
' ..
I

"1~~~l~IJHJI'~'~' /.
NASA Contractor Report 159082

NASA-CR-159082

19~1 OGI41QO

SCI IDENTIFICATION (SCIDNT) PROGRAM
USER'S GUIDE

SYSTEMS CONTROL, INC. (V~)

1801 Page Mi 11 Road
Palo Alto, California 94304

NASA Contract NASl-14549
November 1979 '

I:AI\!GLEf {(CeoC/'R"::, i CoNTEr

, Lli3f\,~:\Y, 1~/J,Ul,

.11).\j.i\t~:'1'tlN~ ~ln~t1Il'\\1~

Nl\SI\
National Aeronautics and
Space Administration

Langley Research Center
Hampton,Virginia 23665





it}::12E~8~3
ft3t t-(}r\El-l-::

(t~\)d -EH)2)
Ae r c,r-tcHl t 1cs arHj
!=~~=
'to..

C]\lT:¥:: foJASl-14549
Space Admintstratlon..

-_~. ri
2=1t H.1

r .....""'!.=-.-
HfL.bb

state{()torcr .3f t
lrle ...Systems Control,

tJr~lCLASSIFIED

REPORTS EXPECTED
l·Ut~J.J· __"'=~':~AE~:CiDr~li1lAM I C: STAB IL I Tr··l..-_r~:-AL~:;{)R I THt='lS/~~:(:t)!=lT~:t}L STAE IL I T~y./7·~(:t)hlTF:{)LLAB iLL T"~l.J:k

DATA PROCESSING/*DATA REDUCTIO~/*FLIGHT CHARACTER[STICS/*FLIGHT CONTROL/~f

FLIGHT TESTS/*HELICOPTER PERFORMANC£/*HELICOPTERS/*POSTFLIGHT ANALYSiS/*
PREDICTiON ANALYSIS TECHNiOUES/*STABILiTY DERIVATiVES

UNCLASSIFIED DOCUMENT
I:3stJE ~s

7;3./EH:J./Ei£t
79A181~S6~~:'

Ro t()r(:{~af ttJTTL:

CORP: SYstems Control,

• = .-'
Li .. l ..... 1

PAA;s.p....-... ...... ~ :_..,...-..,
Q/{~tjr' i Hi

{-"aiO

~;"'\ ,.
....)G:... i

liaY' 15-17.
Itt:

A./HALL,

American Heltcopter Society,
D. C.

stability and control evaluation
··'··;lTI;.
t-r\.... In.

MA,)S: /*AIRCRAFT STABILITY/*COMPUTER AIDED DESIGN;*CONTROLLABILITY;*DESIGN
ANALYSIS;*HELICOPTER DESIGN/*ROTARY WING AiRCRAFT

MINS= / ALGORITHMS/ DATA PROCESSING/ KALMAN FILTERS/ LEAST SQUARES METHOD/

ABA:
ABS:

MA){ I MljP1 L I l{EL I 1-H)~)I) EST 11~1A.TE:3/ t)!\iEC~A~~f) E(ltJ 1. PM.Er~lT
r UI rtf-?:r.F~ 'i
'-.4. i··~ "_i i.-'~'4. ~-

An integrated approach to rotorcraft sYstem identifl~ation 1s described.
This approach conslsts f i 1ter i rl'~

(2) model structure
to

EhlTE~::

maximize parameter estimation accuracy.. Details of each aspect of the

rotorcraft identifjcation approach are given~ Examples of both simulated
and actual Tt19ht data processing are
prOt:ess i [19.. T{-le t:i r(jc:edilr-=e t::; st-\t]wr\ til
er ror:; i rt f 1 1grit

L ~he. f1 igh~ ~jata;
ctes 1 ~rl {fiO(1"2 {:3 •

. '-'---

given to illustrate eaen phase of

d.3.t.3f i:{ilarlttf';/{r~i~ rli9t-l {)f!:jer :3t23te \l~3ris3.t!le ~n\)(le~S fr()fi1

and consequently computing related stability and control



-



~',--- .. '

Ef~TER:

[)iSPLA\i
..::,.~ f.i-......:-"1:"""3-::i-J"s:4
i~ L i'rIL.L l Lt:;-· ~ ISStJE RPT~= t\!ASA-!:~:-159()85

fH<)dE 11lii;j

CORP: Systems Control
AOt

Palo HltO, Calif~ A\lAIL.. r\1TI~;

If(A~J~S = ./ ~~C:i)I~PtJTEh~ F:Ri)(;RA[it3f~* 1f\lPtJT~/*f~!)l\lL If\lEAR S~~lSTE!b./ 7::RCiTAR\I jJj 1ilC; AIk~CRAFT
1?11 't~lS; ./ AEh:C~D\lt~lAl~ I C ~:HARACTER1511C~;.f AL(;Ci~:1THti1S./ CC.\1~Plj1ER P~~{)GR.AMto1 I tU;./ OATA

PRC~CESS I i:~t~.1 tY3ER r1Ar\HJALS ((:!)rlPl.JTER PRCiGRA!<:lS)
AEA: ~-,::

P1 ... {~_

pr{)!~raml as
of a data processing technique for rotorcraft sYstems identificationl IS

EhlTEK:;

estimates. The input deslgn
program output are prese~ted..

INDES improve the accuracy of
algorithmi program input~ and

......: ......~rrzr-' i =§=:
UNCLASSIFiED DOCUMENT

UTTL= SCI model structure determination program (OSR) user's guide opt 1rna I
subset regression
SYstems Controll
AOi

SAP: ,!;!,.....

ht..

MAJS: /*COMPUTER PROGRAMS/*MATHEMATICAL MODELS/*REGRESSION ANALYSIS/*~~TA~~ iMING

l~If·JS:
}

.' AERODVNAMIC CHARACTERlSTICS/ AERODYNAMIC COEFFICIENTS; ALGORITHMS;

ABA: 'h-S I""'
i.J~ .. u.
Ti-\e CCITtptlter prt)l~rarn, C~SR (CJ~ittrnal S{11)set Rei~ressi()n) girlicfl estim,3tes
fnc~de15
(jes(:r ~ IJeri. Tile tei:rltll C=Hle \lsed "1 S t).3.sed c.rl tt"le S~l~)Se t r ei~ress 1Oil .:;i 1i~Oi~ t ti-\rn.
(; i \lerl t i rue !1 i st~31.-c i es (.If aer()tjY'fiE~f({i c ~::t)e f f j t:: 1et1 tSt ~3ercidYri~3n1i c \1.3f j ab! EoS,

trlese
t i rne





E!".;'TER:
O:-:SPLAY 1012/5

"2,7T_:i,_AsL-i4r-_,e;79i_i.i0012i'_""---'_......... -,, .-,- ...... r __,_a (Jt,iCLASSIPlED DOCIiHEHTul iL: ,".,L:--,.iU_.iiu._er_s .... 'de maximum i i-km-v--,,-,d=_- ....... - ...... "-..
P_ --_-,.=,,, ".'-'.1itb, .... -: _o-. ..........

_.U-s.m; _-v-_"__--=c- _._[i7_ i:0 i , L[;Q. , "P_'-" A] "T.O, '_ ="' _' _f. [L. ='-_,-...... HVH _JiL-_ ._r. HC A@GiHF

H £P.:'.__:_-pi
"""NS: " "'- ""." ...........Vi i ." i-i_KUUV_i__{ i{. '.............

ABA: M. '_

......... ur._i. _-_;--:-........ ueu i,"JhiG'i _.v=i: ='--o_- _ .............. -- o '-=_-_i __>, and ....... '" • - I VI
coettlci----'--- l'_fli_ T.est C.-aTa. Tk.._ll,.:= trOEi fi - ......

parameters ;_-_: ,.x_n,] _- " ' ...... --- - •,-__._c,i! t-*.... _='.._ie_ti -------=*....ot th_
_-(_f-i(UOi i_U_lTi,.-;ie_TSi aFe _-'_'" "• i _e<riZ i f ; ....le2-'(JJk<: "-_ -" "_........ . .,

•_. @liiiliZi_!_ the fiegdT_:WP i0g t i}<.ei iftO0d u,:::, T'tJfiC._ i0[i. IRmA
, - L-'2_v _i Iu,'='_r'_ -['l_i-'qtj-_lFOT_ _,*. _- ...4" " " 7, . -:_ .'.:l,-u_ 1;'h j ch oenaves!_k_ th-_ -_ ....... - . - <- "

:-_'-_b'_:=;T oescenr Eteif-_o._] ,;+._--- ' " "-- -- - _-t,l_i_ 7.Z IS tdi" "tl"O_ _"_-'- " "_,--':-"...... "" "" ,--- tli_ [i-iiNtiitjf apedu-_i_v_:_ ilf-',_ 7.1-ie i0Oiti_d f_i_v.;f-._n-=-..'.. .... ......... .,.. _ .
- . "........._,.tJit _,<_tt'--_,._- i iil_l-flOf] -:,urieR!it ;-"Eiirilm.'_m i:._ rieai:eF t{ielh,_i_,, i_,'J_21ltY--t][',._-_--'----_ " : . .

-"stdteSap_o 4A _ieasMrpli]_rif var,<aolesare modeled, _,_q
a["i7 e-:i_....<- ..... leOt_O, bT.aT_eS " "-=--- -"--:--'_-'-=-_-; <.,i._rbe se' ..... ; ...............- {iJFiit;il are _--* ' ........_u,... _ite_'aze,.-] day OP fixed_ i'--i --K:

O[SPLAY i012!5
•-:-:.--"u ,. ','_,.-'--,.e,or tir.P h ...... -" ,,=,...•.- _-==.'-'J,.-- data m._.;.De ....__"-.... .-"

' " "-''_- iOUtS 0% ; e.....I Fi tli:-:2_" equat - - _._ - - cil_ .=,._.._
,,,.,=,,._o__. aerod'm_,ic coetTicierii:, r-ia'-,'oe _-._.pre-s-seoa_ a rton i i ...hear _--' ........ 7.........

-_ -'--"-_i;'-'t!tJiilial tUrictlo_n OT -_e}_-<-+=- _,.=r--,--,--, ...... _. i ....

o





lJTTL: C.i~i
~J"... &.

PAt;E
7i3/11./(;!?J
(i..... l-.. "'; f"'.~~T"'~
\~~\...I lUi\1. t i

1811

metnoa for ilnear rotorcraft models
CORP: SYstems Control, AVAIL. MTlS

t'tlAtJS: / ~~{:C~!~PtJTE~: PRCH-;RAftSr~J :'~L1hlEAk~ S\J:3TEt·1S/-:.f{4A~{ I tt1tJf=t LIi(EL IHC~[)[) EST 1MATES./ 7-=f~i)T AR.\f
tulf-.if; AIRCRAFT

MINS= / AERODYNAMIC COEFFICIENTS/ AERODYNAMIC STABILITY/ ALGORITHMS; COMPUTER
PRt){~~:Af1lf11hlr;./ FL IC;HT f=C!I\lTR~)L~] l)F~T 1i"~ 1ZAT 1Cif\!./ !JSER ~~1Ap~{J;:~LS (C!)tjiFitJTE~:

PR{)(;RAMS)

The computer program Linear SCIDNT which evaiuaIeS rotorcraft stab!
A8A:
AES:

from test
(je:~cr tbe{j~ 1t lln;:£ 1erHerl t:3 trlt~ fna>~:1H1;lfH I i t~~e 1t {l(l()tj metfl()Ct . t{J fft.3i< 1IT~ I ze lrle
likelihood function of the parameters based on measured lnput/output ttme

constant-coefftctent differential
to sYstems modeled bY

~31 I C!LtiS tr\€ ~3PP1t (::~3 t i ()ri 0 f se'=Jer a i ~3r\a1~}·~t t (:a1 t"'eslll is L(lft i (:0 s i rriP 1 t f ~y trle
cornPtltat 1c!r~ ~3:c~d i ITtPii}\le its ef f t f: i erl(:~'~ ()\ler ti-it? gefiE"i" ~~ 1 flOf11.t r\ear 'C:~3se,





tJTTL:

Lf i.~r-ILA·~{ 1E~./2/~7

g1N22722*~ ISSUE 13

Djscrete Extended

R?T~: NASA-CR-159881
~r-o:~ ';"'~t\i""t ~~,,=·g-f=\T
ell V{.~H_t...n=r::::'X=l r---

'£',-,1.":

t t·Ji

aircraft and rotorcraft data consistencY
SYstems Control,
A!)1

AVAIL.. I~TlS

tfll !~JS; /" AL{~CIR 1TH1\tS../ Ct)i~FlJTE~~ PRC({;RAti!~11 !\lr;4..1 ERF:t)R CtJh:RE{:r I I~J(; [)EV I CE:3/-# EST Iie·1AT IhiG..·/
I t\lSTR.tJf.=1ErJT ER~~C~RS~.l LINEAR 12AT I Cir~!/ f\!~)r=~L I {i.1EAR EQ1JAT I t)hlS/ tJSE~: t~AhHJALS

ABA:
(COMPUTER PROGRAMS)

(>1. G.
The computer program DEKFIS ldlscrete extended Kal~3n fliter/smoother)
formulated for aircraft and helicopter state estimation and data
,::()rlststenc'7~7 t:=. described. i)E~(FIS is set liP to pre-pr"(Jcess r,,3Ui test {jata

consistencY wlth
. _.

the alrcratt lnertiai
implements an extended Kalman !11ter/smoother using the Friedland-Duffv





'ENTER:

lJTTL:

RPT*=
, ,,. =..-.., .... ---- ... :-- .. ...-.-. ';"""~d""'~ ~~~t,;--:r,~'1""

{}{\H,JLH~:J~::J I r- i t:.L~ L!t.}i-a't.•n=iCXi i

A.(~1

MA;JS: /*AERODYNAMIC CHARACTERISTICS/*MATHEMATICAL MODELS/*PARAMETER
IOEMTIFICATrON/*ROTARY WING AIRCRAFT

parameter 1dent1ftcation

HeA'lAtL. NTISCalif.
",1" {~~

Al to.
w~ E.j JR.; E/SOHNi
l~t'}tttf'C\ 1 1 Irtc .. f P~31 ()

fVHALLl
S:·/steITlS

fitJTH:
i:CtRF':

'r'":r--;- 'r i-"!: ~ _=
L;c...~ 1. \~t'::l.1

ABA:
MAXIMUM LIKELIHOOD ESTIMATES/ ROTOR AERODYNAMICS
6 w !-!
i. i.~ i. ..... i. ....

r()t!Jrc;raf t
rotorcraft mathematical modelingl distinct data processing stEPSi

lffiProve the identifiabililY of the
data~ These elements are as follows: (1) a Kalman filter smoother
algorithm WhlCh estimates

hlstorte:3

.-. .;,.. -.4- .-_ r"'O

~l.dte:=; error::;

isolating a model
(2) a

aueQu3telY eXp1alns the Udldi (]) a max1mum 11kelihood algorithm for
estlmating the parameters and estlmales for the variance of these
estimates; and (4) an input design algorithmi based on d maximum

.-."-.:-...._-........ ! r"l..I-.e s:&;..ctHU-~ I e:':j

i ~.e 1lrt\) {)(1 2Pprs:)aci-l~

~Jar~3ITH~ter est iffiates~
the

and simulated data cases~

i'

EI·JTER=..



-----------------------



]

1
"] TABLE OF CONTENTS

Page

REFERENCES .

APPENDIX A . . . . . . . . . . . '. . . . .

4.1 Card Input .
4.2 Time History Input.

49

47

1

3

5

7

7
19

23

23
24
24

. . .. ...

i

Tabular Printout of Iteration Progress
Printer Plots . . . . . . .
Time History on Mass Storage . . . . .

5.1
5.2
5.3

OUTPUTS OF THE PROGRAM

INTRODUCTION AND OVERVIEW .

BACKGROUND

PROGRAM STRUCTURE

INPUTS TO THE PROGRAM . .

I.

II.

III.

IV.

V~

I
I
I
I
I
r

I
I'

I
I
I
1

I
I
\

"1
I





,1

1
I
1

I
I
I
I
I
!

I
I
I

I

I

I
I
I
I

I. INTRODUCTION AND OVERVIEW

System identification technology has been ~sed success­
fUlly for many vehicles. Because of their large number of
degrees 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 for efficient and
effective use of one of these computer programs.

Figure 1 shows a schematic flowchart of the overall
data processing technique for rotorcraft. The first step in
this procedure is state estimation and instrument calibration.
This is implemented by the computer program D~KFIS (for
Q.iscrete £xtended !,alman Eil ter and ~moother) . which implements
an extended Kalman filter/smoother using the Friedland-Duffy
formulation . Instrument biasesandscale·factors are estimated
at this stage together with any state which is not measured
dir~ctly. The second step involves estimation of the mathe­
matical model of various forces, moments and interchanges.
This is implemented in OSR (Qptimal ~ubset Regression) computer
program which uses a regression technique .. Accurate estimates
of parameters are obtained in the final step. One of two
computer programs is used for this. purpose. SCIDNT implements
the maximum likelihood method for linear systems and NLSCIDNT
extend's 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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Figure I Integrated 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 ~escribes the SCIDNT computer program.
The details of the theory and the particular implementation
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 NASI-14549, May 1978.
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II. 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 several 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:

tt x(t) = F(6)x(t)+ G(8)U(t) + r(6)w(t)

where
E[w(t)wT(-r)] = Q(8) 8(t-T)

E[V(tk)VTCt1)] = R(B) !k1

E[v(t)wT(-r)] = 0"

e = a ~ector of parameters to be identified

where o(t--r) and 0k1 are Dirac delta functions. Linear
SCIDNT estimates specified elements of the parameter vector 6.

3



The program has the following special features:

(1) The program is set up for rotorcraft models.

(2) 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 instrumeht~.

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

(4) Up to 120 parameters can be identified in one run.

(S) Multiple maneuvers can be processed in one run.

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

..

I
I
I
.(

I
I
I
\

I
l
I

(7)

(8)

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.

4
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III. 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 storing
(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 noise 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.

5
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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 para~eters,

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 5.

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 measur~ments y and ~ontrols u for
the entire time period of the experiment • This is,bec.ause in
general" INREAD must read data in many different formats for

"" various types of simulation or flight test data.

4.1 CARD INPUT

4.1.1 General

Card-input'to' Linear SCIDNT consists of three different
groups of cards. The first group, c'onsisting of only one card,
specifies a 76-charactertit1e to be printed at the top of
every page of output. This'servesto 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,
etc.)" optimization algorithm controls, and program output
controls.

7
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The third group of cards specifies the numerical values
of the parameters in the model and flags the ones to be ideh­
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 fer 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
independence, 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

KlMAX

K1MAx specifies the maximum number of successful itera­
tions that the optimization algorithm will perform before
retur~ing to themairt program. E~ch successful iteration
represents a step ~oward the maximum of the· likelihood function
(equivalently, the minimum of the negative log of the likelihood
function, which is the actual cost function used). If conver­
gence is achieved in less than Kl1vIAXi terations, then the final
values of the parameters will reflect the last step calculated.
If convergence is not achieved in KlMAX iterations, the para­
meters will have the values before the last step was calculated.
This feature allows the initial and final para.eter values to
be equal when K1MAX is input as O. 1h this fashion, time
history plots of the system with the initial values of the para­
meters can be generated, and the first step calculated ori a low­
cost checkout run. An even lower- cos t ch~ckotit tun. carl be nil:lde'
by setting KlMAX = -1, which is the same as setting KlMAx:: 0,
but without a calculation of the fitst step.

8
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Table 4.1
Input Card Formats

1

1
I

*1

1

I
I
I
1
.1

CARD GROUP

Title

INPUT
Name1ist

COLUMNS

1-76

2-72

FORMAT

19A4

Free

Integer

Integer

Integer

Integer

Integer

Integer

Integer

Integer

Integer

VARIABLE NAME AND DESCRIPTION

Run and/or Program identification.

First card must begin with $INPUT followed
by SEND. Intervening cards set values for
the following variables (defaults in
parentheses):

NS = number of states (22)

NP = number of measurements (25)

NQ =number of controls (8)

NN =number of time points to be read by
INREAO from data file (21). Can be

.negated to trigger data printout by
. INREAO.

K1MAX =maximum number of iterations (6).
See notes .

K2MAX =maximum number of cbst function
increases per iteration (4). See
4.1 .2. (step cuts)

MCYCLE =number of parameters identified
per iteration (min(# parameters
id 1 d,12». Must be· less than or
equal to total number of para­
meters identified. See 4.1.2.

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

IRCMP =0, R-matrix not updated.
IRCMP > 0, R-matrix updated every IRCMP .

. iterations. See 4.1.2.

9



table 4.1 (Continued)

Logical EIGF = Calculate and print out F-matrix
eigenvalues before and after

,optimization procedure (.FALSE.)

Real DELTA =Sample time increment of input
measurement and control time his­
tories (.05 seconds)

VARIABLE NAME AND DESCRIPTION

Logical

FORMAT

Integer IPRT =0, No dia£nostic printout
IPRT = 1, State and measurement debugging

printout
IPRT = 2, State and hle'asurement sensitivity

debugging printout
IPRT =4, Information matrix debugging

printout.
Defaul t = O.

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.

PRTTB = Print out tabular time history of
controls and actual vs. estimated
measllrements. (.FALSE.)

Logical PRTPL = Produce printerplotsof controls
and actual vs. estimated measure­
ments (.FALSE.)

Free

COLUMNS

2-72

CARD GROUP

INPUT
Namelist
(Cont'd)

]

]

'l

\

1

I
1

\

\

I
I
I

j

t

I
I

I
I

Logi cal

Integer

Integer
Array

TAPEPL = Produce mass storage file of con­
trols and actual vs. estimated
measurements. These time histor­
i es are wri t ten on uni t 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
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FORMAT VARIABLE NAME AND DESCRIPTION

Table 4.1" (Continued)

"'--1

I
.'1

·1

I
I

. \

·1

I
I
.,

I
.\

!
. I

I

I
I

CARD GROUP COLUMNS

INPUT 2-72
Namelist
(Cont1d)

3-4

11-50

.

Free

Integer

Integer

Integer

Logi ca.l

Real

Real

Real

Real

Real

Real

Al

12

4A10

MAXP = maximum number of parameters
(computed from other inputs)

NTERMS = # of terms in transition matrix
series evaluation (20)

IPRTSM = 0 prints inputs for FMARQ, PMARQ,
NTERMS, odd turns on level 1
print (0) .

USERLAB = .TRUE. to read user supplied
labels for plots (.FALSE.)

FMARQ = initial Marquard search
parameter' (30.)

PMARQ = factor for increase or dec~ease

of Mar9uard parameter (l.)

'. DEFBDU = upper bound default on P{106)

DEFBDL= low~r bound default o~ P (-1061'

STEPMN > !STEPI 2 defines, convergence
( .001 )

RELERR > Irelative change in likelihood 6
functi on I defi nes convergence (10- )

CHAR = Yfor measurement label
= Ufor control label

INDEX = which measurement or control

ALABEL (1), 1 = 1,4 label

11



12

Table 4.1 (Continued)

See 4.1.2 for more deta i1ed descri pti on
of parameter card group

VARIABLE NAME AND DESCRIPTION

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

J2' = blank: this parameter is to be held
fixed throughout the optimi­
zatic.n

J2 = non-blank: this parameter is to be
identified

(IPX(I),I=1,4), pointers to positions in
which this parameter appears
in linear system (see 4.1.2)

PLAB: Parameter name.

Al

FORMAT

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.

PLJl: Lower bound of this parameter, if
identified. Default =-1.0E+6

ElS.7 PUJl: Upper bound of this parameter, if
identified. Default: 1.0£+6

E15.7

415

Al

AID

E15.7

2

COLUMNS

51-65

1

66-80

26-35

36-50

6-25

CARD GROUP

Parameter

]

1
-1

1

I
I
I
1

I
I
I
I
I
I
I
I
I
I
I



1 COlU'"
1

I
Title CUd

SINPUT Namelist

PARAMETER SPECIFICATION
CAROS

267
2M
2"'"
270
211
212

2Al '
2R2
2113
2A.
21lS
2AIl

295

2en
2914
299 '
300
13'i 1itS

2"3
25.
l'5!1
256
257
2!\A

310

Parameter looea tiO"
,POinters

xu -.oo-~

YU .0150
ZU -.12~

I.U -.0011
~u -.IlO'G~

~u -.U01~

~ou .029.
~AU .nM~l

~~u -.o~••
xv .ooO~1

YV -.U~b7

ZV -.11071
I.V -.OI5~
~V .0023
NV .00dl
flOV .0005
qAV -.0707
~~~ -0.O~06

X110 .OQ..2
Y1Io .0021~

Z1lo .,1...
I..' '-.00"'''''
~. .0010'4. -.0002
~o. .-12
~A1Io .037~

~d~ -.0~4~

xP -.120
yP-VSALO 6.03
Z~ -6.i2
LP -.172
~P -.005S
N~ .111

1is O/'of 1.
~n~ ._~~

RAP -~ ••~
~~~ -1~.2
XQ-VST~O -q.~7

YO -.~~~

ZQ'VCT"O 193.
I. I} .017
~~ -S.o
~y .O~~~

5",HOTTHO ".
r.~HO 1.
~QQ -).97
~AU -1h.M"--.... -..v-... J---..--~

Parameter Startup Values
Name

•
•
•
•

10 Flag

•
•
•
•

1 0

0

,0

•
•
•

•
•
•
•
0,

•

• \

•
•
•
•

Figure 4.1 Sample Input Data

13



1
]
--I

70 .... f~ li.l ~AilAME7ER

• 71 323 AK .4!4ft; SPECIFICATION
n .,P-VCALO ·101.0 CARDS (CONT.)

• 13 32' ZI/I •••
• 74 32~ l..~ .... 3

• 7!1 321 "A .PO"!
• 7~ 328 NH ... 72"

17 CPIotOTTl40 .il... 7
78 -SPIotO fl.

"n FlOP ·3."'e
14i? ~AIl .15!>
p .. ~e", -.72

"" GCPl40CTHO Ji! .))
El7 -PSPI10CTHO o.
99 -OCThU -32.2

100 ..r,SioJHOSTIOO o.
101 .I.CPHOSTHO -1 ....
113 3"~ UO 25.1
II" 3M. VAO ·Iu.l
II!.' 3&7 ZAO -21 ...
lit- 3fi8 L,AU ·.51
117 369 IOAO -.116..
11 11 370 NAO -1 ••

• In ~OAO -1611.
• 12" ilUO !l9."

• 126 8~AU -tt.Jl

l
127 379 XAOOOT .0.. 1"
121' 3110 .,AOOOT ·.376

• 12~ 3M1 ZAOO!)T .799
130 3"2 LAOOOT -.01
131 3A3 lIIAOtJOT -.0...11
132 3A.. NAOOOT ·.01':12

• 13b FlOAOOOT ·13.7
• 138 BAAoonT 3• .3i!
• I." I:!t!AOOnT I.!!'~

1"1 .393 AAI ."...
1"2 '3Q. VAl ... 3?
1"3 3Cl5 ZA1 -11.1
1.... j9~ LA1 • •• 50
1·5 397 IOAl 3.ri"
l ..t 391l NAI -.~3

• ISO ~OAI 19.0
• 152 BAAL -.7.
• l!i. 1,11'1 AI IS••

ISO; .01 ltA100T -2.!;1
IS!> .011 vAIOOT -.21
157 "09 ZAIOOT J.7A
15A "10 LAIOOT - ... 72

• 159 .11 'lAI00T .3
1M .12 ..A100T ·.053/:,

• Ito.. "OAIOOT .9~"

• 16e pU100T ·1"1 ...
• I'!>I< >\"A lOOT .?2.r1

l~c; "21 xt'l ·1.91
170 ..n vt'i1 25.1!
111 "23 ZIlI 11. 7
In .. 2. LfoI1 17.~

173 "2'5 '4HI 1.0
174 ...." I'll'll 1.A..

• 17 11 BOlli ·16."
• 180 8A"1 ·le1.
• 182 "A"'l .4k.7

IA3 .. 35 xk100T - .... Of

IA. 4Jfi vk1liOT .923
III~ 437 7.~lOOT ---""<01
1116 "3M L.,100T 1.1I7

Figure 4.1 (Continued)
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'1

1
-I lA7 41" .... IUUT .111" P.ARAMET~R

UII 4.0 .... lOOT .010 SPECIFICATION
• 192 . AM100T ·.S" CAROS (CONT)
• 19. '1"A10nT ·iJ.7
0 19fo '1DdlOOT -11.h.

1
2911 yp -.91
304 to ·2.·2

• 197 10.9 xTMiS - •• 92
• 198 1050 yTH1S 12.0
• 1<19 "!II lT H 1S 12••
0 200 4S2 (.TIo<15 .~13

• 201 "53 .. TH 15 ••J~~
• i!0i.' 4S4 Nn'lS -.0905
• 20" "OTI11s -6".2
• 201' ;l"TH1S -117.

I
210 ""THiS Ilt3.
211 ..,,3 xTIo<IC • •.• .,2
i!1i.' "6. yTIo<lC 11.9
213 4~S ZTIo<lC 17.1
:;II· "Ioe l.T"'IC ).33

I
i!lS ...,7 "'T...·IC ·.Cl7.,,,,
21ft 101011 NT)oIIC -.5.. 3
?211 '1ol0TIo<IC ~ .IIO!
22~ AATH1C 1&3.
22" I'l"T"'IC 11 o.

l
225 Ion xOI. fl" .......
22b Io7!! yOl.Tk ".,,7
227 ..79 ZOl.TR .s]·
22" 41\0 I.Ol.TQ :1.0:;

22" 4"1 !"Ol.TR .007M
230 ""i? NOl.TA ·,.17
23" flOOl.TIl -1.9.

" 3ft AAOl.TA -."3
23M qr,Ul. lor. .29·
'3" ..91 xT...O 2!!1.S
2.0 1092 "TIooO -.70il

'I
241 493 .ZTIooO ·a,e. ....
?4? "94 I. TIo<O ·3 ••,
i!.3 10 liS ",THO, .•~e
2". "lift NTIooO ..~7
2"" ElOTIoO 231.

T
250 "'IoTI10 3a.7
252 AtlTHO -A-.
311 Zll 2".-
3'." yk l.1I1
301 31'.1 331 3... "N~ 1.
]e1 316 405 103. oNE 1.
"'011 ~Iol 1.25E-4I2
0,211 llIoY 1."5E·02
=-J!: IlAZ 1.....S(·02
~SIi i>PUOT 1.;.3E·1/0;
S6! IoGOOT 1.53£-0;
';/10 ~HflOT 1.<;3E-05
5C)~ liP 3.79(-01l
"'10 1I'~ . 1.79£-Oft
M'! QA .1.19E·Oft
b..O ~P"'l 1."'S£·07

!
"'!H: IITHETA I. Io5E-01
~70 UO 0;.78£-07
6M~ 11101 S.7AE-07
7no Ilt,ll 5.7&E-07

••

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, significant 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 iterat ion. If MCYCLE =0, 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 ihe 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
fiedparameters 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 the humber of identified
parameters, and mUSt never be greater than 60.

Note that this advanced computation 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 limits 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 propos~d by Golub and
Pereyra [1].

16



I
I
I
I
I
I
l
I
I
I
I
I
I
I
I
j

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, p~rameters for
r 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,
significant computational overhead is required for this option.
However, improved accuracy of parameter estimates can·be
realized for data contaminated with process ~oise. If NG > 0,
the input values of the Rand Q matrices determine the
dynamics of the state estimator.

IfNG is set to 0, the output errorqptionof the program
is used. In this case, all errors between estimated and
observed measurements are assumed to be due to measurement
noise. No r or· Q matrices are used, and the input R
matrix is not used in the calculations, as measurement noise
covariance is estimated . from· the d~ta. Output, e'rror mode runs
faster than process noise, and should be usedwh'en disturbances
are known to have negligible effect on the data..

I RCMP

In the process noise option~ the in~ut.value of the R­
ma·trix 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 eovariance. If I RCMP ' > 0, then the
R-matrixused 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 option, IRCMP has no effect on the
calculations. However, better estimates of R for future runs

17
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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
wi th 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
Levelland 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 greater than 1 will
cause v.oluminous output. I f such printouts are des ired, it is
best to 'set KlMAX .. 0, and identify just a few parameters
(lor 2, if possible). If' IPRT < 0, try to limi t 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 elementsflre determined as follows.
If the columns of the matrices (in the order F, G, H, D, R, f,

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
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Subroutine INREAD

*Used only wi th proc.ess noise option

SUBROUTINE INREAD (NP,NQ,NN,DELTA)
COMMON/TLCM/T(l)
COMMON/ULCM/U(l)
COMMON/YLCM/Y(l)
LEVEL 2, T, U, Y

of IPX, i.e., unused IPX
The ranges of values for the

Inputs: NP = number of measurements
NQ = number of cont'rols
NN = number of data points
DELTA = time history sample interval (seconds)

Elements
In Go From To

F 1 (IF) IF+NS*NS =(IG-l)
G IG IG+NS*NQ =(IH-l)
H -IH IH+NP*NS =(ID-I)
D ID ID+NP*NQ =(ID-I)
R IR IR+NP*NQ =(IGAM-I)
r* I GAM IGAM+NS*NG =(IQ-l)
Q* IQ IQ+NG*NG

4.2 TIME HISTORY INPUT

ones are used for non-zerO values
fields must appear on the right.
pointers are as follows:

Time history input is read by subroutine INREAD. Because
measurement and control time histories can be retrieved.from
tape, cards',. or disk in numerous formats, INREAD i,S left as 'a

. .
user-written routine. The INREAD used in the sample run is
shown in Figure 4.2.

J
J
1

~ I

t

I
I
I
I
.t

I
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Outputs: T = array for storing the time of each data
point

U • array for storing the control time history
y • array for storing the measurement time

history
NN = number of data points actually read from

file

Notes: (1) 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.

(2) 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.

(3) 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 disastrous
effects on later computation.

(4) INREAD may perform any desired pre~processing

of Y and U.

(5) 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 lABS func­
tion before returning to DRIVER.

20
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(6) 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 9f cards. Card input is on unit S.

(7) The arrays T, U, and Yare 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

Four forms of output can be obtained from Linear SCIDNT.
They are:

(1) Tabular printout showing the progress of the parameter
estimation process.

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

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

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

The first type of output is always produced. The last three
are optional and may be independently selected by the user.

5.1 TABULAR PRINTOUT OF ITERATION PROGRESS

Figure 5.1 is an example printout of a SCIDNT run using
the card input shown in Figure 4.1. Explanations of the results
are rioted on the printout.
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5.2 PRINTER PLOTS

5. 3 TIME HISTORY ON MASS STORAGE

Figures 5.2 and 5.3 show typical printer plots of measure­
merit and control time histories. Actual and estimated time
histories for each measurefu~rit 'fe ~lotted on the same axis
so that closeness of fit can be visually evaluated.

This option is provided to put measurement and control
tiffie history,data on a mass storage filet primarily for the
purpose of producing off-lirie plots analogous to the printer
plots. Data is written to the device (logical unit 2) in
unfbrmatted records as follows:

•

:: t,ime fbrJthda t:a point
= kth corltrol at Jth data

pbirlt
= lih actual measuremiht it

Jtp dafapoint
= KiB estimated measUrement at

Jth data point

End;;b£-file riiafk

'I' (JJ
U(k,J)

Y(i(t J)

YHAt(K,J)

Data

NS, NQt NP, NN

NS :: nUmber of stites
NQ = number of coritrbls
NP = humber bf measUrements
NN = hUmber of data points per variable

T(J~~(V(K,J)t~~i,NQ)t(Y(KiJ)jK::ljNP),
(YHAT(K j J)t K- 1,NPJ

Record

NN+Z

2 through NN+l

1

r _\

1
'1

\

I
I
I
\
,

I
'\

\

\

\

I
. (

1
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Figure 5.3 Control Time History
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APPENDIX A

A.I 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 sources) < 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,YD1. 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 i~ages in UPDATE format).
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UPDATE,P-RCCHS3,C-TAPE9,D,F. Un-compress the data file.

ATTACH,SCIDNT,LIDBN,ID-VERMONT.· Attach the SCIDNT program.

SCIDNT. Load and execute SCIDNT.

7/8/9

This null logical record is needed for the UPDATE
processor.

7/8/9

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