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Abstract: Improving the precision of Navigation with Indian Constellation (NavIC) positioning requires addressing the disturbances
presented by ionosphere scintillation. Errors like cycle slip and measurement disparities are introduced by this phenomenon, which affects

satellite lock and, in severe situations results in positioning failures. The usefulness of traditional scintillation parameters, S4 and % ,is
limited since they need high-frequency data. Using 1 Hz data, this research investigates the usage of the multipath parameter (MP) and the
rate of total electron content index (ROTI) as substitutes for scintillation parameters. Satellite removal is greatly outperformed by
procedures incorporating observation removal and noise matrix weighting, according to comparative analysis and validation against

standard parameters (S4 and %

). The suggested methods show an impressive 93.14% increase in Precise Point Positioning (PPP) outputs,

proving that ROTI and MP are effective at reducing scintillation effects.
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1. Introduction

A common problem with the Global Navigation Satellite System
(GNSS) is scintillation, which can cause problems including
measurement inaccuracies, cycle slip, and signal loss. Its effects
are most noticeable during geomagnetic storms, when it can lead
to tracking error and even total signal loss [1],[2]. More than 70%
of cycle slips have been shown to be significantly caused by strong
scintillation, which also affects the phase lock loop (PLL) and
lowers baseband signal power, further detuning the PLL frequency
[3],[4]. This occurrence might result in fewer satellites accessible
for tracking, which would constitute a serious threat to location.
Numerous techniques have been put out to reduce the impact of
scintillation on GNSS location, but many of them depend on

scintillation parameters like S4 and % , which, in turn, describe
the amplitude and phase of scintillation, respectively [5].
Furthermore, to improve the robustness of precise point
positioning (PPP), receiver autonomous integrity monitoring
(RAIM) has been utilised to identify and exclude scintillation-
affected satellites [12]. Notwithstanding these attempts, difficulties
still exist. Specifically, when utilising a single satellite
constellation, signal lock loss and cycle slip continue to be the key
problems under scintillation circumstances. In order to overcome
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these difficulties and provide location solutions that are more
dependable in the presence of moderate to heavy scintillation, the
integration of GPS and GLONASS data has been suggested [13].

In order to mitigate the impacts of scintillation on PPP, this work
introduces two new strategies: the rate of change of the total
electron content index (ROTI) and the multipath parameter (MP).
Three ways of mitigation are suggested: (1) taking out the data
from the most scintillation-affected satellite; (2) deleting the
observations that are influenced by scintillation; and (3) weighting
the measurement noise matrix in the Kalman Filter (KF)
procedure. The performance of observation elimination and
weighting procedures is evaluated against standard parameters (S4

and % ), showing a significant increase in PPP outputs of up to

93.1%. It is discovered that in the suggested techniques, the
performance of scintillation parameters and standard parameters is
similar. Additionally, the study makes use of 1Hz data to improve
scintillation studies. This makes it possible to study previous
scintillation occurrences in more detail by using stored data. Using
the higher frequency data available for more in-depth
investigations, the ROTI is investigated as a stand-in for
scintillation parameters [15-18]. In this study offers important new
understandings on how to deal with the problems caused by
ionosphere scintillation on NavIC signals. Promising results are
seen when using the suggested solutions, which include multipath
parameter (MP) and ROTI, to mitigate scintillation effects on
precise point placement (PPP). The study highlights how important
it is to use alternative parameters to improve our comprehension
and mitigation techniques for scintillation of NavIC.
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2. Data and Methodology
2.1. Instrumentation and Data

Two different stations HYD (17.24°N, 78.31°E), KNL(15.79° N,
78.07°E) data for a total of 70 days were used while stations use
Accord IRNSS/GPS/SBAS receiver station. Data from 10 days
were chosen for the PPP improvement tests, namely 7 and 3 days
from the HYD and KNL stations, respectively. The techniques
described in Li et al. [27] were used to identify scintillation events.
Examples of the 10 days that were chosen include the following:
November 7-13, 2017 (from HYD station); September 1-3 (KNL
station). Also, the scintillation free data set were collected on
September 1, 2017.

From the data, the multipath parameter (MP) and rate of change of
the total electron content index (ROTI) were determined
respectively. Also, from data scintillation parameters S4 and were
produced at 1-minute intervals.

The mild threshold (MT) and extreme threshold (ET) were created
using the full 70 days of data in order to identify outliers for the
observation elimination technique. Li et al. [27] provide a
comprehensive explanation of the methods used to determine MT
and ET. In a nutshell, MT and ET are defined as follows:

MT=Q3+1.5I1QR (1)
ET=Q3+3IQR 2
Where, IQR=Q3-Q1 3)

Here, Q3 and Q1 represent the upper (3) and lower (1) quartiles,
respectively, for height or 3D positioning errors. MT is the mild
threshold, and ET is the extreme threshold. These thresholds are
crucial for defining outliers in the observation removal strategy.

2.2. Rate of TEC Index

Pi et al. [29] first established the Rate of Change of Total Electron
Content Index (ROTI) to evaluate scintillation events in the
ionosphere. As per Pi et al.'s original definition [29], ROTI is
calculated at a sample rate of 1 Hz with a 5-minute time interval.
During ROTI computations, a moving average is used to guarantee
temporal consistency with other metrics.

2.3. Multipath Parameters

Reflected signals can cause multipath interference, which affects
GNSS receivers. According to Estey and Meertens [30], MP1 and
MP2 are parameters that are used to measure the multipath impact.

2.4, Kalman Filter

The core method used in GNSS location to improve accuracy
through the integration of many data is called the Kalman Filter
(KF). The two main steps in the KF process are prediction and
update. Every measurement is repeated in these processes [32]. A
flowchart illustrating the sequential application of the Kalman
Filter is shown in Figure 1.

In Figure 1, the covariance matrix is used as an estimate of state
error, and the state and covariance matrix are built up during the
initialization phase. Next, the process noise and dynamic model are
added, which makes it easier to forecast the state and covariance
matrices using either the initialised values or the updated values
from the previous epoch. The variance between the input values

and values generated from the preceding epoch is then used to
construct the innovation vector.

Next, the value of the Kalman gain, which is essential for
accounting for measurement error is found. The state and
covariance matrix are updated by using the Kalman gain as the
innovation vector's weighting factor. Predicting the state and
covariance matrix for next iterations, this iterative process keeps
on until all data are successfully processed. Full explanations of
the Kalman Filter technique are included in the electronic
supplement.

Start

Set the state and
covariance matrix to
zero.

Forecast the
covariance matrix
and state.

\

Determine the
creative vector.

\

Determine the
Kalman Gain.

\

|Revise the covariance
matrix and state

\

Stop

Reactive model and
_ process disturbance

“Model of observation and
measurement

measurement Error

Figure 1: Kalman Filter Process Flowchart
2.5. Methodology

In accordance with the methodology described by An et al. [33], a
day free of scintillation was selected for the assessment in order to
determine the convergence time of PPPH. The convergence was
calculated [33] and is defined as the point at which positioning
accuracy achieves a certain tolerance (0.12m for the Up
component). The methodical flowchart for reducing scintillation
effects is shown in Figure 2. The initial data input was 10degree
elevation mask scintillation day data, found using Li et al.'s
methods [27]. To assess parameter efficacy, the first technique
comprised removing the satellite with the greatest value iteratively
five times for each reference parameter (MP1, MP2, ROTI, S4, and

UW). Interestingly, S4 was left out of satellite and observation
removal procedures for the HYD station because of low S4 values
at high latitudes [34].
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Height and three-dimensional time series outputs were obtained by
feeding both the original and processed data into PPPH. These
results made it easier to calculate RMSE and associated
improvement rates for processed and original data during
scintillation-affected times. If scintillation happened early in the
day, post-convergence RMSE computations were carried out.
Furthermore, using the location of every visible satellite in relation
to the receiver, Geometric Dilution of Precision (GDOP) was
calculated to examine changes in the position and clock quality of
satellites following removal. A portion of the design matrix was
used to start the GDOP computations [36].
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The GDOP calculation involved extracting the trace of the
covariance matrix (cov(G)) to quantify the overall precision
information encapsulated within G. This provided insights into the
collective impact on the precision of position and clock estimates
for the visible satellites.

GDOP = \/a,? + 02 + 0 + 02 = \Jtrace((GTG) ) 5)

Dilutions of Precision (DOP) values, more especially the
Geometric Dilution of Precision (GDOP), are frequently used to
evaluate the correctness of the geometric quality. According to the
study [37], the GDOP computation entails calculating the root of
the sum of the squares of the Root Mean Square Errors (RMSESs)
for the clock (st) and estimated receiver coordinates (ox, oy, and
oz). This computation is aided by the trace of the covariance matrix
(cov(G)) which provides an overall measure of accuracy
information.

In this case, lower DOP values are obtained, indicating more
precision, when the satellites are positioned strategically,
producing a stronger geometry. In general, DOP values of less than
5 and 10, respectively, are regarded as trustworthy for position and
clock quality. To make it easier to see differences in lower GDOP
values, GDOP values higher than 30 in this study were restricted
at 30 [37].
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Figure 2. The three procedures are as follows: (1) weighing the
observations, (2) removing satellites, and (3) observation
removal.

In order to identify outliers for the second technique, parameter
values have to exceed predetermined criteria. The Extreme
Threshold (ET) and the Mild Threshold (MT) were the two
threshold types that were compared in the study. In order to
guarantee a thorough examination of data impacted by
scintillation, several parameter combinations and permutations
were investigated to get the best results. For comparison, standard
parameters (MP and ROTI) and scintillation parameters (S4 and

o-‘/’) were taken into separate consideration.
For example, three combinations were investigated while taking

scintillation characteristics into account: (1) S4; (2) % ;and (3) S4
and o-‘/’. Since S4 and v could contain outliers that S4 does not,
it was hoped that combining the two will include more outliers and
perhaps produce more accurate findings. Seven permutations were
investigated in a similar manner for standard parameters.
Crucially, this strategy was not replicated in satellite removal plans
to minimize the possibility of the location algorithm failing entirely
as a consequence of too much satellite removal, leaving less than
four monitored satellites. After entering into PPPH, the identical
processes used for the removal of satellites were repeated for the
strategy of removal of observations.

As suggested by Mohammed [38], the third technique included an
extra step that required computing the lonosphere-Free (IF)
combination of MP1 and MP2 (MPF). The multipath impact was
down-weighted by using MPF. Even though IF combination
reduced the major ionosphere error in MPF, scintillation-induced
cycle lapses and the associated IF ambiguity may still have an
effect on MPF. Given that carrier phase observations are more
susceptible to scintillation [39], it was assumed as was the case
with Roberts [40] that scintillation may have an impact on either
carrier phase or pseudo range data. Given that multipath largely
affects pseudo range data, MPF was mostly used to describe
multipath while ROTI was used to describe ionosphere activity.
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Using ROTI to weight the IF combination of carrier phase
observation and MPF to weight the IF combination of pseudo
range observation, the PPP method achieved the best improvement
when compared to other weighting procedures.

Moreover, carrier phase and pseudo range observations were
weighted using S4 and % , respectively. As is derived from signal
carrier phase and S4 is computed from signal intensity, they serve
as the corresponding effect factors for pseudo range and carrier
phase. The measurement error covariance matrix R, which was
presented in [32], was a prerequisite for the observation weights in
the Kalman Filter (KF). Given that ‘n’ represents the total number
of pseudo range and carrier phase observations, R might be
initialized using the following formula, which expresses a 2n-by-
2n identity matrix:

R =

1
[ ] (6)
1 2nx2n

The original weight was then applied by multiplying it by each
value along the diagonal of R, which was derived from the a priori
standard deviation (SD) of measurements [32]:

Puo
Lw,O
Il

R= @)
Py
Lw.oldynxzn
2 1Z 2
PW,O = SDO,P (f12_f22) (8)
2 1Z 2
LW.O = SDO,L (f12_f22) (9)

The a priori standard deviations for code and phase measurements
are thus represented by SDOP and SDOL, which are typically set at
3 m and 0.03 m, respectively [32, 41]. Next, the starting weights
for the code and phase measurements are calculated and are
represented as Pw,0 and Lw,0. Consequently, it is usual practice to
utilise a weight correction approach based on satellite elevations:

[Rv ]

Ly

R= (10)
Py
LW 2nX2n

1.001
Pu=r, o /0.002001 +sin? (ele) (11)
L 1.001 (12)

W=Lw,o" 0.002001+sin2(ele)

Then, in order to down-weight the signal affected by scintillation,
the code and phase measurements were weighted using MPF and

[Pw,scin ]
I Lw,scin
R= (13)
Pw,scin
l Lw,scinJZnXZn
Py scin = By-MPF or P, cin = P,,.54 (14)
Ly ,scin = Lw.ROTI 07 Ly, scin = Lyy0y, (15)

Where the weights for down-weighting the scintillation impact on
code and phase measurements were represented by Pwscin and
Lw.scin, respectively. The primary change in the suggested weight
plan is the addition of these two weights. After entering the data
into PPPH and weighing the data, the weight strategy followed the
same steps as the preceding strategies.

3. Results and Discussion

This section summarizes the results of the Precise Point
Positioning (PPP) improvement experiment using 10 days of
scintillation-affected data. Section 3.1 presents an instance sample
of graphs for visualization, notably from September 13, 2017, at
HYD station, due to the significant number of created graphs
throughout the 10-day period. In Section 3.2, the complete results
for every day are tallied and statistically examined.
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Figure 3. The height error variation on 1 September 2017 at (a)
HYD station and (b) KNL station.Figure 3. The height error
variation on 1 September 2017 at (a) HYD station and (b) KNL
station.

Figure 3 shows height error variation at both the stations, HYD and
KNL on September 1, 2017. The height estimation acquired a
consistent continuous accuracy of around 0.3m and 0.1 m at the
convergence time of about 30 min at both the stations.
Consequently, the data show that the convergence period of 45
minutes was used for the RMSE computation.

3.1. The Approach of Removing Satellites

Using MP1, MP2, S4 and % as criteria, the satellites most
affected by scintillation were found using this method. In
particular, 105 was found to be the satellite most impacted by
scintillation, although 106 was shown to be more significant on
September 13, 2017, at the HYD station, based on the Rate of
Change of Total Electron Content Index (ROTI). Based on Root
Mean Square Error (RMSE) for the given date, Figure 4 compares
the original and 105-removed Precise Point Positioning (PPP)
height (a) and 3D error (b).

As can be seen in Figure 4, there is variation in both the starting
height and 3D inaccuracies within the first 10 hours. It's interesting
to see that after removing 105, the RMSE for height and 3D errors
barely changes. This suggests that even though 105 was found to
have the highest scintillation based on both scintillation parameters
and Multipath Parameters (MP), deleting it did not significantly
contribute to error reduction. As a result, the positioning
algorithm's overall performance and satellite availability were little
affected by the removal of 105.

Moreover, 106 an additional scintillation-affected satellite was
eliminated on the basis of ROTI, and a comparable analysis was
carried out, as seen in Figure 5. The RMSE in this case showed a
minor improvement, with improvement rates of 5.5% and 4.6%,
respectively, for both height and 3D errors. The results indicate
that during the scintillation phase, eliminating 106 had a somewhat
favorable impact.
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Figure 4. Comparison between (a) the original and 105-removed
RMSE of the height error, (b) the original and 105-removed
RMSE (m) of the 3D error on 13 September 2017 at HYD
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Figure 5. As Figure 4 except 106 was removed rather than 105.

Geometric Dilution of Precision (GDOP) before and after deleting
105 in order to evaluate the effect of satellite removal on GDOP is
analyzed. GDOP levels mostly remain below 5, and all values
remain below 8, during the period shown. Interestingly, it is also
observed that a little increase in GDOP values throughout the first
six hours.

It is noteworthy that six NavIC satellites were accessible
throughout the scintillation period. In such cases, the elimination
of a single satellite affects satellite geometry and, in turn, Dilution
of Precision (DOP) to a limited extent. The hypothesis that the
satellite removal method had little effect on DOP during the
scintillation period is supported by the continuously low GDOP
values, which indicate that the removal of 105 or 106 did not
significantly impair the geometric quality of the satellite
constellation.

3.2 Observation Removal Approach

The observation removal technique produced more significant
improvements in height and 3D errors compared to the satellite
removal strategy. These data show that the total deviation from the
reference coordinate and the variability during the scintillation
affected time were further reduced, and that the most useful
threshold was ROTI. Furthermore, the trio of MP1, MP2, and
ROT]I performed better in lowering 3D error.

After calculating the improvement rates for the findings, the
percentages that were obtained were 59.49%, 27.14%, 87.67%,
80.36%, 59.48%, 0.5%, 80.15%, and 81.76%, in that order.
Remarkably, the observation removal technique outperformed the
satellite removal strategy in terms of improvements, especially
when ROTI and MP1, MP2, and ROTI were used together, as
improvements above 80.31%. This highlights how well the
observation elimination technique works to reduce scintillation
impacts on PPP (precise point placement).

Effect of Observation Elimination on GDOP: The GDOP
changes brought about by the observation removal method, which
focuses on MP1, MP2, ROTI, and their combination. Interestingly,
these alterations were noticeably more noticeable than the effects
of the satellite removal.

Since ROTI is more sensitive to scintillation than MP, it is noted
that ROTI is more likely to exceed the threshold, which leads to

the elimination of matching data and greater GDOP values.
Furthermore, the combination of MP1, MP2, and ROT]I, which is
to be expected considering the elimination of a larger amount of
data. While both ROTI and the combined method showed greater
benefits, the wide range in GDOP may jeopardize the accuracy of
the findings. This effect might explain why the combined strategy's
height gain was less than that of ROT]I alone.

3.3. Increasing Position Accuracy with Weight Strategy:

The weight strategy's results highlight RMSE improvements based
on both scintillation and standard parameters. Interestingly, RMSE
gains were marginally higher when standard parameters were used
instead of scintillation parameters. The improvement rates, which
were 71.46%, 72.67%, 73.81%, and 73.14%, respectively.

Although the method of observation elimination showed greater
benefits, it also resulted in higher levels of GDOP. Elevated GDOP
values indicate near satellite separations and a reduced level of
trust in the data obtained from these satellites, which might lead to
heightened positional uncertainty. It's important to note that GDOP
stayed the same because the weight strategy's implementation had
no effect on satellite availability.

3.4. Statistical Analysis of Scintillation Mitigation Strategies

3.4.1. A Comprehensive Analysis of the Satellite Removal
Strategy

Tables 1-2 show the outcomes of the satellite removal approach,
which was based on a number of criteria over the course of 10 days

at two different stations, including MP1, MP2, ROTI, S4, and *
. For clarity, improved RMSE values are shown in bold. The results
show that the approach for removing satellites, using conventional
parameters or scintillation, showed different levels of success.

In particular, the MP1-based approach improved conditions on 7
of the 10 days, whereas the MP2, ROTI, and strategies improved
conditions on 8, 6, and 5 days, respectively. Remarkably, only two
of the seven days saw an improvement in location errors when
using S4, a scintillation parameter. Scintillation parameters were
not more effective than conventional parameters overall, with S4
being the least effective of the group.

Furthermore, it was noted that, in some cases, the removal of
satellites based on MP improved inaccuracy, but this was not
always the case for other parameters, and vice versa. Furthermore,
there was inconsistent non-simultaneous improvement in height
and 3D inaccuracies. Even while the technique reduced mistakes
on up to 8 of the 10 days, these improvements were usually small
often less than 0.05 m or even 0.01 m especially in light of the fact
that the majority of the initial errors were decimeter-level. As a
result, even with different settings, the satellite removal technique
did not always work as intended.
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Table 1. Change of the height and 3D positioning errors (m)
through the satellite removal strategy as represented by the

RMSE at HYD.
Satellite
Refere | Remo | Removed
RMSE(m) | hce ved | RMSE (m)
Param | Satell
Stat Hei eters ite Hei
ion | Date ght | 3D ght | 3D
MP1
MP2
07-
Sep- 0.15 | 0.21 ROTI 105 2101 2.801
17 S4
Sigma
Pi
MP1
MP2
08-
HY Sep- 0.62 | 0.64 | ROTI 105 0.62 | 0.64
D 17 45 22 o 45 22
Sigma
Pi
MP1
MP2
13-
Sep- 0.13 | 0.15 | ROTI 105 0.13 | 0.15
17 95 81 o 9 75
Sigma
Pi

Table 2. Change of the height and 3D positioning errors (m)
through the satellite removal strategy as represented by the

RMSE at KNL.
Satellite
Refere | Remo | Removed
RMSE (m) | nce ved | RMSE (m)
Param | Satell
Stat Hei eters ite Hei
ion | Date ght | 3D ght | 3D
MP1
MP2
04-
Sep- 0.02 | 0.03 | ROTI 105 0.03 | 0.03
17 6 45 sa 04 81
KN
L Sigma
Pi
MP1
or- 0.02 | 0.03 0.02 | 0.03
Sep- 47 1 MP2 105 9 51
17
ROTI

S4

Sigma
Pi

MP1

MP2

gil-)' 0.13 | 0.34 | ROTI 105 0.13 | 0.34
17 55 54 sa 53 56

Sigma
Pi

MP1

MP2

é::;)_ 0.02 | 0.03 | ROTI 105 0.02 | 0.03
17 19 29 sa 21 31

Sigma
Pi

3.4.2. Observation Removal Approach

Table 3 presents a detailed analysis of the improvement in height
and 3D positioning errors after scintillation-affected observations
were removed using both Mild Threshold (MT) and Extreme
Threshold (ET) criteria. This analysis takes into account

permutations and combinations of MP1, MP2, ROTI, S4, and %
over a 10-day period at 2 stations. A summary is given in the main
paper, however in the supplemental material show more
comprehensive data due to the large number of combinations.

Two primary metrics are used to evaluate this strategy: the
percentage of days with improvement and the greatest rate of
progress. Only seven days were spent using S4 at two sites (not
SNAOP, where S4 values were poor). The height and 3D errors
improved on 8/10 day, when S4 was excluded from comparison.
The most notable improvement rates were 91.37%, attained using
standard parameters. It is worth noting that the maximum
percentage of days (8/10) exhibiting reductions in height errors
were noted while using both standard and scintillation parameters.
In contrast, the introduction of scintillation characteristics resulted
in the biggest number of days with improvement for 3D errors.
This implies that standard parameters often provide a more
noticeable level of enhancement, whereas scintillation parameters
are more likely to cause improvement.

The probability and degree of improvement were comparatively
low whether MP1 and MP2 were used alone or in tandem. For
instance, using MP2 by itself in conjunction with the ET criteria
produced results that were significantly lower than other scenarios,
with the greatest improvement rate in height errors being 16.23%
and the proportion of days with improvement being 3/10. On the
other hand, when MP and ROTI were used together, the
improvement was on par with or even greater than when ROTI was
used alone. Notably, the combination of MP1 and ROTI
demonstrated a better likelihood and amount of improvement
compared to other combinations of standard parameters.
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Additionally, when comparing the effectiveness of Mild Threshold
(MT) with Extreme Threshold (ET), MT typically showed better
results in terms of the greatest improvement rate and the
percentage of days with improvement. For the best improvement
rate, the proportion of days with improved 3D mistakes
consistently outpaced that of height errors.

Additionally, the efficacy of scintillation parameters and ROTI
was equivalent when a single reference parameter was used.
Nevertheless, out of all the combinations, MP1 and ROTI proved
to be the most reliable combination, showing a higher chance and
degree of improvement. This implies that, in comparison to
individual factors, the combination of MP and ROTI might
successfully offset a wider spectrum of errors.

3.4.3. Weight Strategy

The improvements in height and 3D errors made possible by the
weight approach throughout a 10-day period at two sites. For
clarity, improved Root Mean Square Errors (RMSESs) are indicated
in bold. The height RMSE was improved by scintillation and
standard parameters separately on 6 and 8 of the 10 days, with the
greatest improvement rates being 93.14% and 86.15%,
respectively. Scintillation and standard parameters improved 3D
RMSE on 8 and 7 of the 10 days, respectively, for 3D errors. The
greatest improvement rates were 85.52% and 73.44%,
respectively. Based on the percentage of days with improvement
and the greatest improvement rate, it can be observed that standard
parameters within the weight strategy were similar to scintillation
parameters in terms of improving both height and 3D errors.
Furthermore, there was a continuous greater improvement in
height error than in 3D error.

4. Discussion

The position improvement trials made use of data from two
stations (HYD and KNL) that covered a period of 70 days. These
studies focused on 10 days with scintillation and employed three
mitigation measures to improve location accuracy. In Section 3.1,
we evaluated the PPPH convergence time between the two stations
and found that, on days without scintillation, it was around half an
hour (Figure 3). After that, an example of a visualization based on
data from September 13, 2017, at HYD was given.

Based on many criteria, satellites 105 and 106 were determined to
be undergoing the strongest scintillation in the first strategy. On
the other hand, eliminating 106 led to only moderate gains (5.5%
in height and 4.6% in 3D error), while eliminating 105 had no effect
on RMSE for either height or 3D errors. When compared to
previous tactics, this one proved to be less successful, which raised
concerns regarding the characteristics of the deleted satellites and
other circumstances that would result in PPP enhancements.
Furthermore, the loss of a single satellite had no impact on GDOP
when the number of satellites was high and the geometry was
appropriate.

The observation removal technique produced more significant
gains. Compared to MP1 and MP2, ROTI-based criteria produced
better improvement rates above 80%. Combining variables like
MP1, MP2, and ROTI produced notable improvements that had
improvement rates of more than 80%. Using MT (multipath
threshold), in particular, the observation removal technique
performed better than the satellite removal strategy. Care must be
used though, as selecting a bigger MT might affect the geometry

of the satellite and raise GDOP, which would affect positional
stability.

A steady substitute was offered by the weight approach, which was
covered in Section 3.1.4 and showed improvements without
impacting GDOP. Comparable gains were seen between
scintillation and standard values. The weight technique provided
steady, dependable gains, although it was not as effective as the
observation removal strategy.

The satellite removal technique was less successful, resulting in
improvements on just a few days and frequently of little
importance, according to Tables 1-2, which summarise data over a
10-day period. On the other hand, the approach of observation
elimination shown more significant advancements, with promising
scintillation parameters. Even while the weight method showed a
smaller percentage of improved days, on other days it showed
greater benefits. In summary, the selection of a mitigation method
is contingent upon particular circumstances, with the technique of
observation elimination providing notable enhancements. On the
other hand, the weight technique offers consistent and dependable
gains without affecting the geometry or availability of satellites.
The study emphasizes that for PPP improvement to be effective,
cycle slip events, elevation angles, and satellites influenced by
scintillation must all be carefully taken into account.

Moreover, there may be situations when one works when the other
does not, and vice versa, due to differences in the effectiveness of
standard and scintillation parameters. Standard parameters, in
particular MP, are able to describe scintillation and multipath
effects, which may make them more adaptable for down-weighting
different kinds of errors. This adaptability raises the possibility that
conventional settings might mitigate scintillation effectively. On
the other hand, because they may more accurately capture
scintillation, scintillation parameters such as ROTI may perform
better in situations where conventional parameters are inadequate.

Crucially, our approach removed the rigid reliance on scintillation
parameters and provided an alternative with equal performance
utilizing standard parameters (MP and ROTI). This adaptability
makes it possible to use data with a 1-second time interval, which
enhances the scope of the scintillation investigation. The reach and
breadth of scintillation studies are increased by utilizing data from
NavIC.

To further increase location accuracy, future research may examine
the integration of data from many other GNSS constellations. In
particular, a fruitful direction might be to assess the weight and
observation removal procedures with an emphasis on satellite
geometry. Because the observation removal technique benefits
from more visible satellites, it may be able to retain superior
satellite geometry when applied to several GNSS. Furthermore, the
implementation of sophisticated techniques like genetic
algorithms, machine learning, and Bayesian optimization may
improve the effectiveness and uniformity of the weight scheme.
Therefore, more investigation is necessary to evaluate these
techniques'  effectiveness  utilizing  these  cutting-edge
methodologies.

5. Conclusion

In order to reduce scintillation effects on Precise Point Positioning
(PPP), this study investigated three different approaches: satellite
removal, observation removal, and a unique weighting strategy.
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Every method demonstrated distinct features and results, offering
important new perspectives on scintillation reduction. The small
amount of increase in location accuracy was obtained using the
satellite removal approach. On the other hand, the approach of
observation removal constantly showed significant improvements,
demonstrating its efficacy. The strategy's dependence on deleting
observations may lead to instability, mostly because of changes in
GDOP brought about by large deletions. One possible way to
overcome this constraint is to investigate data from several satellite
constellations. The most promising method was the weight
technique, which produced surprisingly 93.14% improvement in
height inaccuracy. Notably, in both the weight and observation
removal procedures, conventional metrics like MP and ROTI
demonstrated performance parity with scintillation parameters.
The observation removal approach is a noteworthy invention, even
with its recognized drawbacks. Notwithstanding its drawbacks,
this approach offers a convenient substitute for the weight
technique while yielding steady improvements in error rates.
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