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m Research done at “Control Group” at the Dept. of
Mechanical and Aerospace Engineering at UCSD
= Current collaborations with (=IF HD
Center for Energy Research (CER) Bkl s S
San Diego Supercomputer Center

OSlsoft
SDG&E

m Research focus: development of
scientific and engineering analysis
of PMU data and application of
real-time applications in signal
processing & automatic control
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PMU data (Frequency/Voltage/Power) to observe events

= Can we automatically
detect an event?
(identify timing & trigger)

= Can we automatically
characterize the event?
(reduce event data to
finite number of parameters)

11 p----

= Can we automatically
identify the event?
(data mining of parameters
to classify event)

Yoltage [PU]
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= UCSD Outline of Remainder
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m Detection of Events via Filtered Rate of Change (FRoC)
= Auto Regressive Moving Average (ARMA) filter of ambient data
= Rate-of-Change filter to create FRoC signal to detect change
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== UCSD Detection of Events
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Approach is based on dynamic and statistical analysis:
W\.MWVW

m Assume PMU observation

IS linear combination of: : grid
= Main event signal filtered by dynamics
grid dynamics
= Small/random events filtered
by grid dynamics
= What's new here:

m Use knowledge on main modes
(grid frequency and damping)

m Compute optimal detection signal i
by reconstruction of
(filtered) main event signal
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= UCSD Detection of Events
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m Starting from initial dynamics
= Invert signal mapping

Model noise as output noise

Add fixed noise filter (low pass)

Minimize variance of OE signal

Define a Filtered Rate of Change
(FRoC) signal f(t) for detection via
differentiation (high pass) filter H

m End Result:

= f(t) =H(@G(@)L(@PMU(t)
m f(t) has minimum variance
m f(t) can be used for detectiong ( t 9)
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= UCSD Detection of Events
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m Software Development for Event Detection:
. Matlab GUI for File Session Data About

—data — events

processing of SSRGS
o B0 i ] R e B e Mo event has been selected
PMU dat =P DU 0N DU SRR 510 DOUUUUO O SOV OO0 O S
ata s e 15 s o
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= Matlab scripts for FeT S

79§ ——m- =
real-time anaIySiS | & There were 7 events defected automaticaly | | EIDEIH;IIM
= Porting to .NET A [Tt
application for o
OSlsoft PI app.

-
L

Woltage [PU]

Select event for analysis

b - -
200 300 400 500 60

= Live demo of : i |

»| _Pan|_Full | Axis|[cENTRAL -] [Toggle Data -]

— status

S Oftwa re (I ate r?) Performing automatic event detection using parameters under Event Options.__. .
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= UCSD Detection of Events
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m Software Development for Event Characterization:
= Same Matlab GUI _lo/x]| =I5l

File Session | PMU: NORTH ¥
— data Data: Frequency [HZ], “oltage [FU], FRoC [HZ]
aISO used for e E Skip: 250 Length: B00  Delays: [0 0 0] recompute | SELY
processing Of %5:2 : 0.08 ! data!andreslultingﬁt!ofmodellwith orrTerEi ! t;ZBtIC.
5’_59.8
PMU data

[Hz] [%] [%] Delete |

039135 72217 174876
053309 563822 707404| | _, |
t

= Matlab scripts for

13012 24024 11772 F

real-time analysis £
= Porting to .NET - % SRR ;
ojmmm 000 0 50 100 150 200 250 300 350 400 oltage [PL

application for W =
OSlsoft Pl app. ' AR 5 %]

F:0.23317 p:87.6258 I:18.5353
F:0.36564 p:10.1433 TI:55.8689
F:0.58136 p:21.5738 TI:255058

FRoC [HZ]

115 120 125 130 135
. Time [second]
. L IVe d e m O Of 1| | j Pan | Full | Axis | I—CENTRAL j ITUggle Data j iRiiiii| Load| Save | Delete |

— status
Zooming in on event 3 out of 7 named 'Event at t=141.85'

software (later?)
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Freg

Freq

3990 59984 5998 8002

5990 5884 5998 6002

Control

Event

0e+00 2e+04 4e+04 Ge+04

Time

8e+04 1e+05
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Demonstration
At
Vendor show
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