
ISMDq (INGV Strong-Motion Data quality)

The beta version of the  STATION QUALITY session of the  ISMDq web portal is devoted to the
evaluation of the data recorded in continuous mode by the accelerometric  stations of the  INGV
National Seismic Network (http://terremoti.ingv.it/instruments/network/IV) and partners that have
assured  real-time  data  exchange  with  the  INGV  through  active  agreements  between  public
authorities  and  Universities  (see  also  http://terremoti.ingv.it/instruments;
http://ismd.mi.ingv.it/notes-net.php). 

The link for STATION QUALITY is located in the right framework (at the bottom) of the home page
of the ISMDq website (http://ismd.mi.ingv.it/  )  , leading users to enter in the station-quality web page
(http://ismd.mi.ingv.it/quality.php/).
 
The results for the accelerometric stations are available on-line and archived in the ISMDq database
from October 2020, while from April 2021 the results for the velocimetric sensors coupled to the
accelerometers are also available.
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The quality.php page is composed by two main frameworks

1) QUALITY OF THE LAST AVAILABLE DAY

On the right there is a real time stations map with the updated parameters analyzed considering the
last available day. The current beta version, due to technical reasons related to the loading of the
large amount of data (about 1000 streams/day), currently has a delay of two days compared to the
present (e.g. on December 15th the user will view the data of the day 12). The analyzes of the 24
hours carried out on each stream of each available accelerometric and velocimetric station will be
displayed.

The map, in relation to the reference date (viewable in the upper part), shows with triangles all the
accelerometric  stations  that  send  data  in  real  time  to  the  INGV-ONT (http://www.ont.ingv.it/)
seismic  room  for  surveillance.  Data  are  then  redundant  to  the  INGV  Milano
(http://www.mi.ingv.it/) acquisition center  for the presented analysis.
In  the map at the top right you can see the box for choosing the parameters, the SEED channels
(accelerometric:  HN  and  HG;  velocimetric  HH  and  EH;  see  also
https://scedc.caltech.edu/data/station/seed.html) and the ground motion component (Z: vertical; N:
North-South; E: East-West).

Currently the following parameters, calculated on 24 hours of signals, are available:

 Gap or availability (i.e. indicated in the map as Gap/Availability%); 

 Number of gaps (Gap count);

 Duration (s) of the sum of the gaps (Σ gap);

 Duration (s) of the maximum time gap (max gap);

 quadratic mean (RMS, Goldstain et al., 2003) without filter application (RMS no-filt.);

 RMS with Butterworth band-pass filter application (RMS filt. 0.01-50 Hz);

 Power Spectral Density (PSD) with Butterworth band-pass filter (PSD filt. 0.01-50 Hz);

 general quality index.

In the map at the bottom left there is the key to access the same results in tabular form where each
color of the cell has the same meaning as the relative triangle in the map. Both in the map and in the
table  the colors green,  yellow,  orange,  red respectively  indicate  a  decreasing  data  quality  from
excellent (good, sufficient) to insufficient, defined according to the intervals below (missing data
are indicated in black). The selected values for quality class are reported in the table below.  
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SEED channels HN, HG

Indice di Qualità A B C D

disponibilità (%) >90 90:75 75:50 <50

gap (%) <10 10:25 25:50 >50

num. gap <50 50:100 100:300 > 300

Σ gap (sec) <1800 1800:3600 3600:(3600*3) > 3600*3

max gap (sec) <1800 1800:3600 3600:(3600*3) > 3600*3

rms-no fil (count) <50k 50k:100k 100k:200k > 200k

rms-fil (count) <10k 10k:20k 20k:30k > 30k

PSD-fil (dB) (-120:-100) (-125:-120)(-100:-95) (-135:-125) & (-95:-85) <-135 & >-85)

SEED channels HH, EH

rms-no fil (count) <5k 5k:15k 15k:40k > 40k

rms-fil (count) <3k 3k:10k 10k:20k > 20k

PSD-fil (dB) (-130:-160) (-130:-110) (-110:-100) <160 & >-100 

Following the results obtained in the estimation of the RMS (filtered between 0.01 and 50 Hz), of
the PSD (filtered between 0.01 and 50 Hz) and considering the % of daily data availability, each
station,  channel  and component  are  associated  with  a  general  quality  index indicated  with  the
alphanumeric codes A (green: high quality), B (yellow: good quality), C (orange: low but sufficient
quality), D (red: bad quality, to be removed).
The general quality index is expressed both in the map and in the corresponding table by means of a
color (triangles in the map and cell in the table) associated with the lower value selected considering
the % of data availability and the average PSD in the interval 0.01-50 Hz, for each selected channel
and component (ex: availability> 90 & PSD -97 dB = general quality index B, yellow color).
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2) STATION QUALITY ARCHIVE (6 MONTHS)

On the left side of the web page quality.php are showed the results for the the archived data on db-
quality for the last 6 months. The data is available starting from October 2020 for SEED channels
HN and HG and from April 2021 for the SEED channels HH and EH. 
The  archive includes 3 main sessions: Metrics, Availability, Daily plots.

DATA METRICS 

The graphs for the data metric show the quality parameters for the last 6 months. The requests can
be made for each network, station, channel and component relating to all stations that flow in real
time to the INGV seismic room for surveillance. The graphs allow to build the time history of the
recording  stations  through  the  average  root  mean  square  (RMS),  the  average  Power  Spectral
Density  (PSD) and a comparison between accelerometers and coupled velocimeters in terms of
percentage  difference  between averaged PSD (% diff  acc-vel).  All  analyzes  are  carried  out  for
successive filtering intervals between 0.01 and 50 Hz (i.e., 0.01-0.1; 0.1-1; 1-5; 5-10; 10-20; 20:50
Hz)  capable  of  covering  the  entire  range  of  seismological  interest  and  highlight  the  nature  of
possible problems at the registration site. Each parameter is displayed associated with its relative
degree  of  uncertainty  (±  1σ). For each selected parameter, the graphs display all the motion).  For  each  selected  parameter,  the  graphs  display  all  the  motion
components represented in different colors. All dynamic graphs can be enlarged by the user for
details.
 
DATA AVAILABILITY

The data availability graphs allow users to build the time history of the last six months for each
network, station, channel and component, in relation to the daily gap (%) in the continuous recorded
data stream, to the maximum daily quantity of gaps (number), or to the sum (sec) of all gaps and the
maximum duration in seconds of the maximum daily gap. For each selected parameter, the graphs
display  all  the  motion  components  represented  in  different  colors.  All  dynamic  graphs  can  be
enlarged by the user for details.

DAILY PLOTS

For each day (24 hours) of the last 6 months you can view the static graphs that can be selected by
network and station (all channels) relating to the following analyses:

 PDF: Probability Density Function; 

 PSD: Power Spectral Density at different frequency intervals;

 comparison RMS (quadratic mean) vs. PSD at different frequency intervals;

 daily graphs for waveforms (24 hours);

 PSD spectrograms;

 gaps.
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In detail:

PDF 

The  analyzes  are  made  considering  24  hours  of  data  in  miniSEED  format
(http://ds.iris.edu/ds/nodes/dmc/data/formats/miniseed).  The title  of the graph shows the network
(e.g.  IV),  the  station  code  (e.g.  ACATE),  the  accelerometric  channel  (e.g.  HNZ),  the  date
considered  for  the  analysis  and  the  number  of  windows  (segmets,  e.g.  47  /  47)  used  for  the
calculation of PSDs.

The figure above shows the noise models (minimum and maximum) by Cauzzi et al. (2013) (solid
gray lines) and Peterson's (1993), converted to acceleration (dashed gray lines).

The black dotted lines show the ± 2σ). For each selected parameter, the graphs display all the motion values relating to the cumulative PDF from the start of the
analysis (for a maximum period of 6 months) and currently represent a first approximation for a
noise model at the single station. They will soon be replaced by maximum and minimum noise
models calculated off-line for each INGV station included in the db-quality.

The green bar below the graph indicates  the input  data  for the PDF calculation.  Any gaps are
indicated in red (absent in the example). The blue bar indicates the single PSD measurement that
goes into the frequency distribution histogram. As these are accelerometers, the conversion from
count to cm /s2 is carried out by considering the channel sensitivity for each station, setting a flat
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instrumental response. The analysis windows considered have a time length of 1 hour, overlapping
by 50%. Each 1h window is further subdivided into 13 segments (overlapping by 75%; McNamara,
2004). For each of these the following processing is carried out:

 linear trend and offset removal

 cosine taper 10%

 PSD calculation

The PSD for each hour is obtained from the average of the PSDs of the 13 segments.  For the
calculation of the PDF, only the hourly PSDs are considered to calculate the frequency distributions
at each period.

PSD (frequency dependent)

The Power Spectral density (PSD) is reported as a function of time for each analyzed day and for
different frequency intervals. The title shows the network, the station code, the channel, the date
considered and the number of segments used for the calculation of the PSD. The graph shows for
each interval the average of the values of the same interval (indicated with different colors for each
frequency interval).
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RMS vs. PSD

The values of the root mean square (RMS) and of the PSD calculated for the target day and for
different frequency intervals are shown. The bars indicate the average values (black for RMS, red
for PSD). The lines on the bars indicate their respective standard deviations (the colors of the lines
are reversed from the bars to aid visualization). The RMS is calculated in count according to the
formulation:

xrms = √ [1/n (x1
2 + x2

2 + … + xn
2)]

where x is the amplitude value (count) of the single sample and n the number of samples of the 
considered trace.
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24 hours of waveforms plot

The title of the graph shows the network, the station code, the channel and the date of the day
analyzed. The signal is represented by hourly intervals (abscissa in minutes). The alternating colors
simply aid in reading the graph.
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Spectrogram of PSD 

The title of the graph shows the network, the station code, the channel, the date of the day analyzed 
and the number of segments used for the calculation of the PSD.
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Gaps

The percentage shown on the left together the station code indicate the availability of data (in this
case 100% and gaps 0%) for the analyzed day (see the abscissa). Any vertical red and blue bars
(both absent in the example) indicate the presence of gaps and overlaps respectively.
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