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AUTOMONITORING SOFTWARE MANUAL

INTRODUCTION

Automonitoring software implements the innovative method of estimating point displacements by process-
ing measurement data streams from standalone GNSS receivers.

The main estimated parameters are the changes of receiver position over a standard (1 sec) time interval, i. e.,
in fact, the components of receiver velocity. Accumulating one-second position changes, or which is the same
as integrating the velocities allows calculating receiver displacement over time.

The Automonitoring performs an independent estimation of the displacements for each monitored point. As
research shows, to achieve millimeter level accuracy of the automonitoring, it is sufficient to use broadcast
ephemeris received by the standalone receiver, and its double-frequency phase measurements.

So this method of monitoring displacements is fully autonomous because it does not depend on data from
other receivers, precise ephemeris, or any additional external information. The only one-second data stream
of autonomous double-frequency monitored receiver is needed.

Processing of GNSS data streams from each monitored point is carried out by a separate processor that ac-
counts for specific observation conditions (that is, multipath, sky closure, etc.). The distance from the process-
ing center and the monitored receiver can be arbitrary, provided that there is a reliable Internet connection.

THE GRAPHICAL USER INTERFACE
SETTINGS

The Settings screen is used to enter settings that are common to all monitored points.
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Figure 1. Settings



« Confidence level - selection of a confidence interval for detecting and filtering outliers using statistical
methods.

« Satellites - selection of the GNSS system.

« Take trend into account - taking into account the erroneous linear trend of the accumulated position dis-
placements.

+ Save report - address for saving the monitoring report.

« Visual settings - graphical settings (how many measurement epochs to show on the screen at the same
time).

« Alarm settings - addresses for sending alarm messages by e-mail or SMS.

ADD CONNECTION
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Figure 2. Add Connection
« Address, Port, Login, Password - parameters for connecting to the receiver to access the GNSS measure-
ment stream.
« Point name - the name of the monitored point.
+ XY,/ - fields for entering the point’s precise coordinates at the initial epoch of monitoring. If not entered,
the program uses the receiver’s standalone coordinates.
+ To start to work with receiver click Connect.



MONITORED POINTS AND USED RECEIVERS

The Receivers screen lists the monitored points as well as the addresses and models of their receivers.
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Figure 3. Receivers
The Receiver information screen contains detailed information about monitoring points.
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Figure 4. Receiver Information

The top of the Receiver Information screen contains the information entered earlier in the Add Connection
screen:

« Address, Port, Login, Password - parameters for connecting to the receiver to access the real-time GNSS
measurement stream.

« Point name - the name of the monitored point.
« Point coordinates —~geodetic and rectangular coordinates of the monitored point.

At the bottom of the screen on the right, the receiver parameters (receiver model, receiver id, firmware version,
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board) are shown.
At the bottom of the screen on the left, there are buttons for displaying displacements of monitoring plots.
Two types of plots are shown - velocities and accumulated displacements.

« Velocity E, Velocity N, Velocity U - plots of measured velocities of displacements in the east, north and ver-
tical directions:
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Figure 5. Plots of measured velocities

« Velocity and Sigmas E, Velocity and Sigmas N, Velocity and Sigmas U - plots of velocities, as well as their
measurement errors, with the addition of two horizontal lines showing the geometric thresholds for allow-
able displacements that are set on the Receiver settings screen:
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Figure 6. Plots of measured velocities and their accuracy estimates

+ Displacement E, Displacement N, Displacement U - plots of accumulated displacements of the pointin the
east, north and height directions:
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Figure 7. Plots of accumulated displacements

« An additional DE / DN plot shows the accumulated displacements of a point in the horizontal plane:
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The displacements are accumulated starting from the moment of the “red” level, when any of the velocity
components begins to exceed the acceptable threshold, that is, when a sequence of statistically significant
abnormal velocities occurs. The program begins to integrate velocities and draw plots of the displacements of
a given pointin all three directions - east, north, and height.

When all three velocity components return to acceptable limits, the displacement accumulation plots are no

longer displayed.

RECEIVER SETTINGS
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Figure 9. Receiver Settings

On the Receiver Settings screen, you can set the permissible thresholds of displacements (Thresholds), as well
as the Waiting period - the allowable time interval between the moment of detecting the displacement and the

moment of generating an alarm message.



Note: These thresholds are set independently for each receiver, since the observation conditions at the monitoring points may
differ.
To help the user who may not know precisely the real observation conditions (the multipath, etc.), and there-
fore cannot set realistic values for displacement thresholds, the program estimates itself the accuracy of mea-
sured velocities at each monitored point.

On the right side of the screen, the fields Use Recommended ve, Use Recommended vn, Use Recommended
vu are shown. They show the values of the permissible displacement thresholds estimated by the software
during the processing of GNSS observations made at this point for several hours. At the end of this estimation
interval, the recommended Thresholds values appear in the corresponding fields. If they are accepted, you
need to tick the check boxes and click Apply.

MONITORING LOG

The monitoring log records significant monitoring events for all monitored points, such as:

+ missed measurements, and their resumption

the detected outlier in the measured velocity at the corresponding moment

the probable beginning of the point displacement process

the confirmed beginning of the point displacement process

the possible completion of the point displacement process

confirmed completion of the point displacement process

changing by the user the allowable thresholds in the Settings text of alarm messages (Alarms) sent by

SMS or e-mail.
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Figure 10.

Monitoring log




MAP

In addition to tracking monitoring plots, the program presents the active map that shows all the monitoring
points. With the use of traffic light symbols color indication, their stability is shown in real-time.
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Figure 11. Active map of monitoring
Each point can be shown in three states:

1) The pointis stable (i.e., no displacements were detected). In this case, the monitoring pointis shown on the
map in green.

2) The probable point displacement is detected. In this case, the yellow color lights.
3) A confirmed displacement has occurred. The point is shown in red.

Waiting time (permissible duration of yellow light before lighting red) - that is, the probable displacement
period - is setin the Receiver Settings by the value of the Waiting period interval. The yellow light will remain on
for the same amount of time after the end of the confirmed displacement period (i.e. after the end of the red
light). Then, when the point returns to a stable state, it is shown in green.
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