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I. INTRODUCTION

The Disturbance Accommodating Controller (DAC) design method was
developed by Dr. C. D. Johnson (References 1-5) of the University of
Alabama in Huntsville. This method uses a combination of waveform-mode
disturbance modeling and state-variable control techniques and permits
three primary modes of disturbance accommodation: (1) cancellation
(absorption) of disturbance effects, (2) minimization of disturbance
effects and, (3) utilization of disturbance effects as an aid in
accomplishing the primary control task. This report, and the digital
simulation presented herein, will deal with the methods associated with
the first mode, i.e., absorption.

The plant considered is one which can be described by state equations
of the Form

X = Ax+Bu+Fuw
(1)
Yy = Cx+Eu+Gw
where
x 1s the plant state vector
u 1is the plant control input vector
w 1is the vector of external disturbances acting

on the plant
Yy 1is the system output vector, and

A, B, F, C, E, G are appropriate size, known
matrices which are not necessarily constant.

The disturbances considered are assumed to be described by the following
general set of linear disturbance state equations:

w = Hz+Lx

(2)
2z = Dz+Mx+g

where
z 1is the disturbance "state" vector

g 1s a sequence of randomly arriving vector impulses, and

D, H, L, M, are known, time=invarient matrices.

Since neither a complete set of plant state variables nor the various
components of the disturbance are available for direct on-line measurement
in most practical applications, the DAC is restricted to operate only on
information in the available on-line measurements of the system outputs and




commands and on any disturbance components which may actually be available
for direct measurement. Since the plant and disturbance states (x, z) are
required for a practical DAC implementation, the necessary data, if not
available, must be generated via use of state reconstructors (observers)
operating on real-time system outputs y and control inputs u.

A full-dimensional observer which can be used to generate the plant
and disturbance state estimates (X, z) for the equations of the form (1) :
and (2) is given in Reference 2 as ‘j

X AvEL+E CveD | [E+K¢e] 8] [ 2
H M+K (C+GL) | D+K,GH 2
]

K B+KE

- y(t) + u(t) (3)
K, K E
where
51. 52 are gain matrices to be designed, and

A, F, L, C, G, H, D, M are as previously defined.

For acceptable observer performance, the real-time estimation errors

£ = X - i
—x = =
- (4)
€ = zZ -2
— -_— -

must settle to zero rapidly in comparison to system settling times where
L and £, dynamics are governed by

e, A+FL+K (_+.9_>|[z+slg]§ e 0
_ . . (5)
¢ M+K, (C+GL) | p+k cH J\g, o (t)

II. PLANT MODEL

This simulation will model a fourth-order plant expressed in the form
shown in Figure 1.
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Figure 1. Plant model.




The transfer function across the plant is

4 3 2 ‘

y(s) Kk [s"+ bys” + bys” + bys + bloj

- 4 3 2 !‘

ul(S) s + bSS + b6s + b7s+ b8 '(

and this can be diagrammed as shown in Figure 2. As can be seen from ;

Figure 2, ¥
}

x5 = x, + Kblul - bSY i

x, = x3 + szul - b6y .

X3 = X, + I(b3u1 - b7y (6) ¥

x, = I(l-.»l.u1 - b8y &

y = xl + Kul . ‘."'

For purposes of DAC design, equations (6) need to be expressed as
functions of x, u, and w. Therefore, since

T T

e

v, = u + w, then ¥
y = x + K(u + w) r
f
. i3
X = - bsx1 + X, + K(u + w) (b1 - bS) ,
X, = - b6x1 + X, + K(u + w) (b2 - b6) (7 i’
X, = - b7x1 + x, + K(u + w) (b3 - b7)
X, = - b8x1 + K(u + w) (bz. - b8)
In matrix form, Equations (7) can be written as
) b, 1 0 0o /x [b, - b, b, - b_ﬂ
x2 -b6 010 x, bz-b6 b2-b6
_ = + K u+K v (8
x3 -b7 0 0 1 x3 b3-b7 b3-b7
X -bg 0 0 0] Ax, by ~ Pg) b4 = Pg]
1= Bood /x\ + [k u+t (K] w . (9
x,
x, !
; 4 ;
f These correspond to Equations (1). ‘.~
] |
i
|
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IIT. DISTURBANCE MODEL

The general set of equations describing the disturbances were given
in Equations (2). 1In this report, it is assumed that the disturbance is
not dependent on the plant state, i.e., L = M = 0. Therefore, the
disturbance modeled in the subroutine is

E:

F-
fe

(10)

+ a(t)

[}
o
(N

and it has been restricted to be a second-order model which can be represented

as
Hz = (h, h) z
L3 1 (1) an
Zy

Dz+0 = d, d z
z+g [d1d3] (zl>+9 Can
2 4 2

IV. DISTURBANCE ABSORBER CONTROL

L

fee
I

For the complete absorption mode of DAC design, the object is to obtain
a control vector which will completely cancel out the effects of the
disturbance input. First, however, it must be verified that such a control
exists for the particular case being considered.

It has been shown (Reference 1) that such a control vector, u.s will exist
if, and only if,

F= BT
for some I'. With the disturbance summed at the plant input, as shown in
Figure 1, we can see from the representation in Equation (8) that ¥ - BT
for I = [1]. Therefore, for this plant-disturbance model, u. exists and
is u, = - Tw = -w.

Since the disturbance states z, and z, cannot, irn general, be measured,
in order to implement the control u. the state reconstructor given by
Equation (3) must be used to providé 21 and z,. The DAC control for this
configuration will then be given by

= -w = -h2 -hi, - (13)

V. STATE RECONSTRUCTOR DESIGN

In order to implement the state reconstructor, it is first necessary




to design the gain matrices K. and 52. This is done by using Equation (5)

!
with 1 1
K =1k K, = [k .
1 11 2 [kIZ] ) _E
k31
k41

Substituting the appropriate values into the first term on the right-hand
side of Equation (5) and performing the indicated matrix multiplications
and additions will result in the relation

(k11 - bs) 1 00 th(bl - b + kll) th(bl - by + k)
(k21 - b6) 0 1 0 th(b2 - b6 + k21) th(b2 - b6 + k21)
: (k31 - b7) 0 0 1 th(b3 ~ b7 + k31) h2K(b3 - b7 + k31)
- (k41 - b8) 0 0 0 th(b4 - b8 + k41) th(b4 - b8 + k&l) 0
é = e+ [:2.] .
-z k12 0 0 0 (d1 + Khlklz) (d3 + Khzklz) asy
i k,, 0 0 O d, + Khlkzz) d, + Kh2k22) ]
For computation simplification, let this be
- 0
e = ac+] g] (16)
and represent 5 as
e, 1 0 0 e ele
e1 0 1 O e, e13
A - e, 2 0 1 eg €y, ) an
e3 O 0 0 e9 e15
ea J 0 0 e10 e16
k_e5 0 0 0 &1 17

Now, A represents the characteristic matrix of the é.dynamics. As stated
earlier, it is desired that I(t)+> o "rapidly" for good recomnstructor performance.
This means that the roots of the characteristic equation,

det[A ~11] = o,

should be "large' negative numbers. The next step, therefore, (and generally
the most tedious),is to calculate

det[A-11].

B Y PP




Remember thatlé has unknown gain components included and is not just an
array of known numbers. Therefore, we have

(eo -2) 1 0 0 ec e12
el =A 1 0 e7 e13
e2 0 - 1 e8 ela
det[ -1 ] = ey 0 0 -1 e e s =0 -
e, 0 0O 0 elo—k €6
eg 0 0 O €1 e17-A
Evaluating this gives
- .6 5
lA - AL | = X - (eo + elO + e17) AT+ (eoe10 + eoe17 - e11e16 + eloe17

4
Tep meLeg mege ) A+ (egeg e~ epe g, teje

el T8t e%%17 T %4%11%12 T 4% T °5%%16 + ©5%10°%12
3
ese13) AT+ (e 010 —ejerge s teye g tegey, — ey
2
*e487%17 T ©4%11%13 T 4% T ©5%7%16 t ©5810%13 T ©5%y4)
+o(egey1816 T ©2%10%17 2380 t @387 T €4%%17 T €4%11%1
T €89 T €588 tege gy, —ege ) A+ (- ege e,
*e3811%6 T 4%%17 T ©4%11%5 - ©5%%16 T ©5%10%15) - 0 . (18)
If the desired roots of Equation (18) are Al’ AZ’ A3, AA’ AS, A6’ then
the desired characteristic equation is
OG=2A) -2) O -2 G=3) OG- (G-1r) = 0 - (19

Expanding Equation (19) and equating coefficients of like powers of ) between
Equations (18) and (19) and substituting the proper symbols which the e,
represent results in the following:

(a) k11 + Khlkl2 + Kh k_, + (d1 -b

9K99 + dé) = A+ A, + A, + A

1 2 3 4

+ AS + A6 = Al ’

3

10
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St v s <t st : M___"—-
v

(b) (dl + dh) kll + (- Kdzhz + Kdah1 - Khlbl) k12 + (-Kd3h1 + Kdlh2

- Kb1h2) k22 -k 1 + (- bSd ~bd, -d,d, -d d4 + b6)

2 1 54 273 1
5 £
- 2: AL = A 3
=1 J=1+1 13 2

(c) (d3d2 - d1d4) kll + (Khlbld4 - Kh2b1d2 ~ Khlbz) klZ + (- Kh1b1d3
+Kh2b1d1 - Khzbz) k22 + (d1 + db) k21 - k31 + (- h5d3d2
4 5 6
+ b.d,d, -bd -bd, +b) = -
4 7
L L L

514 61 6
1i=1 J=1+1 1=3+1
AlAjkla-Aa H

Kh - - - -
) ( 2h1d4 Kb,h,d, Kb3hl) k12+( Kb2h1d3+Kb2h2d1 Kb3hz) kyq

I e v e

+ (d,d, - d.d,) k _
3% 7 9% a1 4 () +q) Ky -k + (- bdid, + bd d)

r 3 4 s 6

- byd; ~b.d, +bg) = F ¥ i 5
i=1 §J=4i+1 1= 3+1 n=1+1

eoa s

T

4
¥

4

Ai)‘j)‘l)‘n = Aa H

(e) (d3d2 - dldb) k31 + (- d3d2b7 + d1d4b7 - d1b8 - dAbB) + (~ Khlb3d3

e e

+ Kh b .d. + Khzbb) k22 + (Khlb3d4 - Kh2b3d2 - Khlblo) k12 + (d1 + da) k41

2°3%
- - [A1A2A3AA Qg + 1) + D) Og +4,) + A0 A0 O + xz)] !
= oAy ;
(£) (- did, +dd) k) + (bgd 1, = badydy) + (Khyb,d, - Rhyb,d,) k) i

+ (- Kd3bah1 + KdthbA) k22 = A1A2}3A4A5A6 = A6 .

For ease of manipulation, let us re-express (a) - (f) as

F _ (a) ki1 +mokyp + mkyy +mp = A
(b) m3k11 ~ k21 + m4k12 + m5k22 + mg = AZ r
(c) mpkyy + mgkyy = kyy *omgkyp ¥ mpgkap * My T Ay ]
(d) mkyy * gy < Ky kg P kg, Ymg = A, ;!
(e) m7kg1 * Mgks *mgkyy tmygkyy vy = T A
() my9K41 *mygkin FEykgn Y s 7 Ag (f"

11

L)
,
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or, in matrix form,

1 0 0 0 m m ] [k, ][4 - o, ]

m, -1 0 0 m, m k21 AZ - m

m, mg -l 0 mg o m | ky Ay -my

0 mypma o my Mg [k T AT e 20

0 0 mymgmyg T | k2 A5 - myy

0 0 0 mymy myd Ly, ] LAs T M-

X o [1:]

Therefore, we have _)_(m [5 ]= R, where _lgl = II:Z}. s 52 = k22 . (1)

[51] [51] -1 -1

Solving for 52 gives | K = X "R where X denotes the inverse of

the matrix X .~ Since X 1is compos-g of known numbers when the desired values
of A, to A\, 3re substi?l!x'ted in, this matrix can be inverted via use of a

matrix invgrsion subroutine.

Therefore, the components of the gain matrices K., and K, are determined
as functions of the plant and disturbance parameters and thé values of A
through A, chosen by the designer. It will usually be necessary to go
through seéveral iterations on values for the A's before the desired observer
performance is obtained.

Having these gains, it is
Equation (3), as

now possible to construct the state observer,

X, r}kll -b) 1 0 0 WR(b, - bg+ k) hX(b - bg + kllf %)

%, (ky) = bg) 0 1 0 hR(b, = b + ky ) hK(by = b + ky)) %,

éz (kyp = b)) 0 0 1 hK(by - by + ky) hyK(by = by + kyy) 23

iA (k,; - bg) O 0 hiK(b, - bg + k,;) hK(b, - by + k) *4

él ky, 0 0 (d; +Khjk,) (dy + Khyk,,) El

éz Lk, 0 0 0 (d,+Knky,) (@, + Knk,,) | 2
12

o Laiosl 5 a3 et e worae

- = e -
-t

e e T eI T T T T T




LR 7<(b1 - b + kll)T
ko1 Kb, - bg + kyy)
k3p Kby = by + kyy)
BTN EACR A R O (21)
k12 Kk g
[ kpp LKk, .

and thus obtain the disturbance state estimates, 2z

and 52, required for
the DAC control u..

1

Figure 3 presents the overall block diagram for the composite plant-
state reconstructor model, The symbols To» P> vy relate to matrix elements
from Equation 21 as shown in Table 1.

VI. DIGITAL SIMULATION

This simulation has been assembled, for use on a CDC 6600 digital computer,
in order to permit the design of DAC's for systems of the type shown in
Figure 1 without the necessity of having to go through the tedious task of
expanding determinants by hand. This simulation can be used in a design
orocess to determine the necessary gains for a given svstem and then simulate
that system's operation for various disturbance conditions. Or, the simulation
could be modified and used as a subroutine in a larger program to provide a
necessary disturbance control value when called.

As a design tool used by itself, the simulation will perform the following
tasks: (1) calculate the elements of the gain matrices 51 and K, utilizing
the plant and disturbance input parameters and the A's input by %he designer ;
(2) implement the state reconstructor; (3) calculate the DAC control vector ;

u = - hlz1 - hzzz,

and (4) close the DAC control loop through the plant to provide output data
showing the overall performance obtained.

As a subroutine, the necessary plant output and other data can be transferred
in through a COMMON block; the gains can be updated, if required by changing
plant parameters; the value for u, can be determined; and then required data
can be transferred out through a COMMON block.

An overall program dictionary is presented in Table 2, Table 3 lists
the NAMELIST inputs for the program, and Table 4 lists the outputs. A
System Library Line Printer Plot Routine is used to plot the output, Y, and
the disturbance state estimates zj, z,.

13
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A listing of the simulation 1s given in Appendix A and the results of
several disturbance cases for a given plant are shown in Appendix B.

The line-plot and matrix inversion subroutines used in this simulation
were taken from Reference 6.

14




TABLE 1,

EQUIVALENCES FOR FIGURE 3 SYMBOLS

TL " kT b Py = Khy(by - bg + k)
Ty = ky b Pg = Khy(b, = bg + ky)
T3 % ko b, Pg = Khy(by = By + kyy)
P T Pro ™ ¥hy(b, - bg+ k.,
Py = Khy(dy - by +kyy )| pyy = dy +Khpky,

Py = Khy(by = b+ ky)) | Pyp = d, + Khyk,y

Py = Knyby-b +ky)| v = Kb, - b+ k)
P, = Khl(b4 - bg + kAl) v, K(b2 - b, + k21)
P = d1 + Khlklz v, l((b3 - b, + k31)
P, = dy+ Kh1k22 v, K(ba - by + k. y)

15
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TABLE 2. PROGRAM DICTIONARY

FORTRAN NAME SYMBOL DEFINITION

A Ai Coefficients of the desired character-
istic equation associated with
A - 1] calculated using input
elgenvalues.

AMO-AM25 m, Coefficients of the characteristic
equation associated with[X - Al]
calculated using actual plant and
disturbance input parameters,
factored according to components of
the K, and K, matrices.

B bj Coefficients in the plant transfer
function,

co, C1 Co’ C1 Coefficients used in defining w(t).

C K Plant transfer function gain value.

cul Defined as K'Ul.

CK Ky 52 Array containing computed values for
the gain matrices. CK(1l) - CK(&4)
correspond to 51, CK(5) and CK(6)
correspond to 52.

D di Array consisting of the elements of the
D matrix associated with the disturbance
state model.

DT At Integration step size.

H hy Array consisting of elements of the H
matrix assoclated with the disturbance
state model.

KUTTA Integration loop counter.

KU Integration loop counter.

LM A Eigenvalues of |A - \I | = 0 chosen by
designer to settle out state reconstructor
response.

NX Number of derivatives to be integrated.

PGO u. Plant Input Command

oo
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TABLE 2.

(CONCLUDED)

FORTRAN NAME SYMBOL DEFINITION

R R Matrix used in solving for 51 and 52.

STPS?Z Used to define integration step size
At = 1,/STPSZ.

T Intermediate terms, comprised of various
combinations of the A's, defined for use in
later equations.

TIME t Total elapsed time (sec).

TSTOP Run end time (sec).

stop

Ul uy Summation of u with disturbance magnitude, w.

U u Summation of plant input command, u_, DAC
control term, u.» and plant outpuf—feedback,
y.

UDA u DAC control vector.

-

W w(t) Disturbance vector.

X1l - X4 X - x, Plant states.

XD1 - XD4 il - ib Plant state derivatives.

XDH1 - XDH4 X - .A State reconstructor state derivatives
corresponding to *1 - *4'

XH1 - XH4 ﬁl - ia State reconstructor states corresponding to
X, = X,.

1 4

™M Array of elements of gm matrix.

Y y Plant output.

YA Intermediate terms, composed of various
combinations of the 1A's, defined for use in
simplifying later equations.

ZDH1, ZDH2 il’ éz State reconstructor disturbance state
derivatives.

ZH1, ZH2 il’ 22 State reconstructor disturbance state

estimates.

18




TABLE 3. NAMELIST INPUT VARIABLES

FORTRAN NAMZ SYMBOL DEFINITION
B bi Array consisting of the coefficients, bl - b8’
of the plant transfer function y/ul. '
c K Plant transfer function gain value. ff
i
co, Cl1 cys © Coefficients used in defining w(t).
D di Array consisting of the elements of the D
matrix associated with the disturbance state
model. The elements are entered according
to the subscripts shown in Equation (12).
H h1 Array consisting of elements of the H matrix
assoclated with the disturbance model. The
elements are entered according to the
subscripts shown in Equation (11).
LM Ai Array consisting of designer's choice of roots
for the characteristic equation of
| - AI|. The array permits input of complex
conjugate values for the roots in the form
a + jb. For this reason, the input format
which must be used is:
(REl’IMI), (REZ’ IMZ)’ (RE3, IM3), (REA, IM4),
(RES’ IMS), (RE6, IM6).
NPRT - Used to control output print interval,
NUMBR - Used to control data storage for plots.
NX - Number of derivatives to be integrated by the
Runge-Kutta integration subroutine.
PGO u, Plant input command.
STPSZ - Used to define integration step size as,
DT = 1./STPSZ (sec).
TSTOP torop Run end time (sec).

19
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TABLE 4. DNIGITAL SIMULATION OUTPUT VARIABLES

FORTRAN NAME SYMBOL DEFINITION

PGO u. Plant input command

TIME t Total elapsed time since beginning of
run (sec)

UDA u DAC control vector

-

) w Disturbance magnitude as determined from
differential equation used to describe it.

X1l - X4 X~ X, Plant states

XD1 - XD4 il - ia Plant state derivatives

XDH1 ~- XDH4 ﬁl - é& State reconstructor state derivatives
corresponding to XDl - XD4.

XH1 - XH4 il - ia State reconstructor state estimates
corresponding to X1 - X4,

Y y Plant output.

ZDH1, ZDH2 21, 22 State reconstructor disturbance state
derivatives.

ZH1, ZH2 21. 22 State reconstructor disturbance state

estimates.
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SUBROUTING LINPLTCXTeYTEaYT29YT2aNXMYTSaY1IMIVeYIVAXY
1Y2MINGY2MAX o Y3IMT My YIMAX)

DESCRI>TION
THIS ROUTINE GENERATES ON~LINE PRINTER °LITS FOR
19 2¢ DR 3 CURVZSe THE TA3LE OF INDIPENDENT VARIABLES
MJST 3E EVENLY SPACED,

INPUT
1 Y TABLE OF INDEPENDENT VALUES. MUST BE
FVENLY S®ACED.
2 Y1l TABLT OF DEPINDENT VALUES FOR FIRST CURVE.
3 Y12 TABLE OF DEPENDENT VALUES FOR SECOND CURVES
4 Y73 TA3LE OF DEPENDENT VALJUES FOR THIRD CURVE,
5 NX NUMBER OF POINTS IN XxT.
5 NYTS NUMRER OF CURVES TO 3E PLOTTED.
{NYTS=1e 29 OR 3
7 Y1MIN LOWER LIMIT OF ¥T1 SCALE.
8 Y1MAX yPePE] LIYIT OF YT1 SCALE.

IF Y1IMIN =Y1MAX o+ THIS ROUTINE WILL
CALCULATE SCALF VALUES.

9 Y2MIN LOWER LIVIT 0F YT2 SZALE.

10 Y2MAX YPPER LIVMIT OF YT2 SCALE,
IF Y2MIN zY24AX o THIS ROUTINE WILL
CALCULATE SCALE VALUES.

11 Y3MIN LOWER LIVIT OF YT3 SCAilLE.

12 Y3MAX UPPER LIMIT OF YT3 SCALE.
IF YIMIN =Y3MAX o THIS ROUTINE WILL
CALCULATE SCALE VALUEZS.

oUTPUT
ON=-LINE PRINTER PLOTS

REMARKS
IF 4 PLOT OF 1 CURVZI OR A PLOT OF 2 CURVES IS
DESIREDs THE VARIABLES NOT NEEDED MUST BE DUMMY
VARIABLES IN THE CALL STATEMENT.
EXAMPLE«o«TO PLOT 1 CURVE
CALL LINPLT(XV14YV1eDUMMYoDUMMY4100919=16091e090090c90090.)
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c

10

20

30

50

50

70

72

75

90
35

100

——

SUBROUTINE LINPLTCXToYTloYT24YTRoNKoNYTSeYIMINGYIMAX,

1Y2MINOY2MAX 9 YIMINGY3IMAX)

DIMENSION XTC1)e¥YT1(1)eYT2¢1)4YT3(1)eWRXARR(101)

DIMENSION TTC4)9DLM(3)9SCACI)4SCALECS) ABC(S)

DIMINSION YMINCI)oYMAXCS)oYLLC3)oYULC(D)

DATA BLKoNOT/IH sl1H/

DATA ABCZ/1HAW1HBe1HC/

DATA TT /71e002.0¢5.0020.0 7
INITIALIZ?E

00 200 IT1=1¢3

IFCIT «GTe NYTS) GO TO 300

GO TO (10+20+30)s 1II

YMN=YIMIN

YMX=Y1MAX

GO TO 30

YMN=Y2MIN

YMX=Y2MAX

60 70 5¢0

YMN=Y3IMIN

YMX=Y3MAX

YMINC(II)=1.0E+20

YMAX(II)=~1.,0E+20

DO 60 I=1eNX

IF(IT «EQe 1) Y=YTILI)

IF(II «EQe 2) Y=YT2(I)

IFCI] «E€EQe 3) YZYT3ILI)

YMINCII)=AMINICYMINCII) oY)

YMAXCIID)=AMAXICYMAXCIT)Y)

IFCYMN +EQe YMX) GO 10 70

YLLCITI) = YMN

YULCITI) = yYMX

G0 TO0 140

SET SCALES

D=ABSCYMAXCII)-YMINC(II))

IF(D «NEe 0.0) GO TO 72

D = 0401%xARSC(YMAX(CII))

IF(D +EQe De0) D = 140

L1 = ALOG10(D)

IF(D oLTe 1.0) L1 = L1=-1

TEST = o5#10,0++(FLOAT(L1-8))

D0 75 I=144

R = TTCI) « 10.0++FLOAT(LY)

IF(R <«GEe D) GO0 TO 80

CONTINUE

IFCYMINCITI) oNEe. 0.0) GO TO 30

YLLCII)=0.0

YULCITI)=R

G0 TO 140

IF(YMAXC(II) .NE. 0.0) GO TO 100

YULCII)=0.0

YLLCTII)==R

GO TO 140

P=eS(YMINCII)+YMAXCITI))

P 2 2¢0.001*R*SIGNt1,04P)

L2 = 0

42

101
I01
101
101
101
101
191
101
101
101
101
Io1l
101
101
101
101
101
101
101
101
101
101
101
101
101
I01
101
101
101
101
101
101
101
101
1ol
101
101
101
101
101
1ol
101
I01
101
101
Iol
101
I01
Iol
101
I01
101
101
101
101

DO NN E AN -
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e P
IF(P NEo 0.0) L2 = ALOG10(ABS(P)) 10} 56
IF(ABSIP) oLTe 140) L2=L2-1 101y S7
IP=tP+,5%10.00¢FLOAT(L2))/10.0¢e¢FLDOAT(L2) 101 58
IF(IP oLE. 0) IP=1P=} 101 59
1 110 YLLCII)=FLOAT(IP)#10.,0%«¢FLOAT(L2)=e5+% 101 60
¢ ISCYLLCII) oGTe YMINCII)) GO TO 125 101 61
1 IFCYMINCIL) oCTe 0.0) YLLUIT)=AMAXI(D.0sYLLCIT)) 101 62
YULCTIID=YLLCTD) oR 101 &3
\ IFCYULCE]) oLTe YMAXCIID) GO TO 135 101 64
: IFCYMAXCTI) oLTe 0e0 oANDe YULC(II) o.GTe 040) 50 TO 95 101 65
IFCYULCITII*#YLLCII) «GEes 040) 50 TO 130 101 66
DO 120 I=1.10 101 67
TMPI=YLL(II)+,12R*FLOAT(I) 101 68
IFCABS(TMP1) .LFe TEST) GO TO 130 101 69
120 CONTINUE 101 70
125 1P=z1P-1 101 71
GO YO0 110 101 72
130 IFCYULCII) oGEe YMAXCII)) GD TO 140 161 73
IFCYMAXCIID=YULCII) oLE. .005+R) GO TC 140 101 74
135 R = 2.0#*R 101 75
G0 TO 110 . 101 76
140 JDLMCII)=C(YULCII)=-YLLC(II))/5.0 101 77
SCACII)=YLL(IID) 101 78
c PRINT CURVE MAX AND MIN VALUES 101 79
150 IFCI] oEGel) WRITE(64160) 101 80
160 FORMAT(1H1) . 101 81
WRITE(69170) II¢ABCCTIIDoYMINCIT) oYMAXCI]) 101 82
170 FORMATCIX9THCURVE YoellelXe1O0HDENOTED BYe1XsAl¢4Xe4HMINZIPELO3 101 83
12Xy 4AHMAX=1PEL1D.3) 101 8¢
200 CONTINUE 101 85
c PRINT CURVE SCALES 101 8s
300 WRITE(64310) 101 87
310 FORMAT(1HD) 101 88
DO 350 II=1,3 101 &9
IFCII «GT« NYTS) GO TO 360 101 90
SCALE(1)=SCA(II) 101 91
30 320 1=246 101 92
SCALEC(I)=SCALEC(I=-1)+DLM(I]) 191 93
IFCABS(SCALECI?) oLTe TEST) SCALE(I) = D0 10. 9%
320 CONTINUE 101 95
330 WRITE(6+340) ABCCII)s (SCALE(I)s1=1,86) 101 96
340 FORMATCIXe6HSCALE oA1910X91PE10e39010X912E210e3¢10Xe1PE20e3010Xy 101 97
11PE10e3910Xe1PE10+3910Xe1PE1043) 101 98
350 CONTINUE 101 99
360 NXP=NX+10 101 100
WRITE(64365) . 101 101
365 FORMATCLIHT) 101 102
DX=XT(2)-XT(1) 10} 103
30 800 I=14NXP 101 106
WRKARR(1)=DOT 101 105
DO 375 JJ=24101 101 106
J=JJ 101 107
WRKARRCJ)=BLK 101 108
IF(M0D((J~12410).EQ.0) WRKARICJI=DOT 101 109
15(1.50.1) WRKARR(J)=00T 101 110
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375

400

420

720

730

740
750

760

300

g20
830
835

IF(MOD(CI=-1)e5)¢EQ.0) WRKARR(UJ)I=DOT
CONTINVE
IFC1.5TeNX) GO TO 760
00 420 1I=143
IFCIT «GTe NYTS) GO TO 720
IFCII.EGe1) Y=YT1L])
IF(ITeENe2) Y3YT2(])
1I€C11.EQe3) Y=YT3L]I)
NP=100¢CY=YLLCTII))Y/ZCYULCTIIDI=YLL(IT)) 1.5
IF(NP «GTe 101> NP=101
IF(NP oLT. 1) NPz]
WRKARRI(NP)=ABC(II)
CONTINUVUE

PRINT LINE OF DESIRED PLITS
X=XTCI)
I1F(I.E£0.1) GO TO 740
IFCMOD((I~1)410).E9.0) GO TO 7480
dRITE(6+730) WRKARR
FORMAT(20Xe101A1)
GO TO 800
WRITE(S59750) XeWRKARR
FORMAT(10Xe1PE10.3410141)
50 TO 800
X=XTINX)+FLOATC(I=-NX) DX
IF(MOD((1-1)920).EQ.0) GO TO B20
WRITE(6¢730) JRKARR
CONTINUE
60 T0 83D
WRITE(69750) XsWRKARR
VRITE(S+835)
FORMAT(1HS)
RETURN
END
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SUSROUTINE SESOMI(XeNeNAIGMSeMN14DyRyEoWGIKoIHLDs1CoID0IS)

DESCRIPTION
YHIS SUBROUTINT WILL SOLVE AN N 3Y N SYSTEIM OF SIMULTANEOUS
EQUATIONS wITH AN ARBITRARY NUMEER OF RIGHT HAND SIDES OR
INVERT A MATRIX OF ORDER N« IR THD PR0OCESSe THE RANK OF
THE MATRIX AND ITS DETERMINANT ARE EVALUATED. THE METHOD
USE) IS THAT OF GAUSS=~JJRDAN WITH TOTAL PIVOTING IF DESIRED.

INPUT

1 X FIRST LOCATION OF INPUT COSFFICIENT MATRIXeX(1e1)
AUGMENTED BY NS RIGHT HAND SIDESs FOR MATRIX
INVERSEe X IS FIRST LOCATION OF THE MATRIX TO BE
INVERTED. TeEe X(141). X MJST BE DIMENSIONED
TC CMN1oMN1eN2) IN THE CALLING PROGRAM IN EITHER
CASE.

2 N NUMBER OF STMULTANEOUS EJUATIONS TO 3E SOLVED
OR OKRDER OF MATRIX TO 3£ INVERTED.

3 B NB = NUMBER O0F RIGHT HAND SIDES FOR SIMULTANEOUS
EQUATION SOLUTIONe NB = N FOR MATRIX INVERSE.

4 vS MS = 0 FIR SIMULTANZIOJUS TQUATION SOLUTION.
MS = 1 FJOR MATRIX INVERSZ,

5 MuN1 ROW JIMENSION OF X AS DEFINED IN CALLING PROGRAM,

6 WwORK WORKING ARRAY DIMENSIONED A4S FOLLOWS IN CALLING
PROGRAMess WIIKI(MN1+NR),

7 IHLD WORKING ARRAY DIMENSIONED &S FOLLOUS IN CALLING
PROGRAMeee IHLD(MN1),

3 IC 1C=1s PIVOTING RY R0C4 ONLYe NORMALLY SUFFICIENT,
1C=0s PIVOTING AY ROW AND CCLUMN. RUNS LONGER.

9 1D 1D=1s DETERVINANT CALCUALTED,
I3=0y DETERVMINANT NOT DESIRED.

10 1S IS=1y MATRIX IS NOT SCALED PRICR TO MANIPULATION.
1S=0s EACH MATRIX ELEMENT IS SZALED PRIOR TD MANIP.

OUTPUT
D I ¢ X€1e1) THROUGH X(Nel) CONTAIN FIRST SOLUTION
VECTORe X(192) THROUGH X(Ne¢2) CONTAIN SECOND
SOLUTION VECTORe ETCse FOR MATRIX INVERSEs THE
ARRAY X CONTAINS THE INVERSE MATRIX,
DETERMINANT OF INPUT X.
RANK OF INPUT X.
ERROR CHECK
£=0 DeKe
E=1 MATRIX OF COEFFICIENTS 1S SINGULAR.
£=2 SOLUTION IS ATYEMPTED BUT ZIJUATIONS MAY BE
SINGULAR DR ILL CONDITIONED.

LN
m 0

REMARKS
THIS SUBROUTINE «wILL RUN FASTEIR WITH IC=1 AND 1S=1l. THE VALUE
IC SHOULD BE SET TO 0 ONLY IN RARL CASES WHERE EXTREME ILL~-
CONDITIONING 1S EVIDENT AND IS SHOULD BE SET TO 0 ONLY WHEN
ELEMENTS OF ONE ROW OF THE MATR1Y IS MUCH GREATER THAN THE
ELEMENTS OF OTHER ROWSy CAUSING A FALSE E=2+9 INDICATOR.
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50

51

21
211

14

15

35

36
351

25

SUBROJTINE SESOMICXoNoNBeMSoMNI1oDeReEsWORKeIHLD9ICoID1S) FOl

DIMENSION X(MN191)eWORK(1)9IHLD(1) Fol
DOUBLE PRECISION XeWORKeYedaSUMeX1 FOl
THE FOLLOWSING 9 CARDS ARE TEVPORARY MONIFICATIONS TO ALLOW Fo1l
EXISTING CALLS TO SCSOMI (USING 10 ARGUMENTS) TO WOIK PIOPERLY. FOl
ANY CALLS NOW MADE SHOULD INCLUDE ALL 13 ARGUVENTS. Fo1l
J = LOCF(IC) Fol
IF(J «6Te 64 )GO TO S0 Fo1
1IC = ¢C FO1
110 = 1 Fol
1I1ISs = 0 Fo1l
G0 Y0 51 Fol
11C = IC Fo1l
110 = 1D FO1
11s = IS Fo1l
X1 = 1. FO1l
£=0. FO1
R=0e. FO1l
IFCIIC «NEe 0)GO TO 211 FO1
DO 21 1=14N Fol
INLOC(ID =1 Fol
CONTINUE Fol
IF(MS)6e446 Fol
NNz=\+N FOl
NB=N Fol
MN=Ne} FO1
DO 14 I=1eN Fol
DO 14 J=MNeNN Fol
XCIeJ)=0oe Fo1l
00 15 1=14N FOl
J=I+N Fo1l
X(TeJdd=1. FOo1
60 T0 16 Fol
NN=N+NB Fol
JJ=NN Fo1l
NNN=N=~1 FO1
D=0, FO1
IFCIID oNEe 0)D=1e FO1
IF(IIS «NEes 0)GO TO 361 Fo1
DO 36 1=14N Fol
Y=X(Iel1) FO}
DO 35 J=2¢N Fol
IFCABS(Y) e LToABSIXCToU)I)Y=X(Tod) Fol
CONTINUE FO1
D=D»sY Fo1
D0 35 J=1eMNN Fol
Xt1ed)=Xtled)/Y Fol
CONTINUE Fo1
DO 5 J=1eN Fol
KK=N~1 *la
IF(KK)10e10+26 Fo1
IFCTIIC «NEs 0)GO TO 261 Fol
LL=KK*1? FOl
1Ju=1 Fol
L=1 Fol
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18

17

19

20

261

31

11

12

23

WORXK(1)=X(1y1)

DO 17 I11=1.LL

DO 17 J=1slL
IFCABSCWORK(1))I=ABSIX{TIIoU)))1B84¢17417
WORK(1)=X(ITeJ)

L=Jel=-1

IJyu=J

CONTINUE
IFCIJJ-112+2419

DO 20 Il=1eN

Y=X(I1e1)
XCIIeld=XCTIT0IUd)
XCIIeT1JUI=Y

IYSTHLOCI)
IHLDC(I)=THLD (L)
THLO(L)=TY

D=-2

1Jy=1

Y=X{1e1)

00 1 L={'KK
IFCABS(Y)=ABS(X(L+141)))741,1
IJJ=zLel

Y=X{L+1e1)

CONTINYE

IFC(lJJeEQeY) GO TO 10
D=-D

DO 9 J=1ledJ

Y=X(1eJ)
XU19J)=X(IJJe )
XCIJJdedd=Y

Jd=yJ=-1

D=D*X(1e1)
IF(XC191)4EQeD0)GO TO 8
IFCABSCABS((X1-X(101))/X1)=14) el TelE=-7)E=2,
X1=xXx(1+1)

R=R+1.

D0 12 J=1+JJ
JORK(JI=X(1eJel)/X(1e1)
KK=JJ+1

IF(NNN.EQeD)GO TO 33

DC 3 K=1¢NNN

DO 3 J=2+¢KK
X(KgJ=1)=X(KelgJ)=X(Ke1g1)#WORK(U~1)
DO 5 J=1eJJ
XENgJIZWORK(J)

JFCIIC «NEe 0)GO TO 13
NN=N-1

IF(NNJEQs0YGO TO 13

30 22 I=1WNN

L=1+1

00 22 J=LN
IFCIHLDCID)=THLN(J))22¢22423
TY=TIHLOC(D)
THLODCID)=THLD (W)
IHLDC(JI)=1Y

FO1
FO1
FO1
Fo1
Fo1
Fol
FoO1l
FO1l
FO1
FO1
Fo1l
Fo1
FO1l
Fol
Fo1
FO1l
FO1
FO1l
FO1l
Fol
Fol
Fo1l
FO1
FO1
FO1
FO1l
Fo1
FO1l
FO1
Fo1l
Fo1
FO1l
FO1
FO1
FO1l
FO1l
Fo1
Fol
FO.
Fo1l
FO1
Fo1
Fol
FO1
Fo1
FO1l
Fo1
Fol
FO1
FO1l
Fo1
Fo1
Fol
FO1l
Fo1l

104
105
106
107
108
109
110




D0 25 K=14NB Fo1 111}
YIX{]eK) FO1 112
XCToaK)=XCJeK) FO1 113
25 XtJdeX)=Y FOo1 114
22 CONTINUL FO1 115
13 RETURM FOo1 116
8 £=1. FO1 117
RETURN FO1 118
END FO01 119
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APPENDIX B

SAMPLE RUNS
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Several complete sample runs are presented in this Appendix in order
to furnish examples of the output which results when this program is run
on a stand-alone basis. The plant used for the examples is a simplified
autopilot loop described by aerodynamic transfer function and compensator
data taken at various times along a nominal trajectory (see Reference 7).
For each case, the NAMELIST input section, the X matrix (before and after
inversion), output data as listed in Table 3, and line printer plots
showing output Y and disturbance state estimates 21, 22 are given.

it

The disturbances used in each run are as follows:

(a) Run l: w(t) = 1. © ]

(b) Run 2: w(t) = 1. + 0.5t

(¢) Run 3: w(t) = 1.5+ O.Se'25t

For runs (a) and (b), where the disturbance is of the form w(t) = Co +C
the disturbance is modeled as

15

Ine 1€

1] "

o (E=+}

|N {n

+ [}
la

" —~

— A
(=)

(=]

g’
p—
—_—

y N N

N N N

U N
+
la

0 0

For run (c), the disturbance is of the form w(t) = Co + ¢ et and is

modeled as 1
= (1, 0) z1
%2

LG T

1€
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