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Abstract
This paper presents a method for automatically detecting and analyzing offsets in GNSS (Global Navigation Satellite System)
position time series using the RMS (Root Mean Square) sliding-window approach. This technique identifies anomalies that indicate
offsets within the time series. To adjust parameters such as linear trends, seasonal signals, and offsets accurately, synthetic model of
GNSS position time series is utilized. The method is implemented in an automated program, pygps_ts, programmed by Python. The
effectiveness of this approach is validated using both synthetic and real data from CORS (Continuously Operating Reference Station)
stations in Vietnam. The results show that the program can accurately and efficiently detect and analyze offsets, identifying the epochs
and magnitudes of these offsets in various scenarios. This study offers a practical tool for GNSS data processing, which is especially
useful for tectonic studies and geodetic applications in Vietnam, where the continuous GNSS network is still developing. The study
demonstrates the potential of this method for broader applications in monitoring and analyzing GNSS data in different regions. s

accuracy and efficiency in offset detection and analysis.
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1. Introduction

In recent decades, the Global Navigation Satellite System
(GNSS) has emerged as an indispensable tool in the field of
geodetic monitoring of Earth's crustal movements. Continu-
ous GNSS stations, campaign GNSS stations, and continuous-
ly operating reference stations (CORS) observe signals from
GNSS satellites [1], including USA’s GPS, Russia's GLONASS,
Europe's Galileo, Japan's QZSS, and China's BeiDou, enabling
the generation of position time series for monitoring stations.
With the advantage of continuous data and dense observa-
tion stations, these networks of GNSS stations facilitates the
monitoring and analysis of both short-term and long-term
variations in Earth's crust with millimeter-level accuracy [2].
These data are processed and analyzed to determine tempo-
ral displacements, including linear displacement, seasonal
variations, and offsets due to earthquakes, land subsidence,
or other geological phenomena. This information is crucial
for earthquake forecasting and understanding the processes
occurring within the Earth [3-5].

In processing and analyzing GNSS position time series
using geodetic methods, determining a mathematical mod-
el to comprehensively describe the recorded phenomena is
crucial. This approach helps in accurately and thoroughly
identifying the movement parameters of the GNSS stations
for various research purposes [6-9]. For GNSS stations mon-
itoring crustal displacement in Vietnam, the recorded phe-
nomena primarily include linear trends, periodic movements,
and offsets (or jumps) in the position time series [7, 10-12].
These offsets can be caused by various factors, such as tecton-
ic activities like earthquakes, or technical issues like station
location changes, antenna changes, or other technical errors.
These offsets significantly impact the accuracy of movement

parameter estimates in the GNSS position time series if they
are not detected and corrected [7, 13-16].

In the study on offset detection in GPS coordinate time
series, Amiri-Simkooei et al. [6] developed a method using
a functional model (including linear trends and periodic sig-
nals) and a stochastic model (including white noise and col-
ored noise). By integrating both models, the offset detection
method becomes more effective, improving the accuracy of
GPS time series analysis and interpretation. Bruni et al. [17]
applied the Sequential t-test Analysis of Regime Shifts meth-
od to identify the epoch and magnitude of offset in GNSS
data sets, showing that the offsets identified are split into
48% true-positive, 28% false-positive, and 24% false-nega-
tive events with synthetic data. This method was successfully
applied to a GPS time series spanning over 15 years in the
Po Plain, Italy, and was validated as effective when compared
with other observational techniques. Khazraei & Amiri-Sim-
kooei [18] investigated improving the performance of the
offset detection method in GNSS time series using a spline
function, referred to as As-mode. The GNSS coordinate time
series, including linear trends, seasonal signals, jumps, and
white noise combined with colored noise, were simulated to
compare performance. The results indicated a significant im-
provement in the overall performance of the algorithm, with
the true positive detection rate increasing to 61.1%. Addi-
tionally, in 90% of cases, the velocities of the stations were
estimated with an error of only 0.8 mm/year compared to the
simulated values. A novel approach in GNSS position time
series analysis involves the application of machine learning
techniques for offset detection. Crocetti et al. [16] utilized ten
machine learning algorithms to identify offsets in series at-
tributed to seismic events in Japan. The results demonstrate
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Fig. 1. Sliding-windows in GNSS position time series

Rys. 1. Przesuwne okna w szeregach czasowych pozycji GNSS
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Fig. 2. The relationship between the offset and the RMS of the sliding-widow [22]

Rys. 2. Zaleznos¢ przesuniecia od wartosci skutecznej okna przesuwnego [22]

that the Random Forest method yielded the highest perfor-
mance, though it only attained an F1 score of 0.77, a recall of
0.78, and a precision of 0.76.

In Vietnam, the application of GNSS in crustal displacement
monitoring has been initiated and is in its early stages. GNSS data
processing is largely conducted using softwares such as Gamit/
GLOBK [19] or Bernese Bernese [20] with limited research on
GNSS position time series analyzing. In a study on absolute
displacements in the Tam Dao region, Vy Quoc Hai et al. [21]
processed data of 6 mesurement cycles in 1996 and 2006 of GPS
network using GPSurvey and Bernese software to determine the
displacements of observation stations. Due to the availability of
coordinate data at only 6 epochs, the motion of the observation
stations was described using linear trend function.

In studies conducted by Tran et al. [7, 12], the authors
processed data from the network of CORS stations across the
territory of Vietnam to determine the velocity vector field.
The daily GNSS position time series obtained were processed
using a comprehensive motion model including linear trends,
seasonal signals, and offsets. However, the epoch of the offsets
was not automatically determined.

Thus, it is evident that in Vietnam, study on analyzing
and processing the GNSS position time series to determine

crustal displacement parameters is still limited, representing
early-stage investigations. Studies in this field are crucial, par-
ticularly in light of the operationalization of the Vietnamese
national satellite positioning network (VNGEONET) which
is anticipated to catalyze continuous GNSS applications in
Earth science research. Moreover, both globally and in Viet-
nam, continuous GNSS networks are expanding spatially,
leading to an accumulation of increasingly voluminous data
over time. Consequently, processing the position time series
of these continuous GNSS networks will encounter challeng-
es associated with large and complex datasets. Therefore, it is
essential to study the application of algorithms and computa-
tional tools to facilitate swift, robust, and accurate analysis of
GNSS position time series.

This paper focuses on developing a method for the au-
tomatic detection and analysis of offsets in GNSS position
time series. The method utilizes an RMS (Root Mean Square)
sliding-window approach to analyze consecutive coordinates
within the time series. Subsequently, a synthetic model of the
GNSS position time series is employed to accurately adjust
the parameters of the model, including linear trends, sea-
sonal signals, and offsets, which are common and significant
phenomena at continuous GNSS stations in Vietnam. The
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Fig. 3. Detecting the location of the offset in the sliding-window with anomalous RMS value

Rys. 3. Wykrywanie polozenia przesuniecia w oknie przesuwnym z nieprawidlowa wartoscia RMS
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Rys. 4. Wykrywanie przesunig¢ w szeregach czasowych pozycji GNSS

method is then implemented as an automated GNSS position
time series analysis program using the Python programming
language. The method and the developed program are tested
using both simulated data and actual data from two CORS
stations of the TAST network in Vietnam.

2. Methodology
2.1. RMS sliding-window method for offset detection

This method relies on the variation of the root mean square
(RMS) of adjacent coordinates within a temporal window of
GNSS position time series to detect offsets [22]. An anomaly is
indicated when the RMS value of a corresponding window ex-
ceeds a threshold, indicating that this window contains an offset.

Sliding-window determination and RMS anomaly indentification:

Sliding-windows are determined by spanning consecutive
coordinates within the time series. For instance, for a compo-
nent coordinate {XI,XZ,. .. ,xn}, the first window spans from X, to
..), and so forth, un-

x,,.» the second window from x, to x

1+m’ 2+m’*

til the last coordinate (see Figure 1). Thus, with n coordinates,
there are n-1 sliding-windows.

The RMS value for each window is computed using the
formula (1):

(1

z:;'1:1("]' )

m—1

RMS; =

where X, is the j-th coordinate of the i-th window, and X, is the
average coordinate of n coordinates in the i-th window.

The number of coordinates in the sliding window, denot-
ed by m, is chosen to balance statistical significance and sen-
sitivity to offsets. Here, m = 7 meets these criteria based on
experimentation.

The threshold for indentifying RMS anomalies is set at 3
times the median value of RMS values, corresponding to a
99% confidence level [23], denoted as € as per Formula (2):

e = 3.med(RMS)

(2)
where med(RMS) represents the median of RMS values.

Figure 2 illustrates the relationship between the offset and
the RMS of the sliding window. In Figure 2, the upper plot
represents a time series of coordinates (green dots) from 2008
to 2011, exhibiting an offset at epoch 2010.175. The lower plot
represents the RMS series of corresponding sliding-windows
(red line), with anomaly RMS values corresponding to the
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Rys. 5. Schemat dziatania algorytmu programu pygps_ts

Tab. 1. Adjusted and design parameters of synthetic data

Tab. 1. Parametry korygowane i projektowe danych syntetycznych

iti Seasonal motion
Coordinate Pg;littli?’l“ Velocity Annual term Semi-annual term ozf:)szezt':t
a c d e f g
(m) (m/ndm) (m) (m) (m) (m) (m)

Designed -0.0100 0.0200 -0.0010 0.0010 -0.0020 -0.0020 0.2000
North Adjusted -0.0100 0.0201 -0.0010 0.0010 -0.0021 -0.0020 0.2000

Deviation 0 -0.0001 0 0 0.0001 0 0
Designed 0.0100 0.0100 -0.0200 -0.0050 0.0050 -0.0050 0.2000
East Adjusted 0.0101 0.0100 -0.0200 -0.0049 0.0050 -0.0050 0.1999
Deviation -0.0001 0 -0.0001 0 0 0.0001
Designed -0.0010 0.0200 0.0100 0.0100 0.0100 0.0010 0.2000
Up Adjusted -0.0010 0.0200 0.0100 0.0101 0.0100 0.0010 0.1999
Deviation 0 0 0 -0.0001 -0 0 0.0001

window containing the offset. It is evident that this anoma-
ly value is substantial (24.1mm), significantly exceeding the
threshold value (horizontal dashed green line).

Offset detection in sliding-windows:

After identifying the window containing an offset based
on anomalous RMS values, offsets within this window are
determined based on the deviation between consecutive co-
ordinates. Specifically, the absolute differences between con-
secutive coordinates within the window are computed. For
a window of 7 coordinates, this results in 6 deviation values
calculated as per Formula (3).

dif f = [lag — 21|, 1% — x5, e 127 — x6] (3)

Offset in the window occurs at the deviation with a value
greater than 3 times the median of deviations within the win-
dow (3.med(diff)).

Figure 3 illustrates the determination of offsets within
a window with anomalous RMS values. On the left side of
Figure 2, there is a series of 7 consecutive coordinates (blue
dots) with an offset at the 4th coordinate. On the right side,
there is a series of 6 deviation values calculated from these
7 consecutive coordinates (red dots). It is evident that, cor-
responding to the offset at the 4th coordinate, the deviation
value at the 3rd position is anomalous, significantly exceed-
ing the 3.med(diff). Thus, within the window corresponding
to anomalous RMS, an offset occurs at coordinate i if diffi_ls3.
med(diff).

The process of detecting offsets using the above method
is accurate, fast, and automated as it can be programmed. The
steps outlined above are summarized in the flowchart depict-
ed in Figure 4.

This method of offset detection has been implemented
as a module to automatically detect offsets in the GNSS co-
ordinate time series analyzing program 'pygps_ts' using the
Python programming language [24], which will be presented
in Section 2.3.

2.2. Synthetic model of GNSS position time series and esti-
mation of parameters of synthetic model

The GNSS position time series represents the spatial
coordinates of a GNSS station over time within a three-di-
mensional coordinate system [25]. This time series is visually
presented using mathematical equations to analyze the factors
contributing to the displacements of observation stations. The
predominant mathematical equation, or synthetic model, en-
compasses parameters that characterize these displacements,
specifically: (1) the initial position of the series, (2) tectonic
displacement, indicating the movement of the Earth's crust
over time (velocity), (3) seasonal motion, which captures
displacements based on seasonal patterns, and (4) steps. The
GNSS position time series is mathematically modeled using
equations for each coordinate component (North, East, Up),
as delineated in Equation (4) [26]:
y(t;) = a+ bt; + csin(2nt;) + dcos(2mt;) +

(4)

esin(4nt;) + fcos(4nty) + Z;.li] giH({t —T) + v
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Rys. 6. Szereg czasowy pozycji stacji OFFS

where t, represents the time of the coordinate y (referred to
as measurement coordinate), t=1,2,3,....,n; a denotes the ini-
tial position; b indicates the displacement velocity; ¢, d, e, and
f are parameters of seasonal motion (c and d are of annual
term, e and f are of semi-annual term); g represents the mag-
nitude of the offset at epoch T, (n, is the number of offsets in
the series); H(ti—Tj) is the Heaviside function, H(ti—Tj):O:O if
tiSTj and H(ti—Tj):l if tiSTj; v, represents the error term.

Assuming that the epochs T, of the offsets are known,
Equation (4) contains parameters representing the displace-
ments of the GNSS observation stations as unknowns

x=labcdef gigsw gn,]" (5)
it is expressed in matrix form as Equation (6)
y=Ax+v (©]

in which: A is the design matrix, v is the residual vector, and y
is the coordinate vector.

Equation (6) is adjusted by least squares. Neglecting the
noise, the unknowns is determined by formula (7):

x = (ATA)"1(ATy) (7)

The predicted coordinates are calculated using formula (8):

The residuals, calculated using formula (9), represent the
differences between the measurement coordinates and the
predicted coordinates, thus indicating the best fit of the ad-

justed model.

)

Therefore, utilizing a synthetic model to depict the GNSS
position time series enables us to estimate the parameters de-
scribing station displacement. A pivotal input parameter re-
quired for GNSS position time series featuring offsets is the
epochs of these offsets. The method proposed for offset detec-
tion base on the RMS sliding-window approach as outlined
in Section 2.1.

2.3. Development of an automated program for detection of
offsets in GNSS coordinate time series

In order to analyze GNSS position time series automati-
cally and accurately, we have developed a program in Python
named pygps_ts. This program can automatically detect the
epochs of offsets using the method we introduced above, and
calculate the displacement parameters of the series. The pro-
gram's algorithm flowchart is shown in Figure 5.

The steps for processing the position time series of pygps_
ts include:

1. Reading the position time series data: The input data is
a file containing the GNSS position time series in the format
used by the GAMIT/GLOBK [27], which includes informa-
tion on time and GNSS coordinate values over time.

2. Detecting offsets: Use the RMS sliding-window method
to identify and determine the epochs of offsets in the position
time series.

3. Formulating and solving the system of equations for
each coordinate component of the position time series: For-
mulate the system of equations for each coordinate compo-
nent using the determined epochs of offsets using Equation
(4). Solve this system of equations using the least squares
method to determine the unknowns, which are the displace-
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Tab. 2. Adjusted displacement parameters of BD61 and BTIN
Tab. 2. Skorygowano parametry przemieszczenia stacji BD61 i BTIN

BD61 BTIN
Displacement parameters

North East Up North East Up
Velocity (m/year) -0.0104 0.0229 | -0.0352 | -0.0054 0.0424 | 0.0020
-0.0007 0.0012 | -0.0004 | -0.0009 | -0.00004 | 0.0009

Annual term
0.0002 -0.0003 | -0.0062 0.0008 0.0016 | 0.0006
Seasonal motion (m)
-0.0012 -0.0003 | 0.0010 0.0007 -0.0008 | 0.0007
Semi-annual term

-0.0005 0.0015 | -0.0020 -0.0001 0.0003 0.0006

at 2020.0025 -0.0020 0.0115 0.0017 - - -
Amplitude of offsets (m) | at 2020.4540 - - -48.0265 | -223.431 | 0.0023

at 2020.8720 0.0031 0.0012 | 0.0267 - - -

ment parameters of the position time series (displacement
velocity, seasonal motion, and offset amplitude).

4. Calculating the residual and predicted position time se-
ries: Calculate the predicted coordinate series using Equation
(8) and the residuals using Equation (9).

5. Printing result: The output comprises the adjusted dis-
placement parameters (displacement velocity, seasonal motion,
and offset amplitude), along with the residual time series and
predicted coordinates. The adjusted displacement parameters
are saved in *.txt format, while the residual time series and pre-
dicted coordinates are saved in GAMIT/GLOBK format.

The program pygps_ts has been utilized as a comple-
mentary tool in various studies [7, 12, 22]. The entire source
code of this program is now freely available via the link DOI
10.17605/OSEIO/N7V4C.

3. Data, results, and discussion

To evaluate the accuracy and efficacy of the offset detec-
tion method and the developed program, two datasets were
employed: synthetic data and real data. The synthetic data is a
synthetic GNSS coordinate time series model deliberately de-
signed with a predefined offset. Meanwhile, the real data com-
prises GNSS coordinate time series from two stations within
the CORS network operated by Tudng Anh Company, expe-
riencing two offsets due to antenna changes during operation.

3.1. Synthetic data and results analysis

The synthetic GNSS coordinate time series model spans
three coordinate components — North, East, and Up — over
a three-year period from 2021.0 to 2024.0, for a station named
OFFES (Offset). This synthetic model encompasses a linear
trend, seasonal movements, and an offset at epoch 2022.5,
with specific values detailed in Table 1. Subsequently, the data
is perturbed with an error of 0 = £1mm following a normal
distribution to generate the "measurement” coordinate time
series. The designed GNSS coordinate time series for the
OFFS station is plotted as blue dots along the time and coor-
dinate axes in Figure 5.a.

The position time series of station OFFS is automatically
analyzed by pygps_ts. The results demonstrate accurate iden-
tification of the epoch of the offset at 2022.5, with the param-
eters of the position time series determined nearly identical to
their designed values (Table 1). The maximum deviation be-
tween the adjusted parameters and the designed ones is only
+0.0001 on the dataset perturbed by a random error of Imm,
as indicated in Table 1, which is negligible.

The processed coordinate time series of the OFFS station
is depicted in Figure 6. In Figure 6.a, the red line represents
the predicted coordinate series (fit line), closely aligning with
the measurement coordinates. Figure 6.b illustrates the resid-
uals of the measurement coordinate series, displaying a wrms
of Imm across all three coordinate components (North, East,
and Up), matching the magnitude of the added error, indicat-
ing the accurate determination of the predicted coordinate se-
ries, closely resembling the designed values (Table 1). In both
figures 6.a and 6.b, the vertical dashed blue line indicates the
detected offset in the coordinate time series.

Thus, with the synthetic data, the pygps_ts program accu-
rately identified the epoch of the offset at 2022.5, as designed
in the synthetic GNSS coordinate time series. The motion
parameters determined closely matched the designed values,
with the maximum deviation being only +0.0001, demon-
strating the effectiveness of the method and the program. The
wrms of the residual position time series precisely matches
the 1 mm noise level, indicating that the predicted coordinate
time series was accurately determined.

3.2. Real data and results analysis

The real data used in the study consists of GNSS coordi-
nate time series from two typical CORS stations within the
CORS network, operated by Tuong Anh Science and Technol-
ogy Equipment Joint Stock Company (TAST) in Vietnam. The
TAST network, consisting of nearly 200 stations, is renowned
for its stability and accuracy, attributed to the utilization of
Trimble's synchronous equipment technology. The selected
stations, BD61 and BTIN, were continuously observed for
approximately 1.5 years, spanning from 2020.0 to 2021.8.
These stations were chosen due to their representation of typ-
ical motion patterns observed on the Earth's surface in Viet-
nam, encompassing linear trends, seasonal movements, and
various offsets with differing amplitudes. Specifically, BD61
exhibits two small-amplitude offsets, while BTIN displays a
single but large-amplitude offset (refer to Figure 7).

The position time series of BD61 and BTIN were automat-
ically analyzed using the developed program pygps_ts, with-
out any parameter intervention, providing results in less than
a minute. The program accurately identified the epochs of the
offsets, leading to precise adjustments of the displacement pa-
rameters, predicted coordinate time series, and residual coor-
dinate time series of these stations.

Table 2 presents the adjusted displacement parameters of
BD61 and BTIN. showcasing two offsets with relatively small am-
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Rys. 7. Szeregi czasowe stacji BD61 and BTIN

plitudes detected in the position time series of BD61, occurring
at epochs 2020.0025 and 2020.8720. At epoch 2020.0025, the off-
set in the East component is 0.0115 m, and at epoch 2020.8720,
it is 0.0267 m in the Up component. The amplitudes in the other
coordinate components are very small, on the order of millime-
ters, equivalent to the random noise of the time series.

Conversely, BTIN demonstrates a single offset at epoch
2020.4540, characterized by large amplitudes in the hori-
zontal components, specifically -48.0265 m in the North and
-223.431 m in the East, and minimal amplitude, 0.0023 m, in
the vertical component (Up).

Figures 7.a and 7.c illustrate the position time series
before (blue dots) and after adjustment (red line) for BD61
and BTIN, respectively, while Figures 7.b and 7.d depict
the residual coordinate time series (blue dots). Vertical
dashed blue lines indicate the identified epochs of offsets.
The predicted position time series (red line) accurate-
ly calculated from result adjustment, as demonstrated by
the residuals closely aligning with the horizontal "0" line.
The wrms values are maximal at 1.9 mm for the horizon-
tal components (North, East) and 7.6 mm for the vertical
component (Up).
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Thus, utilizing real data, the pygps_ts program processed
swiftly and accurately. It effectively identified small-amplitude
offsets at station BD61 and a large-amplitude offset at station
BTIN, showcasing the method and program's flexibility across
different scenarios. The wrms value of the adjusted coordinate
time series indicates precise reflection of input data and effec-
tive handling of offsets.

4. Conclusions

This study presents a novel method for automatic detec-
tion and processing of offsets in GNSS position time series,
utilizing the RMS sliding-window technique and synthetic
models. The developed method was implemented through
the pygps_ts program in Python and validated using synthet-
ic and real data.

The program accurately identified the epoch and magni-
tude of offsets, while processing GNSS coordinate time series
quickly and accurately. The results of processing synthetic
data showed that the determined displacement parameters
matched the designed values. The results of processing real
data from two CORS stations in Vietnam, with small-ampli-
tude offsets at station BD61 and large-amplitude offsets at sta-
tion BTIN, were accurately identified, demonstrating the ef-
fectiveness and accuracy of the method and program applied.

The program effectively identified the epoch and magni-
tude of offsets while ensuring quick and accurate processing
of GNSS coordinate time series. Evaluation with synthetic
data revealed that the determined displacement parameters
closely aligned with the designed values. Similarly, process-
ing real data from two CORS stations in Vietnam successfully
identified offsets of varying amplitudes, showcasing the meth-
od and program's efficacy and accuracy.

This study contributes a valuable method and tool for
GNSS data processing, particularly beneficial in tecton-
ic studies. Given the limited research and early deployment
stage of continuous GNSS networks in Vietnam, the present-
ed approach holds significant promise for advancing geodetic
studies in the region.
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Automatyczne wykrywanie i analiza przesunigé w szeregach czasowych pozycji GNSS przy uzyciu

metody przesuwanego okna RMS i modelu syntetycznego

W artykule przedstawiono metode automatycznego wykrywania i analizy przesunigé w szeregach czasowych pozycji GNSS (Globalnego
Systemu Nawigacji Satelitarnej) z wykorzystaniem metody przesuwanego okna RMS (Root Mean Square). Technika ta identyfikuje ano-
malie wskazujgce przesunigcia w szeregach czasowych. Aby doktadnie dostosowad parametry, takie jak trendy liniowe, sygnaly sezonowe
i przesunigcia, wykorzystuje sig syntetyczny model szeregéw czasowych pozycji GNSS. Metoda jest zaimplementowana w zautomatyzo-
wanym programie pygps_ts, napisanym w jezyku Python. Skuteczno$¢ tego podejscia potwierdza sig na podstawie zaréwno syntetycz-
nych, jak i rzeczywistych danych ze stacji CORS (ciggle dzialajgcej stacji referencyjnej) w Wietnamie. Wyniki pokazujg, ze program moze
doktadnie i skutecznie wykrywac i analizowa przesunigcia, identyfikujgc epoki i wielkos¢ tych przesunie¢ w réznych scenariuszach.
Niniejsze badanie oferuje praktyczne narzedzie do przetwarzania danych GNSS, ktore jest szczegdlnie przydatne w badaniach tekto-
nicznych i zastosowaniach geodezyjnych w Wietnamie, gdzie ciggla sie¢ GNSS wcigz sig rozwija. Badanie pokazuje potencjal tej metody
do szerszego zastosowania w monitorowaniu i analizie danych GNSS w réznych regionach. doktadnos¢ i skutecznosé w wykrywaniu
i analizie przesunigl.

Stowa kluczowe: szeregi czasowe pozycji GNSS, tektonika przemieszczen, przesuniecie, okno przesuwne, CORS
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