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MODICOSEN Analytics

(‘ OSlsoft.

o OSlIsoft PI FFT Interface (Fast Fourier Transform)
. Calculates the modes of oscillation (Harmonics Content)
. Polar & Rectangular Coordinates

‘%u PI Intetface Configuration Utility - PIFFTInt1
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MODICOSEN Analytics OSlsoft.

-

o OSlsoft Pl FFT Interface (Real Time Water Fall Chart)

B Muritores FFT
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MODICOSEN Analytics @ osott
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MODICOSEN Analytics {J Oslsoft.
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_(0 OSlsoft.
A )

* Increase PMUs coverage and data acquisition
 Install more instances of Pl C37.118 PMUs Interface
* Increase System Scalability

e Install Pl Interface Node & Pl Raw Data Server at each
Substation Level

* Implement Pl HA (High Availability) Architecture
 Expand MODICOSEN at each Regional Control Area Level
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OSlsoft FFT interface @ ostot

- Based on Intel MKL 8.0 > 10.3

Software released In March
2005 as a standard fully
supported interface:
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((, OSlsoft.
-

- Why Intel MKL?

; Known to be the fastest FFT
" when more than 64 points in
the window. Faster than MIT

FFT-W.

© Copyright 2009, OSlsoft Inc. All rights Reserved.
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Speed tests {0 ostsot
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FFT Features {© oot

e Window width

e Execution interval

 Number of holes

 Number of missing points

 Number of peaks

 Number of peak width

 Number of peak locations

 Number of integrals under curve (AIC)
« Specific items to archive

e History recovery
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Contact information and Q&A

Chuck Wells
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Thank you
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FFT-INT Manual ¥ OSlsoft.
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Unint Interface

‘J OSlsoft.

[

. S — -
i Pl Interface Configuration Utility - PIFFTInt1 =RRCIE X
Interface Tools Help
= = a5 G @
Interface: FIFFTIntT -» CWELLSE4310 | FRename
Type: |FFTInt j Fast Fourier Tranzform Pl Server Connechion Status
Degcriptign: | ’_f EWELLSE431D
] o wiiteable
Yersions: |F'IFFTInt.e:-:e wersion 1.1.3.0 nilk wersion 4.2.3.0
M General Pl Hozt [nformation
Llnilljr:tst|K Paint Source: |FFT J Server/Collective: |NERREEEN
- Dizconnected Startup FFT J SDK Member: | ERRERRSEEN
-~ Debug APl Hozthame:  |localbost -
- Failower | J
- Performance Paints Interface 10: |4 zer: |piau:|min
- Performance Counters . -
Tupe: Mor-replicated - PI3
- Health Paints Scan Classes | = |
FFTInt w Yersion: |F'I 2438559 i
Service .
Part: 5450
|0 Bate Scan Frequency Scan Clazs # N | II
Interface Status D escriptian: |
Bl
Interface Inztallation Path
C:AProgram Files\PIPCA nterfaceshFFTInk
Cloze | Apply
Feady Funning FIFFTInt1 - Installed
13 Empowering Business in Real Time. © Copyright 2009, OSIsoft Inc. All rights Reserved.



FFT-INT Manual @ osisot

The PI FFT interface receives exceptions from a source PI server. After enough input
data has been collected. the interface calculates the FFT of the data set. The interface
sends the results of the FFT calculation to the target PI server.

Input data can be real or complex. Real data is stored in floating point PI points. This can
be floatl6, float32, or float64. The interface keeps a circular buffer of recent exceptions
from the source PI server. Once the buffer 1s full, the FFT calculation can be performed.
Every time a new value is received, the oldest value is removed. The FFT calculation is
run again, and a whole new output data set is generated.

Because the output data are complex numbers, and because PI does not natively support
complex numbers, outputs are sent to pairs of points. These pairs can be real/imaginary
pairs (rectangular coordinates) or magnitude/angle pairs (polar coordinates). Angles can
be stored as radians or degrees.

Additionally, the interface can perform several aggregation functions on the resulting
FFT data. The interface can sort the FFT magnitudes and report which frequencies were
the most dominant in the input signal. The interface can also calculate the area under the |
FFT spectrum.

There are two terms used in this document for identifying PI servers. The term host
refers to the PI server where the destination points reside. The term sourcehost refers to
the PI server where the points that are used as input data reside.

14
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OSlsoft FFT Interface

e Standard interface

e Configured using standard ICU
(Interface Configuration Utility)

e Runs In real time
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General tab () osisoit
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Input data tab () osisoft
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FFT results tab i Osi:at
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What is an FFT, what is it used for? @ ost.

19

e Conversion of time series to 1ts harmonic
components (spectrum).

* |nvented in 1965 by Cooley-Tukey (IBM)
e Theory by Fourier ~1815

e Uses of the FFT

— Stability of systems (power networks)

— Wear of components (rotating equipment)

— Control of systems (Indentification)

— Condition of equipment (Paper machines, turbines)
— Detection of patterns (hourly, shift, daily, etc)

— Capability of systems (paper, steel, any sheet)

Empowering Business in Real Time. © Copyright 2009, OSIsoft Inc. All rights Reserv

ed.



General tab {0 ostsot
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Debug/History recovery {J ostsoft
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Debug history tab {9 ostsoft
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Northeast Blackout 2003

 Power grid stability
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Fig. 12. Spectral historv of AEP Kanawha EFaver bus frequency for August
14 Blackowr. 12:00-16:10 EDDT
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Northeast Blackout 2003 {0 osiot
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Fig. 13. Spectral historv of Ameren Rush Island bus frequency for August 14
Blackout. 12:00-16:10 EDT

24 Empowering Business in Real Time. © Copyright 2009, OSIsoft Inc. All rights Reserved.



Swedish Blackout 2004 {© osiott

2004-09-13 10:53:20

L R
' Sead
-~
v T ..l
' .
' To-eol
(] v TS.ell
. [ ¢« TSesall
Mg M P [
' v Te.elll ] Steell
' ] Seeo ] ' cea
.....
' ' s-a_. ' ~een
' ] [ X O [
", [} (] Sead ] S -
{4 - ¢« TSeall L T
~~~~~~~~
4 . .- 9. s-a
L) ~, ] See
L Sead

~.en
~.a

. >
cpecceesE
"

c.a
~.an
~.en
~—.a
~e -~
______
.........
~~~~~~~~
~~~~~~~~
~.en

~.al
_________
.......
~~~~~~~~
.......
~~~~~~~~
.......
~~~~~~~
~.en

~.al
~.an

. .
R R . V.
. .

.
. .
[ Ve N
Ky .
~

.
.
‘ ' .
4 .
. ',
O 08 ’ {
. 4
.
.
.

.o o
~.an
~.en
~.en

0.06 -~

50
0.04 —}

. .
. .
N .
[ VST Ve
Ky .
N .
N .

) . )
. ~ . ~
S— .~ ~ ~ ~
- . ~ . ~
. . . .
— . . . .
e — [ S N
) . . .
. . . .
. . .~ .
== . . .~ .
~ ~ ~ ~
- .
= .
.
.

0.02 <~

spectral power

t[s]

> 300
f [Hz]

25 Empowering Business in Real Time. © Copyright 2009, OSIsoft Inc. All rights Reserved.



777 Davis Street (transformer) @ osisott
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China Blackout 2006 © osiott

7/1 20:00 (transmission line over load)
No action is taken
7/1 20:47 (500KV line tripped)
4 big power plants were offlined by operators
7/1 20:59 (grid network starting oscillation)
Many power plants were automatically tripped offline
Tieline was tripped
5 major cities in Henan were out of power
More than 30 million people affected
7/1 23:20
Grid network was restored
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OSlsoft.

China Blackout July 1, 2006
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China 2006 OSlsoft
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US Eastern Interconnection (2005) OSisoft.
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Wind Turbine @ osisoit
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Wind Turbine FFT @ osisoit
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Wind turbine tower resonance

34
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(() OSlsoft.
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Suggested architecture
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| 82 v fe | FFT:canary.10_A0D01
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1 |Select (x) Tag archiving changedate changer compdev compdevpercent compmax compmin compressing convers creationdate creator dataaccess datagroup dataowner descriptor digitalset display
2 |x IFFT canary. 10 AQ001 _l 1 15-Sep-06 07:15:03 piadmin 0 0 28800 0 1 1 14-Sep-06 20:36:28 piadmin oirw girwer piadmin - piadmin
3 [x FFT:canary.10_A0002 1 15-Sep-06 07:15:04 piadmin 0 0 25300 0 1 1 14-Sep-06 20:36:29 piadmin o:rw girwer piadmin - piadmin
4 |x FFT:canary.10_A0003 1 15-3ep-06 07:15:04 piadmin 0 0 23800 0 1 1 14-8ep-06 20:36:29 piadmin orrw gorwer piadmin piadmin
5 [x FFT-canary.10_A0004 1 15-Sep-06 07:15:04 piadmin 0 0 25800 0 1 1 14-Sep-06 20:36:29 piadmin oorw gorwer piadmin  piadmin
6 |x FFT:canary.10_A0D005 1 15-Sep-06 07:15:04 piadmin 0 0 25300 0 1 1 14-Sep-06 20:36:29 piadmin o:rw girwer piadmin - piadmin
[ES FFT:canary.10_A0006 1 15-Sep-06 07:15:04 piadmin 0 0 28800 0 1 1 14-Sep-06 20:36:29 piadmin oirw girwer piadmin  piadmin
g |x FFT-canary.10_A0007 1 15-Sep-06 07:15:04 piadmin 0 0 25800 0 1 1 14-Sep-06 20:36:29 piadmin oorw gorwer piadmin  piadmin
9 [x FFT:canary.10_A0008 1 15-Sep-06 07:15:04 piadmin 0 0 258300 0 1 1 14-Sep-06 20:36:29 piadmin o:rw girwer piadmin piadmin
10 |x FFT:canary.10_A0009 1 15-Sep-06 07:15:04 piadmin 0 0 28800 0 1 1 14-Sep-06 20:36:29 piadmin oirw girwer piadmin  piadmin
11 |x FFT-canary 10_A0010 1 15-Sep-06 07:15:04 piadmin 0 0 25800 0 1 1 14-Sep-06 20:36:29 piadmin o'rw gorwr piadmin  piadmin
12 |x FFT:canary.10_INT0003 1 15-Sep-06 07:15:04 piadmi 0.01 2 23800 0 1 1 14-Sep-06 20:28:08 piadmin oirw gorwer piadmin piadmin
13 |x FFT:canary 10_INT0016 1 15-Sep-06 07:15:04 piadmin 0.01 2 28800 0 1 1 14-Sep-06 20:28:08 piadmin oirw girwer piadmin - piadmin
14 |x FFT-canary 10_INT0065 1 15-Sep-06 07:15:04 piadmin 00 2 25800 0 1 1 14-Sep-06 20:36:28 piadmin o'rw gorwr piadmin  piadmin
15 |x FFT:canary.10_M0001 1 15-3ep-06 07:15:04 piadmin 0.2 2 23800 0 1 1 01-Sep-06 15:05:56 piadmin o:rw gorwer piadmin piadmin
16 |x FFT-canary.10_M0002 1 15-Sep-06 07:15:04 piadmin 0.2 2 25800 0 1 1 01-Sep-06 15:05:56 piadmin oorw girwer piadmin  piadmin
17 |x FFT:canary.10_M0O003 1 15-Sep-06 07:15:04 piadmin 0.2 2 25300 0 1 1 01-Sep-06 15:05:56 piadmin o:rw girwer piadmin  piadmin
18 |x FFT:canary.10_IM0004 1 15-Sep-06 07:15:04 piadmin 0.2 2 23800 0 1 1 01-Sep-06 15:05:56 piadmin o:rw gorwer piadmin piadmin
19 |x FFT-canary 10_M0005 1 15-Sep-06 07:15:04 piadmin 0.2 2 25800 0 1 1 01-Sep-06 15:05:56 piadmin o:rw gorwer piadmin  piadmin
20 |x FFT:canary.10_M0006 1 15-Sep-06 07:15:04 piadmin 0.2 2 258300 0 1 1 01-Sep-06 15:05:56 piadmin oirw girwer piadmin - piadmin
21 |x FFT:canary 10_M0O007 1 15-Sep-06 07:15:04 piadmin 02 2 28800 0 1 1 01-Sep-06 15:05:56 piadmin oirw girwer piadmin  piadmin
22 |x FFT-canary 10_M0003 1 15-Sep-06 07:15:04 piadmin 02 2 25800 0 1 1 01-Sep-06 15:05:56 piadmin o'rw gorwr piadmin  piadmin
23 |x FFT-canary 10_IM0009 1 15-Sep-06 07:15:04 piadmin 02 2 23800 0 1 1 01-Sep-06 15:05:57 piadmin o:rw gorwer pladmin piadmin
24 |x FFT:canary.10_M0010 1 15-Sep-06 07:15:04 piadmin 0.2 2 28800 0 1 1 01-Sep-06 15:05:57 piadmin o:rw girwer piadmin - piadmin
25 |x FFT-canary 10_M0011 1 15-Sep-06 07:15:04 piadmin 02 2 25800 0 1 1 01-Sep-06 15:05:57 piadmin o'rw gorwr piadmin  piadmin
26 |x FFT:canary.10_M0012 1 15-3ep-06 07:15:04 piadmin 0.2 2 23800 0 1 1 01-Sep-06 15:05:57 piadmin oirw gorwer piadmin piadmin
27 |x FFT:canary 10_M0013 1 15-Sep-06 07:15:04 piadmin 0.2 2 28800 0 1 1 01-Sep-06 15:05:57 piadmin o:rw girwer piadmin - piadmin
28 |x FFT:canary 10_IM0014 1 15-Sep-06 07:15:04 piadmin 0z 2 28800 0 1 1 01-Sep-06 15:05:57 piadmin o:rw gorwer piadmin - piadmin
29 |x FFT:canary 10_M0015 1 15-Sep-06 07:15:04 piadmin 0.2 2 28500 0 1 1 01-Sep-06 15:05:57 piadmin o:rw girwir piadmin - piadmin
30 |x FFT-canary.10_M0016 1 15-Sep-06 07:15:04 piadmin 0.2 2 25800 0 1 1 01-Sep-06 15:05:57 piadmin o:rw gorwer piadmin  piadmin
3 |x FFT:canary 10_IM0017 1 15-Sep-06 07:15:04 piadmin 0z 2 23800 0 1 1 01-Sep-06 15:05:57 piadmin o:rw gorwer pladmin piadmin
32 |x FFT:canary.10_M0013 1 15-Sep-06 07:15:04 piadmin 0.2 2 23800 0 1 1 01-Sep-06 15:05:57 piadmin o:rw gorwer piadmin piadmin
33 |x FFT:canary 10_M0019 1 15-Sep-06 07:15:04 piadmin 02 2 25500 0 1 1 01-Sep-06 15:05:57 piadmin o:rw girwer piadmin  piadmin
34 |x FFT:canary.10_M0020 1 15-Sep-06 07:15:04 piadmin 0.2 2 258300 0 1 1 01-Sep-06 15:05:57 piadmin oirw girwer piadmin piadmin
35 |x FFT:canary 10_M0021 1 15-Sep-06 07:15:04 piadmin 0.2 2 28800 0 1 1 01-Sep-06 15:05:57 piadmin o:rw girwer piadmin - piadmin
36 |x FFT-canary 10_M0022 1 15-Sep-06 07:15:04 piadmin 02 2 25800 0 1 1 01-Sep-06 15:05:57 piadmin o'rw gorwr piadmin  piadmin
37 |x FFT:canary.10_M0023 1 15-3ep-06 07:15:04 piadmin 0.2 2 23800 0 1 1 01-Sep-06 15:05:57 piadmin orrw gorwer piadmin piadmin
38 |x FFT:canary.10_MM0024 1 15-3ep-06 07:15:04 piadmin 0.2 2 28800 0 1 1 01-Sep-06 15:05:57 piadmin o:rw gorwer piadmin piadmin
39 |x FFT:canary 10_IM0025 1 15-Sep-06 07:15:04 piadmin 0z 2 28800 0 1 1 01-Sep-06 15:05:57 piadmin o:rw gorwer piadmin - piadmin
40 |x FFT:canary.10_M0026 1 15-3ep-06 07:15:04 piadmin 0.2 2 23800 0 1 1 01-Sep-06 15:05:57 piadmin oirw gorwer piadmin piadmin
41 |x FFT-canary. 10_M0027 1 15-Sep-06 07:15:04 piadmin 0.2 2 25800 0 1 1 01-Sep-06 15:05:57 piadmin o:rw gorwer piadmin  piadmin
42 |x FFT:canary.10_M0023 1 15-Sep-06 07:15:04 piadmin 0.2 2 25300 0 1 1 01-Sep-06 15:05:57 piadmin o:rw girwer piadmin  piadmin
43 |x FFT:canary.10_IM0029 1 15-Sep-06 07:15:04 piadmin 0.2 2 23800 0 1 1 01-Sep-06 15:05:57 piadmin o:rw gorwer piadmin piadmin
adl. o= 10 _nannan 4 AL o AE AT AL A4 nindenin no o anonn o 1 4 (4 o NE AZ N5 £8 micdemin oocece e eiodenic oiodoio
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Example in ProcessBook OSlsoft
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Summary FFT Interface © osisott

39

Standard OSlsoft product

FFT of any tag in any Pl Server
Configuration using ICU

FFT outputs are standard Pl tags

Can process data at same speed as data arrives at
the snapshot

Standard Pl tools access FFT data
— SQC, Alarms, RtReports, WebParts, X-Y plots, Profiles

Empowering Business in Real Time. © Copyright 2009, OSIsoft Inc. All rights Reserved.



Angle jumping @ osisoit

Angle Difference
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Some technical tidbits: {( e

Linear Interpolation -

Algorithm can’t use linear interpolation
at 360<->0 transition.

360

Linear Interpolation

could yield

T

. .
Time needing a value

== Actual curve O Sampled values === Linear Interpolation @ Proper Estimated Value

Interpolation is required to allow PMUs
with different sampling rates to be compared.

Need to be careful of this when using
DatalLink as well.
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