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ABSTRACT

With snapshot positioning becoming popular for various applications, the present contribution focuses on the fea-
sibility of achieving Real Time Kinematics (RTK) positioning using snapshot data, i.e. a very brief interval of the
received satellite signal. This method is termed as Snapshot RTK (SRTK). We first introduce the general workflow
of snapshot positioning and the SRTK engine functioning blocks. Their differences from traditional receivers and
challenges brought by the short duration of data are explained. Since a major difference of this positioning method
is the generation of code and carrier-phase GNSS observables, we go through this procedure in details. In order to
explore the feasibility of achieving RTK under different scenarios, the rate of Integer Ambiguity Resolution (IAR)
is assessed by using snapshot measurements generated with different integration times and signal bandwidths under
zero-baseline configuration. Under these assumptions, the key factor that influences the RTK fix rate is the code
measurement noise. Double Difference (DD) code measurement errors are evaluated and plotted together with the
resulting IAR fix rates in order to find the relationship between them. The performance of using multi-constellation
and multi-frequency signals is tested as well. The fix rate can reach 100% when multiple constellations are used. The
achieved positioning accuracy is shown to be less than 5 mm in horizontal domain when IAR is achieved successfully.
Finally, some conclusions and thoughts about future research steps on SRTK are given.

INTRODUCTION

Global Navigation Satellite System (GNSS) receivers play an important role in the applications such as Internet-of-
Things (IoT) and Location-Based-Services (LBS) [1–3]. These services usually have a large amount of users and that
is why positioning service providers choose receivers that not only provide accurate navigation solutions, but also
have a low cost and power consumption. The trade-off between accuracy, cost and power consumption is critical for
the service providers. Among all the new GNSS methods, a very promising concept is the cloud-based receiver [4].
This type of receiver takes a snapshot of data recorded by a radio front-end and transmits it to the cloud, where all
the following signal and data processing are executed. The cloud platform has the advantage of powerful computa-
tional capability and benefits from the convenience of online assistance data such as precise satellite ephemeris and
atmosphere correction models. Applications like asset tracking are ideal for this type of receivers as they request po-
sition information only at the epochs when the users need to find the device, during the rest of the time, the receiver
can be switched to sleep mode in order to save power. Cloud-based snapshot receivers have a higher efficiency than
conventional receivers in terms of energy consumption [5].
Operating with short data recordings requires a different architecture of signal processing engine. Currently, most
commercial GNSS receivers follow a traditional close-loop scheme. That is, tracking the received signal and then
generating code-pseudorange and carrier phase measurements, which are finally used as input to compute the navi-
gation solutions. Snapshot receivers, however, implementing open-loop architectures, require external assistance and
a modified navigation filter to compute a position fix [6] [7].
The positioning accuracy depends on the satellite geometry and the quality of code pseudorange and carrier phase
measurements. The former is only influenced by the number and position of satellites in view, whereas the latter can
be influenced by the environment and receiver settings such as integration time, signal bandwidth, etc. Since cloud
platform has the natural advantage of access to online differential correction data to cancel out common errors from
orbit, satellite clock, and propagation effects, the main concern for snapshot receivers is the measurement noise. In
addition, Real Time Kinematics (RTK) reaches centimeter level accuracy when the carrier phase Integer Ambiguity
Resolution (IAR) can be performed successfully, although it requires high quality of code and carrier phase mea-
surements. This concept of achieving instant RTK fix is what we refer to as Snapshot RTK (SRTK). In order to
achieve SRTK, a few challenges have to be tackled. On the one hand, the values of the unkown phase ambiguities
are changing for every epoch, which can be understood as if all carrier phase measurements present a cycle slip. This
requires a high efficient algorithm to achieve IAR instantly. The Least-squares AMbiguity Decorrelation Adjustment
(LAMBDA) Integer Least Square (ILS) algorithm [8] is a good example as it has the best performance compared to
other IAR algorithms [9]. On the other hand, the fact that snapshot receivers only produce fractional carrier phase
measurements makes IAR more difficult. In addition, the generation of code and carrier phase observables is totally
different from traditional GNSS receivers as snapshot data are usually too short to decode time information. While
[10] shows that SRTK fix is achievable under certain Signal to Noise Ratio (SNR) requirements, these conclusions
are based on simulated data, which avoids most bothersome influences from actual environments.



The aim

We define the RTK feasibility as the IAR fix rate in this paper. The aim of the present contribution is to achieve
RTK IAR using real snapshot recordings. Based on that, we further analyze the IAR fix rates and explore the
necessary conditions in order to obtain a RTK fixed solution in a single epoch. SRTK experiments with different
settings of signal bandwidth and integration time are performed in order to characterise their influences on the fix
rate. Besides, Double Difference (DD) code measurement error magnitudes are investigated and their relationship
with the IAR fix rates is another target to be explored in this paper.

Paper structure

The paper is organised as follows. The present section is the Introduction. In the next section, we introduce the
theoretic background about SRTK, methods used to generate snapshot measurements, and the navigation filter
details. Then, in the third section, we explain the experiments setup for all the data collected for this paper. In
section 4 “Results and discussions”, the SRTK processing results of these data are analysed and discussed. Finally,
the conclusions about SRTK feasibility are drawn in the last section.

METHODOLOGY: SRTK MEASUREMENTS AND FILTER

This section first introduces the general work flow of snapshot positioning and the navigation engine of SRTK.
The processing details about the generation of GNSS measurements are then described. This is followed by the
explanations of the equations used in the navigation filter for SRTK.

SRTK Workflow

Figure 1: Comparison of traditional RTK receiver workflow (left) and SRTK workflow (right).

Figure 1 illustrates the basic architectures of two types of GNSS receivers. The cloud-based SRTK receiver is
depicted on the right side. It starts from the snapshot receiver receiving the GNSS signal from the antenna and
down converting it to base band. Then, it relies on a communication module to transmit the collected snapshot
data to the cloud. Meanwhile, the cloud platform gathers all the necessary data to support the SRTK processing,
the assistance data include a rough estimate of time and position of the user, the ephemeris data and base station
observables, etc. Then, all the signal and data processing, as part of the SRTK engine, is processed on the cloud.
The output Position Velocity and Time (PVT) solution is then fed to the client user front end, such as an asset
tracking web page, or sent back to the receiver depending on the user needs. This solution may be stored to be used
as the rough position input for the future snapshots generated on the same receiver. As a comparison, a traditional
RTK receiver workflow is depicted on the left side of Figure 1. The main difference is that traditional RTK receivers
have the whole positioning engine located on the receiver while snapshot receivers have the processing in the cloud,
which leaves the GNSS hardware as simple as a radio front-end. For this reason snapshot receivers have a much
smaller energy demand compared to traditional receivers [11].
The blocks composing the SRTK engine are illustrated in Figure 2. The incoming signal samples first pass through an
assisted acquisition module that generates time delay, Doppler frequency and carrier phase measurements referenced



to the beginning of the snapshot. Then, together with assistance data of rough position and time of the user, the
time delay and Doppler measurements go through a Coarse-time navigation filter as described in [12] in order to solve
the receiver time millisecond ambiguities. With this process we obtain an estimate of the receiver time and position.
These results are then used to generate a RINEX file which is later used in the RTK navigation filter together with
the base station observation data. Finally, the SRTK engine outputs a RTK PVT solution. More details about the
SRTK engine functional blocks of are described below.

Figure 2: Internal architecture of SRTK engine.

Pseudorange and carrier phase generation

In a traditional receiver, a satellite acquisition process is adopted to detect the coarse code phase and Doppler
frequency of the received signal, after that, tracking loops such as Delay Lock Loop (DLL) and Phase Lock Loop
(PLL) are applied to generate precise measurements. However, this is not possible for snapshot receivers due to the
limitation of short period of snapshot data. An open-loop architecture has to be implemented for snapshot receivers.
The time delay estimation is done by exploiting the auto-correlation properties of the Pseudo-Random Noise (PRN)
codes. In order to estimate the delay of the signal with a greater accuracy, the use of interpolation techniques is
necessary [7]. Similarly for Doppler measurements, a narrow-bin search and a interpolation method is used in order to
obtain a high precision on this measurement. The carrier phase measurement is generated by exploiting the phase of
the complex Inverse Fast Fourier Transform (IFFT) output. The obtained carrier phase measurement is a fractional
value between 0 and 2π since no accumulation steps are applied like in close-loop methods. In order to increase the
speed of this processing, assistance data are used to reduce the number of choice bins of Doppler and Code delays.
Some further data processing steps are necessary after these measurements are obtained by the acquisition step.
While the code delays only represent the distance from the start of the received signal samples to the beginning of the
code period in GPS time, the receiver must build the full pseudoranges to make it work with standard in a navigation
filter. Fortunately, with the assistance data from the cloud, we can assign different numbers of integer code periods
based on the geometric ranges of the satellites to form the full pseudoranges, same as how the millisecond ambiguities
are resolved in the coarse-time SPP filter [12].
As for carrier phase measurements, while adding integers to these phase measurements does not influence the RTK
filter as the integers are estimated as part of the unknowns, when generating RINEX files, it is advised to pre-align
an integer that correspond to the magnitude of code pseudoranges to the phase in order to avoid any numerical issues
that might occur in the positioning engines. Besides, many positioning engines have the option to detect cycle slips
before processing the data. It is important to disable this feature if it blocks the data from being processed, simply
because using snapshot data means every epoch has a cycle slip, or as [13] explained in a more positive way, SRTK
is immune to carrier-phase cycle slips since the aim is to achieve IAR in a single epoch.
As an intermediate product of snapshot RTK, a snapshot RINEX file can be generated by gathering all the mea-
surements, so that it can fit different positioning engines in order to compute a PVT solution. Besides, with these
data collected in a file, they can be processed in post-processing mode as well.

SRTK navigation filter

For the SRTK navigation filter, the implementation is not much different from other softwares such as RTKLIB [14].
In order to achieve IAR, the typical three-step procedure is adopted [15]. These three steps are, namely, calculation



of float solution, DD ambiguity integer estimation and re-calculation of fixed solution are explained hereafter.
First of all, the float solutions are calculated based on both code and phase measurements. For this step, a simple
single-epoch Weighted Least Square (WLS) is applied instead of the more conventional Kalman filter that makes
use of time-history information. The DD code and phase measurement pre-fit residuals are the inputs of the WLS.
These pre-fit residuals are calculated by subtracting geometric range of the receiver and all modeling terms from the
measured pseudoranges [16]. For zero-baseline configuration, we can safely consider that measurement errors caused
by atmosphere, clocks and ephemeris cancel out in the DD process [17], yielding the following equations of DD phase
and code:

Φjk
rb,i = ρjkrb + λi

(
bjrb,i − bkrb,i

)
+ εΦ

P jk
rb,i = ρjkrb + εP

(1)

In this equation, Φjk
rb,i and P jk

rb,i are the DD pre-fit residuals of the carrier phase and pseudorange measurements.
The subscript r and b stand for rover and base respectively while the superscript j and k are the indices for the two
satellites used to build this DD measurement. ρjkrb stands for the DD geometric range. The term bjrb,i represents the
Single Difference (SD) ambiguity between the rover and base receivers and λi is the wavelength for frequency i.
Notice that for phase measurements, the DD ambiguity terms are represented by the subtraction of SD ambiguities,

as the SD ambiguities bi =
(
b1rb,i, b

2
rb,i, . . . , b

m
rb,i

)T
are estimated in the filter instead of the DD values in order to

simplify the reference satellites re-selection process. Here the superscript m represents the number of satellites used
in the filter. Besides these SD ambiguities, the baseline vector rr holds the remaining unknowns included in the
WLS states:

x =
(
rTr , b

T
i

)T
(2)

Within a total of m satellites, index 1 is considered as the reference satellite, then we can construct the measurements
and corresponding geometry matrix as:

y = (Φ12
rb,i,Φ

13
rb,i, . . . ,Φ

1m
rb,i, P

12
rb,i, P

13
rb,i, . . . , P

1m
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T (3)
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(
D ·Ub D
D ·Ub 0

)
(4)

Where the term Ub =
(
e1
b , e

2
b , . . . , e

m
b

)T represents the Line-of-Sight (LoS) vector for all satellites calculated at the
base receiver position. Here ejb is the unit vector from the base to satellite j. Matrix D is used to conduct the
differencing procedure among satellites. It can be expressed as:

D =


1 −1 0 · · · 0
1 0 −1 · · · 0
...

...
...

. . .
...

1 0 0 · · · −1

 (5)

Note that the column of 1s may change position depends on the index of the selected reference satellite. The float
solutions and covariance matrix of the output unknowns are then calculated using:

x̂ = x0 +
(
HTWH

)−1
HTWy =

(
r̂Tr , b̂i

T
)T

(6)

Px̂ =
(
HTWH

)−1
=

(
Pr̂r

0
0 Pb̂i

)
(7)

x0 is the initial estimate of the baseline and SD ambiguity vector, in this paper a zero vector is applied as we use
the base station coordinates as the initial guess of rover position. The weighting matrix W is constructed that the
phase measurements have 300 times higher weight than that of the code measurements, due to the fact that phase
measurements are much more precise. The output gives us the estimated DD ambiguities by Db̂i, and its covariance
matrix as DPb̂i

DT .
These outputs are then fed to the second step of IAR: Integer estimation. The LAMBDA ILS method is adopted

in this paper as it has been proved an efficient method of integer estimation [9]. After the proper integers are



determined, the last step is to use them back in equation 1 to obtain a fixed solution with high accuracy thanks to
the now unambiguous phase measurements.
Besides providing the best estimate of the integer ambiguities, the LAMBDA method also provides the second best
candidate ambiguity vector and calculates their distances to the float ambiguity vector in the metric of the variance-
covariance matrix. The ratio between these two distances is used as an indicator about the reliability of the output
ambiguity integers and based on that a simple “Ratio-Test” can be implemented. This ratio factor is named as the
LAMBDA Ratio Factor (LRF) in the following discussions. A LRF value of 3 is used in this paper as the threshold
to determine if the solution is fixed. The IAR fix rate is calculated as the percentage of snapshots with LRF greater
than this threshold. The fix rate is used as the main parameter to indicate the RTK feasibility.

EXPERIMENT GOALS AND SETUP

In order to experiment on the feasibility of SRTK IAR under different conditions, several sets of data have been
generated and analysed. The original rover data were collected by a Labsat GNSS signal recorder [18] with signals
from L1 and L5 frequency bands at 58 MHz sampling rate with a bandwidth of 56 MHz. The reference station data
was collected by a Septentrio PolaRx-5e receiver connected to a PolaNt-x Multi Frequency antenna that is statically
located on a roof near Barcelona, Spain, as can be seen in Figure 3. In order to avoid the influences from other

Figure 3: Antenna location

measurement errors, in this paper we use RTK in “zero-baseline” configuration. For that the Labsat and the base
receiver are connected to the antenna through a splitter that ensures the same signal is received by them. Besides,
a satellite elevation cut-off angle has been set at 10 degrees. The total length of the rover data recording is 90
seconds, collected on 19th of May, 2020. We have divided this data set into 450 snapshots with each snapshot having
a length of 200 ms. The Septentrio receiver started recording base station files 5 minutes before the Labsat started
recording to ensure that the rover snapshots can get a timely correction data for SRTK. The base station provides
measurements at a 1 Hz rate.
In this paper, the following 3 terms have been investigated:

1. Influence of integration time and bandwidth on IAR fix rate

2. Relationship of code noise level and IAR fix rate

3. Influences of multi-constellation and multi-frequency data on IAR fix rate

The following experiments are set up with these goals in mind. First of all, in order to evaluate the RTK fix rate
using different integration times. We have run the SRTK filter with integration times of 20 ms, 40 ms, 60 ms, 80 ms
and 100 ms, while keeping all other settings identical for these executions. For evaluating the influence of different
bandwidths, we have down-sampled the original 58 MHz files to lower values, since reducing sampling frequency also
effectively reduces the bandwidth as well. We have obtained data sets with bandwidths of 11.2 MHz, 14 MHz, 15.4
MHz, 17.5 MHz, 19.6 MHz, and 24.5 MHz. Signals from GPS L1CA are used here for the analysis.
For the second goal, the DD code measurements are also saved before being fed to the WLS calculation while running



SRTK, from that we can calculate the DD code measurement Root Mean Square Error (RMSE) from all satellites
for each epoch of the data sets, with the following expression:

RMSE(n) =

√√√√ m∑
j=2

(P 1j
rb,i(n))2/(m− 1) (8)

Where n represents the index for the snapshot epoch. Same as before, j is the satellite index, and m is the total
number of satellites used. The first satellite is used as the reference satellite and that’s why the summation starts
with j = 2. With these data in hand, we can infer the relationship between the SRTK fix rate and the DD code
measurements noise level.
Besides the code noise, the use of other constellations also influences the final IAR fix rate. As the number of satellites
increases when multi-constellation signals are used, this influences the precision of the estimated float ambiguities,
and thus impact the fix rate. For the third goal, both GPS and Galileo constellations are used for multi-constellation
processing while L1 and L5 frequency bands are applied for multi-frequency processing. The resulted solutions are
then compared with the single constellation single frequency solutions in terms of RTK fix rate.

RESULTS AND DISCUSSIONS

Integration time and bandwidth impact

First of all, the variation of calculated LRF and DD code measurement RMSE are represented in the time domain.
As an example, outputs for data set of 11.2 MHz bandwidth with different integration times are shown in Figure 4.
Only GPS L1CA signal is used for this processing, and the carrier-to-noise density (C/N0) values of these satellites
are plotted in Figure 5.

Figure 4: Time plot of LRF and DD code RMSE for 11.2 MHz bandwidth

As can be seen in the top panel of Figure 4, the LRF appears to be quite noisy along time since SRTK engine
takes one snapshot data a time and these data are totally independent from other epochs. The DD code RMSE is
calculated based on all satellites from only the current snapshot of data, thus it is noise-like as well, as depicted in
the bottom panel of Figure 4. However, as expected, the mean magnitude of this parameter decreases when longer
integration time is used, which means the rover code measurement quality has improved. The blue curve, which
represents the signal with integration time of 20 ms, shows a larger DD code RMSE compared to the purple curve
that represents an integration time of 100 ms. To show this trend more clearly, Figure 6 shows this pattern on the
right panel using data with other bandwidths as well.
It can be observed in Figure 6 on the left that the IAR fix rate increases when the integration time increases. However,



Figure 5: C/N0 of GPS satellites in the collected data

Figure 6: Integration time and bandwidth impact on fix rate and DD code RMSE

with only GPS L1CA signal used, the best RTK fix rate achieved in these experiments is only 51%. When 20 ms
of integration time is used, the fix rate are all below 20%. The plot on the right shows that the longer integration
time we use, the lower DD code measurement RMSE we can get. Note that for this plot, the RMSE are calculated
based on all the epochs of this data set. The lowest DD code RMSE value obtained in these date sets is less than
1.5 m, which corresponds to the fix rate of 51%. While looking at the curves from different signal bandwidth, it is
concluded that the fix rate and code measurement quality both improve when the signal has a larger bandwidth.

Code noise impact

Same as the previous subsection, in order to explore the code noise impact, GPS L1CA signals with the 5 different
integration time and 6 different bandwidth settings mentioned in previous section are applied, which means a total
of 30 sets of measurements are available for the code quality impact analysis, with 450 epochs included in each of
them. The DD code RMSEs of all satellites are calculated for each of these 13500 snapshots. The results are plotted
in Figure 7 on the left. There is a pattern that with smaller DD code RMSE, the LRF tends to be higher and thus
result in a higher fix rate. In order to show the relationship between the DD code quality and the fix rate, a simple
partitioning is performed. We sort these data points by their DD code RMSE magnitudes in an ascending order and
divide them into 270 groups with the sorted index, each group has 50 snapshots and the maximum DD code RMSE
of the current group is smaller than the minimum of the next group. The mean LRF and fix rate of each group is
calculated and plotted on the right side of Figure 7.
The trend matches the raw data points on the left, which shows a decrease in fix rate and mean LRF when the code
RMSE goes higher. From this plot we can also see that in order to achieve a 90% fix rate, we should have DD code



Figure 7: Relation ship between DD code RMSE, IAR fix rate and LRF

measurement RMSE smaller than 1 m, which correspond to a mean LRF between 6 and 8.

Multi-constellation and multi-frequency impact

To investigate the improvements brought by using Multi-Constellation Multi-Frequency (MCMF) signals, different
combinations are considered as shown in Table 1. Same as in previous sections, signals of 6 different bandwidths are
processed while other settings are kept identical for all these scenarios. The integration time is set to 100 ms for this
experiment.

Bandwidth [MHz] GPS L1CA GAL E1C GAL E5A GPS L1CA&
GAL E1C

GPS L1CA&
GPS L5

GAL E1C&
GAL E5A MCMF

11.2 27.78% 36.67% 23.56% 100% 97.33% 100% 100%
14 24.22% 43.11% 69.78% 100% 98.67% 100% 100%
15.4 41.56% 45.33% 90.89% 100% 99.78% 100% 100%
17.5 39.11% 50% 99.56% 100% 99.78% 100% 100%
19.6 48% 50.22% 100% 100% 100% 100% 100%
24.5 51.33% 57.33% 100% 100% 100% 100% 100%

Table 1: IAR rate with different combinations of constellation and frequency bands, with 100 ms integration time

When only using GPS L1CA signals, the maximum fix rate that can be reached among all these data sets is 51.33%, it
is slightly higher when using Galileo E1C only, although the maximum fix rate is still only 57.33%, which is achieved
at the bandwidth of 24.5 MHz. However, Galileo E5A signal brings an improvement in terms of fix rate, except for
the cases when a bandwidth of 11.2 MHz is used, in other cases of bandwidths of 19.6 MHz and 24.5 MHz, the fix
rates are 100%. Note that the nominal bandwidth of Galileo E5A signal is 20 MHz, it can be expected that their
performance is worse when a lower bandwidth is used. The case with GPS L5 signal only is not listed here because
there are only 5 GPS satellites observed in this data set transmitting signals in L5 frequency band, and no IAR fix
has been achieved for this case. However, When both GPS and Galileo constellations are used, the result shows
that IAR is not a problem anymore, as a 100% fix rate is obtained for all these scenarios. As for multi-frequency
processing, the output fix rate is also almost 100% for all scenarios, except for the cases when GPS L1CA and L5
are used with bandwidths lower than 17.5 MHz, nevertheless, these values are still higher than 97%. The column for
MCMF represents that case when all four signals are used, and 100% fix rate can be achieved as well in this case.



Positioning accuracy

When IAR has been achieved, centimeter level accuracy is expected from the fixed solutions. The positioning results
when using GPS L1CA and GPS L5 signal at 24.5 MHz bandwidth is presented in Figure 8. The positioning errors

Figure 8: SRTK fixed solution accuracy

in north and east are all less than 5 mm. The Circular Error Probable (CEP) circle, shown in orange color, contains
half of the positioning points inside, and it has a radius of 1.4 mm. The RMSE in the horizontal domain is presented
as the green circle and has a magnitude of 1.8 mm. The P95 circle, which represents the error magnitude that
95% of the data points can reside in, has a radius of 3.4 mm. Note that these results correspond to a zero baseline
experiment with a high-end reference receiver. Overall this positioning accuracy is extremely high and should satisfy
any IoT or LBS applications.

CONCLUSIONS

The main goal of this paper is to demonstrate the feasibility of SRTK using real signals under different scenarios in
terms of integration time and signal bandwidth. This has been achieved as IAR can be performed successfully. To the
best of our knowledge, this is the first time that SRTK has been achieved with live signal recordings. The real data
results have shown that SRTK is feasible as long as the noise of the code measurements remains low. More specifically,
a DD code RMSE of all satellites lower than 1 m allows a fix rate higher than 90%. Increasing the integration time
used in the assisted acquisition step improves the code measurements quality and as a result, increases the IAR
fix rate. The same goes for the bandwidth parameter, the higher it is, the more possible the ambiguities can be
fixed. Besides, as shown in the results, when considering the processing from independent constellations, Galileo
signals perform slightly better than GPS signals, while using multiple constellations together has totally solved this
problem. A 100% fix rate is achieved for all the data sets that have been used in multi-constellation mode. Using
L1 and L5 frequencies together also dramatically increases the fix rate, it has a performance of over 97% fix rate
for all bandwidths used. In contrast, the fixed rate is lower than 60% when single frequency is used. After the
ambiguities are fixed, the positioning solution under zero-baseline configuration is accurate to millimeter level, the
errors in horizontal domain are all smaller than 5 mm.



As research on SRTK is still at the preliminary stage, it is an innovative field that a lot more aspects can be
investigated in the future. The data processed in this paper is very limited and further experiments shall confirm
this findings. One important aspect to investigate is the relationship between the baseline distance and the fix rate,
this is especially important for practical applications. Besides, influences from atmosphere, multi-path, maximum
delay of correction data can all influence the feasibility of SRTK and need to be further investigated.
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