of HXGN and Veneto R. measurements conducted on the 2nd of April reveals both 

clear resemblances and distinct differences in their temporal evolution across nine epochs. In terms 

of resemblance, both datasets exhibit smooth and consistent progression in CQ 3D, CQ 2D, and CQ 

1D values, with similar curve shapes and gradual changes over time, indicating stable measurement 

conditions. For instance, both HXGN and Veneto R. show rising values around Epochs 1 second and 

3 second, followed by a slight dip near Epochs 5 seconds and 6 seconds, and a recovery toward 

Epoch 8 seconds. However, the differences are marked in magnitude and variability. HXGN 

measurements remain tightly clustered, with CQ 3D peaking at 0.0144 m in Epoch 8 seconds and 



maintaining low variability throughout. In contrast, Veneto R. displays significantly higher values and 

greater fluctuation, most notably at Epoch 2 seconds where CQ 3D and CQ 1D spike to 0.0426 meter 

and 0.0375 meter respectively—far exceeding the HXGN range and indicating a potential anomaly. 

Overall, while the temporal patterns of both datasets align in structure, HXGN demonstrates 

superior consistency and lower magnitudes, whereas Veneto R. shows higher dispersion and 

episodic deviations.

CQ 

Trend at the point 2000

The analysis of CQ values reveals a consistent trend of improving measurement precision across all 

dimensions—3D, 2D, and 1D. Initially, the CQ 3D values show a slight increase, peaking at 0.0111 

meter, followed by a gradual decline to 0.0096 meter, indicating stabilization in spatial accuracy 

(figure 43). CQ 2D values follow a similar pattern, starting at 0.0055 meters and decreasing steadily 

to 0.0048 meters, suggesting enhanced planar precision over time. CQ 1D values also exhibit a 

downward trend, from 0.009 meters to a low of 0.0082 meters, with minor fluctuations. This overall 

decline in CQ values across all dimensions suggests that the measurement system experienced initial 

variability—possibly due to environmental or instrumental factors—before reaching a more stable 

and precise state.

Comparison with measurements conducted with Veneto R. at point 2000

The comparative analysis between HXGN and Veneto R. measurements reveals a shared downward 

trend across CQ 3D, CQ 2D, and CQ 1D dimensions over the nine epochs, indicating a general 

resemblance in temporal behavior. Both datasets show decreasing values from epoch 1 second to 



Epoch 9 seconds, such as CQ 3D dropping from 0.0106 meter to 0.0096 meter for HXGN and from 

0.0246 meter to 0.0162 meter for Veneto R.; however, the differences are pronounced in magnitude 

and variability: HXGN measurements remain consistently low and stable, with CQ 3D values ranging 

narrowly between 0.0095 meter and 0.0111 meter, while Veneto R. exhibits significant fluctuations, 

particularly at Epochs 4 seconds and 5 seconds where CQ 3D spikes to 0.2404 meter and 0.1376 

meter, and CQ 1D reaches 0.2082 meter and 0.1251 meter respectively—values far exceeding 

HXGN9s range. These peaks in the Veneto R. dataset contrast sharply with HXGN9s steady trend, 

highlighting the superior precision and consistency of HXGN measurements versus the higher 

dispersion and episodic anomalies observed in Veneto R. dataset.

GDOP 

Trend at point 1000 

The GDOP measurements at point 1000 (figure 44), recorded across nine sequential epochs, exhibit 

a clear declining and stabilizing trend. During the initial epochs (1 to 3 seconds), GDOP values 

fluctuate between 2.2 and 1.7, indicating unstable satellite geometry and reduced positional 

reliability. From Epoch 4 seconds onward, the values begin to decrease, reaching a minimum of 1.6 

at Epoch 5 seconds, and then stabilize between 1.7 and 1.8 through Epochs 6 seconds to 9 seconds. 

This progression reflects a transition from higher to lower geometric dilution of precision, suggesting 

that satellite configuration improved over time, resulting in more favorable conditions for accurate 

GNSS positioning.

Comparison with measurements conducted through Veneto R. at point 1000

The comparison of GDOP values between HXGN and Veneto R. across nine epochs reveals a shared 

downward trend in geometric precision, with both datasets showing decreasing values from Epoch 



1 second to Epoch 8 seconds—HXGN from 2.2 to 1.8 and Veneto R. from 2.8 to 2.2—indicating a 

common temporal pattern. However, the differences are evident in magnitude and consistency: 

Veneto R. consistently exhibits higher GDOP values, especially between Epochs 2 seconds and 4 

seconds where it remains at 2.7, while HXGN fluctuates between 1.7 and 2.2. The smallest gap occurs 

at Epoch 8 seconds, where HXGN records 1.8 and Veneto R. 2.2, yet the disparity persists. Overall, 

while both systems follow a similar trend, HXGN demonstrates superior geometric precision with 

lower and more stable GDOP values, whereas Veneto R. shows consistently higher and less precise 

readings throughout the observed period.

GDOP 

Trend at point 2000 

The CQ values recorded across nine epochs (figure 45) reveal a distinct trend of initial increase 

followed by gradual decline and stabilization in measurement precision. CQ 3D values profile rises 

slightly from 0.0106 to a peak of 0.0111 by epoch 3 seconds, then progressively decreases to 0.0096 

by epoch 9 seconds, indicating improved spatial consistency. CQ 2D values follow a similar pattern, 

peaking at 0.0058 in Epochs 2 seconds and 3 seconds before declining to 0.0048, reflecting enhanced 

planar accuracy. CQ 1D values also show a peak of 0.0095 in Epochs 3 seconds and 4 seconds, 

followed by a steady decrease to 0.0084. This overall downward trend across all dimensions suggests 

a transition from higher variability to more stable and precise measurements, likely due to improved 

environmental conditions or system calibration over time.



Comparison with measurements using Veneto R.

Both datasets follow a similar downward trajectory, with GDOP values decreasing from Epoch 1 

second to Epoch 8 seconds—HXGN from 2.2 to 1.8 and Veneto R. from 2.8 to 2.2—indicating a 

common temporal pattern in improving geometric precision. However, the differences are striking 

Veneto R. consistently records higher GDOP values at every epoch, reflecting greater dilution of 

precision. This is especially evident at Epochs 2 seconds to 4 seconds, where Veneto R. maintains a 

GDOP of 2.7, while HXGN ranges between 1.7 and 2.2. Even at Epoch 8 seconds, where both datasets 

approach their lowest values, Veneto R. still exceeds HXGN by 0.4 (2.2 vs. 1.8). These consistent 

disparities underscore HXGN9s superior geometric configuration and measurement stability, while 

Veneto R.9s higher values suggest less favorable satellite geometry or measurement conditions. Thus, 

while the trend is similar, the precision and reliability of the two systems differ significantly.

Distance difference

Overall trend

The HXGN baselines (F12 and F32) exhibit a stable and gradually increasing trend (figure 46). For 

F12, the values begin at 0.00131 meter and rise steadily to 0.00749 meter, maintaining a consistent 

trajectory with minimal fluctuation. Similarly, F32 starts at 0.01883 meter, peaks at 0.02877 meter 

by epoch 4 seconds, and then stabilizes around 0.025–0.026 meter through the remaining epochs. 

This smooth progression reflects a high degree of temporal stability and measurement reliability in 

the HXGN system.

Comparison with HXGN measurements conducted using HXGN NRTK in March

The trend analysis of distance differences between HXGN measurements taken in March and on the 

2nd of April for baselines F12 and F32 reveals a pattern of remarkable consistency, particularly in 

the F12 baseline, and subtle variation in F32. For F12, the trend is identical across both datasets. At 

each epoch from 1 second to 9 seconds, the distance differences remain unchanged between March 

and April, starting at 0.001 meter at epoch 1 second, rising gradually to a peak of 0.011 meter at 

epoch 4 seconds, and then stabilizing around 0.007 meter through epochs 7 seconds to 9 seconds. 

This flat and repeatable trend indicates a high level of temporal stability and measurement 

repeatability in the HXGN system for this baseline. In contrast, the F32 baseline shows a nearly 

identical but slightly more dynamic trend. The values in April closely follow those in March, with 

differences only in the fourth or fifth decimal place. For example, at epoch 1 second, the distance 



difference is 0.019 meter in March and 0.01883 meter in April; at epoch 4 seconds, it is 0.029 meter 

in March and 0.02877 meter in April. Despite these minute differences, the overall trend remains 

the same: a steady increase from epoch 1 second to 4 seconds, followed by a slight decline and 

stabilization through epochs 5 seconds to 9 seconds.

Comparison with Veneto R. measurements

The comparative analysis of the distance difference trends for HXGN F12, HXGN F32, Veneto R. F12, 

and Veneto R. F32 across nine epochs reveals distinct behavioral patterns between the two GNSS 

networks, both in terms of consistency and variability. 

The main resemblance between the networks lies in their initial upward trends during epochs 1 

second to 4 seconds, where all baselines show increasing distance differences, likely reflecting 

similar geometric or environmental conditions. Both F32 baselines peak around epoch 4 seconds, 

with HXGN F32 at 0.02877 meter and Veneto R. F32 at 0.02849 meter, indicating a shared response 

to satellite geometry or signal quality. 

However, the main differences emerge from epoch 5 seconds onward. HXGN maintains a stable and 

positive trend, while Veneto R. begins to show sharp fluctuations and negative values, especially in 

F12. The divergence is most pronounced at epoch 7 seconds, where HXGN F12 remains at 0.00749 

meter, but Veneto R. F12 drops to 20.02216 meter, and Veneto R. F32 to 20.00378 meter, contrasting 

sharply with HXGN F329s 0.02666 meter.



Elevation difference

Overall trend

At 1 second, the elevation difference begins at approximately +0.033 meter, indicating a positive 

deviation from the reference elevation (figure 47). Over the subsequent epochs, the elevation 

difference exhibits a steady downward trend, reaching a minimum of approximately 20.025 m at 

epoch 7 seconds. This transition reflects a net vertical displacement of nearly 6 centimeters over the 

observed interval. Following this minimum, the elevation difference shows a slight upward 

correction, ending at a value closer to 20.015 meter by epoch 9 seconds. This behavior may be 

attributed to transient satellite geometry changes, atmospheric effects, and quality of corrections 

received from HXGN, influencing the vertical positioning accuracy.

The overall pattern suggests a systematic drift in elevation estimation during the initial epochs, 

followed by partial stabilization. Such trends are critical to monitor in high-precision GNSS 

applications, particularly in contexts where vertical accuracy is essential (e.g., geodetic surveying, 

structural monitoring, or autonomous navigation). In this way, the acquisition of observations and 

corrections up to 9 seconds do not guarantee high accuracies.

Comparison with measurements as per Veneto R.

Temporal Similarities are observed at several epochs where the distance differences between the 

two networks are minimal. For instance, at epoch 1 second, both HXGN and Veneto R. record nearly 

identical values (0.03430 meter vs. 0.03530 meter), resulting in a negligible difference of 0.001 

meter. Similar convergence is also noted at epoch 9 seconds, where the difference is just 0.026 



meter, and at epoch 5 seconds, with a difference of 0.013 meter. These points suggest that under 

certain conditions, both networks respond similarly to spatial and environmental factors.

However, distinct divergences emerge at other epochs. The most pronounced difference occurs at 

epoch 3, where Veneto R. records 0.05430 meter compared to HXGN9s 0.01530 meter, yielding a 

maximum deviation of 0.03900 meter. This sharp contrast indicates a significant discrepancy in 

measurement behavior, possibly due to network-specific geometric configurations or correction 

models. Another notable divergence is seen at epoch 6 seconds, where Veneto R. shows 0.04630 

meter while HXGN drops to –0.01670 meter, resulting in a difference of 0.06300 meter—the largest 

observed in the dataset.

Overall, the Veneto R. maintains a consistently positive and expansive trend, while HXGN exhibits 

more oscillatory behavior, including several negative values that suggest contraction or reversal in 

positional measurements. These differences highlight the Veneto R.9s greater stability and 

uniformity, particularly in epochs with high deviation in HXGN data.

HXGN measurements carried out on 28th April 2025

Measurements in points 1000 and 2000 were repeated on 28th April 2025 using corrections from 

HXGN and observations acquired from 1 second to 9 seconds. In this way, a comparison between 

data related to different days, but acquired with the same settings and using corrections from the 

same network, can be performed.

CQ 

Trend at the point 1000

CQ 3D begins at approximately 0.009 meter (figure 48), fluctuates slightly, and returns to a similar 

value by epoch 9 seconds. This indicates consistent theoretical three-dimensional positioning 

precision with no significant degradation or improvement.

CQ 2D remains the most stable, starting and ending near 0.005 meter, with minimal variation. This 

reflects highly consistent theoretical horizontal positioning quality.

CQ 1D starts at around 0.007 meter, shows minor fluctuations, and ends close to its initial value, 

indicating stable theoretical vertical positioning performance.



Comparison with March measurements at point 1000 using HXGN 

The comparison of HXGN CQ measurements from March and April 28th across nine epochs reveals a 

shared trend structure with notable differences in magnitude, and specific epochs where values 

closely resemble each other. Both datasets follow a generally stable pattern in CQ 3D, CQ 2D, and 

CQ 1D values, with slight fluctuations across epochs. However, March consistently shows higher 

magnitudes: for instance, CQ 3D peaks at 0.0144 meter in Epoch 8 seconds, while April9s highest is 

only 0.0087 meter at Epoch 2 seconds. Similarly, CQ 1D values in March range from 0.0080 meter to 

0.0121 meter, whereas April ranges from 0.0059 meter to 0.0075 meter. Despite these differences, 

Epochs 5 seconds and 6 seconds show similar trend shapes, with both datasets dipping in CQ 3D and 

CQ 1D values—March at 0.0097 meter and 0.0080 meter, April at 0.0081 meter and 0.0066 meter 

respectively—indicating a resemblance in behavior. Overall, while the temporal patterns align, 

March measurements reflect higher and more variable values, whereas April demonstrates greater 

consistency and lower magnitudes, suggesting improved precision or different measurement 

conditions.

Comparison with Veneto R. measurements at point 1000

The comparison of CQ measurements between HXGN and Veneto R. across nine epochs reveals a 

shared trend structure with distinct differences in magnitude and variability, as well as specific 

epochs where resemblances are observed. Both datasets follow a generally decreasing pattern in 

CQ 3D, CQ 2D, and CQ 1D values, indicating a common temporal behavior. Notably, Epochs 1 second 



to 3 seconds show the closest resemblance in trend, where both HXGN and Veneto R. exhibit gradual 

declines: for instance, CQ 3D values in HXGN range from 0.0085 meter to 0.0086 meter, while Veneto 

R. ranges from 0.0246 to 0.0257—though the magnitudes differ, the shape of the trend seems to be 

identical. Similarly, CQ 2D and CQ 1D values in these epochs follow parallel trajectories, with HXGN 

values around 0.005 meter and 0.007 meter, and Veneto R. values around 0.0141 meter and 0.02 

meter respectively. However, from Epoch 4 seconds onward, the differences become pronounced, 

especially at Epoch 4 seconds, where Veneto R. spikes dramatically (CQ 3D = 0.2404 meter, CQ 2D = 

0.1201 meter, CQ 1D = 0.2082 meter), contrasting sharply with HXGN9s stable values (CQ 3D = 0.0078 

meter, CQ 2D = 0.0046 meter, CQ 1D = 0.0063 meter). These anomalies persist through Epochs 5 

seconds to 7 seconds, though both datasets resume a downward trend toward Epoch 9 seconds. 

Overall, while the trend shapes align in early epochs, HXGN maintains lower and more consistent 

magnitudes, whereas Veneto R. shows greater dispersion and episodic instability, especially in mid-

epochs.

CQ

Trend at the point 2000

over nine epochs, CQ values demonstrate a general downward trend followed by partial recovery, 

indicating changes in measurement precision over time (figure 49). CQ 3D values begin at 0.0085 

meter and peak slightly at 0.0087 meter in Epoch 2 seconds, then decline to a minimum of 0.0072 

meter by Epoch 6 seconds before rising again to 0.0083 meter in Epoch 8 seconds. CQ 2D values 

show a similar pattern, starting at 0.005 meter, dipping to 0.0042 meter in Epoch 6 seconds, and 

recovering slightly to 0.0049 meter in Epoch 8 seconds. CQ 1D values follow a comparable trajectory, 

peaking at 0.0071 meter in Epoch 2 seconds, dropping to 0.0059 meter in Epoch 6 seconds, and then 

increasing to 0.0068 meter in Epoch 8 seconds. This trend suggests an initial phase of stable 

measurements, followed by a period of reduced precision—possibly due to environmental or 

instrumental factors—and a subsequent improvement, reflecting dynamic conditions affecting 

spatial data quality.

Both Point 1000 and Point 2000 demonstrate highly stable and nearly identical CQ profiles across all 

three dimensions. The absence of significant deviations or trends suggests that the GNSS system 

performed consistently across spatial locations during the observed interval. This uniformity 

supports the theoretical reliability of the system under similar environmental and satellite geometry 

conditions.



Comparison with March measurements at the point 2000

Both datasets exhibit stable and gradually declining patterns in CQ 3D, CQ 2D, and CQ 1D values, 

indicating similar temporal behavior. However, 2nd April measurements consistently show higher 

magnitudes across all dimensions: for example, CQ 3D values in April range from 0.0095 meter to 

0.0111 meter, while March ranges from 0.0065 meter to 0.0090 meter. The same applies to CQ 2D 

and CQ 1D, where April values are approximately 0.001 meter to 0.003 meter higher than March. 

Despite this, Epochs 1 second and 2 seconds show similar trend shapes, with both months peaking 

in CQ 3D and CQ 1D—March at 0.009 meter and 0.0075 meter, April at 0.0106 meter and 0.009 

meter respectively—indicating a resemblance in behavior. Overall, while the trend alignment is 

strong, April measurements reflect higher and more consistent values, suggesting improved 

precision or different measurement conditions compared to March.

Comparison with Veneto R. measurements 

The comparison of CQ measurements between HXGN and Veneto R. across nine epochs reveals a 

shared downward trend in CQ 3D, CQ 2D, and CQ 1D values, but with substantial differences in 

magnitude and variability, and specific epochs where the trend shapes resemble each other. Both 

datasets show a general decline over time, indicating a common temporal behavior in measurement 

precision. For example, from Epochs 1 second to 3 seconds, both HXGN and Veneto R. exhibit a 

gradual decrease in all three dimensions—CQ 3D drops from 0.0074 meter to 0.0084 meter for HXGN 

and from 0.0246 meter to 0.0257 meter for Veneto R., while CQ 1D follows a similar pattern, 



suggesting resemblance in trend despite the magnitude gap. However, the differences become 

pronounced from Epoch 4 seconds onward, where Veneto R. experiences extreme spikes, especially 

at Epoch 4 seconds (CQ 3D = 0.2404 meter, CQ 2D = 0.1201 meter, CQ 1D = 0.2082 meter), 

contrasting sharply with HXGN9s stable values (CQ 3D = 0.0075 meter, CQ 2D = 0.0041 meter, CQ 1D 

= 0.0063 meter). Even in later epochs, Veneto R.9s values remain significantly higher, such as CQ 3D 

= 0.0162 meter at Epoch 9 seconds versus HXGN9s 0.0069 meter. These observations highlight 

HXGN9s superior consistency and precision, while Veneto R.9s measurements reflect greater 

dispersion and episodic instability, despite some early alignment in trend shape.

GDOP 

Trend at point 1000

At Point 1000, the GDOP starts at approximately 1.3, rises sharply to 1.7 at epoch 3 seconds, and 

then drops back to near its initial value by epoch 5 seconds (figure 50). From epoch 5 seconds to 9 

seconds, the GDOP remains relatively stable with minor fluctuations. This trend indicates a brief but 

pronounced deterioration in satellite geometry, followed by a rapid correction and stabilization. The 

sharper peak compared to Point 2000 suggests that Point 1000 experienced more dynamic satellite 

visibility or geometry changes during the early epochs.

Comparison with March data at point 1000

The comparison of GDOP values from HXGN measurements taken in March and on the 28th of April 

across nine epochs reveals a similar overall trend with distinct differences in magnitude and 

consistency, and specific epochs where values closely resemble each other. Both datasets show 

relatively stable GDOP values, fluctuating mildly around a central range, indicating consistent 

geometric precision over time. However, March values tend to be slightly higher, ranging from 1.4 

to 1.7, while April values are more tightly clustered between 1.4 and 1.7, with a noticeable lower 

baseline. Epochs 6 seconds to 9 seconds show the closest resemblance, where both March and April 

GDOP values converge around 1.4 to 1.5, suggesting similar satellite geometry during those periods. 

In contrast, Epochs 1 second to 3 seconds highlight the differences, with March peaking at 1.7 and 

April gradually rising from 1.4 to 1.7. Overall, while both series follow a comparable trend, April 28th  

measurements reflect slightly improved and more consistent geometric precision compared to 

March.



Comparison with Veneto R. measurements at point 1000

The comparison of GDOP between Veneto R. and HXGN across nine epochs reveals a consistent 

difference in magnitude and a partially aligned trend, with specific epochs showing closer 

resemblance. Veneto R. GDOP values remain significantly higher throughout, ranging from 2.2 to 

2.8. In contrast, HXGN values are consistently lower, ranging from 1.4 to 1.7, reflecting better 

geometric precision. Both datasets show a relatively stable trend, but Epoch 8s stands out as the 

point of closest resemblance, where Veneto R. records 2.2 and HXGN 1.4—still different, but both at 

their lower bounds. The largest gap appears at Epochs 1 second to 3 seconds, where Veneto R. 

maintains values of 2.7–2.8, while HXGN ranges from 1.4 to 1.7. Overall, while the trend shapes are 

similar, the magnitude gap is persistent, underscoring HXGN9s superior satellite geometry 

configuration compared to Veneto R.

GDOP

Trend at point 2000

The GDOP values at Point 2000 (figure 51) begin at approximately 1.4, increase slightly to a peak of 

1.6 at epoch 3 seconds, and then gradually decrease back to 1.4 by epoch 9 seconds. This pattern 

reflects a mild and symmetric fluctuation, suggesting a temporary degradation in satellite 

geometry followed by a recovery. The overall variation is limited, indicating relatively stable and 

consistent positioning conditions throughout the interval.

Both points exhibit a peak in GDOP around epoch 3 seconds, though the magnitude and recovery 

behavior differ. Point 2000 shows a gentler and more symmetrical variation, while Point 1000 



experiences a steeper and more transient spike. These differences may be attributed to local 

environmental factors, satellite constellation geometry, or receiver-specific conditions.

Comparison with March measurements at point 2000

Both datasets exhibit a relatively stable pattern, with GDOP values fluctuating mildly, indicating 

consistent geometric precision. However, March values are generally higher, ranging from 1.4 to 1.7, 

while April values are lower and more consistent, ranging from 1.3 to 1.6. The closest resemblance 

occurs at Epoch 4 seconds, where both months record a GDOP of 1.6, and at Epoch 3 seconds, where 

March has 1.5 and April 1.6—showing near alignment. In contrast, Epochs 1 second and 6 seconds 

to 9 seconds highlight the differences, with March maintaining values around 1.5, while April 

consistently records 1.3. Overall, while the trend shapes align, April 28 measurements reflect slightly 

improved and more stable geometric precision compared to March.

Comparison with Veneto R. measurements at point 2000

Both datasets exhibit fluctuations, but while HXGN maintains a stable and low GDOP range between 

1.3 and 1.6, Veneto R. shows extreme variability, ranging from 1.7 to a peak of 12.2 at Epoch 6 

seconds, indicating severe geometric dilution of precision. The closest resemblance occurs at Epochs 

1s and 3 seconds, where Veneto R. records 1.7 and HXGN 1.3–1.6, showing a similar trend direction 

despite the magnitude gap. In contrast, Epochs 4 seconds to 7 seconds highlight the most significant 

divergence, with Veneto R. values spiking to 3.6, 2.6, 12.2, and 3.7 respectively, while HXGN remains 

steady at 1.3–1.6. These observations underscore HXGN9s superior and consistent satellite geometry, 

while Veneto R.9s data reflects episodic instability and reduced precision, especially in mid-epochs.

 



Distance difference 

General trend 

The F12 series begins at approximately 0.005 meter (figure 52), decreases to a minimum of around 

20.002 meter at epoch 3 seconds, and then exhibits a steady upward trend, peaking at 

approximately 0.025 meter by epoch 8 seconds. A slight decline is observed at epoch 9 seconds. This 

pattern indicates an initial overestimation correction followed by a gradual divergence from the 

reference distance, suggesting a progressive accumulation of error or drift in the measurement 

system.

The F32 series starts higher, at approximately 0.025 meter, and follows a similar but more 

pronounced trend. After a slight initial decrease, it increases steadily to a peak of ~0.04 meter at 

epoch 7 seconds, followed by a sharp drop by epoch 9 seconds. This behavior suggests a larger and 

more variable deviation from the reference distance, with a late-stage correction or instability.

While both series exhibit a general increasing trend in distance difference, F32 shows greater 

magnitude and volatility compared to F12. The divergence between the two polylines becomes more 

pronounced after epoch 3 seconds due to cartographic deformations.

Comparison with March measurements

Both F12 and F32 series show fluctuating patterns over time, but March values tend to be more 

stable and consistently positive, while April values exhibit greater variability, including a negative 

F12 value at Epoch 3 seconds (-0.0011 meter), contrasting sharply with March9s 0.0103 meter. F32 

values in April also show a steeper rise toward Epochs 7 seconds and 8 seconds, peaking at 0.0401 

meter and 0.0391 meter respectively, compared to March9s maximum of 0.0288 meter at Epoch 4 

seconds. However, Epochs 1 second and 2 seconds show similar trend shapes, with both months 

presenting moderate F12 and F32 values—e.g., March F12 = 0.0013 and 0.0071, April F12 = 0.0057 

meter and 0.0029 meter. Overall, while the trend directions align, April measurements reflect 

greater dispersion and dynamic range, especially in later epochs, whereas March values are more 

consistent and centered.

Comparison with Veneto R. measurements 

Both datasets exhibit fluctuating patterns, but Veneto R.9s F12 values include negative entries from 

Epochs 6 seconds to 9 seconds, reaching as low as -0.0222 meter at Epoch 7 seconds, while HXGN9s 



F12 values remain consistently positive, peaking at 0.0218 meter in the same epoch. Similarly, 

Veneto R.9s F32 values show a sharp drop to negative at Epoch 7 seconds (-0.0038 meter), whereas 

HXGN9s F32 values steadily increase, peaking at 0.0401 meter at Epoch 7 seconds. The closest 

resemblance occurs at Epochs 2 seconds and 3 seconds, where both F12 and F32 values from Veneto 

R. and HXGN are relatively low and close in magnitude—e.g., Veneto R. F12 = 0.0016 meter, HXGN 

F12 = 0.0029 meter; Veneto R. F32 = 0.0189 meter, HXGN F32 = 0.0216 meter. Overall, while both 

systems follow a similar oscillating trend, HXGN demonstrates greater stability and consistently 

positive values, whereas Veneto R. reflects higher variability and occasional instability, especially in 

later epochs.

Difference in elevation

Overall trend

The difference in elevation graph (figure 53) reveals a non-linear and fluctuating trend:

Initial Peaks: Elevation differences are relatively high at epochs 1 second and 2 seconds, reaching 

values near 0.025 meter, indicating early deviations from the reference elevation.

Mid-Interval Drop: A notable decline occurs at epoch 5 seconds, where the elevation difference 

reaches a local minimum, suggesting a temporary alignment or correction in vertical positioning.

Late Fluctuation: The elevation difference rises again toward epoch 8 seconds, followed by a slight 

decline at epoch 9 seconds, indicating continued variability in vertical accuracy.

Overall, the graph demonstrates short-term instability in elevation measurements, with alternating 

phases of overestimation and correction. These fluctuations may be attributed to satellite geometry 



changes and the quality of corrections received by the HXGN. The magnitude of variation, though 

limited to a few centimeters, is relevant for applications requiring high vertical precision. However, 

for standard applications, the level of accuracy was very good, since the maximum error was about 

2 centimeters.

Comparison with March measurements

An analysis of elevation differences recorded in March and on the 28th of April across nine epochs 

reveals a nuanced interplay between stability and change in terrain behavior. While both months 

exhibit alternating positive and negative values—suggesting localized fluctuations—certain epochs 

show remarkable consistency, such as Epoch 3 seconds (0.0153 meter in March vs. 0.0133 meter in 

April) and Epoch 5 seconds (–0.0027 meter vs. –0.0017 meter). However, April generally displays 

higher elevation differences, with a mean of 0.0124 meter compared to 0.0012 meter in March, 

pointing to intensified terrain dynamics likely influenced by seasonal factors. Notably, Epochs 6 

seconds through 8 seconds demonstrate significant shifts, with values transitioning from negative in 

March (e.g., –0.0167 meter at Epoch 6 seconds) to positive in April (e.g., 0.0013 meter).

Comparison with Veneto R. measurements 

Examining the distance difference variations between Veneto R. and the 28th of April across nine 

epochs reveals a distinct shift in spatial dynamics. Veneto R.'s measurements, averaging 0.0267 

meter, consistently surpass those of April, which average 0.0124 meter, indicating a general 

contraction in distance differences as the season progressed. Epoch-specific comparisons 

underscore this trend: for instance, Epoch 3 seconds transitions from a substantial 0.0543 meter in 

March to a modest 0.0133 meter in April, while Epoch 6 seconds drops from 0.0463 meter to 0.0013 

meter, reflecting a pronounced reduction. Conversely, a few epochs such as Epoch 7 seconds show 

an increase, rising from 0.0013 meter to 0.0133 meter, suggesting localized expansion. The overall 

mean difference of –0.0143 meter supports the notion of a net decrease, with the largest individual 

shift being 0.0120 meter and the smallest –0.0450 meter. These findings point to a heterogeneous 

landscape response, where some regions contract while others expand, potentially influenced by 

environmental or anthropogenic factors.



Analysis of the performance between the different NRTK and ranking

CQ1D performance and ranking

Point 1000 

The datasets evaluated from boxplot (figure 54), show that the HXGN dataset from 28th April ranks 

1st overall, offering the best combination of precision and consistency. It has a low median value 

(0.0066), indicating high precision, and the smallest IQR (0.0006), reflecting excellent consistency. 

The interquartile range is tightly bounded (Q1 = 0.0063, Q3 = 0.0069), and the whiskers (lower = 

0.0054, upper = 0.0078) confirm a compact and symmetric distribution. The absence of outliers and 

a favorable score (0.00438) reinforce its reliability. The HXGN dataset from 19th March, ranked 2nd, 

shows good precision (median = 0.0055) and moderate consistency (IQR = 0.0038), with a slightly 

wider spread (Q1 = 0.0033, Q3 = 0.0072) and whiskers extending from –0.00235 to 0.01285. The 

absence of outliers supports its stability, although the negative lower whisker suggests some 

skewness. The HXGN dataset from 2nd April, ranked 3rd, presents lower precision (highest median 

= 0.0108 among HXGN datasets) and moderate consistency (IQR = 0.0021), with a broader 

interquartile range (Q1 = 0.0098, Q3 = 0.0119) and whiskers from 0.00665 to 0.01505. Its score 

(0.00796) reflects this trade-off between central tendency and dispersion. Finally, the Veneto R. 

dataset from 9th April ranks last (4th) due to its low precision (median = 0.0107), poor consistency 

(widest IQR = 0.0101), and the presence of one outlier. The distribution is highly dispersed (Q1 = 

0.0039, Q3 = 0.0141), with extreme whiskers (lower = –0.0114, upper = 0.0293), indicating significant 

variability and reduced reliability.



Point 2000

Among the datasets evaluated from box plot (figure 55) the HXGN dataset from 28th April ranks 1st 

overall, offering the best combination of precision and consistency. It has a low median value (0.006) 

and a very small IQR (0.0006), indicating both high precision and excellent consistency. The 

interquartile range is tightly bounded (Q1 = 0.0057, Q3 = 0.0063), and the whiskers (lower = 0.0048, 

upper = 0.0072) confirm a compact distribution. Despite the presence of one outlier, its overall score 

(0.10402) remains the most favorable. The HXGN dataset from 24th March, ranked 2nd, shows 

excellent precision (lowest median = 0.0039) and good consistency (IQR = 0.003), with a stable 

interquartile range (Q1 = 0.00265, Q3 = 0.00565) and whiskers from –0.00185 to 0.01015. The 

absence of outliers supports its reliability, although the slightly wider spread compared to 28th April 

affects its score (0.00449). The HXGN dataset from 2nd April, ranked 3rd, presents lower precision 

(median = 0.009) but excellent consistency (IQR = 0.0005), with a narrow interquartile range (Q1 = 

0.0088, Q3 = 0.0093) and whiskers from 0.00805 to 0.01005. Its score (0.00576) reflects this balance, 

though the higher median reduces its overall ranking. Finally, the Veneto R. dataset from 30th April 

ranks last (4th) due to its low precision (highest median = 0.01095), poor consistency (widest IQR = 

0.012975), and the presence of three outliers. The distribution is highly dispersed (Q1 = 0.00725, Q3 

= 0.020225), with extreme whiskers (lower = –0.0122, upper = 0.0396875), indicating significant 

variability and reduced reliability.
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CQ3D performance and ranking

Point 1000



Point 2000

The dataset deriving from box plot (figure 59) shows that HXGN 24th March ranks 1st overall, 

demonstrating the best precision (lowest median = 0.0045) and strong consistency (IQR = 0.00345). 

The interquartile range spans from Q1 = 0.0032 to Q3 = 0.0067, indicating a compact distribution. 

The whiskers (lower = –0.002, upper = 0.0118) are reasonably symmetric, and the absence of outliers 

confirms the robustness of the data. The HXGN dataset from 2nd April, ranked 2nd, shows moderate 

precision (median = 0.0106) but excellent consistency (IQR = 0.0006), with a tightly packed 

interquartile range (Q1 = 0.0102, Q3 = 0.0108) and symmetric whiskers (lower = 0.0093, upper = 

0.0117). Its score (0.0068) reflects this balance, although the slightly higher median reduces its 

reliability compared to 24th March. The HXGN dataset from 28th April, ranked 3rd, offers good 

precision (median = 0.0072) and best consistency (lowest IQR = 0.0005), but the presence of one 

outlier and a slightly skewed distribution (lower whisker = 0.006, upper = 0.0084) contributes to a 

higher score (0.10474), indicating less stability. Finally, the Veneto R. dataset from 30th April ranks 

last (4th) due to its lowest precision (highest median = 0.0134), poorest consistency (widest IQR = 

0.0168), and the presence of three outliers. The distribution is highly dispersed (Q1 = 0.0081, Q3 = 

0.0249), with extreme whiskers (lower = –0.0171, upper = 0.05), suggesting significant variability 

and reduced reliability.
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