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Synchrophasor Data Quality Challenges

=Synchrophasor data quality is a major factor for successful integration of synchrophasor technology in
utility/ISO operations environment

=Poor synchrophasor data quality reduces the robustness and accuracy of PMU applications

1. Data Availability - Missing Data 2. Data Accuracy
_ Data loss — Time accuracy (GPS)
— Delivery delays — Installation/Calibration
— PMU hardware failure etc. (Instrumentation, CTs, PTs, etc.)
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EPRI Work: Data Quality Conditioning of Streaming Synchrophasor
Measurements

. e Improve synchrophasor data quality by estimating missing
PrOJeCt Goa I data and replacing bad data in synchrophasor streams
Featu res Of the e Model free technique - no need for topology information or
system parameters
M eth Od e Computationally efficient for real-time implementation
TeStl ng & e Algorithm has been tested with recorded synchrophasor
Va I idation data provided by several EPRI members

e Streaming Synchrophasor Data Quality (SSDQ) software
e Two Versions

e Offline

e Online

Software Tools
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SSDQ A|gor“'hm The Hankel matrix
An mj-by-(t-j+1) Hankel matrix
— Time

= Process spatial-temporal blocks of =
synchrophasor data collected from PMUs in §
electrically close regions <
= Key feature: low-rankness of synchrophasor .
data blocks and their Hankel matrix. E
= Differentiation between event data and bad ” E
=l
data = :
Event: e(H(Y)) > e(H(Y)) e
Bad data: e(H(Y)) ~ e(H(Y)) v g y




Example Results
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= SSDQ tested with various datasets provided by EPRI members ¢ o
— Bad measurements are identified and corrected effectively '
— Missing entries are filled in with high accuracy 58, 100 200 300

— Event data are not misidentified as bad data Time (in seconds)
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SSDQ - Entergy Case Study

= Entergy provided 1 hour of recorded synchrophasor data during a 2017 oscillations event
= Event data were not misinterpreted as bad data
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SSDQ - Matlab Based Software for Offline Testing
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sStreaming Synchrophasor Data
Quality Tool (SSDQ) — Offline
version

=Detecting missing and invalid bad
data, and replacing it with accurate
estimated data

=Value: improve results of off-line
synchrophasor applications
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SSDQ - OpenPDC Implementation
= Streaming Synchrophasor Data Quality Tool (SSDQ) — Online version
= Algorithm implementation on GPA’s OpenPDC Project Alpha
= SSDQ .dll file

&% openPDC_ProjectAlpha Manager - DESKTOP-FCICQ1B\Lab1 - o b

& openPDC_ProjectAlpha Manager s [T ¢ ® &

Home Devices Alarms Advanced

System Overview
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PMU Data
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Local Time  2018-11-16 121519446 I/0 Activity Rate i 2a_82 20. Operations / sec 2 < Vi
Process Handle Count = 16 Total Handles - NazPra ‘5‘
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SSDQ - OpenPDC Implementation - Results

Original Measurement Set Corrected Measurement Set

% openPDC_ProjectAlpha Manager - EPRI\pefa002 — O bl

@ openPDC_ProjectAlpha Manager - EPRI\pefadlZ = O s

& openPDC ProjectAlpha Manager & openPDC_ProjectAlpha Manager

Home Devices Adapters Metadata Monitoring Alarms Advanced Home Devices Adapters Metadata Monitoring Alarms Advanced

Trend Real-time Measurements

Trend Real-time Measurements
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«  DIRECT CONNECTED : Rea-timeE 4 DIRECT CONNECTED Real-timek

4 @ P Fdt ~ VMI1_MERS ; = — 3 « @PMU Edit ~ VM10_55D0 £-1.08

J : i T i e i - i :

[V wnt10 mEAS 1015 Volts ~ M2_MEAS I || i ” ” [|| ‘] il "] ]”“ “ ‘ H’ [”“ d [ vmia MEAS ~ VM11 5500 3

[ wm10sspg 1075 Volts " VM10_MEAS | ‘ ‘ ‘ . s [v] wm10 SS0Q ~~ VNI1_SSDQ E1.04

V] VM11 MEAS O Vaits vt meas | fITN I | = [ uM11 MEAS _ VM2_55DQ E
[C] wmi1sspQ  1.002 Volts — VM3_MEAS | | i " o6 g_ [ VM1l SSDQ " VM3_55DQ ;_1 %
[ wM1MEAS 1027 Voits -~ \IM4_MEAS l I ‘ I " ‘ = & [] VM1 MEAS _~ VM4_55DQ g “Pc,:
— m F f
[ w1 55DQ Volts - \I\I5_MEAS | ( 04 VM1 55DQ —~~ VN5_S5DQ 096
[ VM2 MEAS 1.03E Volts " VME_MEAS | | E VM2 MEAS _— VME_SSDQ E

O] vmzsspg 103 Volts VMT_MEAS E ' 02 Vw2 s500 —~ VM7_SSDQ —092
@ M3 MEAS ? Volts ~ yMB MEAS | ‘ I I h | : E: . VM3 MEAS 0?*/ VB 5500 ¥ 0?153 500;

~ i ks b1ek- = 3

[ w3 SSDO Volts D?" T T; L 313_ Vi3 S5DO i L S e S L L R Lt W e T

W] M4 MEAS Vaits Vhid4 MEAS

O VM4 55DQ Volts (%) Historical Playback VM4 5500 (=) Historical Playback

V] yMs MEAS 7.045 Volts Start Time |*-10m Stop Time | L1 vn5 MERS Start Time | *-10m Stop Time ™

[ wmssspg 105 Volts ¥ VM5 SSDQ

] vME MEAS O Voits Process Interval 3 ms Start Playback H Retum to Real-time [ wME MEAS Process Interval 3 ms Start Playback H Retum to Reai-time
= e

[ vmesspg 1043 Volts ¥ s S5 u : i

i i — - 1D Reference Time T: Value Unit

Rl VM7 MEAS Voits | D Signal Reference Time Tag Value Unit | [ wM7 MEAS .. flgnal ag B = |
[] VMISsDQ 1.017 Volts || Pmuk3s  VMIOMEAS 07:14:31.416 1019 Valts b 4 [¥] Va7 5500 PMUI49  VM10.55DQ 07:16:31.600 413 Voits b

W VM3 Meas 1017 Volts PMUBD  VMI1T_MEAS 07:14:31.416 i) Valts #® ] VM8 MEAS PMUS0  VM11.55DQ 07:16:31.600 Volts 4

[] VvMsSSDQ 0.8 Volts | Pmu2e  VMI_MEAS 07:14:31.416 vois 3 [¥] VB sst PMUA0  VM1.55DQ 07:16:31.600 voits 98

¥ ¥M9 MEAS T Voits PMU30 07:14:31.416 Valts #® [ w9 MEAS PMULA4T  VM2.55DQ 07:16:31.600 Volts b 4

[ wmgsspg 1007 Volts |  mmaana sar ] V4G SSE Damnaen  WRAD CODNY EERTCTIRY VU V. T PSS — i
- Run- time Statistics: PMU Refresn Interval: 2 sec Run-time Statistics: PMU  Refresh Interval; 2 sec

[} Statistic Value TimeTag | D Statistic Value TimeTag
P R RS —]
’ www.epri.com o 201 e o1 =P | S o




SSDQ - OpenPDC Implementation - OPAL-RT

@ openPDC_ProjectAlpha Manager ... L

Home  Devices Alarms  Advanced
PMU stream (C37.118.2) over TCP/IP e —
Refresh Intervel: 2 sec Last Refresh: 09:30:00832 |Risplay Settings | Save Display Settings | Load Display Settings
4 DIRECT CONNECTED
4 & OPALRT-PM| Edit ~~ VP1_PROCESSED
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PROCESSED OPAL »5_PROCESSED »
& vii PR Voits PROCESSED_OI VP5_PROCESSEL 09:30:00.833 ! Volts *®x
&2 vp2.pl Volts PROCESSED_OI VP6_PROCESSED 09:30:00.833 .97 Volts ®
: volts | Lmmeeseeee o MDY DRACESSED PrOp—— 1 o
i»/] VPS5 PROCESSED el Run-time Statistics: OPALRT-PMU_1 Refresh Interval: 2 sec
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SSDQ - OpenECA Implementation

Device List

) SSDQ openECA Configuration

=2l

ELECTRIC POWER
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SSDQopenECA Configuration

Provide Stored openECA Framework CSV File

|C:\Users\prbaDﬂB\Box\Projects\SSDQ\GUI\,Stage-S\Slore d_confignew.csv

Stored openECA Framework Details

| Update Input Devices ‘

PMU_A
PMU_B
PMU_C
PMU_D
PMU_E
PMU_F
PMU_G

]

Measurement Type

Deselect All

Update Measurement Types

[~ Voltage Magnitude
Frequency

Deselect All

Save openECA Framework

Input Measurement Channels Details

Refresh Input Measurement Channels

F_VMAGT
G_VMAG1
H_VMAG1
|_VMAG1

JVMAGT
K_VMAGT
_FREQ1
_FREQ1
_FREQ1
_FREQ1
_FREQ1

F_FREQ1

Recent Saved Framework (_.csv) Location:

Deselect All

‘ Load openECA Framework ‘

Save

Output Measurement Channel Details
Select Output Device
|PMU_O < |

‘ Create/Update Output Measurement Channels

|

S55DQ Actions

| Parameter Settings |

5SDA_A_VMAGT
5SDQ_B_WVMAG1
SSDQ_C_VMAGT
550DQ_D_VMAGI
SSDQ_E_WMAG1
5SDQ_F_VMAGT
SSDQ_G_VMAG1
[ SSDQ_H_VMAG1
SSDQ_|LVMAGT

SSDQ_J VMAGT

sDQ_B_FREQ1
$SDQ_C_FREQ1
SSDQ_D_FREQ1

Stop SSDQ
Data Visualization
PLOT

Record Data

“The openECA platform provides a Common Analytics Interface (CAl) for integration of a diverse set of platform analytics
along with structured integration of platform configuration, display and storage systems.”

www.epri.com

OpenECA: https://www.gridprotectionalliance.org/products.asp
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OpenECA SSDQ

Data Source Selection

PMUs Selection

fB ssDQopeECA Configuration

(= r=]|
ELECTRIC POWER
RESEARCH INSTITUTE
Framework Settin

SSDQopenECA Configuration

Measurement Type Selection

Select Data Source
openECA

External PDC Subscription

Get Input Devices

| TESTDEVICE
] OPENPDC_GISHELBY

& OPENPDC_GIPMU1_EPRI
OPENPDC_GIPMU2_EPRI
(] OPENPDC_GIPMU_OPAL_RT

Measurement Types

| Get Available Measurement Types |

M1 Voltage Magnitude [] Voltage Angle  Current Magniuds Current Angle ] Frequency

Refresh Input Measurement Channels |

PMU_QUT]

OPENPDC_GIVM 3
] OPENPDC_GIVM2
[~] OPENPDC_GIVM3
7] OPENPDC_GIVM4
OPENPDC_GIVM5
<] OPENPDC_GIVM6
7] OPENPDC_GIVM7
] OPENPDC_GIVMS
4 OPENPDC_GIVM9
OPENPDC_GIVM10

PMU_CQUT

| Same Device Allocation

[ SSDQ_OPENPDC_GIVM1 ~
[ SSDQ_OPENPDC_GIVM2
[~] SSDQ_OPENPDC_GIVM3
[ SSDQ_OPENPDC_GIVM4
[ SSDQ_OPENPDC_GIVMS
4 SSDQ_OPENPDC_GIVM6
4 SSDQ_OPENPDC_GIVM7

Input Channels <
Selection

Select All Deselect All

OPENPDC_GIVM11

[Z1 OPENPDC_GIFREQ1
7] OPENPDC_GIFREQ2
4] OPENPDC_GIFREQ3
7] OPENPDC_GIFREQ4
2] OPENPDC_GIFREQ5
-] OPENPDC_GIFREQ6
OPENPDC_GIFREQ7

[ SSDQ_OPENPDC_GIVMS
[ SSDQ_OPENPDC_GIVM3
[ SSDQ_OPENPDC_GIVM10
[ SSDQ_OPENPDC_GIVM11
[ SSDQ_OPENPDC_GIFREQ1
[ SSDQ_OPENPDC_GIFREQ2
1 SSDQ_OPENPDC_GIFREQ3
[ SSDQ_OPENPDC_GIFREQ4

Output Channels

>SDQ Actions

‘ Parameter Settings ‘

Run SSDQ

Stop SSDQ

PLOT

Record Data

Configuration Save «

e CaCIEREQS | ] SSDQ_OPENPDC_GIFREQS
Select All Deselect All [ SSDQO_OPENPDC_GIFREQS 4|
‘ Create openECA Framework ‘
Ve Of A Framework

Save

12 www.epri.com
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OpenECA SSDQ - Plotting

= Plots the processed
measurements versus
the input measurements

= Gives the option to
choose the PMU device,
the measurement type
and the measurement
channels for plotting

13 www.epri.com

Plot Options

Select Devices

Input Measurements

. | i [ —— OPENPDC_GIVM1
= - ) — — , , OPENPDC_GIVM2
[ OPENPDC_GIPMU1_EPRI LA AL LR AL A APl L_J...‘.’k.l 1 |l AL,

OPENPDC_GIPMU2_EPRI 1.008 .= ! ki | l‘.
S o7 H il N1 1 1hm }
2 |
c
S o5 :
£ 41 iy
|
0.252 |
Deselect Al |
Get Available Measurement Types 0
0 100 150 200 250 300
oltage Magnitude l Number of Frames
Se VU”‘* e Magnitude Processed Measurements
eg ‘ 1.185
T —— 55DQ_OPENPDC_GIVM1
SSDQ_OPENPDC_GIVM2
OPENPDC_GIVM1 1095
OPENPDC_GIVM2
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OPENPDC_GIVM4 S io: ~ 'w\_‘{m_—”"’—_‘*—"’—‘ — == i
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g oo
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Desetect A
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= Records the processed
measurements and the
input measurements in

= Gives the option to
choose the PMU device,
the measurement type
and the measurement
channels for recording

OpenECA SSDQ - Recording

f® Record Data

CSV format

www.epri.com

Record Data Settings
Select Devices

[ OPENPDC_GIPMU2_EPRI

OPENPDC_GIPMU1_EPRI ‘

Select Measurement Type

| Get Available Measurement Types |

‘

[ Frequency

Select All

Deselect All

Select Measurement Channels

Refresh Selected Input Channels

[~ OPENPDC_GIVM1
|

[ OPENPDC
OPENPDC
OPENPDC
7] OPENPDC
OPENPDC
OPENPDC
7] OPENPDC

[
o
b
m
z
T
[w]
!
2]
<
=
N

GIVM3
GIVM4
GIVM5

&
o
o
m
p
T
]
3]
2]
<
=
(=]

Givm7
Givma
GIVM9
GIVM10

]
o
T
m
=
T
o
3]
Q
<
=

=] OPENPDC
7] OPENPDC
OPENPDC_GIFREQ3
OPENPDC_GIFREQ4
OPENPDC_GIFREQ5
OPENPDC_GIFREQ6
/] OPENPDC_GIFREG7
OPENPDC_GIFREQS

GIFREQ1
GIFREQ2

{ W i Il DS ) o ol ol D R A il R e |

I

iy
oo
o0
mm
=
IT
Qo
o0
]
2
)
m
(=]
w

] OPENPDC

K&
0
M
o)
m
=
=

GIFREQ11

11

Select All

Deselect All

Export Data to a CSV File

Destination File Location

IC:\Users\NXI00224\Desktop\SSDO_Processed_Dala| i

| start |

__Stop_|
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Case Studies/Demonsirations & Vendor Engagement

= New recorded PMU datasets with
missing/bad data are welcome

= Pursuing demonstrations of the OpenPDC
and/or OpenECA SSDQ

" Interested for vendor engagement and
implementation of the models in commercial
platforms
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