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BTATE ESTIMATION IN POWER NETWORKS III

Program description

A.J.M. van Overbeek

ABSTRACT.

This report gives a description of the programs developed to
compare the three state estimation methods. It is intended
for future users of these programs.

This work has been done as partial fullfillment of the require-
ments for the Masters Degree in Electrical Engineering at the
Eindhoven University of Technology, Eindhoven, The Netherlands.
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l.

In order to compare the three methods mentioned in /l/*)4l sub-
routines and four mainprograms were written. The purpose of this

report is to give a description of these programs for future users.

First a general description is given of the simulation program and
the way the data exchange between the different subroutines is
organized in common blocks. After a detailed description of these
common blocks all subroutines are presented in chapter 4. The

last chapter consists of the program listings and two tables
showing the relationships bhetween the various subroutines and

programs.,

The 41 routines and four programs consist-of 5630 source-=cards.
All programming is done in Fortran on the Univac 1108 of the

computing center of Lund University.

*)See eshapter 6: References



2.

Simulation, general

The purpose of the simulationprograms is to compare and test the

three different methods on the following:

l. errors in the network model used by the estimator
2. the influence of measurement accuracy and bias

3. the influence of the choice of measurement system

How is this implemented in the simulation program?

Fig. 2.1 gives a simplified flow diagram of the main program. The
power demand is chosen as the control variable for the true state,
since this is closest to reality. In the data read part (part 1 in
fig. 2.1) the load pattern is read. The true state is calculated
from the power demand by means of a conventional Newton-Raphson
load-flow. The load flow program needs as input net bus injections.
Therefore there is first done an economic load dispatch to divide
the active demand over the generators. The dispatch program needs
generator data, these are supplied in the common block /GEN/.

The reactive demand is divided over the generators in the same
ratio as the active demand. This means that all generators are
operated at the same cos ¢. From the true state the other true
variables are calculated. These consist of the types in the follow-

ing table.. These type numbers are used in all routines and programs

type variable

1 bus voltage

2 line current at A-end of line
3 line current at B-end of line
4 line flow at A-end of line

5 line flow at B-end of line

6 bus injection

Table 2.1 variable types



Flow diagram:

START

read data

|

print data

H"

compute the power demand

|

(compute the true state
vector and all other
trve variables

|

campute all possible
measurenents

Bl

call the estimator

1

campute and store the

error quantities

r

101 1ast time point?

yes
. 2

print results

Figure 2.1 Mainprogram for simulation



The true variables are stored in the common block /TRUE/. In all
these calculations the true network parameters and structure are
used. These are stored in /TNET/. With the true variables given,
the measurements are computed (4 in fig. 2.1). All possible
measurements are always computed. These are stored in the common
block /MSM/. Which measurements are used by the estimator is deter-
mined by a mask vector. This has the advantage that for two different
measurement systems the same values are generated for those
measurements used by both systems. The mask vector and the infor-
mation on the order of the measurements (necessary for method B)
are stored in /MSI/. The measurements are computed by adding bias
and noise to the true values. The noise is generated by a random
number generator. The noise amplitude for each measurement is given
byi o x (full scale value) + B x true.value). In this way we can
introduce both an absolute (a) and relative (B) error. The o, full
scale and B values, the bias and the noise amplitude computed from
these quantities are stored in /METT/.

The estimator (5 in fig. 2.1) is not treated in detail here.

It makes use of its own network data: /ENET/.

The estimate and the other variables computed from the estimate

are stored in /EST/. All three methods try to minimize the loss

function
T
J={y - g(&)}uwly - g(2)}

The weighting factors plus the o, 8 and full scale values for
each measurement used by the estimator are stored in /METE/.
So the only coupling between true and estimated values occurs
through the common blocks /MSM/ and /MSI/. The error gquantities
(6 in fig. 2.1): the estimation error, the lineflow error and
the measurement index are stored in /EVAL/.
Now we can say which data have to be read in (1)

- true network data

- generator data

- load data

- true meter data

- measurement information



- estimator meter data

- estimator parameters.

The next chapter describes all common blocks while chapter 4

presents all subroutines as they occur in the simulation pro-
gram and the three simulation programs (one for each method)

and the program to plot the results.

The last chapter consists of the program listings.



3. The common blocks

The following dimension parameters are used in the common blocks ¢

MG maximum number of generatorsa
MB maximum number of buses.

ML maximum nhumber of lines.

MMB 2MB

MML 2ML

| COMMON /TNET/ NBT,NLT,LTAT (ML),LTBT (ML) ,YAAT (ML) ,ZABT (ML),YBBT (ML)
NBT number of buses
NLT number of lines
LTAT(I) A-end of line I is connected to bus LTAT(I)
LTBT(I) B-end of line I is connected to bus LTBT(I)
YAAT(I) shunt admittance at A-end of line I
ZABT (L) series impedance of line I
YBBT shunt admittance at B-end of line I

COMMON /TRUE/ XT(MB),YT2(ML),YT3(ML),YT4(ML),YTS(ML),YT6(MB)

XT(I) busvoltage I (state)

YT2(I) line current at A-end of line I
YT3(I) line current at B-end of line I
YT4(I) lineflow at A-end of line I

YT5(I) lineflow at B-end of line T
YT6(I) businjection at bus I

all variables are complex.

The common block/GEN/: the men~--- ameters.
| Er st _,,ﬂg\mu,,HMIN(MG),PMAX(MG);
NG number of generators
NGB(I) generator I is connected to bus I

Al(I) coefficients of the generator



A2(I) cost function: ¢ = a_ + 3 P2
3 2" gen

PMIN(I) min generated active power for generator I

PMAX(I) max generated active power for generator I

COMMON /METT/ BIAS1(MB),BIAS2(ML),BIAS3(ML),BIASA (MML),
BIAS5 (MML ) ,BIASH (MMB) ,WN1 (MB),WN2 (ML) ,WN3 (ML),
WN4 (MML ) ,WNS (MML ) ,WN6 (MMB) ,ALFT1(MB),ALFT2 (ML),
ALFT3 (ML) ,ALFT4(MML),ALFT5 (MML),ALFT6(MMB),
FST1(MB),FST2(ML),FST3 (ML) ,FST4(MML),
FST5(MML) ,FST6(MMB) ,,BETT1(MB),BETT2(ML),BETT3 (ML),
BETT4 (MML) ,BETT5(MML ) ,BETT6 (MMB)

XX X X X X

BIASX(I) bias for type X measurement

WNX(I) weighting factor for type X measurement noise
ALFTX(I) o value for type X measurement

FSTX(I) full scale value for type X measurement

BETTX(I) B8 value for type X measurement.

The o, full scale and B values are used by the subroutine
CAWN to compute the measurement noise weighting factors.
The BIAS and WN values are used by the subroutine ALLMSM

to compute the measurements.

COMMON /MSM/ YM1(MB),YMZ(ML),YMB(ML),YM4(MML),YM5(MML),YM6(MMB)
YMX(TI) type X measurement

COMMON /MSI/ MSK1(MB),MSK2 (ML) ,MSK3 (ML) ,MSK4 (ML) ,MSK5 (ML),
X MSK6(MB),NM,NTYP(MM),NMSM(MM)

MSKX(I) mask vector for type X measurement

For type 1, 2, and 3 measurements ("modulus measurements")
element I = 1 means that the corresponding measurement in
/MSM/ is used by the estimator and element I = 0 thatithe’
measurement is not used. For type 4, 5, 6 measurements
("power measurements") the meaning of the maskvector elements

is given in the following table!
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‘element
0 measurement is not used
1 only active measurement is used
2 only reactive measurement is used
3 both active and reactive measurement are
used.
NM number of measurements used by the estimator.

active and reactive power measurements are counted

separately
NTYP(I) measurement I is of type NTYP(I)

NMSM(I) measurement I is the NMSM(I)-th measurement of type

NTYP(I)

examples:

NTYP(I) NMSMT(I)

1 5
3 4
4 5
4 6

voltage measurement at bus 5

line current measurement at B-end of line 4
active lineflow measurement at A-end of
line 3

reactive lineflow measurement at A-end of

line 3

The measurement order information stored in NTYP(I) and
NMSM(I) is used by method B.
From this information the subroutine RDMSM computes the mask-

vectors,

X

COMMON /RES/ RES1(MB),RES2(ML),RES3 (ML) ,RES4 (MML) ,RESS (MML),
. ) RES6 (MMB)

RESX(I) The residue y - g(R) for measurement I of type X.



_.ll_

COMMON /METE/ WF1(MB) ,WF2 (ML) ,WF3(ML),WF4 (MML),WF5(MML),
WF6 (MMB) ,ALFE1 (MB),ALFE2 (ML) ,ALFE3 (ML) ,ALFE4 (MML),
ALFES (MML ) ,ALFE6 (MMB) ,FSE1 (MB) ,FSE2 (ML) ,FSE3 (ML),
FSE4 (MML ) ,FSES (MML),FSE6 (MMB) ,BETE1(MB),BETE2 (ML),
BETE3 (ML ),BETE4 (MML),BETES (MML ) ,BETE6 (MMB)

X X X X

WFX(I) weighting factor for measurement I of type X
ALFEX(I)

FSEX(I) see corresponding T variables in /METT/
BETEX (I)

The weighting factors WFX(I) are computed from the o, full

scale and B values by the subroutine CAWF.

The _common_block/ENET/: estimator networlr =--

\ el sV AREML) ,ZABE (ML) ,YBBE (ML)
Estimator network data. See /TNET/,

COMMON /EST/ XE(MB),YE2(ML),YE3(ML),YE4(ML),YE5(ML),YE6 (MB)
All complex estimated variables. See /TRUE/, )

| COMMON /JAC/ AJAC1(MB,2),AJAC2(ML,4),AJAC3(ML,4),AJAC4 (MML,4),
X AJACB(MML,4),AJACé(MMB,MMB)
The jacobian. Only the non-zero jacobian elements are stored
for type 1, 2, 3, 4 and 5 measurements .
type 1l: voltage measurement
AJAC1(I,1) element %g

AJAC1(I,2) element %%
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type 2 + 3: line current measurement

a|1ab|

AJACX(I,1) element 52
GIIab|
AJACX(I,2) element T
a
X =2 o0r 3
81T 4l
AJACX(I, 3) element ———————
e
b
6|Iab|
AJACX(I,4) element
§f
b
type 4 + 5) lineflow measurement
AJACX(I,1) element gé' X =4o0r 5
AJACX(I,2) element %%L— I odd "£ Pab
a
AJACX(I, 3) element géé I even ..="94
AJACX(I,4) element Se= o
Gfb

type 6:bus injection measurement

AJAC6(I,J) all jacobian elements for a bus injection

measurement are stored.

e e e e e e e e s e e e e e e e e e e e - -

'COMMON /MAT/ A(MMB,MMB),T (MMB ,MMB) |
© A(I,J) matrix G WG
T(I,J) triangularized version of A(I,J)

This common block is only used by method A.
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COMMON /VAR/ COV(MMB),PNEW(MMB)

COV(I) covariance for statevariable I in method B
example, cov(3) = covariance of real part of bus voltage 2.
PNEW(I) new covariance for statevariable I.

This common block is only used by method B.

— e o e ot e e ot e e e e e e e e R e e T —

COMMON /MAT/ A(MB,MB),T (MB,MB) |
A(I,J) matrix BTDB of method C

T(I,J) triangularized version of A.

This common block is only used by method C.

COMMON /EVL/ EE(MTMX1),EEM(MTMX1,2),AEE,EEMT(2),EEMMT(3)

X EL (MTMX1) ,ELM(MTMX1,2),AEL ,ELMT(2) ,ELMMT (3)
X EM(MTMX1) ,AEM,EMMT (2)
EE(I) estimation error at timepoint I

EEM(I;l) maximum element in EE(I)

EEM(I,2) place of EEM(I,1l)
two examples: EEM(I,2) = 4: imaginary part
vof bus voltage 2, EEM(I,2) = 5: real part of
bus voltage 3.

AEE average estimation error

EEMT (1) maximum estimation error

EEMT(2) time point of maximum estimation error.

EEMMT (1) maximum element in all estimation errors

EEMMT (2) place of EEMMT(l). See EEM(I,2)

EEMMT (3) time point of EEMMT (1)

EL(I) lineflow error at time point I

ELM(I,l) maximum element in EL(I)

ELM(I,2) place of ELM(I,1)
ELM(I,2) positive means at A-end of line, negative

at  B-end of line



AEL
ELMT (1)
ELMT (2)
ELMMT (1)
ELMMT (2)
ELMMT (3)
EM(I)
AEM

EMMT (1)
EMMT (2)

-14-

examples: ELM(I,2) = 3jactive flow at A-end of line
2., ELM(I,2) = -4: reactive flow at B-end of line 2.
average lineflow error

maximum lineflow error

time point of ELMT(1)

maximum element in all lineflow errors

place of ELMMT(2). See ELM(I,2)

time point of ELMMT(3).

measurement index at time point I

average measurement index

maximum measurement index

time point of EMMT (1)
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4. The subroutines ‘and mainprograms.

In this chapter there is given a short description of each sub-
routine. If necessary a flow diagram and further comments are
included. The subroutimes are presented about in the order as

they occur in the simulation program in the following sections:

4.1 The subroutines PRENET and PRTNET.

4.2 The data read routines (part 1 in fig. 2.1).
The subroutine CASDB (part 2 in fig. 2.1).

4.4 The subroutines for computing all true variables (part 3
in fig. 2.1).

4,5 The subroutines for computing the measurements (part 4 in
fig. 2.1).

4,6 The jacobian routines (used by estimator A and B).

4,7 The routines and mainprogram:.. for method A.

4.8 The routines and mainprogram for method B.

4,9 The routines and mainprogram for method C. o

4.10 The subroutine EVAL.

4.11 The plot program.

Chapter 5 starts with two tables giving the relationships between

the various routines and programs.
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e —— T T S ——— ———————— ] ——— = {—— T ———

SUBROUTINE PRENET

Prints the estimator network data stored in the common block /ENET/,

SUBROUTINE PRTNET
Prints the true network data stored in the common block /TNET/,

SUBROUTINE RDTNET (IPRINT, IERR)
Reads the true network data into the common block /TNET/ and
prints the read data.

SUBROUTINE RDMETT (IPRINT)

Reads for all possible measurements the bias, o, full scale and
g values into the common block /METT/ and prints the read data.
flow diagram:
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Flow diagram:
START

Y

read data for voltage

measurenment
v

read data for actiwve

injection measurenent

reéd data for reactiwve

injection measurement

no

last  bus?

) ¥ yes

read data for line current

measurement at A-end

’

read data for line current

measurenent at B-end

-

read data for active lineflow

measurement at A-end

v

read data for reactive lineflow

measurement at A-end

+

read data for active lineflow

measurement at B-end

+

read data for reactive lineflow

neasurement at B-end

«

last 1line?

no

yes

=)
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SUBROUTINE RDGEN (IPRINT, IERR)
R@&ads the generator data into the common block /GEN/ and prints

the read data.

SUBROUTINE RDLD (IPRINT, IERR)
Reads and prints the demand data necessary for the subroutine

CASDB to compute at each time point the new load demand.

Flow diagram:



Flow diagram:

read slope time

1

read maximum and minimum demand and

compute standard slope for bus I

h

MO 1last bus?

yes

read start demand

for bus I

M| 1ast bus?

yes

h

read number of simulation

time points

+

read number of slope
changes

{

read slope change time
point and new slope

e

set new slope in demand

control vector

no

]

last slope change?

yes

RETURN
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comments:

The subroutine CASDB computes the new load demand at time point
K + 1 for bus I as load (K+1l) = load (K) + U(K+1l)x standard slope
(I). U(K+1l) is the demand control vector element. The standard

slope for bus I is defined as :

maximum demand - minimum demand

slope time
example: simulation time = 10

nr of slope changes = 2

slope change new slope
time point

5

6 0.0

Then U is: 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0

The load for bus 1 e.g. is:

standard
slope

start dem. X X X X

,.

SUBROUTINE RBENET (IPRINT, IERR)
Reads estimator network data into the common block /ENET/ and

prints the read data

SUBROUTINE RDMETE (IPRINT)

Reads for all possible measurements the o, full scale and g8 values
into the common klock /METE/

flowdiagram: see the subroutine RDMETT



4.3
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SUBROUTINE RDMSM (IEFRINT, IERR)

Reads which of all possible measurements are to be used by the
estimator and in which order they are to be processed. This data
is read into NM, NTYP(I) and NMSM(I) in the common block /MSI/.
From this data the mask vectors are computed. Active and reactive
measurements are treated separately. See the description of the

common block /MSI/ in the previous chapter.

The subroutine CASDB.

SUBROUTINE CASDB (SDB, SSL, U, IPRINT)
Computes the new load demand for all buses given the o0ld demand,
the standard slopes and the demand control vector element.

See the subroutine RDLD.

SUBROUTINE TRUEV (SDB, IPRINT, IERR)

Computes all true variables from the load demand

START

catpute the real gene-
rated powers with the
subroutine ELDNL

¥

compute the businjections 1

.

compute the true busvol-
tages with the subroutine
NRLFR

conpute the other truwe
variables with the sub-
routine GXI

flow diagram:
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comments:
ad 1. the subroutine ELDNL distributes the total active demand
over all generators. The total reactive demand is distrubuted

over the generators in the same ratio as the active demand.

SUBROUTINE ELDNL (Al, A2, PMIN, PGEN, PMAX, PDEM, EPS, NG,

IPRINT, IERR)

Performs an economic load dispatch neglecting linelesses by
minimizing the generator cost function with a Lagrange multi-
plier method and taking into account minimum and maximum generated

power restrictions.

SUBROUTINE NRLFR (NB, NL, LTA, LTB, YAA, ZAB, YBB, SINJ, VB,
EPS, IS, MAXIT, IPRINT, JFAIL)

Performs a conventional Newton.Raphson load flow to compute the
true bus voltages. The subroutine TRUEV assumes that bus NB is

the slack-bus.

SUBROUTINE DECOM (A, NN, IA, EPS, ISING)

SUBROUTINE SOLVB (B, X, NN, NNB, IA)

Solves the linear system of equations A x X = B by means of
Gauss decomposition of matrix A (DECOM) and forward and backward
substitution (SOLVB).

These routines are used in NRLFR and are taken form the program
library of the Division of Automatic Control of the Lund

Institute of Technology.

SUBROUTINE MPRI (A, M, N, IA, IND, IFORM, IERR)

Prints a matrix.
The routine is used in NRLFR and a few other routines. It is

also taken from the above mentioned program library.

SUBROUTINE GXT (IPRINT, IERR)
Computes all other true variables from the true state.

Flow diagram:



Flow diagram:
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cdipute current in

series branch of line I

compute line current
at A-end of line I

l

compute line current
at B-end of line I

compute lineflow
at B-end of line I

|

compute -lineflow -

at Bend of line I

L

add lineflow at A-end
to businjection at A-end

of line T

I

add lireflow at B-end
to businjection at B-end
of line I

.

no last 1line?

yes

)
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SUBROUTINE CAWN (IPRINT)
Computes for all possible measurements the measurement noise

weéighting factors WN:

1
o x full scale + B x true value

WN =

The computed weighting factors are stored in the common block

/METT/.

SUBROUTINE ALLMSM (NODD, IPRINT)

Computes all possible measurements.

flow diagram:

START

generate measurement
noise with NODI

multiply noise by 1/WN

v

add bias and noise

to true valwe

- last measurement?

no

yes

(i)
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comments: for type 4, 5 and 6 the active and reactive measure.
ments are treated separately.

ad 1. the subroutine NODI needs an odd number to generate
random numbers. This is supplied by NODD in the subroutine call
to ALLMSM. A good start value for NODD = 19. This must be
supplied at the first call to ALLMSM. Successive calls to
ALLMSM make use of the value of NODD upon exit of the previous
call.

SUBROUTINE NODI (NODD, GAUSS)

function: to provide a random number from a standard normal
N(0,1) probability distribution.

The routine is taken from the program library of the Division
of Automatic Control and is used in ALLMSM.

FUNCTION ALOSS (IPRINT)
function: to calculate the loss function {y - g(g)}TW{x - g(x)}
It is assumed that the matrix W is diagonal and that the

(=
loss = 0.0

1

mask vector = 1?

residues y - g(&) are given.,
flow diagram:

no

LYes
loss = loss + weighting

factor x residue 2

!

last measurement?

no

.yes

=l
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comments: for type 4, 5, and 6 active and reactive measurements
are treated separately; dependent on the value of the mask
vector the active or reactive or both measurements are used in

the calculation of the loss function.

SUBROUTINE CARES (IPRINT, IERR)

Computes the residues from the estimated state and’the measure-
ments. Before the residues first all estimated variables are
computed with the subroutine GXT. The computed residues are
stored in the common block /RES/.

SUBROUTINE PRRES
Prints the residues as stored in /RES/, the corresponding used

measurements and estimated values.

SUBROUTINE CAWF (IPRINT)
Computes the weighting factors WF for all possible measurements.
Only the weighting factors of the measurements processed by the

estimator are used in the calculations of the loss function.

SUBROUTINE PRWF
prints all weighting factors as stored in the common block /METE/.

The following four routines make use of the formula’s given in
the Appendix of /1/ for rectangular coordinates. These routines
are used by both method A and B.

SUBROUTINE JACV (U, DU, IR, ID, IERR)
Computes the two non zero jacobian elements for a voltage measure-

ment.
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SUBROUTINE JACI (VA, UB, ZAB, YAA, DI, IR, ID, IERR)
Computes the four non zero jacobian elements for a line current

measurement,

SUBROUTINE JACLF (M, UA, UB, ZAB, YAA, DP, IRP, DQ, IRQ,

ID, IERR)

Computes the non zero jacobian elements for an active, reactive
or both lineflow measurements dependent on the value of the

mask wvector.

SUBROUTINE JACBI (M, IA, DPI, IRP, DQI, IRQ, ID, IERR)
Computes the jacobian row(s) for an active, a reactive or both
bus .injection measurements, dependent on the value of the mask
vector. The row(s) are calculated by computing the jacobian
elements of all lineflow measurements at the bus concerned.

SUBROUTINE CAJAC (IPRINT, IERR)

Computes the jacobian for method A using the previous four routines.

Only the jacobian elements of the measurements used by estimator

A are computed.

SUBROUTINE PRJAC

Prints the jacobian as stored in the common block /JAC/.

SUBROUTINE ADMA (MAXIT, JS, CRLOSS, XL, CRLIN, IEXIT, TIME,
IPRINT)
Main routine for method A.

Flow diagram:
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Flow diagram: (Sﬂﬁ& ]

compute the residues

4

compute Jnew ‘

yes

YeS | it =

no

J >Jd

new old

yes

-

it > maxit ?

yes

e

no

it =it

start iteration

+ 1

Jold
1d

6?@

J
new

1%
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YeS) 35 = 22

h o
no
1

linearization ?

ves
b 4

set LIN=1 set LIN = 0
; |

;

campute the jaccbian

no LIN = 1?

R
!
1%

conpute AR
with ESTA




©
L

convergence
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©
L

no convergence

divergence

2=%14

conpute the residues

new old
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comments:
ad 1, The linearization decision is made by computing the norm of
is the last linearization point. When

the vector x, - X, where Xx

this norm coies over a cri%ical value (CRLIN in the subroutine
call) a linearization is done around the present estimate.
The estimator can operate in various modes determined by JS

Js mode

0 Normal operation, iterate till loss function
is less than the critical loss J* (CRLOSS in the
subroutine call) or till the maximum number of

iterations (MAXIT). Linearize if necessary.

1 Iterate at least once irrespective of the value

of the loss function. Upon exit JS = 0.

2 Linearize in two iterations (if maxit permits this).
Upon exit (MAXIT 2 2) is JS = 0.

Table 4-1 Estimator modes for method Aa.

Examples:

JS = 2, MAXIT = 3: Start up of the estimator from e.g. flat
voltage. In the first iteration a linearization is made around
the flat voltage profile. In the second around:the estimate ob-
tained after the first iteration.

JS = 0, MAXIT = 1: Normal operatiron under normal conditions.

Ad 2. When after an iteration the loss function has increased
the divergence exit is taken. The estimate is set equal to the
estimate after the previous iteration. The residues are calculated
again and the loss is set equal to the loss after the previous

iteration.

SUBROUTINE ESTA (LIN, DX, IPRINT; IERR)

Performs one iteration of method A by solving
T _ B
G™(%)WG(x)) | 2% = GT(R)W(y ~ g(&))

It is assumed that the jacobian G and the residues y - g(X) are
available in the common blocks /JAC/ and /RES/.

Flow diagram:
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START

Flow diagram:

update GTW{X - g(&)} for measurement I 1
O} 1IN = 17
‘yes
Lpdaua(f%n for measurement I 2
no

J last measurenent?

yes

a

solve '[GTm:[ A% = GTWly - g(%)} 3

()

comments:

ad 1. See subroutine UPDBA

ad 2, See subroutine UPDAA

ad 3. This is done by the subroutines DESYM and SOLVS. A mistake
in the present realization is that DESYM is also called when there
is no linearization (LIN = 0). This means that GTWG is decomposed
every time ESTA is called. See the item on computing times in /2/.



_33_

SUBROUTINE DESYM (A, G, N, EPS, IRANK, IA)

SUBROUTINE SOLVS (G, B, X, NN, NNB, IA)

Solves the linear system of equations A x X = B for a symmetric
A matrix by triangularization (decomposition) of A (DESYM) and
forward and backward substitution (SOLVS). These routines are
taken from the program library of the Div., of Automatic Control

of the Lund Institute of Technology.

SUBROUTINE UPDAA (INDEX, ELT, NOE, WI, A)
Updates GT(§1)WG(51) for a measurement. The NOE non-zero ele-
ments of G that have to do with the measurement are given in

the vector ELT. The NOE elements in INDEX give the corresponding
places of the jacobian elements in the complete jacobian row.

WI is the weighting factor for the measurement and A the matrix

to be updated.

example:
NOE = 2 INDEX(1l) =1 ELT(l) = WI = 2
INDEX(2) = 3 ELT(2) = 4.0
matrix A before updating matrix A after updating
0 0 0 8 0 16
0 0 0 0 0
0 C 0 16 0 32

In this way multiplications with zero are avoided in computing

G WG but this implementation alsc asks much computing time
because of the complicated subroutine call. This can be improved
by transferring a number of variables (e.g. matrix A) through

‘common blocks.

SUBROUTINE UPDBA (INDEX, ELT, NOE, WI, B, RES)

T
Updates G (& )W{y - 9(%,)} for a measurement. Since W is diagonal
only the places corresponding to non zero jacobian elements are

changed in the right hand vector.
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INDEX, ELT and NOE are organized in the same way as in UPDAA,
WI is again the weighting factor while RES is the residue for

the measurement. B is the righthand vector.

example:
NOE = 2 INDEX (1) =1 ELT (1) = WI = 2 RES = 0.25
INDEX(2) = 3 ELT(2) = 4.0
B before updating B after updating
0 1
0 2

Concerning computing time the same can be said as for UPDAA.

The three mainprograms for the three methods all are organized as
sketched in fig. 2.1. The only differences are the estimator
parameters read in part 1 of fig. 2.1 the initialization of the
estimator at time point 0 and of course the used estimator:

ADMA, ADMB and ADMC respectively.

For method A the estimator parameters that are read are given in

the following table:

MAXIT maximum number of iterations

Js estimator mode, see ADMA, table 4-1

CRLOSS the critical value of the loss function: J*
CRLIN the linearizing distance: AEl

Table 4-2 Estimator parameters for ADMA

Estimator A is initialized by setting the initial estimate at t = 0
equal to the true state and linearizing around the true state in
one iteration. So we know that the estimator starts with GTWG
computed at the trume state.

At the end of the program all evaluation quantities are printed

for all time points and the totals. See also the description of

the subroutine EVAL and the common block /EVL/.
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The data needed for the plotprogram (the estimation error, the
lineflow error, and the measurement index for all time points)
are written in internal code to a file with internal filename 1.

For more details see the programlisting.

SUBROUTINE ADMB (MAXIT, JS, CRLOSS, JQ, PIN, Q,IEXIT, TIME, IPRINT}
Main routine for method B.

Flow diagram:
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comments:
ad 1. Pk and Pnew are stored in the common block /VAR/ in COV(I)
and PNEW(I) respectively.

ad 2. Note that the contents of P

So each iteration starts with the same Pk'

are not changed during iterations.

The estimator can operate in various modes determined by JS and JQ.

They are given in the following table.

JS mode
0 Normal operation, iterate till loss function is less
*
than the critical loss J or till the maximum number

of iterations.
1 Iterate at least once irrespective of the value of

the loss function.

JQ mode
To the final diagonal P-matrix after the previous

o

time point a certain diagonal Q-matrix is added
to be used as initial covariance for each iteration.
1 The initial covariance matrix before each iteration

has all diagonal elements equal to Pin'
Table 4-3 Estimator modes for method B.

Ad 3.-In ESTB P oew is computed.

Ad 4. Concerning divergence the same can be said as for ADMA, only
here the covariance also has to be restored.

Ad 5. Note that first here P, (COV(I) in /VAR/) is .changed again
after 2.

k

SUBROUTINE ESTB (IPRINT, IERR)

Performs one iteration of method B.

Flow diagram:



Flow diagram:
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comments:

Ad 1l + 7. Pk and PneW are stored in the common block /VAR/ and
PNEW(I) respectively.

Ad 2. The residue for each measurement is computed in ESTB.
CARES can not be used in ESTB because the estimate changes
during the measurement processing.

Ad 3. The jacobian routines JACV, JACI, JACLF and JACBI are
used.

Ad 2 - 6. For the measurement processing use is made of the
measurement .order information stored in /MSI/.

See the description of this common block.

Ad 4 - 6. For type 2, 3, 4 and 5 measurements only four gain
elements are non-zero and only four P- and estimate elements
are changed. Therefore there was written a separate subroutine

for type 2-- 5 measurements: the subroutine UPDEP.

SUBROUTINE UPDEP (IA, IB, RES, WF, G, P, AK, XE)
See the comments of ESTC.

The general remarks mentioned with MAINA are also valid here.
The estimator parameters read by MAINB are given in the following
table:

MAXIT maximum number of iterations

JS mode parameters. See ADMB, table 4-3

JQ mode parameters. See ADMB, table 4-3

CRLOSS the critical value of the loss function J*

PIN the value of all diagonal elements of the
initial covariance matrix when JQ = 0. See table
4-3

Q(I) vector of elements to be added to the initial

covariance matrix when JQ = 1. See table
4-3 ‘

Table 4-4 Estimator parameters for ADMB.
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The estimator is initialized by setting the initial estimate
at t = 0 equal to the true state and performing one iteration
of ADMB with JS = 1, JQ = 1 and all elements of the diagonal

cov. matrix equal to the value read in PIN,

SUBROUTINE ADMC (NEWA, CRLOSS, MAXIT, EPS, IEXIT, TIME, IPRINT)
Main routine for method C.

Flow diagram:
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Flow diagram: START
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comments:

Ad 1 + 2. The subroutine ESTC needs the line voltage weighting
factors. These are computed by the subroutine CAD.

Ad 2 + 3. The computation of the estimate in ESTC is done
iteratively. This iteration process may or may not convergence.
This is represented by IEXIT = 1 or 2 respectively. But this
convergence is independent from convergence in the sense of

the loss function: J < J* . Therefore there are five exit

possibilities. See also ESTC.

SUBROUTINE CAD (DA, DB, IPRINT).

Computes the linevoltage weighting factors for the active line-
flow measurements. Only the active weighting factors are used
since method C assumes that both the active and reactive measure-

ment are available.

SUBROUTINE ESTC (NR, DA, DB, MAXIT, EPS, NEWA, IEXIT, TIME,
IPRINT)
Basis routine for method C.

Flow diagram:



Flow diagram:
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comments:

Ad 1 + 2. The updating of BTDB is done by the subroutine UPDAC.
Tt is assumed that the linevoltage weighting factors D are al-
ready calculated. The updating of the righthand side vector
BED(& - AgEg) is done by UPDBC. Note that B and D are real and

hat z -— A E_ is complex.
t 2 g'g P

Ad 3 + 4. The triangularization is done by DESYM. The solution
— 7 -

of [BDEBJE__
of equations, one for the real parts of E and one for the

I

BTD(E B AgEg) is done by solving the two sets

imaginary parts, by SOLVS. Note that the dimension of BTDB is
about half of the corresponding GTWG—matrix in ESTA,

Ad 5. See the comments on IEXIT in ADMC.

ESTC is written to have more than one reference voltage in Eg

but ADMC uses ESTC with only one reference voltage.

SUBROUTINE UPDAC (IA, IB, DA)

Updates the matrix BTDB for a complex lineflow measurement.

The subroutine functions in the same way as UPDAA. Note that

in this routine the matrix to be updated is given in .the common
block /MAT/.

SUBROUTINE UPDBC (CB, IA, IB, NR, XEA, XEB, ZL, YA, C¥YM, CLV, DA)
Updates BTD(E . AgEg) for a complex lineflow measurement.

The subroutine computes the complex linevoltage CLV from the
complex lineflow measurement CYM. It functions in the same way
as UPDBA. The only difference is the implementation of ‘the term
—BTDAgEg. Also here Eg may consist of more than one reference
voltage.

See ESTC,

The general remarks in MAINA are also valid here.

The estimator: parameters read by MAINC for ADMC are:
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NEWA If NEWA = 1 a new BTDB matrix is computed.
This is only necessary when there has been
a change in network structure. So normal

operation is NEWA = 0.

MAXIT Maximum number of iterations for ESTC.
*

CRLOSS The critical loss J for ADMC.

EPS Convergence criterion for ESTC.

Table 4-5 Estimator parameters for ADMC,

The estimator is initialized by setting the initial estimate
at time point 0 equal to the true state. An estimate with
method C is done in which BTDB is calculated. Direct convergence

is avoided by setting J* = 1.0

The subroutine EVAL.

A —— — T

SUBROUTINE EVAL (K, IPRINT)
The subroutine computes the following quantities at a time point:
- the estimation error.
- the maximum element in the estimation error.
- the lineflow error.
- the maximum element in the lineflow error.

- the measurement index.

It updates the following quantities:
- the average estimation error.
- the maximum estimation error.
- the maximum element in all estimation errors.
- the average lineflow error.
- the maximum lineflow error.
= the maximum element in all lineflow errors.
- the average measurement index.

- the maximum measurement index.

All these quantities are stored in /EVL/. The average values

AEE, AEL.and AEM are updated by adding the corresponding computed
errors. To obtain the real average values AEE, AEL.and AEM have
to be divided by the number of time points. For the organization

of the evaluation data see the description of EVL.
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This program is used to plot a number of plots from either
MAINA, MAINB or MAINC, It is build around the plotroutine

RITA from the program library from the Div. of Automatic Control
of the Lund Institute of Technology.

For each plot the data is read from an internal file with in-
ternal filename 10+ plotnumber. So if there have to be plotted

4 plots the plotdata have to be supplied to PLT in files with
names 11, 12, 13, and 14 respectively.
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5. The program listings.

The chapter starts with a table showing the relationships
between the routines and 'mainprograms. The remainder consists
of the program listings of the subroutines ordered alpha-

betically and the listings of the four mainprograms.



ROUTINE/PROGRAM

ADMA
ADMB
ADMC
ALLMSM
ALOSS
CAD
CAJAC
CARES
CASDB
CAWF
CAWN
DECOMl)
DESYMl)
ELDNL
ESTA

ESTB
ESTC
EVAL
GXE
GXT
JACBI
JACI
JACLF
JACV
1)
MPRT
1)
NODI
NRLFR

1)

ALOSS
ALOSS
ALOSS
NODI

PRRES

JACBI
GXE

DESYM
UPDBA
JACBI
DESYM

PRENET

PRTNET
JACLF

DECOM
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CAJAC
CARES
CAD

JACI

PRRES

MPRI

JACI
MPRI

MPRI

CALLS:
CARES ESTA
ESTB PRRES
CARES ESTC
JACLF  JACB
PRJAC  PRRES
JACLF  JACY,
SOLVS  UPDAC
SOLVB

PRRES
PRWF
PRRES

PRWF

PRENET PRJAC

SOLVS

UPDEP
UPDBC

Table 5-1 Relationships between routines and programs

(Part 1 of 4).

UPDAA

program library Divi of Autom. Control; Lund Institute of Techn.



PRENET

PRJIAC

PRRES

PRTNET

PRWF

RDENET PRENET

RDGEN

RDLD

RDMETE

RDMETT

RDMSM

RDTNET DRTNET

soLve?’

Somvst)

TRUEV ELDNL

UPDAA

UPDAC

UPDBA

UPDBC

UPDEP

MAINA ADMA
RDENET
RDTNET

MAINB ADMB
RDENET
RDTNET

MAINC ADMC
RDENET
RDTNET

PLT PLOT,

1)
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GXT

ALLMSM
RDGEN |
TRUEV
ALLMSM
RDGEN
TRUEV
ALLMSM
RDGEN
TRUEV
PLOTS

NRLFR

CASDB
RDLD

CASDB
RDLD

CASDB
RDLD

RITA

CAWF
RDMETE

CAWF
RDMETE

CAWF
RDMETE

CAWN
RDMETT

CAWN
RDMETT

CAWN
RDMETT

Table 5-1 Relationships between routines and programs

(Part 2 of 4).

EVAL
RDMSM

EVAL
RDMSM

EVAL
RDMSM

program library Div. of Autom. Control, Lund Institute of Techn.
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ROUTINE CALLED BY:
ADMA MAINA

ADMB MAINB

ADMC MAINC

ALLMSM MAINA MAINB  MAINC
ALOSS ADMA  ADMB®  ADMC
CAD ADMC

CAJAC ADMA

CARES ADMA  ADMB.. ADMC
CASDB MAINA MAINB MAINC
CAWF MAINA MAINB MAINC
CAWN MAINA MAINB  MAINC
pEcom’ NRLFR

pESYM™ ESTA  ESTC

ELDNL TRUEV

ESTA ADMA

ESTB ADMB

ESTC ADMC

EVAL MAINA MAINB  MAINC
GXE CARES

GXT TRUEV

JACBI CAJAC  ESTB

JACI CAJAC  ESTB

JACLF CAJAC  ESTB JACBI
JACV CAJAC  ESTB

mprI’) ESTA ESTC NRLFR
nop1l! ALLMSM

NRLFR TRUEV

PRENET CAJAC  GXE RDENET
PRJAC CAJAC  ESTA

PRRES ADMA  ADMB  ADMC  ALOSS CARES  ESTA
1)

program library Divi. of Autom. Control, Lund Institute of Techn.

Table 5-1 Relationships between routines and programs
(Part 3 of 4).
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PRTNET RDTNET

PRWF ADMA ADMB

RDENET MAINA MAINB  MAINC
RDGEN MAINA MAINB MAINC
RDLD MAINA MAINB MAINC
RDMETE MAINA MAINB MAINC
RDMETT MAINA MAINB MAINC
RDMSM MAINA MAINB MAINC
RDTNET MAINA MAINB MAINC
sorys™) NRLFR

SOLVSl) ESTA ESTC

TRUEV MAINA MAINB MAINC
UPDAA ESTA

UPDAC ESTC

UPDBA ESTA

UPDBC ESTC

UPDEP ESTB

l)program library Divi of Autom, Control, Lund Institute of Techn.

Table 5-1 Relationships between routines and programs
(Part 4 of 4).
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RDMSM 148
RDTNET 151
TRUEV 152
UPDAA 154
UPDAC 155
UPDBA 156
UPDBC 157
UPDEP 159
MATINA 160
MAINEB 167
MATINC 174
PLT 181

Table 5-2: The program listings (part 2 of 2).
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PROGRAM page
ADMA 59
ADMB 64
ADMC 69
ALLMSM 73
ALOSS 77
CAD 79
CAJAC 81
CARES 83
CASDB 85
CAWF 86
CAWN 88
ELDNL 91
ESTA 85
ESTB 100
ESTC 106
EVAL 111
GXE 116
GXT 118
JACBI 120
JACT 122
JACLF 123
JACV 125
NRLFR 126
PRENET 131
PRJAC 132
PRRES 135
PRTNET 137
PRWF 138
RDENET 139
RDGEN 140
RDLD 141
RDMETE 144
RDMETT 146

Table 5-2: The program listings (part 1 of 2).



‘ﬂﬁﬂﬁﬁﬁﬂﬁﬁﬁﬂnﬁﬁﬁnﬂﬂﬁﬁﬁﬁ.ﬁnﬁﬂﬂﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬂ

_59_.

SUBROUTINE ADMA(MAXIT»JSrCRLOSSyXLeCRLINS IEXIT e TIME» IPRINT)

MAIN ROUTINE FOR ESTIMATORS OF METHOD A
IT IS ASSUMED THAT BUS NB IS THE SLACK BUS

AUTHOR
MAXIT
JS=0
JS=1
JS=2
CRLOSS
XL(*)
CRLIN
IEXIT==3
IEXIT==2
IEXIT==1
IEXIT= 1
IEXIT= 2
IEXIT= 3
TIME
IPRINT=S
IPRINT=4
IPRINT=3
IPRINT=2
IPRINT=1
IPRINT=0

TON VAN OVERBEEK 1974-02-08

MAXIMUM NUMBER OF ITERATIONS

NORMAL OPERATION: ITERATE TILL CONVERGENCE
OR MAXIT» LINEARIZE IF NECESARRY

ITERATE AT LEAST ONCE» IRRESPECTIVE OF

THE VALUE OF THE LOSS FUNCTION

LINEARIZE,» IF MAXIT .GEe 2 IN TWO ITERATIUNS
CONVERGENCE CRITERION:
VECTOR CONTAINING LAST LINEARIZATION POINT
LINEARIZATION CRITERION: DISTANCE

BETWEEN ESTIMATE AND XL

ERROR IN ESTA

ERROR IN CAJAC

ERROR IN NB OR NL

CONVERGENCE WITHIN MAXIT ITERATIONS

NO CONVERGENCE AFTER MAXIT ITERATIONS
DIVERGENCE: THE LOSS FUNCTION INCKREASES

IN THE N=TH ITERATION. XE CONTALNS THE
ESTIMATE AFTER N = 1 ITERATIONS

TOTAL TIME IN MSECS

NO PRINTOUT

INITIAL VALUES OF THE ESTIMATE. THE RESIDUES
AND IF JS +EQs 0 THE LOSS FUNCTION.
LINEARIZATION ITERATION NUMBERS,

THE RESULTS: NUMBER OF ITERATIONSs TOTAL TIMg

THE ESTIMATE» THE LOSS FUNCTION AND THE RESIDUES.

SAME + INPUT DATA: MAXITe JSr CKLOSS: CRLIN
AND THE WEIGHTING FACTORS

SAME + IN EACH ITERATION: DXe ThE ESTIMATEs
THE LOSS FUNCTION AND THE ITERATION TIME
SAME + IN EACH ITERATION THE JACUBIAN AND
THE RESIDUES

SAME + IN EACH ITERATION THE A= AND T=MA=-
TRICES AND THE B-=VECTOR

SUBROUTINE REQUIRED

ALOSS

PRRES

CAJAC

JACBI
JACLF
JACI
JACLF
JACV
PRENET
PRJAC

VALUE OF THE LOSS FUNCTION
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CARES

GXE
PRENET

PRRES ' ’

ESTA
DESYM
MPRIL
PRJAC
PRRES
SOLVS
UPDAA

- UPDBA

PRRES

PRWF

PARAMETER MB=10,ML=13
PARAMETER MMBz=2*MB ¢ MML=2%ML  MBL=MB+MML »r MMZ3%MBL

COMPLEX YAA'ZAU»YBBeXE2YE2/YE3rYEL e YES e YE6» XO(M3) ¢ XL (MB) ¢ COX (MB)

DIMENSION DX (MMB) »PR(O)/*(1HOr*»0+0s "VERGEN"'y
'CE AFT' o 'EReIS» 'yt 11H IT*e 'ERATIO'»*NS) '/

INTEGER TIMETBEGeTEND» TBITTEIT,TIT

COMMON /ZEST/ XE(MB)YE2(ML) e YES(ML) ¢ YEY4 (ML) ¢ YES(ML) ¢+ YEO6 (MB)
JENET/ NBeNLeLTAML)Y LTBI(ML) s YAA(ML) fZAB (ML) » YBB (ML)
/MSM/ YML1(MB) p YM2 (ML) o YMI (ML} ¢ YMY (MML ) » YMS (MML) ¢ YO (MMB )
/METE/ WFl1(MB) o WF2(ML) WFI (ML) o WFL4 (MML) »wFS(MML) »
WFE(MMB) ¢ ALFEL(MB) r ALFE2 (ML) r ALFES (ML) » ALFEY4 (MML) »
ALFES(MML) + ALFE6 (MMB) fFSE1 (MB) #FSE2 (ML) P FSE3 (ML) »
FSE4 (MML) r FSES(MML) yFSE6 (MMB) vBETEL (M) v BETE2(ML) ¢
BETE3(ML) yBETE4 (MML) +BETES (MML) ¢+ BETEE (MMB)
COMMON /RES/ RES1(MB) 'RES2(ML)'RES3I (ML) +RESY (MML) ¢ RESS(MNL) v
: RESS (MMB)
/MAT/ A(MMBeMMB) » T (MMB/MMB)
/MSI/ MSK1(MB) rMSK2 (ML) e MSK3 (ML) r MSK4 (ML) ¢ MSKS (ML) ¢
MSK6E (MB) t NMeNTYP (MM) » NMSM(MM)
. /JAC/ AJACL(MBr2) e AJAC2(ML 4) o AJACI (ML rl4) r AJACU (ML 2 L) o
AJACS (MML e 4) » AUACE (MMB e MMB)

EQUIVALENCE (COX»DX)
CHECK NB AND NL

IF (NB) 20020010

IF (NB=MB) 40,4020
IEXIT==1

WRITE(6030) NB
FORMAT(13HONB IN ADMA -015)
RETURN

IF (NL) 60r60,50
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50 IF (NL=ML) 80080060

60 IEXIT=-1
WRITE(6070) NL

70 FORMAT (13HONL IN ADMA =¢15)
RETURN

INITIALIZATION

80 IT=0
IF (IPRINT=5) 90¢150¢150
90 WRITE(60100)
100 FORMAT (L9HOPRINTOUT FROM ADMA/1Xr18(1H)/
FISHOINITIAL VALUES/1Xe14(1H=))
IF (IPRINT=4) 110¢130s150
110 WRITE(6+120) MAXIT»JSsCRLOSS,CRLIN
120 FORMAT(20HOINPUTDATA: MAXIT Z¢I5¢6H JS =¢I12s
F1OH CRLOSS =+F10.5¢9H CRLIN =¢F10.5)
CALL PRWF
130 WRITE(6r140) (I+XE(I) ¢+ I=1/NB)
140 FORMAT(17HOINITIAL ESTIMATE/14HOBUSNR
F » LOHRE (XE) ‘
 Fr6HIM(XE) 7/ o _
T F(I505X02F1045)) T R
150 TBEGZMSCPU(X)
TBIT=TBEG

LAST PART OF THE ITERATIONs ALSO USED FOR INITIALIZATION.

CALCULATION OF THE RESIDUES AND THE LOSS FUNCTION

160 CALL CARES(2r1t)
IF (IPRINT=4) 170,170,190
170 IF (IT) 180,180,190
180 CALL PRRES
190 IF (IT +EQ¢ O +ANDe JS +GT. 0) GO TO 240
FLOSSN=ALOSS(2)
IF (IPRINT=4) 200,2000240
200 IF"(IT) 220,220,210
210 IF (IPRINT=2) 22002200240
220 WRITE(60230) FLOSSN
230 FORMAT(20HOTHE LOSS FUNCTION =¢F15.5)
240 TEIT=MSCPU(X)
TIT=TEIT=-TBIT
IF (IPRINT oLEs 2) WRITE(6+250) IT,TIT
250 FORMAT(22HOTIME FOR ITERATION NRrI4s4H ISeI5/6H MSECS)

CONVERGENCE OR MAXIT ?

IF (JS) 26002600270
260 IF (FLOSSN-ABS(CRLOSS)) 520,264+264
264 IF (IT) 270,270,268
268 IF (FLOSSN=FLOSSO) 27002700530
270 IF(IT +GE. MAXIT) GO TO 525

i
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HERE STARTS THe ITERATION

IT=1IT+1 '

IF (IPRINT=2) 280,2800300

WRITE(6e290) IT i
FORMAT(L3HOITERATION NReIS/1Xr17(1H*))
FLOSSO=FLOSSNK

PO 305 I=1+NB

XO(1)=Xe(l)

TBIT=MSCPU(X)

IF (JS=2) 310340340

LINEARIZATION ?

XEL=0.0

DO 320 I=1/NB
XEL=XEL+CABS(XE(L)=XL(I))**2
XEL=SURT (XEL)

IF (XEL=ABS(CRLIN)) 330,340,340
LIN=0

60 TO 380

LIN=1

IF (IPRINT=4) 350,350,380
WRITE(6+370) IT
FORMAT(27THOLINEARIZATION IN ITERATIONsIS)

CALCULATION OF IPRJ(=IPRINT IN THE SUBROUTINE CAJaC)
AND IPRA(=IPRINT IN THE SUBROUTINE ESTA)

IPRJUZIPRINT+1
IPRA=IPRJ
IF (IPRINT +EQ. 2) IPRJ=1

"~ IF (IPRINT .EQe. 0) IPRA=0

390

400

410
420
430
440

450

460

CALCULATICN OF THE JACOBIAN

CALL CAJAC(IPRJrIERR)

IF (IERR) 410,410,390

LEXIT==2

WRITE(6,400) IT

FORMAT (28HOERRUR IN CAJAC IN ITERATION(IS)
RETURN

ESTIMATE DX

IF (LIN) 44004400420

D0 430 I=1iNb

XL(I)=XE(TD)

CALL ESTA(LINsUX?IPRA»IERR)
IF (IERR) 470+¢470+450
IEXIT==3

WRITE(6,460) IT

FORMAT (27HOERRUR IN ESTA IN ITERATION:IS)
RETURN
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470 DO 480 I=1/NB
480 XE(I)=XE(I)+CDXx(I)
IF (IPRINT=2) 490,490,510

490 WRITE(6¢500) (I+XE(I)»I=1rNB)

500 FORMAT(13HOTHE tSTIMATE/14HOBUSNR
FerlOHRE (XE)
FeoHIMIXE) 7/
F(IS¢5Xr2F10.,9))
510 IF (IT +EGs 1 +ANDe LIN +EQs 1) GO TO 160
JS=0
GO TO 160

END OF ESTIMATIONy, PRINTOUT OF THE RESULTS

520 lEXIT=1
60 TO 535
525 IEXIT=2
GO TO 535
9530 IEXIT=3
535 TEND=MSCPU(X)
TIME=TEND-TBEG
IF (IEXIT «LT. 3) GO TO 540
PR(2)='/1Ht»!
PR(3)=* 16HDI"*
DO 538 I=1/NB
538 XE(L)=X0(])
CALL CARES(2r]1E)
FLOSSN=FLOSSO0
GO0 TO 548
540 IF (IEXIT .LT. 2) GO TO 542
PR(2)='3HNO ¢
GO TO 545
542 PR(2)='/1H+.?
545 PR(3)=*17HCON?"
548 IF (IPRINT=5) 55009900990
550 WRITE(6¢560)
560 FORMAT(19HOESTLIMATION RESULTS/1Xe18(1H=))
WRITE(6:PR) IT
WRITE(6¢570) TIME
570 FORMAT(13HOTOTAL TIME =¢IS»6H MSECS)
WRITE(6¢500) (IvXE(I)oI=1oNB)
WRITE(6:,580) FLOSSN

580 FORMAT(20HOTHE LOSS FUNCTION =¢F15.5)
CALL PRRES

990 RETURN
END
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SUBRUUTINE ADMB (MAXITerJS»CRLOSS 1 JGrPINeQe IEXIT,TIME? IPRINT)

MAIN ROUTINE FOR ESTIMATORS OF METHOD B
IT IS ASSUMED THAT BUS nNB IS THE SLACK BUS

AUTHOR »
MAXIT
JSZ=0
JS=1
CRLOSS
Ji=1
JG=0

PIN

Q(*x)
1IEXIT= 1
IEXIT= 2
IEXIT= 3
IEXIT==1
IEXIT==2
TIME
IPRINT=y4
IPRINT=3
IPRINT=2
IPRINT=1
IPRINT=0

TON VAN OVERBEEK 1974-03-05

MAXIMUNM NUMBER OF ITERATIONS

NORMAL OPERATION: ITERATE TILL CONVERGENCE
OR MAXIT

ITERATE AT LEAST ONCEr» IRRESPECTIVE OF

THE VALUE OF THE LOSS FUNCTION

CONVERGENCE CRITERION:
THE COV MATRIX HAS DIAGONAL ELEMENTS PIN gEFORE
EACH ITERATION

THE COV MATRIX HAS DIAGONAL ELEMENTS

COV(Irl) + Q(I) BEFORE EACH ITERATION

VALUE OF ALL DIAGONAL ELEMENTS OF THE INITIAL
COV MATRIX WHEN JQ@ = 0+ USUALLY LARGE

VECTOR CONTAINING THE ELEMENTS TU WE ADDeED TO THE

DIAGONAL ELEMENTS QF THE COV MATRIX WHEN JQ@ = 1
CONVERGENCE WITHIN MAXIT ITERATIONS

NO CONVERGENCE AFTER MAXIT ITERATIONS
DIVERGENCE: THE LOSS FUNCTION INCREASES

IN THE N=TH ITERATION. XE CONTAINS THE
ESTIMATE AFTER N = 1 ITERATIONS

cKRROR IN NBe NL OR NM

ERROR IN ESTB

TOTAL TIME IN MSECS

NO PRINTOUT

THE INITIAL ESTIMATE AND COV.

THE RESULTS: NUMBER OF ITERATIONS: TOTAL TIME
THE ESTIMATE AND COV, THE LOSS FUNCTION ALD

THE RESIUUES

SAME + INPUT DATA: MAXIT:»
WEIGHTING FACTCRS AND IF Ja@
THE @=VECTOR

SAME + AT EACH ITERATION PRINTOUT FROM ESTB
SAME + AT EACH ITERATION PRINTOUT FROM ESTB

JSe CRLOSS»
+EQ,

JQr
0 PIin ELSE

THE

SUBROUTINE REGUIRED

AL

CA

ES

0SsS
PRRES
RES
GXE
PRENET
PRRES
T8
JACUI
JACLF
JACI
JACLF
JACV
UPDEP

VALUE OF THE LOSS FUNCTION
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PRRES
PRWF

PARAMETER MB=10,ML=13
PARAMETER MMB=2*MBeMML=2%ML p MM=3% (MB+MML )

COMPLEX YAA'ZAdeBB'XEvYEZOYE3oYEQ{YES:YE&!XO(M&)

DIMENSION POLD(MMB) vG(1) rPR(S)/*(1HOr* v 0eOr *VERGEN"?
YCE AFT'»'ERsISe et 11H IT e *ERATIOr 'NS) Y/

INTEGER TIME»TUEG TEND» TBIT»TEIT»TIT

COMMON /ZEST/ Xe(Mp) o YE2(ML) e YES (ML) » YE4 (ML) » YES (ML) » YE6 (MB)
ZENET/ NBeNLoLTA(ML) yLTB(ML) » YAA (ML) ¢ ZAB (ML) » YBB (ML)
/MSM/ YML (MB) » YM2 (ML) » YMS (ML) » YMY (MML) » YMS (MML) r YME (MM3)
/METE/ wF1(MB) o WF2(ML) »WFS (ML) » WFL (MML) » WFS(MML) »
WFO (MMB) r ALFEL (MB) o ALFE2 (ML) » ALFES (ML) r ALFE4 (MML) »
ALFES (MML) r ALFEO(MMB) » FSEL(MB) +FSE2 (ML) v FSE3 (ML) »
FSE4 (MML) +FSES(MNML) v FSE6 (MMB) »BETEL1(MB) r st TE2 (ML) ¢
BETE3 (ML) v8ETE4 (MML) »BETES (MML) #BLT1E6 (MMp)
COMMON /MS1/ MDKl(MB)'MaKZ(ML)rMSK3(NL)'M5K4(ML)'MSKb(NL),
MOKO (MB) + NMeNTYP (MM) » NMSM (MM)
/RES/ RtSl(MB)rRESZ(MLJvRES3(ML)oRESQ(MML)vRtSS(MML)v
RES6 (MMB)
/VAR/ COV(MMB) ¢+ PNEW (MMB)

CHECK NBr NL AND NM

IF (NB) 20020010

IF (NB=MB) 40,40020
IEX1T==1 '
WRITE(6¢30) NB

FORMAT (1L3HONB iN ADMB =¢15)
RETURN

IF (NL) 60+60:,50

IF (NL=ML) 80+50r60
IEXIT==1

WRITE(6¢70) NL

FORMAT (L3HONL IN ADMB =¢15)
RETURN

IF (NM) 100+100,90

IF (WM=nM) 12001200100
IEXIT==1

WRITE(6,110) NM

FORMAT (L3HONM 4N ADMB =»15)

‘RETURN

INITIALIZATION

NNB=2*NB
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NNB1=NNB=1
17=0

IF (IPRINT=3) 13001300220
130 wWRITE(Gr140)
140 FORMAT(19HOPRINTOUT FROM ADMB/1Xr18(1H*)/
F1OHOINITIAL VALUES/1Xr14(1H=))
IF (IPRINT=2) 150¢150:220
150 WRITE(6¢160) MAXITrJS»CRLOSS»JO
160 FORMAT(12HOINPUT LATA:/8HUMAXIT =,I5:6H JS =r12¢
F1O0H CRLOSS =¢F10.506H JQ =,13)
, IF (JQ) 190,190,170
170 WRITE(60180) PuN
180 FORMAT(EOHOPIN =¢F10.5)
60 TO 210
180 WRITE(6:,200)(1¢Q(2%Li=1)rQ(2%]I)eI=1,NB)
200 FORMAT (L4HOBUSKR
FelOHOREAL
FeSHAIMAG// (159 5X02E1043))

210 CALL PRWF

DO 215 [=1/NNB

215 PNEw(I)=CoV(I])

220 IF (JQ3 «GEes 1) 6O TO 240
DO 230 I=1/NNBL

230 coviD)=coviI)+u(l)
GO TO 2060

240 DO 250 I=1+'NNBL

250 COV(I)=PIN

260 COV(NNB)=0.0

IF (IPRINT=3) 270,270,300
270 WRITE(60,280)
280 FORMAT(1HO»19HANITIAL EST AND COV/
F14HOBUSKR
FelO0HRE (XE)
FelSHIM(XE)
F+l10HPREAL
FeSHPIMAG/)
WRITE(60290) (12 XE(I)COV(2%I=1)COV(2%])I=1¢NB)
290 FORMAT(IS»5Xr2F10.5¢5Xr2F1045)

300 TBEG=MSCPU(X)
TBIT=TBLEG

LAST PART OF THE ITERATIONs ALSO USED FOR INITIAL[ZATION
CALCULATION OF THE RESIDUES AND THE LOSS FUNCTION

310 CALL CARES(201IE)
IF (IPRINT=3) 3200320r340
320 IF (IT) 33003300340
330 CALL PRRES
340 FLOSSN=ALOSS(2)
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IF (IPRINT=3) 350,350,390

IF (IT) 37003700360

1IF (IPRINT=1) 370,3700390

WRITE(60380) FLOSSN

FORMAT (20HOTHE LOSS FUNCTION.=¢F15.5)

TEIT=MSCPU(X) :

TIT=TEIT-TBIT

IF (IPRINT «LEe 1) WRITE(6¢400) ITTIT

FORMAT (22HOTIME FOR ITERATION NReISed4H ISeISr6H MSECS)

CONVERGENCE OR MAXIT 2?2

IF (JS) 410,410,420

IF (FLOSSN=ABS(CRLOSS)) 510,420,420
IF (IT) 440,440,430

IF (FLOSSN=FLO5S0) 440,4400530

IF (IT «GEe MAXIT) GO TO 520

HERE STARTS THE ITERATION

IT=IT+1

1F (IPRINT=1) 450,45004065

WR1TE(6,460) IT

FORMAT (L3HOITERATION NR»IS/1X217(1H%))
FLOSSO=FLGSSN ,

DO 470 I=1+NB

XO(1)=xXe(n)

DO 475 I=1+NNB

POLD(I)=PREW(I)

TBIT=MSCPU(X)

COMPUTE THE ESTIMATE

CALL ESTB(IPRINT+IERR)

IF (IERR) S00¢500,480

WRITE(6,490) I1

FORMAT(27HOERROR IN ESTE IN ITERATION,IH)

1EXIT==2
RETURN
JS=0

60 TO 310

END OF ESTIMATIONe PRINTOUT OF THE RESULTS

IEXIT=1

60 TO 540

IEXIT=2

60 TO 540

IEXIT=3

TEND=MSCPU(X)
TIME=TEND-TBEG

IF (IEXIT «LT. 3) GO TO 560
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PR(2)='"/1H+» !
PR({3)="' 16HDI"
DO 550 I=1'NB
550 XE(I)=X0(I)
DO 555 I[=1+'NNB
555 PNEW(1)=PCLD(I)
CALL CARES(2¢1E)
FLOSSN=FLO0550
60 T0O 590
560 IF (IEXIT -.LT. 2) GO TO 570
PR(2)='3HNO !
60 TO 580

‘570 PR(2)='/1H+»!

580 PR(3)='17HCON'
590 DO 595 1=1+NNB
595 COV(I)=PNEW(I)

IF (IPRINT=4) 600,990,990
600 WRITE(6,610)

610 FORMAT (L9HOESTIMATION RESULTS/1Xr18(1H=))

WRITE(6:PR) IT
WRITE(60620) TiIME
620 FORMAT(13HOTOTAL TIME =rI506H MSECS)
WRITE(60630)
630 FORMAT (1HO»23Xe17HFINAL EST AND COV/
F1l4HOBUSNR
FelOHRE (XE)
FelSHIM(XE)
Fe+ LOHPREAL
FeSHPIMAG/)
DO 640 I=1sNB
I12=2%]
11=12-1
640 WRITE(6:650) I+XE(I)eCOV(I1)eCOVI(I2)
650 FORMAT(15¢2(5Xr2FL0.5))
WRITE(60660) FLOSSN
660 FORMAT(20HOTHE LOSS FUNCTION =¢F15.5)
CALL PRRES

990 RETURN
END

e I
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SUBROUTINE ADMC (NEWA»CRLOSSsMAXIT,EPS»IEXITeTIME s JPRINT)

MAINROUTIKE FOR METHOD Ceo IT IS ASSUMED THAT THERE IS OnlY
ONE REFLRENCE VOLTAGE: THE VOLTAGE AT BUS NB

AUTHORs TON VAN OVERBEEK 1974-03-14

NEwWA=1 NEW LINEVOLTAGE WEIGHTING FACTORS AND A NEW
A=MATRIX ARE CALCULATED

NEWA=0 NO NEW WEIGHTING FACTORS AND MAThIX ARKE CALCULATEp

CRLOSS CONVERGENCE CRITERION

IF THE INITIAL LOSS <LE. CRLOSS THEN £STC
IS NOT CALLED

MAXIT MAXIMUM NUMBER OF ITERATIONS FOR ESTC
EPS CONVERGENCE CRITERION FOR ESTC
IEX1IT==3 ERROR IN MASKVECTOR FOR VOLTAGE MEASUREMEWT
1EXIT==2 UECOMPOSLTION OF A HAS FAILED IN ESTC
1EX1IT=-1 ERROR IN NB OR NL
IEXIT= 0 INITIAL LOSS oLE. CRLOSS
IEXIT= 1 CONVERGENCE OF ESTC» FINAL LOSS (LT. CRLOSS
IEXIT= 2 NO CONVERGENCE OF ESTCr FINAL LOSS «LTe CKLOSS
IEXIT= 3 CONVERGENCE OF ESTCe FINAL LOSS «GT. CRLOSS
1EXIT= &4 NO CONVERGENCE OF ESTCr FINAL LOSS «GT. CKLOSS
IEXIT= 5 UIVERGENCE: THE LOSS FUNCTION INCREASES

THE ESTIMATE IS SET EQUAL TO THE INITIAL ESTIMATE
IPRINT=4 NO PRINTOUT
1PRINT=0-3 SEE ESTC

THE INITAL AND FINAL RESIDUES AND LOSS FUNCTIiON
ARE ALSO PRINTED

SUBROUTINE REQUIRED
: ALOSS
PRRES
CAD
CARES
GXE
PRCLNET
PRRES
ESTC
DESYM
MPRI
SOLVS
UPDAC
UPDoC
PRRES

PARAMETER MB=10,ML=13
PARAMETER MMBz=2%MBrMML=2%ML s MM=3% (MB+NMML)

INTEGER TIMETuEG» TEND

DIMENSION DA(ML) +DB(ML) rPR(E)/* (13HOF*» YINAL L*2'0SS «0 ' 00
'*7H CRL*»'05S) '/

B T
n LPETA 3
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COMPLEX YAA?ZAG»YBBr XErYE20YE3»YEU» YES» YE6»XEO(MB)

COMMON /EST/ X£(MB)»YE2(ML) » YE3 (ML) ¢ YE4 (ML) » YES (ML) » YE6(MB)
JENET/ WBeNLeLTA(ML) dLTB (ML) o YAA(ML) » ZABLML) » YBB (ML)

¥

JMSNM/ YML(MB) p YM2 (ML) » YM3 (ML) ¢ YMU (MML) » YM5 (MML) r YME (MMB) ~
JMETEZ wFL1(MB) eWF2 (ML) s WFI (ML) » WFL (MML) o iF 5 (MML) » wF O (MMB)

/MSI/ MSKL(MB) #MSK2 (ML) »MSK3 (ML) ¢ MSKY (ML) ¢ MSKS ML) »

MORE (MB) + N o NTYP (MM) ¢ NMSM (MM)

/RES/ ReSL(MB) PRES2 (ML) PRESI (ML) ¢RESY (MML) »RESS (MML) v

RES6 (MMB)
/MAT/ A(MBIiMB) » T(MBeMB)

CHECK NB AND NL

IF (NB) 20020010

IF (NB=MB) 40,4020
LEXIT==1

WRITE(6,30) NB

FORMAT (13HONB IN ADMC =¢19)
RETURN

IF (NL) 60r60:50

IF (NL-#ML) 80,8060
1IEXIT==-1

WRITE(6,70) NL

FORMAT (13HONL IN ADMC =0¢1I5)
RETURN

CALCULATE THE INITAL RESIDUES AND LOSS FUNCTION
TBEGEMSCPU (X) ‘

CALL CARES(2¢1E)

FLOSSOZALOSS (2)

IF (IPRINT=3) 90¢90,120

90 WRITE(6,100) CRLOSS
100 FORMAT (19HOPRINTOUT FROM ADMC/1Xr18(1H*)/

110

120
130

140
150

F

15HOINITIAL VALUES/1Xe14(1H-)/9HOCRLOSS =¢F10.5)
CALL PRRES

WRITE(6+110) FLOSSO

FORMAT (20HOTHE LOSS FUNCTION =¢F15.5)

OIRECT CONVERGENCE ?

IF (FLOSSO=ABS(CRLOSS)) 130,130,170
IEXIT=0

TEND=MSCPU(X)

TIME=TENU-TBEG

IF (IPRINT=3) 140,1400990
WRITE(6,150) (1 XE(I)I=1¢NB)
FORMAT (19HODIRECT CONVERGENCE/
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F1HO ¢ 15Xr 12HTHE ESTIMATE/Z
F14HOBUSNR
Fr l1OHRE (XE)
FroHIMIXE)//
FOISe5X02F1065))
WRITE(6r160) TIME
FORMAT (22HOTOTAL TIME FOR ADMC =r]I5¢6H MSECS)
GO TO 990

CALCULATE THE LINEVOLTAGE WEIGHTING FACTORS IF NECESARRY
AND COMPUTE THE ESTIMATE

IF (NEWA) 1900190180

CALL CAD(DA»UBe IPRINT+1)

IF (MSKL1(NB)) 20002000220

IEXIT==3

WRITE(60210) NBeMSKL1(NB)

FORMAT(1SHUERROR IN MSKeSXeSHMSK1(rISr3H) =,1I5)
60 TO 99U

DO 230 I=1¢NB
XEO(I)Y=XE(I)

XE (NB)=CMPLX(YM1 (NB) »0.0)
NR=1

CALL ESTC(NR/DArUBIMAXITIEPSyNEWAr IEXIT o TIME s IPRINT)
IF (IEXIT) 99092400240

CALCULATE THE FINAL RESIDUES AND LOSS FUNCTION

CALL CARES(2r1E)

FLOSSN=ZALOSS(2)

IF (FLOSSN=ABS(CRLOSS)) 25002509260
PRO4G)Z'3HLE.r

6O TO 280

IF (FLOSSN=FLOSSO) 270,2700300
IEXIT=IEXIT+2
PRIV IHGT o0 ?

IF (IPRINT=3) 29002900350
WRITE(6¢/PR)
GO TO 350

IEXIT=S

DO 310 I=1¢NB

XE(I)=XEO(1)

IF (IPRINT=3) 32003200340
WRITE(6r330) (1o XE(I) s I=1eNB)
FORMAT(11HODIVERGENCE/1HO»15X?12HTHE ESTIMATE/
F1l4HOBUSNR '
Fr1O0HRE(XE)
FeoHIM(XE) //
FI15¢SX12F1045))
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CALL CARES(201E)
FLOSSN=FLOSSO0

TEND=MSCPU(X)
TIME=TENU-TBEG

IF (IPRINT=3) 560¢3609990
WRITE(60110) FLOSSN
WRITE(6,160) TIME

RETURN -
END
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" SUBROUTINE ALLMSM(NOPD,IPRINT)

cOMPUTES ALL POSSIBLE MEASUREMENTS BY ADDING NOISE AND
RIAS TO THE TRUE VALUES =

AUTHOR, TON VAN OVERREEK 1974=01=16 !

NODD PARAMETER FOR THE SUBROUTINE NOpIJ.
AT FIRST CALL OF ALLMSM NQDD MUSY EQUAL AN 0DD
INTEGER(E«Ge 19)e NODD IS RETURNED CONTAINING 7
NEW Opp INTEGER WHICH IS USED BY REPEATEpDP CALLS

IPRINT=1 NO PRINTOUT

IPRINT=0 TRUE VALUES¢BIAS,NOISE,ANpD MEASREMENTS ARE PRINTED

SUBROUTINE REQUIRED
NODI

PARAMETER MB=10,ML=13
PARAMETER MMB=2+*MB MML=SZ2WML

COMPLEX XTyYT2,YT3¥YT4 YTD,¥T6

COMMON /THET/ NB,NL
/TRUE/ XT(MB), YT2 (ML) ,YTI(ML) ¢ YTAH(ML) s YTS(ML),YTH(MB)
/MSM/ YMT(MB) , YM2 (ML) 4 YMI (ML), YM4(MML) , YMS (MML) , YMA(MMR)
/METT/ BIAS1(MR),BIAS2(ML),BIASS (ML) ,BIAS4L(MML),
BIASS5 (MML) ,BIASE(MMB) ,WNT (MB) ,WN2(ML),WN3 (ML),
WNGHCMML) ¢ WND CMML) yWNO(MMB) ‘

TSN Y -

MODyLUS MEASUREMENTS,TYPE 1,2,3

IF (IPRINT .GE. 1) 60 TO ¢V

WRITE(6,10)

FORMAT(2T1HIPRINTQUT FROM ALLMSM/1X,20CTH*)//
F14H MSMNR ) ’
FerPOHTRUE
Fe12HBIAS
FoBHUN
Fo10HNOISE
FoSHMSM/)

TYPE 1

IF (IPRINT=1) 25,35,35
1T=1 '
WRITE(6,30) IT
FORMAT(S5HOTYPE,12/)

DO 60 I=10NB
YT=SCABS(XT(I))

CALL NODTI(NODD,ERR)
ERR=ERR/WN1(I)
YMICI)=YT+BIAST1(I)+ERR
IF (IPRINT-1) 40,60,60
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WRITE(6,50) I,YT,BIAS1CI),WNICI), ERR YM1(I)
FORMAT(IS, 5x.2F10 SeF104202F1045)
CONTINUE

i

TYPE 2

IF (IPRINT=1) 61,65,65
1T=2

WRITE(6,30) IT

po0 RO I=1,NL
YT=CABS(YT2(Il)y)

CALL NODI(NDDD,ERR)
ERR=ERR/WN2(I)
YM2(1)=YT+BIAS2(I)+ERR
IF (IPRINT=1) 70,80,80
WRITE(6,50) I,YT,BIAS2(I) WN2(I) ERR,YM2(I)
CONTINUYE

TYPE 3

IF (IPRINT=1) 81,85,85

1T=3

WRITE(6,30) IT

p0 100 I=1,NL

YT=cABS(YT3(I))

CALL NODI(NODD,ERR)

ERR=ERR/WN3(I)

YM3(1)SYT+BIAS3(I)+ERR

IF CIPRINT=1) 90,700,100

WRITE(6,50) I,YT,aIASS(I){WN3(I)OERRIYM3(I)
CONTINUE '

ACTIVE AND REACTIVE MEASUREMENTS,TYPE 4,5.6

IF (IPRINT «GEs 1) GO TO 120
WRITE(6,110)
FORMAT(/1HO 33X
FeS3HACTIVE
F,8BHREACTIVE/
F14HOMSMNR
Fy»T0HTRUE
Fs,12HBIAS

Fo8HWN
F,TO0HNOISE
FeT1SHMSM
F,TOHNTRUE
FoT2HBIAS

F.,B8HUN
FsT0HNOISE
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TYPE 4

IF CIPRINT=1) 115,120,120

1T=4

WRITE(6,30) IT

00 150 I=1.NL

11=2%1=1

[12=2%]

YTR=REAL(YT4(]))

YTI=AIMAG(YT4 (1))

CALL NODI(NODND,ERRR)

CALL NORT(NODD,ERRI)

FRRR=FRRR/WNG(I1)

ERRI=ERRI/WN&4(I2)

YMG(T1)=YTR+BIAS4(I1)+ERRR |

YMGCI2)=YTI+BIASA (12) 4ERRI !

IF CIPRINT=1) 130,150,150 g

WRITE(6,140) T+YTR,BIASG(LT1),WN4(TIT1),ERRR,YM&G(T1),
YTI RIASG(12),WNLC(T2),ERRI,YML(12)

FORMAT(IS'Z(SXOZF10-5,F10u?,2F1095))

CONTINUE

TYPE 5

IF CIPRINT=1) 161,165,165

17=5 '

WRITE(6,30) IT

DO 170 I=1,NL

11=2%1-1

1222+%1

YTR=REAL(CYTS5(1))

YTISAIMAG(YTS (1))

CALL NODI(NODD,ERRR)

CALL NODI(NODD,ERRI)

ERRR=ERRR/WNS(I1)

ERRI=FRRI/WNS(I2)

YM5(CI1)=YTR+BIASS5(11)+ERRR

YMS5(I2)=YTI+BIASS(I2)+ERRI

IF (IPRINT=1) 160,170,170 ]

WRITEC(6,140) T,YTR,BIASS(11),WNSCI1),ERRR,YM5¢(T11),
YTI«BIASS(1Z),WN5(12),ERRI,YMS5(12)

CONTINUE

TYPE 6

IF CIPRINT=~1) 181,185,185
17T=6

WRITE(6,30) IT

DO 190 I=1,NB

11=2+%1~1

12=2%1

YTR=REAL(YT6(1))
YTI=AIMAGC(YTOCI))
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CALL NODI(NODD,ERRR)

CALL NODI(NODD.ERRI)

ERRR=ERRR/WNO(IT)

ERRI=ERRI/WNOGE(IZ)

YM6(I1)=YTR+BIASH(11)+ERRR

YM6CI2)=YTI+BIASA(I2)+ERRI

IF (IPRINT=1) 180,190,190
180 WRITE(6,140) IsYTR,BIASOCITI) JUNE6CTT) ,ERRRYMO(TT)

1 YTI.BIASO(12),WN6(T2),ERRIYMO(I2)
190 CONTINUE

RETURN
END
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FUNCTI017 ALOSS (LPRINT)

CALCULATES THE LOSS FUNCTION GIVEN THE RESIQUES AND THE wWEIGHTING
FACTURS -

AUTHORY TON VAN OVERBELWN 1974-01-23

IPRINT=2 WO PRINTOUT
IPRINT=1 iHE VALUE OF THE LOSS FUNCTION IS PRINTED
LPRINT=0 SAME + THC USED MEASUREMENTSe THE CURKESPONWDING

cSTIMATED VALUES AND THE RESIDUES

SUBKOUT v REQUIRED
PRRES

PARAFETEKR MB=10,ML=13
PARAFMETER Mlab=gxmBr il =MLy MBL=MB+HMML e MMEBLZ2%MpL

DIMENSION WFA(Msl) rwFE (MMBL) yMSKA (MBL ) e MSKB (MEL) 1 RESA(MBL) »
1 RESB (mMEL)

COMPLEX XEPYE2// YE3 P YE4r YES  YEO» YEA(MBL) » YER (MBL)

COMMON /ZENET/ NBrHL
EST/Z Xe (MBY o YE2 (L) r YES (ML) » YEG (ML) r YES(NML) P YE6 (MB)
JUETE/Z wFLMB) P WF2 (ML) o WF3 (ML) r WFL (MML) g wF 5 (ML) e wFE (MMB)
/MSI/ MOKL(MB)Y r MSK2 (ML) o MSIKI (ML) o MSKG (ML) o HiSKD (ML) # MSK6E (M)
/RES/ ReS1(MB) vRES2 (ML) PRESI (ML) ¢t RESY (MML) rRESS (MML) »
R oo (M)
/NMSM/Z YL (VB ) o YM2 (ML) » YMB (ML) » YMU (VML) » YMS (MML ) » YME (MM )

‘EGUIVALENCE (YEAPXE)  (YEBr YEU) o (WFAYWF1) 0 (WFBrWF4) » (MSKAPMSKL) ¢

1 (MoRBrMSK4Y) » (RESAPRESL) » (RESBYRESH)
ALOSS=0.0

DO 60 I=1l.MBL

la=2x1

ll=iz-1

IF (MSKACI)) 2020010
ALUSSZALOSSH (WFA (T ) #RESA(T) ) #*2
MSBZMSKB (D)

IF (Mbg) 60e060020

IF (MSB=2) 40,0040
ALOSSZALOSS+ (W (11)*RESB(I1)) *%x2
IF (MSB=1) 60s00r50
ALUSSZALUSS+ (WrB(I2) #*RESB(I2) ) **2
CONT iNUk

PRINTCUT

IF (IPRINT=2) 7G¢990/,9904
wRITE(6r80)
FORMAT(Z201H0PRINTOUT FROM ALOSS/1Xr19(1H*))
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IF (IPRLINT=L) 90rl00,990

CALL PRKLES

WHITe(6r110) ALUSS

FORMAT (20nCTHE LUSS FUNCTION ZeF1545)

RETURI
e b
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SUBROUTINE CAD(DA»DB¢IPRINT)

HELPROUTINE FOR ESTC

CALCULATES THE WEIGHTING FACTORS pA(*) AND DB(%) FOR THE ‘
LINEVOLTAGES FROM THE ORIGINAL WEIGHTING FACTORS WF4 (%) AND

WFS (%) FOR THE LINE FLOW MEASUREMENTS. SINCE METHOU C ASSUMES
COMPLEX LINE FLOW MEASUKEMENTS ONLY THE WEIGHTING FACTORS FOR
THE ACTIVE MEASUREMENTS ARE USED

AUTHORr» TON VAN OVERBEEK 1974-03-11

DA (%) WEIGHTING FACTOR FOR LINEVOLTAGE AT A=END
DB (%) WEIGHTING FACTOR FOR LINEVOLTAGE AT B-END
IPRINT=1 NO PRINTOUT _

IPRINT=0 THE ORIGINAL AND COMPUTED WEIGHTING FACTORS

ARE PRINTED

SUBROUTINE REQUIRED
NONE

PARAMETER MB=10.ML=13
PARAMETER MMB=Z*MB e MML=2%ML

COMPLEX YAA:ZAB»Y(3B
DIMENSION DA(1),0B(1)

COMMON /ENET/ NgsNLsLTA(ML) 4LTB(ML) » YAA(ML) »ZAB(ML) » YBB (ML)
X /METE/ wF1(MB) e WF2 (ML) rWF3 (ML) » WF4 (MML) y WF5(MML) » WF6 (MMB)

IF (NL) 2002010

IF (NL-ML) 40,40Gr20
WRITE(6+,30) NL
FORMAT(12HONL IN CAD =¢1I5)
RETURN

IF (IPRINT) 50+¢50,70
WRITE(6¢60)
FORMAT (L8HOPRINTOUT FROM CAD/1X,»17(1H*)/
F14H0 LINE
FrllHwF4
Fol4HDA
FrllHWFS
Fr2HDB7)

DO 100 I=1rNL
WFUASWF4 (2%]=1)
WFSASWFS(2%1=1)
ZLM2=CABS(ZAB(1)) **2
DACI)=WFHAZZLMZ

Db (I1)=WFS5A/2LMz
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IF (IPRINT) 80,80¢100
80 WRITE(6¢90) 1rwF4ArDA(I) rwFSAPDL])
90 FORMAT(I5¢2(5X0F1Ue50F1042))
C
100 CONTINUEL
C
RETURN
END
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SUBROUTINE CAJAC(IPRINTIERR)

CALCULATES THE JACOBIAN FOR ESTIMATION METHOD A GIVEN THE
ESTIMATE AND ESTIMATOR NETWORK DATA

AUTHOR,» TON VAN OVERBEEK 1974-01-28

1PRINT=2 NO PRINTOUT

IPRINT=1 THE JACOBIAN IS PRINTED

1PRINT=0 SAME + ESTIMATE AND ESTIMATOR NETWORK DATA
IERR=1 ERROR IN JACVs» JACIs» JACLF OR JACBI

IERR=0 NO ERROR '

SUBROUTINE REQUIRED

JACBI
JACLF

JACI

JACLF

JACV

PRENET

PRJAC

PARAMETER MBZ=10,ML=13
PARAMETER MMB=2*Mg8»MML=2*ML

COMPLEX YAArZABrYBB)YArZL e YBrXoeXAsXB

COMMON /ENET/ NBeNL LTA(ML) »LTB (ML) o YAA(ML) ¢ ZAB(ML) » YBB (ML)
/EST/ X(MB)
/MST/ MSK1(MB) #+MSK2 (ML) » MSK3 (ML) # MSK4 (ML) » MSKS (ML) » MSK6 (MR)
/JAC/ AJACL(MBr2) r AJAC2 (ML 4) y AJACI(ML P 4) » AJACY (ML Y4) »
' AJACS (MML 2 4) r AJACH (MMB y MMB)

F OGP

IF (IPRINT=2) 10+50+50

WRITE(6.20)

FORMAT (20HOPRINTOUT FROM CAJAC/1X»19(1H*))

IF (IPRINT) 300,30,50

CALL PREMNET

WRITE(6,40) (I,X(1)rI=1,NB)

FORMAT (13HOTHE ESTIMATE/1Xe12(1H-)/14HOBUSNR
F o+ 10HRE (XE)
FroHIM(XE) 7/ (15¢5X12F1045))

TYPE 1 AND 6

DO 110 I=1,NB

IF (MSK1(I)) 90,90¢60

caLL JACV(X(I)»AJAC1,yI/MBrIERR)
IF (IERR) 90¢90:70

WRITE(6.,80) 1

FORMAT (16HOERROR AT BUS NR,15)

- KETURN
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IF (MSKef(I)) 110r110.100

CALL JACBI(MSK6(I)»I+1AJACH i 2*I=19AJACHe2%I 1 MMB, IERR)
IF (IERR) 110,110,70

CONTINUE

TYPE 2¢ 3¢ 4 AND 5

DO 210 I=1,NL
IA=LTA(ID)
IB=LTB(I)
XA=X(IA)
xX8=x(IB)
YA=YAA(I)
ZL=ZAB(1I)
YB=YBB(I)
I2=2%1

Tlizl2-1

1IF (MSK2(1)) 150r150,120

CALL JACI(XA+XByZLsYArAJAC2¢IyML s IERR)

IF (IERR) 150,150,130

WRITE(6,140) I+IA.IB

FORMAT (1 7HOERROR AT LINE NR¢ISy7H LTA =+IS¢7H LTB =r1I5)
RETURN

IF (MSK3(I)) 170:170:160
CALL JACI(XBrXArZL e YBrAJAC3eIsML» IERR)
IF (IERR) 170+170,130

IF (MSK4(I)) 1900190,180
CALL JACLF(MSK4 (I) s XArXBrZLrYA»AJACU,TI10AJACH»I2¢MML,) IERR)
IF (IERR) 190,190,130

IF (MSKS(I)) 2100210,200

CALL JACLF(MSKS(I) o XBrXArZL?YBr AJACS» I19AJACSe 12/ MMLy IERR)
IF (IERR) 210,210,130

CONTINUE

IF (IPRINT=2) 220,990,990
CALL PRJUAC

RETURN j
END
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SUBROUTIME CARES(IPRINTIERR)

CALCULATES THE RESIDUES GIVEN THE MEASUREMENTS AND THE ESTIMATED
STATE. WHEN THE MASK VECTOR ELEMENTS FOR TYPE 4+ 5 AND 6 MEA-

SUREMENTS ARF 1 OR 2 THE RESIDUES FOR BOTH THE ACTIVE AND REACTI
MEASUREMENT ARE COMPUTED
AUTHOR, TON VAN OVERBEEK 1974-01-23
IPRINT=2 NO PRINTOUT
IPRINT=1 THE USED MEASUREMENTSe THE CORRESPONDING ESTIMAT
VALUES AND THE RESIDUES ARE PRINTED

IPRINT=0 SAME + ESTIMATOR NETWORK DATA
IERR=1 ERROR IN NB OR NL
IERR=0 NO ERROR
SUBROUTINE REQUIRED

GXE

PRENET
PRRES

PARAMETER MB=10.ML=13
PARAMETER MMB=2%MBrMML=2¥ML s MGL=MB+MML r MMBL=2*MBL.

DIMENSION YMA (MBL) »MSKA (M3L) ¢ MSKB (MBL) ¢RESA (MBL)

COMPLEX YAArZABYBB/ XEr YE2»YE3 s YEU»YESe YE6» YEA(MBL) » YEB (MBL) »
1 YMB (MBL) »RESB (MBL)

COMMON /ENET/ NBsNL»LTA(ML) +LTB(ML) » YAA(ML) » ZAB(ML) » YBB (ML)
7EST/ XE(MB) YE2 (ML) YE3 (ML) » YE4 (ML) » YES (ML) » YE6 (MB)
/MSM/ YML(MB) » YM2 (ML) » YM3 (ML) » YM4 (MML) » YMS (MML) » YM6 (MMB)
/MSI/ MSK1(MB) #MSK2 (ML) e MSK3 (ML) » MSKY (ML) » MSKS (ML) o
MSK6 (MMB)
/RES/ RES1(MB)RES2 (ML) »RES3 (ML) ¢ RESH (MML) yRESS (MML) »
RESG (MMB)

coCnEFUNE

EQUIVALENCE (YEArXE) o (YEBrYEG) » (YMA»YM1) o (YMByYMU),
1 (MSKA»MSK1) » (MSKByMSK4) » (RESA/RES1) » (RESBYRESH)

IF (IPRINT=2) 10¢30,30

WRITE(6¢20)

FORMAT (20HOPRINTOUT FROM CARES/1X/»19(1Hx*))
UO 40 I=1.MBL

RESA(I)=0.0

RESB(I)=(0.0¢040)

CALL GXE (IPRINT,IERR)

1F (IERR-=1) 50+990+,990

DO 90 I=1.MBL

IF (MSKA(I)) 70,7060
RESA(I)=YMA(I)=CABS(YEA(I))
IF (MSKB(I)) 90,90,80

VE

ED

B e
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80 KESB(I)=YMB(1)=YER(I)
90 CONTINUE )

~YF (IPRINT=2) 100,990,990 .
100 CALL PRKES

990 KETURN
END

1o = e et e
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SUBROUTINE CASDB(SDBrSSLeU»IPRINT)

COMPUTES THE NEW LOAD DEMAND GIVEN THE OLD DEMAND: THE
STANDARD SLOPES AND THE LOAD CONTROL VECTOR ELEMENT U
ACCORDING TO: SDB(x) = SDB(%) + U%SSL(x)

AUTHORr, TON VAN OVERBEEK 1974-02-11

SOB (*) COMPLEX LOAD DEMAND AT BUS *

SSL(*) COMPLEX STANDARD SLOPE FOR BUS =*

U LOAD CONTROL VECTOR ELEMENT, SEE SUBRUGUTINE RpLD
IPRINT=1 NO PRINTOUT :

IPRINT=0 THE VALUE OF Ur» THE STANDARD SLOPES AND

THE NEW LOAD DEMAND ARE PRINTED

SUBROUTINE REQUIRED
NONE

COMPLEX SDB(1)¢SSL(1)
COMMON /TNET/ NB

DO 10 I=1/NB
10 SDB(1)=SDB(I)+UxSSL(I).
IF (IPRINT) 20020+99
20 WRITE(6¢30) U
30 FORMAT (20HOPRINTOUT FROM CASDB/1X¢19(1H¥*)/
F4HOU =+F10+5) | |
WRITE(6040) (1+SSLI) »SDB(I)»I=1sNB)
40 FORMAT (13HOBUSNR
Fe10HRE (SSL)
Fol6HIM(SSL)
F o+ 10HPDEM
F 1 4HRDEM//
F(IS¢S5X12F10.5015X02F1065))

99 RETURN
END
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"~ SUBROUTINE CAWF (IPRINT)

COMPUTES THE WEIGHT FACTORS WF FOR THE ESTIMATORS:
WF=1/(ALFAXFULL SCALE VALUE + BETA*MEASUREMENT)

AUTHORs» TON VAN OVERBEEK 1974-01-21

IPRINT=1 NO PRINTOUT

IPRINT=0Q ALFA» FULL SCALE: BETAr MEASUREMENT AND WF
VALUES ARE PRINTED

SUBROUTINE REQUIRED
NONE

PARAMETER MB=10,ML=13
PARAMETER MMB=2%MB+MML=2*ML

COMMON /ENET/ NBeNL

1 /METE/ wFl(MB)'WFZ(ML)rWF3(ML)-WFQ(MML).WFS(MML)v
2 WFb(MMB)vALFEl(MB)vALFEZ(ML)vALFE3(ML)oALFt4(MNL)p
) ALFES (MML) » ALFE6 (MMB) 1 FSEL1(MB) rFSE2 (ML) e FSE3 (ML) ¢
4 FSEY (MML) ¢ FSES (MML) 1 FSE6(MMB) »BETEL(MB) v BETE2 (ML) v
5 BETE3 (ML) ¢BETELG (MML ) »BETES (MML ) rBETEG6 (MMB)
6 /MSM/ YMl(MB)rYM2(ML)oYM3(ML)oYMu(MML)oYMS(MmL)vYMé(MMB)
DO 10 I=1.NB

l12=2xI

I11z12-1

WEL(I)=1/(ALFEL (D) *FSEL(I)+BETEL (1) *YM1(1))
WF6(I1)=1/(ALFE6(11)*FSE6(I1)+BETE6O(IL)*YME(I1))
10 WF6(12)=1/(ALFE6(I2)*FSE6(I2)+BETE6(I2)*YNME(12))
DO 20 I=1+NL
I2=2%]
I1=12-1
WF2(I)=1/(ALFEZ(I)*FSE2(I1)+BETE2(I)*YM2(I))
WE3(1)=1/ (ALFE3(I)*FSE3(I)+BETE3(I)*YM3 (1))
WFu(11):1/(ALFE4(11)*FSE4(Il)+BETE4(Il)*YMu(Il))
WFH(12):1/(ALFL4(12)*FSE4(I2)+BETE4(12)*YM4(12))
WFS(I1)=1/(ALFES(IL)*FSES(IL)+BETES(I1)*YM5(11))
20 WFS(12)=1/(ALFE5(I2)*FSES(I2)+BETES(I2)*YMS5(12))

PRINTOUT

IF (IPRINT=1) 30¢990,990

30 wRITE(6,40)
40 FORMAT (19HOPRINTOUT FROM CAWF/1Xe18(1H¥*)/

F14HOMSMNR

Fr6HALFA

FeluHFULL SCALE

FelOHBETA

Fel2HMSMT

F e 2HWF/

Fe7HOTYPE 17)

F + L4HOMSMNR
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WRITE(6:50)(IoALFEl(I)vFSEl(I)rBETEl(I)rYMl(I)'wFl(I)vlferB)

S50 FORMAT(IS»5Xr4F1045eF1062)

WRITE(6060)

60 FORMAT(7HOTYPE 2/) ¥
WRITE(6v50)(IrALFEZ(I)'FSEZ(I)rBETE2(I)oYM2(I)owF2(1)oI:l'NL)-
WRITE(6:70)

70 FORMAT(7HOTYPE 3/)
WRITE(G:SO)(IvALFES(I)'FSE3(I)oBETES(I)vYMB(I)vWFé(l)oI:l'NL)

. WRITE(ee80) ] B

80 FORMAT(/1HO0,33X o

Fr53HACTILIVE
FeBHREACTIVE/
Frl4HOMSMNR
~Fr6HALFA
Fel4HFULL SCALE
FelOHBETA
For»1l2HMSMT
F 1 13HWF
FrO6HALFA
Fel4HFULL SCALE
F+10HBETA
Fel2HMSMT
Fr2HWF/
Fe7HOTYPE 4/)
DO 90 I=1rNL
l12z=2x]
Iiz]2-1
90 WRITE(6:100) I»ALFE4(IL1)FSE4(I1),BETEU4(IL) v YMUCIL) P WFG4(11)
1l ALFE4(I2) rFSEY4(I2) yBETEH(I2) e YMY(I2) e WF4(12)
100 FORMAT(1I5,2(5Xr4F10.5¢F10.2))
WRITE(6¢110)
110 FORMAT(7HOTYPE 57)
DO 120 I=1r¢NL

I2=2%x]
11=12-1
120 WRITE(60100) I+ALFES(I1)FSES(IL1),BETES(IL)»YMS(I1)rwF5(11)
1 ALFES(I2) +FSES(I2) eBETES(I2)rYMS(I2)erwF5S(12)
WRITE(60130)

130 FORMAT(7HOTYPE 6/)
DO 140 I=1+NB

1222x%]
11=12-1
140 WRITE(6+100) I»ALFE6(IL1)sFSE6(I1),BETE6(IL)»YME(IL) v aF6(11)s
1 ALFE6(I2) 2 FSE6(I2) yBETE6(I2) 2 YME(12) e wF6(12)
990 RETURN

END
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SUBROUTINE CAWN(IPRINT)

COMPUTES THE STANDARD DEVIATIONS WN FOR THE MEASUREMENT
NOISE: WN=1/(ALFA*FULL SCALE VALUE + BETA*TRUE MEASUREMENT) -

AUTHOR, TON VAN OVERBEEK 1974=-p01-21

IPRINT=31 NO PRINTCUT
IPRINT=0 ALFA, FULL SCALE, BETA, TRUE MEASUREMENT AND WwN
VALUES ARE PRINTED

SUBROUTINE REQUIRED
NONE

PARAMETER MB=10,ML=13
PARAMETER MM3=2xMB»MMLz2%ML

COMPLEX XTeYT2,YT30YTUeYTSrYTE

DIMENSION YAL(MB)  YA2(ML) ¢+ YA3(ML) s YRU (ML), YI& (ML),
YRS(ML) s YIS(ML) r YRO(MB) » Y16 (MB)

COMMON /TNET/ N3eNL

/METT/ BIAS1(MB)BIAS2(ML)¢BIASI (ML) ¢BIASH(MML),
BIASS (MML) ¢+ BIASH (MMB) » WN1 (MB) r WN2 (ML) » WN3 (ML) »
WNG (MML) o WNS (MML) » WNG (MMB) » ALFT1(MB) o ALFT2 (ML) »
ALFT3 (ML) ¢ ALFTH (MML) » ALFTS(MML) 1 ALFT6 (MMB) o
FSTL1(MB) +FST2(ML) »FSTI (ML) ¢FSTH(MML) »
FSTS(MML) e FST6(MMB) yBETT1(MB) 1 BETT2(ML) »BETT3I (ML) »
BETTH (MML) +BETTS(MML) »BETT6 (MMB)

/TRUE/ XT(MB) »YT2(ML) p YTI(ML) » YT4 (ML) r YTS(ML) ¢ YTE(MB)

DO 10 I=1+NB

I2=2%]

11=I2-1

YAL1(I)=CABS({XT(I))

YR6(I)=REAL(YT6(I))

YI6G(I)=AIMAG(YTo(I))

WNL(ID) =1/ (ALFTI(I)*FSTI(I)+BETT1L(I)*YAL(I))
WN6(I1)=1/(ALFTe(I1)*FSTE(I1L)+RETT6(I1)*YR6(1))
wN6(I2)=1/ (ALET6(I2)*FSTH(I2)+BETT6(I2)%YI6(I))
DO 20 I=1+¢NL

12=2%1

I1=12~-1

Ya2(I)=cABS(YT2(I1))

YA3(I)=CABS(YT3(I)) -
YRY (I)=REALIYTH(I))

YIG(I)=AIMAGIYT4H(I))

YR5(I)=REAL(YTS(I))

YIS(I)=AIMAG(YTS(I))

WN2(I)=1/(ALFT2(I) *FST2(I)+BETT2(I1)*YA2(I1))
WN3(I)=1/(ALFT3(I1)*FSTI(I)4BETT3(I)*YA3(I))
WNG(TI1) =1/ (ALFT4(T1) *FSTU(IL)4BETT4(I1)*YRU(I))

.
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WNG (I2)=1/(ALFTY (12)*FST4 (I2)+BETT4 (12)*YI4 (1)),
WNS(I1)=1/(ALFTS(I1)*FSTS(I1)+BETTS(I1)*YRS(I)).
20 WNS(I2)=1/(ALFT5(I2)*FSTS(I2)+BETTS(I2)*YIS(1))

PRINTOUT

IF (IPRINT=1) 30,990,990
30 WRITE(6,40)
40 FORMAT(19HOPRINTOUT FROM CAWN/1X»18(1Hx)/
F14HOMSMNR
FrH6HALFA
Fel4HFULL SCALE
Fr8HBETA
Fs14HTRUE MSM
Fo2HWN/
Fe7HOTYPE 1/)
Fel4HOMSMNR
WRITE(6,50) (T, ALFTI(I) »FSTI(I) vBETTLI(I) » YAL(I) P WNLI(I)rI=1¢NB)
50 FORMAT(I5*5Xr4F10.5,F10.2)
WRITE(6+60)
60 FORMAT(7HOTYPE 2/)
WRITE(6:50) (I)ALFT2(I) yFST2(I)eBETT2(I) e YA2(I) s WN2(I)eI=1rNL)
WRITE(6070)
70 FORMAT(7HOTYPE 3/)
WRITE(6950) (1o ALFT3I(I) +FSTI(I) yRETTI(TI)# YAS(I) P WN3(I)»I=1sNL)
WRITE(6080)
80 FORMAT(/1HOQr» 33X
Fe53HACTIVE
F¢8HREACTIVE/
F e 14HOMSMNR
- FroHALFA
Fel4HFULL SCALE
Fe8HBETA
Frl4HTRUE MSM
Fe13HWN
Fe6HALFA
Fel4HFULL SCALE
FrBHBETA
Fr144TRUE MSM
Fo2HWN/
Fe7HOTYPL 4/)
DO 90 I=1/NL

12=2%1
I1=12-1

90 WRITE(6+100) ToALFT4(I1)+FSTH(I1)»yBETTS4(IL) P YRU(I)»WNU(I1),
1 ALFTH(I2) FSTU(I2)yBETTU(I2) YIL(I))WNGY(I2)

100 FORMAT([5¢2(5Xr4F10e5¢rF102))
WRITE(6/,110)

110 FORMAT(7HOTYPE 5/)
DO 120 1=1+NL

I12=2%1
11=12-1
120 WRITE(69100) I»ALFTS(I1)»FSTS(I1) RETTS(IL) P YRS(I)»WNS(IL)
1 - ALFTS(I2) oFSTS(I2)sBETTS(I2) e YIS(I) P WNS(I2)
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WRITE(6+130)
130 FORMAT(7HOTYPE 6/)
DO 140 I=1,NB

12=2%I
Il1z12-1
140 WRITE(6,100) I ALFTE(I1) FSTHE(I1)sBETTO(IL) P YRE(I) P WNE(IL)
1 ALFTE(I2) vFSTE(I2) ¢BETTE(I2) ¢ YI6(I) 1 WNE(I2)
C
990 RETURN
i END

N
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SUBROUTINE ELDWL(AL»A29PMINIPGEN'PMAXPDEMeEPSeNG» IPRINT ¢ IERR)
COMPUTES A SOLUTION TO

Ak ok o ok oK sk K K ok ok oK o K K ko Kok K s ok ok ok o K ok Kok ok Kok K K

* THE ECONOMIC LOAD CISPATCH PROBLEM *

* NEGLECTING Tii TRANSMISSION LOSSES *
ok ok 3k o Kok K K R 3 K K sk oK ok 3Kk ok Ok ok K K ok ok ok ok R K Kok K K kR oF

REFERENCE» LeKe KIRCHMAYERe 'ECONOMIC OPERATIONS OF POWER SYSTEMS!

AUTHOR» STURE LINDAHL 1972-03-12
REVISED FOR SE1PSeTON VAN OVERBEEK 1974=-01-11

AL(I) COEFFICIENTS IN THE GENERATOR COST FUNCTION
A2(I) FIPG)ZAL(L)*PG (L) +A2 (1) *PG (L) **2
PMIN(CI) MLINIMUN PERMISSIBLE ACTIVE POWER AT GEILERATOR I
PGEN(I) COMPUTEL ACTIVE POWER AT GENERATOR 1
PMAX(T) - MAXIMUM PERMISSIELE ACTIVE POWER AT GENERATOR I
PDEM TOTAL DEMANDG CF ACTIVE POWER
EPS THE ITERATIGN IS TERMINATED WHEM
THE POWER MISMATCH IS LESS THAN EPS*PUEM
NG ~ NUMBER OF GENERATORS
IPRINT=0 MAXIMUM PRINTCUT FROM ELDNL
IPRINT=1 iNPUT DATA AND RESULTS ARE PRINTED
IPRINT=2 NO PRINTOUT
IERR=0 A SOLUTION HAS BEEN COMPUTED
1ERR=1 ERRCR IN NG
IERR=2 10TAL DEMAND OUTSIDE LOAD BOUNDARIES

SUBROUT INE REQUIRED
NONE

DIMENSION A1(129oA2(L)»PMIN(L)PGEN(1)PMAX(1)
DATA LPse/

IFING) 10.10+30

10 wRITE(LPr20) No

20 FORMAT(4H NG=¢1I5r9H IN ELDNL)
IERR=1
GO0 TO 990

30 IF(IPRINT=1) 40,400,100
40 WRITE(LP»S0)
50 FORMAT(20HOPRINTOUT FROM ELDNL/1X,19(1Hx%)/)
WRITE (LP2&0)
60 FORMAT(ZoH GEMERATOR CHARACTERISTICS/1X925(1H=)/
110H GENERATOR
2¢v15H PMIN
3915H PMAK
44 15H Al
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S0 1OH A2

vl

U 70 Iz=1sNG : ¢
Fo GRITE(LPEO) ToPMINCI) PPMAX(I)rAL(I)»A2(])
U FURMATUL7 9 2F15610F15,39F15.5)

W ITE(LFE90) PUEM
w3 FORMAT(15H TOTAL LEMAND =e:F22.1)

COMPUTE MINIMUM AND MAXIMUM CAPACITY.»INITIAL PGa aAND PGB

100 PGMINZ=0,.0
HOGMAA=0.0
0 110 I=1eNG
POMINZSPGMINAPMINCL)
110 POMAXSPOMAX+PMAX(T)
POL=POMAX—~PDEM
POA=ZPGMIN-PDEM
IF(PGE) 130e150/9150
150 eRITE(LPP140)

“lel FORMAT(59H POWER UEMAND GREATER THAN SUM OF MAXIpMUM PERMISSIBLE PO

1atR)
IERR=2
GO0 TO 990

100 IF(PGA) 2000200,160

160 wRKITE(LPY170) _

170 FORMAT(56H POWcR DEMAND LESS THAN SUM OF MINIMUM PERMISSIBLE POWER
1)
IERR=2
GO TO 990

SCLVE THE PROBLEM IF ONLY ONE GENERATOR

EUQ IF{NG=1) 2100210220
<l0 PGEN(1)=PLCEM
WU TO 400

COMPUTE 1INCREMENTAL COST AT MAXIMUM AND MINIMUM LOAD
INITIAL ALA ANU ALB

€0 ALBZA1(1)+2.0%A2( 1) *P¥AX(1)
ALAZAL(1)42.0%n2 (L) *PMIN(])
VO 230 I=2/NG
i ALBZAMAXL(ALBr (AL(I)+2.0%A2 (1) *PMAX(1)))
€30 ALAZAMINL(ALAY (AL(I)+2.0%A2(I)*PMIN(I)))
FPREPARE FIRST LTEKATION.

LTER=0
ALN=ALA
FIsM=PGA
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HERE STARTS THE ITERATION
ITER=ITER+1
COMPUTE A NEW LAMBDA

IF(PVMM) 2500250¢260

ALA=ZALN

PGA=PMM

G0 TO 270

ALBZALN

PGB=PMM

ALNZALA+PGAXx (ALb=ALA) /7 (PGA=PGB)

ALN=AMAXL(ALNesnLA+0.1% (ALB=ALA))
ALN=AMINL(ALN? ALEB=01* (ALB=ALA))

ODETERMINE FEASLBLE LOADS AND POWER MISMATCH

PGN=0.0

DO 345 I=1'NG

PGEN(I)=US*(ALN- Al(I))/AZ(I)
IF(PGEN(I)=PMINC(I)) 310,320,320

PGEN(I)=PMIN(I)
GO TO 340

IF(PMAX(I)=PGEN(I)) 330,340,340
PGEN(I)=PMAX(I)

POGN=PGN+PGEN(T)

CCNTINUE

PMMZPGN=-PDEM

ITERATION PRINTCUT

IFCIPRINT) 350+350+380
WRITE(LPr360) ITeRrALNePMM

360 FORMAT(15H ITERATION NR =+1227/19H INCREMENTAL COST =/F18.5/

370

380

400

410
420

117H POWER MISMATCH =F20.5)

WRITE(LPr370) (PGEN(I)r»I=1¢NG)
FORMAT(22H COMPUTED ACTIVE POWER/(7X¢5F15.3))

TEST ON CONVERwENCY

IF (EPS*PDEM=ABS (PMM) ) 24002400400
PRINTOUT CF FINAL RESULTS

IERR=0

IFCIPRINT=1) 41004100990

WRITE(LP2420)

FORMAT(//23H RESULT OF 0PTIN12ATION/1X!22(1H-)/

110H GENERATORi0H PGEN)

DO 430 I=1+NG
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a0 WRITE(LPr440) LoPGEN(T)

440 FORMAT(I7+F1%.39)
WRITL(LPY450) ALiviPMM

450 FORMAT(19h LINCKEMENTAL COST =¢F18.5/
LI7H POWER MISMATCH =+F20.5)

990 KR TURN
END
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SUBROUTINE ESTA(LINeDX»IPRINT»IERR)

PERFORMS ONE ITERATION OF METHOD A BY SOLVING THE EQUATION

N OE~NOOE OGN

A¥DX=Be. IF LIN=1 A NEW A-MATRIX IS COMPUTED. ,
A= (JACOBIAN) **T*WF*JACOBIAN., THE RIGHT=HAND VECTOR B IS

COMPUTED EACH TIME ESTA IS CALLED., B=(JACOBIAN)**T*WF*RcSo '

IT IS ASSUMED THAT THE JACOBIAN AND THE RESIDUES ARE ALReADY
COMPUTED AND AVAILABLE IN THE COMMON BLOCKS /JAC/ AND /RES/.

AUTHORs» TON VAN OVERBEEK 1974-02-01

LIN=1 RELINEARLZATIONs A NEW A=MATRIX IS COMPUTED

LIN=0 NO RELINEARIZATION

nx THE SOLUTION: DX=NEW ESTIMATE = OLD ESTINATE
DX(2%NB) = 0.0 = IMAGINARY PART OF SLACKBUS VOLTAGE

IPRINT=4 NO PRINTOQUT

IPRINT=3 DX IS PRINTED

IPRINT=2 SAME + JACOBIAN: THE USED MEASUREMENTS: THE

CORRESPONDING ESTIMATED VALUES ARD THE RESIDUES
NOTE: ONLY THE RESIDUES ARE USEw IN THE

CALCULATIONS

IPRINT=1 SAME + B=VECTOR
[PRINT=0 SAME + A= AND T=MATRICES
IERR=1 DECOMPOSITION OF A= IN T=MATRIX HAS FAILED
IERR=0 NO DECOMPOSITION ERROR
SUBROUTINE REQUIRED

DESYM

MPRI

PRJAC

PRRES

SOLVS

UPDAA

UPDBA

PARAMETER MB=10,ML=13
PARAMETER MMB=<¢*MBrMML=2%ML p MM=3% (MB+MML )

COMPLEX XE¢+YE2+YE3+YE4rYES/YE6»YAArZABYBB
DIMENSION DX (1) INDEX(MMB) »ELT (MMB) B (MMB)

COMMON /ENET/ NBeNLeLTA(ML) LTB(ML) » YAA (ML) »ZAB (ML) »YBB (ML)
ZEST/ XE(MB) o YE2 (ML) e YE3 (ML) » YE4 (ML) » YES (ML) P YEO(MB)
/MSM/ YML(MB) » YM2 (ML) e YMI (ML) o YMG4 (MNL) » YMS (MML) » YME (MMB)
/METE/Z WFL1(MB) o WF2 (ML) »WF3 (ML) »WFG4 (MML) » WFS (MML) »

WF6 (MMB)

/RES/ RiS1(MB)rRES2(ML) »RESI (ML) rRESY (MML) yRESS(MML) ¢
RES6 (MMB)

/MAT/ A(MMBeMMB) » T (MMBrMMB)

/NS1/ MSKL(MB) eMSK2 (ML) rMSK3 (ML) ¢ MSK4 (ML) »MSKS (ML) »
MSKe (MB)

/IAC/ AJACL(MBr2) r AJAC2(ML o 4) v AJACI (ML Y4 ) r AJACH (MML24) »

~ AJACS(MML e 4) r AUACE (MMBr MMB)
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IF (IPRINT=4) 1040040
WRITE(60,20)

FORMAT (19HOPRINTOUT FROM ESTA/lX 18(1H*))

IF (IPRINT=3) 30040.40
CALL PRRES
CALL PRJAC

~ UPDATING OF A=MATRIX AND B=VECTOR

NNB=2*NB

DO 55 I=1/,NNB
B(I)=0.0

IF (LIN) 55¢55¢45
DO 50 J=1r,NNB
ACIrJ)=0.0
CONTINUE

TYPE 1

DO 80 I=1/,NB

IF (MSK1(I)) 8u.80r60

INDEX(1)=2%]I~1

INDEX(2)=2%]

ELT(1)=AJAC1(I/,1)

ELT(2)=AJACL(Ir2)

CALL UPDBACINDEX ELT»2rWF1(I)eBeRES1(1))
IF (LIN) 808070

CALL UPDAA(CINDEXPELT»2¢WFL1(I)eA)
CONTINUE

TYPE 2

DO 120 I=1rNL

1IF (MSK2(I)) 1200120090

IA=SLTA(L)

IB=LTB(I)

INDEX(1)=2*%IA~1

INDEX(2)=2%]A

INDEX(3)=2%1B-1

INDEX(4)=2%*1B

DO 100 J=1,4

ELT(J)=AJAC2(Iry)

CALL UPDBA(CINDEX!ELTe4rwF2(1)rByRES2(1))
IF (LIN) 12001200110 '
CALL UPDAACINDEX'ELTe4rwF2(I)rA)
CONTINUE

TYPE 3

DO 160 I=irNL

IF (MSK2(I)) 160¢160.130
IAZLTA(I)
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IB=LTB(I)
INDEX(1)=2*]IB-1
INDEX(2)=2*18B
INDEX(3)=2*IA~1
INDEX(4)=2*]A

DO 140 J=1+4
ELT(JU)=AJACS(Iry)
CALL UPDBA(CINDEX'ELT»4rWF3(I)eB/RESI(I))
IF (LIN) 16001002150

CALL UPDAACINDEX'ELTr4rwF3(I)rA)
CONTINUE

TYPE &

DO 250 I=1e¢NL

M=MSK4 (I)

IF (M) 25002500170

12=2%x] f
I1=12=-1 i

LASLTA(L)

IB=LTB(I)
INDEX(1)=2%IA-1
INDEX(2)=2*1A
INDEX(3)=2%]B=1
INDEX(4)=2%]IB

IF (M=2) 210,180+180
DO 190 J=1r4
ELT(J)=AJACH(IZeJ)
CALL UPDBA(CINDEXeELTe4rwF4(I2)rBrRESU(I2)) .
IF (LIN) 210,210r200

CALL UPDAACINDEX ELT 4 rWF4(I2)rA)

IF (M=2) 2200250r220

DO 230 J=1r4 '

ELT(JIZAJACH(IL,J)

CALL UPDBA(CINDEX/sELTr4rwF4(I1)rBrRESU4(IL))
IF (LIN) 25002500240

CALL UPDAACINDEXtELT 4rWFL4(I1)eA)

CONTINUE
TYPE 5

DO 340 I=1/NL
M=MSKS (1)

IF (M) 3400340,260
I12z2%x]

I1=12-1

IA=LTA(L)
IB=LTB(I)
INDEX(1l)=2%xIB=-1
INDEX(2)=2*1IB
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INDEX(3)=2%IA=1
INDEX(4)=2%]IA

IF (M=2) 30002700270

270 DO 280 J=1+4

280 ELT(J)I=AJACS(I2+J)
CALL UPDBACINDEX'ELT 4rWFS(I2)eBrRESS(I2))
IF (LIN) 30003000290

290 CALL UPDAACINDEX/ELT 49 WFS(I2)rA)

300 IF (M=2) 310,340°310

310 DO 320 J=1ir4

320 ELT(J)=AJACS(I1,J)
CALL UPDBACINDEX ELT»4ewF5(I1)9BrRESS(IL))
IF (LIN) 34003400330

330 CALL UPDAACINDEX'ELTeU4rwFS(I1)eA)

340 CONTINUE
TYPE 6

NNB1=NNB=1

DO 350 I=1rNNB1
350 INDEX(IN=I

DO 440 I=1.NNB1l

M=MSKo6 (1)

IF (M) 440,4400360
360 I2=2%]

I11=12-1

IF (M=2) 40003700370

380 ELT(J)=AJACO(I2,J)
CALL UPDBACINDEXsELTeNNB1, WF6(IZ)080RES6(12))
IF (LIN) 40004000390

390 CALL UPDAACINDEXr'ELT/NNBLeWF6(I2)rA)

4Oo0 IF (M=2) 410,4400410

410 DO 420 J=1'NNB1l

420 ELT(J)=AJACO(I1,4J) '
CALL UPDBA(INDEX ELT/NNB1o/WF6(I1)eBrRES6H6(I1))
IF (LIN) 440,4400430

430 CALL UPDAAUCINDEX ELT/NNBleWF6(I1)rA)

440 CONTINUE
PRINTOUT

IF (IPRINT) 450,450+470

450 WRITE(60460)

460 FORMAT(9HOMATRIX A/1Xe8(1K=)//)
CALL MPRI(AsNNuleNNB1eMMEB8,0rIE)
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SOLVE A*DX=B

470 CALL DESYM(ArToNNBleleE=7¢+IRANK,MMB)
IF (IRANK) 48004800500

480 IERR=1
WRITE(60490)

490 FORMAT (34HODECOMPOSITION OF A FAILED IN ESTA)
RETURN

500 IERR=0
CALL SOLVS(TeBrUXeNNBL» loMMB)
DX(NNB)=0.0

PRINTOUT

IF (IPRINT=4) 505,9900+990

505 IF (IPRINT-1) 510+530¢550
510 WRITE(60520)
520 FORMAT(9HOMATRIX T/1Xe8(1H=)//)

CALL MPRI(T+NNoleNNBL/MMB»8+0rIE)
530 WRITE(6¢540)(B(I)I=1/NNB1)
540 FORMAT(1HOr6X»8HB=VECTOR/7Xr8(1H=)//(F11.3/F10, 3))
550 WRITE(69560) (I1DX(2%I=1)eDX(2%I)rI=1+NB)
560 FORMAT(14HOBUSNR '

Fr1O0HRE(DX)

Fe6HIM(DX)//

F(15¢5X¢12F1045))

990 RETURN _
CEND . o L I
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SUBROUTINE ESTu(IPRINT:IERR)
PERFORMS ONE ITERATLION UF METHOD B

AUTHORs TON VAN OVERBEEK 1974=03-04

IPRINT=2 NO PRINTOUT

IPRINT=1 THE INITLAL ESTIMATE: COVARIANCE AiD THE FINAL
. ESTIMATE AND COVARIANCE ARE PRINTED

IPRINT=0 SAME + FOR EACH MEASUREMENT THE GLD AND NEW

ESTIMATE AND COVARIANCE ELEMENTS AND THE
CORRESPONDING FOUR GAIN ELEMENTS

IERR=1 ERROR IN MASK VECTOR

IERR=0 NO ERROR

SUBROUTLINE REQUIRED
JACBI
JACLF
JACI
JACLF
JACV
UPDEP

PARAMETER MB=1U,ML=13
PARAMETER MMb=2xMBrMML=2%ML » MM=3% (MB+MML)

DIMENSION G (MMp) rP (MMB) s PP (&) » AK (MMB)
COMPLEX YAArYArZABeZLYBBr XE+ XEA»XEB?»CGXE

COMMON /EST/ Xe(MB)
ZENET/ NOoNLoLTAML) fLTB(ML) r YAA(ML) » ZAB (ML) » YBB (ML)
/METE/ wFL(MB) rWF2(ML) 2 WF3 (ML) r WFLG (MML) » WFS (MML) r wFE(MMB)
/MSM/ YM1(MB) e YM2(ML) p YM3 (ML) » YMU (MML) » YMS (MML) » YM6 (MMB)
/MSI/ MSKL(MB) e MSK2 (ML) #MSK3 (ML) ¢ MSKY (ML) # MSKD (ML) »
thb(MB)rNMvNTYP(MM)vNMSM(MM)
/VAR/ COV(MMB) »PNEW(MMB)

> D D XK > X

FORMAT STATEMENTS

10 FORMAT (24HOTYPE MSMNWR MSM
FrOHWEIGHT//140»i612F10.5)
20 FORMAT (24HOTYPz MSMNR ACTIVE
FrOHWEIGHT//14¢i622F1045)
30 FORMAT (24HOTYPE MSMNR REACTIVE
FroHWELIGHT//I491602F10.5)
40 FORMAT (1HO»24X¢15HOLD EST AND COV)
50 FORMAT (14HOBUSINR
F ¢ 10HRE (XE)
FelSHIMOXE)
Fr1O0HPREAL
FeSHPIMAG// (I5+15X12F10.5¢5X¢2F10,5))
60 FORMAT(1HO»36X»15HNEW EST AND COV/
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FrL4HOBUSNR

FrlOHRE (XE)

FelSHIM(XE)

FerlOHREGAIN

FelOHIMGAIN

FelOHPREAL

FrOHPIMAG// (159 2X?2F10505X12F1045,5Xr2F1045))
FORMAT (13HOERRUR IN MSKe5XeSHMSK =0 150

F7H TYPE =+1I5¢8H MSMNR =¢15)

NNB=2*NB

NNB1=NNB-1

IERR=0

DO 75 I=1/NNB1

P(I)=COV(I)

PINNB)=G.0

IF (IPRINT=1) 8Ur80+100

WRITE(6¢90)

FORMAT (1HU?»22Xr 19HINITIAL EST AND COV)
WRITE(6050) (1o XE (1) /P (2%1=1)yP(2%1) s I=1¢NB)

SEQUENTIAL PROCESSING OF MEASUREMENTS

DO 620 1=1+NM

IF (IPRINT «LEe 0) WRIT(60105) 1
FORMAT (1L3HOMEASUREMENT ¢ I5/1Xe17(1H*))
NT=NTYP (1)

IM=NMSM(T)

GO TO (11001700210029003200450) 9NT

TYPE 1

IF (MSK1(IM)) 120,1200130
WRITE(6¢70) MSKIC(IM) o NTrIM
IERR=1

RETURN -

IM2Z2% 1M

IM1=IM2=1

YM=Ym1(IM)

XEA=XE(IM)

IF (IPRINT) 14u,14800150
WRITE(6210) NTerIMeYMeWFL(IM)
WRITE(6+40)

WRITE(6¢50) IMeXEAP(IML)/P(IM2)
GXE=CABS(XEA)

RES=YM=GXE

CALL JACV(XEArGelrlsIE)
AK1=P(IM1)*G(1)

AK2zZP (IM2)*G(2)

. DENSAK1#G (1) +AKZ#G(2)+1/WF1(IM)
* AK1=AK1/DEN

AK2=AK2/DEN

TTITTIIITTT T OHERYD
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IF (IM «EQs NB) AK2=0.0
XE(IM)=XEA+CMPLX (AK1sAKR) *RES
POIM1)=P(IML1) % (1=AK1*G(1))
PUIM2)=P(IM2) % (1=AK2%G(2))

IF (IPRINT) 1600160+,620

WRITE(69,60) IMeXE(IM)»AKLeAK2/P(INM1) P (IM2)

60 TO 620
TYPE 2 AND 3

IF (MSK2(IM)) 160,1800190
WRITE(6¢70) MSK2(IM) eNTeIM
1ERR=1
RETURN

IASLTACIM)

I1B=LTB(IM)

YASYAA(IM)

YMZYM2 (IM)

WF=WF2(IM)

IF (IPRINT) 200,200,250
WRITE(6+10) NTo1lMeYMeWF
GO0 TO 250

IF (MSK3(IM)) 22002200230
WRITE(6070) MSK3C(IM) #sNTrIM
1ERR=1
RETURN

IASLTB(IM)
IB=LTA(IM)
YAZYBB (IM)
YMZYM3 (IM)
WF=WF3(IM)
IF (IPRINT) 240,240,250
WRITE(6210) NTsIMeYMsWF

IA2=2%x]A

IAL=IA2~-1

IB2=2x*18

IBlz=IB2-1

PP(1)=P(IAl)

PP(2)=P(IA2)

PP(3)=P(IB1)

PP(4)=P(IB2)

XEA=ZXE(IA)

XEB=XE(IB)

IF (IPRINT) 260'260'270
WRITE(6e40)
VWRITt(6'50) IAPXEAYPP (1) PP (2)
1 IB' XEB'PP(3) PP (4)
ZL ZAB(IM)
GXE=CABS ( (XEA=XEB)/ZL+YA*XEA)
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RES=YM=~GXE

CALL JACL(XEA»XEBrZL e YA?Gely 1'IE)

CALL UPDEP(IA¢IB/RES+WF1GrPP¢AKrXE)

PCIAL)=PP (1)

P(IA2)=PP(2)

P(IB1)=PP(3)

P(1B2)=PP(4)

IF (IPRINT) 28u,280+620

WRITE(6+60) IAsXE(IA)Y AK(l)oAK(2)rPP(1)'PP(2)o
IBYXE(IB) 1 AK(3) 2 AK (L) o PP (3) v PP ()

GO TO 620

TYPE 4 AND 5

M=MOD(IMe2)

II=IM/72+M

IF (MSK4(II)) 30003000310
WRITE(6¢70) MSAG(II) NTeIM
IERR=1

RETURN

IA=SLTAC(ID)
IB=LTB(II)
YAZYAA(II)
YMIYM4 (IM)
WF=WF4 (IM)
60 TO 350

M=MOD (IMr2)

I1=IM/2+M

1F (MSKS(II)) 3300330340
WRITE(6+70) MSKRS(II)#NToIM
1ERR=1

RETURN

IA=LTB(ID)
IB=LTA(LD)
YAZYBB(11)
YM=YMS (IM)
WF=WF5(LM)

MSK=2-M
IA2Z2%]1A
IAl=IA2-1.
iB2=2*18
1l=IB2-1
PP(1)=P(1Al)
PP(2)=P(1A2)
PP(3)=P(1B1)
PP(4)=P(IB2)
XEA=XE(IA)
XEB=XE(Ib)
ZL=ZAB(I])

=
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CALL JACLF (MSK s XEAPXEBrZLoYA,GrlrGelelrIE)
CGXE=XEA*CONJG ( (XEA=XEB) /2L+XEAXYA)
IF (M) 3900390¢360

ACTIVE MEASUREMENT

360 IF (IPRINT) 370,370.380
370 WRITE(Ee20) NWNTrL1MeYMeWF
WRITE(6,40)
WRITE(6¢50) IAWXEA'PP(L)PP(2)
1 IGe XEBPPP(3) e PP(Y)
380 KESzZYM=REAL(CGXL)
60 JO 420

REACTIVE MEASUREMENT

390 IF (IPRINT) 400,400,410

LOO WRITE(6930) NT2iMeYMeWF
WRITE(6:40)
WRITE(6e50) IA'XEA'PP(Ll) PP (2)

1 IBY'XEB/PP(3) PP (4)
410 RES=YM=AIMAG(CGXE)

420 CALL UPDEP(IArIB'RES WFeGrPP,AKy XE)

IF C(IPRINT) 430,430,440
430 WRITE(6e60) IA/XE(IA) v AK(L) v AK(2) PP (1) PP(2)

1 . IBe XEC(IB) P AR(3) r AK(4) ¢ PP(3) PP (Y4)
440 P(IAL)=PP(1)

P{IA2)=PP(2)

PLIBL)=PP(3)

P(1B2)=PP(4)

GO TO 620

TYPE ©

450 M=MOD(IMr2)
IAZIM/2+M
IF (MSK6(IA)) 460460470
460 WRITE(6¢70) MSKO6(IA)#NT,IM
IERR=1
RETURN

470 MSK=2-M
YMZYME(IM)
wF=wFo (IM)
XEAZXE(IA)
CALL JACBI(MSKe [AvGeleGelel,IE)
CGXE:(OOO'OOO)
DO 500 J=1rNL
1F (LTA(J) «NE. IA) GO TO 480
IB=LTB(J)
YASYAA(J)
GO0 TO 490 .
480 IF (LTB(J) «NE. IA) GO TO 500

e T o A
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IB=LTA(J)

YAZYBB (J)

XEB=XE(1B)

ZL=ZAB(J)
COXE=COXE+XEA*CONJG ( (XEA=XEB)/ZI.+YA*XEA)
CONTINUE

IF (M) 54005400510

ACTIVE MEASUREMENT

IF (IPRINT) S520,520¢530

WRITE(6020) NToIMsYMeWF

WRITE(6040)
WKITE(6rS0) (JrA (J) 1 P(2%J=1) P (2%J) rJ=1¢NB)
RES=YM=REAL(CGAE)

60 TO 570

REACTIVE MEASUREMENT

IF (IPRINT) 5505509560

WRITE(6¢30) NT»IMeYMoWF

WRITE(6+40)
WRITE(6eS50) (JrXE(J) 1P (2%U=1) P (2%J) e J=1/NB)
RES=YM=AIMAG(CGAE)

DEN=0.0

0O 580 J=1¢/NNBL
AK(J)ZP (J) *G (J)
UENZDEN+AK (J) %0 (J)
UEN=QEN+1/WF

AK(NNB)=0.0

DO 590 JU=1rNB

Jazoxd

Jlzue-1
AK(J1)=AK(J1) /70N
AK(J2)=aK (J2) /LN
XE(J)=XE(J)+CMPLX (AK (J1) r AK (J2) ) *RES
DO 600 U=1'NNBL
P(J)=P(U)*(1=AK(J) *G(J))
P(NNB)=0.0

IF (IPRINT) 610,010,620

WRITE(6060) (JrAe(J) r AK(2%J=1) v AK(2%J) 2P (2%J=1) yP(2%u) rJ=1 +NB)

CONTINUE

DO 625 I[=1+/NNB

PMEW(I)=P(I)

IF (IPRINT=1) ©30¢630r990

WRITE(6r640)

FORMAT(1HO 23X 17HFINAL EST AND COV)
WRITE(OrS0) (Jr XE(J) rP(2%U=1) P (2%J) »J=1rNB)

RETURN
END

B e T 5 S RN
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T SUBROUTINE ESTC(NR'DAvDBoMAXITaePSoNEWAvIEXITleMEpIPRINT)

1
2
1

X

BASIS ROUTINE FOR METHOU C. 1T ESTIMATES THE BUSVOLTAGES
THAT DON'T BELONG TO THE REFERENCE VECTOR. THE REFERENCE
VOLTAGES AND THE LINEVOLTAGE WEIGHTING FACTORS pA(*) AND DB(=*)

ARE ASSymeD 10

st GIVEN

AUTHORs TON VAN OVERBEEK 1974-03-)2

NR

DA (x)

LB (%)
MAXIT
EPS
NEWA=1
NEWA=0
IEXIT==2
IEXIT=-1
IEXIT= 1
IEXIT= 2
TIME
IPRINT=4G
IPRINT=3
IPRINT=ZS
IPRINT=1
IPRINT=0

NUMBER OF COMPLEX REFERENCE VOLTAGES
WEIGHTING FACTOR FOR LINEVOLTAGE AT A-END
I0EM FOR B=END

MAXIMUM WUMBER OF ITERATIONS

THE ITERATING IS TERMINATED WHEN

CABS(XE(LT + 1) = XE(IT)) +LEe. EPS

A NEW A=MATRIX IS CALCULATED AND DECUMPOSED
IN THE FIRST ITERATION

NO NEW A-MATRIX 1S CALCULATED

DECOMPOSITION OF A HAS FAILED

ERROR IN NB» NL OR NR

CONVERGEWCE WITHIN MAXIT ITERATIONS

NO CONVERGENCE AFTER MAXIT ITERATIONS

JOTAL TIME IN MSECS

NO PRINTOUT .
INITIAL ESTIMATE» THE NUMBER OF ITERATIONSy
TOTAL TIME AND THE ESTIMATE ARE PRINTED

SAME + THE INPUT DATA: NRe DAr UBr MAXIT AND EPS

SAME + IN EACH ITERATION: THE CALCULATED

LINEVOLTAGESs THE B-VECTORs THE ESTIMATE AND DELX

SAME + In THE FIRST ITERATION THE A= AND
T=MATRICES

SUBROUTINE REQUIRED

DESYM
MPRI
SOLVS
UPDAC
UPDBC

PARAMETER My=10,ML=13
PARAMETER MMEz2*MB e MML=2%ML

INTEGER TIME»THBEG»TEND

UIMENSION DA(l)'DU(l)OX(MB'Z)vB(MBIZ)o
PR(9)/'(1H0"v00'17HCON'"VERGEN'O'CE AFT'
YERpPISe e 11H IT'»'ERATIOY»*'NS) '/

COMPLEX YAA¢ZABrYEBrXErXEA?XEB2»ZL» CYMU (ML) » CYMS (ML) »
CLVA (ML) rCLVB (ML) CB(MB) » XEN(MB)

COMMON /ENET/ NBeNLoLTA(ML) »LTB(ML) » YAA(ML) »ZAB (ML) » YBB (ML)
/EST/ Xc(MB)

e
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X /MAT/ A(MBYMB) e T(MBYMB)
X /MSM/ YML(MB) » YM2 (ML) » YM3 (ML) » YMU (MML) » YMS (MML) » YME (MMB)
X /MSI/ MSKL(MB) ¢ MSK2 (ML) rMSK3 (ML) » MSKG (ML) » MSK5 (ML) 1 MSK6E (Mg3)

EQUIVALENCE (CYMB»YMY)» (CYMSr»YMD)

1

CHECK NBr NL AND NR

IF (NB) 20020s10
10 LF (NG=MB) 40,40020
20 1EXIT=-1 '
WRITE(6¢30) NB
30 FORMAT(13HONB LiN ESTC =/15)
RETURN

40 IF (NL) 6006050

S0 1F (NL=ML) 80,8060

60 IEXIT=-1
WRITE(60,70) WL

70 FORMAT(13HONL 1IN ESTC =¢15)
RETURN

60 IF (NR) 1000100090

90 IF (NR=NB) 12001200100

100 IEXIT=-}1
WRITE(6r110) NR

110 FORMAT(13HONR LN ESTC =r15)
RETURN

120 1IF (IPRINT=2) 150¢130+1060
130 WRITE(60140) NR/MAXIT EPS/NEWA
140 FORMAT (12HOINPUT DATA:/5HONR =9 I595Xe 7THMAXIT =915,5Xs
FOHEPS =)ET7eleSXrOHNEWA =9 15)
WRITE(6Hr150) (I eMSKAC(I) e DACI) yMSKS(I) e OB(I)rI=1yiNL)
150 FORMAT(1HO*5Xr33HALL LINEVOLTAGE WEIGHTING FACTURS/
F12HO LINE
Fr20HMSKY DA
FelOHMSKS DB/ /
FCISrI10rF10.2¢L10+F10.2))
160 IF (IPRINT=3) 17001700190
170 WRITE(60180) (1o XE(I)IZ=LeNB)
180 FORMAT(1HO»13Xr LOHINITIAL ESTIMATE/
FL4HOBUSKNK
FelOHRE (XE)
FroHIM(XE)//
FUISeSXe2F10.5))

INITIALIZATION

190 IT=0

NE=NB=NR

IF (NEWA) 220,2200200
200 DO 210 I=1rNE
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DO 210 J=1rNE
210 A(IrJ)=0.0
220 TBEG=MSCPUI(X)

HERE STARTS THe ITERATION

230 1T=1T+1
VO 240 I=1+NB
240 CB(I)=(0.0r0.0)

CALLCULATION OF B AND A

00 320 I=1+NL
IAZLTA(IL)
1=LTB(I)
XEA=XE(IA)
XEB=XE(IB)
ZL=ZAB(]1) -
IF (MSK4(1)=2) 280,280,250
250 IF (NEWA) 27002709260
260 CALL UPUAC(IArlp*DAC(L)) )
270 CALL UPOBC(CBrLA»IBYNRsXEAPXEBrZL e YAA(I) o CYMU(TI) o CLVALI)+DACT))
280 IF (MSKH(I)=2) 320r3200299
290 [F (NEWA) 31003100300
300 CALL UPDAC(IB. 1A DB(I))
310 CALL UPLBC(CB» LB IAPNRyXEB I XEA»ZL o YBB(I) s CYMS(I) o CLVE(I)sDB(I))
320 CONTINUE

ITERATIUN PRINTOUT

IF (IPRINT=1) 330,330:450
330 WRITE(6,340) IT
340 FORMAT(L3HOITERATION NR,IS/Z1Xr17(1H*)/
F1HO+21X»25HTHE CUMPUTED LINEVOLTAGES/
F13HO LINE
FelOHRE(LVA)
FrlSHIM(LVA)
FolOHRE(LVB)
Fe7HIM(LVB) /)
DO 410 I=1rNL
WRITE(60350) 1
350 FORMAT(ID5)
IF (MSK4(1)=2) 380+,380r360
360 WRITE(6,370) CLVA(I)
370 FORMAT(1H+¢r9X+12F1045)
380 IF (MSKS(I)=2) 41lur4100,390
390 WRITE(6,400) CLVB(I)
400 FORMAT(1H++»34Xr2F10.5)
410 CONTINUE
WRITE(6e420)(1vCB(I) v I=Z1eNE)
420 FORMAT(1HO?15Xr8HB=VECTUR/16X¢8(1H=)//
F(15¢5X12F10.2))
IF (IT=1) 430,430,520
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IF (IPRINT) 440,440+450
WRITE(60445) .
FORMAT (9HOMATRIX=A/1Xt8(1H=)/) .
CALL MPRI(A/NE+NEeNBe8r0rIE)

SOLUTION OF A*e=B

IF (NEWA) 52005200460

CALL DESYM(AsTeNE»1.0E=7¢IRANK/MB)
IF (IRANK) 470,470,490
WRITE(6r480)

FORMAT (21HODECOMPOSITION FAILED)
IEXIT==2

RETURN

IF (IPRINT) 500,500,520
WRITE(6¢510)

FORMAT (SHOMATRLX=T/1X»8(1H=)/)
CALL MPRI(TeNEsNE'MBs8e0rIE)

DO 530 I=1r'NE
B(Ilrl)=REAL(CB(1))
BlIe2)=AIMAG(CH(I))

CALL SOLVS(TeBrXeNEr2eM)
DELX=0.0

DO 540 I=1rNE
XENCIY=CMPLXEX{(1r1) s X(I,2))
DELX=DELX+CABS(XEN(I)=XE(I))
XE(I)=XEN(I)

IF (IPRINT=1) 550¢550¢580
WRITE(6¢S560) (I XE(I)r1IZ1NB) »
FORMAT (1HO» 15X L2HTHE ESTIMATE/

F14HOBUSNR
Fo¢lOHRE (XE)
FrOoHIM(XE)/Z/
F(ISeSX12F10.5))

WRITE(6¢570) DELX
FORMAT (7HODELX =E10.3)

IF (DELX=ABS(EPS)) 600:,600¢590
IF (IT GE. MAXIT) GO TO 610
NEWA=0

60 TO 230

END OF ESTIMATIONrs PRINTOUT OF THg RESULTS

1EXIT=1
PR(2)S'/1H+.!
GO TO 620
IEXIT=2
PR(2)=Y3HNO !
TEND=MSCPU(X)

W
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TIME=TEND-TBEG

IF (IPRINT=3) 03006300990

WRITE(6r040)

FORMAT (19HOESTIMATION RESULTS/1Xe18(1H=))
WRITE(6,PR) 1IT

WRITE(6¢650) TIME

FORMAT (22HOTOTAL TIME FOR ESTC =rI5:6H MSECS)
WRITE(6¢560) (I XE(I) e I=1eNB)

RETURN

-END
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SUBROUTINE EVAL (K¢ IPRINT)

THIS SUBROUTINE COMPUTES FOR TIMEPOINT K THE FOLLOWING QUANTITIES;
- THE ESTIMATION ERROR
= THE MAXIMUM ELEMENT IN THE ESTIMATION ERROR '
= THE LINE FLOW ERROR
= THE MAXLMUM ELEMENT IN THE LINE FLOW ERROR
= THE MEASUREMENT QUALITY INDEX

IT UPDATES THE FOLLOWING GUANTITIES:

THE AVERAGE ESTIMATION ERROR

THE MAXIMUM ESTIMATION ERROR

- THE MAXIMUM ELEMENT IN ALL ESTIMATION ERRORS

= THE AVERAGE LINE FLOW ERROR

= THE MAAXIMUM LINE FLOW ERROR

= THE MAXIMUM ELEMENT IN ALL LINE FLOW ERRORS

= THE AVERAGE MEASUREMENT QUALITY INDEX

= THE MAXIMUM MEASUREMENT QUALITY INDEX

"ALL THESE GUANTITIES ARE STORED IN THE COMMON BLOCK /EVL/

1

1

MK XK XK M X XX

1
2

AUTHOR# TON VAN OVERBEEK 1974-02-18

K TIME POINT
IPRINT=1 NO PRINTOUT
IPRINT=0 THE ABOVE MENTIONED QUANTITIES ARE PRINTED

SUBROUTINE REQUIRED
NONE

PARAMETER MB=10/ML=Z13/MTMX=360
PARAMETER MMB=2%MBrMML=2%ML s MBL=Mp+MML r MMBL=2*MBL ¢ MTMX1=MTMX+1

DIMENSION AXE (MMB) » AXT (MMB) o AYEL (MML) ¢ AYTY (MML) » AYES (MML ) »
AYTS(MML) » YMA (MBL) » MSKA (MBL) » YMB (MMBL ) » MSKB (ML)

COMPLEX XE*YE2¢rYESrYEG ) YESrYEO e XT e YT2rYT3rYT4rYISeYTOE
YEA(MBL) » YEB(MBL) » YTA(MBL) o YTB (MBL) r AME

COMMON /EST/ XE(MB) e YE2(ML) » YE3(ML)» YE4 (ML) ¢ YES(ML) r YE6 (MB)

/TRUE/Z AT(MBY o YT2(ML) p YTI(ML) » YTU (ML) v YTS (ML) »YTO (MB)

/ENET/ wB'NL

/MS1/ MbKl(Mb)rMSKZ(ML)rMSK3(ML)vMSK4(ML)rMSKb(ML)oMSKé(Ma)

/MSM/ YM1 (MB) e YM2 (ML) » YMI (ML) » YMB (MML ) r YM5 (MML) ¢ YM6 (MMB)

/EVL/ EE(MTMX1) s LEMIMTMX1¢2) » AEErEEMT(2) v EEMMT (3) 0
ELIMTMX1) rELMIMTMX102) s AELPELMT(2) 1 ELMNT (3) 0
EM(MTMX1) r AEMPEMMT (2)

EQUIVALENCE (AXErXE) r (AXToXT) ¢ (AYE4» YEU) » (AYTU»YTU) » (AYEOPYES) ¢
(AYTOrYTS) v (YEAYXE) r (YTArPXT)r (MSKAsMSKL1)r (YMAPYM1),
(YEBoYEU4) r (YTBo YT4) » (MSKBeMSKY) ¢ (YMBr YMY)

Kil=K+1
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ESTIMATION ERRUR

EE(KL1)=0.0

EEM(K1,1)=0.0

NNB1=2*%N5=1

0O 30 I=1/,NNB1L

AE=ABS (AXE(I)=AXT(I))
E=AE**2

EE(K1)=EE (K1) +E

IF (EEM(K1r1)=AE) 10,10,30
EEM(K1r1)=AE
EEM(K102)=FLOAT(I)

~1F (EEMMT(1)=AL) 20,20,30

20
30

40
50

60
70

80
90

100
110

120

130

EEMMT (1) =AE

EEMMT (2)=FLOAT (1)

EEMMT (3)=FLOAT (K)

CONTINUE

EE(K1)=SQRT(EE(KL))

IF (EEMT(1)-EE(K1)) 40,40.50
EEMT (1) =EE (K1)

EEMT (2) =FLOAT (K)
AEE=AEE+EE (K1)

LINE FLOW ERROR

EL(K1)=0.0
ELM(K1+1)=0.0

NNL=2*NL

DO 110 I=1r,NNL
AE4=ABS(AYE4(I)~AYT4H(I)
AES=ABS (AYES(1)=AYTS (1)
E4=AEY4**2

ES=AES**2
EL(K1)=cL (K1) +E4+EDS

IF (ELM(K1rs1)=At4) 60,60,80
ELM(K1r1l)=AEH
ELM(K1¢2)=FLOAT(I)

IF (ELMMT(1)=At4) 70070,80
ELMMT (1) =AEY4

ELMMT (2) =ELM(K1r2)

ELMMT (3)=FLOAT(K)

IF (ELM(K1s1)=AES) 90090r110
ELM(K1r1l)=AED
ELM(K1¢2)==FLOAT(I)

1F (ELMMT(1)-AES) 1000100,110
ELMMT (1)=AES

ELMMT (2)ZELM(K1r2)

ELMMT (3)=FLOAT (K)

CONTINUE

EL(K1)=SQRT(EL(K1))

1F (ELMT(1)-EL(K1)) 120,120,130
ELMT(1)=EL (K1)

ELMT (2)=FLOAT (K)

AEL=AEL+EL (K1)

)
)
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MEASUREMENT QUALITY INDEX

ANOM=0,.0
DENOM=0,0
00 150 Iz=1r.MBL
IF (MSKA(I)) 1500150140
140 AYTA=CABSS(YTA(L))
ANOM=ANOM+ (CABS(YEA(I))=AYTA) *%2
DENOM=DENOM+ (YMA(I)=AYTA) *%*2
150 CONTINUE
PO 180 1=1.MBEL
“AMESZYEB(I)-YTB(I)
IF (MSKB(I)=1) 180,170,160
160 ANOM=ANOM+AIMAG (AME) **2 ‘
OENOM=DENOM+ (YMB(2*I)=AIMAG(YTB(I))) **2
IF (MSKB(1)=2) 17001809170
170 ANOM=ANOM+REAL (AME ) **2
. DENOM=DENOM+ (YME (2%I=1)=REAL(YTB (1)) ) **2
180 CONTINUE
CEM(K1)=SQRT (ANUM/DENOM)
IF (EMMT(1)=EM(K1)) 190+190,200
190 EMMT(1)=EM(K1)
- EMMT(2)=FLOAT(K)
200 AEMZAEM+EM(KL1)

PRINTOUT

IF (IPRINT) 210,210,990
210 WRITE(60220)
220 FORMAT(19HOPRINTOUT FROM EVAL/1Xr18(1H*))

ESTIMATION ERROR -

WRITE(6r230) EE(K1)
230 FORMAT(17HOESTIMATION ERROR/1X¢16(1H=)//
FEX 9 18HESTIMATIUN ERROR =¢F1047)
IZINT(EEM(K102))
M=MOD(1+2)
JE1/24M
IF (M) 24002400250
240 ROISLHIMAG
60 TO 260
250 ROIZ4HREAL
260 WRITE(60270) EEM(K1s1)sROIsd
270 FORMAT(6Xr18HMAXIMUM ELEMENT =oF10.7¢4H IN rA4
Fr20H PART OF BUSVOLTAGE »12)
IF (K «LE. 0) 60 TO 335
AEEK=AEE/K
WRITE(60280) AEEK
280 FORMAT (/6X¢21HCURRENT TOTAL VALUES:/
FOX127HAVERAGE £STIMATION ERROR =9F10.7)
KTZINT(EEMT(2))
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WRITE(60290) EEMT (1) KT
290 FORMAT(6X 2 27HMAXIMUM ESTIMATION ERROR =¢F10.7
Fe7H AT T =r14)
IZINT(EEMMT (2))
M=MOD(Ir2)
JZI/2+M
IF (M) 3000300,310
300 ROI=ZY4HIMAG
60 TO 320
310 ROI=4HREAL
320 KT=INT(EEMMT(3))
WRITE(60330) EEMMT(L1) rKTrROI»J
330 FORMAT(6Xe27HMAX ELEMENT IN ALL ERRORS =¢F10.7
Fo7H AT T =214s4H IN /8XerA4920H PART OF BUSVOLTAGE slg)

LINE FLOW ERKOR

335 WRITE(6r340) EL(K1)
340 FORMAT(16HOLINE FLOW ERROR/1X9115(1H=)//
Fo6Xe17HLINE FLOw ERROR =¢F10.7)
ISINT(ELM(K1le2))
IF (1) 35093500360
350 AOB=1HB
60 TO 370
360 AOB=1HA
370 [=IABS(D)
M=MOD (I 2)
Jz=1/2+4M
IF (M) 38003800390
380 AOR=6HREACT.
GO TO 400

390 AOR=6HACTIVE

400 WRITE(6¢410) ELM(K121) s AORPAOByy ~ =~ =~ — 7

410 FORMAT(6Xr17HMAXIMUM ELEMENT SeFl0e704H IN 1AB
FrO9H FLOW AT rALls12H=END OF LINE +12)
1F (K +LEs. 0) GO TO 505
AELK=AEL/K
WRITE(60,420) AELK
420 FORMAT(/6X9121HCURRENT TOTAL VALUES:/
FOEX127HAVERAGE LINE FLOW ERROR =yF10.7)
KTZINT(ELMT (2)) :
WRITE(6+430) ELMT(1) KT
430 FORMAT(6Xr27HMAXIMUM LINE FLOW ERROR S1F10.7
Fr7H AT T =v14)
IZINT(ELMMT (2))
IF (I) 440+4400450
440 AOB=1HB
GO TO 460
450 AOB=1HA
o0 I=IABS(I1)
M=MOD(I,R2)
J=I/2+M
IF (M) 47004700480
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470 AOR=6HREACT.
GO TO 490
480 AOR=6HACTIVE
490 KTRINT(ELMMT(3))
WRITE(6¢500) ELMMT(1)KTrAOR,AOBrJ
500 FORMAT(6Xe27HMAX ELEMENT IN ALL ERRORS =,F10.7
Fe7H AT T =oIlo4H IN /8XeA6r9H FLOW AT ¢rAl»13H-END OF LINE ¢I12)

MEASUREMENT QUALITY INDEX

505 WRITE(6¢510) EM(K1)
910 FORMAT(20HOMEASUREMENT QUALITY/1X»19(1H=)//
FEXr 19HMEASUREMENT INDEX =¢F10.7)
IF (K «LEs 0) 6O TO 990
AEMK=AEM/K
WRITE(6¢520) AEMK
520 FORMAT(/6X¢r21HCURRENT TOTAL VALUES:/
FOX¢+20HAVERAGE MSMT INDEX =eF1047)
KT=INT(EMMT (2))
WRITE(60530) EMMT (1) KT
530 FORMAT(6Xe20HMAXIMUM MSMT INDEX =¢F10.7
Fe7H AT T =01I4)

990 RETURN
.....END
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SUBROUTINE GXE(IPRINT¢IcRR)

CCMPUTES YE FROM ESTIMATOR NETWORK DATA AND ESTIMATEL STATE
AUTHOR: TCN VAN OVERBEEK 1973-12-21

IPRINT=2 NO PRINTOUT
IPRINT=1 XE AND YE ARE PRINTED
IPRINT=0 XtrYEr AND TRUE NETWORK ARE PRINTEQD
IEKR=1 ERROR IN NB OR NL
1ERR=0 NO ERROR
SUBROUTINE REQUIRED
PRENET

PARAMETER MB=10,ML=13
COMPLEX YAArZ2AurYBBeXeY2rY392YLrY5»Y6sDI

COMMON /ENET/Z NEBrNLeLTACML) LTBIML) ¢ YAA(ML) » ZAB (ML) » YBB (ML)
1 ZEST/ A(MB) e Y2(ML) » Y3 (ML) o Y4 (ML) » YO (ML) Yo (MB)

IERR=0

LF(NB «GT. 0 <anD. NB +LE. MB) GO TO 20
IERR=1

WRITE(6¢10) NB

FORMAT(L2HONB LN GXE =¢15)

RETURN

IF (NL «GT« O «ANDe NL <LE. ML) GO TO HO
IERR=1

WRITE(6,30) NL

FORMAT (12HONL IN GXE =1¢15)

RETURN

IF(IPRINT «GEes 2) GO TO 100

WRITE(6,60)

FORMAT ( LBHOPRINTOUT FROM GXE/1Xe17(1H*))
IF (LPRINT .GE. 1) 60 TO 100

CALL PRENET

U0 110 I=1+NB
Y6(I)=(0.00r0.0)

0O 120 I=1rNL

IA=LTA(])

IB=LTB(I)
DIS(X(IA)=X(IB))/ZAB(I)
Y2(1)=DI+X(IA)YXYAA(L)
Y3(I)==DI+X(IB)*YRB(I)
YH{I)=X(IA)RCONJG(Y2(]1))
YS(I)=X(IB)*CONJG(YI(1))
YOUIA)=YO(IAY+Y4(])
Yo(IB)=Ye(IB)+YS(])
CONTINUE
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IF (IPRINT .GEe. 2) GO TO 990
WRITE(69130)

150 FORMAT (//14HOBUSNR _
FoelOHRE(XE) '
FerlOHIM(XE)

FelOHPINJ
FeaHQINJ/)
WRITE(6r140) (Iex(X)eYE (1) I=1NB)

140 FORMAT(15¢5X24F10G.5)

WRITE(60150)

150 FORMAT(20KHO LIt A=END B=END
FelO0H RE(IAB)

FelOl4 IM{IADB)
FelOHMOD(IAB)
FelOH RE(CIBA)
FelOH IM(IBA)
FelOHMOD(IBA)
FelOH PAUG
FelOH QaB
FelOH PBA
FeBH QBA/)

DO 170 I=1rNL

CMY2=CApS(Y2(I))

CMY3=CABS(Y3(I))

WRITE(6r160) IoLTACI) PLTB(I) Y2(I)rCMY20Y3(I) o CMYIeY4(L)Y5(T)
160 FORMAT(ISr1Xe216010F10,5)
170 CONTINUE

990 RETURN
END
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SUBROUTINE GXT(IPRINTsIERR)

COMPUTES YT FRUM TRUE NETWORK DATA AND TRUE STATE
AUTHCR: TON VAN OVERBEEK 1973=12-21

IPRINT=2 NO PRINTOUT
LPRINTZ1 XT AND YT ARE PRINTED
{PRINT=0 XTeYT, AND TRUE NETWORK ARE PRINTED
IERK=1 ERROR IN N OR NL
IERK=0 NU EKROR
SUBROUTINE REQUIRED
PRTNET

PARAMETER MB=10/ML=13
COMPLEX YAArZAG ' YBEBeXe Y2 Y3eYHrYS5,Y64D1

COMMON /TNET/ NBeNLoLTACML) pLTBIML) r YAA(ML) ¢ ZAB (ML) ¢ YBB (ML)

1 /TRUEZ X(MB) s Y2 (ML) o Y3 (ML) » Y4 (ML) ¢ YS(ML) ¢ Yo (M3)
IERR=0
IF(NB +GT. O +aND. NB +LE. MB) GO TO 20
IERR=1

WRITE(6r10) NE
10 FORMAT(12HONB IN GXT =¢15)
RETURN

20 IF (NL +6Te O oANDs NL oLE. ML) GO TO 40
IERR=1
WRITE(6230) NL

30 FORMAT(12HONL LN GXT =¢15)
RETURN

0 IF(IPRINT «GE. 2) GO TO 100
WRITE(6:60)

60 FORMAT (18HOPRINTOUT FROM GXT/1Xe17 (1H%))
IF (1PRINT +GE« 1) 60 TO 100
CALL PRTNET

100 DO 110 I=1'NB

110 Yo(I)=(0000.0)
DO 120 I=1vNL
IA=LTAC(I)
IB=LTB(I)
UI=(X(IA)=-XA(IBJ))/ZAB(I)
Y2(I1)=DL+x(JA)*YAA(I)
Y3(I)==pI+X(IB)*YEB(I)
YG(I)=X(IA)*CONJG(Y2(I))
YS(I)=X(IE)*CONJG(YI(I))
YO(1A)=YO(IA)+Y4(I)
Yo(IB)=Yo(IB)+Y5(])

120 CONTINUE



130

-119-

IF (IPRINT GE. 2) GO TO 990
WRITE(6:,130)
FORMAT (//14HOBUSNR

FrlOHRE(XT)
FrlOHIM(XT)
FelOHPINJ
Fr4HGINJ/)

140
150

WRITE(6,140) (TeX(I)eYE(1)yI=1rNB)
FORMAT(i5,5Xr4F1049)
WRITE(6¢150) ,
FORMAT (20H0 LINE A-END B=END
Fr10H RE(IAB)
FelOH IM(IAB)
FelOHMOD(IAB)
Fer10H RE(IBA)
FrlOH IM(IBA)
FrlOHMCD (IEA)

FrlOH PAB
FelOH QAB
FelOH PBA

FrSH QBA/)
00 170 I=1.NL
CMY2=CABS(Y2(I1))

- CMYS=CABS(Y3(I))

1o60
170

990

WRITE(6¢160) I+LTACI)eLTB(I)sY2(I)rCMY20Y3(
FCRMAT(1591Xr216¢10F10e5)
CONTINUE

RETURN
END

I)eCMY3eY4(I)Y5(T)
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SUBROUTLINE JACBI(MsIA,DPI+IRPyDQI»IRQrID!IERR)

COMPUTES THE JACORIAN ROW(S) FOR AN IMNJECTION MEASUREMEwT
AT BUS IA

AUTHOR, TON VAN OVERBEEK 1974-01-24

M=1 ACTIVE MEASUREMENT ONLY

M=2 REACTIVE MEASUREMENT ONLY

=3 BOTH MEASUREMENTS

1A BUS INJECTION MEASUREMENT AT BUS TA

LPI JACOBIAN ROW FOR ACTIVE MEASUREMENTs LENGTH 2%NA
IRP ROWNR FOR DPI

DAl JACOBIAN ROW FOR REACTIVE MEASUREMENT, LFNGTH 2%NR
IRQ ROWNR FOR RQI

iD DIMENSION PARAMETER

IERR=3 ERROR IN M

1ERR=2 ERROR IN IA

IERR=1 DIMENSION ERROR

IERR=0 NO ERROR

SUBROUTINE REQUIRED
JACLF

PARAMETER MB=10,ML=13
COMPLEX XrYAA»ZAB,YBB
DIMENSION DP(4)+DQ(4) eDPI(IDI1),DRI(IDIL)

COMMON /EST/ X(MB)
JENET/ NS+NLeLTA(ML) fLTB (ML) » YAA(ML) ¢ ZAB (ML) »YBB (ML)

IERR=0

IF (M) 20020010

IF (M=3) 4004020

IERR=3

WRITE(6:30) M

FORMAT(13HOM IN JACBI =¢15)
RETURN

IF (IA) 60+60,50

IF (IA-NB) 80,8060

1ERR=2

WRITE(6,70) IAWNB

FORMAT(14HOIA IN JACBI =rI5¢5Xs13HNB IN JACBI =¢I5)
RETURN

IF (IRP) 100,100:90

IF (IRP-ID) 120,120,100

IERR=1

wRITE(6,110) IRPID

FORMAT (1SHOIRP IN JACBI =¢I1595X,13HIND IN JACBI —oIS)
RETURN
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120 IF (IRQ@) 14001400130

130 IF (IRQ-ID) 160:160s140

140 IERR=1
WRITE(6:150) IRQrID

150 FORMAT(15HO0IRQ IN JACBI =¢I5¢5X%X,13HID IN JACBI =11I5)
RETURN

160 NNB=2*NE
DO 170 I=j1NNSB
DPI(IRPeI)=0.0
170 DQI(IRQrI)=0.0

DO 230 I=1,NL

IF (IA .EQ. LTA(I)) GO TO 180
IF (IA .EQ. LTB(I)) GO TO 190
G0 TO 230

180 IB=LTB(I)

CALL JACLF(MeX(IA)X(IB)2»ZAB(I),YAA(I)DP»19DOrlrlyIE)
GO TO 200

190 IB=LTA(I)
CALL JACLF(MesX(IAYX(IB)2ZAB(I),YRBB(I)+DP21:DQrlrl,sIE)

200 IA2=2%IA
IAl=]IA2-1
IB2=2%*1IB
IB1=1IB2-1
IF (M=1) 22002200210

210 DQI(IRQrIAL1)=DRI(IRA,IAL1)+DQ(]1)
DRI(IRG,IA2)=DQI(IRQrIA2)+DQA(2)
DQI(IRQrIB1)=DA(3)
DQI(IRQrIB2)=DQ (M)

‘ IF (M=2) 2200230r220

220 DPICIRP+IAL1)=DPI(IRP,IAL1)+DP (1)
DPIC(IRPsIA2)=DPI(IRPrIA2)+DP(2)
OPI(IRP,IB1)=DP(3)
OPICIRPeIB2)=DP(4)

230 CONTINUE

RETURN
END

[
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" SUBROUTINE JACI(UA»UBsZABrYAADIv»IR,IDrIERR)

COMPUTES THE JACOBIAN ELEMENTS FOR A LINE CURRENT MEASURFMENT
AT LINE END A

AUTHOR, TON VAN OVERBEEK 1974~01-24

UA BUSVOLTAGE AT A END

us . BUSVOLTAGE AT B END

ZAB LINE SERIES IMPEDANCE :
YAA LINE SHUNT ADMITTANCE AT A EN
DICIRe1) ELEMENT DI/DEA

DI(IR»2) ELEMENT DI/DFA

DI(IR»3) ELEMENT DI/DEB

DICIReH) ELEMENT DI/DFB

IR ROw IN DI

ID DIMENSION PARAMETER

IERR=1 DIMENSION ERROR

IERR=0 NO ERROR

SUBROUTINE REQUIRED
NONE

COMPLEX UArUB+ZAByYAAPY X
DIMENSION DIC(ID.1)

IERR=0

1F (IR) 20.20,10

IF (IR=ID) 40,40r20

IERR=1

WRITE(6¢30) IR»ID

FORMAT(13HOIR IN JACI =9I5¢5Xy12HID IN JACI =¢15)
RETURN

Y=(UA=UB) /ZAB+UA*YAA
AMY=CABS(Y)
X=CONJG (Y)/ (ZAB*AMY)
UDICIR*3)=~REAL(X)
DI(IRr4)=AIMAG(X)
X=X+CONJG (Y ) *YAA/ZAMY
DI(IRr1)=REAL(X)
DI(IRe2)==AIMAG(X)
RETURN

~ END
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SUBROUTINE JACLF(MiUAUB»ZABrYAA!DP,IRP/DQrIRQr IDs IERR)

COMPUTES THE JACORIAN ELEMENTS FOR A LINE FLOW MEASUREMFNT
AT LINE END A

AUTHOR,» TON VAN OVERBEEK 1974-01-24

M=1 T ACTIVE MEASUREMENT ONLY
M=2 ' REACTIVE MEASUREMENT ONLY
M=3 : BOTH MEASUREMENTS

UA BUSVOLTAGE AT A END

ug BUSVOLTAGE AT B END

ZAB LINE SERIES IMPEDANCE
YAA LINE SHUNT ADMITTANCE AT A END
CP(IRPr1) ELEMENT DP/DEA
UP(IRP,2) ELEMENT DP/DFA
DP(IRP3) ELEMENT DP/DEB
DP(IRP,4) ELEMENT DP/DFB

IRP ROw IN DP

DR(IRG,1) ELEMENT DQ/DEA
DQ(IRQr2) ELEMENT DQ/DFA
DQ(IRQ,3) ELEMENT DQ/DEB
DR(IRQr4) ELEMENT DQ/DFB

IRQ ROw IN D@

ID DIMENSION PARAMETER
IERR=2 ERROR IN M

IERR=1 DIMENSION ERROR

IERR=0 NO ERROR

SUBROUTINE REQUIRED
NONE

COMPLEX UA UB+ZAB»YAAICX1rCX2eCXeY
DIMENSION DP(1ID+1)DQ(ID,1)

IERR=0

IF (IRP) 20+20+10

IF (IRP=-ID) 40¢40,20

IERR=1

WRITE(6,30) IRP,ID |
FORMAT (15HOIRP IN JACLF =+IS¢SXr13HID IN JACLF =/,15)
RETURN

IF (IRQ) 60,60¢50

1F (IRQ@=ID) 80¢80,60

IERR=1

WRITE(6,70) IRQ,ID .

FORMAT (1SHOIRQ IN JACLF =¢I5¢5X,13HID IN JACLF =»1I5)
RETURN " - '

IF (M) 100+,100,90
IF(M=3) 1200120¢100




OO0

(s XeNe]

100

110

120

130

140

990

-124-

IERR=2

WRITE(6,110) M

FORMAT (13HOM IN JACLF =,15)
RETURN

CX1==UB/ZAB
CX2=CONJUG(UA)/ZAB
Y=1/ZAB+YAA

IF (M=1) 140+140+130

REACTIVE LINE FLOW

CX==2*%UAxAIMAG(Y)
DQ(IRAr1)==AIMAG(CX1)+REAL(CX)
DQ(IRQr2)=REAL(CX1)+AIMAG(CX)
DQ(IRQr3)=AIMAG(CX2)
DQ(IRQr4)=REAL(CX2)

IF (M=2) 140,990r140

ACTIVE LINE FLOW

Cx=2%xUAxREAL(Y)
CX=CX+CX1
DP(IRP¢1)=REAL(CX)
DP(IRP,2)=AIMAG(CX)
DP(IRP¢3)==REAL(CX2)
DP(IRPs4)=AIMAG(CX2)

RETURN

- END
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SUBROUTINE JACV(U,DU.IReID»IERR) e

COMPUTES THE JACCOS8IAN ELEMENTS FOR A VOLTAGE MEASUREMENT,

AUTHOR:s TON VAN OVERBEEK 1974-01-24

U BUSVOLTAGE

DU(IRr1) ELEMENT DU/DE
DU(IR?2) ELEMENT DU/DF

1R ROW IN DU

1D DIMENSION PARAMETER
IERR=1 DIMENSION ERRROR
I1ERR=0 NO ERROR

SUBROUTINE REQUIRED
NONE

COMPLEX UrX
DIMENSION DU(IDy1)

IERR=0

1F (IR) 20+20,10

IF (IR-1D) 40,40,20

IERR=1

WRITE(6,30) IR(1D

FORMAT (13HOIR IN JACV =I15+5X,12HID IN JACV =rI5)
RETURN

X=U/CABS (U)
DUCIR»1)=REAL (X)
DU(IRr2)=AIMAG(X)
RETURN

END
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SUBROUT JTKE NRLFR(NBeNLeLTA/LTB YAAsZAB Y YBEB/SINJIVBIEFS,
LISeMAXITr IPRINI»JFAIL)

COMPUTES A SCLUTION TO ’

ok Ok A KK Ok s ¥k ok OK % K 3 K K K ok KK K ok ok ok K ok
* THE LOAD=FLOw PROBLEM USING x*
* THE NEWTON=RAFHSON METHOD *
* ANU RECTANGULAK COORDINATES *
A ok 6 ok K Kok K Ok KK K R Kok K ok ok oK sk b ok koK

REFERENCEr GeWe STAGG AND AeH. EL=-ABIAD
'COMPUTER METHUUS IN POWER SYSTEM ANALYSIS!
CHAPTER 8+ NEW YORK: 1968

AUTHOR» STURE C1INDAHL 1972-03-12
REVISED FCR SEiLPSe TON VAN OVERBEEK 1974-p1-14

YAA(*) SHUNT ADMITTANCE AT ENDPOINT A
ZAB (%) INE IMPEUANCE BETWEEN ENDPOINT A AND b
YBB (%) SHUNY ADMITTANCE AT ENDPOINT B
LTA(*) ENDPOLINT A OF LINE I IS CONNECTED TO wuUS LTA(I)
LT (%) ENDFOINT B OF LINE I IS CONNECTEC TO gUS LIB(I)
SINJ(*) COMPLEX POWER INJECTION AT BUS x*
VB (%) COMPLEX BUSVOLTAGES
EPS THE ITERATION IS TERMINATED WHEN
THE MAXIMUM APPARENT POWER MISMATCH IS LESS THAN EPS
NB NUMBER OF BUSSES (MAX 10)
L NUMBER OF LINES (NO MAX)
1S SLACK BUS NUMBER
MAXIT MAAINUM NUMBER OF ITERATIONS
IPRINT=3 NO PRINTOUT
IPRINT=2 INPUT DATA AND THE FINAL RESULT IS PRINTED
IPRINT=1 SAME + APPARENT POWER MISMATCH AND
BUSVOLTAGES AT EACH ITERATION
IPRINT=0 SAME + Y=BUS MATRIX AND AT EACH ITERATION
THE JACOBLAN AND VOLTAGE CORRECTIONS
JFAIL==1 NO CONVERGENCE AFTER MAXIT ITERATLONS
JFAIL=0 THE SOLUTION IS FOUND
JFAIL=1 ERROR IN 8 OR NL
JFAlL=2 THE JACCOBIAN IS SINGULAR
SUBROUTINE REQUIRED
DECOM ’ )
MPRI
SOLVB

PARAMETER MBZ10sMX=2% (MB=1) ¢ MMB=2%MB

COMPLEX YAA(L) v ZAB(L) »YBB(1) »SINJ(L) P VB(1)»
1Y (MBeMB) s SMM (M) »OVIMB)  IB(MB) »SA,SBeSTeSLIETTrNOLL

T T AW T ML PF T 457,203,  ry rt pn E TS  R  —————
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DIMENSION LTA(L) rLTEB(1) ¢ INDEX(MB) ¢ A(MXrMX) pB(MX) s X (MX)
DATA NOLL/(0.0¢Ge0)/sETT/(1.00040)/¢LP/6/¢JJAC/L/1EPSI/L.0E=-7/

IF(NB+GT.MB) GO TO 10
IF(B) 10010030
10 WRITE(LP»20) N
20 FORMATI(SH NB =¢15¢9H IN NRLFR)
JFALL=1
G0 TO 990

30 IF(NL) 40,40,60 T - ' o
40 WRITE(LP»50) NL
50 FORMAT(5H NL =¢15¢9H IN NRLFR)

JFAIL=1

6O TO 930

60 IF(IPRINT=2) 70070200

70 WRITc(LP»30)

80 FORMAT(20HOPRINWTOUT FROM NRLFR/1Xr»19(1H*)//
123H TRANSMISSION=LINE DATA/Z1X022(1H=)/

210H LINE
Sr10H A=END

e lOH B=END¢ 55X
Sr15H GAA

69 15H BAA

70 15H RAB

81 15H XAB
9¢15H ebB
1»15H BEB

2)

DO 90 I=1l.NL
90 WRITE(LP»100) LeLTACI)eLTB(I) YAA(TI)ZAB(1)YBB(I)
100 FORMAT(3I110+6FL15.5)
WRITE(LP»110)
110 FORMAT (42HOINITIAL BUS VOLTAGES AND POWER INJECTIONS/
11X041(1H=-)/

110H BUS

21 15H REAL(VB (1))
3¢ 15H IMAG(VE (1))
4¢15H PInJ(I)
S5¢15H QINJ(I)
6)

DO 160 I=1'NB
IF(I-1S) 1200140r120
120 WRITE(LP¢130) L1,VB(I)sSINJ(I)
130 FORMAT(I10r¢4F15.5) .
GO TO 160
140 WRITE(LP»150) 1.VB(I)
150 FORMAT(I10¢2F15.5¢5X910H SLACK BUS)
160 CONTINUE
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FORM YBUS=MATRIX

200 DO 210 I=1+NB
LO 210 J=1rNB
210 Y(I,J)=nOLL
DO 220 I=1/NL
SL=ETT/288(1)
SAZSL+YAA(I)
SB=SL+YuB(l)
I1I=LTA(I)
wJd=LT3 (1)
Y(IIeJdJ)SY(ITrdu)=SL
Y(JJr II)=Y(JJrl1)=SL
YCII»II)=Y(Ilrsai)+SA
220 Y(JJrJJ)ZY (JJrJU) +55
IFC(IPRINT) 23002300250
230 wRITE(LP,240)
240 FORMAT(12HOYBUS=MATRIX/1Xe11(1H=)/
FO54HONOTE: REAL PART OF Y(IsJ) IS LISTED ON PLACE 2%i=1¢J/
F52H IMAG PART OF Y(IrJ) IS LISTED ON PLACE 2*1¢d//)

oo

OO0

OO0

250

260
270

310

320

WNB=2%Ng3
CALL MPRI(Y+NNB'NBrMMBr8e0eIE)

COMPUTE BUS INUEX

11=1 ‘
DO 270 I=1¢NEB
IF(I=1S) 2601270260
INGEX(I[)=1
II=I[+1
CONTINUE
IJAC=JUJUAC-1
JFAILZ=0
NX=Ng=1
NXX=2*%NX
DV(IS)=NOLL

START THE ITERATION

DO 570 K=1+'MAXIT

COMPUTE APPARENT POWER MISMATCH

SMMM=0.0

DO 340 I=1/NB
SL=NOLL

DO 310 U=1'NB
SLESL+Y (L J) *VE(J)
IB(1)=SL
SI=vu(I)*CONJG(SL)
IF(I=-IS) 330¢320¢330
SINJ(I)=SI



oCo

330
340

350
d00
370

380
390

400

410

4e0

430
440

450

460

470

480

500

510
020

530

-129-

SMMI)=SINJ(I)=SI
SMMM=ZAMAX] (SMNMwmi e CABS (SMM(1)))

IF(IPRINT=1) 39003500390

WRITE(LPe360) Ke (VB(I)ra=1eNB)

FORMAT(//19H TIEKATICN NUMBER =»I5/1Xr18(1H=)/

110Xr 12HBUS VOLTAGLES/(10Ar10F12.5))

WRITE(LPr370) (SMM(I)rI=1oNB)

FORMAT (/10X 2301APFARENT FPOWER MISMATCH/ (10X»10F12,.5))
WRITE(LP»380) SMMM

FORMAT(/10X»31MAXIMUM APPARENT POWER MISMATCH/Z10Xr2F12.5)
IF (SMMM=EFS) 600+600+400

CALCULATE THE £LEMENTS OF THE JACCOBIAN IF IJACS=JJAC

IJAC=IJAC+1

IF(JUAC=TIJAC) 410,410e470

UG 440 [=1rNX

ITZINDEX(I)

LO 430 J=1riiX

JUZINDEX ()

SLEVE(IL)*CONJOGIY (TILrdd))
A(L,J)=REAL(SL)

ACLr JENX)I=ZAIMAGISL)
ACL+HNXrJ)=AIMAG(SL)
ACLI+NXr g+l X)==REAL (SL)

IF(I=d) 43004202430
ACIrvD)=AC0TI 1) +EALCIR(IL))
ACTeITHNX)ZA(T o L+NX)+AIMAG(IB(IT))
ACTHNX» II=ACI+NXr 1) =AIMAG(IB(II))
A(I+NXvI+NX)=A(I+NX:I+NX)+REAL(IB(II))
CONTINUE

CONTINUE

IJAC=0

IFCIPRINT) 45004500470
WRITE(LP/L46E0)

FORMAT (1HOr9X ¢ LO3HTHE JACCOBIAN/10x%¢13(1H=)/)
CALL MPRI(A/HNXAIPNXX2aMXeB8e 00 IE)

DO 480 I=1rNX

II=INDEX(I)

BOI)=RKEAL(SHMM(L1))
BOI+NX)ZAIMAG(SMM(TII))

SOLVE THE EGUATICN A*DV=SMM

CALL DECONMCAYNAXIMXPEPSUr ISING)
IF(ISING) 510,530,510

JFAIL=2

WRITE(LP¢S20)

FORMAT(26H THE JACCOBRIAN IS SINGULAR)
60 TO 990

CALL SOLVB(BrXrNXXr1leMX)
DO 540 I=1rnX
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II=INDEX(1)
OVIID)ZCMPLX (X (L) o X(I+NX))
540 VB(II)=VEB(II)+DV(IX)
IF(IPRINT) 55005500570
S50 WRITE(LP1560) (DV(I)sI=1eNB)
560 FORMAT(1HO+»9Xr LOHVOLTAGE CORRECTIONS/(10Xr10F12.5))
570 CONTINUE -
WRITE(LP,580) MAXIT
S80 FORMAT(2zh NO CONVERGENCE AFTERsIS»11H ITERATIONS)
JFAIL==~1
GO To 990

PRINT OUT THE RESULTS

600 IF(IPRINT=2) 6100610,990

610 WRITE(LFr620) ’

620 FORMAT(33HORESULT OF LOAD=FLOW CALCULATIONS/1Xr32(1H=)/
110H BUS
2¢15H REAL (Vg (1))
3¢ 15H IMAG(VL(I))

4¢15H PInJ(I)
9¢ 15H QINJ(I)
©¢15H DELP (1)
7¢15H DELG(I)
&)

00 630 I=1/NB |
630 WRITE(LPr640) LoVB(I) #SINJ(L)rSMM(I)
640 FORMAT(I10+16F15.5)
990 RETURN

END
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SUBROUTINE PREWET

PRINTS ESTIMATOR NETWORK DATA
AUTHOR? TON VAW OVERBEEK 1973=12-12

SUBROUTINE REQUIRED
NONE

PARAMETER ML=13

COMPLEX YAArZAD» YBB

COMMON /ENET/ NB'NL'LTA(ML)vLTB(ML)vYAA(ML)'ZAB(ML)oYBB(ML)

IF (NL «GTe 0 +ANDe NL oLE. ML) GO TO 20
WRITE (6010) Ko

FORMAT (22HOERRUK IN PRENET NL =+I5)
60 TO 99

WRITE(6+30) KNBsNL
FORMAT (23HOESTLMATOR -NETWORK DATA/1X122(1H=)//

FOH NS =9I3v6H NL =913/)

WRITE (6040)
FORMAT (11HO LINE

Fr LOHA=END
Fr13h3=END
Fr10HGAA
Fr10HBAA
F 1 10HRAB
Fr10HXAB
Fr10HGEB
F o+ 3HBBB/ )

WRITE‘(6750)(IrLTA(I)vLTB(I)vYAA(I)vZAB(I)vYBB(I)rIzerLi

FORMAT(I5)2110+5X16F1045)

RETURN

END
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SUBROUTINE PRJAC
PRINTS THE JACOBIAN AS STORED IN THE COMMON BLOCK /JAC/
AUTHOR,» TON VAN OVERBEEK 1974-01-24

SUBROUTINE REAUIRED
NONE

OO0 OO0O0

PARAMETER MB=10,ML=13
PARAMETER MMBzZ2%xMBsMML=2*ML

COMMON /JAC/Z AJACL(MBr2) r AJAC2 (1L o) s AJACI(MLPL) » AJACH (MML 7 L4 ) v

1 AJACS (MML o &) » AJACE (MMB» MMB)

2 /MSI/ MSK1{(MB) )MSK2 (ML) yMSK3 (ML) s MSKU (ML) » MSKS (ML) » MSK6E (MB)
3 ZENET/ NUeNLoLTA(ML) P LTB (ML)

WRITE(6¢10)
10 FORMAT(13HOTHE JACOBIAN/1Xr12(1H*))

= .

TYPE 1

OO0

WRITE(6,20)
20 FORMAT(7HOTYPE 1/14HOMSMNR
Fe+10HDV/DE
F¢SHDV/DF /)
DO 50 I=1+NB
IF (MSK1(I)) 50:,50030
30 WRITE(6r40) I (AJACI(Ird) rJ=1r2)
40 FORMAT(IS¢5SXr2F10.5)
50 CONTINUE

TYPE 2

OO0

WRITE(6r60)
60 FORMAT(7HOTYPE 2/24HOMSMNR LTA LTB
Fs+10HDI/DEA
FelOHDI/DFA
F+10HDI/DEB
Fr6HDI/DFBYZ)
DO 90 I=1/,NL
IF (MSK2(I)) 90+90¢70
70 WRITE(6,80) I,LTA(I) LTB(I) s (AJAC2(I,J)sd=1s4)
80 FORMAT(3IS¢5Xr4F10.5)
90 CONTINUE

c TYPE 3

WRITE(6¢100)
100 FORMAT(7HOTYPE 3/24HOMSMNR LTB LTA
Fr10HDI/DEB
Fr10HDI/DFB
Fr10HDI/DEA

S Y T 1 T TN 0 B e e T e e
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Fr6HDI/DFA/)
DO 120 I=1.NL
IF (MSK3(I)) 120¢120s110

WRITE(6,80) I, LTB(I)vLTA(I)r(AJAC3CInJ)od:104)

CONTINUE
TYPE 4
WRITE(6,130)
FORMAT(?HOTYPE 4s/24
For10HDP/DEA HOHSENG LTA LT8
Fel10HDP/DFA
FrlOHDP/DEB
v 15HDP/0FDB
Fe¢l0HDQ/DEA
FelOHDQ/DFA
Fel0HDQ/0DEB
Fr6HDQ/DFB/)
DO 200 I=1.NL
12=2%1
I1=12~1
MS=MSK4(1I)
IF (MS) 200,2000140
WRITE(6,150) IoLTACI)LTB(I)
FORMAT(31I5)
IF (MS=2) 160+,180¢160
WRITE(6,170) (AJACH(I1,J)rd=104)
FORMAT(1H+7219X»4F10.5)
IF (MS-1) 200,200,180
WRITE(60190) (AJACH(I20J) v d=1" 4)
FORMAT(1H++164Xr4F10,5)
CONTINUE

TYPE 5

WRITE(6,210)
FORMAT(7HOTYPE 5/24HOMSMNR LTB LTA
F¢10HDP/DEB
F¢10HDP/DFB
Fe+10HDP/DEA
Fr15HOP/DFA
Fe¢10HDQ/DEB
Fel10HDQ/DFB
Fe10HDQ/GCEA
Fe6HDQ/DFA/)

DO 250 I=1/NL

I2=2%1

I1=12-1

MS=MSKS(I)

IF (MS) 250¢250r220

220 WRITE(6,150) I .LTB(I)/LTA(I)

IF (MS=2) 230,240,230

- 230 WRITE(69170) (AJACS(I1led)rJ=1r4)
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IF (MS-=1) 250,250,240
WRITE(60190) (AJACS(I2¢J) 2 J=1rk)
CONTINUE

TYPE 6

WRITE{(6,260)
FORMAT(7HOTYPE 6/)

DO 350 I=1/NB*5

IA=2%xI-1
IB=MIN(IA+9r2%NB)
I4=MIN(I+4¢N3)
WRITE(6:270) (JeJeJd=Ir14)
FORMAT(11HOD/DE D/DF:v10110/8H MSMNR)
DO 340 J=1,N3

Joz=2%xJ

Ji=J2-1

MS=MSK6& (J)

IF (MS) 34093400280
WRITE(6,290)

FORMAT(1H ) e
IF (MS-2) 3000320300

WRITE(6¢310) Jr (AJACE(JLK) P K=IArIB)
FORMAT(IS+4HACT$¢6X910F10,.5)

IF (MS-1) 340,340,320

WRITE(6+1330) Jr (AJACH(J2+/K) 1K=TAr1B)
FORMAT(I5¢+6HREACT ¢ 4X010F10.5)
CONTINUE

CONTINUE

RETURN
END
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SUBROUTIKE PRRES

PRINTS THE USED MEASUREMENTS, THE CORRESPONDING ESTIMATEL VALUES

AND THE RESIDUCS.

AUTHORs TON VAN OVERBEEK 1974-01-22

SUBROUT INE REQUIRED
NONE

PARAMET&R MB=10,.ML=13
PARAMETER MMmB=2*%MBeMML=2%ML

COMPLEX XE»YE2/YE3rYEUeYESIYES

COMMON ZENET/ NogrNL

UE N

RESE (MMB)
WRITE(6r10)

FelOHMSM
FelOHEST
FoIHRES/
F7THOTYPE 1/)
0O 40 I=1.NB
IF (MSK1(I)) 4us40r20
YA=CABS(XE(I))
WRITE(6¢30) IoYMl(I)eYAPRESL(I)
FORMAT (15¢5Xr3F10.5)
CONTINUE
WRITE(6¢50)
FORMAT(7HOTYPE 2/)
O 70 I=1leNL
1IF (MSK2(I)) 70+70:00
YASCABS(YE2(I))
WRITE(6e30) IovYM2(I)eYAIRESZ(I)
CONTINUE
WRITE(6,80)
FORMAT(7HOTYPE o/)
0O 100 I=1.NL
1IF (MSK3(I)) 100»100,90
YA=CABS(YE3(I))
WRITE(6¢30) L1oYWM3(I) e YArRESI(I)
CONTINUE
WRITE(69,110)
FORMAT(1HOr23Xe 33HACTIVE
FeBHREACTIVE/
FL4HOMSMNR
FolOHMSM o . - s

JEST/ Xc(MB) e YE2(ML) + YE3 (ML) o YE& (ML) » YES (#L) r YEO (MB)

ZMSM/ YL (MB) o YM2 (ML) » YMI (ML) o YMU (MML) » YMS (MML) » Yine (MMB)
/MSTI/ MSK1(MB) e MSK2 (ML) ¢ MSK3 (ML) # MSKY (ML) » MSKS (ML) »y MSKE (M)
/RES/ RESL(MB) 'RES2(ML) #»RESI (ML) rRESH (MML) »RESS (MNL) »

2
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Fr1OHEST

120
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Frl5HRES
FelOHMSM
Fr10HEST
FrOHRES/
F7HOTYPE 4/)
DC 180 I=1+NL
IF (MSK4(I)) 1802180,120
l12z2%

_ilzl2-1

150

140
150

160

170
180

1850

190

200

210
220

225

240

250
200

YREREAL(YE4(I))
YIZAIMAG(YE4(I))
WRITE(69130) 1
FORMAT(15)

1IF (MSK4(I)=2) 140+160/,140
WRITE(6r150) YM4(I1)» YRIRESH(I1) ‘
FORMAT(1H++9Xr 3F1U.5)

IF (MSK4(I)=1) 180+180/,160
WRITE(H6r170) YM4(I2) e YIPKESU(I2)
FORMAT (LH+ v 44X ¢ 3F1045)

CONTINUE

WRITE(60185)

FORMAT(7HOTYPE 57/)

DO 220 Iz=1enlk

IF (MSK5(I1)) 22002200190

I2=2%1 _ ,
Il1=12-1 '
YRZREAL(YES (1)) i
YIZAIMAG(YES(I)) !
WRITE(60130) 1

IF (MSKS5(I)=2) 20ur210,200
WRITE(6¢150) YNMD(IL1) P YRYRESS5(I1)

IF (MSKS5(1)=1) 220r220210
WRITE(6¢170) YM5(L2)»YI/RESS(I2)
CONT INUL

WRITE(60225)

FORMAT(7HOTYPE 6/)

0O 260 I=1¢NB

IF (MSK6(I)) 2600260,230

[2z=2#1 .
11zI2-1 :
YR=REAL(YEE(I))

YI=AIMAG(YE6 (1)) |
WRITE(60130) 1 i
IF (MSK6(I)=2) 4002500240
WRITE(6+150) YMol(Il)sYRIRESE(I1)

IF (MSK6(I)=1) 260¢260+250
WRITE(69170) YMo(I2) 1 YI'RESE(I2)
CONTINUE

RETURN
END
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SUBROUTINE PRTNET

PRINTS TRUE NETWORK DATA
AUTHOR: TON VAN OVEREBEEK 1973-12-12

SUBROUTINE REQULIRED
NONE

PARAMETER ML=13
COMPLEX YAA+ZAU»YEB
COMMON /TNET/ NieNLoLTACML) +LTB(ML) ¢ YAA(ML) »ZAB (ML) ¢ YBB (ML)

IF (NL «GTe. 0 <ANDe NL +LE., ML) GO TO 20
WRITE (6010) NL

FORMAT (22HOERRUK IN PRTNET NL =¢15)

60 T0 99

WRITE(6,30) NBerNL

FCRMAT (1BHOTRUL NETWORK DATA/lX'17(1H')//
FOSH NB =¢13r6H (Il =¢13/)

WRITE (6r40)

FORMAT (11HO0 LINE
FrlOHA=END
Frl3HB=-END
FelOHGAA

" F1r10HBAA

50

99

FelOHRAB
FelOHXAB
Frl0HGBB
Fe3HBBB/)

WRITE (6¢50) (I/LTACI)LTB(I))YAACI) rZAB(I) e YBB(1)sISL1eNL)
FORMAT(I5+2I10¢5X»6F10.5)

RETURN
_END
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SUBROUTINE PRWF
PRINTS aLL WEIGHTING FACTORS
AUTHOR: TON VAN OVERBEEK 1974=01-22

SUBROUTINE REQUIRED
NONE

PARAMETER MB=10rML=13
PARAMETER MMBzZ2%xMB»MML=2%ML » MM=3% (MB+MML )

COMMON /ENET/ NBsNL
1 /METE/ WF1(MB) ¢WF2(ML) v WF3 (ML) » WF4 (MML) » WFS (MML ) » WF6 (MMB)

WRITE(6210) (T WF1(I)eWFE(2%I=1),WF6(2%I)¢I=1/NB)
10 FORMAT(22HOALL WEIGHTING FACTORS/1Xe21 (1H=)/
F17HOMSMANR
Fe7HWF1
FerloHWF6ACT WF6REACT//
F(IS515X»3F10.2))
WRITE(6,20)
20 FORMAT (/17HO0MSMNR
FelOHWF2
For7HWF3
Fr20HWFHACT WFUREACT
Fe16HWFS5ACT WFSREACT/)
DO 30 I=1,NL
I2=2x%1I
I1=I2-1
30 WRITE(6,40) IoWF2(I) e WFIC(I) v WFS(IL)»WFU(I2) s WFS(I1)rWFS5(I2)
40 FORMAT(I5¢5Xe6F10,2)

RETURN
END
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SUBROUTINE RUENET(IPRINTIERR)

READS ESTIMATOR NETWORK UATA IN COMMOM BLOCK /ENET/
AUTHOR» TON VAN OVERBEEK 1974=-01-14

IPRINT=1 NU PRINTOUT

IPRINT=0 ESTIMATOR NETWORK DATA 1S PRINTED
IERR=1 ERROR IN NB OR NL

IERR=0 NO ERKOR

SUBROUTINE REQUIRED
PRENET

PARAMETER MB=10,ML=13

o sXeoNoNesNoNeReloR oo oR ol ¢!

COMPLEX YAArZAU YEB

©

COMMON ZENET/ NBrNLeLTA(ML) o LTB(ML) » YAA(ML) »ZAB(ML) ¢+ YBB (L)

o]

READ (S¢10) NBeNL
10 FORMAT(215)
IF (NB) 30030020
20 IF (NB=MB) 50,500,30
30 IERR=1
WRITE (6:40) No
40 FORMAT(LSHONB IN RDENET =,15)
RETURN

50 IF (NL) 70070060

60 IF (NL=ML) 90+90¢70

70 l1ERR=1
WRITE (or80) NL

80 FORMAT (15HONL 1N RDENET =,15)
RETURN

90 IERR=0

READ (5,100) (LTACI) oLTB(I) e YAA(I),ZAB(I) YBB(I)sI=1sNL)
100 FORMAT(215016F1U.5)

IF (IPRINT=1) 110,990,990
110 CALL PRENET

990 RETURN
END

g = B e N e e ——— S—
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SUBROUTINE ROGENCIPRINTr IERR)
READS GENERATOR OATA IN COMMON BLOCK /GEN/

AUTHORe» TON VAN OVERBEEK 1974-=01-15

IPRINT=1 NO PRINTOUT

IPRINT=U GENERATOR DATA IS PRINTED
IERR=1 ERROR IN NG

ICRR=0 NO ERROR

SUBROUTINE REQUIRED
NGNE

PARAMETER MG=14
COMMON /GEN/ NG¢NGB(MG) rAL(MG) r A2(MG) ¢ PMIN(MG) P PMAX (MG)

READ (5¢10) NG

FORMAT (1I9)

IF (NG) 30030¢2¢

IF (NG=MG) 50,50¢30

IERR=1

WRITE (6:40) No

FORMAT (L4HONG IN RDGEN =¢15)
RETURN

IERR=0
READ (S960) (NGS(I) e AL(I) e A2(T) +PMINCI) PPMAX(I)rI=1ehg)
FORMAT(15:4F10.9)
IF (IPRINT) 70¢70,99
WRITE (6¢80) (NGE(I) v ALCL) »A2(T) +PMINCI) +PMAX(I)»I=1/NG)
FORMAT ( LSHOGENcRATOR DATA/L1X,14(1H=)/
F1l4H0 Nob
Fr10HAL
FerlOHAZ
FerlOHPMIN
Fer4HPMAX//
F(15,5Xr4F10.5))

RETURN .
END
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SUBROUTINE RDLD(SDB,SSL/KIMX,U, JPRINT, IERR)

READS THE SIMULATION TIMEs DEMAND CONTROL DATA AND THE
START DFEMANDe IT USES TH# DEMAND CONTROL DATA TO COMPUTE
THE STANDARD SLOPES AND THE DEMAND COMTROIL VECTOR, THESE
ARE USED BY THE SUBROUTINE CASDB,.

AUTHOR, TON VAN OVERBEEK 1974~02-08

SDB(*) COMPLEX DEMAND AT BUS *
RDLD READS THE START DFEMAND INTO SDR (%)
SSL(w) . COMPLEX STANpARD SLOPE FOR BUS *

SSL=(SDMAX (¥ )=SDMIN(*x))/KTSL.,

SPMAX (%) I35 THE MAXIMUM COMPLEX DEMAND AT RUS 4,
SPMIN(+) THE MINIMUM DEMAND, KTSL IS THE SLOPE
TIME, KTSL, SDMIN(%*) AND SDMax(#*) ARE RERD DY RODLD

KTMX SIMULATION TIME

UC*) DEMAND CONTROL VECTOR. SEE SUBROUTINE (CASNB
IPRINT=1 NO PRINTOUI

IPRINT=0 THE SLOPE V1IME, THE MINIMUM, MAXIMUM ANp

START DEMANDg, THE STANDARD sLOoPEs, THE DEMAND
COMTROL DATA AND THE DEMAND CONTROL VECTOR
ARE PRINTED

1ERR=1 ERROR IN KIMX,MOE OR KTCH

JERR=0 NO ERROR

SUBRQUTINE REQUIRED
NONE

PARAMETER MB=10,MTMX=360

DIMENSION U(C1)

COMPLEX SDB(1),SSL(1),SDHMIN(MB),SDMAX(MB)
COMMON /TNET/ NB

READ SLOPE TIME, MINIMUM AND MAXIMUM DEMANDS AND
COMPUTE THE STANDARD SLOPES

READ(5,10) KTSL
10 FORMAT(IS)
0 30 I=1,NB
READ(5,20) SDMIN(CI),SpMAX(I)
20 FPRMATC(4F10.5)
30 SSL(I)=(SDMAX(I)=SDMINC(CI))/KTSL

READ START DEMAND

READ(5,35)(SDBC(I),1=1,NB)
35 FORMAT(2F1045)
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PRINTOUT

IF (CIPRINT) 40,40,70
WRITE(6,50) KTSL
FORMATCI0HOLOAD DATA/1X¢9CIH=)/13HOSLOPE TIME =,15)
WRITE (6'60)(I'SDMIN(I)'SUMAX(I)oSSL(I),sDB(I),I=1,NB)
FORMATC(14HORBUSNR ’ .
Fe1OHPDMIN
Fe15HQDMIN
F,TOHPDMAX

F,T4HODMAX
F, TOHRE(SSL)

Fe16RIM(SSL)
F,T0HPDEM

F,4HQDEM//

FCIS,F15+45¢F10e5¢F15,5,F10e5,F15.5,F10+5,F15.5,F10.5))

READ DEMAND CONTROL DATA AND COMPUTE DEMAND CONTROL VECTOR

READ(5,10) KTMX

IF(KTMX) 90,90,80

IF (KTMX=MTMX) 110,110,900
IERR=1

WRITE(6,100) KTMX
FORMATCISHOKTMX IN RDLD =ﬁ15)
RETURN

READ(5,10) NOE

IF (NOE) 130,120,120

IF (NOE=KTMX) 150,150,130

1ERP=1

WRITEC6,140) MNOE,KTMX

FORMATC(T4HONOE IN RDLD =412,5Xs6HKTMX =,15)
RETURN

DO 140 T1=1,MTMX
”(l)=0'0

IF (IPRINT) 170,170,190
WRITE(6,180) KTMX,NOE
FORMAT(/13HOCONTROL DATA/T1X,12(C1H=)/
F7HOKTMX =,15,5X,5HNOE = 15)

IF (NOE) 320.320,190

1F (IPRINT) 200,200,220

WRITE(6,210)

FORMAT(15HOTCHANGE
FoGHUNEW/)

K=1

UOLD-"-O-O

00 300 1=1,NOE

READ(5,230) KTCH,UNEW
FORMAT(15,F10,5)

IF (KTCH) 250,250,240

IF (KTCH=KTMX) 270,270,225V



o OO

-143~

250 1ERR=1
WRITE(6,260) T +KTCH,KTMX

260 FORMAT(22HOERROR IN CONTRUL DATA/4HOL =,15.
FSX¢6HKTEH =,15,5%¢6HKTMX =415)
RETURN

270 1F (IPRINT LT« 1) WRITE(6.,280) KYCH«UNEW
280 FORMAT(I6,F15.5)
DO 290 J=K«KTCH
290 uyHy=uoLn
K=KTCH
UOLD=UNEW
300 ¢cONTINUE
no 310 I=KTCH,KTMX
310 UCI)=UNEW

PRINT THE DEMAND CONTROL VECTOR

320 1F (IPRINT) 330,330,990
330 WRITE(6,340)(1,1=1,10)
340 FORMAT(/13HOTHE U-VECTOR T0CI10,1X)/1Xe12C1HT))

DO 360 I=1,KTMX,10 o
1A=T L m

IB=MINC(IA+9,KTMX)

WRITE(6,350) TA,IB,(U(J),J=IA, IB)'
350 FORMAT(I6,1K=,15,5X,10F11:5)
360 CONTINUE

990 TERR=0
RETURN
END
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SUBROUTINE ROMCTE (IPRINT)

RLADS ESTIMATOR METER DATA TO BE USED FOR THE CALCULATION

THE wEIGHT FACTURS IN CUMMON BLOCK /NETE/
AUTHOR» TON VAN UVERBEEK 1974-01-18

IPRINT=1 NO PRINTOUT
IPRINT=0Q ESTIMATOR METER DATA IS PRINTED

SUBROUTINE REQUIRED
NONE

PARAMETER MB=10.ML=13
PARAMETER MMB=2xMgrMML=2*ML

CONMMON /ENET/ nEseNL

ZMETE/ WFLIMB) e WF2 (ML) o WF3 (ML) e WFY (MML) » GFS (MML ) o

TECN =

WEO (MMB) r ALFEL(MB) » ALFE2 (ML) » ALFES (ML) r ALFEY (MpL) ¢
ALFES(MNL)rALFEé(MMB)rFSEl(MB)0F5E2(ML)vFSt3(ML)'
FSE4 (MML) rFSES (MML) ¢ FSEG (MMB) +BETL L (M) v BETE2(NL) »
BETE3 (ML) v BETELY (MML) r BETES(MML) +BETES (M3 )

DO 10 I=1,NB

I2=2x%x]
Ii1z12-1
10 READ(5020) ALFLI(1)sFSEL(I)yBETEL(I)
1 ALFEO(I1) »FSEO(IL) 1BETLO(IL)
P ALFc6(12) FSEG(I2) BETESO(I2)

20 FORMAT(3F10+5)
LO 30 I=1l/NL
12=2%]
11=I2~1
30 READ(S020) ALFEZ(I)sFSEZ(I)2BETE2(I)
ALFESCI) v FSES(I) vBETES(I) o
ALFEG(IL1) hFSEG(IL) PBETELH(IL)
ALFE4(I2) 1FSE4(I2)»BETEL(I2)
ALFES(IL1) yFSES5(I1) rBETES(IL)
ALFES(12) »FSES(I2)vBETES(I2)
1IF (IPRINT=1) 40¢990,990
40 WRITZ (6¢50)
OU FORMAT(21HIESTIMATOR METER DATA/Z1X0120(1H*)/
FL4HOMETER
FrLOHALFA
FelOHFSC
Fe4HBETA/
Fe7HOTYPE 17)
WRITE(6+60) (IvALFEL(I) o FSEL(T) rBETEL(I) »I=1,NB)
60 FORMAT(IS/S5X+3F10.5)
WR1TE(6070)
70 FORMAT(7HOTYPE 2/)
WRITE(6+60) (I+ALFE2(I) fFSE2(I)vBETE2(I) »I=1oNL)

NEOGN -

gy
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WRITE(6:80)

80 FORMAT(7HOTYPE 3/)
wRITE(évbO)(IIALFE3(I)oFSE3(I)'BETES(I)vlzerL)
WRITE(6+90)

90 FORMAT(/1F0,22X
Fe34HACTIVE
FeBHREACTIVE/
FI14HOMETER
FelOHALFA
FelUHFSC
Fr LOHBETA
ForlOHALF A
FelORFSC,

Fr4HBETA/
Fe7HOTYPE 4/)
DO 110 [=1.NL

l2z=2%]

Ilzle-1

WRITE(6,100) YIrALFE4(IL) oFSE4C(IL) vBETEU(IL)
] ¢ ALFEG(IZ) vFSEL(I2) »BETE4(I2)

100 FORMAT(IS,S5Xr3F10.5¢5Xr3F10.5)
110 CONTINUE

WRITE(6,120)
120 FORMAT(7HUTYPE 5/)

0O 130 I=1eNL

12=2x]1
I1z1e-1 .
130 WRITE(6+100) I+ALFES(I1)FSES(I1)/BETES(IL1)
1 ¢t ALFES(I2) ¢ FSES(I2)BETES(]I2)

WRITE(6,140)
140 FORMAT(7HOTYPE 6/)
DO 150 I=1+NB

l12=2%x]
I1=12-1
150 wRITE(6+100) JI»ALFE6(I1)rFSE6(I1),BETE6(IL1)
1 tALFE6(I2) yFSEG6(I2) ¢ BETE6G(I2)

990 RETURN
END

T e T — e
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SUBROUTINE RDMeETT(IPRINT)

KEADS METER DATA TO BE USED FOR THE CALCULATION OF .
THE MEASUREMENTS IN COMMON BLOCK /METT/

AUTHOR»

IPRINT=
IPRINT=

TON VAN OVERBEEK 1974-01-18

1
0

inG PRINTQUT
METER DATA IS PRINTED

SUBRUUTINE REGQUIRED

NONE

PARAMETER MB=10,ML=Z13
PARAMETER MMB=2xME3rMMLZ2*NML

COMMON

~NOCOuUFE N

CO 10 I
[2=2%]
11=z12-1%

/TNET/
/METT/

=1/,NB

INEs ¢ NL

BIASI(MB) rBIAS2(ML) +BIAS3 (ML) vBIASY (MML) ¢
BIASS(MML) ¢ STASE(MMB) » WwNL (MB) e WM2 (ML) r wNI (ML)

wiNG (MML ) » WNS (MML) ¢ WNE (MMB) s ALFTLIME) 0 ALFT2 (ML),
ALFT3 (ML) r ALFTY (MML) ¢ ALFTS(NMML) ¢t ALFTE (MMB) »
FSTL(MB) o FST2(ML) o FSTI (ML) o FSTL (MML )

FSTS(MML) »FSTO (MME) e BETTL(MB) »SETi2(ML) 1 BETTI (ML)
LT TH(MML) v BETTS(MML) +BETTE (MNMB)

10 READ(5020) BIASI(I)eALFTL(I),FSTL(I)BETT1(1)»
BIASO(LIL1) rALFTH(I1)+FSTO(I1) 1BETTH(IL)
BIASO(IZ2) »ALFTE(I2) FSTOE(I2)1BETTE(IR)

1
2

20 FORMAT(4F10.5)
DO 3u 1=

12=2%x]
I1izI2=-1

1l+NL

30 READ(5020) BIASZ(I)sALFT2(1),FST2(1)+BETT2(L)
BIASS(L) v ALFT3(1) »FSTI(I)1CETT3I(I)
BIASG(IL) s ALFTH4(I1) o FSTH(IL)»BETTU(IL)
BIASH(IZ2) pALFTU(LI2) o FSTY(I12) vBETTU(IZ)
BIASS(I1) s ALFTS(IL) vFSTS(I1) eBETTS(11)

BIASS5(12) P ALFTS(I2) rFSTS(I2)9BETTS (1)
IF (IPRINT=1)

NEFEGN =

40 WR1ITE(6

r50)

4yr990,990

S0 FORMAT(16H1TRUL METER DATA/1X015(1H*)/
FLGHOMETER
FrlOHBIAS
Frl10HALFA

FrlOHFSC

Fer4HBETA/
Fe7HOTYPE 1/)

WRITE(6+00) (LrnlASLI(I) ALFTl(I) FSTL(I)vBETT1(I)»1=1,NB)
60 FORMAT(I5¢5Xr4F10,.5)
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WRITE(6070)

70 FORMAT(7HOTYPE 27)
WRITE(6r60) (Ie3IAS2(I) v ALFT2(I) »FST2(I) vBETT2(I) e iz1eNL)
WhITE(6080)

80 FORMAT(7HOTYFE 3/)
WRITE(Er60) (IroIASI(I) v ALFT3(I) e FSTI(I) vBETTI(I)» I=1oNL)
WRITE(6¢90)

90 FORMAT(/1HO0e27A
Fed3HACTIVE
Fr8HREACTIVE/

_ FL4HOMETER
FrlOHBIAS
FelOHALFA
FelOHFSC
Frl5HBETA
FrlO0HBIAS
FrlOHALFA
FelOnFSC -
FeUHBETA/
Fer7HOTYPE 47)

DO 110 I=1eNL

I2=2%{

I1l1=12-1

WRITE(6r100) IoBIASG(IL) o ALFTH(IL) o FSTH(I1) vBETTU(IL)
1 BIASY4(I2) P ALFTH(I2) oFSTU(I2)1RETTY(I2)

100 FORMAT(IS5+S5X+4F104515X14F10,5)
110 CONTINUE

WK1TE (6, 120)
120 FORMAT(7HOTYPE 9/)

00 130 I=1rNL

12=2%]
Il=12-1
130 WRITE(6,100) IesJIASS(IL) v ALFTS(I1)rFSTS(I1) 'BETTS(IL)
1 BLASS(I2) v ALFTS(I2) e FSTS(I2) vBETTS(I2)

WRITE(60140)
140 FCRMAT(7HOTYPE 6/)
DO 150 I=1/nNB
l2=2%]
Il=I2-1
150 WRITE(6¢100) I+BIASE(IL)rALFTO(IL)sFSTO(IL) 'BETTE(TIL)
1 BIASO(I2) P ALFTE(12) 'FST6(I2)BETTH(12)

990 RETURN
END
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SUBROUTINE ROMoM(IPRINT» IERR)

SUBROUTINE TO KEAD WHICH MEASUREMENTS ARE TO BE USELU ANU IN
wHICH ORLER ThHeY aARe TO BE TREATED BY THE ESTIMATORS, OwTA ‘
IS5 READ INTO THE COMMON pLOCK /MSI/. FROM THE UATA READ INTO
NTYP ANU NMSM 1Tt MASKVECTORS ARE COMPUTED. ACTIVE AND REACTIVE
MEASUREMENTS ARt TREATED SEPARATELY IN NMSM. OUD NUMBERS

REFER Tu ACTIVes EVEN NUMBERS TC REACTIVE MEASURKEMENTS.

AUTHOR» TON VAN OVERBEEK 1974=01-22

IPRINT=Z NO PRINTOUT ’
LPRINT=1- THE MASKVECTORS ARE PRINTED
IPRINT=ZO0 SAME + NTYP AND NMSM

TERR=3 ERROR IN NMSM

ITERR=2 ERROR IN NTYP

JERR=1 ERROR IN N

1ERR=0 NO ERROCR

SUBROUTINE REQUIRED
NONE

PARAMETER MBz1lu.MLZ=13
PARAMETER MME=c*MB » MML=2*ML s MMZ 3% (MB+MML)

COMMON /ENET/ Ngenb
1 /MSI/ MOKLIMB) e MSK2 (ML) p MSKI (ML) o MSKY (ML) » MSKS (ML) »
2l MSKO(MB) rNAeNTYP (VM) o NMSM (MM)

INITIALIZE MASKVECTORSe NTYP AND NMSM

DO 1u0 I=1.MB
MSKL1(I)=0.0
MSRE(I1)=0.0
DO 20 I=1,ML
MOSK2(1)=0.0
MSK3(1)=0,0
MSK4(I1)=z=0.0
MOSK5(1)=0.0
DO 30 I=1,MM
NTYP(I)=z=0.0
NMSM(I)=0,.0
MMX=3*NB+6*NL

READ AND CHECK WM

READ(5040) WM

FORMAT (15)

LF (M) 606160050

[F (NM=MMX) 6008060

IERR=1

WRITE(6¢70) NM

FORMAT (L4HONM 1N RDMSM =0¢15)
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RETUKN
80 DO 300 I=1sNM
READ AND CHECK NTYP AND NMSM

READ{(S5r90) NYIeNMI

90 FURMAT(215)
IF (NTI) 110¢1100100

100 IF (WTI=-6) 13001300110

110 1ERR=2
WRITE(6r120) T/NT]

120 FORMAT(30HOTYPL ERKROR-IN RDMSM MSMKNR Z¢15:8BH TYPE =0¢15)
RETURN

130 NTYP(1)=NTI
60 TO (14001500 415G21600,160¢170) /NTI
140 WMAX=NB
GO Tu 180
150 WbMAX=NL
GO To 180
160 NMAX=2#%NL
G0 To 189
170 NMAX=2%N3
180 iF (NMI) 20002000190
190 IF (WMI=nMAX) 22092209200
200 L1ERR=3
WRITE(69210) IoiT1eNMI
210 FORMAT(47HOTYPL MEASUREMEMT NUMBER OUT OF BOUNDS IN ROMSM/
Fr8H MSMNR =¢ISe&H  TYPE =+15,14H TYPE MSMNR =¢15)
RETURN

220 NMSM(I)=inMI
COMPUTE MASK VECTOR

IERR=0
GO TO (d3092409350o260rd60n260);NTI
230 MSK1(NMI)=1.0
GO0 TO 300
240 MSK2(NMI)=1.0
GO 10 300
250 MSK3 (hM1)=1.0
GO TO 300
260 MD=MOD(NMIr2)
JSNMI/Z2+MU
NTISNTI=3
GO TO (270+280+290) 1NTI
270 MSK4 (J)ZMSK4 (J) +2-MD
G0 TO 300
280 MSKS (J)=iMSK5(J) +2-MD
60 TO 300
290 MSK6 (J)=MSK6 () +2-MD
300 CONTINUE
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PRINTOUT

IF (IFRINT=2) 310,990,990
320 WRITE(60320)
320 FORMAT(Z20HOPKINTOUT FROM RDMSM/1X,19(1Hx*)/)
IF (IPRINT=1) 330+350¢350
330 WRITE(G+I40) (I o NTYPCI) o NMSM(I) v I=10oNM)
340 FORMAT(LZ2HOMSMNR
FrlOHTYPE
Fol4RNMEM//
F(ISe2Il0))
350 WRITE(GeI€0) (I MSKLI(I) P MSK6(TI)rI=1¢NB)
360 FORMAT(/17HOTHz MASK VECTCRS/1Xe1l6(1H=)/
Frl2HHO MSM
Fel0HMSKA
FraHMSKG//
F(1I5,2110))
WRITE(6r370) (T mSK2(I) e MSK3(I) rMSKU(I) e MSKS(I)r1l=1ring)
370 FCRMAT(/1cHO MSM
Fr1O0HMSKe
FrlOHMSKS
FrlOHNMSKY
Fo4HMSKS//
FOISe4110))

990 RETURN
END
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SUBROUTINE ROTWNET(IPRINTrIERR)

READS TRUE NETwWGRK DATA IN COMMON BLOCK /TNET/
AUTHOR» TON VAN OVERBEEK 1974-01-14

IPRINT=1 NO PRINTOUT

IPRINT=0 TRUE NETWURK DATA IS PRINTEQ
IERR=1 ERROR IN NB OR NL

I1ERR=0 WO ERROR

SUBROUTINE REQUIRED
" PRTNET

PARAMETER MB=10,ML=13
COMPLEX YAA#ZAt» YBB

COMMON /TNET/ WBeNLoLTACML) fLTB(ML) e YAA(ML) ¢ ZAB (ML) » YBB (ML)

READ (5+10) NBeNL
10 FORMAT(2I5)
IF (NB) 30030,20
20 IF (NB=MB) 50¢50,30
30 lERR=1
WRITE (6¢40) Nb
40 FORMAT(LSHONB inN RDTNET =:15)
+ RETURN

50 IF (NL) 70¢70:00

60 IF (NL=ML) 90,90¢70

70 1ERR=1
WRITE (6080) NL

80 FORMAT(1SHONL IN ROTNET =¢15)
RETURN

90 1ERR=0

READ (5,100) (LTACI) »LTB(I)»YAA(I),ZAB(I)YBB(I)sI=1sNL)
100 FORMAT(215¢6F1U.9)

IF (IPRINT=1) 110,990,990
110 CALL PRTNET

990 RETURN
END
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SUBRCGUTINE TR

COMPUTES THE
NETWORK UATA

AUTHOR» TON V

SOBE(x)
IERR=3
TERR=2
lerR=z1
LERR=0
IPRINT=4
IPRINT=3
IPRINT=2
IPRINT=1
IPRINT=0
SUBROQUTINE RE
ELDNL
GAT
PRT
NRLFR
DEC
MPR
SOL

PARAMETER MB=

‘COMPLEX YAArZ
1.5DB (1) r SUEMY

DIMENSION PGE

COMMON /TKET/
1 /GEN/
b /TRUE/

IERR=0

IF (NB «GTe. O
IERR=1

WRITE (0r10)
FORMAT (14HONB
RETURN

IF (NL «G1s O
1ERR=1
WRITE (6030)
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UV (SDB» IPKINT» IERR)

TRUE VALUES OF ALL VARIABLES GIVEN TKRUE
AND A POWER CEMAND.

A OVERBEEK 1874-01-16

COMPLEX LOAD AT BUS =*

EKROR IN NRLFR

ERROR IN ELDNL

EXROK IN NurKNL OR NG

Y1 HAS BEEN COMPUTED

NO PRINTOUT

PUWER DEMAND AND YT ARE PRINTEDL

SAME + TRUc NETWORK AND GENERATOR DATA
SAME + OUTPUT FROM THE SUB=-

ROUTINES ELONL AND NRLFR

QUIRED

NET

oM

1

Vis

10, ML=13/MG=114

AB e YEBe XTeYT2o YT YTHIYTSrYTE
SUEN(MG) P SINJ(MB)

N{MG)
NS e NLeLTACML) »LTB (ML) » YAA(ML) » ZAB (ML) » YBB (ML)
NO ' NGB (MG) »r AL (NMG) 2 A2 (MG) 1 PMIN(MG) P PMAX (MG)
ANCMB) e YT2(ML) o YT3 (ML) o YTU (ML) e YTS (ML) » YTO (MB)
«ANDe« NB oLE. MB) GO TO 20
N
IN TRUEV =¢15)
+ANDs NL oLEs ML) GO TO 40

Nk

FORMAT(L4HONL iN TRUEV =¢15)

RETURN

IF (NG +GTe O
IERR=1

«ANDs NG «LE. MG) GO TC 60

5
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WRITE (6¢50) NG
50 FORMAT (L4HONG LN TRUEV =¢195)
RETURN

PRINT INPUT DATA

60 IF (IPRINT oGE. &%) GO TO 100 ¢
WRITE (6¢70) (ieSOB(I)eI=1,NB)
70 FORMAT(2UHIPRINTOUT FROM TRUEV/1Xr19(1Hx*)/
FLOHOTHE LOAD LEMAND/
FL4HOBUSKR
Fr8HACTIVE
FeEHREACTIVE//
FUISeHXr2FE1065) )
IF (IPRINT «GEe 3) GO TU 100
WRITE (6080) NG
80 FORMAT(/15HOGENERATOR DATAZSHOMNG =0 13)
WRITE (6090) (LeNGB(I)rAL(I)sA2(I) o PMIN(I) ¢PMAX(L)el=1sNG)
90 FORMAT (19HO0GENNR NGB
FelOHAL
FelOtA2
FrlOHPMIN
FruHPMAX//
F(2I5r5Xr4F10.5))

COMPUTE REAL GeNERATED POWERS WITH SUBROUTINE ELDNL

100 SOEM=(0.,0,0.,0)
UC 110 I=1eNB
SINJ(I)==5DB(I)
110 SDEM=SDEM+506(41)
CALL ELUNL(AL»AZ2¢/PMIN/POENIPMAX¢REAL(SDEM) 0001+ NGr IPRINT» IERR)
IF (IERR) 120,130,120
120 I1ERRz2
RETURN

COMPUTE BUSINJECTIONS

130 FACTUR =AIMAG(SDEM) /REAL (SDEM)
DO 140 I=1/NG '
IB=NGE (1)
SGEN(I)=CMPLX(PGEN(I) v PGEN(I)*FACTOR)
140 SINJ(IBI=SINJ(Iu)+SGENCL)

COMPUTE BUSVCGLIAGES FROM BUSINJECTIONS

CALL NRLFRUNBeinLeLTA'LTor YAA ZABrYBBrSINJ#XTe 001l NS»Se
TIPRINTedFAIL)

1F (JFAIL «EGe. 0) GO TO 150

IERR=3 '

RETURN

COMPUTE OTHER VARIABLES WITH SUBROUTINE GXT
150 CALL GXT(IPRINT=2¢1)

RETURN
END
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SUBROUTINE UPDAACINDEX+ELT/NOE+WIesA)

SUBROUTINE FOR ESTA

UPDATES MATRIX A FOR MEASUREMENT I ACCORDING TO
A= A + (JACOBLIAN ROW I)**TxWIx(JACOBIAN ROW I)

AUTHOR: TON VAN OVERBEEK 1974-01-30

INDEX (%) PLACE OF ELT(x) IN JACOBIAN ROW

ELT (%) JACOBIAN ELEMENT

NOE NUMBER OF ELEMENTS IN ELT AND INDEXe MAX=MMB
Wl WEIGHTING FACTOR FOR MEASUREMENT I

A . MATRIX TO BE UPDATED

SUBROUTINE REQUIRED
NONE

PARAMETER MB=10
PARAMETER MMB=2%MB

DIMENSION INDEX(1) ELT(L1) A(MMB,1)

IF (NOE) 20+99,10

IF (NOE-MMB) 40,40¢20

WRITE (0¢30) NOE

FORMAT (25H0CALL TO UPDAA WITH NOE =,1I95)
RETURN

8

0O 70 I=1/,NOE

KSINDEX (1)
ACKrK)ZA(KeK)+ELT (1) *%2%WI
IF (I-1) 70,7050

11=1-1

DO 60 J=1r1I1

L=INDEX(J)
AKeL)SA(K L) FELT(I) *ELT(J) W]
A(LeK)=A(K?L)

CONTINUE

CONTINUE

RETURN
END
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SUBROUTINE UPDAC(IA»IB«DA)

HELPROUTINE FOR ESTC

UPDATES MATRIX A FOR A COMPLEX LINE FLOW MEASUREMENT AT

A-END OF THE LINE :

AUTHOR» TON VAN OVERBEEK 1974~03-11

IA A=END OF LINE CONNECTED TO BUS IA
I8 B=END OF LINE CONNECTED TO BUS 1o
DA WEIGHTING FACTOR FOR THE LINEVOLTAGE

SUBROUTINE REQUIRED
NONE

PARAMETER MB=10

COMMON /ENET/ NB
X /MAT/ A(MBrMB)

1IF (IA) 20020,10

IF (IA=NB) 40,40020
WRITE(6,30) IA
FORMAT(14HOIA IN UPDAC =,15)
RETURN

IF (IB) ©60060,50

IF (I8=-NB) 80,80060
WRITE(6,70) 1B

FORMAT (14HOIB IN UPDAC =¢195)
RETURN

A(IA»IA)=A(IAVLA)+DA
ACIB.IB)=A(IB,1B)+DA
AC(IA»IB)=A(IA,1B)=DA
ACIBrIA)=A(TIARIB)

RETURN
END
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SUBROUTINE UPDBA(INDEX,ELT(NOE,WI,B,RES)

SUBROUTINE FOR ESTA

UPDATES THE 8 VECTOR FOR MEASUREMENT 1 ACCORDING TO
B =B + (JACOBIAN ROW I)**T+WI*RES

AUTHOR, TON VAN QVERBEEK 1974=01=30

INDEX(*) PLACE OF ELT(*) IN JACOBIAN ROy I

ELT(*) JACOBRIAN ELEMENT

NOE NUMBER OF ELEMENTS IN ELT AND INDEX, MaAX=MMg
Wi WEIGHTING FACTOR FOR MEASUREMENT I

B VECTOR TO BE UPDATED

RES ' RESIDU OF MEASUREMENT 1

SUBROUTINE REGUIRED
NONE

PARAMETER MB=10
PARAMETER MMB=2%*M8

DIMENSION INDEX(1),ELT(1)+8(1)

IF (NOE) 20.,99,10

1F (NOE=-MMB) 40,40,20

WRITE (6,30) NOE

FORMAT(25HOCALL TO UPDBA WITH NOE =,15)
RETURN

WIR=WI*RES

pO S0 I=1,NOE
K=INDEX(])
B(KY=B(K)+ELT(I)*WIR

RETURN
END

A7
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SUBROUTINE UPDSC(CBrIArIBrNR, XEArXEBrZL 1 YA»CYM,CLY»DA)

HELPROUTINE FOR ESTC

UFDATES THE RIGHT HAND B=VECTOR OF THE EQUATION A*E=3 FOK

A COMPLEX LINE FLOW MEASUREMENT

AUTHORs TON VAN OVERBEEK 1974-03-11

CB(x*) COMPLEX g=VECTOR

LA A=END OF LINE CONNECTED TO BUS IA

iB B=END OF LINE CONNECTED TO BUS 18

NR NUMBER OF ELEMENTS IN THE REFERENCE veCTOR
XEA COMPLEX BUSVOLTAGE AT A-END OF LINE

XEB _ COMPLEX BUSVOLTAGE AT B=END OF LINE

ZL LINE SERIES IMPEDANCE

YA LINE SHUNT ADMITTANCE AT A-END

CcYM COMPLEX LINE FLOW MEASUREMENT AT A-gND
CcLv COMPUTED COMPLEX LINEVOLTAGE

DA WEIGHTING FACTOR FOR LINEVOLTAGE AT A=END

SUBROUTINE REQUIRED
NONE

PARAMETER MB=10
COMPLEX CB(1) e XEA»XEBrZL e YArCYM,CLV
COMMON /ENET/ KB

IF (IA) 20020010

IF (IA=NB) 40,40020
WRITE(6030) 1A

FORMAT (14H0IA IN UPDBC =¢15)
RETURN

IF (IB) 60060,50

IF (1B=NB) 8080160
WRITE(6070) IB

FORMAT (14HOIB LN UPDBC =/+I5)
RETURN

IF (NR) 100,100,90

IF (NR=nb) 12001200100
WRITE(6¢110) NR

FORMAT (14HONR LN UPDBC =¢1I5)
RETURN

CLV=ZL* (CONJG(CYM/XEA)=YA*XEA)
NE=NB=NR

IF (IA-NE) 13001300140
CBCIA)=CB(IA)+DA*CLV
6O TO 150
CB(IB)=Cb(IB)+uUA*XEA

L1
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1F (IB=NE) 160¢r1600170
CBOIB)=CB(IB)=LA*CLY
GO TO 990
Co(IA)=Cu(IA)+UAXXED

RETURN
END
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SUBROUTINE UPDEP(IArIBrRESeWFeG,PyAKeXE)

HELPROUTINE FOR ESTB. IT COMPUTES THE TWO NEW ESTIMATED
VOLTAGES FOR LINE FLOW AND LINE CURRENT MEASUREMENTSe GIVEN THE

RESIDUE
P ELEMENTS.

Igr THE FOUR NON ZERQ JACOBIAN ELEMENTS AND THE FOUK

AUTHOR» TON VAN OVERBEEK 1974-03-04

1A A-END OF LINE CONNECTED TO BUS IA
1B g=END OF LINE CONNECTED TO BUS Io
RES THE RESILUE OF THE MEASUREMENT
G(1) JACOBIAN ELEMENT D(MSM)/DEA

G(2) JACOSIAN ELEMENT D(MSM)/DFA

G(3) JACOBIAN ELEMENT D(MSM)/DESB

G(4) JACOBIAN ELEMENT D(MSM)/DFB

P{x) THE FOUR P=ELEMENTS

AK (%) THE COMPUTED FOUR GAIN ELEMENTS
XE (%) THE ESTIMATE

SUBROUTINE REQUIRED
NONE

COMMON /ENET/ WB
COMPLEX XE(1)

DIMENSION G(1) P (1) AK(1)

R=1/wF

DEN=0.0

DO 10 I=1l.,4
AK(L)=P(1)*G(I)
DEN=DEN+AK(I)*G(I)
DENZDEN+R

DO 30 I=1.4

AK(I)=AK(1)/DEN

IF (IB «EQ. NB) AK(4)=0.0
XE(LA)=XE(IA)+CMPLX(AK (1) r AK(2) ) *RES
XE(IB)=XE(IB)+CMPLX(AK(3) » AK(4))*RES
DO 40 I=1.,4

P(I)=P(I)*(1-AK(I1)*G(I))

RETURN
END
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MAINPROGRAM FOR METHOD A.
AUTHOR» TON VAN OVERBEEK 1974-02-19

SUBROUTINE REQULRED
ADMA
ALOSS
PRRES
CAJAC
JACBI
JACLF
JALT
JACLF
JACV
PRENET
PRUAC
CARES
GXE
PRENET
PRKES
ESTA
DESYM
MPRI
PRUAC
PRRES
SOLVS
UPDAA
UPDBA
PRRES
PRWF
ALLMSM
NODI
CASDB
CAWF
CAWN
EVAL
RDENET
PRENET
RDGEN
RDLD
ROMETE
ROMETT
ROMSM
ROTHET
PRTNET
TRUEV
ELDONL
GXT
PRTNET
NRLFR -
DECOM N
MPRI .
SOLVB
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PARAMETER MB=10,MLZ13¢MTMX=360
PARAME TER MMB=2%MB3 s MMLE2%ML » MM= 3% (MB+MML) ¢ MTMX1ZMTMX+1

INTEGER TIME
DIMENSION U(MTMX) ¢ IPR{MTMX) 1 KXB (MTMX) ¢ KXE (MTMX) » TEXIT (MTMX)

COMPLEX XT!YTZ!YT3!YT40YT5'YT6'YAAT'ZABT'YBBT'SUB(MB)'SSL(MB)'
XErYE2 2 YE3rYEUP» YES 1 YEG» YARE»ZABE » YBBE » XL (B)

COMMON /TRUE/Z XT(MB) e YT2(ML) o YT (ML) o YTH (ML) o YTS (ML) » YT6E (MB)
JEST/ XE(MB) g YE2(ML) s YE3 (ML) » YE& (ML) o YES (ML) ¢» YE& (MB3)
JTNET/ NuTeNLToLTAT(ML) rLTBT(ML) » YAAT (ML) » ZABT (ML) » YBRT (ML)
JENET/ WBE?NLE'LTAE (ML) »LTSE (MLY o YAAE (ML) » ZAGE (ML) » YBBE (ML)
/MSM/ YML(MB) ¢ YM2 (ML) o YN3 (ML) r YMG (MML) 0 YMS (MML) » YME (MMB)
/METT/ BLIASL(MB) vBIAS2(ML) rBIASI(ML) +BIASH (MML) o
‘ BIASS(MML) rBIASEH (MME) rWNIAME) rWN2 (ML) r wN3 (ML) »
WNGS (MML) » WNS (MML) » wN6 (MMB) » ALFTL(MB) » ALFT2(ML) »
ALFT3 (ML) p ALFTY4 (MML) » ALFTS (MML) ¢ ALFTE(MME) »
FSTL(MB) »FST2(ML) yFSTI(ML) yFSTU (MML) »

FSTS(MML) v FSTE(MMB) v BETTL(MB) v BETT2(ML ) rBETTI (ML) ¢
BETTY4 (MML) »BETTS(MML) ¢BETTE (MMB)

COMMON /METE/ wF1(MB) rWF2(ML) rWF3I (ML) rWF& (MML) »p wFS(MML ) »
WF6 (MMB) » ALFEL(MB) » ALFE2(ML ) » ALFES (ML) » ALFEY4 (MML) »
ALFES(MML) » ALFE6 (MMB) »FSE1(MB) r FSE2 (ML) rFSES (ML) »
FSE4 (MML) »FSES(MML) »FSE6G{MMB) »BETEL (MB) r BETEZ2(ML) »
BETE3(NL) vBETEY (MML) »BETES (MML) »BETEG (MMB)
/RES/ RESL(MB) rRES2(ML) PRES3I (ML) +RESY (MML) ¢ RESD (MML) »
RESO (MMB)
/MAT/ A(MMBeMMB) o T (MMB » MMB)
/MSI/ MSKL1(MB) »MSK2 (ML) #MSK3 (ML) # MSK4 (ML) + MSKS (ML) »
MSKE (MB) r NMe NTYP (MM}  NMSM {MM) .
/JAC/ AJACLINMBr2) r AJACZ2(ML e 4) v AJACI (ML 4 ) r AJACH(MML 2 &) o
AJACS (MML ¢+ 4) » AUACE (MMB»MMEB)
COMMON /EVL/ EE(MTMX1) rEEM(MTMX192) f AEEfeEEMT(2) oEEMMI(3) »
EL(MTMX1) rELM(MTMX1¢2) » AELSELMT (2) v ELMMT(3)
EM(MTMX1) r AEMPEMMT (2)

3 ok ok ok ok ok ok ROk ok ok ok K
* OUTPUT CONTRUL *
3 ok ok o oK ok K K kK oK Ak Aok K

READ AND PRINT OUTPUT CONTROL DATA
COMPUTE THE OUTPUT MASK IPR(x*)

ALL DATA READ 8Y MAINA AND THE RESULTS ARE ALWAYS PRINTEU
THE OUTPUT DURLNG THE SIMULATION IS DETERMINED bY THE OQUTPUT
CONTROL MASK IPR(x) o IPR(*) CONTAINS THE OUTPUT PARAMCTER
IPRINT FOR TIMEPOINT * o IPR(*) IS COMPUTED FROM THE FOLLOWING
QUTPUT CONTROL DATA READ 8Y MAINA 3
IOUT POS OUTPUT AT EVERY IOUT=TH TIMEPOINT
I10UT NEG OUTPUT ONLY BURING THE TIMEPERIOQDS

SPECIFIED BY NXOPr KXB(%) AND KXk (x)
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NXOP NUMBER OF TIMEPERIODS DURING WHICH OUTPUT

IS PRODUCED IRRESPECTIVE OF THE VALUE OF 10UT
KXB (%) START TIMEPOINT FOR PERIOD x*
KXE () END TIMEFPOINT FOR PERICD *

READ(5910) IOUTsNXOP
FORMAT (2195)

IF (NXOP) 30,20+20

IF (NXOP=MTMX) 50,550,330
WRITE(Or40) NXUP

FORMAT (7THONXGP =0 15)

6O TO 990

MZIABS(IOUT)

IF (IOUT oLEs 0) Mz=MTMX1

00 60 I=1eMTMX

IPR(1)=1

1IF (1/MxM +EQG. L) 1IPR(I)=0

CONTINUE

IF (NXOP) 100,100.70 _
READ(5¢10) (KXB( 1) 1KXE(I) e I=1,NXOP)
0O 90 Izl ¢NXOQP

J1IZIABS(KXB(I))

JETIABS(KXE(Y))

DO 80 J=ulrJ2

IFR(J)I=0

CONTINUE

WRITE(6e110) IOUTNXOP

FORMAT (2O6HIMAIN PROGRAM FOR METHOD AZ1X»25(1H*)//
F20HOOUTPUT CONTIROUL DATA/Z1Xe19(1H=)/
F7HOIOQOUT =+ 1I5t5Ae6HNXOP =¢15)

IF (NXOP) 140,140,120
WRITE(69130) (KAB(I) eKXEC(I) e I=1)NXOP)
FORMAT(7HU TBEG!SXe4HTEND//(IS5,110))

3K K o ok KK oK KK K K K K K ok ok ROK OK K KOk
* READ AND PRINT FIXED DATA *
2KOK o A K R K kK ok K K o Kk ok ok K oK 0K KoK

READ AND PRINT TRUE CATA: NETWORKs GENERATOR! AND LOAD
CONTROUL DATA '

IPRINT=0

CALL RDTNET(IPKINT»IERR)
“IF (JERR) 150,150+990

CALL RDMETT(IPRINT)

CALL RDGEN(IPRiINT(»IERR)

IF (IERR) 160r100/,990

CALL RDLD(SDBroSLeKTMXeUr IPRINT»IERR)
IF (LERK) 1709170990 C
READ AND PRINT ESTIMATOR DATA: NETWORK AND METER DATA»
MEASUREMENT CHUICE AND ORDER

T P AT R O W A S VTS SIS N SR Ay ey -

R aanT -5
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CALL RDENET(IPKINTe¢IERR)
IF (IERR) 180,150,990
CALL RDMETE(IPKINT)

CALL RDMSM(IPRAINT»IERR)
IF (IERR) 190¢150,990

READ AND PRINT PARAMETERS FOR ESTIMATOR A

READ(S59,200) MAX1T»JSrCRLOSS»CRLIN
FORMAT(2I5¢2F10.5)

WRITE(60210) MAXITeJSeCRLOSS»CRLIN

FORMAT (21HOESTIMATOR PARAMETERS/1X»20(1H=)/
FBHOMAXIT =rISe5XeU4HJIS =2 1505Xr8HCRLOSS =¢vF10.+5,
FSXe 7HCRLIN =¢F1lUe5)

ok o K ok K ok ok ok ok ok Ak K

* INITIALIZATION *
ok o o ok K KOk X K K Kk ok

TIMEPCINT 0: COMPUTE THE TRUE VARIABLES FROM THE START UEMAND
(READ BY RDLD INTO SDB)e SET THE ESTIMATE EQUAL TQ THE TKUE
STATEs COMPUTE THE MEASUREMENTS AND INITIALIZE THE ESTIMATOR
BY LINEARIZING AROUND THE TRUE STATE

K=0

WRITE(60220) K

FORMAT(LIHITIMePOINT »I5/1Xe15(1H*))
DO 230 I=1+NBT

XT(I)=(1000.0)

CALL TRUEV(SDB¢IPRINT+3¢IERR)

IF (IERR) 240,240,990

CALL CAWN(IPRINT+1)

NODD=19

CALL ALLMSM(NOUD/» IPRINT+1)

CALL CAWF(IPRINT+1)

DO 250 I=1'NBE

XE(I)=XT(I)

CALL ADMA(1,29)CRLOSS,XLoCRLIN?IXIT,TIME, IPRINT+4)
IF (IXIT) 990,990¢260

CALL EVAL (K¢ IPRINT)

¥k Kok ok kK kKK Kk Xk

* SIMULATION %
2Ok K K K K K K ok K kK

AEE=0.,0
AEL=0.0
AEM=0.0

DO 270 I=1.2
EEMT(I1)=0,0
ELMT(I1)=0.0
EMMT(1)=0.0
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DO 280 1=1¢3
EEMMT(1)=0.0
ELMMT(I)=0.0

DO 310 K=1rKTMX
IPRINT=1IPR(K)
IF (IPRINT +LEe« 0) WRITE(60220) K

COMPUTE THE LOAD DEMAND AND ALL TRUE VARIABLES

CALL CASDB(SDBSSLeU(K) r IPRINT)
CALL TRUEV(SDB¢ IPRINT+371ERR)
IF (IERR) 290rc90¢990

COMPUTE THE STANDARD DEVIATIONS FOR THE MEASUREMENT NOISEe

ALL POSSIBLE McASUREMENTS AND THE WEIGHTING FACTORS FOR
THE ESTIMATOR

CALL CAWNCIPRINT+1)
CALL ALLMSM(NOLD»IPRINT+1)
CALL CAWF (IPRINT+1)

COMPUTE THE NEw ESTIMATE AND THE EVALUATION QUANTITIES

CALL ADMA (MAXIT¢JSe+CRLOSS XL oCRLIN/TEXIT(K) + TIME» IPRINT+4)

IF (IEXIT(K)) 990,990,300
CALL EVAL(K¢IPRINT)

CONT1INUE

3k 3 3 ok ok oK koK K o K ok K ok 4 ok ok ok oK ok kKoK

* PRINTOUT OF THE RESULTS *
30K ok o o ok K K sk K ok ok K ok K KOk K K K K K

WRITE(6¢320) KTMX
FORMAT(17HLTHE RESULTS FOR ¢15¢11H TIMEPOINTS/1Xe33(1H*)//
F12HOTIME
FelOHEST ERR
Fe2lHMAX ELT BUS ROI
Fr1llHLF ERROR
_Fe27HMAX ELT ENU LINE AOR
TF e 1SHMSMT  IND
FeOHIEXIT/)
DO 420 K=1eKTMX
K1=K+1
"ISINT(EEM(KLe2))
M=MOp(Ir2)
J=1/72+4M
IF (M) 330r330r340
ROI=1HI
GO TO 350
ROI=1HR
ISINT(ELM(K1r2))
IF (I) 3600360370
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AOB=1HB

GO TO 380

AOB=1HA

1=I1ABS(1)

M=MOB(Lr2) '
J1ZI/2+M

IF (M) 38003809390

AOR=1HR

G0 TO 400

AOR=1HA

00 WRITE(6r410) KreE(KL) PEEM(KL 1)y J,ROIVELIKL) rELM(KLIr1) r AOBrJLrAURY

410
420

430

440

450

460

470
480

490

500

520

530
540

550

EMIKY)
FORMATCIGrSX12F10470I303XeALsOXr2F10e7e2XrALrISe3X0ALr6X2F10,7)
CONT INUE
WRKITE(6e430) KTMmX
FORMAT(14H1ITOTALS AFTER v IS5 11H TIMEPOINTS/1Xe29(1H*))
ACLE=AEE/KTMX
WRITE(6:440) Act
FORMAT(L7HOESTIMATION ERROR/1Xe16(1H=)//

FoX» 27HAVERAGE ESTIMATION ERROR  =¢yF10+7)

KT=INT(gEnMT (2))

WRITE(6,450) EcMT (1) oKT

FORMAT(6X»27HMAXIMUM ESTIMATION ERROR =¢F1l0e797H AT T =¢14)
IZINT(EEMMT(2))

M=MOD(Ir2)

Jzl/2+M

IF (M) 460+460¢470

ROI=Z4HIMAG

GC TO 480

ROI=4HREAL )

RT=INT(EEMMT (3))

WRITE(6+490) E&MMT (1) rKTeROI»dJ

FORMAT(OX» 2T7HMAX ELEMENT IN ALL ERRORS =/9sF10e797H AT T =¢ 14

F4H IN /8XeA4r20H PART OF BUSVOLTAGE »12)

AEL=AEL/KTMX
WRITE(6»5060) AtL
FORMAT (LOHOLINE FLOW ERROR/1Xe15(1iH=)//

FoXr27HAVERAGE LINE FLOW ERROR =¢vF10.7)

KTZINT(ELMT(2))

WRITE(69510) EcMT(1) KT ;
FORMAT(6Xe27HMAXINUM LINE FLOW ERROR SrF10e797H AT T =0r14)
IZINT(ELMMT (2))

IF (I) 5201520530

ACb=1HB

GO TO 540

AOB=1HA

1=1ABS(]1)

M=MOD (I 2)

JZI/2+M

IF (M) 55005500560

AORZGHREACT

60 T0 570
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560 AOR=Z6HACTIVE

570 KT=INT(ELMMT(3))
WRITE(60580) ELMMT (1) KTeAOR)AOB»J
580 FORMAT (6Xr27HMAX ELEMENT IN ALL ERRORS =+F10«7o7H AT T =r14o
FU4H IN /78XeA619H FLOW AT rAleL3H-END OF LINE ¢12)
AEMZAEM/KTMX
WRITE(60590) AEM
590 FORMAT(20HOMEASUREMENT QUALITY/1Xe19(1H=)//
FOXr 2THAVERAGE MEASUREMENT INDEX =»F1047)
KT=INT(EMMT (2))
WRITE(6r000) EmMMT (1) oKT
600 FORMAT(6Xe27HMAXIMUM MEASUREMENT INDEX =¢F1l0+797H AT T =¢14)

3ok oK ok ok o K Kk ok K KOk ok K ok ok ok o Ok KOk Ak
* WRITE PLOTDATA TO PLOTFILE *
kK K o oK K A oK K ok K o ok oK ok K koK o K ok oK K ok ok 3k

KTMXL=KTMX+1
WRITE(L1) KTMX1¢(EEC(I)vELC(I) +EM(I)rI=1eMTMX]1)

990 STOP
END
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MAINPROGRAM FOR METHOD 8
AUTHORs TON VAN OVERBEEK 1974~02-19

SUBROUTINE REQUIRED
ADMB
ALOSS
PRRES
CARES
GXE
PRENET
PRRES
ESTB
JACBI
JACLF
JACI
JACLF
JACV
UPDEP
PRRES
PRWF
ALLMSM
NODI
CASDB
CAWF
CAWN
EVAL
RDENET
PRENET
RDGEN
RDLD
RDMETE
RDMETT
ROMSM
RDTNET
PRTNET
TRUEV
ELDNL
GXT
PRTINET
NRLFR
DECCM
MPRI
soLvi

PARAMETER MB=10yML=13+MTMX=360
PARAMETER MMB=2%MBsMMLZ=2%ML » MM=3% (MB+MML) ¢t MTMX1=MTMX+1

INTEGER TIME ,
DIMENSION U(MTMX) ¢ IPR(MTMX) o KXB (MTMX) rKXE (MTMX) r Q(MMB) » TEXIT (MTiax)

COMPLEX XTrYT2rYT30YTU»YTSYTH6rYAAT»ZABT» YBBT ¢+ SOB (MB) 0 SSL (MB) »
XEPYE2' YE3 ' YEU» YES YEGYAAE» ZABE» YBBE
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COMMON /TRUE/ XT(MB) o YT2(ML) o YTI (ML) o YTH(ML) P YTS (ML) YTE(MB)
ZEST/ Xe(MB) e YE2(ML) » YE3 (ML) » YE4 (ML) » YES (ML) ¢ YE6 (IMB)

JTINET/Z NBToNLTeLTATIML) fLTBT (ML) p YAAT (ML) ¢ ZABT (ML) » YBRT (ML)
ZENET/ NBEsNLE LTAE (ML) »LTBE (ML) e YAAE (ML) o ZAbE (ML) » YBBE (VL)

/MSM/Z Y1 (MB) o YMZ2 (ML) p YMI (ML) » YMG (MML) » YMB (MML) » YIuB (MNE)
/METT/ GIAS1(MB) BIAS2(ML) »BIAS3I(ML) BIASY (MML)»
BIASS(MML) 1 BIASHE(MME) » WNL (ME) » WN2 (ML) s wN3 (ML) »
WING (MML) e WNS (MML) ¢ WNE(MMB) » ALFTL(MB) » ALFTZ2(ML) »
ALFT3 (ML) r ALFTH(MML) e ALFTS(MML) r ALFTE(MMB) »
FSTL(MB) o FST2(ML) ¢ FST3(ML) s FSTH (MML ) »
FSTS(MML) v FSTE (MMB) oBETTL(MB) +BETT2 (ML) e BETT3 (ML) »
BETTY4(MML) v BETTS(MML) »BETT6E (MNMB)
COMMON /METE/ wWFL(MB)sWF2(ML) »WFI (ML) e WFL (MML) » wFS{MML) »
WFO (MMB) r ALFEL (MB) r ALFE2 (ML) » ALFES (ML) » ALFLU (MML ) »
ALFES (MML )  ALFE6G(MMB) ¢ FSEL(MB) o FSE2 (ML) ¢t FSE3 (ML) »
FSE4 (MML) p FSES(MML) ¢ FSEG (MMB) vBETELI(MB) v BETEZ2(ML) »
BETE3 (ML) 1 BETEU4 (MNML ) »BETES (MML) v BETLG (MMB)
/RES/ RESL(MB) rRES2(ML) v RES3(ML) rRESU (MML) # RESS(MML) ¢
RES6 (MMB)
/VAR/ Cuv (MMB) r PNEW (MMB)
/MSI/ MSK1(MB) MSK2 (ML) s MSK3 (ML) ¢ MSKY (ML) s MSKS (ML) »
MSKE (M) r NMeNTYP {MM) » NMSM (MM)
COMMON /ZEVL/ EE(MTMXL1) rEEMI(MTMXL+2) » AEE EEMT(2) rEEMMT(3) ¢
ELI(MTMX1) rELM(MTMX1¢2) r AELPELMT(2) P ELMMT(3) 0
EM(MTMX1) o AEMeEMMT (2)

o 3Kk ok o ok ok ok ok ok ok K Kk K ok

* QUTPUT CONTRuUL *
oK ok ok oA K ok ROk KOk Aok % ok

READ AND PRINT OUTPUT CONTROL DATA
COMPUTE THE OUTPUT MASK IPR(*)

ALL DATA READ BY MAINB AND THE RESULTS ARE ALWAYS PKINTEU

THE OUTPUT pPURING THE SIMULATION IS DETERMINED uyY THe OUTPUT
CONTROL MASK IPR(%) o IPR(*) CONTAINS THE OUTPUT PARAMETER
IPRINT FOR TIMcPOINT * o IPR(%) IS COMPUTED FROM THE FOLLOWING
OUTPUT CONTROL DATA READ BY MAINB 3 :

10UT POS QUTPUT AT EVERY IOUT-TH TIMEPOINT
10UT NEG QUTPUT ONLY DURING THE TIMEPERIODS
SPECIFIED BY NXOP» KXB(*) AND KXc(x)
NXOP NUMBER OF TIMEPERIODS DURING WHICH OUTPUT
1S PRODUCED IRRESPECTIVE OF THE VALUE OF i0UT
KXB (*) START TIMeEPOINT FOR PERIOD *
KXE (%) END TIMEPOINT FOR PERIOD %

READ(S010) IQUT!NXOP
FORMAT(215)

IF (NXOP) 30:20:20

IF (NXOP=MTMX) 5050030
WRITE(6,40) NXUP

FORMAT (7HONXOP =¢1I5)

GO0 TO 990
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50 M=IABS(IOUT)

IF (10Ul «LE. 0) M=MTMX1

CO 60 I=1rMTMX

1PR(I)=1

IF (I/M*M «EQ. I) IPR(I)=0
60 CONTINUE

IF (NXOP) 1009100v70
70 READ(5¢10) (KXB(i) e KXEC(I) »I=1,NXOP)

UO 90 I=1sNXOP

JIZIABS(KXB(1))

J2ZIABS(KXE(I))

DO 80 J=Jlrd2
80 IPR(J)=0
90 CONTINUE
100 WRITE(6,110) IUUT/NXOP
110 FORMAT (26HIMAIN PROGRAM FOR METHOp B/1X925(1H*)//

F20HOOUTPUT CONTFROL DATA/1Xr19(1H=)/

F7HOIOUT =9 15¢5Xe6HNXOP =0 15)

IF (NXOP) 140,140¢120 ' T
120 WRITE(6¢130) (KAB(I)»KXE(I)»I=19sNXOP)
130 FORMAT(7HO TBeGeSXr4HTEND//(15¢110))

K 3k 3 o ok ke K o K K ok ok K K K ok K K ok Kok ok ok K ok

* READ AND PRINT FIXED DATA %
ok ok ok ok K ok oK oK K o o ok KK K ok ok K ok K ok ok

READ AND PRINT TRUE DATAS NETWORKe GENERATORr AND LOAD
CONTROL DATA

IPRINT=0
140 CALL RDTNET(IPRINT»IERR)
IF (IERK) 150,150,990
150 CALL RDMETT(IPRLINT)
CALL RDGEN(IPRINT» IERR)
IF (IERR) 160¢160,990
160 CALL RDLD(SDB»SSLoKTMXeUr IPRINT»IERR)
1F (IERR) 170,170,990

READ ANp PRINT ESTIMATOR DATA: NETWORK AND METER pATAv
MEASUREMENT CHUICE AND ORDER

170 CALL RDENET(IPRINT(IERR)
IF (IERR) 180,18U,990
180 CALL RDMETE(IPRINT)
CALL ROWMSMUIPRANT» IERR)
IF (IERR) 190,190,990

READ AND PRINT PARAMETERS FOR ESTIMATOR B

190 READ(S50200) MAXITrJSrJQrCRLOSS'PIN
200 FORMAT(315¢2F1U.D)

READ(50205) (Q(2*x1=1)+Q(2*I)»I=1,NBT)
205 FORMAT(2E10.3) .
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WRITE(60210) MAXITeJSrJQs»CRLOSSPIN
210 FORMAT(21HOESTIMATOR PARAMETERS/1Xr20(1H=)/
FBHOMAXIT =eISrOXr4HJS =¢I15e5XeHHJQ = I5¢5X»BHCRLOSS =¢F1lu«5r
FSXeSHPIN =¢F10.5)
WRITE(60219) (TrQ(2%I=1)rQ(2%I)rI=1+NBT)
215 FORMAT (14HOBUSIR
Fr10HOREAL
FrOHQIMAG// (I5rbX02E10.3))

ok oK Kk ok oK ok ok ok ok ok ok ok %Ok K

* INITIALLIZATION *
oK oK ok ok ok K o K K ok K ok ok ok K

TIMEPOINY 0: COMPUTE THE TRUE VARIABLES FROM THE START UEMAND
(READ BY RDLD INTO SDB)e SET THE ESTIMATE EQUAL TO THE TRUE
STATEr COMPUTE THE MEASUREMENTS AND INITIALIZE THE ESTIMATOR

K=0
WRITE(60220) K '
220 FORMAT(11HITIMLFOINT »I5/1Xe15(1H%))
DO 230 I=1/NBT
230 XT(I)=(1.000.0) .
CALL TRUEV(SDB¢IPRINT+3¢1ERR)
IF (1ERR) 240,240,990
240 CALL CAWNCIPRINT+1)
NODD=19
CALL ALLMSM(NOUD»IPRINT+1)
. CALL CAWF(IPRINT*1)
DO 250 1=1/NBE
250 XE(I)=XT(1)
CALL ADMB(1lelrCRLOSSr1rPINsQeIXITeTIMErIPRINT+3)
IF (IXIT) 990,990,260
260 CALL EVAL(KrIPRKINT)

K K ok ok oK A ok Ok K KK
* SIMULATION =*
3k Kk kK K ok K kK K

AEE=0.0
AEL=0.0
AEM=0.0
DO 270 I=1+2
EEMT(I)=U,0
ELMT(I)=0,0
270 EMMT(I)=0.0
DO 280 I=1:3
EEMMT(I)I=0.0
280 ELMMT(I)=0.0

DO 310 K=1/KTMX
IPRINT=IPR(K)
- IF (IPRINT oLEe 0) WRITE(60220) K
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COMPUTE THE LOAu DEMAND AND ALL TRUE VARIABLES

CALL CASDE(SDB¢SSLrU(K) ¢ IPRINT)
CALL TRUEV(SDB» IPRINT+3¢IERR)
IF (IERR) 290,290,990 ‘

COMPUTE THE STANDARD DEVIATIONS FOR THE MEASUREMENT NOISEe
ALL POSSIBLE MEASUREMENTS AND THE WEIGHTING FACTOURS FOR
THE ESTIMATOR

CALL CAWNC(IPRINT+1)
CALL ALLMSM(NOULIFRINT+1)
CALL CAwWF (IPRINT+1)

COMPUTE THE NEwW ESTIMATE AND THE EVALUATION QUANTITIES

CALL ADMB(MAXITrJSrCRLOSSIJQyPIN?QeIEXIT(K) »TIME IPRINT+3)
IF (IEXIT(K)) 990:9900300
CALL EVAL(K¢IPRINT)

CONTINUE

3Kk ok ok R K K ok oK oK o ok KOk ok KoK ok ok ok
* PRINTOUT OF THE RESULTS =%
s ok 3k ok ok K HOK K ok o ok ok K ok o ok oK ok ok K K ok ok ok

WRITE(60320) KTMX
FORMAT(17H1THE RESULTS FOR »I5¢11H TIMEPOINTS/1Xe33(1H*%)//
F12HOTIME
FelOHEST ERR
Fr21lHMAX ELT gUS ROI
FrllHLF ERROR
Fe27HMAX ELT ENU LINE AOR
FelSHMSMT IND
FeSHIEXIT/)

DO 420 K=1rKTMX
K1=K+1]
IZINT(EEM(K1r2))
M=MOD(1,2)

J=I/72+M

IF (M) 33003300340
ROI=1HI

6G TO 350

ROI=1HR
ISINT(ELM(K1,2))

IF (I) 36003600370
AOB=1HB

60 TO 3860

AUB=1HA

1=I1ABS(1)
M=MOD(Ir2)

Ji1z=1/2+M

IF (M) 380¢3800390

T T O LV ST B 7 T W S B LR T £ 1 T T e e
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. 380 AOR=1HR
GO TO 400
390 AOR=1HA

400 WRITE(6,410) KrEE(KL) PEEM(K1,1) ¢ JyROIVEL(KL) vELMIK1¢1) s AUBr UL Aurte

1 EM(KL) p IEXLT(K)

410 FORMAT(I4¢SXr2F10e7¢I1393X0ALeSXr2F10e702XrALy ISer3XeALrOXFL10.7r

F5X¢15)
420 CONTINUE
WRITE(6:430) KTMX
430 FORMAT(14HLITOTALS AFTER ¢I5¢11H TIMEPOINTS/1Xr29(1H*))
AEE=AEE/KTMX
WRITE(6r440) AEE
440 FORMAT (1L7HOESTIMATION ERROR/1Xe16(1H=)7/
FOX» 27HAVERAGE ESTIMATION ERROR =9F10.7)
KT=INT(EEMT(2))
WRITE(621450) EcMT (1) oKT
450 FORMAT(6Xr27HMAXIMUM ESTIMATION ERROR =¢F10.7¢7H AT T =0+14)
IZINT(EEMMT (2))
M=MOD (I¢2)
J=I/2+M
IF (M) 46074600470
460 ROI=4HIMAG
G0 TO 480
470 ROI=4HRLAL
480 KT=INT(EEMMT(3))
: WRITE (60490) ELMMT (1) rKTeROI,J
490 FORMAT(6X227HMAX ELEMENT IN ALL ERRORS =¢F10e797H AT T =0oI4»
Ful IN /6XeA4r20H PART OF BUSVOLTAGE ¢I12)
AEL=AEL/KTMX
; WRITE(6+,500) AEL
500 FORMAT (16HOLINE FLOW ERROR/1X¢15(1H=)//
FoXr27HAVERAGE LINE FLOW ERROR  =¢F10.7)
KT=INT(ceLMT(2))
WRITE(6+510) ELMT (1) eKT -
510 FORMAT(6Xs27HMAXIMUM LINE FLOW ERROR  Z¢F1047¢7H AT T =¢14)
IZINT(ELMMT (2))
IF (I) 52005200530
520 AOB=1HB
. G0 TO 540
530 AOB=1HA
540 I=IABS(I)
M=MOD(I+2)
J=I/24M
IF (M) 55005500560
550 AOR=Z6GHREACT .
60 TG 570
" 560 AOK=Z6HACTIVE
570 KT=INT(ELMMT(3))
: WRITE(69580) ELMMT(1)rKT+AOR)AOB Y
' 580..FORMAT (6X»27HMAX ELEMENT IN ALL ERRORS =¢F10.7,7H AT T 2014
FUH IN /8XrA619H FLOW AT ¢A1r13H=END OF LINE ¢12)
] AEM=AEM/KTMX
WRITE(60590) AcM
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590 FORMAT (20HOMEASUREMENT GQUALITY/1X»19(1H=)//
FoXr27HAVERAGE MEASUREMENT INDEX =,F10.7)
KT=INT(EMMT(2))
WRITE(60600) EMMT (1) oKT

600 FORMAT (6X¢27HMAXIMUM MEASUREMENT INDEX ZoF10e7¢7H AT T =9 14)

kK ok ok o K K ok K ok oK K K K A ok R Rk ok sk ok K Kok Ok

* WRITE PLOTDATA TO PLOTFILE %
3 K o o oK o K ok ok 3 o oK K ok ok oK 3k Kk ok K ok ok oK K K

KTMX1=KTMX+1
1UNIT=1

WRITE(IUNIT) KTMX1s (EECI)sEL(I)sEM(I)rIZ1o/MTMX1)

980 STOP
END

© e

et ] TP AT ST PR v e,




-174-

MAINPROGRAM FOR METHOD C
AUTHORr TON VAN OVERBEEK 1974-03-15

¢

C

C

C

C SUBROUTINE REQUIRED
C ADMC

C ALOSS

C PRRES
C CaD

C CARES

C GXL

C PRENET
C PRRES
C ESTC

C DESYM
C MPR 1
C SOLVS
C UPUAC
c UPDKC
C PRRES

C ALLMSM

C NOD1

C CASDB

C CAWF

C CAWN

C EVAL

C RDENET

C PRENET
c RDGEN

C RDLD

C ROMETE

C ROMETT

C RDMSM

C RDTNET :

C PRTNLT
C TRUEV

C ELONL

C GXT

C PRINET
C NRLFR

C DECOM

C MPRI

C SOLVo

C

PARAMETER MB=10,ML=13/MTMX=360
PARAMETER MMB=Z2xMB e MML=c*ML ¢t MMZ3% (MB+MML )  MTMX1=MTMX+1

C
: INTEGER TIME
C .
DIMENSION U(MTMX) ¢ IPR(MTMX) ¢+ KXB(MTMX) ¢ KXE (MTMX) » IEXIT(MTMX)

COMPLEX XToYT2:YT3rYT4eYTSe YT69YAAT0ZABT'YBBT'SUB(MB)oSSL(MH)v
1 XEvYE20YES'YEQDYES!YEé:YAAE!ZABE YBBE

TTITNTIETY s Moy VYT A TN T I Mt reeempmagige o mm s v qeeis S remprsides o
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COMMON /TRUE/Z XT(MB) » YT2(ML) e YTI(ML) p YTH (ML) P YTS(ML) »YTO(MB)
JEST/ XE(MB) p YE2(ML) p YES(ML) » YE4 (ML) » YES(ML) » YEO (IMB)
ZTNET/Z NETeNLTeLTAT(ML) fLTBT(ML) $ YAAT (ML) » ZABT (ML) » YBBT (ML)
ZENET/ NBE'NLE!LTAE (ML) LTBE(ML) »YAAE (ML) » ZABE (ML) » YBBE (ML)
/MSM/Z YMLINMB) e YM2 (ML) o YMI(ML) o YMG (MML) » YMD (MML) ¢ YME (MMB)
/METT/ BIASL(MB) »BIAS2(ML) +BIASS(ML) eBIASE (MML) »
BIASH(MML) o BIASE(MMB) p WNL (MB) e WN2 (ML) e WNI (ML) »
WNG (MML) » WNS I(MML) ¢ WNE(MMB) » ALFTI(MB) e ALFT2 (ML) »
ALFT3 (ML) ¢ ALF T4 (MML) » ALFTS (MML) r ALFT6 (MMB) #
FSILIMB) v FST2(ML) »FSTI(ML) o FSTU4 (MML ) » )
FSTH(MML) o FSTOH(MMB) v BETTL1(MB) v BETT2(ML) +BETT3 (ML) ¢
BEITT4(MML) +BETTOHS(MML) ¢ BETT6 (MMB)
COMMON" /METE/ WFL(MB) vWF2(ML) o WF3 (ML) e WFY (MML) o WFS(MML) »
WFE6 (MMB) » ALFEL(MB) v ALFE2 (ML) » ALFE3 (ML) » ALFE4 (MML) »
ALFES(MML) » ALFEEG(MMB) v FSEL1(MB) v FSE2(ML) P FSEI (ML) »
FSE4 (MML) o FSES (MML) 1 FSE6 (MMB) v BETEL (MB) v BETE2 (ML) »
BETES(ML) v BETE4 (MML ) »BETES(MML) ¢ BETE6 (MMB)
/RKES/ ReSL(MB) vRESZ2(ML) 'RES3 (ML) »RESH (MML) »RESS (MML) »
RES6 (MMB)
/MAT/ A(MBeMB) e T(MBIMB)
/MS1/ MSKL(MB) eMSK2(ML) P MSK3I (ML) » MSKH (ML) r MSKS (ML) ¢
MSKOE(MB) t NMe NTYP (MM) » NMSM (MM)
COMMON /EVL/ EE(MTMX1) rEEM(MTMX19s2) r AEEPEEMT(2) PEEMMT(3)
EL{MTMXL) o ELMIMTMXLr2)  AELPELMT (2) P ELMMT(3) 0
EM(MTMX1) e AEMYEMMT (2)

X > > D X X X X X

M M XK XX X DX X

>x x>

30k o Ak ok ok % ok ok Kok ok koK ok K ok

¥ OUTPUT CONTROUL *
40Kk K Kok A Kk OK KK kR

READ AND PRINT OUTPUT CONTROL DATA
COMPUTE THE OUTPUIT MASK [(PR(*)

ALL DATA READ 8BY MAINC AND THE RESULTS ARE ALWAYS PRINTED
THE OUTPUT DUKRING THE SIMULATION IS DETERMINED BY THE OUTPUT
CONTROL MASK IPR(*) o IPR(*) CONTAINS THE OUTPUT PARAMETER

IPRINT FOR TIMEPOINT % o IPR(*) IS COMPUTED FROM THE FOLLOW]ING
OUTPUT COUNTROL DATA READ BY MAINC :

I0UT POS OUTPUT AT EVERY IOUT=TH TIMEPOINT
I0UT NEG OUTPUT ONLY DURING THE TIMEPERIOUDS
. SPECIFIED BY NXOPe KXB(*) AND KXE (%)
NXOP NUMBER OF TIMEPERIODS DURING WHICH OUTPUT
15 PRODUCED IRRESPECTIVE OF THE VALUE OF 10UT
KXB (*) START TIMEPOINT FOR PERIOD * '
KXE (%) END TIMEPOINT FOR PERIOD x*

READ(5+10) I0UT,NXOP
10 FORMAT(215)
LF (NXOP) 30+20,20
20 IF (NXOP=MTMX) 5005030
30 WRITE(6¢40) NXOP
40 FORMAT(7HONXOP =¢15) !
60 TO 990
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90 M=IABS(IOUT)

1F (ICUT «.LE. O0) M=MTMX1

bO 60 I=1,MTMX

IPR(1)=1 ,

IF (I/MxM «EG, I) IPR(I1)=0
60 CONTINUE

IF (NXOP) 100,100.70
70 READ(S5¢10) (KXB(1) e KXE(I)rI=1)NXOP)

DO 90 I=1,NXOP

JIZIABS(KXB(I))

JE2ZTABS (KXE (1))

DO 80 J=JlrJdd
80 IPR(J)=0
90 CONTINUE
100 wRITE(6r110) IOUTNXOP
110 FORMAT(26H1IMAIN FRUGRAM FOR METHOD C/1Xe25(1H*)//

F20HOOUTPUT CONIRUL DATA/1X¢19(1H=)/

F7HOIOUT =»I5r5Xe0HNXQP =¢IDb)

IF (NXOP) 1400,14V,120
120 WRITE(60130) (KXB(I)sKXE(L1)rI=1sNXOP)
130 FORMAT(7HO TBEGerOSX e 4HTEND// (15e110))

A K ok K KOk K s Ok Kk ok R Ok ok K ok KoK o ok ok

* READ AND PRINT FIXED DATA *
3ok K ok o K oK K K sk K ok ok ok K ok 3 K ok K oK ok

READ AND PRINT TRUE DATA: NETWORK» GENERATORr» AND LOAD
CONTROL UDATA

IPRINT=U
140 CALL RDTNET(IPRINT!JIERR)
IF (1ERR) 150/,150¢990
150 CALL RDMETT(IPRINT)
CALL RPGENCIPRINT e IERR)
IF (IERR) 160r160:,990
160 CALL ROLD(SDBeSSL/KTMXeUr IPRINT [ERR)
IF (IERR) 17001709990

READ AND PRINT ESTIMATOR DATA: NETWORK AND METER DATA¢
MEASUREMENT CHOICE AND ORDER '

170 CALL RDENET(IPRINT»IERR)
IF (IERK) 180,180,990
180 CALL RDMETE(IPRINT)
CALL RDMSM(IPRINT»1ERR)
IF (IERR) 190,190¢990

READ AND PRINT PARAMETERS FOR ESTIMATOR C

190 READ(52200) NEWA'MAXIT»CRLOSS(EPS
200 FORMAT(21592F10.9)
WRITE(6¢210) NEWA'MAXITsCRLOSSIEPS
210 FORMAT (21HUESTLIMATOR PARAMETERS/1Xs20(1H=)/
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F7HONEWA =+ 155X THMAXIT =9 I5,5Xs8HCRLOSS =¢F10.5¢
FSHEPS =¢F10.5)

o AOK Ok A ok ok K ok oK ok ok K ok K .

* INITIALIZATION ¥ !
3K oK ok oK K K Ak kK ok Kk K o K

TIMEPOINT 0: COMPUTE THE TRUE VARIABLES FROM THE START pEMAND
(READ BY RDLD uNTO SDB)e SET THE ESTIMATE EGQUAL Tg THE TRUE
STATEr CUMPUTE THE MEASUREMENTS AND INITIALIZE THE ESTIMATOR

- Kz=0

220

230

240

250

260

OCOO0

e NoN o)

270

260

WRITE(690220) K

FORMAT(LIH1ITIMEPOINT ¢vI5/1Xe15(1Hx*))
DO 230 I=1/NBT '

XT(I)=(1.0r0.0)

CALL TRUEV(SDBEr IPRINT+3¢IERR)

IF (IERR) 240,240+990

CALL CAWN(IPRINT+1)

NODD=19

CALL ALLMSM(NOUD! IPRINT+1)

CALL CAWF(IPRINT+1)

DO 250 I=1+NGE

XECL)=XT(1)

CALL ADMC(1s1.0/MAXITYEPSyIXITeTIMEs IPRINT+3)
IF (IXIT) 990,260,260

CALL EVAL(KeIPRINT)

Aok koK kKKK Kk K ok
* S5IMULATION *
Ok KK Ak K Kk K

AEE=0.0
AEL=0.0
AEM=0.0

DO 270 I=1.2
EEMT(I)=0.0
ELMT(I)=0.,0
EMMT(1)=0,0
ULO 280 I=1+3
EEMMT(I)=0.0
ELMMT(I)=0.0

DO 310 K=1+KTMX
IPRINT=IPR(K)
IF (IPRINT +LE. 0) WRITE(6¢220) K

COMPUTE THE LOAu DEMAND AND ALL TRUE VARIABLES
CALL CASDB(SDB¢SSLrU(K) ¢ IPRINT)

CALL TRUEV(SDB LiPRINT+3¢1ERR)
1F (IERR) 290+290+990
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COMPUTE THE STANDARD DEVIATIONS FQR THE MEASUREMENT NOISwr
ALL POSSIBLE MEASUREMENTS AND THE WEIGHTING FACTORS FOR
THE ESTIMATOR

290 CALL CAWN(IPRINT+1) ' : ¢
CALL ALLMSM(NOwU»IPRINT+1)-
CALL CAWF(IPRINT+1)

COMPUTE THE NEW ESTIMATE AND THE EVALUATION QUANTITILES

CALL ADMC(NEWA?CRLOSS/MAXITeEPS» IEXIT(K) » TIME IPRINT+3)
IF (IEXIT(K)) 990,300+300
300 CALL EVAL (K¢ IPRINT)

310 CONTINUE

A K Kk A ok Ak K K sk K ok oK ok ok ok K ok ok ok K ok ok ko

* PRINTOUT OF TiHE RESULTS *
A ok o oK KOk 4Ok KOk ok KOk K koK K KOk Rk

WRITE(6¢320) KTMX
320 FORMAT(17H1THE KESULTS FOR ¢I5¢11H TIMEPOINTS/1K¢33(1lH*)//
FLl2HOTIME
FrlOHEST ERR
Fe21HMAX ELT BUS ROI
FellHLF ERROR
Fr27HMAX ELT END LINE AOR
FelSHMSMT 1IND
FeDHIEXIT/)
DO 420 K=1eKTMX
Kl=K+1
ISINT(EEM(KL1e2))
M=MOD (I 2)
JZI/724M
IF (M) 3300330340
350 ROI=1HI
60 TO 350
340 ROI=Z1HR
350 IZINT(ELM(K1:2))
JIF (D) 36003600370
360 AOB=1HB
GO0 TO 380
370 AOB=1HA
I=IABS(I)
M=MOD(Ir2)
J1zI/2+Mm
IF (M) 38003800390
380 AOR=1HR
6O TO 400
390 AOR=1HA

400 WRITE(6+410) KreE(KL) PEEM(KL 1)y JoROTPEL(KL) PELMIKL121) 2 ACUBPJL1PAOR?

1 EM(K1) » JEXLIT(K)

410 FORMAT(I4rSXr12F10e¢TrI303XeALrSX02F10e792X2ALrISrIXrALIOXIFLOT
FSXr15)

420 CONTINUE
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WRITE(6,430) KITMX
430 FORMAT(14HITOTALS AFTER rISr11H TIMEPOINT:/IX'Zg(lH*))
AEE=AEE/KTMX
WRITE(6r440) AEE
440 FORMAT(17HOESTLIMATION ERROR/1Xr16(1H=)//
FoXr27HAVERAGE £STIMATION ERROR =¢F1047)
KT=INT(EEMT (2))
WRITE(60450) EcMT (1) KT
450 FORMAT(6Xr27HMAXIMUM ESTIMATION ERROR SIF10e797H AT T
ISINT(EEMMT (2))
M=MOD(I¢2)
J=I/2+M
IF (M) 460460470
460 ROI=4HIMAG
60 TO 480
470 ROI=4RHREAL
480 KT=INT(EEMMT(3))
WRITE(60490) ttMMT(l)vKT ROI»J
490 FORMAT(6Xe27HMAX ELEMENT IN ALL ERRORS =¢F10.797H AT T
F4H IN /8XrA4r20H PART OF BUSVOLTAGE rI12)
AEL=AEL/KTMX
WRITE(6:500) AL
500 FORMAT(16HOLINC FLOW ERROR/1X¢15(1H=)//
FEX»27HAVERAGE L INE FLOW ERROR =¢F10.7)
KT=INT(ELMT (2))
WRITE(6¢510) ELMT (1) ¢KT
510 FORMAT(6Xr27HMAXIMUM LINE FLOW ERROR SiF10e797H AT T =1 IH)
IZINT(ELMMT(2))
IF (I) 52005200530
520 AOB=1HB
GO0 TO 540
530 AOB=1HA
540 I=IABS(I)
M=MOD(Ir2)
J=1/2+M
IF (M) 5501550¢560
550 AOR=6GHREACT.
GO0 TO 570
560 AOR=6HACTIVE
570 KY=INT(ELMMT(3))
_ WRITE(6+580) ELMMT(1) KTrAOR,AOBrJ
580 FORMAT(6Xs27HMAX ELEMENT IN ALL ERRORS =¢F10.7¢7H AT T =+ 14
F4H IN /8XrA6r9H FLOW AT »Al»13H=-END OF LINE ¢I12)
AEMZAEM/KTMX
WRITE(6+590) AcM
590 FORMAT (20HOMEASUREMENT QUALITY/1X,19(1H=)//
FEX12THAVERAGE MEASUREMENT INDEX =¢F10.7)
KY=INT (EMMT (2))
WRITE(6+600) EwMMT (1) KT
600 FORMAT(6X9»27HMAXIMUM MEASUREMENT INDEX =¢F10.7+7H AT T -'14)

e I4)

v T4
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ok ok o ok ok K ok KK K sk 3 ok 40ROk ok ok K o ok A ok XK K

* WRITE PLOTDATA TO PLOTFILE %
3 ok ok ok K ok 3 ok K KK K K o ok K Kk ok % ok oK kK ok K ok

KTMX1=KTMX+1 .
IUNIT=1
WRITECIUNIT) KTMX1e (EECI)vEL(I)»EM(L) e I=1eMTMX1)

990 STOP
END
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PLOTPROGRAM

PARAMETER MTMX=360
PARAMETER MTMX1=MTMX+1

DIMENSION EE(MTMX1) rEL (MTMX1) tEMIMTMXL) o XTEXT(4) p YTEXT (30 Y (121 )
COMMON /RITFIG/ HTEX ' HTEY + HNUX  HNUY e NWX o NWY ¢ FMTX (3) o FMTY (3) #MX e My

DATA HTEX/0¢247 ¢ HTEY/0e24/ rHNUX/ 0024/ +HNUY/ 0o 24/ Y NWX/G/ e NWY/ =T/ ¢

X FMTX(1)/6r(F4e0)/FMTX(2)/6H /2 FMTX(3)/76H /o
X FMIY(L1)/6R(F7.5)/¢FMTY(2)/6H /rFMTY(3)/6H /0
X MX/1/eMY/L/

DATA X0/0e/¢DX/=1e/ o YMIN/Oo/sDY/1/0SY/ 4o/ v IX/=1/ 01X/ 1/ NKZ6/
X IAXIS/1/ 9 iTEXT/1/ ¢ IPLOT/0/LINTYP/Z0/ 1 XTEXT(1) /6H T/
X XTEAT(2) Z6HIME (S/»XTEXT(3)/6HAMPLES/ » XTEXT (4)/06H) /

READ(5010) NPL

FORMAT(I5)

DO 60 K=1/NPL
CALL PLOTS(0r0rQ)
CALL PLOT(34¢0er=3)

JUNIT=K+10
READ(IUNIT) KTMX1e (EE(I)vELC(I)EM(TI) rI=1sMTMX1)
Y0=0.0

DO 50 I=1,KTMX1lr120

IF (1 +EQ., KTMX1) GO TO 50
" XMIN=FLOAT(I-1)
NP=MINO (121, KTMX1-I+1)
SX=FLOAT ( (NP=1)/NX)

YTEXT(1)=6HESTIMA

YTEXT(2)=6HTION E

YTEXT (3) =6HRROR

YMAX=1.0

DO 20 J=1¢NP

Y(J)=EE(I+J=1)

CALL RITA(Y/NPrXOrYOrXMINsDXo YMIN? YMAX DY ¢ SX0SY IX'IY'NX
1o IAXISe LTEXTe IPLOT/LINTYP» INTEQr XTEXT YTEXT)

Y0=5.5

YTEXT(1)=6HLINE F
YTEXT(2)=6HLOW ER
YTEXT(3)=6HROR
YMAX=2.0

DO 30 Jz=1/,NP
Y(J)=EL(I+J=1)

CALL RITA(Y)NPerXO0rYOrXMIN?DXo YMIN? YMAX2DYrSXoSYrIXe LY PNX

10 IAXISr ITEXToIPLOToLINTYP» INTEQe XTEXT ¢ YTEXT)
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YTEXT (1) =6HMEASUR
YTEXT(2)=6HEMENT
YTEXT(3)=6HINDEX
YMAX=2.0
DO 40 J=1!NP '
40 Y(J)=ZEM(I+J=1)
CALL RITA(Y NP2 XOrYOrXMINsDXe YMIN) YMAXeDY rSXeSYr IXe IYPNX
Lo IAXIS ITEXTo IPLOTPLINTYP e INTEQe XTEXT YTEXT)

YU=7,0 h
50 CONTINUE

CALL PLOT(0,¢0.0999)
60 CONTINUE
END
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