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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.
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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

\ Software
Developers
Software

»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.



CONCEPTUAL DATA MODEL
DOCUMENT OVERVIEW
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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



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.
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11 | Conceptual Data Model Document (CDMD) _ I

Most recent version is 2.7 (May, 2019)

»Data acquisition I
»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. I

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



STATION REFERENCE INFORMATION
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Network, Station, Site, Channel

Q Reference Network Membership

[Eg actual change time
[Eg system change time

Q Reference Station Membership

I_F'E actual change time
I_FE:I system change time

Q Reference Site Membership

I_F'E actual change time
El‘ system change time

[Eg active
[Cg comment

E Reference Network
[Eg name
[Eg monitoring organization
[Eg geographic region
[Eg actual change time
[Eg system change time
[Eg active
info source ; Information Source
[Eg description

& comment

E Reference Alias

[Eg name

[Eg actual change time
[Eg system change time
[Eg active

[ comment

[Eg active
[Eg comment

Q Reference St
[Eg name : String
[Eg station type ! Station Type
latitude : Value
Eg longitude : Value
[Eg elevation : Value
[Eg actual change time
[Eg system change time
[Eg active
[Eg info source : Information Source
[Eg description
[CF comment

E Reference H .

[Eg name

[Eg actual change time
system change time
Eg active

5 comment

umeration:
Station Type
= Seismic 3-Component
= Seismic 1-Component
=1 Seismic Array
=1 Hydroacoustic
= Infrasound
= Infrasound Array
= Weather

[Cg active
[Egy comment

E Reference Site

[Eg name
[Eg latitude : Value
[Eg longitude : Value
[Eg elevation : Value
actual change time
[Eg system change time
g active
[Eg info source : Information Source
[Eg description
[T comment

T

reférence site

N SR
E Relative Position

[Eg north displacement : Value
east displacement : Value
[C; vertical displacement : Value

E I *
E Reference Alias
‘ [Eg name
[Eg actual change time
(=g system change time
[Eg active
[E3 comment

«enumerations
Channel Data Type
= Seismic
=1 Hydroacoustic
= Infrasound
= Weather
= Diagnostic (SOH)
= Diagnostic {other)

E Reference Channel
[Eg name : String
channel type : Channel Type
[Eg data type : Channel Data Type
[Eg location code
latitude : Value
[Eg lengitude : Value
[Eg, elevation : Value
depth : Value
[Eg, vertical angle : Value
[Eg horizontal angle : Value
[Eg nominal sample rate
[Eg actual change time
[Eg system change time
[Eg active
[Eg info source : Information Source
[Eg; description
C comment

| E Relative Po

[Eg north displacement : Value
[Eg east displacement : Value
[T, vertical displacement : Value

«enumerations

Channel Type
= Broadband high gain vertical
= Short-period low gain vertical
= Broadband high gain east-west
=l Short period high gain east-west
=l Broadband high gain north-south
= Shaort periocd high gain north-south
= etc.




14 | Instrument Response

[Eg name

. 1
| Reference Response - | Reference Channel

[Eg source response type : Response Type
source response data
[Eg response: FAP

E‘Eun]ts: Response Units — -
calibration interval L Reference Digitizer Membership

=

== calibration factor == actual change time
=2 calibration factor error 5 =) system change time
== calibration period \ == active

time shift = comment
=enumerations= actual change time b

[E] Response Type [Egy System change time

= FAP == info source : Information Source numin‘a‘! response
= SEED g description kY
= etc. | [Eg comment *

".‘l
-
| Reference Sensor ‘
wzenumerations= E Reference Digitizer
[E] Response Units naAMme
(=] manufacturer : Instrument Manufacturer

[Eg medel : Instrument Model Eg manufacturer

= Fap [Eg serial number (=) I'TIDFiEl

Eg number of components [C serial numier .
Eépassband : Range E‘E'actual change tlf’l‘lE
[Eg actual change time 5':‘5?’3”1 change time
[Eg system change time =) édhf

= phases error [Eg info source : Information Source Eginfo e

— [Eg description g description

| Eg comment [ comment

Eg name
= m/s =

= mfsh2
= nmys
=l PA == frequency
=M amplitude

= unitless == phase

= etc. amplitude error

Q Range
low frequency : Double
E‘Ehigh frequency : Double zenumerations senumerations

[E5] Instrument Manufacturer Instrument Model zenumerations =zenumerations
Digitizer Manufacturer Digitizer Model

= Geotech Instruments, LLC = G5-13
= Guralp Systems Limited = 3TB = Trimble =l Reftek
= Chaparral Physics = 504 = et = etc.
= etc. = etc.




PROCESSING CONFIGURATION
CHANNEL PROCESSING



16 | Channel Processing Sequence Configuration

zenumerations
Channel Processing Group Type
= Single Channel
= 3-Component
=l Beam
=l ete.

=enumeration=

Channel Processing Step Type
=l Raw
= Waveform QC
= Filter
= Coherent beam
= Detector
=l el

=enumerations
Timeseries Type
= Waveform
= Fk Power Spectrum
= Detection Feature Map
= etc

senumeration=
Channel Segment Type
= Acquired
= Raw
= Detection Beam
= FK Beam
= Filter
= etc.

configu
steps

actual inpul
channel segments

*

input

Q Channel Processing Group

Eg name String

= type : Channel Processing Group Type
=] actual change time

=] system change time

Cg status

= comment

] Channel Processing Step
Cg name: String
=] type : Channel Processing Step Type
=] actual change time
=] system change time
=] status

E& comment

E Channel Segment

s Eg name String

[Eg timeseries type : Timeseries Type

=) channel segment type : Channel Segment Type
Cg start time

E& end time

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.

l E Channel
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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

zenumeration=
Phase Type
=P

=5

= Unknown
= Unset

= etic.

FK Power Spectra Definition
[ fk power spectra start time : Instant
=] fi power spectra sample rate hz ' Double
(="} fik power spectrum count ; Integer
E.‘windcﬂ.' lead ; Duration
EE'.'-."indc-'.'-.' length : Duration
=2 low frequency : Double
EElhigh frequency : Double
Cguse channel vertical offsets : Boolean
phase type : Phase Type
G medium velocity km per sec: Double
% slow start : Double
Cg* slow delta : Double
=R slow count : Integer
B ¥ slow start : Double
Eé,-‘sl:}'.' delta : Double
EE'_.-'SIG-'.\' count : Integer
nominal waveform sample rate hz : Double

E& nominal waveform sample rate tolerance hz

nn:-rth displacement : Value
= east displacement : Value
= vertical displacement : Value

I EC;;nnel |

latitude
[ longitude
=] elevation
g depth




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

£ channel Segment I
Fk Power Spectrum in the FK Power

Spectra.
£ Timeseries

E FK Power Spectra g Fk Power Spectra Creation Infi
Egw indowlead : duration ] 1 ctual input channels
i gth : iol l | Fi Power Spectra Definition

ectra start time ta
| Q Creation Info l B fk power spectra sample rate hz: Double
#SlowDelta : Double ¥ 55, f& power spectrum count : Integer
SlowStart : Double indow lead : Durati
ySlowDelta : Double 1 indow length : Duration
1 () Q Software Component ‘ low frequency : Double
=] high frequency : Double
: se channel vertical offsets : Boolean

E FK Power Spectrum E Parameter Set s s Ph,- c T',lp—e _ X
ocity km per sec : Double
[Eg fkReferenceTime : Instant rt : Double
Eg channelCount ! int ) ¢ delta : Double
@atrimmedﬁ ount :int ow count ! Integer
Eg totalPoy Couble y slow start : Double
| powervalue ¢ delta : Double
w count : Integer
[Eg o nal waveform sample rate
52 nominal wa'

5 ) s
Value all use the same Reference Location.

Egau ality
Fstat

|=] Refative Position
placement

C le i
=) lengitud
[Eg elevation

se peak : Boolean

[_F‘Eﬂv: quality dB drop : Double

[Eg error dB drop : Double
Elthec.hretical 2dB drop radi Double




PROCESSING RESULTS
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Waveform QC Segment

E Channel

=aggregate root=
QC Segment

| Egid: UUID

referenced by

E‘Eprccessing channel id : UUID

zentity= ayvalue objects
E QC Segment Version E QC Segment Version Reference

‘ E‘E'.-‘Ersinﬂ : Long E‘Eparentr segment id : UUID

discovered on

E‘Eparents : OC Segment Version Reference [*] E& parent QC segment version id : Long
= category egment Category

= type : QC Segment Type

= rationale : String

E& start time : Instant

E‘EEﬂd time : Instant

E‘Ecreati:}n info id : LUID

senumeration= zenumeration=
QC Segment Category QC Segment Type

= Waveform
= Station S0H

= Sensor Problem
= Station Problem

= Data Authentication = Calibration
= Analyst Defined = Station Security

= Long Term
= Rejected

= Timing

= Gap

= Spike

= Repeated Adjacent Amplitude Value




22 | Waveform Processing Mask

E Processing Mask
[Eg id : UUID
start time : Instant
end time : Instant

E Masked Interwval

g start time : Instant
end time : Instant

«gnumeration=
E!| Processing Operation
= Hiltering
=) Beamforming
= FK Spectra Creation
= Signal Detection

- ‘ E Channel

g Creation Info

;:l Processing Mask Creation Info

—

«value object=
| QC Segment Version Reference

[Eg parent QC segment id : UUID

=
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PROCESSING CONFIGURATION
NETWORK PROCESSING
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Network Processing

| Reference Station
[Cg name: String
E@static-ﬂ type : Station Type
== latitude : Value
=] longitude : Value
I_F‘EIEIE'.."atiG-ﬂ : Value
actual change time
== system change time
=] info source : Information Source
== description
E& comment

E Metwork Processing Group

name ; String
2 type : Network Processing Group Type
2 gecgraphic region
2 actual change time
= tem change time
Ca status
E& comment

E Network Processing Step

< E‘EnamE:String

configured input Network
Processing Steps

g type : Network Processing Step Type
[ actual change time

[ system change time

[} status

C& comment

| Eﬂunﬁgumﬁun Info |

senumeration=
Metwork Processing Group Type

= Automatic Seismic Pipeline
= Interactive Analysis
= ete.

=enumeration=
Metwork Processing Step Type
= Signal Detection Association
= Location Refinement
= Location Uncertainty Estimation
= Station Magnitude E
= MNetwork Magnitude
= Event Screening
= ete.
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Network Processing Step Configuration: Event Location

E Event Location Definition

=] apply travel time corrections : Boolean
=2 scaling factor type

=] k weight

Cg? priori variance

= minimum number of cbservations

Ea location restraints ; Location Restraints

1

E Location Restraints

=2 latitude restraint type : Restraint Type

= latitude restraint degrees
Cg longitude restraint type : Restraint Type
= longitude restraint degrees

de;}th restraint type : Restraint Type

(=2 depth restraint kKilometers
Cg time restraint type : Restraint Type
E& time restraint seconds

«zenumerations=
Restraint Type

E Event Location Definition Geigers =l unrestrained

g Event Location Definition Apache LM [Eg convergence count

= fixed

=2 levenberg marguardt enabled

E‘E lamda 0

= lambda X

Cg delta norm threshold
=2 singular value w factor

= maximum weighted partial derivative

= damping factor step
= delta m threshold

EE depth fixed iteration count
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Channel Segment

] Channel Processing Step

E Channel Segment

Cg name : String

[ timeseries type : Timeseries Type

== channel segment type : Channel Segment Type
& start time

E end time

start time

= end time
sample rate
C& sample count

E Waveform | FK Power S5pectra I

& samples

zenumeration=
Channel Segment Type
= Acquired
= Raw
= Detection Beam
= FK Beam
= Filter
= et

Detection
Feature Map

= detection feature
= map data

FK Power Spectrum I




Signal Detection & Feature Measurement

E Signal Detection

[Eg mon itoring organization
I—FIE station : Reference Station

E Channel Segment

I

x

1 i

zordereds

&

LS P

:K_,__:‘l additional feature measurements E ValueType : Class

—| Feature Measurement

| E Signal Detection Hypothesis
| g is rejected ™

amrival time feature measurement

. Eg feature type : Feature Measurement Type
= feature measurement : ValueType

phase feature measurement 1| [Cg time : Instant

senumerations=
[E] Feature Measurement Type

= Arrival Time

= Phase

= Azimuth

= Slowness

= Emergence Angle
= Rectilinearity

= First Motion

=l SMR

= Amplitude: AS/2
=l etc.

Classes used for Feature Measurement ValueType

E Instant Value

[ referenceTime : Instant |_F'E measurementvalue : Value
'—FIEI measurementvalue : Value

E MNumeric Measurement Value E Enumerated Measurement Value

enumeratedialue : Phase Type
'—FIE confidence : Double

g Amplitude Measurement Value =enumerations

First Motion Type

Q Duration Measurement Value Phase Type

|_F'Elstar't'l'|me : Instant
=} amplitude : Value
I—F'El period : Duration

| xzenumeration=

startTime : Instant Value
E& durationValue : Value

= compression
= dilitation
= indeterminate




30

Feature Prediction

1 I ] Location Solution |

=2 feature type : Feature Measurement Type
=] phase
E feature prediction : Value

Feature Pradiction is optionally associated with a Location
Solution and a Channel. When these assodations exist, Feature
Prediction's source Event Location corresponds to the
LocationSolution's location and Feature Prediction's receiver
Location corresponds to the Channel's location.

E Feature Prediction Component

E‘Et'ﬂ}e: Feature Prediction Component Type ’

2 feature prediction component : Value

zenumeration=
Feature Prediction Component Type
= Basemaodel Prediction
= Basemodel Correction
= etc.
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Event

monitoring
B grganization

i parent 0,1

Wy V 1 " e
Q Ewvent Hypothesis —‘ E Location Solution \
ol

E Assocation

is rejected

E Signal Detection Hypothesis

&

1 E Event Screening Category

E Event Definition Category

T
=:;j_:::=‘ QSignal Detection I
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Preferred Event Hypotheses

z0rfiereds
overall preferred

::.I g Event Hypothesis

| 1
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Released Event Hypotheses

monitoring organization

1

zordereds

& %k
W

|| Released Event Hypothesis
= is retracted

== released location

Ca& released magnitudes
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Location Solution

‘ Elocatiun Uncertainty _

E Location Restraint

‘Q EventLocation
Cg latitude
[Eg longitude
[Eg depth
Egtime

E Event Hypothesis

Eg is rejected

*

Egres idual
weight
Eg is defining

Preferred Location
Solution




35 | Location Uncertainty

|—E Location Solution

E Location Uncertainty l

| £ Etiipse £ enipsoid

I Vlg‘a major length [ B major fength
= rajor trend Cg major trend
(== mingcr length Cg major plunge
[ minor trend Eg intermediate length
[ depth uncertainty Eg intermediate trend
Cg time unceriainty Cg intermediate plunge
[Cg con fidence iewvel Cg minor length

Eg mincr trend

[} minor plunge

) time uncertainty

Cg cenfidence fewved

[ _r__-'a _tcpe ¢ Scalin g Factor T'_..:pi d

seftumerations
[E] Scaling Factor Type
= Caonfidence
= Coverage
= k-weighted




36 © Magnitude Solution

' g Event Hypothesis

Ej Station Magnitude Solution

5§ magnitude type = Network Magnitude = Network Magnitude
[Eg phase ’ Behavior Solution

[Eg magnitude model = Eg s defining = : 2 magnitude type

[Eg magnitude : Value [Eg residual agnitude : Value

[Eg model correction & weight

g sta tion correction

i i ik «enumeration=
station : Reference Station 5] Magnitude Type
«gnumeration=
o/ Magnitude Model
» - — = mbMLE
! = valueType : Class ‘ = Richter -
- : =l mbrel

[ Feature Measurement | &3 Veith-Clawson = ms
=] Rezapour-Pearce =1 msMLE
. | msh
] Mutth




37 | Event Screening

| Event Hypothesis

senumeration= E Event Screening Category Q Event Definition Category zenumeration=

Screening Category
= Not Considered
= Insufficient Data
= Screened
=l Mot Screened

senumerations
[=] Location Category
= Onshore
= Offshore
= Mixed

=] screening category : Screening Category
=] location category : Location Category
monitoring agency

1.5,
|;| Event Screening
Crniterion
[Eg name
g scere
B threshold

E Event Screening
Characternistics

Eg name
= value

E‘Ebulletin : Bulletin
C pass

|;| Event Definition
Cnterion
[Eg name
[Cg score

Event Definition
Characteristics
[Eg name
g value

Bulletin
= 5EL1
= 5EL2
= LEB
= REB
= 55EB
= etc




Network, Station, Site, Channel (Processing)

| Network

Eg name

'—FE gecgraphic region

| station

| Channel

Eg mon itoring organization

(g name

'—F'E station type : Station Type

H Location

zenumerations
Station Type
= Seismic 3-Component
= Seismic 1-Component
= Seismic Array
= Hydroacoustic
= Infrasound
= Infrasound Array
= Weather

e, CANNEN bocation has depth.
" | Station and Site locations
do not have depth.

| - LDGﬁl;I;

aEnumeration=

Channel Type
= Broadband high gain vertical
= Short-period low gain vertical
= Broadband high gain east-west
= Short period high gain east-west
= Broadband high gain north-south
= Short period high gain north-south
= =l

=enumeration=
Channel Data Type
= Seismic
= Hydroacoustic
= Infrasocund
= Weather
= Diagnastic (SOH)
= Diagnostic (other)

name

Eﬁchanﬂei type : Channel Type
g data type : Channel Data Type
=] vertical angle : Value

= horizontal angle : Value

Eg nominal sample rate
L
Y rE

1

0.1

| calibration
g calibration factor
=] calibration factor error
=2 calibration period
& time shift

| Response

Cg response data
LF‘E units : Response Units

zenumerations=
[E| Response Units
= m/s

= m/s*2 Uses a standard System
= nm/s format rather than FAP,
= PA SEED, etc.

=M
= unitless
= etc.



DATA ACQUISITION
CONFIGURATION



40 | Data Acquisition Configuration

senumerations
Channel Acquisition Protocol Type
= CD1.0
= CD1.1
=l SEED
=l et

| Raw Station Data Frame :
E Channel Segment

| E Reference Channel

E Channel Acquisition Group
g name String
== type
=) actual change time
em change time
=) status
B comment

Egname: 5 ing
Eaprstoccul: Channel Acguisition Protocol Type
actual change time
stem change time
=] status
Eg comment

H Channel

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

d g acquisition
processing are determined
using a time based lookup.

E Configuration Info

StatusType
fxEﬂti‘t}m

E Acguired Channel

50H




41 | Raw Station Data Frames

=enumerations
Authentication Status
= Mot Applicable
= Authentication Failed
= Authentication Succeeded
= Mot Yet Authenticated

senumeration s
Acquisition Protocol
= cD-1.1
= SEED
= IM5 2.0
== (e

| E Channel Acgquisition Step | E Creation Info

payload data start time
Cg raw payload L

payload data end time % 1
E‘Erecepti&n time
|_F'E|authent°icatic-n status : Authentication Status |

E‘Eacquisitiﬁn pretecol : Acquisition Protocol . HW

1“'«'

E Reference Station




Acquired Channel State of Health

=enumeration=
Acquired Channel 5tate of Health Type
= Authentication Seal Broken
= Backup Power Unstable
= Calibration Underway
= Clipped
= Clock Differential In Microseconds Over Threshold
= Clock Differential Too Large
= Data Time Minus Time Last GPS Synchronization Owver Threshold
= Dead Sensor Channel
izer Analog Input Shorted

er Calibration Loop Back

ing Equipment Open
= Equipment Housing Cpen
= Equipment Mowved
= GP5 Receiver Off
= GPS5 Receiver Unlocked
= Main Power Failure
= Station Power Voltage
= Vault Door Opened
= Zeroed Data

zentity=

E Acquired Channel 50H Analog
=] id : UUID
[Cg proc ing channel id : UUID
I_Fllgtme : Acquired Channel State of Health Type
=) status : double
=) start time : Instant
|_F'Eler1d time : Instant
I_Fé]creati@ﬂ Info : Creation Info

E Acquired Channel S0H Boolean
[Egid : UUID
[Cg proc ssing channel id : UJID
Eélt',-‘pe : Acquired Channel 5tate of Health Type
Eést.atus : Acquired Channel SOH Segment
Eg creation info : Creation Info

.

TBO:MNeed to update this
diagram with implemented
Acquired Channel soh to
Channel Acquisition step
relationship

! Q Channel Acquisition Step

| Acquired Channel SOH Segment

B start time : Instant
I_F'Eerv:l time : Instant

E] is set : Boolean




