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Main trigger: 2003 Northeast Blackout

NYC before blackout 2 Main Lessons Learnt from the 2003 Blackout:

. Need significantly higher resolution measurements

= From traditional SCADA (Svstem Control and Data
Acqusition) to PMUs (Phasor Measurement LUnits)

Y C after blackout

Local monitormg & control can lead to disastrous results

= Coordinated control instead of selfish control




High-resolution PMU measurements from the 'S west coast grid

High-resolution voltage messurements
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Increasing Volumes of PMU Data

2008: Onlv 40 PN TUs in the entire east coast

2015: More than 1000 PVIUS across TSA

(Nearly 52 PMUSs only m Noith Carolina)

Massive volumes of PMU data need to be transported from one part of the grid to another
tor monitoring and control
Needs a hughly reliable and resilient communication infrastructure
: = cessinz will not be tenable
Need combination of distributed monitoring spread over the entire system




Centralized vs Distributed Algorithms

Centralized RLS Semi-Distributed Pronv
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Centralized vs Distributed Algorithms

Centralized RLS Distributed Pronv
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Centralized vs Distributed Algorithms

Centralized RLS Heirarchically Distributed Pronv
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Motvating the Wide-Area Oscillation Monitoring Problem:

* Svuchronous Ceenevator VModels
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| Grid Dynamic Models

* Load Models

P_;L = {IJV}Z +b;V;+c¢; ) a;,e; = constant impedance

L 2 - b, f; = constant current
‘= oV .V 4 a; - 1 J3
| QJ 773 fiVs+ 95 _. ¢;, g = constant power

* Transmission Line VModel
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! * Total Network Model
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" Wide-Area Oscillation Estimation

PMU data y()y=A0.(t)=") r e

i=1
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Our objective 1s to use PMU measurements y ;(t) to estimate gy, ;. and 1y ; for
I AT |

Least-Squares based Prony algorithm

Let us consider the discrete-time transfer function from d(¢) to A8;(t) assuming
d(t) to be an impulse

AG(t) ==
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Wide-Area Oscillation Estimation

Step 1. Find «; through a,,

AG(2n) AG(2n-1) .- \0.(0) || -
A (2n+1) AE(21) o AG(]D || —

1A8(2n+1)| |AG(2n+1-1) - AG(]) || -

Findmg the global a using all available measurements using simple linear LS:

g =¥ (Hie) t=L....p

=il = : | : » Solve characteristic polvnonual from &




' Distributing the Prony Algorithm via Consensus

Supervisory 1S5S0

Multiple Computational Areas
Areal: 6 =16.051 — |

Area 2: 6, ={6,.65,)

Area 3. 6, =10, —

Area 4 r{ =16, —

Global Consensus Problem:

mminuze > —|Ha —c¢
dondy. L Tt |

subjecttoa, —z=0. fori=1

Solve 1n a distributed way using:
\lternating Direction Method of Multipliers
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Distributed Prony Using ADMM

[teration 0

Initialize the primal variable
a;° and the dual variable w;° at
each local PDC 7

Supervisory ISO
PDC 2

PDC 3

PDC «
—— Estimated Prameters

PMU Measurements




| Distributed Prony Using ADMM

[teration i~/

* Step | Updare a; and w; Supervisory 1SO
locally at PDC i

A =((H Y Hf = pI)"'(H) ¢/ —w] + pa")
“II. =i — W K .}1! “.—t - E—i*-—l |
Step 2 Gather the values of a;%*! at
the central PDC

Step 4 Broadcast the average value
~ k+1 :
(a ) to local PDCs
g PDC 4
Step 3 Check the convergence
Estimated Prameters

PMU Measurements




Simulation Results

68 Bus. 16 Generators

> Computational Areas
Simulations are performed in
Power Svstemi Toolbox (PST)
A three-phase fault occurred at
line connectig buses |1 and 2.
started at =0.1 (sec). cleared at
bus 1 at t=0.13 (se¢). and
cleared at bus 2 at t=0.2 (sec).




Distributed Prony:

Actual value Cantralized Prony

Diistributed Prony

Diztributed Prony with
Comm Failure
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' Distributed Prony Using ADMM

[teration i~/
* Step | Update a; and w;
locally at PDC 7

AT =((H VH =pD)((H Y ¢! —w +pa")
W, =W, = pl Tl )
N Y Gather the values of a: ¥+ .
Step 2 Gather the values of a; at
the central PDC

Step 3 Take the average of a;**+!

Step 4 Broadcast the average value
— k+1, -5
(a; ) to local PDCs

Step 3 Check the convergence

Supervisory 1SO

PDC 2

PDC 4
Estimated Prameters

PMU Measurements




" Incorporating Asynchronous Communication

Central PDC
at 1SO




Central PDC
at I1Iso

Traftic Models for Internet Delavs:
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Incorporating Asynchronous Communication

Strategy 2:

"Modify dual update bv a gradient term

EEE PEX .:.':\--:._;_;arl':! Meeting. 20 |I|'

L Fi iy, &

[f message doesn’t arrive at ISO by a
delay threshold g, *

* Strategv 1:
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Conclusions

WANMS 15 a tremendously promising technology for control researchers

Control + Communications + Computing (CPS) must merge

Plentv of new research problems — EE. Applied Math. Computer Science
Plentv of new distributed optimization and control problems
Both theorv and testbed experiments must progress

Right tume to think mathematically — Network theorv 1s imperative electric grid

Needs participation of voung researchers'

Promuses to create jobs and provide impetus to power engineering
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