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Page 1 of 1

To: ee5200-0a-l@mtu.edu

From: Bruce Mork <bamork@mtu.edu>

Subject: EE5200 wrapup, deadlines & deliverables
EE5200 students:

See this link for a full listing of term projects. The TA and | have pre-identified 6 teams that are
invited to present (marked with ?). Let us know by Friday what you intend to do.

http://www.ece.mtu.edu/faculty/bamork/ee5200/ProjList.pdf

Other teams are welcome to volunteer as well. We will choose six that are a combination of
timely interesting topics and well-executed projects. Those that present at the final exam
timeslot can avoid needing to record audio on all of the ppt slides.

Summary of deadlines and deliverables (as posted on class web page):

o Fri 5pm - Dispatch exercise due.

e Mon 9am - Term project report due. Send via e-mail, include all code and files that make
up the project deliverables. No extensions.

e Tues 9am - Term project presentation ppt slides due. No extensions.

o Wed Dec 20th, 12:45pm - Final exam timeslot - all on-campus students will meet for
presentations and evaluations. Attendance is mandatory, role shall be taken. (Online
students: view the recorded video, evaluate the project presentations, submit to me and
TA by Thursday COB.)

| understand that many of you were absent from today's lecture due to a deadline in Dr.
Weaver's class. Unfortunately, you missed a detailed guidance on structuring your report and
presentations, how to write Executive Summary, how to address Conclusions and
Recommendations, etc. This will be on today's recorded video, really important for you to view
it.

Dr. Mork
Mani

file:///C:/Users/bamork/AppData/Local/Temp/eudCD4.htm 12/15/2017
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STATE ESTIMATION OF AN AC NETWORK 477
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FIG. 12.12 Six-bus system with measurements.
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476 AN INTRODUCTION TO STATE ESTIMATION IN POWER SYSTEMS

START

|

READ MEASUREMENTS J

4

! WHERE x = | E!
PICK STARTING x=|5
VALUE FOR x=x°

[
SOLVE FOR (z; - f; (x))
FORi=1::--Nm

Y

CALCULATE H MATRIX
AS FUNCTION OF x

Y

CALCULATE HTR-'H MATRIX
Y

CALCULATE [HTR™'H]

Y
SOLVE FOR AX
AX = [HTR-TH]-THT R [z, - f, (x)
[zz -f; [x)}

Y
CALC MAX (1ax])

{ ves
< MAX (jax]) <e DONE

} NO

UPDATE x :
XxX=x+Ax

FIG. 12.11 State estimation solution algorithm.

for the bus-voltage magnitudes and phase angles given the measurements shown
in Table 12.2. The procedure took three iterations with x° initially being set to
1.0 pu and Orad for the voltage magnitude and phase angle at each bus,
respectively. At the beginning of each iteration, the sum of the measurement
residuals, J(x) (see Eq. 12.30), is calculated and displayed. At the end of each
iteration, the maximum A|E| and the maximum A@ are calculated and
displayed. The iterative steps for the six-bus system used here produced the
results given in Table 12.3.

The value of J(x) at the end of the iterative procedure would be zero if all
measurements were without error or if there were no redundancy in the
measurements. When there are redundant measurements with errors, the value
of J(x) will not normally go to zero. Its value represents a measure of the overall
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FIG. 12.8 Normal distribution of meter errors.

The formula developed in the last section for the weighted least-squares
estimate is given in Eq. 12.23, which is repeated here.

x® = [[H]T[R™I[H]]"'[H]"[R™']z™*

where ‘
x ' = vector of estimated state variables
[H] = measurement function coefficient matrix
[R] = measurement covariance matrix

z™*** = vector containing the measured values themselves

For the three-bus problem we have

st
X" = [91 } (1227)

o

To derive the [ H] matrix, we need to write the measurements as a function
of the state variables #, and #,. These functions are written in per unit as

1

M, = sz = ﬁ(ex == 92) £= 591 o 592
1

M, = f13 = 6—4(91 = 93) = 2-591 (12.28)
1 .

Msz = f32 = 655 (93 - 92) = —492

The reference-bus phase angle, 0, is still assumed to be zero. Then
5 =5

[H]=]| 25 0
0 -4
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