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4 Why A Data Model? ■

➢The GMS is fundamentally about ingesting and transforming data.

➢Data must be passed around within the System and to and from Users that interface
with the System.

➢Types of data must be specified, but given the huge variety of types of related data that
are involved, more is needed: a model must be established.

➢The model not only defines types of data, but also the relationships between them.



5 Why A Conceptual Data Model? •

>For software developers, there must be a logical version of the data model that shows
how the various types of data are actually represented within the System, but for most
System users, the logical model does not provide the right level of detail.

>The conceptual data model captures the key aspects of the data model without going
into the level of detail that is needed for the System software developers.

>The conceptual data model provides the right level of detail for System users to
understand what types of data are handled by the System.

>In many cases, portions of the conceptual data model were developed first by nuke
monitoring domain experts to make sure the data types and relationships were correct,
and then the System architects developed the logical model.



6 Data Model Design Flow •

Monitoring
Domain Experts

CDM System
Architects

LDM

>Sometimes the CDM proves problematic to implement in software.

>Minor discrepancies may not warrant updating the CDM to reflect
implementation decision.

>When changes are more significant, we update the CDM to be
consistent with implementation.

Software
Developers

Software
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8 Purpose and Objectives •

Purpose

>Help guide the development of a new SHI data processing system for the US NDC
and IDC (translated into LDM by Architecture Team).

>Reference for GMS users to understand what data can be imported/exported from the
System.

Scope

>Addresses data acquisition, processing, analysis, distribution

Objectives

>Define data model used by all software — "Common Object Interface"

>Enables data provenance



9 Provenance

Provenance - information about how processing results were computed
and evolved over time.

This model addresses provenance in three ways:

1. Versioning of primary data objects such as data channels, signal detections, and events
to capture the history of changes to those objects in the System.

2. Defining and capturing processing configuration and parameters and associating those
values to a processing result.

3. Capturing creation information (creation source and time) on all objects to allow
connection to general System configuration and other information.

■



10 Organization of the Data Model

Station Reference Information
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11 Conceptual Data Model Document (CDMD)

Most recent version is 2.7 (May, 2019)

➢Data acquisition
➢ Updated classes for raw station data frames.

➢Updated classes for acquired channel SOH (more efficient)

➢Magnitude
➢ Updated classes for instrument response.

➢Updated classes for station magnitude.

>Event location

➢Added configuration parameters for event location.

Note: the Data Model will continue to expand and change throughout system
development

■
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1 3 Network, Station, Site, Channel

Reference Network Membership

% actual changetime

% system change time

E. a cticomment

ve

Reference Network

% n a m e

% monitoring organization

% geographic region

% actual change time

% system change time

% active

% info source : Information Source

% description

Reference Alias

% n a m e

% actual changetime

% system change time

% active

Reference Station Membership

% actual change time

% system change time

% active

cornment

Reference Station

% name : String

% station type : Station Type

% latitude : Value

% longitude : Value

% elevation : Value

% actual changetime

% system change time

% active

% info source : information Source

% description

1:i comment

Reference Alias

% name

% actual change time

% system change tirne

gi active

Eqi comment

«ersumeratirm,
122I Station Type

▪ Sersmic 3-Component
I= Seismic 1-Component

I= Seismic Array

▪ Hydroacoustic
1=1 Infrasouncl

1=1 Infrasouncl Array

I= Weather

Reference Site Membership

% actual change time

% system change time

% active

LiA comment

Reference Site

% name

% latitude : Value

% longitude : Value

% elevation : Value

% actual changetirne

% system change time

% active

% info source : Information Source

% description

6rri CUMITCHL
1

11 Relative Position

% north displacement : Value

% east displacement : Value

C~q vertical displacement : Value

2 Reference Alias

% name

% actual change time

systeme  change tirneadiv

comment

«enumeration,
Channel Data Type

▪ Hydroacoustic
▪ lnfrasound
=I Weather

1=1 Diagnostic (S01-11

1=1 Diagnostic (other)

Reference Channel

% name : String

% channel type : Channel Type

% data type : Channel Data Type

% location code

% latitude : Value

% longitude : Value

% elevation : Value

% depth : Value

%vertical angle : Value

% horizontal angle : Value

% nominal sample rate

% actual change time

% system change time

% active

% info source : information Source

% description

ILE comment

1
reference

1

hannel

2 Relative Position

% north displacement : Value

east displacement : Value

M vertical displacement : Value

«enumeration.
EMI Channel Type

=Broadband high gain vertical

1=1 Short-period low gain vertical

=Broadband high gain east-west

I= Short period high gain east-west

I= Broadband high gain north-south

I= Short period high gain north-south

0 etc.

•



1 4 Instrument Response •

Reference Response Reference Channel

4-ii name

source response type Response Type

source response data

ni response r FAP

units Response Units

calibration intenal

calibration factor

calibration factor error

1

Reference Digitizer M ernbership

actu al ch an ge time

qi system change time

%calibration period

time shift

actual change time

system change time

QI active

m comment

.enurneration.
EMI Response Type
o FAP ni info source Information Source nominal response

i= SEED

i= etc.

%description

mi comment

•

aenumeration
Response Units.

ci mts

o rri/s 1,2
o n rn/s

CI PA

o M

▪ unitless
ci etc.

pRange

6 FAP

frequ en cy

M amplitude

phase

amplitude error

m, phases error

Reference Sensor

name

rnanufadurer In stru men t Man u fadu rer

model In stru men t Model

RI serial number
n u rnber of cornpon en ts

passband : Range

actual change time

RI system change time
info source Information Source

d escription

m comment

p Reference Digitizer
name

man u f adu rer

model

serial number

actual change time

system ch an ge time

active

info sou rce

d escription

cornmen t

low frequency Dou ble

igh frequ en cy Double en u rneration aenurneration
instrument Manufacturer instrument Model aenu rneration aenurneration

Digitizer Manutadurer Digitizer Model1= Geotech Instruments, LLC i= GS-13

Guralp Systems Limited 3TB ci Trimble o Reftek

I= Chaparral Physics

i= etc.

CI 50A

i= etc.

CI etc. CI etc.
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1 6 Channel Processing Sequence Configuration

.enurneration.
Channel Processing Group Type

CI Sin gle Ch an n el

3-Compon en t

CI Beam

CI etc.

cc en u meration
Channel Processing Step Type

I= Raw

I= Waveform QC

I= Filter

I= Coherent beam

I= Detector

I= etc.

aenurneration.
11311 limeseries Type

CI Waveform

o Fk Power Spectrum

I= Detection Feature Map

I= etc.

EgrII
aenurneration.

Channel Segment Type

o Acq ired

CI Raw

Detedion Beam

FK Beam

CI Filter

CI etc.

6 Reference Channel

Channel Processing Group

Ri name r String

tme Channel Processing Group Type

actual change time

system change time

status

comment

2 Channel Processing Step

configured input
steps

actual input
channel segments

Ri name Strin g

type Channel Processing Step Type

actual change time

system change time

statu s

conynen t

Channel Processing Group
collects a set of Channels
but a Channel has history
and its attributes can
change over time. The exact
Channel instances used
during Channel processing
are determined using a time
based lookup.

6Channel Segment

narne String

tirneseries type -5rneseries Twe

channel segment type r Channel Segrnent Type

start tirne

end time

limeseries

Configuration info

Channel

•



17 Channel Processing Step Configuration: overview •

The CDMD currently includes configuration info for:

>QC Segment identification (i.e. QC masking)

>Filtering

>Beamforming

>STA/LTA Signal Detection

>AIC Onset Time Refinement

>Amplitude Measurement

>FK Power Spectra

>FK Power Spectrum Feature Measurement (Peak Azimuth & Slowness)



18 Channel Processing Step Configuration: FK Power Spectra

gen umerationz.
Phase Type

▪ P
▪ S
I= Unknown

o Un set

I= etc

FK Power Spectra Definition

fk power spectra start time : Instant

fk power spectra sample rate hz: Double

fk power spectrum count integer

7i window lead Duration

window length Duration

low frequency Double

high frequency Dou ble

EI kJ se channel vertical offsets : Boolean

%, phase type Phase Type

qi medium velocity km per sec Double

EI x slow start Double

x slow delta Double

x slow count : integer

ffdEI y slow start : Double

y slow delta : Double

y slow count : integer

qi nominal waveform sample rate hz: Double

nominal waveform samp e rate tolerance hz : Double

1

11 Relative Position

qi north dispbcement Value

7i east displacement :

%, vertical clisp acernen t : Value

1

Channel

1

qi latitude

M longitude

elevation

ffg depth

•



19 Channel Processing Step Configuration: FK Power Spectra (Provenance)
Channel Segment

1

Erneselies

FK Power Spectra

w in dow Lead duration

w in dim Len gth t duration

aseType Hiase Type

6low Start Double

xSlowDelta t Double

y5low Start Double

ySlow Delta Double

FK Power SpecImm

fkReferencerirne Instant

channelCount t int

trimrnedFftCount t int

totalPow er Double

pow erValu es

0

1..'V

• C 

2 FK Power Spectra Attributes
azimuth t Value

slowness Value

quality

FStat

1

This creation info also applies to all
Fk Power Spectrum in the FK Power
Spectra.

Fk Power Spectra Creation info

[coactua, .nput channels

Creaiion info

1

Software Component

1,

Parameter Set

1

FK Power Spectra Atbibutes Creation info

Creafion info

1

0 Software Component

Parameter Set

T
FK Power Spectra Ablibutes Detinition

x slowness coordinate : Double
5, slowness coordinate : Double

ri use peak Boolean

fk quality dB drop t Double

ri error dB drop Double

theoretical 2dB drop radius Double

L
• fk pow er spectra start time instant

fk pow er spectra sample rate hz Double

• k pow er spectrum count t integer

ri window lead : Duration

ri window length Duration

low frequency: Double

• igli frequency: Double

ri use channel ,.Trtical off sets : Boolean

ri phase type Phase Tnie

ri medium velocity kin per sec Double

x slow start t Double

x slow delta t Double

• x slow count r Integer

• y slow start Double

y slow delta t Double

• y slow count : Integer

ri nominal wavefonn sample rate hz Double

ri nominal waveform sample rate tolerance hz Double

FK Power Speclra Definition

1

One RelativePosition for eadi input Channel;
all use the same Reference Location.

Relalive Position

north displacement Value

ri east displacement Value

vertical displacement Value

1 '

2 Reference Loulion

latitu de : Value

longitu de t Value

ri elevation : Value

ri depth Value

•
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21 Waveform QC Segment •

Channel
1

referenced by

ag a.gregate root 
QC Segment

id UUID

processing channel id UUID

1

QC Segment Version

Channel Segment

discovered on

version Long

parents QC Segment Version Reference [*]
category:. QC Segment Category

twe QC Segment Type

rationale String

start time Instant

end time Instant

creation info id UUID

11311
enurneration

QC Segment Category

CI Waveform

CI Station SOH

CI Data Authentication

CI Analyst Defined

CI Long Term

o Rejected

avalue objectx.-
QC Selgment Version Reference

parent QC segment id UUID

parent QC segment version id Long

11311
enurneration
QC Segment Type

CI Sensor Problem

CI Station Problem

CI Calibration

CI Station Security

CI -5min g

CI Gap

CI Spike

0 Repeated Adjacen t Amplitude Value



22 Waveform Processing Mask •

LIProcessing Mask

4 id : UUID
start time : Instant

ri end time : Instant

Lri_ 9 Masked interval
ri start time : Instant

i end time : Instant

ccenumeratiorp:.
Processing Operation

CI Filtering

Bea Worming

FK Spectra Creation

CI Signal Detection

1

1

m Channel

Creation Info—

ID Processing Mask Creation Info

input QC Segments

*

ccvalue objectx.

LIQC Segment Version Reference
parent QC segment id : MID

parent QC segment version id : Long
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PROCESSING CONFIGURATION
NETWORK PROCESSING



26 Network Processing

configured input
Processing S

Reference Stallion

name : String

station type : Station Type

latitude Value

Ion gitu de Valu e

elevation Value

qi actual change tirne

system change time

info source information Source

qi description

%comment

6N etwork Processing Group

name Strin g

% type Network Processing Grou p Type

%geographic region

%actual change time

%system change time

%status

%comment

6Network Processing Step

Network
teps

qi name Strin g

type Network Processing Step Type

actu al ch an ge time

system change time

status

con-inch t

821
enurneration

Network Processing Group Type

1=1 Automatic Seismic Pipeline

1=1 interactive Analysis

1=1 etc.

enurneration
Network Processing Step Type

o Signal Detection Association

i= Location Refinement

i= Location Uncertain ty Estimation

i= Station Magnitude Estimation

i= Network Magnitude Estimation

i= Even t Screen in g

i= etc.

•

1

6Configuration Info



27 Network Processing Step Configuration: Event Location

1 1 Event Locition Definition

% maxim m iteration eau n t

ff.si con vergen ce th resh old

% u n certain ty probability percen tile

%1 earth model

%apply travel time corrections Boolean

scalin g factor type

k w eigh t

%a priori variance

% min irnu rn n u niber of obsenation s

%location restraints Location Restraints

A

1 1 Event LoGrlion Definition Apache LM

11 Location Restraints

latitude restraint type Restraint Type

% latitude restraint degrees

% longitude restraint type Restraint Type

longitude restraint degrees

% depth restraint twe r Restraint )epe

depth restraint kilometers

% time restraint twe Restraint Type

% time restraint seconds

11 Event Loarlion Definition Geigers

qi convergence count

leven berg rnarquardt enabled

larncla 0

qi lambda X

qi delta norm threshold

q3 singular value w factor

maximum weighted partial derivative

d arnpin factor step

Rio d elta rn threshold

depth fixed iteration count

cenumerationm
Restraint Type

o unrestrained

ci fixed



28 Channel Segment

2 Channel Processing Step

E Channel Segnlent
name String

timeseries type "nmeser es Type

channel segment type : channel Segment Type

start time

ffiki end time

101faveforrili

samples

1

2 limeseries

start time

end time

Rlsample rate

ffki sample CCM 11 t

FK Power Speclra

11..2

IlE111
cenurneration

Channel Segment Type

i= Acquired

ci Raw

I= Detection Beam

o FK Beau!

ci Filter

I= etc.

E Deteclion
Feature Map

detection feature
map data 

•

FK Power Speclruni



29 Signal Detection & Feature Measurement

2 Signal Detection
%monitoring organization

%station Reference Station

, 6

orierecln

11 Signal Detection Hypothesis.

ffitil is rejected

Channel Segment

additional feature measurem

1 arrival time feature measurement

ValueType Class

Feature Measurement

1 phase feature measurement

% feature type Feature Measurement Type

% feature measurement ValueType

% time Instant

Classes used for Feature Measurement ValueType
Numeric Measurement Value instant Value 2 Enumerated Measurement Value

referencefime instant

rneasurernen tValu e Value

measurementValue Value en u meratedValu e Phase -Five

% confidence Double

11 Amplilude Measurement Value c en u mention n
Phase 1-5ipe

c en u mention
First Motion TypeDuration Measurement Value

starMrne In stan t

amplitu de Valu e starMrne instant Value P CI compression

% period Du ration % duration Valu e Value s

ci etc,

1=1 dilitation

o in determin ate

men urneration
Feature M easurement Type

CI Arrival -Rine

CI Phase

ci Azimuth

ci Slowness

ci Emergence Angle

o Rectilinearity

ci First Motion

o SNR

ci Amplitude:. A5/2

ci etc.

•



30 Feature Prediction

veniLodition

Loarlion

Lodktion Solution

Feature Prediction

qi feature tme r Feature Measurement Typ

qs phase

feature prediction r Value

Feature Prediction Component

1

Channel

Feature Prediction i3 option* associated will a Location
Solution and a ChanneL When these assodations exist, Feature
Precidion's source Event Location corresponds to the
LocationSolution's location and Feature Prediction's receiver
LOCatiN1 corresponds to the Channels bcation.

type Feature Prediction Component Type

featu re prediction cornpon en t Value

1131
a en u meration

Fealure Prediction Component Type

▪ Basemoclel Prediction
I= 13 asemodel Correction

o etc.

•



31 Event

61 Event

monitoring
organization

parent a

61 Event Hypothesis

is rejeded

1

2 Association

qi is rejected

1

1

1 * 1

6Signal Detection Hypothesis

6Loarlion Solution

El Event Screening Category

Tr Event Definition Category

6Signal Detection

•



32 Preferred Event Hypotheses

overall

1

ered:6
preferred

Event
rnonitoring organization

1

aorderedx.
preferred for stige

Preferred Event Hypothesis

processing stage

Event Hypothesis—

•



33 Released Event Hypotheses •

Event
monitoring organization

t 0 erecIR

Released Event Hypothesis

% is retracted

%released location

%released magnitudes

Event Hypothesis



34 Location Solution

Location Uncerbinty

Location Restraint
*

Event Hypothesis

is rejected

*

H Geographic Region

*

E EventLocation

latitude

longitude

ri depth

ri time

Lomiion Solution

0..1

*

1

0 1

Location Behavior

residuaj

ri weight

is defining

1

pu, Feature
Prediction

0..1

Preferred Location
Solution
*

1

1=1 Creation info

ValueType : Class

Feature Measurement

•



35 Location Uncertainty

Location Solution

2 Loartion Uncertrinty

4D covariance matrix

11 Ellipse

nlajor length

•major trend

ri minor leng th

rnincir trend

depth uncertainty

time uncertainty

confidence level

t:ype :. Scaling Factor Tspe

231
aenurnerationll
Sailing Factor Type

CI Confidence:

CI Coverage

O K-weighted

J
2 Ellipsoid

ri major length

• major trend

ri major plunge

ri intermediate length

qd. intermediate trend

r•-1 intermediate plunge

raincir length

rri minor trend

ri minor plunge

time uncertainty

ri confidence level

rill type : Scaling Factor -Pipe

•



36 Magnitude Solution M

61 Station Magnitude Solution
i magnitude type

i phase

q magnitude model
i magnitude : Value

rnodel correction

IVA station correction
._7 , ,- ,., , .-
14 station . Kererence -Latiori

1

1

I-.

LI: ValueType : Class

Feature Measurement

1

1

*

ID Event Hypothesis
1

..,

.

Location Solution

9 Network Magnitude
Behavior

E—i' is defining

.1' residual

.1' weight

1:g:1
...enumeration..
Magnitude Model

1=1 Richter

1=1 Veith-Clawson

11 Rezapour-Pearce

1=1 Nuttli

1=1 etc.

1..* 1
.--. -_,(>

9 Network Magnitude
Solution

magnitude type

magnitude : Value

..enumeration.
OM Magnitude Type

Q rnb

1=1 rnbM LE

1=1 rnbrel

1=1 rns

1= rnsM LE

O rnsVMAX

1= rnl

1=1 etc.



37 Event Screening

cen u rneration
Screening Category

CI Not Considered

1=1 insufficient Data

1=1 Screen ed

CI Not Screened

a en u rneration 2.
El Loarlion Category

CI On shore

CI Of fsh ore

I= Mixed

Event Hypothesis

/
Event Screening Category

screening categoly i• Screening Categoly

location categoly Location Categoly

monitoring agency

Event Screening
Criterion

name

score

threshold

Event Screening
Characteristia

name

value

Event Definition Category

bulletin Bu Iletin

pass

0.. 1

p Event Definilion
Criterion

q, name

qi score

1- V

E Event Definition
1=1 Characteristia

n a rn e

value

a en u rnerat
Bulletin

o SEL1

1=1 5EL2

o LEE

I= RH

o SSEE

I= etc.

11131

•



38 Network, Station, Site, Channel (Processing)

Network

name

ran itorin g organ ization

geograpli ic region

Stallion

0..1
name

station twe Station We

Site
Channel

0..1

.................. ........................
.................

V
Lourlion

gen u meration
Stilton Type

I= Seismic 3-Component

I= Seismic 1-Component

o Seismic Array

o Hydroacou stic

▪ ln frasound
▪ lnfrasound Array
▪ Weath er

%name

1

Lourlion

0..1

Channel location has depth. I—
Station and Site kicatioas
do not have depth.

genu rneration
Channel Type

CI Broa- dband high gain vertical

CI Short-period loW gain vertical

o Broadband high gain east-west

I= Short period high gain east-west

I= Broadband high gain north-south

I= Short period high gain north-south

CI etc.

genurnerationn

Channel Data Type

CI Seismic

o Hydroacoustic

▪ lnfrasound
CI Weather

CI Diagnostic (SOH)

CI Diagnostic (other)

Loarlion

name

channel twe Channel Twe

data type Channel Data Type

vertical angle Value

horizontal angle 'value

nominal sample rate

0..1

V

2 Response
respon se data

units Response Units

gen urneration
EMI Response Uniis

o m/s

1=1 mjs A 2

o n m/s

CI PA

▪ unitless
o etc.

1

Calibralion

q4 calibration factor

70 calibration factor error

qs calibration period

tinie shift

Uses a standard System
format rather than FAP,
SEER. etc.

•
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DATA ACQUISITION
CONFIGURATION



40 Data Acquisition Configuration

,enurneration.
Channel Acquisition Protocol Type

o a51.0

o CD1.1
ci SEED

CI etc.

Reference Channel

Channel Acquisition Group

name String

twe

actual change time

system change time

status

Channel Acquisition Step

narne r String

protocol Channel Acquisition Protocol Type

adual change time

system change time

status

Channel Acquisition Group
collects a set of Channels
but a Channel has history
and its attributes can
change over time. The exact
Channel instances used
during acquisition
processing are determined
using a time based lookup.

Raw Station Data Frame

A 0,

Channel Segment

1

Configuration info

b.!.] Status-N.13e

.entity.
0 Acquired Channel

SOH

•

Channel



41 Raw Station Data Frames

men urnerationm.
Authentiallion Mains

I= Not Applialible

I= Authentication Failed

I= Authentication Succeeded

I= Not 1,t t Authenticated

aenurnerationli

Acquisition Protocol

I= CD-1.1

I= 5EED

o IMS 2.0
I= etc.

Channel Acquisition Step

2 Raw Station Dab Frame

payload data start time

raw payload

payload data end time

reception time

authentication status Authentication Status

acquisition protocol Acquisition Protocol

2 Creation Info

1

>1 2 Reference Mallon
1

Reference Channel

•



42 Acquired Channel State of Health

en u rnerat ion xi.
Acquired Channel Sbte of Health Type

▪ Authentication Seal Broken
I= Backup Power Unstable

I= Calibration Underway

I= Clipped

o Clock Differential In Microseconds Over Threshold

▪ Clock Differential TOG Lange
▪ Data -5rne Minus -5rne Last GPS Synchronization Over Threshold
▪ Dead Sensor Channel
I= Digitizer Analog Input Shorted

I= Digitizer Calibration Loop Back

I=1 Digitizing Equipment Open

▪ Equipment Housing Open
▪ Equipment Moved
o GPS Receiver Off

I=1 GPS Receiver Unlocked

I= Main Power Failure

I= Station Power Voltage

I=1 Vault Door Opened

o Zeroed Data

cc en tityx.
Acquired Channel SOH Analog

%1 id UUID

processing channel id UUID

type Acquired Channel State of Health Tifpe

Rill status double

%1 start time r Instant

end time Instant

creation Info Creation Info

Acquired Channel SOH Boolean

%1 UUID

processing channel id UUID

type Acquired Channel State of Health Npe

Rill status Acquired Channel SOH Segnlent

%creation info Creation Info

TEO: Need to update this
diagram with inplerriented
Acquired Channel sah ta
Channel Acquistian step
relationship

0 Channel Acquisition Step

2 Acquired Channel SOH Segment
start time In stan t

end time Instant

ffFi is set Boolean

•


