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Data Services

Introduction to MUSTANG
• An analytics database containing data quality 

metrics, Power Spectral Densities (PSD), and 
Probability Density Functions (PDF) for seismic 
data in the IRIS DMC archive

• A collection of algorithms that continually 
process incoming waveform data and metadata

• A suite of web services providing data quality 
metrics on demand

• A set of tools for data quality exploration, 
visualization, and assessment



Data Services

Ø Latency metrics run every 4-
hours on real-time data

Ø Other metrics queued to run 
one day after data is archived

Ø Metrics available 2-3 days 
after the data arrives at IRIS 
DMC

Ø PASTURE system for 
updating metrics runs every 
day

Ø PSD response updater runs 
twice a week



Data Services

http://service.iris.edu

Ø measurements
Ø noise-psd
Ø noise-pdf
Ø noise-pdf-browser
Ø noise-mode-timeseries
Ø spectrogram
Ø metrics
Ø targets

MUSTANG is accessed 
through web services

- 8 web services in total
- retrieve values through URL queries

• Text, XML, CSV, JSON, JSONP, PNG

- convenient to use in scripts and tools

http://service.iris.edu/


Data Services

MiniSEED Flag Counts
amplifier saturation
calibration signal
clock locked
digital filter charging
digitizer clipping
event begin/end
event in progress
glitches
missing padded data
spikes
suspect time tag
telemetry sync error
timing correction

Other
timing quality (blockette 1001)
metric error

Data Latency
real time data latency
real time feed latency
real time total latency

Data Availability
percent available
channel up time
maximum gap length
maximum overlap length
number of gaps
number of overlaps

Simple Data Statistics
maximum sample value
minimum sample value
median sample value
mean sample value
sample rms variance
unique sample count

Noise Analysis
Power Spectral Density (PSD)*
Probability Density Function (PDF)*
PSD/PDF statistics*
percent above high noise model
percent below low noise model
dead channel indicators

Signal Anomalies
cross talk
DC offset change
signal-to-noise ratio
maximum STA/LTA
number of spikes
pressure effects

Metadata Checks
orientation check
polarity check
transfer function

What Kinds of Metrics are Available?
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All IU stations that have signal-to-noise-ratio > 10 
for the 2018-03-25 20:14:47 Mw=6.4 Banda Sea event

Measurements 
Query Example

http://service.iris.edu/mustang/measurements/1/query?metric=sample_snr
&net=IU&cha=BHZ&format=text&startafter=2018-03-25T20:14:17
&startbefore=2018-03-25T20:34:47&value_gt=10&orderby=value_desc

http://service.iris.edu/mustang/measurements/1/query?metric=sample_snr&net=IU&cha=BHZ&format=text&startafter=2018-03-25T20:14:17&startbefore=2018-03-25T20:34:47&orderby=value_desc&value_gt=10
http://service.iris.edu/mustang/measurements/1/query?metric=sample_snr&net=IU&cha=BHZ&format=text&startafter=2018-03-25T20:14:17&startbefore=2018-03-25T20:34:47&orderby=value_desc&value_gt=10
http://service.iris.edu/mustang/measurements/1/query?metric=sample_snr&net=IU&cha=BHZ&format=text&startafter=2018-03-25T20:14:17&startbefore=2018-03-25T20:34:47&orderby=value_desc&value_gt=10
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Gain ratio < 0.9

Example: transfer function gain_ratio values for ms_coherence > 0.999

Metrics query December 2017

Time gap in values plotted
because coherence < 0.999
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(metadata updates in February, March)

Metadata typo in A0 gain fixed
for IU.ANMO.00.BH1

Orientation re-measured for both loc 00 and 10 
sensors, resulting in coherence > 0.999

Example: transfer function gain_ratio values for ms_coherence > 0.999
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Power Spectral Densities Probability Density Functions

http://service.iris.edu/mustang/noise-psd/1/ http://service.iris.edu/mustang/noise-pdf/1/

Plot       Text       XML      also: statistics

http://service.iris.edu/mustang/noise-psd/1/
http://service.iris.edu/mustang/noise-pdf/1/


Data Services

PDF-derived metrics

Ø Percentage of PDF matrix hits above the 
New High Noise Model

Ø pct_above_nhnm = 5.706

pct_above_nhnm

Ø Percentage of PDF matrix hits below the 
New Low Noise Model

Ø pct_below_nlnm = 3.820

pct_below_nlnm

TA.G24K..BHZ, 2017-05-29
scale +/- 5000 counts



Data Services

PDF-derived metrics

Ø Percentage of PDF matrix hits above the 
New High Noise Model

Ø pct_above_nhnm = 5.7

pct_above_nhnm

Ø Percentage of PDF matrix hits below the 
New Low Noise Model

Ø pct_below_nlnm = 3.8

pct_below_nlnm

TA.G24K..BHZ, 2017-05-29
scale +/- 5000 counts
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PDF-derived metrics pct_below_nlnm=52.9
pct_above_nhnm=0

Ø difference the median PSD from the New Low Noise Model 
for periods 4-8 seconds, average the values

Ø dead_channel_gsn = 1 if > than 5 dB below the NLNM,
dead_channel_gsn = 0 if < 5 dB below NLNM

dead_channel_gsn dead_channel_lin

Ø linear fit to the PSD mean
Ø return standard deviation of the residuals
Ø dead_channel_lin = 2.8
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dead_channel_lin=0.91

PDF-derived metrics

spikes gaps environmental noise quieter day

dead_channel_lin=0.91 dead_channel_lin=1.79 dead_channel_lin=14.13



Data Services

noise-mode-timeseries &
spectrogram

http://service.iris.edu/mustang/noise-spectrogram/1/query?target=UU.IMU.01.EHZ.M

http://service.iris.edu/mustang/noise-spectrogram/1/query?target=UU.IMU.01.EHZ.M
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Spectrogram Color Palettes
name type colorblind-

friendly?
color printer-
friendly?

greyscale-
compatible?

rainbow diverging no no no

RdYlBu diverging yes yes no

BrBG diverging yes yes no

RdBu diverging yes yes no

YlGnBu sequential yes yes no

viridis sequential yes no yes

OrRd sequential yes yes yes
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http://service.iris.edu/mustang/noise-spectrogram/1/query?
target=UU.IMU.01.EHZ.M&plot.color.palette=YlGnBu

http://service.iris.edu/mustang/noise-spectrogram/1/query?target=UU.IMU.01.EHZ.M&plot.color.palette=YlGnBu
http://service.iris.edu/mustang/noise-spectrogram/1/query?target=UU.IMU.01.EHZ.M&plot.color.palette=YlGnBu


Data Services

noise-pdf-browser

gallery breakout spectrogram
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<!DOCTYPE HTML PUBLIC>
<html><body>

<?php
date_default_timezone_set('UTC');
$start=urlencode(date('Y-m-d',time()-86400*30));
$end=urlencode(date('Y-m-d',time()));

$link='http://service.iris.edu/mustang/noise-pdf-browser/1/gallery?network=TA,AK&channel=BH?,HH?' .
'&starttime=' . $start . '&endtime=' . $end . '&interval=all';

echo "<p><a href=$link>TA-Alaska PDF Browser Broadband</a> Last 30 days: $start to $end</p>";

$link2 = 'http://service.iris.edu/mustang/noise-pdf-browser/1/gallery?network=TA,AK&channel=BN?,HN?' .
'&starttime=' . $start . '&endtime=' . $end . '&interval=all';

echo "<p><a href=$link2>TA-Alaska PDF Browser Strong Motion</a> Last 30 days: $start to $end</p>";

$start=urlencode(date('Y-m-d',time()-86400*365));
$link3 = 'http://service.iris.edu/mustang/noise-pdf-browser/1/spectrogram?network=TA,AK&channel=BH?,HH?' .

'&starttime=' . $start . '&endtime=' . $end . '&output=powerdmedian&color.palette=RdBu&powerrange=-25,25';
echo "<a href=$link3>TA-Alaska Spectrogram Browser: Power Differenced from Median by Frequency</a> 

Last year: $start to $end</p>";
?>

</body></html> 
Go to page

Example PHP script to create links to 
noise-pdf-browser in web page
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<!DOCTYPE HTML PUBLIC>
<html><body>

<?php
date_default_timezone_set('UTC');
$start=urlencode(date('Y-m-d',time()-86400*30));
$end=urlencode(date('Y-m-d',time()));

$link='http://service.iris.edu/mustang/noise-pdf-browser/1/gallery?network=TA,AK&channel=BH?,HH?' .
'&starttime=' . $start . '&endtime=' . $end . '&interval=all';

echo "<p><a href=$link>TA-Alaska PDF Browser Broadband</a> Last 30 days: $start to $end</p>";

$link2 = 'http://service.iris.edu/mustang/noise-pdf-browser/1/gallery?network=TA,AK&channel=BN?,HN?' .
'&starttime=' . $start . '&endtime=' . $end . '&interval=all';

echo "<p><a href=$link2>TA-Alaska PDF Browser Strong Motion</a> Last 30 days: $start to $end</p>";

$start=urlencode(date('Y-m-d',time()-86400*365));
$link3 = 'http://service.iris.edu/mustang/noise-pdf-browser/1/spectrogram?network=TA,AK&channel=BH?,HH?' .

'&starttime=' . $start . '&endtime=' . $end . '&output=powerdmedian&color.palette=RdBu&powerrange=-25,25 ';
echo "<a href=$link3>TA-Alaska Spectrogram Browser: Power Differenced from Median by Frequency</a> 

Last year: $start to $end</p>";
?>

</body></html> 
Go to page

set time range for past month
using current date

set time range for past year
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<!DOCTYPE HTML PUBLIC>
<html><body>

<?php
date_default_timezone_set('UTC');
$start=urlencode(date('Y-m-d',time()-86400*30));
$end=urlencode(date('Y-m-d',time()));

$link='http://service.iris.edu/mustang/noise-pdf-browser/1/gallery?network=TA,AK&channel=BH?,HH?' .
'&starttime=' . $start . '&endtime=' . $end . '&interval=all';

echo "<p><a href=$link>TA-Alaska PDF Browser Broadband</a> Last 30 days: $start to $end</p>";

$link2 = 'http://service.iris.edu/mustang/noise-pdf-browser/1/gallery?network=TA,AK&channel=BN?,HN?' .
'&starttime=' . $start . '&endtime=' . $end . '&interval=all';

echo "<p><a href=$link2>TA-Alaska PDF Browser Strong Motion</a> Last 30 days: $start to $end</p>";

$start=urlencode(date('Y-m-d',time()-86400*365));
$link3 = 'http://service.iris.edu/mustang/noise-pdf-browser/1/spectrogram?network=TA,AK&channel=BH?,HH?' .

'&starttime=' . $start . '&endtime=' . $end . '&output=powerdmedian&color.palette=RdBu&powerrange=-25,25 ';
echo "<a href=$link3>TA-Alaska Spectrogram Browser: Power Differenced from Median by Frequency</a> 

Last year: $start to $end</p>";
?>

</body></html> 
Go to page

create URL

create URL

create URL
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MUSTANG Client Tools

Ø MUSTANG Databrowser - various plot types
Ø LASSO – rank and color-code stations based on 

multiple metric combinations

Ø MUSTANGular – view metrics on map

Ø QuARG – network quality assurance report generator 
(in development)
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MUSTANG Databrowser - Metric Timeseries Example

Developed by Mazama Science and IRIS Data Services

http://ds.iris.edu/mustang/databrowser

http://ds.iris.edu/mustang/databrowser
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MUSTANG Databrowser - Gap Duration Plot Example

Gap duration vs. date

Gap duration vs. time of day

Histogram of gap durations

Reference: Poindexter, S.D., R. Pena, and R.H. Martin (2017), A Different Approach to Data Availability. Presented at CTBT: Science and Technology 2017 Conference

http://ds.iris.edu/mustang/databrowser

http://ds.iris.edu/mustang/databrowser
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LASSO

Derived Data Availability
• percent_availability
• dead_channel_gsn

Mass Position Voltage
Signal Quality

• calibration_signal
• sample_rms
• sample_snr
• pct_above_nhnm

Metadata Validity
• suspect_time_tag
• timing_quality
• timing_correction

Time Series Integrity
• num_gaps
• num_overlaps
• percent_availability
• max_gap

Views in Basic Tab

Developed by ISTI and IRIS Instrumentation Services

http://lasso.iris.edu

http://lasso.iris.edu/
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LASSO

Derived Data Availability
• percent_availability
• dead_channel_gsn

Mass Position Voltage
Signal Quality

• calibration_signal
• sample_rms
• sample_snr
• pct_above_nhnm

Metadata Validity
• suspect_time_tag
• timing_quality
• timing_correction

Time Series Integrity
• num_gaps
• num_overlaps
• percent_availability
• max_gap

Views in Basic Tab

http://lasso.iris.edu

http://lasso.iris.edu/
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LASSO http://lasso.iris.edu

Derived Data Availability
• percent_availability
• dead_channel_gsn

Mass Position Voltage
Signal Quality

• calibration_signal
• sample_rms
• sample_snr
• pct_above_nhnm

Metadata Validity
• suspect_time_tag
• timing_quality
• timing_correction

Time Series Integrity
• num_gaps
• num_overlaps
• percent_availability
• max_gap

Views in Basic Tab

http://lasso.iris.edu/
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MUSTANGular

Developed by the University of Washington, Pacific Northwest Seismic Network http://ds.iris.edu/mustang/mustangular

http://ds.iris.edu/mustang/mustangular
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MUSTANGular

http://ds.iris.edu/mustang/mustangular

http://ds.iris.edu/mustang/mustangular
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MUSTANGular

http://ds.iris.edu/mustang/mustangular

http://ds.iris.edu/mustang/mustangular
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MUSTANGular

http://ds.iris.edu/mustang/mustangular

http://ds.iris.edu/mustang/mustangular
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Network Quality Reports and
QuARG (Quality Assurance Report Generator)

§ Identify metric threshold values that indicate a station problem

§ Use scripts to compile metrics and flag potential issues

§ Analyst review and issue tracking (ticketing system)

§ Compile information into a readable report

§ Highlight and prioritize areas where quality can be improved

(thanks goes to _GSN, AK, and UU networks for being guinea pigs and providing feedback)
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Completeness

noData: percent_availability = 0
gapRatioGt12: num_gaps/percent_availability > 12
avgGaps: average gaps/measurement >= 2

Amplitudes

dead: dead_channel_lin < 3.5 && pct_below_nlnm > 20
pegged: abs(sample_mean) > 6e+6 && sample_rms < 1000
lowAmp: dead_channel_lin >= 3.5 && pct_below_nlnm > 20
lowRms: sample_rms < 25
flat: sample_unique < 200
xTalk: abs(cross_talk) >= 0.9
noise1: dead_channel_lin < 2.25 && pct_avbove_nhnm > 20
noise2: dead_channel_lin < 2 && pct_below_nlnm <= 20 && num_gaps < 10
hiAmp: sample_rms > 50000 && pct_above_nhnm > 30
rmsRatio: sample_rms ratio E/N, or N/E, or Z/((E+N)/2) > 10
badRESP: pct_above_nhnm > 90 || pct_below_nlnm > 90
nonCoher: ms_coherence <= 0.990
dcOffsets: dc_offset > 10
avgSpikes: average num_spikes/measurement >= 100
nSpikes: num_spikes > 500

Metric threshold
categories:

• Completeness
• Amplitudes
• State of Health
• Timing
• Metadata
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State of Health
ampSat: amplifier_saturation > 0
filtChg: digital_filter_charging > 2
clip: digitizer_clipping > 0
spikes: spikes > 0
glitch: glitches > 0
padding: missing_padded_data > 0
tsync: telemetry_sync_error > 0

Timing
noTime: clock_locked = 0
poorTQual: 0 <= timing_quality < 60
suspectTime: suspect_time_tag > 1

Metadata
gainRatio: ms_coherence >= 0.999 && (gain_ratio <= 0.95 || gain_ratio >= 1.05)
polarity: polarity_check <= -0.5
zDip: Z Dip > -90
horDip: Horizontal Dip != 0
zeroZ: Elev = Depth = 0
lowScale: Scale <= 0
nonMSUnits: Input units != M/S

Metric threshold
categories:

• Completeness
• Amplitudes
• State of Health
• Timing
• Metadata
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Summary Section Detailed Description Section

Example Network Quality Report
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QuARG Tool
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QuARG Tool – Find Issues

Compiles list of station-days that meet 
metric threshold criteria and writes to 
the Issue File
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QuARG Tool – Examine Issues
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QuARG Tool – Examine Issues
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QuARG Tool – Examine Issues
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QuARG Tool – Examine Issues
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QuARG Tool – Examine Issues
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QuARG Tool – Examine Issues
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QuARG Tool – Create Tickets
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QuARG Tool – Generate Report
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QuARG Tool – Generate Report
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Contact us: dmc_qa@iris.washington.edu

MUSTANG Message Center Lists:
• MUSTANG Users – community discussion of QA

https://ds.iris.edu/message-center/topic/mustang-users/

• MUSTANG QA – announcements, problems, and 
discussion
https://ds.iris.edu/message-center/topic/mustang-qa

mailto:dmc_qa@iris.washington.edu
https://ds.iris.edu/message-center/topic/mustang-users/
mailto:https://ds.iris.edu/message-center/topic/mustang-qa

