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I. INTRODUCTION AND OVERVIEW

-

System identification technology has been used success-
fully for many vehicles. Because of their large number of
degreés of freedom and complex aerodynamic interactions,
the rotorcraft have always presented a special challenge to
system identification methods. A completely integrated
methodology has been developed under this NASA contract to solve
‘this difficult problem. This methodology has also been
translated into a user oriented series of computer programs.
This volume provides basic guidelines‘fbr efficient and
effective use of one of these computer programs.

Figure 1 shows avschematic flowchart of the oVefallv
data processing technique for rotorcraft. The first step in
this procedure is state estimation and_instrument,caiibration.
This is implemented by the computer program DEKFIS (for
Qiscretegytended ga1man Filter and §mootherj.whi¢h implements
an extended Kalman filter/smoother using the Friedland- -Duffy
formulation. ‘Instrument blases ‘and scale: factors are estlmated _
~at this stage together with any state which is not measured
~directly. The second step involves estimation of the mathe-
matical model of various forces, moments and 1nterchanges
This is implemented in OSR (Optimal Subset Regre551on) computer
program which uses a regression technlque. _Accurate estimates
of parameters are obtained in the final step. One of two
computer programs is used for this.purpose. SCIDNT 1mplements
- the maximum likelihood method for linear systems and NLSCIDNT
extends the method to nonlinear rotorcraft models.

The contract research effort which led to the results in this report was
- financially supported by the Structures Laboratory, USARTL (AVRADCOM),
NASA Langley Research Center and NASA Ames Research Center.
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oo j PROVIDING INPUT TIME HISTORIES
o WHICH OPTIMIZE [MFOR¥ATION O
Bttt | DESIRED VEHICLE PARAMETERS
FLIGHT TESTS
.VEH!CLE/ROTOR ® pROVlDES FILTERED STA?ES

STATE ANO GusT| ) ® PROVICES QUANTITATIVE DAT

MATE COMSISTENCY EVALUATICH
—gm—-i—DEKFIS | { o PROVICES GUST VIME HISTORY
{IF GUSTS PRESENT)

INITIAL SELECTION OF
MODEL OOF: FUSELAGE/ {= = -~ -

FLAP/LAG_YARIABLES,
ETC.
o SELECTS REQUIRED DOF
MOOEL STRUCTURE}] Yo SELECTS REQUIRED STABILITY
DETERMINATION \ AND CONTPOL DERIVATIVES AND
O%R RANKS THEIR [NPOATANGE
(o PROVIDES START-UP VALUES FoNR
l ML PROGRAM
L e PROVIDES UNBIASED.
EF a7 AMETE!
LINEAR MAXIMUM SONLINEAR MAY(- zsgeﬁgs PARRIETE
IKEL THO0D PAPA- dU‘1 LIKEL[HOCD o PROVIDES 20 24M0S ON
METER [DENTIFI- PARAMETER PARAMETER £STIMATES
CATION IDENTIFTCATION | [ o PROVIDES FURTHER
SCiont STt INFCRMATIO® ON MOCEL
L " | STRUCTURE USING
L [NFORMATION MATRIX

Figure 1 Intégrated Rotorcraft System
Identification Procedure

Accuracy of parameter estimates may be improved by using
flight test inputs based on the input design program, INDES.

This user's manual describes the SCIDNT computer pfogram.
The details of the theory and the partlcular 1mp1ementat10n
used are given in the final report.*

Hall, W.E., Gupta, N.K., Hansen, R. and Bohn, J., "State
Estimation and Parameter Identification for Rotorcraft,”
Final Report on Contract NAS1-14549, May 1978.



ITI. BACKGROUND

The computer program Linear SCIDNT (from SCI maximum
likelihood IDenTification for linear systems) evaluates rotor-
craft stability and control coefficients from flight or wind
tunnel test data. It implements the maximum likelihood method
to maximize the likelihood function of;the parameters based on
‘measured input/output time histories. Linear SCIDNT may be
applied to systems modeled by linear constant-coefficient
differential equations. This restriction in scope allows the
application of sevéral analytical results which simplify the
computation and improve its efficiency over the general non-
linear case. The functions of Linear SCIDNT may be summarized
as follows. For the linear system:

& x(t) = F(e)x(t) + G(8)u(t) * T(8)w(t)
y(t,) = H(E)x(t) + D(O)u(ty) + vity) ; k=1,2,...,N

where

Efw(t)w! (1)] = Q(8) 8(t-1)

E[v(tk)vr(fl)] = R(8) 8y,

Elv ()T (2)] = 0

8 = a vector of parameters to be identified

where &6(t-t) and Gki are Dirac delta functions. Linear
SCIDNT estimates specified elements of the parameter vector 6.



The
(1)
(2)

(3)

4)
(5)
(6)

(7)

(8)

program has the following special features:

The program is set up for rotorcraft models.

The applicable model may be specified depending on the

‘measured response (this includes rotor, body, rotor/

body, coupled and uncoupled, longitudinal and lateral
models). The set of measurements may also be selected
depending on available instruments.

The program estimates the standard deviations and con-
fidence levels of all parameter estimates.

Up to 120 parameters can be identified in one run.
Multiple maneuvers can be processed in one run.

The user can specify that any of the parameters are
known constants or are to be identified.

Extensive diagnostic printouts can be switched on to
aid the user in setting up the input deck properly

‘before making a complete run.

The user has the option of producing time history
records of actual and estimated measurements in the

- form of tabular printout, printer plots, or magnetic

tape for off-line high resolution plotting.



ITI. PROGRAM STRUCTURE

This section gives a brief discussion of the major sub-
routines and functional blocks of Linear SCIDNT. Figure 3.1
shows the basic program structure. ‘

The main routine, DRIVER, is responsible for setting up
the problem for the optimization routine SMAIN, calling SMAIN
and then performing output tasks such as printing and/or stofing'
(for later plotting) control and actual vs. estimated time
histories.

SMAIN, the optimization routine, uses the Levenberg-
Marquardt search procedure to drive the identified parameters
to values such that the likelihood function is maximized. As
the parameters are stepped, information is printed out describ-
ing the progress of each iteration.

UPDATE is called by SMAIN to calculate the likelihood func-
tion, its gradient, with respect to the parameters and the
information matrix (an approximation to the Hessian of the like-
lihood function with respect to the parameters). The cost and
gradient are derived from propagation of the measurement and
measurement sensitivity (with respect to each parameter) equa-
tions, performed by UPDATE, using the transition matrix tech-
nique. UPDATE also contains special code for the case when the
model is assumed to have process hoise excitation.

In addition to the functional blocks described above,

numerous other small routines are called to perform utility

tasks, such as specially formatted printout, pointer manipu-

lation, and matrix algebra.



BIMENSION ARRAYS.

READ TITLE, PROBLEM SIZE,
ALGORTTHN. PARAMETERS, ETC.

READ. PARAMETER STARTING
VALUES . AND SET UP SYSTEM-
MATRICES .

PRINT- OUT INRITIAL SYSTEM
MATRICES, OPTIONALLY
EIGENVALUES

READ AND OPTIONALLY.
PRINT: OUT u AND y TIME
HISTORIES

CONDUCT PARAMETER SEARGH ——

-

PRINT OUT FINAL SYSTEM
MATRICES, OPTIONALLY- 4
EAGENVALUES

PRINT: QUT' AND/OR: PLOT
ESTIMATED: VS, ACTUAL
MEASUREMENT - AND: CONTROL
TIME' HISTORIES:

Figure 3.1

ITERATE TO MINIMUM COST R
(1,NITER) OR CONVERGENCE .

PUT NEW PARAMETERS

INTO SYSTEM MODEL PROPAGATE MEASUREMENT

'AND MEASUREMENT SEN-
FIND COST, GRADIENT, SITIVITY EQUATIONS.
INFORMATION MATRIX ) GENERATE APPROX. TO
, HESSIAN, I.E.,
COMPUTE STEP INFORMATION MATRIX.

UPDATE PARAMETERS
8Y STEP

General Flowchart of SCIDNT



IV. INPUTS TO THE PROGRAM

Linear SCIDNT requires two classes of input. The first
type, which will be referred to as 'card-input'" defines the
model, its size (number of states, etc.), and its parameters,
including indicators as to which ones are to be identified.
Other quantities read include controls over the optimization
routine, printout flags, and plot control flags. Card-input
" is read from unit S.

~The second type of input referred to as "time-history
input" consists of tabular values of the measurement and control
‘time histories. SCIDNT calls a subroutine INREAD once before
'beginning the identification algorithm. Subroutine INREAD
reads the values of the_measufements y and controls u fdr
‘the entire time periqd-Of the experiment. This is because in
general,~INREAD'muSt féad data in many different formats for
" _various types of simulation or flightbtest-data. o

4.1 CARD INPUT
4.1.1 General

Card-input to- Linear SCIDNT ébnsists of three different
groups of cards. The first group, donsisting of only one card,
specifies a 76-character title to be printed at the top of
every page of output. This serves to identify the run and/or
‘the data which is specified as input. |

The second group, a NAMELIST data deck called INPUT, speci-
‘fies the problem size (number of states, number of measurements,
efc,),_optimization algorithm controls, and program output
controls. ' |



The third group of cards specifies the numerical values
of the parameters in the model and flags the ones to be iden-
tified. Parameters not flagged are assumed to be fixed and
known. Also indicated on these cards are parameter labels,
parameter initial values, and upper and lower bounds for iden-
tified parameters. The bounds are useful for parameters such
as sines or cosines, whose magnitude must not exceed 1.

A detailed description of card input is seen in Table 4.1.
The NAMELIST cards are punched according to usual NAMELIST
conventions, such as free format between columns 2 and 72, order
indepéndence, etc. See the applicable FORTRAN manual for more
details. A sample input deck is shown in Figure 4.1.

4.1.2 Detailed Explanation of Selected Card-Inputs

K1MAX

KIMAX specifies the maximum number of successful itera-
tions that the optimization algorithm will perform before
returning to the main program. Each successful iteration
represents a step toward the maximum of the  likelihood function
(équivalently, the minimum of the negative log of the likelihood
function, which is the actual cost function used). If conver-
genée is achieved in less than KIMAX iterations, then the final
- values of the parameters will reflect thé last step calculated.
If convergence is not achieved in KIMAX iterations, the para-
meters will have the values before the last step was calculated.
This feature dllows the initial and final parameter values to
be equal when KIMAX is input as 0. In this fashion, time
historylplots of the system with the initial values of the para-
meters can be generated, and the first step calculated on a low-
cost checkout run. An even lower-cost chéckout run can bé made
by setting KIMAX = -1, which is the same as setting KIMAX =0,
but without a calculation of the first step. '




Table 4.1 v
Input Card Formats

CARD GROUP COLUMNS FORMAT VARIABLE NAME AND DESCRIPTION
Title 1-76 19A4 Run and/or Program identification.
INPUT 2-72 Free First card must begin with $INPUT followed
Namelist by SEND. Intervening cards set values for

the following variables (defaults in
parentheses):

Integer | NS = number of states (22)
~Integer | NP = number of measurements (25)
Integer | NQ = number of controls (8)
= number of time points to be read by

Integer | NN
v INREAD from data file (21). Can be

negated to trigger data printout by
. INREAD. -

maximum number of iterations (6).

Integer | KIMAX
: See notes.

1]

maximum number of cost function
increases per iteration (4). See
4.1.2, (step cuts)

Integer | K2MAX

Integer | MCYCLE = number of parameters identified
’ per iteration (min(# parameters
id'd,12)). Must be less than or
equal to total number of para-
meters identified. See 4.1.2.

Integer | NG = number of process noise sources (6).
If equal to zero, output error
option is assumed. See 4.1.2.

Integer | IRCMP = 0, R-matrix not updated.
IRCMP > 0, R-matrix updated every IRCMP
.iterations. See 4.1.2.




Table 4.1 (Continued)

CARD GROUP

COLUMNS

FORMAT

VARIABLE NAME AND DESCRIPTION

INPUT
Namelist
(Cont'd)

2-72

Free

Integer

Real

Logical

Logical

Logical

Logical

Integer

Integer

Array -

IPRT
IPRT

0, No diacnostic printout

1, State and measurement debugging
printout '

2, State and weasurement sensitivity

~debugging printout

4, Information matrix debugging
printout.

Default = 0.

Note: These values may be summed to obtain
combined printouts. Also, the sum
may be negated to obtain time his-
tories associated with each level
of printout. See 4.1.2.

IPRT
IPRT

DELTA

Sample time increment of jnput
. measurement and control time his-
tories (.05 seconds)

EIGF

Calculate and print out F-matrix
eigenvalues before and after
-optimization procedure (.FALSE.)

PRTTB

Print out tabular time history of
controls and actual vs. estimated
measurements. (.FALSE.)

PRTPL

Produce printer plots of controls
and actual vs. estimated measure-
ments (.FALSE.)

TAPEPL = Produce mass storage file of con-
trols and actual vs. estimated
measurements. These time histor-
ies are written on unit 2 and can
be used as input for off-line
plotting. (.FALSE.)

NREC = Number of maneuvers in data record

(1)

IREC = The Ith maneuver starts at the
IREC(I)th data point (1)

10



Table 4.1 (Continued)

CARD GROUP COLUMNS FORMAT VARIABLE NAME AND DESCRIPTION
INPUT 2-72 Free

Namelist -

(Cont'd) | Integer | MAXP = maximum number of parameters

(computed from other inputs)

# of terms in transition matrix

Integer |- NTERMS .
- series evaluation (20)

0 prints inputs for FMARQ, PMARQ,
NTERMS, odd turns on 1eve1 1
pr1nt (0)

Integer | IPRTSM

Logical | USERLAB = .TRUE. to read user supp11ed
. ' labels for plots (.FALSE.)

Real | FMARQ

= initial Marquard search
| parameter (30.)
Real PMARQ % factor for increase or decrease
' - of Marquard parameter (1.)
Real  |" DEFBDU = upper bound default on P (10°)
: ReaT'-'v DEFBOL = Tower bound default on P (- 10 )
Real = | STEPMN > ESTEP; def1nes convergence
. j 001 |
Real' . RELERR > |relative change in likelihood -6 '
| ' ‘ function| defines convergence (107°)
USER LABELS| 1 Al CHAR = Y for measurement label =
- ~ - = U for control label
3-4 | 12 INDEX = which measurement or control

11-50 4A10 ALABEL (I), I = 1,4 label

11




Table_4.1 (Continued)

| cARD GROUP

COLUMNS

FORMAT VARIABLE NAME AND DESCRIPTION

Parameter

1

6-25

26-35
36-50

51-65

66-80

Al J2

blank: this parameter is to be held
- fixed throughout the optimi-
zaticn :
non-blank: this parameter is to be
identified

J2

" Al ECHK = non-blank: terminator card for the
parameter group :

415 (IPX(I),I=1,4), pointers to positions in
which this parameter appears
in linear system (see4.1.2)

A10 ~ PLAB: Parameter name.

E15.7 PVAL: If this parameter is identified, P

: ‘ is its starting value. If it is
not identified, P is its known
value. (Default = 0.) Fixed para-
meters of value zero need not be '
specified in the parameter card
group.

E15.7 PLJ1: Lower bound of this parameter, if
' videntified. Default = -1.0E+6

£15.7 PUJ1: Upper bound of this parameter, if
identified. Default = 1.0E+6

See 4.1.2 for more detailed description
of parameter card group

12
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ROTORCRAFT SCIDNT TEST CASE

SINPUT
Nealbhe
NHRlae
NOISB& o
MGEG e

SMARURIN, 0 PMAROSL .y

N1MAX

2 10

K2MAXE20 .

NNBSO]

DELTA=,01
TAPEPLETRUE,

Tiel
\ e Card

> SINPUT Namelist

Pointers

EIGFe,TRUF ¢
T PATPL =, TPUE,. /
$END | .
° 1 2%3 FU] L w0068 PARAMETER SPECIFICATION
? 2 2% Yu 0158 CARDS
. 3 2%5 2u “.l26
* b 2%6 Ly =e0011
. § 297 “wy “o0GH
) 6 2%A7 NU “.U010
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. @ 1an 268° Yv e U967
» 17 269 4 -, 0071
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. 19 2n Y «0023
° 20 272 NV 0081
24 ROV . 20005
i) AV . y -e0707
2w . gAYy =0,0506
° 29 - 281 Aw ’ +09e2
° -30  2R2 Yw o 00216
. 31 283 2w C SpTes
. 32 284 uw : -y 0099
'Y 33 2e§ L1 T : «0016
. 34 284 N T =l 00N2
. 3R ROw 232
&0 RAw ' 0379
\ 2 Rdw . ee096S
. 43 295 1P . =el2e
’ IS ' YP«VSALO LYY-E]
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. o7 299" e =+ 0055
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. 1D Flag Parameter Location

Parameter Startup Values
Name

Figuré 4.1 'Sample Input Data
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Figure 4.1 (Continued)
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K2MAX

Sometimes the calculated step of a given iteration is too
large, causing the negative log likelihood function to increase.
When this happens, the optimization algorithm cuts back the
step until the cost decreases. K2MAX limits the number of
times that this can occur in an iteration. The default value
of 4 should be sufficient for most cases.

MCYCLE

Although every parameter can be moved during each itera-
tion, 51gn1f1cant savings of computer time can be realized if
only a portion of the total number of identified parameters are
stepped each iteration, especially if there are many (> 20)
parameters to be identified. MCYCLE determines how many para-
meters are stepped at each iteration. If MCYCLE==O, or is
absent, then all the parameters are stepped at once_each itera--
tion, up to a maximum of 60. If MCYCLE > 0, then MCYCLE para- -
meters are stepped. The identified parameters are grouped
MCYCLE at a time in the order that: they appear in the parameter
- cards. Different MCYCLE groupings can be achieved by re-
arranging the parameter cards. If the total number of identi-
fied parameters is not an even multiple of MCYCLE, the remainder
of parameters in the last MCYCLE group are taken. from the first
group, and subsequent MCYCLE groups are changed accordingly.
MCYCLE must be less than or equal to thejnumber of identified
parameters, and must never be greater than 60.

Note that this advanced computatidn technique was intro-
duced into the computer program to save execution time while
solving large order problems. The final estimates of para-
meters should be the same (within 1imits of numerical error
and one standard deviation of parameter estimation error),
irrespective of the value of MCYCLE. This technique has been
used in the optimization of large static econometric models
and is based on a similar technique proposed by Golub and
Pereyra [1].

16
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NG

Setting NG > 0 activates the process noise option of Linear
SCIDNT, in which the linear model is assumed to be excited by
random disturbances. If this option is used, parameters for
' and Q matrices should appear in the parameter cards.

Since the process noise case assumes that the estimated state
is the output. of a Kalman filter, which must be calculated,
51gn1f1cant computational overhead is required for thlS option.

' However, improved accuracy of parameter estimates can be

realized for data contaminated with ptocess noise, If NG > 0,
the input values of the R and Q matrlces determlne the
dynamlcs of the state estlmator.

If NG 1sjset to 0, the output error ‘option of the program
is usedl In this case, all errors betweén estimated and

‘observed measurements are assumed to be due to measurement
noise. No T —or Q matrices are used, and the input R
matrix is not used in the calculatlons, as measurement noise

covarlance is estlmated from ‘the: data. Output. error mode runs
faster than process noise, and should be used when dlsturbances

E are known to have negl1g1ble effect on the data.

'IRCMP

~In the process noise option, the 1nput value of the R-
matrix is used to compute the Kalman filter gains.. However, if
the program has run for a few iterations, a better estimate of
R can sometimes be obtained from the data and from new esti-
mates of the process noise covariance. If IRCMP. > 0, then the
R-matrix used in the Kalman filter calculation is -updated by
the program every IRCMP iterations. If IRCMP = 0, R is held
fixed at its input value. Every time R is updated, its new |
value is printed out. -

In the output error optlon, IRCMP has no effect on the
calculations. However, better estimates of R for future runs
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can be obtained by setting IRCMP = 1, which will cause an esti-
mate of R to be printed at each iteration.

IPRT

IPRT can be used to trigger several levels of diagnostic
printout. Positive values of IPRT display matrices associated
with each level of printout. (Level 4 is the same as Level 2,
since there are no new matrices associated with the information
matrix calculation.) Level numbers can be summed to obtain
combined printouts. For example, IPRT = 3 causes a combined
Level 1 and Level 2 printout, and IPRT = 7 includes all levels
of printout. . If the value of IPRT is negated, then time '
histories associated with each level are printed, as well as
matrices. (IPRT = -4, -5, -6, or -7 will include a time
- history printout of the sensitivities used to compute each
element of the information matrix).

- Caution: Values of IPRT of magnitude greéter than 1 will
'cause-voluminous output. If such printouts are desired, it is
best to set KIMAX = 0, and identify just a few parameters
(1 or 2, if possible). If IPRT < 0, try to limit the number of
 data points to be 20 or fewer. |

IPX Vector

IPX is read from a parameter .card and determines the posi-
" tion in which the parameter appears in the system matrices.

A parameter may appear in as many as four matrix elements,

and the pointers to these elements are determined as follows.

If the columns of the matrices (in the order F, G, H, D, R, T,
Q) are stacked into one long vector, then the pointer to a

given matrix element is equal to that element's position in

the long vector. The four elements of IPX correspond to the
four matrix elements in which a parameter can appear. Of the
four fields on the parameter card for IPX elements, the leftmost

18



ones are used for,non-zerd values of IPX, i.e., unused IPX
- fields must appear on the right. The ranges of values for the
pointers are as follows: |

Elements

In Go From To

F 1 (IF) IF+NS*NS =(IG-1)

G IG IG+NS*NQ =(IH-1)
H IH IH+NP*NS =(ID-1)

D ID - ID+NP*NQ =(ID-1)

R IR ~ IR+NP*NQ =(IGAM-1)
r*  IGAM IGAM+NS*NU'-(IQ -1)

Q* IQ  IQ+NG*NG
4.2 TIME HISTORY INPUT

Time hlstory 1nput is read by subroutlne INREAD. Because -
measurement and control tlme histories can be retrleved from
tape, cards, or dlsk in numerous formats, INREAD is left as-a
user-written routine. The IVREAD used in the sample run 15'
shown in Figure 4.2.

'Subroutlne INREAD

SUBROUTINE INREAD (NP,NQ,NN,DELTA)
COMMON/TLCM/T (1) ~
COMMON/ULCM/U (1)

COMMON/YLCM/Y (1)

LEVEL 2, T, U, Y

- Inputs: NP number of measurements
-~ NQ = number of controls
NN

DELTA

number of data points

time hlstory sample interval (seconds)

*Used only with process noise option:
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Outputs:

Notes:

T

U
Y

NN

(1)

(2)

3

(4)

(s)

= array for storing the time of each data
point

= array for storing the control time history

= array for storing the measurement time
history

= number of data points actually read from
file

The program uses the array T only for the plot
outputs. The identification algorithm does
not require T. The variable DELTA is passed
to INREAD mainly for calculation of this array,
and otherwise may be ignored (although a

place must be held for it in the parameter
list). This calculation can be done if the
data file does not explicitly have on it the
time for each data point.

As noted under '"outputs,' NN may be reset by
INREAD to reflect the actual number of data
points read from the file. This must be done
if, for example, an end-of-file is reached
before the anticipated number of data points
are read. If NN is reset, a message to that
effect should be printed.

INREAD should not reset the values of NP or
NQ. DELTA may be reset, but if that occurs,

a message to that effect should be printed, as
an incorrect sample time can have dlsastrous
effects on later computation.

INREAD may perform any desired pre-processing
of Y and U.

It is recommended that INREAD print out the

Y and U as arrays immediately after reading
them to check the validity of the data, as shown
in the example. DRIVER, which calls INREAD,
has been coded so that a negative value of NN
can be read from NAMELIST $INPUT, and then
passed to INREAD to trigger this printout,
should the user desire to incorporate it.

If NN comes into INREAD as a negative value,
it must be reset positive via the IABS func-
tion before returning to DRIVER.

20



- (6)

(7)

If the user should require additional card
input in INREAD to control the processing of
the input data, the cards can be placed
immediately after the parameter description
group of cards. Card input is on unit S.

The arrays T, U, and Y are in LCM.  Note that
the INREAD declaratives specify only the
starting addresses of these arrays and not
their dimensions. Therefore, when these
arrays are read they must be considered singly
dimensioned, and the variables NP, NQ, and NN
must be used to calculate the proper sub-
script for these arrays. T is a vector, U is
assumed to have NQ rows and NN columns, and

Y is assumed to have NP rows and NN columns.
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V. OUTPUTS OF THE PROGRAM

forms of output can be obtained from Linear SCIDNT.

Tabular printout showing the progress of the parameter
estimation process.

Tabular printout of time histories of controls,
measurements, and measurcment estimates using the
final values of identified parameters, (PRTTB = .TRUE.)

Printer plots of control, measurement, and measure-
ment estimate time histories, (PRTPL =.TRUE.)

Control, measurement, and estimated measurement time
history data stored on mass storage to generate off-
line plots, (TAPEPL =.TRUE.)

type of output is always produced.  The last three

optional and may be independently selected by the user.

TABULAR PRINTOUT OF ITERATION PROGRESS

Figure S.i is an example printout of a SCIDNT run using

card input shown in Figure 4.1. Explanations of the results

noted

on the printout.
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5.2 PRINTER PLOTS

Figures 5.2 and 5.3 show typical printer plots of measure-
ment and control time histories. Actual and estimated time
histories for each measurefiefit dare plotted on the same axis
s that closeness of fit can be visually evaluated.

5.3 TIME HISTORY ON MASS STORAGE

This option is provided to put measurement and control
tifie history data on a mass storage file, primarily‘fOr the
purposé 6f producing off-line plots analogous to the printer
plots. Data is written to the device (logical unit 2) in
unforiatted records as follows:

Record Data

1 NS, NQ, NP, NN

nuniber of States

number of controls

number of measurements

number of data points per variable

NS
NQ
NP
NN

[ 3 0 T 3

2 thfough NN;l. T(J)z(U(K’J)’KéibNQ),(Y(Kij)iK#léNP)i
| | (YHAT (K,J),K=1;NP}

time for Jth data point

Kth control at Jth data
point _

Kth dctual measurefent at
Jth datd point

Kth estimated measurement at
Jth data point

T(J)
U(K;J)

Y(K,J)
YHAT (K,J)

(¥

NN+2 End-of-file mark
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APPENDIX A

A.1 MAXIMUM PROBLEM DIMENSIONS

The Ames 7600 implementation of Linear SCIDNT is dimen-
sioned to the following maximum problem sizes:

NS (number of states) < 22

NQ (number of controls) < 8

NP (number of measurements) < 25

NG (number of process noise éouices) < 6

Total number of identified parameters < 120

MCYCLE (number of parameters identified per iteration) < 60

NN (number of data points) < 1001

A.2 JOB CONTROL LANGUAGE REQUIRED TO USE LINEAR SCIDNT ON
AMES 7600 '

The following job deck was used to make sample runs on
simulated data. It can be used as an example for other SCIDNT
job setups. '

RCSCI,Tm,Pn,YD1l. Job card. m and n depend on the particu-
lar run. ‘

ACCOUNT , XXXXXX, TXXXX. Account card.

MOUNT,VSN=D0185A,FSDMOHA. Mount the private disk with the
SCIDNT program and input data.

SETNAME,FSDMOHA. Establish the private disk as the default
setname for subsequent ATTACHes. '

ATTACH,RCCH53,ID=VERMONT. Attach the time history data
file (card images in UPDATE format).

47



UPDATE, P=RCCHS53,C=TAPE9,D,F. Un-compress the data file.
ATTACH,SCIDNT,LIDBN,iD=VERMONT.' Attach the SCIDNT program.
SCIDNT. Load and execﬁte SCIDNT.

7/8/9 |

This null logical record is needcd for the UPDATE
processor.

7/8/9

' SCIDNT data cards (see Figure 4.1)
6/7/8/9
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