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INTRODUCTION
GEA System, combining low noise MEMS sensors with a 24-Bit A/D converter, represents a real revolution for the
measurement and analysis of vibrations in civil structures. It is able to simultaneously evaluate both the effects of
vibration in buildings and the human exposure to structural vibration.
The other peculiarities of the GEA solution are:
• data transmission directly to the PC, where the software GEA-Lab is installed, without needing any addition
hardware like acquisition systems
• possibility to acquire data with more than one sensor simultaneously, up to 16 sensors
• possibility to record the raw acceleration data
• the digital do not need high protection against electro-magnetic disturbances, as the traditional cables
• the tri-axial MEMS is able to read the gravity acceleration and then automatically level the sensor
• robust and waterproof external case, according to DIN 45669-1
The sampling frequency is equal to 1024 Hz.
The sensor is able to do simultaneously the following analyses:
• effects of vibration in buildings, according to DIN 4150-3 (German norm), UNI 9916 (Italian norm) and other
European norms
•

evaluation of human disturbance due to structural vibration, according to ISO 2631-1 and ISO 2631-2
(international norms), DIN 4150-2 (German norm) and UNI 9614 (Italian norm)
For long unattended monitoring box is provided, in order to avoid the use of a laptop. There are two types of monitoring
boxes, one for a single sensor and one able to manage up to 16 sensors simultaneously. About the software, it is possible
to subdivide the day in different parts called schedules, such that the user can have information about different periods.
A specific device is provided in case you want to use very long cable, up to 1 km.
During the monitoring the user can select many email addresses where the software sends automatically three types
of notices:
• Daily check of the system status
•

Alert when the user-defined threshold or a desired reference curve (form the main international standard
directives) is exceeded

•

Information about the velocity peak (logging information).

STANDARD DIRECTIVES
As already said in the introduction, the software is basically divided in two parts, one dedicated to the structural
damage and one dedicated to the human comfort. For simplicity, let’s call “Buildings” and “Comfort” the two parts
respectively.

STANDARDS DEDICATED TO THE “BUILDINGS” PART
The GEA is based on the main European standards, both for the hardware and for the software:
• UNI 9916 (Italy, 2004)
•

DIN 4150-3 (Germany, 1999)

•

DIN 45669-1 (Germany, 2010)

•

BS 5228 (England, 1997)

•

BS 7385 (England, 1992)

•

SN 640312 (Switzerland, 1992)

•

UNE 22381 (Spain, 1993)

•

Circulaire du 23/07/1986 (France, 1986)

•

ÖNORM S 9020 (Austria, 2014)

While the standard DIN 45669-1 defines requirements for vibration meters used for measurements in buildings, all the
other standards define reference curves for the vibration levels (velocity and frequency peaks), called PCPV.
In details, the PCPV are:
• maximum velocity on the three axes, calculated in a certain period or during an event. Usually also the
information about the VEC, the modulus, is required;
• frequency corresponding to the peak of the fft, calculated in a certain period or during an event.
The reference curves are different for different categories of buildings.

STANDARDS DEDICATED TO THE “COMFORT” PART
While the standards dedicated to the “Buildings” part are based on velocity, the standards dedicated to the comfort
part are based on acceleration. The unique exception in the DIN 4150-2, which defines a factor called
. The GEA
contains the following standards:
• UNI 9614 (Italy, 1990)
• UNI 11048 (Italy, 2003)
• ISO 2631-1 (International, 1997)
• ISO 2631-2 (International, 2003)
• DIN 4150-2 (Germany, 1999)
These norms define the measurement methods of the structural vibration due to sources internal or external to
buildings, in order to evaluate the disturbance on the people. Contrarily to the standards for the structural damage,
these standards define the filters that must be applied on the signal recorded, based on the frequency that are
considered critical for the human body.
The standard ISO 2631-1 is more generic and it defines the ponderation filter for the vibration exposure not only in
buildings, while the ISO 2631-2 is dedicated specifically to buildings.
Reference thresholds are stated only in some cases.
The procedure for the calculation is

ISO AND UNI STANDARDS
First, let’s filter the acceleration with the filters listed in the following table.
Standard

Filter

UNI 9614

Wm

UNI 11048

Wm

ISO 2631-1

Wk for Z-direction
Wd for X- and Y-direction

ISO 2631-2
Then the RMS is calculated, usually with

Wm
= 1.

=

1

Other important parameters are the crest factor and the MTVV:

=
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are the RMS calculated every second.
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First, let’s apply the following filter to the recorded velocity:
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with ) = 5.6 Hz, and successively the velocity must be normalized by dividing by 1 mm/s. The values obtained are
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. Then, instead of a linear RMS, an exponential RMS is considered:
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where > is the number of 30 s cycles occurred during the measurement.

THE SOFTWARE
The software has been designed exclusively for the GEA system, allowing the user setting the most desired configuration
for the analysis.

INSTALLATION OF THE SOFTWARE
To install the software, it is necessary to follow the procedure written below.
In case you want to install a new version in the monitoring box, please access the processor inside the monitoring box
by means of the LAN cable and your personal laptop.
1) If a previous version of the GEA-Lab is present in your personal laptop or in the monitoring box, please uninstall
it.
2) Connect the pen drive containing the installation file. Sequoia provides it in all the different GEA kits.
3) Install the new version. It is necessary simply to run the installation program and then go ahead and ahead.
Take only care that it is advisable to enable the Option “create a desktop icon”.

Enable this option

4) If the user had a previous version of the GEA-Lab, all the settings configured in that software version remain.
This means that you do not need to re-set the desired configuration.

THE MAIN SCREEN
The starting screen, indicated by the button Measure (configuration), is related to the configuration setup for the
acquisitions. A successive step is dedicated to the data acquisition and it is called “Measure (execution)”. It can be
accessed by the button “Execution” at the bottom right of screen.
When the program runs, the first screen appears in the following figure. Two buttons are available at the top the screen:
•
•
First these commands are described, and then the configuration and measurement parts are discussed in details.

OPTIONS

When entering the section, seven fields are available:
•
•
•
•
•
•
•

GENERAL
The section “General” allows the user to set :
• the folder where the measurements will be saved; a default folder named “GEA_Measures” is automatically
created inside the folder “Documents”;
• the charts to be visualized during the measurement, except for the case of long monitoring (see the dedicated
sessions);
• the value of the gravity acceleration; the default value is equal to 9.80665 m/s2;
• the value to automatically align the device. The process is reliable up to 15 degrees, while the default value is
3 seconds. If 0 seconds are set, then the automatic alignment is not activated.

In the “Chart selection” part, the user can decide to enable/disable all the possible charts that are proposed in the GEALab. They are subdivided in “Buildings” and “Comfort” parts.

DESCR. EDIT.
In the section “Descr. Edit.”, the user can add, delete, disable and move the options referred to the current analysis, in
order to have only the information which are considered as fundamental.

RMS CALC.
In this section, the user has the possibility to set the RMS calculation, both for the continuous information (“Measure”
part) and for the trigger modality (“Trigger” part). This is valid only for the “Comfort” operation.
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In particular, in the first part the user can select the time constant characterizing the exponential or linear RMS. In the
second part it is possible to select the desired time constant for the trigger, according to the modalities described in the
dedicated section.

E-MAIL ALERT
When monitoring the dynamic behavior of a structure for a long period, it is important to be informed in real-time
about critical events recorded by the sensors. For this reason, Gea-Lab has an internal functionality for the automatic
data transmission via e-mail. As will be better explained later in the manual, the e-mail alert is active only in case of
monitoring, by enable “Scheduling” in the “Monitoring Scheduling” part..
In order to obtain the automatic message on the user’s e-mail, it is first necessary to define all the specifications about
the sender and the server.

The second setting type concerns the choice of the receivers. The user must insert both the name and the e-mail
address of the people who desire to have an immediate advice of the events recorded.

In order to test the e-mail service, the user can select a receiver from the list of receivers previously generated and
then the program automatically checks if there are errors in the previous settings and, if everything is correct, it sends
a mail to the desired receiver.

The receiver will see a mail analogous to the following one:

RELAY
In this section the user can select the duration of the relay activation time. This is useful to connect an alert device to
the GEA system, such as a gyrophare.

NC

NC
NO

C

NO
C

Normal configuration

Event configuration

Practically, at first the user connects the common contact (indicated with C) with the normally open (NO) or normally
closed (NC) contacts. Successively, when an event occurs, the relay changes its status for the desired time.
In the figure, an example of the relay is presented. In the standard configuration, the circuit is off and when there is an
event the circuit is closed and the device connected is activated.

LANGUAGE
In the section “Language”, the user can modify the language used in the software. Up to now, the unique possible choice
is English.

IMP./EXP.
The section “Imp./Exp.” allows to import or export the measure configurations and the norms useful for the evaluation
of the results obtained.
The import of the configuration is very useful if the laptop used for measurements is different from the laptop normally
used by the test engineer.

HELP
With the option help, automatically the user manual related to the software is opened.

GENERAL CONFIGURATION
The “Measure (configuration)” command allows creating, saving and loading a configuration file. The configuration file
contains all the information required to perform a measure or a monitoring. The main window dedicated to the
measurement contains different sections, each one dedicated to specific configuration parameters.
In the following, the general settings are considered, while the specific ones dedicated to the vibration effects in
buildings or the human exposure to structural vibration are explained successively.

DEVICES AND FIRMWARE UPDATE
Referring to the initial screen, the left part is dedicated to the devices, meaning that all the devices active for the analysis
are shown. The user can check all the devices with the command “Refresh devices list”.
This section is useful to know how many GEA are connected to the PC. The number of sensors that have been recognized
is indicated at the top of the box.

Moreover, the user can upgrade the firwmare of the devices recognized by the software. In particular, once the software
is opened, a warning immediately appears informing the user than one or more devices must be updated.
If “Yes” is selected, the firmware is updated to the last version.
It is possible to select “No” and to update the sensor in a second time by clicking on the small button close to the sensor
name (1, in the figure below) and then on “Upgrade FW” (2, in the figure below) .

1

2

OPERATIONS
The main part of the initial screen is given by the section “Operations”.
At the top right, there is the possibility to activate one or both the software applications that has been implemented:
1. “Buildings”: effect of vibration on structures, in agreement with the standard directives DIN 4150-3, UNI 9916,
BS 5228, BS 7385, SN 640312, UNE 22381, Circulaire du 23/07/1986 and ÖNORM S 9020;
2. “Comfort”: effect of structural vibration on human people, in agreement with the standard directives DIN 41502, ISO 2631-1, ISO 2631-2, UNI 9614, UNI 11048.

Successively, it is necessary to select the analysis type, among the following options:
•

. This analysis is useful when a single impulsive event needs to be evaluated. In this case, the
trigger functionality is always on.

•

. It is useful when multiple impulsive events are expected within a medium/long term
monitoring. As in the previous case, the trigger option is always on.

•

. It is used for continuous monitoring of a structure. If impulsive phenomena are expected, the
trigger option can be activated. If enabled by user continuous principle frequency is evaluate any logging step
period.

If “Comfort” has been selected, only the continuous analysis is available. In this case, the analysis type of “Buildings” is
automatically set to “continuous”.
Five sections are present in the section relative to the configuration:
• “Metadata”
•

“Acquisition”

•

“Measurement points”

•

“Monitoring Scheduling”

•

“Output”

The “Metadata”, “Monitoring Scheduling” and the “Output” section are common for “Buildings” and “Comfort” while
“Acquisition Parameters” and “Measurement points” are different for the two applications.

METADATA
In this section, the general information about the analysis, according to the fields defined in the section “Descr. Edit.”
in the “Options”, can be inserted. The user can also add some notes on the right part of the screen.

All this information will be present in the .txt files saved by the software.

ACQUISITION PARAMETERS, BUILDINGS
In the part dedicated to the building vibration analysis, the acquisition parameters are divided in two groups:
• related to the events
• related to continuous information (logging information)
An event is a time interval created when the velocity threshold set by the user (in the next section “Measurement
points”) is exceeded. The logging information provides the maximum velocities on the three axes, in a user-defined
interval.

In particular, this section allows the user to define the parameters for the calculation:
• Resolution. This parameter defines the resolution of the FFT. This is the most important parameter that needs
to be settled based on the signal characteristics. If the event is highly impulsive, it is suggested to choose a low
resolution (> 0.5 Hz). A higher resolution (< 0.5 Hz) is suggested if the event is smooth and the structure is not
highly damped.
•

Pre-Trigger time. It is automatically set by the software, such that the right Hanning window is centered in the
signal peak, as described by DIN 4150-3.

•

Post-Trigger time. It can be chosen by the user, up to a maximum value of 120 s in predefined steps.

•

Logging time step. It indicates how often the global data are saved. In particular, for the “Buildings” application,
the software collects the maximum velocity values for the three components (X, Y, Z).
The minimum logging time step is 1 second while the maximum value is one hour. This parameter is related to
the logging file, i.e. the file containing global information about all the different parts of the measure.

•

Measure stop. The user can decide to stop the acquisition manually or automatically after a certain number of
seconds. This option is useful to compare different measurements.

•

Logging FFT Resolution. Is the resolution used to calculate FFT for evaluation of principle frequency during
logging step period. It’s value is automatically corrected to be coherent with user defined logging step.

If the automatic stop has been selected, then it is not possible to activate the monitoring scheduling (see the dedicated
session).

TRIGGER RE-ACTIVATION
In the “Buildings” analysis, the time for the re-activation of a new trigger is equal to the post-trigger, meaning that a
new event can be created only if the previous event is finished.

ACQUISITION PARAMETERS, COMFORT
In the comfort analysis, the structure is slightly different respect to the previous case.
The trigger can be activated either on the signal or on the exponential RMS.

In the second case, the user can choose among the modalities “Level” and “Level + Hold”:
• Level: the trigger is activated once the exponential RMS exceeds the threshold;
• Level + Hold: the trigger is activated once the exponential RMS exceeds the threshold and the event last until
the exponential RMS return below the threshold.
The pre-trigger and post-trigger time can be chosen between 1 s and 15s.

The logging time step, analogously to “Buildings”, indicates how often the global data are collected. In this case, the
values collected depend on the selected standard directive:
• DIN 4150-2: KBFTi in the period and in the whole measurement;
• ISO 2631-1, ISO 2631-2, UNI 9614 and UNI 11048: RMS, maximum RMS and maximum acceleration peak in
the period and in the whole measurement.
The default value is 30 seconds.
The choise of the Measure stop is the same as in the “Buildings” part.

TRIGGER RE-ACTIVATION
In the “Comfort” analysis, the re-activation of the trigger is depending on the trigger modality:
• “Signal Level”: the re-activation time is equal to the post-trigger, in the same way as in the “Buildings” part;
• “RMS Level”: the re-activation time is equal to the post-trigger time;
•
“RMS Level + hold”: a new event can be created when the exponential RMS returns below the user-defined
threshold for the trigger.

MEASUREMENT POINTS, BUILDINGS
This section allows the user to set many parameters connected to the trigger and to each measurement point. Since a
sensor can be used either with only one software application (“Buildings” or “Comfort”) or with both, the user must
activate the sensor for the desired analysis. This can be done by turning on the light close to the sensor name from
grey to green, in the section “Buildings” and/or “Comfort”.

active

non active

The section relative to the measurement points allows to:
• Add measurement points, with the command “Add” (manual) or with “Auto-adding” (automatic). All the
measurement points are listed in the table. The total number of measurement points is indicated at the top of
the box. A small number in each row indicates the number
•

Set the frequency band, which can be one of the four choices proposed in the list:

o 1-100 Hz
o 4-100 Hz
o 1-315 Hz
o 4-315 Hz
The default value is 1-100 Hz because in civil applications the frequencies are usually very low (up to 30-40 Hz). The 1315 and 4-315 bands are used mainly in case of metallic structures or monitoring of mining operations.

•

Set Inpout range.With the new sensor GEA II is possible to set the sensor input range:

This functionality that allow to optimize the input range depending on expected vibration level is available only
on GEA II. It improve also SNR ratio
•

Set the trigger channel and the relative threshold. The default channel is the Z-channel, but the other channels,
the three-component vector (“VEC”) and the maximum of the components (“MAX”) can be selected. The VEC
is calculated as:

O =P

+Q +R

The threshold value must be chosen as the critical velocity to above which the trigger is activated. The minimum
value allowed is :

•

GEA I

GEA II

0.1 mm/s

0.05mm/s

Set the reference device for the trigger. In case of multiple measurement points, the user can choose the
reference device, whose trigger activates the triggers of all the other devices. If the option “Independent
devices” is on, each GEA is independent and triggers as a stand-alone sensor. These two options can be
different for “Buildings” and for “Comfort”, giving a high sensibility to the solution.

•

Set the reference curves. In order to compare the values obtained by the software, the user can choose, with a
double click, some reference curves taken from scientific norms. In the software, the following norms are
considered:
o

DIN 4150-3 (Germany, 1999)

o

BS 5228 (England, 1997)

o

BS 7385 (England, 1992)

o

SN 640312 (Switzerland, 1992)

o

UNE 22381 (Spain, 1993)

o

Circulaire du 23/07/1986 (France, 1986)

o

ÖNORM S 9020 (Austria, 2014).

o

NP2074 (Portuguese,2015)

The Italian norm UNI 9916 is implicitly considered because it refers to the listed norms for the limit values. The
norms are referred to historical buildings, residential buildings and industrial buildings, reinforced and nonreinforced structures. The maximum number of selectable curves per each sensor is equal to three.
To accelerate the settings, the command “Apply to all measurement points” (on the right) can be selected, and
consequently the standard directives just selected are applied to all the other measurement points, avoiding
setting them one by one. On the contrary, different curves can be selected for different measurement points.
Coming back to the measurement point settings, one of the curves selected is highlighted with a blue colour in
order to show which is the curve (for each measurement point) taken as reference for the mail alert, if that
option will be activated in the last part of the configuration.
The user can change the highlighted curve by simply clicking on another curve.

MEASUREMENT POINTS, COMFORT
In the “Comfort” application, the structure is very similar to the “Buildings” application. The values are defined with a
dimensionless number (KB) for the DIN 4150-2, while in m/s2 for the other norms.
The band cannot be changed and it is fixed at 1-100 Hz.
The norms are selected in the right part of the table, and can be different among different measurement points. Below
the norm, the weighting filters used by the same norm are visualized.
If the option “None” is selected, no filters are applied, such that the raw acceleration data are considered.

Trigger level:
GEA I

GEA II

0.005 m/s2

0.00005 m/s2

MONITORING SCHEDULING
The section dedicated to the monitoring scheduling must be selected for long monitoring. In this case, the user can
choose to start the monitoring manually or in a chosen date. The same can be done for the stop. With this option, the
user can set the configuration and the desired monitoring beginning and end, without needing to be present in those
moments. Moreover, if many different systems are installed by the user, they can start and stop the monitoring at the
same time. The calendar self-adapts to the language of the pc.

Furthermore, it is possible to select the number of schedules within a single day, such that each day in subdivided in
small periods interesting for the user. For example, if the daily schedule number is equal to 4, the user can obtain four
different time intervals:
• 00:00 – 06:00
Night
• 06:00 – 12:00
Morning
• 12:00 – 18:00
Afternoon
• 18:00 – 24:00
Evening

If the user selects a programmed start (or manually starts the monitoring) between two schedules, then there will be a
short schedule lasting from the start time to the beginning of the next schedule.
The program automatically interrupts the monitoring at 23:57 of every day, in order to perform some internal controls
and it automatically restarts at 00:00 of the successive day. For this reason, the last schedule of the day is slightly shorter
than the other ones.
If the automatic stop has been selected, then it is not possible to activate the monitoring scheduling.
Time to arrive to the next schedule

OUTPUT
The output section includes the save settings and the e-mail notices.

AUTOSAVE
The command “Autosave”, if activated, allows an automatic saving of all the recorded events, and the user can define
the folder in which the data will be saved. A successive section will be entirely dedicated to how the data are saved in
the specified folders.
The command “Save raw data” allows saving the raw acceleration data. This last choice is not allowed in case of long
monitoring (“Scheduling” enabled), where a big amount of data would be recorded and could fill the PC memory.
The section “Autosave” is always active if the monitoring scheduling has been selected, while the user, for short
measurements, can decide to save the data or not.

EMAIL NOTICES
In case the monitoring scheduling is activated, the e-mail notice option is enabled. Within this subsection, many
operations are allowed:
• “Check/Uncheck receivers from the list below”: it is possible to choose the receivers, chosen from the list
formerly created in the “Options”.

•

“System status”. The receivers can be continuously informed about the system status, in order to be sure that
if no mails are received for a long period the cause is in the fact that there are low vibration levels on the
structure. The user can decide the time between two successive mails regarding the system status. The
default value is 24 hours. Moreover, GEA-Lab sends automatically an e-mail when the monitoring has been
started and/or stopped (when programmed).

•

“Event alerts”: if activated, a mail is automatically sent to the receivers including the information about the
event. Moreover, the user can decide to attach the event files to the mail, by means of the command “with
attachments”. The event files are composed by the time signals and FFT for the “Buildings” application, while
only time signals for the “Comfort”.
The final option is dedicated to critical monitoring: the user can decide to receive mails not when the
threshold is exceeded but if the couple velocity level/frequency peak is very close to the reference curve
selected for each measurement point. For this purpose, the user can define the alert level by decreasing the
critical threshold (selected in blue) of a desired percentage.

•

“Monitoring info”: if activated, the user receives information about the monitoring. In particular, the mails
contain logging files related to the monitoring data. The mails can be sent both at the end of a schedule or at
a desired hour every day, with all the information about the previous one.

•

Nota Bene: all of the attached data are in proprietary format.

RELAY ALERT
In case the user wants to connect an alert device to the GEA system, such as a gyrophare, the command “Relay alert
on event” must be activated. By selecting the command “Refresh relay list”, the software checks if there are some
relays connected with the computer on which the GEA-Lab software is installed. The device connected is indicated in
the second space.

General Relay operation:
-

Only one relay could be connected to the system
It works on both Buildings and Comfort mode (even at the same Time)
In case a reference sensor is used this is the only sensor that activate the Relay:
In case independent sensors are used all of them can activate the relay with the following logic:

E-MAIL MESSAGES
The GEA-Lab, as just described, sends automatically different types of e-mails. In this subsection, an explanation of all
the e-mail messages is performed.
SYSTEM STATUS
Check of the system status: the e-mail referred to the system status contains only a simple phrase regarding the
status. If some problems happen (for example a disconnected sensor) the e-mail contains the word “Warning” in the
object, and the name of the sensor which is not working properly inside the e-mail text. The object of the mail
contains the configuration name and the start time.
start time

configuration name

Programmed monitoring start and stop:

EVENT ALERT
The e-mail object about the alert contains the operation type (Buildings or Comfort), the measurement point, the
configuration name and the starting acquisition date.
configuration name

Operation

start time

measurement point

The e-mail text, instead, contains the information about the event, namely the:
• The event number
• The event date
• The peak particle velocity and frequency for the three axes
• The maximum VEC velocity in the event, named PPVEC
• The VEC calculated with the three maximum velocities, named PPVEC_PEAKS
• The frequency associated to the VEC, corresponding to the frequency of the component with the highest
velocity.

The PPVEC_PEAKS will be always greater or equal to PPVEC.
The optional event file is subdivided in three parts:
1. List of the configuration settings (analysis type, trigger level, frequency resolution, …)
2. Time data relative to the event
3. Frequency data relative to the event, according to the desired frequency band and resolution.
MONITORING INFO
The mail about the monitoring information is as the following:
configuration name

start time

schedule start time

The object of the mail includes the schedule start time, the configuration name and the start time.
The attachment is in a proprietary format file containing the logging information.

SAVE AND LOAD CONFIGURATIONS
At the bottom of the page, the user can do some simple operations about the configurations:

•

Create a new configuration, with the command

•

Save a configuration, with the command
without re-inserting all the parameters.

. The configuration will be available for future analyses,

•

Open a configuration, with the command
can be used for the analysis.

. In this case, one of the configurations previously saved

.

EXECUTION
The user, once completed the configuration part, can access the measurement part by pressing the command
“Execution” at the bottom right of the configuration screen.
There are few seconds to wait because the software needs some time for:
• automatic levelling of the sensor
• filter stabilization
• buffering
During this short period, the user can abort the process by clicking on the red cross on the right.

DATA ACQUISITION, SCHEDULING NON ACTIVATED
The acquisition part is here presented in two parts. The first is dedicated to the case when the monitoring scheduling
has been not activated. This means that the acquisition will be short and the user can visualize all the data acquired by
the GEA and elaborated by the GEA-Lab.

START OF THE ACQUISITION
In the screen, all the information about one sensor can be visualized and these figures are different from “Buildings”
to “Comfort”. The user can also move among the different measurement points and between “Buildings” and
“Comfort”.

“Buildings” or “Comfort”

Selection of the measurement point

The acquisition starts when the user presses the command “Start”. Once started, the red light disappears and there
are two possibilities:
•
•

if the threshold is exceeded and an event is created;
if the system acquires the data but no events are occurring.

During the acquisition, it is possible to see all the configurations set by the user with the button “Info”.
The measurement ends when the user presses the command “Stop”.

BUILDINGS, FOR MEASUREMENTS
If the trigger mode is on, the trigger is activated in correspondence of a velocity peak that exceeds the fixed threshold.

Real-time velocity
signals

Continuous information:
maximum velocity on the
three axes

Event: time
history and
FFT

Comparison with
the desired
reference curves

In this case, an event is detected and the GEA starts recording the accelerations in the selected points. At the same time,
it converts the accelerations in velocities, so that they can be compared with the reference curves specified by the
scientific norms.
The graphs build by the software are:
• “Time signal”. With this figure, the real-time velocity signals are shown.

•

“Event-Time”. This figure represents the velocity as function of time for the three axes, only for the time period
including the event, from the pre-trigger to the post-trigger time.

•

“Event-Frequency”. This figure represents the FFT of the event signals, calculated around the velocity peak in
a time interval necessary to have the desired frequency resolution.

•

Logging. The logging figure represents the maximum velocity values per each window of 1 s length for the three
spatial components. The green triangles indicate the trigger time based on the three-component vector.

•

PPV table. The PPV table shows for the three components and for the vector:
o

the maximum velocity;

o

the maximum frequency, calculated by means of the FFT on the time history of the event under
analysis. The frequency related to the vector is the frequency of the component with the maximum

velocity peak.

•

Reference curves. The maximum velocities recorded (for the three axes and for the vector) are also compared
with the reference curves in function of the correlated frequency.

SINGLE AND MULTIPLE SHOT ANALYSES
In the case of Single Shot Analysis, the layout highlights the time signal, the frequency related to the recorded event,
the PPV table and the comparison with the reference curves.
In the case of Multiple Shot and Continuous Analysis, the layout is slightly different because the Logging graph is
preferred to the PPV table, because it clearly shows the different events in a unique figure.
However, even if there are two types of layout, based on the analysis adopted, the user can move or select the graphs
that are more interesting for the application under study.

COMFORT, FOR MEASUREMENTS
In the “Comfort” analysis, when the monitoring scheduling has not been activated, the default visualization is the
following.

Real-time weighted
acceleration signals

RMS
visualization

Continuous information about
the RMS

Only three graphs are shown:
• Time signal. Here the KB (DIN 4150-2) or the weighted acceleration (other norms) for the three axes is shown.
• Logging. The logging figure shows the RMS every second for the three axes. It can be either the exponential
or the linear RMS, based on the choice done by the user. In case of exponential RMS, the maximum value in
that second is visualized. The green triangle indicates when an event is created.
• Vibrometer. The vibrometer figure is useful for the visualization of the RMS along the three components. The
user can choose among different visualizations, according to the norm selected. This graph is updated every
second.
DIN 4150-2
It is possible to select one of the following options:
1. KBt: it is the maximum (exponential) RMS every second, as visualized on the logging view. Here only the last
value is shown.
2. KBfti: it is the maximum (exponential) RMS in the user-defined period (“Logging time step”), from the
beginning to the last second. Once the period ends, the KBti calculation starts again from zero.
3. KBftm: it is the RMS of the KBti on the whole measurement period, from the beginning to the last second.

OTHER NORMS

It is possible to select one of the following views:
• Short: visualization of the data per each second
• Logging time: visualization of the data referred to the user-defined period
• Global: visualization of the global data, i.e. for the total measurement
The user can choose among:
• RMS: exponential (maximum in the period) or linear
• Peak: maximum absolute value of the weighted signal
• Crest Factor: ratio between Peak and RMS
• MTVV: maximum of all the RMS calculated each second

TRIGGER RE-ACTIVATION TIME
The trigger reactivation time has been already described in the section dedicated to the acquisition parameters. Anyway,
in this section, it is important to show what can happen in a real measurement, as demonstrated in the following figure,
where an analysis in “Comfort”, with “RMS Level” as trigger modality. Three types of triggers are highlighted:
1. Classic trigger, where the signal value has exceeded the threshold set by the user
2. There are two seconds in which the threshold has been exceeded but only the first one is an event because the
second peak is still in the post-trigger time of the previous event.
3. The time in which the threshold is exceeded is at the beginning of a new period of one second.

1

FIGURE SETTINGS

2

3

In each figure, a special menu has been created in order to simply modify the axes limits, the modality of the
magnification, the selection of the curves, their relative colours and finally the exporting in a specific folder. More in
details, there are three sections:
• “ Scroll and zoom”
• “Appearance”
• “Export”

SCROLL AND ZOOM
In the first section, the menu is the following:
Auto-scale
X-axis magnification
(reduction of the x-axis limits)

Y-axis magnification
(reduction of the x-axis limits)

X-axis shrinking
(increasing of the axis limits)

Y-axis shrinking
(increasing of the axis limits)

The arrows can be used to move backward or forward, for both the axes.
Successively, there are some options referred to the mouse zooming:
• The option “scroll” actives the scroll action of the mouse for the magnification of the figure
• The option “rect. selection” enables the user to zoom the figure by using a rectangular selection
• The option “double click” allows to zoom the figure with a double click of the left button of the mouse and dezoom with the right button.

APPEARANCE
In the section “appearance”, the user can modify the settings about the figures, in particular he can:
• select only some curves to be visualized
• change the curve colour

•
•

select only some markers (maximum velocity or frequency) to be visualized
change the marker colour

•

change the background colour

EXPORT
In the section “Export”, the figure can be saved in the desired folder, in the PNG format.

DATA ACQUISITION, SCHEDULING ACTIVATED
If the monitoring scheduling is activated, then the all the graphs are disabled. The user will see a screen divided in two
parts:

•

The main part contains the information about the time of the monitoring start and stop in the current day,
since the measurement is interrupted 3 minutes before midnight (a more detailed explanation is present in the
section dedicated to the scheduling). Moreover, a list of the events recorded is visualized. The information is

•

related to the operation visible at the bottom of the page, and the user can simply switch between “Buildings”
and “Comfort”.
On the right side, there are some continuous information about the acquisition, in particular:
o velocity peak, calculated in the user-defined period, for the “Buildings” analysis;
o RMS and acceleration peaks or KBfti, calculated in the user-defined period, for the “Comfort” analysis.

PROGRAMMED START
When a programmed start has been set, once completed the baseline operation as levelling, filter stabilization and
buffering, a countdown appears in the middle of the screen visualizing the remaining time to the monitoring start. The
user can interrupt the countdown in any time by means of the red cross button, coming back to the configuration part.

This countdown advice is present also if the acquisition starts too close to a new schedule or to the midnight. In this
case, in order to avoid too shorts schedules, the programs do not allow creating a short schedule but waits until the
next available schedule starts.

E-MAIL NOTICES
At the end of the monitoring, if too mails have been accumulated because of network problems or superposition of
many contemporaneous events, a control bar appears on the screen showing the progression for the conclusion of the
process.

DATA SAVING
Once the analysis is terminated, if the “Autosave” option was not selected in the configuration, the user can save the
data by means of the command “Save”. The data are saved in the folder selected by the user in the configuration part.
The folder is composed differently dependening on the fact that the scheduling is activated or not.

MEASUREMENT FOLDER, SCHEDULING NOT ACTIVATED
The measurement folder, in the case the scheduling has not been activated, is composed by:
• A folder dedicated to the data collected for the “Buildings” analysis.
•

A folder dedicated to the data collected about the “Comfort” analysis.

•

A folder containing the raw acceleration data, if selected by the user in the configuration of the analysis. The
filename extension is *.rwd.

Measurement Folder

Buildings
Sensor 1 - Directory

Logging File (*.lgb)
Event File 1 (*.evb)

Nb: number of event in
the “Buildings” analysis

Event File 2 (*.evb)
Event File Nb (*.evb)

Mb: number of
measurement points in the
“Buildings” analysis

Sensor Mb - Directory

Comfort
Sensor 1 - Directory

Logging File (*.lgc)
Event File 1 (*.evc)
Event File 2 (*.evc)
Event File N (*.evc)
Sensor Mc - Directory

Raw data

Measurement Info file (*.mif)

Nc: number of event in
the “Comfort” analysis
Mc: number of
measurement points in the
“Comfort” analysis

•

A set-up file, including the information about the configuration (proprietary format). The filename extension is
*.mif.

All these elements contains proprietary files, which cannot be read and modified by the user. To open this file and
export in TXT format the free versione of GEA Report is available.
Inside the folders “Buildings” and “Comfort”, there is one subfolder for each measurement point; in its name the
measurement time (year, month, day, hours, minutes and seconds) is highlighted, for example:
MeasurementPoint1–20131109144934
Inside each measurement point folder, there are two types of files:
•

A logging file, containing the information about the logging; the filename extension is *.lgb or *.lgc if referred
to “Buildings” or to “Comfort”.

•

One event file for each recorded event, containing the event time data and the event frequency data. The
filename extension is *.evb or *.evc if referred to “Buildings” or to “Comfort”.

MEASUREMENT FOLDER, SCHEDULING ACTIVATED
The measurement folder, in the case the scheduling has been activated, is slightly different from the previous case
because two additional levels must be inserted: the day and the schedule.
The structure is therefore composed by:
• A folder dedicated to the data collected for the “Buildings” analysis.
•

A folder dedicated to the data collected about the “Comfort” analysis.

•

A folder containing the raw acceleration data, if selected by the user in the configuration of the analysis. The
filename extension is *.rwd.

•

A set-up file, including the information about the configuration (proprietary format). The filename extension is
*.mif.

Inside the folders “Buildings” and “Comfort”, there is one subfolder for each day belonging to the monitoring. The name
of that folder contains only the date, for example:
Day-20140116
Within this folder, there are the subfolders dedicated to each schedule of the day. In the name, there is the date and
the time in which the schedule is started (year, month, day, hours, minutes and seconds), for example:
Schedule-20140115120000
Within the schedule folded, there are the subfolders of the measurement points. In their names the schedule start time
is highlighted, for example:
MeasurementPoint1–20131109144934
Inside each measurement point folder, there are the logging and the event files, as described above.
In the following figure, the structure of the folders in case of scheduling is presented. All the subfolders in the comfort
directory has not been specified but the structure is identical to that of the Buildings directory.

Measurement Folder

Buildings
Day - date

Schedule - time

Sensor 1 - Directory

Logging File (*.lgb)
Event File 1 (*.evb)
Event File 2 (*.evb)
Event File Nb (*.evb)

Sensor Mb - Directory

Schedule - time

Day - date

Comfort

Raw data

Measurement Info file (*.mif)

FILES SAVED
About the files saved, each file contains a first part with the description of the configuration parameters selected,
analogously to the *.mif file. In the second part, each file presents different kinds of data:
• Raw data: raw acceleration data for the three axes, 1024 samples per second;
• Event: time history and relative FFT, for the three components. The length of the time history is the sum of preand post-trigger time, while the length of the FFT data is due to the frequency resolution;
• Logging: continuous information about the structure in the user-defined period, in particular:
o maximum velocities, for the “Buildings” analysis;
o RMS and acceleration peaks, and maximum of the RMS calculated each second, for the “Comfort”
analysis, ISO and UNI norms;
o KBfti, for the “Comfort” analysis, DIN 4150-2 norm.
At the end of the logging file, for “Comfort” analyses, there is a line dedicated to the global results, which are:
o RMS calculated on the entire measurement, maximum of the RMS calculated in the period, and
maximum peaks, for ISO and UNI norms;
o KBftm for the DIN 4150-2 norm.

SENSOR DISCONNECTION
In case of disconnection of one or more sensors, the GEA-Lab is able to continue recording the data without interruption.
In particular, if one or more sensors connected to the central unit (pc or monitoring box) suddenly disconnects, the GEALab continues the acquisitions with all the other sensors.

In the GEA-Lab, a warning appears on the screen indicating the device which is not properly connected to the system.
Moreover, the software immediately sends a mail to the selected receivers, as in the following:

The extreme case in which all the sensors disconnect causes the stop of the acquisition. For example, in a measurement
with three sensors, the software will automatically send the following mail:

If the user re-connects one of the disconnected sensors to the central unit, the software automatically recognizes it and
immediately stops and restarts the acquisition with the correct number of operating sensors. The warning appears both
in the GEA-Lab and in the mail which is immediately sent to the receivers:

This property is true only in the case the monitoring scheduling has been activated. In case this option has not been
activated, then the acquisition does not restart automatically, but the following warning appears. Successively, the user
will decide to stop or to continue the acquisition.

GEA-LAB DEMO
At the following web page it is possible to download the DEMO software of the GEA, which allows the user to inspect
the GEA-Lab software without needing a GEA: http://www.sequoia.it/it/GEA1_Software.htm
In the part dedicated to the devices connected to the software, a different symbol indicates the presence of a fictitious
sensor. Actually, an acquisition recorded with a GEA is charged inside the software to show its peculiarities.

EXCEL REPORTS
Some Excel tools have been created in order to load and visualize the data recorded about in the GEA-Lab. They are
divided in the “Buildings” and “Comfort” part and for each part there are two files:
• GEA Logging Report
• GEA Event Report
The two reports must be placed on the same folder.
Both the logging and the event report allow loading the data from one sensor, with its three components.
It does not matter if the raw data (options “save raw data”) are saved or not.
Nota Bene: The excel report tools will not be anymore supported when the GEA reporting software will be completed.

LINUX AND WINDOWS FILES
The GEA-Lab can be used both with the personal laptop, where usually Windows is installed and both with Linux,
which is installed in the monitoring boxes, as will be described later.

Since the reports are installed on the personal laptop, they are built in order to load txt files that are in Windows
format. For this reason, if the user wants to open the files coming from Excel, he has to follow this procedure:
• download Notepad++, which is a good software to read txt files;
• open the txt files saved by the GEA-Lab with Notepad++;
• in the section “Edit”, you choose “EOL Conversion” and the “Windows Format”.

CORRESPONDENCE DATA – EXCEL TOOL
Every Excel tool is able to open a certain type of data saved from the GEA-Lab. In the following,
DATA DESCRIPTION
Logging data, Buildings
Event data, Buildings
Logging data, Comfort, ISO 2631-1 and-2, UNI 9614 and 11048
Event data, Comfort, ISO 2631-1 and-2, UNI 9614 and 11048
Logging data, Comfort, DIN 4150-2
Event data, Comfort, DIN 4150-2

FILE TYPE
*.lgb
*.evb
*.lgc
*.evc
*.lgc
*.evc

EXCEL TOOL
Gea_Log_Build_report
Gea_Ev_Build_report
Gea_Log_ComfortISO_report
Gea_Ev_ComfortISO_report
Gea_Log_ComfortDIN_report
Gea_Ev_ComfortDIN_report

GENERAL ADVICES
The use of the Excel tools is suitable in case the user wants to show the results of a monitoring or a measurement
done with the GEA system to a third person or authority. The tools can be considered as a general way to obtain a
report and they can be modified by the user according to the report he has to present.
If the user is interested in giving logging (global) information about the monitoring, then the “Continuous” analysis is
suitable, while the “Multiple Shot” and “Single Shot” should be used when only if the user is interested in the events.
In general terms, it is advisable to use always “Continuous” analysis for short, medium and long-term analysis.

REPORTS ON THE “BUILDINGS” PART
THE LOGGING REPORT
The main tool is the Logging Report, which is constituted by a principal figure showing the maximum velocity
(evaluated in the period selected by the user in the GEA-Lab) for the three axes and the markers (red triangles)
indicating the occurrence of an event. The logging report is dedicated to “Continuous” analysis.
The command “Load Logging File” opens a new window that allows loading the desired logging file (.evb).
The user can see different time data by using the bar at the bottom of the graph. It is possible to see the entire
measurement with the command “View Compress Data”. Please note that if compress data has been selected, then it
is not possible to move with the cursor. The user must push the button “View Normal data” and then it is possible to
move along the duration of the measurement.
Please note that the Excel tool can crash if less than two logging values are saved in the file. For example, if a
measurement lasts one minute and 20 seconds and the logging time step is one minute, then only one value will be
saved in the logging file.
Moreover, the user can decide to hide one of the three curves and moreover to select the desired event, by using first
the arrows and then the command “Open Event File” which automatically open the Event Report.
Further information is present in the second part of the report, where some statistical functions regarding the logging
information are inserted.

open a new file

Measurement information

To change the view

Open an event file

Date and time of the event
Table with PCPV and frequency

Time history for the X-axis

Time history for the Y-axis

Time history for the Z-axis

FFT for three axes

Comparison with standards

THE EVENT REPORT
As already discussed, the Event Report can be opened directly from the Event Logging Report, visualizing
automatically (as shown in the figure below) the information about the event selected. Otherwise, the user can
choose the desired event by opening the Event Report and then using the command “Open Event File”.

There is different information about the event:
1.
2.
3.

date and time of the event occurrence, i.e. when the vibration level set by the user has been exceeded;
table with the P.C.P.V. and frequencies, for the three components and for the “Vec”, i.e. the tri-axial module;
time history of the event for the x-axis;

4. time history of the event for the y-axis;
5. time history of the event for the z-axis;
6. FFT of the three components
7. Comparison with the standards selected in the GEA-Lab.
In this way, a complete set of information related to an event is created.

REPORTS ON THE “COMFORT” PART
Since the standards about the evaluation of human comfort deals with acceleration but also with KB-factor, with
different global parameters, two different reports, both for logging and for the event, have been created:
•

logging and event reports for the German standard DIN 4150-2.

• logging and event reports for the Italian UNI 9164/11048 and the International ISO 2631-1/2631-2.
In case no standards have been selected in the “Measurement Points” section (option “None”), then it is advisable to
use the report dedicated to UNI and ISO standards, because they refer to accelerations and both the RMS and the
acceleration peaks are saved.

THE LOGGING REPORTS
In the report dedicated to the DIN 4150-2, the KBfti on the three components is visualized, and the global parameters
KBftm is shown in the final table, for all the axes.
In the report dedicated to the other standards (ISO 2631-1 and -2, UNI 9614 and 11048), the parameters visualized are
the RMS and the acceleration peaks, while the global parameters are RMS, maximum RMS and acceleration peaks.

THE EVENT REPORT
The event reports show simply the data and the time of the event and the three time histories of accelerations (or KB
factor).

Date and time of the event

Time history for the X-axis

Time history for the Y-axis

Time history for the Z-axis

MONITORING BOXES
The GEA solution for long-term unattended monitoring is composed by a monitoring box. It has been built in order to
avoid the use of a personal laptop. Inside the box, indeed, a processor is installed, and it is able to record, process and
save the data, as a normal laptop. The hard disk memory is 32 GB.
There are two types of monitoring boxes, one for a single GEA and one for multisensor analysis. The latter is larger
compared to the first one and the processor is more powerful. The maximum number of GEA that can be connected
to the box is 16.
The single monitoring box has the following external connections:
• connector for power supply
• LEMO connector for the GEA
• USB port in order to download data with a USB pen drive or to save directly the data into an external device
• LAN port, useful to access the processor by means of an external laptop and by using a LAN cable.

single-sensor monitoring box

multiple-sensor monitoring box

The multi-sensor monitoring box has the same external connections, but there are many LEMO connectors, according
to the desired number of sensors. To manage different sensors, a device is inserted in the box, named Sync Hub, able
to manage up to four GEA. A detailed description is provided in the next section.

HUB SYNC
The Hub Sync is a device that allows to
• synchronize all the sensors
• use cables up to 1 km
It is able to manage up to four GEA sensors.
It is possible to connect more than one Sync Hub together in a monitoring box, for a maximum of 4 units, which
correspond to 16 GEA sensors.

It can be used both in the multiple-sensor monitoring box and with a PC, for quick measurements where the
synchronization is required.
In the rear part, there are two connectors that permit to connect different Hub Sync. This is useful to obtain a chain,
and maintain the synchronization for many sensors simultaneously. A USB cable is used to connect the device to the
PC, in order to receive the power and to communicate with the software.

REMOTE CONTROL DURING A MONITORING
In the following, the procedure to access remotely the processor inside the monitoring box is explained. The solution
is based on off-the-shelf technologies, like Hamachi and TightVNC.
In this case, it is possible to:
• control the system activity
• check possible connection problems
• see real-time values of acceleration and velocity of the GEA connected to the box
• manage the GEA-Lab as it was on the personal laptop

Since the personal computer and the monitoring box must be on the same network, basically there are two options:
1. use a computer network (LAN)
2. use a virtual network

LOCAL NETWORK
The first possibility is based on the connection between a personal laptop and the monitoring box by means of a LAN
cable.

To be inserted

In this case, it is necessary to set the LAN port on the personal laptop (Control Panel  Network and Internet  …) in
the following way:
• IP address: 192.168.002.100
•

Subnet mask: 255.255.255.0

VIRTUAL NETWORK
Hamachi is a program able to create a virtual network on which different computers can be connected. In its basic
version, Hamachi allows creating a maximum of 5 networks, each one connected with a maximum of 32 devices. This
means that Hamachi will be installed in each central unit and the user can control up to four different monitoring
sites. In the full version it is possible to have a maximum of 256 devices connected.

To download Hamachi, you can use the following website: https://secure.logmein.com/products/hamachi/.

REMOTE CONTROL VIA TIGHTVNC
TightVNC is a program able to enter in another computer which is on the same network. To download the installation
file, please follow the following webpage: http://www.tightvnc.com/download.php
Please install the 32-bit or the 64-bit version depending on your laptop.

In case of local network, once connected the monitoring box with the personal laptop by means of the LAN cable,
open TightVNC viewer and insert the following specifications:
• IP ADDRESS: 192.168.002.102
• Password: sequoia
In case of a virtual network, insert the IP address of the desired computer, which is written on the Hamachi program,
and the relative password.

Then, the program let you access the processor inside the monitoring box.

3G ROUTER
In case of a monitoring box, the user can decide to buy a 3G router able to give connection to the system, such that
the e-mail can be automatically sent and moreover it is possible to remotely control the system.
The 3G router is the Teltonika RUT500. It needs to be configured in order to get it connected to the internet.

SIM CARD INSERTION
First of all you need to insert the SIM card, then to setup the router accordingly to your ISP (Internet Service Provider)
parameters.
Remove the black panel and insert the SIM card which was given from your ISP.
The correct SIM card orientation is shown in the following picture.

WEB CONFIGURATION
Please follow the following instructions:
1. Open the Firefox web browser

2.

To enter router's Web Interface type, write:

3.

Press the "return" key

http://192.168.1.1 in the address bar

4.

Use the following parameters when prompted for authentication:
a. User name: admin
b. Password: admin01

5.

Go to Network -> 3G, and change the APN "your.APN" accordingly to the APN provided by your ISP

6.
7.

Save the configuration, then logout and close the internet browser.
Wait for the system to be connected to the internet.

ANTENNAS
The 3G router is provided with two antennas, as shown in the following picture.

The GSM antenna should be connected to the “GSM MAIN” connector in the panel.
The WiFi mode is usually not enabled by Sequoia IT, so you do not have to connect the related antenna.
If you need to enable the WiFi connection, please refer to the user manual provided by Teltonika; in that case you
need to connect the Wifi antenna to the “WiFi ANT” connector.

