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ABSTRACT

This paper recalls briefly the main results of the
detection filter theory, which, through sophisticated data
processing, allows in certain circumstances to detect and
identify component failures in a system, by assigning uni-
directional or bidirectional error outputs to each failure.
The algorithm of a computer program developed to help the
design of a detection filter is then detailed. An applica-
tion of it in the content of longitudinal control of a
guideway vehicle was then made to investigate what practical
results could be expected.
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CHAPTER 1

INTRODUCTION

With the decreasing price trend in computation capability
and the increasing price trend in hardware components, it will
make more and more economic sense to try to achieve high levels
of reliability in control systems with less redundancy in
material parts, at the expense of more computation. Thus, even
on guideway vehicles where weight is not a dominant problem,
sophisticated data processing can be envisioned as a way to
achieve the required reliability of the longitudinal control
system.

For a complex system without any redundancy, a failure in
any element entails a failure of the whole system. Redundancy,
on the contrary, allows certain component failures without pre-
venting the system as a whole to function. One of the simplest
kinds of redundancy is what might be called "standby redundancy."
Two or more components which perform the same functions are
set in parallel, and in case of failure of the operating com-
ponent, the system switches to the backup one. The problem is
to know which component of the chain is faulting, when the sys-
tem as a whole fails., This can be done by majority rule with
three components in parallel. A detection filter, under certain
circumstances, can detect which component is faulting and re-
quires then only two components in parallel. There are some

other advantages in the use of detection filters, not discussed



in this paper, such as their use as suboptimal filters which
could provide partial state estimation for failed systems.

The detection filter theory was first presented by Beard
(ref. 1) and was further developed by Jones (ref. 2). This
study was made to investigate whether detection filters would
be of practical value in longitudinal control of guideway
vehicles: detection filter theory assumes a linear time in-
variant model, which is not the case for a guideway vehicle,
subjected to non linear forces such as the aerodynamic force.
Furthermore, some inputs of the real system would be difficult
to indicate, such as the grade of the track, and some compo-
nents of the control system would be noisy. To assess the
relative values of these effects compared to the effects of
failures in the system, a simulation of a representative vehicle
was set up and tests were made to evaluate the practical value
of a detection filter processing the difference between a real
system output and a simplified linearized reference model out-
put. The detection filter was designed with a computer program
which was developed, applying algorithms derived from reference 2.

Chapter 2 recalls the theoretical results necessary to
understand the application, chapter 3 details the algorithm of
the detection filter design program, chapter 4 presents the
guideway vehicle simulation, the reference model for the detec-
tion filter, and the detection filter which was computed,
chapter 5 gives the experimental results, and chapter 6 states

the conclusions. Appendix A gives the listing of the detection



filter design program, Appendix B the listing of the guideway
vehicle simulation together with the reference model simula-
tion, Appendix C presents some problems met in the practical
design, and Appendix D the orthogonal reduction procedure used

repeatedly in the algorithm.



CHAPTER 2

THEORETICAL BACKGROUND

The concept of the detection filter was first presented by
Beard (ref. 1) and was further explored by Jones (ref. 2). Only
a brief summary is given here. The aim of this chapter is just
to present the results necessary to understand the application;
for more details see reference 1 and reference 2.

The detection filter theory assumes that the plant dynamics
can be represented by a linear, time invariant set of differen-
tial equations. Let x be the state vector (n dimensioned)

u be the input vector (q dimensioned)
y be the output vector (m dimensioned)

The system equations are

% e
i
Y
%
+
b
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where
A is a n x n matrix
B is a n x q matrix

C is am x n matrix

From the comparison between y, the output of the system

measured by means of sensors, and zm, the output of a simula-

tion run in parallel (real time) with the system, with the

same equations, A, B, C having their unfailed values, the de-

tection filter theory allows to detect which component of the




system has failed, under certain circumstances.

The general reference model is the following:
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General Reference Model
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x(0) given

X, = Am X, t Bm u + D(y - Zm)
Yn = Sn %n x (0) given

(gm(O) is necessary to start the simulation, but as (A - DC)

is designed to have no positive real part eigenvalues, §m(0)
does not need to be equal to x(0) for x(t) and §m(t) to be equal
in steady state).

In the absence of failure AmEE A
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A(x - %) - DC (x - x)
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(A - DC) & £(0) = x(0) - x_(0)
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N

The output error é: Y -y, then follows the equation

£

In the event of a failure in the physical system, some

P

values of parameters in A, B, C change (may become time vary-
ing). The usefulness of the detection filter theory comes from
the fact that very often failures can bemodelized according to
one of the two following ways:

- controller failure model

Xx=AX+Bu+ Ei ni(t) y=Cx
- sensor failure model
= + = .
X Ax B u vy Cx + e, nCl(t)

1

where bi and ep are two time-invarying vectors, even if the
= i

failures introduce time variations in the matrices.

Examgle

Consider the simple case below

w | Ky 3 g
. — K5
AE+ L fron £ 4 on? .z
Equation 4 i< . 2
: .. . i - I,
— = > 3+2) 3Ty =

At ,4?+2;M«,s+uf

Using the phase variable Xy = 2, X, = 2, We have the state

equations
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If K1 fails and becomes K1 . kl(t), the model becomes

1) K

. 0
X=AXxXx+Bu+ ( ) (ky () 1 U

- - 1

y=¢x

0
in this case by (].),ni(t) = [k;(t) - 11 K;u

If K2 fails and becomes K2 . k2(t), the model becomes

é =AX+Bu
Yy =Cx+ () (Ry) [ky(t) = 1] x;
In this case gmi =1 nci(t) = K2 [kz(t) - 1] Xy

In case of failure, the error differential equations become then:

- controller failure model & = (A - DC) £ + b; n, (t)

'd
E-cg
- sensor failure model & = (A - DC) & - 4; n, (¢)
i
€-c¢
=Cc+e n_  (t)

where d. is the ith column of the matrix D.
The detection filter theory allows the detection of the
faulting component of a system because of three features:

under certain circumstances, it allows to find a D such that:
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a - eigenvalues of A - DC can be almost arbitrarily assignable
b - outputs associated with a b, (controller failure model)
can be constrained to be unidirectional
¢ - outputs associated with a Nay (sensor failure model) can be
constrained to a plane.
More precisely: definition (Beard)

The event associated with the vector b is detectable if

there exists a matrix D such that
(1) € £ maintains a fixed direction in the output space, where
& (t) is the settled out solution
(2) at the same time all eigenvalues of A - DC can be specified
almost arbitrarily.
It can be shown that the solution to §*= (A - DC) é'+ b n(t)
with A - DC matrix negative definite is, after the vanishing of

the transient terms
t .
(Y = / cup |- (A-09)(£-T)]b ~(G 4

and this solution lies in the space spanned by the columns of

W, = [b, (& =-DC) b,..., (&-0c)" p]

That is to say, é may be expressed in the form

gjt) = ij(t) .g (t) depending on n(t)
Then -
cé&(t) = CWLQ(t)
Beard showed that condition (1) of the definition is
equivalent to the fact that C Wb has rank 1.

The most useful property of direction filters, however, is
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their property, under certain circumstances, to detect without
ambiguity several failures at a time. If there are n independent
sensors in a n-order plant, it seems intuitive, and it can be
shown, that no ambiguity is left in monitoring failures of the
plant. If there is only one sensor, on the contrary, it seems
obvious that no discrimination between eventual failures can

be performed. The following concepts are necessary to under-
stand how the case where there are less than n independent sensors
is handled.

° null space: the null space of an operator A is the largest sub-

space of the space where A is defined, whose image under A is
the zero space. It is denoted Q (a).

° detection equivalent events (Jones)

Two events 91 and 92 associated with failures in a system

are said to be detection equivalent if

(a) every detection filter for b; is a detection filter for b,

(b) the unidirectional output error generated by the failure
associated with b, is in the same output direction as that
associated with b,.

° detection space of an event

The detection space of Ql contains all events which are de-

tection equivalent to b,.

(a) Vector space definition (Jones).
Let b, be an event vector associated with a failure. Assume
that C b; # 0. Detection space for b; is denoted by R; and is

the direct sum
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Ry = p_l@ Ry where R, & R" is the largest subspace
satisfying the three conditions
(1) M) AR =& - C
1 1 &
(2) R, < f[ (c) where M = | .
(3) AR, < ﬁl n-1

CA

AS ;h.§£ Il(M), condition (1) ensures that Ei = Eh.() Ry is an

observable subspace for (A,B,C). Condition (2) ensures that for

every vector of Ry, { = b(!a‘,--f; where ; € Ry

C?:# C_l}qa-ffﬁ_ {Ch, +0=xCb,

{

Then every vector of ﬁl has the same output direction as b, .

1
(b) Matrix notation (Beard)

Rl can be shown to be the null space of

£ s fesTch (L) T
[gm ) C_éqécéf‘cg,q’]”'(cé,)rjl%l—A’A,[c__l,',c_,t,J(Cé,) c]

.- ch et et Ts) J[a-AbLATE] (es) el

<

where Em is the identity matrix in a m dimension space.

Note: If C El =

smallest integer such that e’ "1

0, just replace b; by Kﬂ_lgl where o is the

b, is not zero, in the above
definition.

° detection generator

It is possible to show that the detection space R by is
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cyclic invariant, and that there exists a unique vector g in

§b such that the vectors
1
V-4 _
g Agsee., A g are a basis for Rbl

V&--{
ca ¢ g=Chbh

Vector definition (Jones)

Let d(Rbl) = by g is the detection generator of Rbl if

(1) AkgeRbl 1€<;)£,;f

4

Vbl-l
Ca g=¢Cb;

(2)
Beard showed that if the Vbl eigenvalues of A - DC associated

with the controllable subspace of 21 are given by the roots of

vb]_ vvbl-l
S + pV s + ... + P, S + p; = 0
by

where the p; are scalars (which implies that if a desired eigen-

value of ﬁb is complex, its conjugate must be selected too,
1

hence the almost arbitrarily assignability concept), then D must

be a solution of

Vbl"l
pca g=py g+pP,Ag+ ...+ pv
5

2

° Mutually detectable set of events (Jones)

Given the inhomogeneous error equations

£= (A-DC) £+ by n,(t) i

l,...,xr

E-cé&

The failures associated with the events gl,...,gr are mutually
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detectable by a single failure detection system if

(1)

(2)

the output generated by each of 21 nl(t),..., Er nr(t)
maintains a fixed direction in the output space, and
the eigenvalues of A - DC can be specified almost arbi-
trarily by a proper choice of D.

This definition says nothing about the output directions

C bi' From a practical point of view, however, one case can

be

cb

(1)

(2)

immediately examined: if two events b; and b, are such that

1 is parallel to C 92' there are 2 possibilities:

If b, € ﬁl' then b, and b; are detection equivalent, and a
detection filter cannot distinguish between failures associa-
ted with these two events.

1f b, ¢ R; it can be shown that if c_ffl//CEZ a failure de-
tection system which detects failures associated with by
cannot simultaneously detect failures associated with 92'

The output error for the second failure cannot be constrained
to a single direction.

This can be generalized to the case where one output direc-

tion C b, can be expressed as a linear combination of others. 1In

that case, to have unidirectional outputs, it can be shown that

eigenvalues for each detection space can no longer be arbitrarily

assigned. Hence the new concept.

(-]

[C

OQutput separability

Vectors él""’ Qr are output separable if the rank of

gl’."' Cgr] =Tr.

It can be shown that output separability is sufficient to
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guarantee that a D can be found for which failures associated

with El""’ Er produce unidirectional output errors. If the

dimension of ﬁi is denoted by 9i’ YE = _2? \g eigenvalues of

A - DC can be almost arbitrarily assignéalé§ the choice of D.
Output separability, unfortunately, does not imply mutual

detectability: it may happen that eigenvalues of each §ﬁ can

be almost arbitrarily assigned, when the Pi are output separable,

but that some eigenvalues of A - DC are determined, and cannot be

changed. More precisely:

° Let S be the space spanned by [Ql,..., gr]. We can define a

detection space for S, Eﬁ such that (Jones)

R =% O

where R, is the largest subspace which satisfies

(1) m n Ry, =0
(2) R, < '2 (C)
(3) AR, = &, s
Es can be shown to be the null space of Cs’ (A-Ds <)
where C; (A - D (_}""
Dg = ABL(B) T (cB) 17T (BT
. = Ty 1=l ;T
CS = [Em - CB [(CB) " (CB)] (CB)"] C

and B is the matrix [91,...,Qr].
ﬁé is a direct extension of ﬁi defined formerly. In a sense,
it is the set of events which are detection equivalent to the

set of b,, i =1,...,r. If the b, 'S are output separable, we have
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RRAR, @ ... ® R, < Ry

]

Let us define V = yl + o0 4+ Vr where Pi = dim of ﬁi

t
s
Vs = dimension of RJ

If D is chosen such that it makes outputs associated with
gl,...,gr unidirectional, only Vé of the eigenvalues associated

with ﬁs can be almost arbitrarily assignable, the remaining

V

s ~ Vé are unassignable. Therefore

ﬁl,...,Rr are mutually detectable<?$‘i22 V. =-9

=],r i s

The preceding concepts are sufficient to understand the
basic structure of the algorithm written to help the designer
develop a detection filter. What follows is necessary to under-
stand how the program can help the designer to find the values
of the unassignable eigenvalues if the Qi's are not mutually
detectable, and a detectable subset if these eigenvalues are not

acceptable.

° Excess subspace. If 91""'9r are not mutually detectable,

the excess subspace of ﬁg is any subspace RO'C:IZ(C) which

satisfies R, = Rl ®E ... @ R. @ RO .
In general, it is not unique. However, it can be shown that the

Vo eigenvalues of A-DC associated with R, (which are the Vo
unassignable eigenvalues of A-DC for a given set of gi's) are
independent of the choice of D. The algorithm used will deter-

mine a basis of the unique subspace Rog defined by:
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- Rog excess subspace of %J

AR _C Rog@gl@ @ g,

g

It can be shown that ROg is the null space of the matrix

= ° where the Ei's are the rows of the
— i -
f C-)V--’ matrix [(cB)T(cB)1 7L (cB) Te
2, (A= = e Ty =1 = T
P ° Dy = AB[ (CB) " (CB) ] (CB)
M= ~ (A-9 c:)yl’/ ° B matrix [b b 1
3 -7 2yreccr 2y
3 . ) Y}’,-‘IA
.Cn (A”'£§CU) -

Let us call ROg this basis. Once it is determined, as
AROgC Rog@gl © ... &g, we have with G = [gy,...,9.]

= T7
AR Rog T +¢c 6@

it can be shown that the rows of & are equal to

= - i i = —
9i = Ei (A DS C) Rog for i l1,...,r (2-1)

As A, Rog' £ are known, 77 can be computed, and the unassignable
eigenvalues of A - DC associated with B are the eigenvalues of /7 .

° Property of Rog: suppose we have a set of events gl,...,gr
which are not mutually detectable for a system (A,C) . If we de-

fine R

ogy = excess subspace associated with

(BysevesBy 17 Byyqres-rby)

for k = 1,...,r, Jdones showed that
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(a) Rogy € ROg for all k

(b) The excess subspace associated with the set of events Qi

where gj and b, have been extracted is

R = R R
°93 95 4 9y

The program written uses this property to help the designer
to find a subset of the Eﬁs with acceptable unassignable eigenvalues:
(it is an option)
° for each event Qi it computes the set Ai of unassignable eigen-

values associated with gl,...,gi_l, gi+l,..., Qn

° the designer knows that if he eliminates Pi’ for i &€ J of the set
of events, the unassignable eigenvalues of the set of events,

biy e [(1,..0yr) = J] will be N A,
J ied

In particular, if /7 4\ ;i = F‘, the remaining events once

iegd
the events b,, i& J,have been extracted are mutually detectable.

°® Output stationarity (Reference 2)

Assume El""’ Qk are output separable, and let D* be the
class of operators such that for every D & D* the output gene-
rated by each of 91""’ Ek with respect to (A - DC, C) is uni-

directional. The subspace _¥ can be made output stationary with

b,,..., by if there exists a D'& D* such that the output from
every element ;i.é Af for (A - D'C, C) is unidirectional along
C ?i (or CAf} if C?i = 0,etc).

The cost of using output stationarity to increase the number
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of failures which can be detected by a single failure detection

system is that certain eigenvalues of A - DC may have to be

assigned a multiplicity greater than one.

Suppose we want to make Ei output stationary with El""'gr

where b,,...,b. is a set of output separable vectors, and
91,...,9r,gi are not output separable. This implies that C Ei
is a linear combination of C gl,...,c Er' Suppose that

El""’ QE is the smallest subset of b b_ such that

l’...' —r
c ., c :
= J
FLoX g (\i C hy

has a solution where

« C_ T
L [¥l’oo., dé]
C
FL = [k_)l,.oo, gf]
and Wi,...,q% are a set of nonzero coefficients.If 91""' gé?

are mutually detectable, it can be demonstrated that h, can be

made output stationary with b,,..., b, if there exists a solution —

- C —

to R —~ = S. where
L 1

RS = [R,..., Re)

and where S, = [h., : S.], detection space of h;.
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CHAPTER 3

DETECTION FILTER DESIGN ALGORITHM

A - Principle of the algorithm

There are two basic steps in the algorithm:

During the first part, the designer has to find an acceptable
set of events, either output separable and mutually detectable—
that is to say without unassignable eigenvalues—or output
separable and with acceptable unassignable eigenvalues. The
program first tests the output separability of the events, and,
if the events are output separable, goes on to compute the de-
tection space 32 associated with the whole set of events, and
the detection space Ei associated with each gi. In the process,
it computes the detection generator g4 associated with each ﬁi.

If .fzg(ﬁa) = 21 'zlfﬁi) , the events are mutually detec-
table. Then a detection filter D can be designed such that all
the eigenvalues of A - DC are almost arbitrarily assignable.

If .»J(EJ) > 2 ml(ﬁi), there are rr.é(ﬁ,g) - Zig(ﬁi)
unassignable eigenvalaes in A - DC, independently of the choice
of D. The program goes on to compute these unassignable eigen-
values. Three possibilities are then offered to the designer:

° accept the unassignable eigenvalues, and go to the next step;
° find a subset of the gi‘s wfth no unassignable eigenvalues.
To do this, the program computes for each Ei the set /\i of un-
assignable eigenvalues associated with the events

(byrevesr by _yvr Bijyqreees b). The designer then takes out the

events bj' je& I, I a set of indices, (I € [1,..,r]) such that
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'!q N . contains only acceptable unassignable eigenvalues.
If, fgjzéxample, one of the /\i's, assume /\l, is the null set,
the designers know that the events 92,..., Er are mutually de-
tectable.
° increase the dimension of state space. (Not yet operational,

he has to go back to the beginning with the new A, B, C, and the

new set of events B).

Once the designer has an acceptable set of events, the
program goes on to compute the detection filter with the desired

eigenvalues. This is done in base normal canonical form (Jones).

The transformation matrix from the given coordinate system to
base normal canonical form is defined to be T—l. The general

structure for T 1 is

Y1 V-1 Yeut
-1 ' _Al , © -1
_ ' /Q 9, j M?Q .] (3-1)

where the‘gi's are the detection generators of the ﬁi's
N - —
Y ; is the dimension of R,
Ty is a matrix such that T is nonsingular. The choice

made for TO is:

o= [ s ) T (’4 C)(i:’:; l (A 2 C) “"‘J

n+i
= Y.)

where 951"""5y is a basis for ROG (If the events are mutually
- o)

detectable} ROG has dimension 0).
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The w r+1’c W, are chosen so that the vectors

e T -1
w17 (A2 )" "/(A pC)

- *t.+¢ _4 M
complete the set ; I, ,4 } )T "{) g § 3’
- -
to form a basis in R". If ﬁk is already of dimension n, where

n is the state space dimension, there is no need for the vectors

The set

Vamt

Ve 1 "

q9,--,A 9,7 A 3,3, 3,
: g

e Ye

y—r"‘l"..’&n.

a basis of ﬁg , is also a basis for R"

More precisely, the w, are the auxiliary vectors associated

with C' (A - D C)‘il-l in the orthogonal reduction of
~ <J - starting with the identity matrix
C;(/3~«9$C) where C'; is a row of C'g
M = ¢ - —7 - ";."‘T
c ) 4 ng[é-_cjgﬁcg)(cgikaﬁ{]c
S(A-DC ”
;(A-2C) 0= AR[(2)TcB)[ R
] is the largest integer such that
9.
i-1

all of C', ,...,C' (A - D C) have a nonzero auxiliary vector
(See appendix D on orthogonal reduction procedure for the defini-
tion of auxiliary vectors).

All but m of the vectors of the right hand side of (3-1)
are in the null space of C. These M columns are used to define

a transformation of the output space compatible with T_l.

\ VI"’1‘ You Teei ™ ! , G -4
T’:_ CA j/--/ C'q j , C‘.S,(H-DSC {\/-zv‘) ,/C:S(ﬁ~99%
-— -

T_l transforms the state vector to base normal form and T transforms

it back to the original coordinate system. We have the relations
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original base

N\ -
A=T 1 AT
A —-—
B=T lB
N

_ -1
C = Tm cCrT
N -
By =T Ey
- -1
Yo = T Ym

This transformation is used because the design of the detec-

tion filter in the canonical basis is straightforward: due to
the two relations V- i
o7 Y-
QCA%-J q +pR94- -+ P A | + A9
Ek._ ﬁ;.§;7_£? <;; i“ g -

where the /3
“4

T (4-3i)  of

EERA

and

ARog

2

are the coefficients of the polynomial
V- 1

e p A
+ o HpA T

e'_?. 4

- A
the eigenvalues of Rif.d“+f“
“):

i .
RogT+ & & , we have:

/}; is of the form

Y
A" . A EL -47
- py 42’ 4"1—' .
”~ " ' '
A A24 AZZ ' ! '
A=| - ' '
~ P A (a4
~ I
Alld. - nn 5”' e
~ ~ — L
Api - - AC"L ji Po
-~ ; AR
Ara - T A 9 AL

-~

(3-2)

(3-3)

where ﬁi = [9_] matrices with only one nonzero row, defined in
(¢4

Chapter 2, equation (2-1)

T is a Vo X V o matrix associated with Rog’ given by rela-
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tion (3-3)
”

D - - o a -y )

A\,,,li N "']=[0.‘2L ]1sav v matrix, forlfj

4J 0 — - o a‘,)‘f . - J

-0 - - © —ff

N » [ 1
j v L] (]

A, = o~ ' 1s a vi . Vi matrix (3-4)
o--od-py

AL, s (=)o

rr
A s Y
Pl Vesla-a)
‘l:'/ i 8 Vo*(""v*‘)
o
~
C is of the form
Fal ™y
§4 o - - © T
A o - o A !
| o &, - \ , .
‘ol BHEES A where <, © is a Vi vector
O ~— -~ Cr no 4
o - — (] [ 2%

In order for D to be a detection filter for [b;,..., b I,

each space ﬁi has to be invariant for A - DC, or, equivalently,

A ~
for A - Dé. If the ﬁl are the coefficients of the desired

) - A ~y o,
set of eigenvalues of Ri’ A - DC is equal to

~ N oL
[_A"" O - — o 9.4 r‘4'
~ ~ als - - - (> - oo
0 AZ?_ i B ,:12 - 4 \r)‘i
A-DE : N N s A= 27 S
- = . . A where £ . 4 -ps
6 - — A Gn Th Q-9 Py,
—— e
o ~ - o 1t o
L o o 9 Arﬂ

If a D is selected so that A - DC is of this form, outputs

associated with each b; will be unidirectional and the eigenvalues
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Ry, 1s

eigenvalues of

associated with each ﬁi can be chosen (if the dimension of

less than n, the state space dimension, n - k;

A - D C will be the same as those of A. They could be selected

too, but the program does not do it. See Ref. 2 for more details).

A ”~ ’
To set A - De in the desired form, D is selected to be the

sum of two terms

N ~ n
D = DFR + Dy
ey
. ~ - - P2y o . O~
with o 2,, Zan
i ~ . O
9 = .‘?2: O = - Z4gn ©
FR . \
/\. A ‘
.f"" f’n; —_—— O
o~ ~ ~
o1 Fon - -~ ZLonx
'.,&',-. é\'r‘z - = gr‘t ¢ OJ
— _\P’ () - - 7
- o
R o Yy, -
D o= | : S~
¥ o - - dy, -- o
e - o
&
Lo -
with -
)’ )
-{;'LT/A.I
cl_ = jifg'*ﬂﬁ i=1,e0e,r with the
o - p/ p/ defined in (3-4)
“Pov 7 e 70 Py, -
Finally, the program computes
~ -
D=TDT 1

m
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B - Algorithm of the detection filter program

BA) Reading of data

Step 1. Enter A,B,C, gi dimensions A(n,n), B(n,q), C(m,n),
B(n,r)

Step 2. Compute rank of C.

Step 3. If there are more than rank C events to be detected,

divide the Qi into groups of no more than rank C vectors in a

group.

BB) Output separability

Step 4. Test each group for output separability. Given a

group gl,..., Er compute C 91""' cgr and check whether they

are linearly independent. If not, the group has to be changed.

BC) Mutual detectability

Step 5. For each group of events selected, mutual detectability

will be investigated. For each group, F/(;a , ﬁl’ 'ﬁz,...,_ﬁr will be

computed, as well as ¢q,..., jr‘

5.a Apply orthogonalﬂ;eductiog to C, starting withuﬂfl) = E_.

Let ch be the terminating matrix.

5.b Compute

U

H

agfe)en)licn)”

ch[En- cBleBER]EA) [ <
Compute - <%
My = <5 (A-Pe<)

‘. n-d
Cﬁj(A-9fc) ; .

L
Apply orthogonal reduction to MDfstarting with .ﬂ-=-42b.
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Let —5;gbe the terminating matrix, )§’= 146JQg).

(Note: an option allows to start the orthogonal reduction with
the identity matrix to compute the Wi needed in the final steps,
and the integers q,;, such that <% (A- 9 c) -1

has a nonzero auxiliary vector, q; largest integer for which
this is true).

5.c For each Qi i=1,r

compute b, = A :Z:u[(cé )YC‘I’)] ’(CA")T
c*= [ E. (e et )b ) (€s,)] <

lalhd -
c'(ﬂ -Di.<) o)
M .= : starting with _JZ :JEZ

c'(A- D, C)’M_

Reduce

LetJL, be the terminating matrix RZ(JZL-) = y,‘

5.d Compute C
CcA

M = :
cﬁn

Apply orthogonal reduction to M, starting with each_ﬁLi,

-1

-

i=1,...,r. Each reduction ends on a zero matrix. The last
vector to be removed from the range space of.JZi is a multiple

of the detection generator j i

-
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5.e Compute g = 25 +r )L = dimension of Es
Vi = Vi + 1 fo# all i =1,...,r. V? = dimension of Ei'
Check whether V = Z Vi
- i=1l,r

If equality holds, the events are mutually detectable, go to Step
6. If not go to step 5.f.
5.f (determines excess subspace Rog)' If yg = )L - ‘2' vi’ a
i=1l,r
total of Vo eigenvalues of A - DC are unassignable; they will
be computed. -
° compute [(¢ B)T (¢ B)17F (¢ ®Tc = Z_? ]
Cn
(partly done in step 5.b)

°  Compute - Ca y

= ) Vo. 1
Mo= | 24 (A-D5<)

{

! Ye=-
g, (A-95¢<)

° Apply orthogonal reduction to MO starting with ,Qé. Let
ﬁjlogvbe the terminating matrix slé(ufzoj) = Vs
o s = N . - [] .

Define Rog E;l""' 5% ] where the gi s are Vo linearly

independent columns of JL

°9 W

° = e - 1 =

Compute 5& Ci (A Ds C) ROg for i l,...,r
Form matrix & whose rows are the ﬁi's

- T -1 T

° I = -6

Compute / [Rog Rog] Rog [A Rog e ]
where & = [g IRERRY, 5‘,7 r] matrix of the generators.
° Compute eigenvalues of [l which are the unassignable eigen-

values associated with the set of events.
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5.9 Three options open:

° accept the eigenvalues of T ) go to step 6

° find a subset of b;,..., b, with acceptable unassignable
eigenvalues ; go to step 5h

° 1increase dimension of state space ; go to step 1.

5.h (indicate unassignable eigenvalues associated with each gi).
For each i, i = 1,r compute

G = G with the ith column deleted ( G defined in step 5f)

64

€@ with the ith row deleted (& defined in step 5f)

i
9‘;_ = ith row of &
@.C
ﬁ[‘.‘. IT
/1404 = {
5 Tr Y& -~

.
Apply orthogonal reduction to Moi' Letfgi be the terminating
matrix. Find a matrix (?i whose columns span the column space
of 63'. Find a matrix 4 whose columns span the row space of
v

M .. Form [A ~'iﬁ]i

ol

Compute

s [alp] i) [T ]

T .

Find eigenvalues of TTi. Let /\i be this set. A i is the

set of unassignable eigenvalues associated with
[_b_ll~--l gi_ll Qi_l_llo--r _b_r] .
5.1 Test for output stationarity: determine whether it is

possible to make an event b_ output stationary with byse.cr b
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° compute Eia’ the detection space associated with Ea (same
computation as in 5.c except that orthogonal reduction of MD
associated with Ea starts with identity matrix)

¢ find the subset of b,,..., b, of which b  is a linear com-

bination. Call J the set of indices of b. such that

<~ x -
b = <q ” b <‘J C[l,.-.,r]
=a ,geJ k =k
—c — / :
° Form matrix Ri = [.. 32"] for é eJ . Output stationarity

will be possible if there exists some ~— such that

R: = _SQ_

2

I

If V; = 114(§é), ZLeigenvalues associated with each ﬁi, ied '
are equal to the eigenvalues selected for ﬁé. If, for some
ieJ, Ré(ﬁi) = Vi > Va’ Vl - Va eigenvalues of ﬁa are
unassignable.

Note: the step 5.i is only partly implemented in the program,

as it is in June 78, and not fully tested out.

BD) Filter design

Step 6.Let?/gi} i=1,...,r be the set of events at this point.

6.a Use ROg defined in step 5.f. Use results of step 5.b:

w. and q;. Form the matrix

-1
?"?fi“ ! D 7:«—"‘ 7 .
L= [ﬂ"g/ X 4a )T ‘,)(A"Dg ) w ‘/@'*ﬁc) W ]

6.b Form the matrix
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-1
Compute T -
’ o i ! &
N fau T o c’(A-h<
- - - - - i1 ) Z\/m
Foran»1=[C:’4 j)“‘ A j’c.s’(/q ?/ »Lvn“; s A
- -
-1
Compute Tm
A - A - PaS -
6.c Compute A =T 1AT, B=T lB, C = Tm 1 CcT
% is of the form
A = ~ ~ ;:'4-..
~ A/14 22 - - Taz 94 A
A i )
/] { |
21 \ .
;i\\ ‘ I
= A - A ~
Arna A: En [7,1_
Ao g _ Aea T .
2,_‘ - . 2:-)7_ < /‘)f"l‘-
with E" (n - y's)(n - /S) matrix
i
a7 a }/O . Vo matrix
N -
@ i = ZOJ only one nonzero row
Ao [e - © M] |
A,. = ¢ ~ ] .+ VY. matrix for i # j
+J [0 -0 gy, vl J
O - o -pl -
A, p if’u
ii = 3 - ' ) Vi . vi matrix
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Compute

(4]

Compute

Compute

Enter the desired .

34

- A -
g co (& O .
- O '_C_JLJ 2 - - T
- A ‘
. e
- 21 ¢ Szn !
A ' ‘
Dpr = 4 :
Sy o '
~ N !
901 __’f\’ oo ‘
% “ v ®,
Loy - S -
Xil"”’ Aiyi (eigenvalues for Ri)’ i

wir) = (A -Aes)- - (A=Aen)
A
- - + /’Lé’_x ‘r.- /)‘{'1

Compute
— ‘ S C (ki
_tn p/ .
2 © ~ta ©
p{f/ } O - _‘_’/"f‘m
g i 2 ey
° Compute D=0 +'B
Y FR
A -
=TDT l.
m

° Compute D
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C - Examples

The following examples are pure mathematical transformations
of matrices, described here just in order to illustrate the theo-
retical notions introduced earlier. No physical background is to

be searched for the A, B, C matrices used in this part.

Example 1,
- O vi O (@) O o
o -1 6 7 o
b 7
4 - o -1 é / R = o
-3 o -4 =8 3
> d,‘: 4‘5 "/‘
15 < - © /1
) o
o7 4 \
— 1 o o © ¢ v
o © -
O C 4 13 - C T 1
- A o =1 T4
c= | R . ¢
Q &
~ c 4 C L’
c o © -
1 o
Running the program, we find: o o
. . . o
° dimension of Ry is 1 3 - q - 4
. . . © =2
° dimension of R is 0 -1 o
. i , C €7
° dimension. of R2 is 0
Then, dimension of Ry = 3 (as R = [b; ! EZ]GB R,)
dimension of Ry = 1 (as R; = Ql(Ele)

dimension of R, = 1 (as R, = 92(£‘R2)
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we have
V4>))l+))2 and Vi- 0+ V) =1

There is one unassignable eigenvalue. The program checks its

value, which is - 1.

The designer accepts this value, and goes on.
starting with the

The vectors

w. obtained in the orthogonal reduction of MD'

identity matrix (step 5b of the algorithm) turn out to be

j < lad
¢ 0
= |¢ LR
=3 ~4
4 [a]
© 4
Then
= o @] & - _ 4 o o o o -
‘:Z © 0 o e i [ O
41.: ) 0 o ‘ - | 4 o o o
o b © o o o 1 @
L— (v o 4 s 0 o I®) (& 1 g
- e < [ "!. — o A < [
C J ¢ © ? o - j (;.' /
T ;
” & C 4 C g - < a -7 6 /
) N
o ¢ o | S R o .3 d
(s -2 o o =7
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Then o o e L
o o v <
A >
g = o o ° °
R~
. - o o
O -

-7y -2 “

If the designer wants the eigenvalue -8 associated with Rl

and -9 associated with R, ,

1’8 o © O
¢ J (o] e
;7 = & o o &)
¢
o o o o
o o © o
Then
& © o e - o v o =
7 V4 Y c o o o o
B = o & o e y: o K o o
-3 - 9’ g ¢ -3 - (r C 0-
L-ts -2 o o - :/‘5. _2 o v

As a further check

IR
o _ 1

A-DC=| ¢ T
o © o -4
o © ¢ ¢ Tl

We see that (A - DC)j 1= _Sjjl

(a - DC)g,=-99,



Example 2.

Running the program, we find

o

Same matrices A,

we shall use the events

~- O
O
= o
-3
Ay
But,
o
o
L= o
-2q
7

<

{ ©
-1 o
-1 0
< ,('/_
¢ -2

C =

dimension
dimension
dimension
dimension

dimension

o

]

[ad]

Vs

6
_.'O'g

B, C

(@
7
7
7
J

of RX is

of R
of R
of R

of R

1

2

3
4

is
is
is

is

1
0

38
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N0 o o

Then dimension
dimension
dimension
dimension
dimension

We have

(@] (o] o
+Hh +Hh th

0
Fh

of

Wl =W W ®
I I I\&I

=

"

1@ > yﬁ + Vz

and

value, which is 0.
The designer accepts this eigenvalue and goes on.

is no w; in this case (im R

6

C

o

© j P
o -2
4

+ V3 + V4

Vo - Wy +Vy+ ¥y + V) =1

There is one unassignable eigenvalue, the program checks its

5

' o o
g &

o o

z 1) C

4

O

lo o

s

G

O

o
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There

= 5 = oim of state space).
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o < 4

1 0 o

L O 4 o
’—,,é’ c -4
c -9 ~f

=l ¢ v -1

c o A

L ¢ c <

Then

— O

9]

2

> >
f

FR
o

Lo

If the designer wants the eigenvalue

-8 associated with §2’ -9 associated with

with R4 )

Then

<

(@}

-4
-2

(¢4

.—gs—r

- 15

@]

% -
& &
& C
o 40

40

-7 associated with —l'

§3, -10 associated
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ré.é’ c -4 -3 -

D =16 7 & ¢
c c a4 40
N> € g c
And - 4o A o e T
o § 6 7
b - o $ A 7
-3 -4 62 ¢
_15 -2 o0 7.1 ]
_ 1 e 0¥
As a further check "':0 __: g o o
A-p( — o -1 -& ¢ ‘
o o -7 °
L © © o -4
We see that (A—Dc)jl=—7a‘jl
(A -DC)J,=-83,
(A—DC)j3=—9g3
(A—DC)g4=—1034

If the designer had decided not to accept the unassignable
eigenvalue, the program can help him in selecting the subset of

gi's, in computing the /\i associated with each Ei' In this case

/\1={°} /\2=1/°} N=g A =¢
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which means that
° with the setﬂ/gz, b, 94} , the unassignable eigenvalue is 0

° with the setﬂ/gl, bs, 24} » the unassignable eigenvalue is 0

° with the set-(ga, 24} the unassignable eigenvalue is 0,

° the sets of events,(gl, bys 93}' Y/El' b,, 2{} '

‘{El' 133}’ {’31' ]34}' \/92' 93}' (92' 94f'{31}'(92}'(23}'1/1—’4}

have no unassignable eigenvalues associated with them.
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CHAPTER IV

GUIDEWAY VEHICLE SIMULATION AND

DETECTION FILTER DESIGN

(a) Background

It was determined that a study of the applicability of de-
tection filter theory to guideway vehicle control would be most
useful if it were done in the context of a typical guideway
vehicle rather than in the context of any specific system. Two
different approaches are possible: one where the spacing of
different vehicles on the guideway is monitored by a wayside
controller and one where each vehicle has an onboard spacing
sensor which measures the distance from the vehicle ahead.
Figure 4.1 and Fig. 4.2 show the block diagrams of the control
systems with a spacing sensor and with a wayside controller.

The velocity profiler and the velocity control loop are
common to both cases. To achieve a high level of reliability,
it is preferablé to implement a detection filter on board the
vehicle, so that the filter could be used even in the case of
a failure occurring in the communications between the wayside
and the vehicle. In the case of a control system with a way-
side controller, information on the spacing between the vehicle
and the vehicle ahead is not available onboard if one does not
wish to implement a speciai communication link for the detec-
tion filter only. Hence, it would not be possible to design

a detection filter to monitor failures on the whole system.
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Only failures occurring in the velocity control loop could be
monitored—as the velocity profiler, whose function is to limit
the jerk and the acceleration commanded to the vehicle within
bounds compatible with passenger comfort, is essentially non-
linear and could not be accurately modeled in the linear reference
model of the detection filter.

In the case of an autonomous vehicle-follower system, the
position of the vehicle ahead is not available as a signal. The
whole system cannot then be monitored by a detection filter. The
velocity command profiler and the position loop controller would
very likely be implemented in a digital computer, and the velocity
command loop could be thought of as implemented with analog equip-
ment in a preliminary feasibility study. In this case too, then,
a detection filter would be designed only for the velocity control
loop.

Figure 4.3 shows the velocity command loop, common to both
systems; it is the part of the system for which a detection filter
would be designed.

(B) Generic system parameters

We shall deal only with the components describing the velocity
command loop. Figure 4.4 shows the component dynamics. The generic
system parameters used were those found in a contractor documentation.
(1) Velocity indicator: onboard indication of vehicle velocity.

No data given on noise. We used the following model:
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X Vo J Ky, = 1.2 (Appendix C shows why a
M K 1nd . value of 1 is not advis-
4 7 V. = K4[xV + n(t)] able for the detection

) ind filter design).
"

(2) Vehicle dynamics m = Fp + Fc + FG + FA
where

Fp = propulsion system force = T

F, = Coulomb friction force = -100 - sgn(xv)lbs

rd
= - fc sgn (Xv)
FG = grade force
= -mg ﬁ—%%%ég lbs, up to 6%
FA = aerodynamic forces

Caero
withVW = wind velocity in ft/sec

(3) Compensator: proportional + integral

Kl + K2/S with Kl = 1500 K2 = 1000 (Units lbs ft sec)
(4) Propulsion system
The propulsion system is modeled with a 3rd order dynamics

transfer function.

4
T -
T - . 2
comm s 2(.7)s s
L+ 3351+ 55—+ =)
30
We shall use the form
T = a2 T + a3 T + a4 T + K3 Tcomm
with
a, = ~-55.5 a, = -12150

aj -1467 K3 12150
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(5) Acceleration feedforward

/The commanded acceleration is fed forward through a gain m,
which should be equal to the mass of the vehicle. More realisti-
cally, in this simulation, m and m, are not equal, but close

numbers : m = 373 m = 350 (slugs)

(C) System equations

The variables used are:
T: realized thrust, T, &3
X+ vehicle position
iv: vehicle velocity
z: input to the compensator (2 =V, - Vind)
The inputs are
a, acceleration command
(§V—Vw¥ iV—le where V is the wind velocity
g sin B grade effect
n(t) noise

The outputs (later compared with those of the filter simulation) are

Tc (commanded thrust) These were the only physically

accessible signals

Vind

We have the relations

»

(1) (x) =

[

v
2

f X c
v__ _ _aero

X, W

(2)  (x,) =z1--2 (x,~V,) [%,V, [ - g sin®

where € is the grade

(3) (T) =T

(4) (T) =T

KRR

T = a2 T + a3 T + a

Il

4 T + K3 TC



But

Then

(5) T

(6) z =

(7) Vc =

X.. -

.-
-

~+
i

3
LY

R

T =

C

v
C
a

C

+ a
Te mV C

Ky

Kl(vc - Vind) + K

Ky (V, = K, (x +n(t)) + K

K

lK

z + K

K

2

Z + m.a

v C

2

Z + m a
vV C

2

¢ Iy ¢’
XV + a4T + a,T + a,T + K, K

374 3 2 2
KlK
ing = Vo ~ Kg %, - Kgn(t)
In matrix form this gives
o s o o
Q; o o c
o E4 © ©
Vo o L ©
a, a, @, kKK
c (& (¢ c
o o o <
o (4
—an; <
C © © ¢
“éww @ © —I<J§k;
o o o "I(V
4 o o ©

Z + m a
v C

3

3

4

Ky

+ K1K3

n(t)

\Y
C

51

+ K3mvac
XV
4
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(8) Tc = _KlK4 Xy + KZZ + Kch + mvac - K1K4 n(t)

(9) Vind = K4XV + K4 n(t)

In matrix form

i © ., o o - K,L(,* AL ,
) %, = Vo )| K= Ve )

?4...—(9
n(£)

o Ky

Figure 4.5 shows the action of the velocity profiler on a way-
side velocity command, to keep the jerk and the acceleration under
values compatible with passenger comfort.

Figure 4.6 shows the response of the system in velocity regula-
tion mode, plotting the velocity error versus time, Ve given by
Fig. 4.5.

(D) Reference model of the system for the detection filter

The elements whose failures were to be monitored by a detection
filter were: (see Fig. 4.3)

° the controller

° the velocity indicator

° the propulsion system.
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The two first elements, on a real system, would be duplicated,
and the system would switch to the backup component in case of a
failure indicated by the detection filter. The propulsion system
would be made of two parallel modules; in case of a failure, the
vehicle would continue with half of its propulsion capability. The
velocity control loop functional block diagram would be in fact
the one indicated by Fig. 4.7

The detection filter works only on a linear model. We have

__; A
B, 352 / .
+ J— |

,D" IZ

W

))qt‘em S

To derive the matrices A B.r Cp for the reference model of
the detection filter, all the nonlinearities were neglected in the
system, the grade component was ignored, and the simplified model
of Fig. 4.8 was used (notice that the Coulomb frinction was modeled
in the reference model as a bias).

F .
The states selected are XV, T, T, T, Te’ Vc

(vehicle velocity, thrust, first and second derivatives of thrust,
compensator output and velocity command)
The outputs are Tc and Vind

We have the relations
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o

o

T =T + m.a
c c v C
¢ Fa L4
Te = Ky (VemVing) + Ko (VY5 4)
= Kl(aC_K4Xv) + Ry (V=Ving)
F
— _ T coul
= KA - KKy gt KKy o
(é '_ T Fcoul
) = =
v m m
. 2
(T) =T
(T) =TT
(T) = K3Tc + a2T + a3T + a4T
= K3 Te + K3mvaC + a2 3
(VC) = a,
In matrix form
X, o Y, o o @
e o o 4 o <
T 0 o o 1 ©
= ; K
T @ “@ “2 3
- 0 ¥ 3 .
E < ¥ m
. ('
v, O © ¢

"f'+aT+a4T
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This is not of the form ‘< X0 o Zn -

Ym = C Zp

”~»

There is a matrix Em such that

o

X = A x + B u
°< “m m =m m =
In = Cm Zm + Em u

The system configuration, with the filter, is in fact

> E
e
A

—— +
—>
We have then the equations
x =Ax+ Bu y=Cx+Eu
Zn T A'm§m + BmE + Dy - zm) In = Ch¥m + EY
In the absence of failures, A= An B= Bm C=— Cm
Then Xk, = E= Ax+Bu _Ax -Bu _plcxveu-Cx, —Eu)

L4
Then £ = (A -DC)E¢ in the absence of failure. So long as
the failures considered entail no variation in the E matrix, the
turns DE ¥ and DE « simplify out in the equation of £ , and the

theory of the detection filter, as it was presented in Chapter 2,
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is applicable without modification to this case. It would be
applicable too in the case where, even if a failure caused a
modification in E, it could be modeled as a sensor failure.

In this case,

As a failure in m,, is not to be monitored, this problem does not

arise.
Note: 1In fact, even in the absence of failures, we do not have
A=A, B=B

n (3E:Cm because the simulation of the system,

represented by A B, C is linearized, and because the grade

m
component is ignored. This study was partly made to check that

the neglected nonlinearities and the grade component produced out-
puts along the C Qi's associated with the failures to be monitored

much smaller than the failure outputs.

(E) Detection filter design

The first step in the detection filter design is to derive the
event vectors associated with the failures to be monitored. Failures
in compensator, motor, tachometer, can be modeled as failures in
Kl' K2, K3, K4.

Event associated with a failure in K, .

If K,y fails and becomes arbitrarily time-varying, Klkl(t)

being its new value, the system equations become
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1
o

y=cxriE .
B ¢
©
The event associated with a failure in K, is then ézf‘ o
- 1
c

1
We have cCe =
¢ ha ~-65 (o
Event associated with a failure in K2. If K2 fails and becomes

arbitrarily time-varying, its new value being K2k2(t), the system

equations become

c

c

= A +fgt§-f ©
- ¢

“

¢

(- Wy &y ) le)-2) 15

The event associated with a failure in K, is 5%5.
If K3 fails and becomes

Event associated with a failure in K3.

arbitrarily time-varying, its new value being K3k3(t), the system

equations become

¥
_)_z: AZ f—Bf_‘-f f: {—T‘e" mva¢>({i3/d'j)k3
C

|
¢ o

The event associated with a failure in K3 is et =
—C4

GQ}¢G



0
But, C&cy = (0)

In this case, we shall use the first vector of the series

N

. v
n . 1
Aeg, + A” egqreeer A gy, for which C A™ e, 7!(0)

64 k,
o
[+
Q
, 4 2% (w)
- a C e - -
Ee‘r - > 2 -4 -
a‘;-r“g,
[
o
4/
2 _ KK
3 Z 3 ~
Are, - |agra, CAe =
-6 -64
3 Ky
ayt 4G, t % -
_ ki Uy
[ ae]
O
1.
a
2 2
. . C, 14,
The event associated with Kqy is then 3 3
a, t Zaza, + 4,
K, Ky
- -

C
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Events associated with a failure in K4. If K4 fails and be-

comes arbitrarily time-varying, its new value being K4k4(t), the

system equations become o

X —Ax bt o (J<xw&f+kggﬂyémuym1
- c ™

2 v .

‘/]
o

} - CL} + E}f 4—(? (i;}[ég(CL"{}‘{&

—

Let us call

(N

e, =[<)

- F
ng(t) = (-K, x_ - K =+ K € () - 1) k,

g _ =
— 65

<A g

ng,(t) = %V(k4(t) - 1) k,

The system equations, after failure in K4, can be rewritten

X =AXx+Bu+ng(t) e
< L

The error equations will then be

Cx+Eu+ ncz(t) €55

]

€

Z=(a-DC)& + n () egs = dy ngy(t)

_c¢
&= ct +ng,(t) ey

where d, is the 2nd column of the filter D
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€55 corresponds to a variation in C. Then (see ref 2 page
193-194), the error output of a failure associated with e,, can

only be contained to the plane spanned by (cf)cﬁf} where f is
such that Cf: €

22
If

—

c
-6

{

1
<
C
©
©
¢

o

we notice that C;eé{ =~ /Wq-}: K‘r S22

A failure in K, cannot be modeled under a controller failure
model or a sensor model failure, because it involves variations in
C and in A. It can be seen as the superposition of a sensor
failure and a controller failure.

The controller failure will be represented by the event e...
The sensor failure will be represented by the couple of events

(egy+r A €gq). However

O
/]
= | ° — k, €
A fg,, o —_—— Kz 4 ¢4 then
(o]
A €61 is parallel to €gs
In short, we have
° event associated with failure in Kl is €65 = El

° event associated with failure in K2 is

€65 = By
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° event associated with failure in Kjy is b, = a31dﬁz

o . . . .
events associated with failure in K4 are 965 and €61

It appears that
© failures in K,y and K, are detection equivalent. A filter cannot
be designed which will distinguish between the two failures. At
most, it would allow to determine if the compensator has failed, but
not which part of the compensator has failed.
° A failure in K, cannot be constrained to generate unidirectional
outputs. In this case, error output can only be constrained to the
plane spanned by (C eg, C g.y). C is of dimension 2; this means
that a failure in K, will span the whole output space (C €65 and
C €g1 are independent).

It was decided to design a detection filter for the events 91
and 22.
failure in Kg along ng, a failure in K, along Cgl and CQQ. This

A failure in K, or K, would generate outputs along Cgl, a

way, a filter could distinguish among failures in the three elements
to be monitored (Using more logic, it is possible to distinguish be-
tween failures in K4 and other failures which would generate outputs
along Cb; and Cb,: both tachometers could be used in parallel, with
only the output of one fed back to the velocity controller. The
two outputs would be compared, a failure would be declared if the

difference between the two did not stay in an allowable margin. The
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detection filter could then identify the faulting tachometer.)

The system for which the filter is to be designed is represen-

ted by
. L, 22 . X
% L2681 v 1o o o © o
2 & 4 & o o
/q - o C o 4 < <
v - 12750, ~l46e.s 55 AZ150. )
200 -4'32(3 o C & A0
o o (5] o) o (&)
& _.Z268&, o o o o Z &
o C _,( ‘
© 4.0 © o 2 o @
6 - « o
4.25x0° o 35T v
E -
1$0C 4 82.6 O %
1 &
-2
ag‘és} l‘u'{i?
(W
. - s5.5
L © A [ 1613 75
-1 | 5 “2"
-2v 322.37
‘1 P
- ¢ ¥/
0

/ &) /
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Using the computer program developed from the algorithm pre-
sented in Chapter 3, it was found that:
R ¢y has a dimension 4

R has a dimension 1

1
R2 has a dimension 3
O
()
o
Jd, 7 |
O
¢
Then R:f has a dimension 6
Rl has a dimension 2
R2 has a dimension 4
\/l + Vz = 2; The events 91 and 92 are mutually detectable.
We assigned the eigenvalues - 10 and - 10 to~§1, - 10, - 10, - 10,
- 10 to R2
O _42.216¢6
o L, 635 65T
The filter computed was JQA:

A2150 _ 453 023 66%
20 52 2§2-0625

o 4 A5U .



68

CHAPTER 5

EXPERIMENTAL RESULTS

According to the detection filter theory, a failure in Ky
Ky, Or K, should produce unidirectional outputs along‘cgl and CQQ,
where 91 is the event associated with a failure in Kl or K2, and
b, an event associated with a failure in K;.

From the comparison between the outputs of the guideway
vehicle simulation and of the guideway vehicle reference model,
one has access to y - Yo whose two components are respectively

Tc - Tcm and Vind - Vindm' This vector of the output space is

expressed in the basis (g :/ - In this basis, Cb; has the value

4.2 ~-4.%52¢
(' / and CEZ =/ b5 _3) . It is necessary to change the
4 3.217x1¢

basis of the output space to measure the error outputs along Cgl

and Cb,. The new basis ( c b C/; ) has the components(4 _4. 226
1.z0

-1) 3
&  3.217xi0

- p-l .
along the old one. We have then x . =P "X ,; with

4 - 4. 82¢ _1 o 1 5C
P = 2 Hence P = o ,/)
) 3'217340‘) e 3i0-&3

In the following plots, El = [P_l(zfzm)]l is the error output

along _ii Cb, . S, = [P_l(zfy )1, is the error output along Cb
4. 70 =1 2 , <m’ "2 =2

One first series of tests was made to determine the order of
magnitude of the outputs due to the unmodeled effects and nonlineari-

ties.

Figure 5.1 shows the outputs when the simulation is run with no
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grade effect, and with all the nonlinearities equal to zero, except
for the coulomb friction which is modeled in the reference model.
As the coulomb friction component is the same in the simulation and
the reference model, the error outputs should be identically equal
to zero. What appears is then just the results of numerical pre-
cision loss. It is the numerical difference of the outputs of two
physically equivalent systems modeled in different ways, integrated
with a finite difference method, with a time interval of 0.02s.

It appears that an output along fi of less than 0.1 in absolute
value is not significant, and that an output along é; of less than
0.15 in absolute value is not significant. As one would expect,
these values are smaller than the output errors due to the non-
linearities and due to the failures.

Figure 5.2 shows the error outputs when the simulation is run
with the grade effect only (no noise, no aerodynamic forces, no
Coulomb friction). It appears that the output along éﬁ is not sig-
nificant. There is only an output along E}, of magnitude 1 - 103
at its maximum value along the test track. The third plot shows
the value of g sh15, the projection of gravity along the track.
The assigned wayside velocity command changes 3 times during the
test period without any particular effect. It makes physical sense
that the unmodeled grade effect results in error output along the
channel associated with a failure in the propulsion system: the
grade effect is equivalent to a change of response of the propul-

sion system. Figure 5.3 shows the error outputs when the simulation
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is run with the aerodynamic force effect only, with no wind gust
(no noise, no Coulomb friction, no grade effect). It appears that
the output along'éi is not significant; there is an output along
éﬁ of magnitude less than 100 at its maximum value during the test.
The assigned wayside velocity command changes 3 times during the
test, resulting in changes of 52. At steady state, the error along
Eé associated with a velocity of 30 ft/sec is equal to -23, the
error associated with a velocity of 50 ft/sec is equal to -63. It
makes physical sense that the aerodynamic force effect results
only in an error output along the channel associated with a failure
in the propulsion system; the aerodynamic force is equivalent to a
change of response in the propulsion system.

Figure 5.4 shows the error outputs when the simulation is
run with noise in the tachometer output only (no Coulomb friction;
no grade component, no aerodynamic force effect). It appears that
with a gaussian zero mean noise of standard deviation 0.01 ft/sec
in the tachometer, there is an output along El whose maximum value
happened to be .68, and an output along Zé, whose maximum value
happened to be 13. The assigned wayside velocity command changes
3 times during the test without any particular effect.

In summary, the main neglected effect in the reference model
is the grade effect, which produces an output along Eé only, whose

maximum value is roughly 6JO3

times greater than the residue due to
numerical precision loss. The oniy neglected effect in the reference

model which produces an output along £i is the noise in the tachom-
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eter, whose maximum value is roughly 7 times greater than the
residue due to numerical precision loss.

A test was then conducted to check the transient response
of the outputs due to incorrect initial conditions when there is
no failure, no nonlinearity or neglected effect, i.e., when the
reference model and the vehicle simulation are physically equiva-
lent. The error on'El was initialized to 3000; the error on fé
was initialized to 622. No change in wayside velocity command was
issued. Figure 5.5 shows the error decay as a function of time.
As the eigenvalues assigned with'l—il are -10 and -10, and the eigen-
values assigned withbﬁé are -10, -10, -10, =10, the initial errors
should decay in several tenths of a second. As can be seen from
Fig. 5.5, éﬁ decays to 5 per cent of its initial value within 0.2
sec and Ez does within 0.7 sec. It appears that even if . is
not initialized in the reference model with the initial values
of x, i.e., x,(0) # x(0), after lsec the error outputs will be less
than 1/300 of their initial values.

A third series of tests was finally conducted to investigate
the effects of failures in Kl’ K2' K3, K4. Figure 5.6 shows the
specifications of this test:

° a wind gust, between t = 6 and t = 14 g, headwind of 30 ft/sec
° a variation of the grade. The second plot of Fig. 6 shows
the value of g shlB, the component of graQity along the track

° 3 changes in wayside velocity command. We have

t = 0 - 4 4 - 8 8 - 12 12 - 20 (sec)
wayside - 30 50 30 50 (ft/sec)
velocity

command



76

O

>

°
N
-}

V&N NII0VN "0 MISS B IBIININ
. €2G1 oY ‘WO sz X 8 MILIWILNID 3HL OL 01 X 01

fooo

3 °
Q- - )
(Y N

2H




77




78

° tachometer noise was input into the simulation
° Coulomb friction was taken into account in both the simulation
and the reference model.
In this series of tests, the worst case was considered with all
the nonlinearities and neglected effects running up.
Figure 5.7 shows the outputs along both channels in the absence
of failure
Figure 5.8 shows the outputs in case of a failure in K,
Figure 5.9 shows the outputs in case of a failure in K,
Figure 5.10 shows the outputs in case of a failure in Kqy
Figure 5.11 shows the outputs in case of a failure in K4
A "failure" in each case means that the gain changed, the new
gain being equal to half of its initial value. This is a completely
arbitrary failure mode to simulate. It should be recalled that the
detection filter does not depend on the manner in which components
fail; the filter simply recognizes that the modeled function is no
longer being performed. If a total failure were simulated, in the
sense that the gain was set to zero rather than half its nominal
value, the detection filter outputs signifying failure would be even
larger.

It appears (1) that outputs generated by failures can easily be
distinguished from outputs due to neglected effects or nonlineari-
ties: failure outputs along El are roughly 10 times larger than
residual outputs along fi without failures; failure outputs along
é& are roughly 5 times larger than residual outputs along Zé

without failures;
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(2) that simulation shows that the detection filter performs
accordingly to theory. Failures in Ky and K, generate unidirec-
tional outputs along él’ failures in K3 along £é, failures in Ky

along 21 and Eé.
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CHAPTER 6

CONCLUSIONS

This study has shown the applicability of detection filter
theory to the detection of failures in longitudinal control systems
for guideway vehicles. Even though the detection filter theory was
developed in the context of a linear time invariant system (prior
to failures), the first tests have shown that error outputs due to
nonlinearities, or noise, or neglected effects in the reference
model can be easily distinguished from error outputs due to com~
ponent failures. It was further shown that it is easy to distinguish
between the three kinds of failures most likely to occur in the
velocity control loop. This feature allows to achieve high levels
of reliability with less hardware redundancy. To detect which element
is failing, it is not needed to triplicate every component suscept-
ible of failure, as it would be if majority rule were the detection
law.

This study, however, has notiaddressed the problem of the de-
tection law. It was just shown that for a particular choice of
filter eigenvalues, the problem can be solved, but no attempt was
made to determine an optimal choice of eiganvalues with respect to
the differentiation between normal error outputs and failure outputs,
and with respect to the time delay before a failure can be detected.

This would be the object of a further study.
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APPENDIX A

LISTING OF DETECTION FILTER DESIGN PROGRAM




~OMMON/MANTI2/A»RsCeBT9C319NsP+QsReTZCR,EPS,RUFF MATIONO010
RIMENSION A(12+12)eB(12012)4C(12+12)81(12,12} MATON020
~IMENSION CBI{(12+12),3UFF(12,12) MAT0n030
iNTEGER P,4Q,R . MAT00040
FALL MAINY , MAT00050
+ECR=0 - MATIO0N050
ZALL MAIN? MATONOTO
YECR=0 MAT00080
~ALL MAIN3 MATIO00090
1=CR=0 MATIOOL100
~ALL MAING MATON110
*ECR=0 MATO00120
~ALL MAINS MATON130
TECR=3 “AT00160
cAtL MAINs ' MAT00150
TECR=0 . “AT00160
rALL MAIN7 “AT00170
IFCR=0 MATIO0L180
CaLL MAINS “ATI00190
1FCR=6 MA100200
CalL MAIN9 MAT00210
CalLlL MAINSC MAT00220
CalLL MAIN9D MAT00230
<TOP MAI00260

END MAT00250



1
100

1000

101
1001

2
102

1002

104

105

1

100

SHBROUT INE MAINI
~OMMON/MANT2/A+84CsBT+C3I9N,PsQsRsIZCRIEPSBUFF
~OMMON/MANI3/IROW.I1COL
~OMMON/MANT4/0OMEGC +DSeCS _

NIMENSION ‘A(12912)9B(12922),C(12612)98I(12+,12)+CBI(12412)

DYMENSION BUFF(12,12)

AIMENSION IROW(12).ICOL(12)

ARIMENSION OMEGC(12+12)+35(12412)+CS(12,12) -

INTEGER P,0sR

WRITE(691n0)

CORMAT(1X ¢ *WRITE NoePsQoeIECRICIWHERE A{NGN) ¢B(NsQ) sC(PoN) o
1090BI(NsR) s TECR WRITING INDEX,TYPICAL IECR IS 0s'9/401IC DIMENSION?
2410F DECLARED COLUMN OF CTs6I31)

PEAD(S,1000)NP4A4RLIECIC

FORMAT (613)

WRITE(6+1000)NsP- V4R.IECRYIC

WwRITE(69101)

FORMAT (1X,*IF DATA ARE CORRECTLY ENTEREDsTYPE11sELSE«TYPF0OY)

pEAD(S,1001) ISIGN]

cORMAT(I2)

1F(IECR«GT.SIWRITE(6,1001) ISIGN]

TF(ISIGN]1,EQ.0)GO TO 1

wRITE(69102)

FORMAT(1X,"WRITE EPS,PRECISION FOR THE COMPUTATION OF THE ¢
1+1RANK OF CoTYPICAL EPS IS 0,0001")

oEAD(S,1002)EPS .

FORMAT(F10.4)

wRITE (691002)EPS

WwRITE(69101)

oEAD(5,1001) ISIGN2
TF(IECR.GT.SIWRITE(S.,1001)ISIGN2
TF(ISIGN2,EQ.0) GO TO 2
~ALL LEOFA(A4NWIECR)
rALL LEOFR(BeNsQ+IECR)
rALL LEOFC(CyNsDP+IECR)
n0 3 I=1,»
rO 3 J=leN
aUFF{T4J)=C(14J)
CALL MFGRI(C«TCsPeNsIRANSsIROW,ICOLEPS,IER)
wRITE(69104) IER
FORMAT (1X4'ERROR CODE 1IN COMPUTATION OF RANK OF C IS IER?
lee 1916)
r0 4 I=1,P
N0 4 J=l,N
(s N=BUFF(I,N)
WRITE(62105) TRANK
FORMAT (1X,4 YRANK OF C 1S'14)
QETURN
¢ND
cUBROUTINE PROCBI(C,RICBIyN+P,R,IECR)
NIMENSION C(l?ola)cBI(l’!l?)vCBI(lZ!lZ)
INTEGER P+QsR
no 1 I=1,p
A0 1 J=1,4R
Cal(lsJ)=0,E0
rRO 2 I=1,P
60 2 J=19R
HO 2 K=1,N
FBI(I4J)=CBI(I+J)+C(TI K)*BI(K,J)
tF(IECR.GT.3) NQITE(quOO)((CBI(IoJ’OJ 1sR) s I=1+P)
FORMAT(SEIO 4)

wA100010
MAT00020
MATI00030
MaA100040
4A100050
MAI00060
MAI00070
MAT00080
MAT00090
MA100100

MATO00110.

MAIOO0120
MATIO0130
MAT00140
MAIO00150
MATIO00160
MAIO0170
MATO00180
vAI00190
MAT00200
MAT00210
“ATI00220
MAT00230
4AT00240
MAT00250
MAT00260
MAT00270
MA100280
MAT00290
wAI00300
MAT00310
MAT00320
MAT00330
MAI00340
MAI00350
MAT00360
MAT00370
MAI00380
MAT00330
MAT00400
MAIOO410
MAT00420
MATO00430
MAI006440
“AT00450
MAT00460
MATI00470
MAT00480
MAT00490
MAT00500

- 4AI00510

MAT00520
MAT00530
MAT00540
4A100550
MATI00560
MAINO0S570
MAT00580
MAT00590
MAT00600
MAT00610



101

WwRITE(6+101)

FORMAT (11X, *THF PRODUCT OF C AND BI HAS BEEN COMPUTED AND?
1+ PUT IN MATRIX CBI(P4R) ")

PETURN

FND

MATI00620
MATO00630
MAT00640
MAI00650
MAI00660



1
100
101

102

103

100
101

102
103

100
101

102
103

100

101

SIIBROUTINE LEOFAtAsNeIECR)

DYMENSION A(12.12)

INTEGER P43sR

WeRITE(6,100)

FARMAT(1Xs ' TYPE ((A{TI,J) 9J=1yN)sI=1+NsFREE FORMAT?)
READ (S #) ((A{Iad)sd=1eN) o I=14N)

WoITE(6.101)

FARMAT (1XotAZ ") .

WoOITE(6+%) ((A{l9d)9J=1sN)sI=1,N)

WoITE(64102)

FARMAT (1Xs 0 IF SATISFIFDsTYPE 11.0THERWISESTYPE 00¢)
RFAD(5,103) ISIGN

FARMAT (12)

IF(ISIGN.E2.0) GO TO 1

ReTURN

ErxD

SIHBROUTINE LEOFB(BsNeQsIZCR)

DIMENSION 3(12,12)

INMTEGER Py1Q,4R

1n=0

WolITE(64100)

FARMAT(1Xy'TYPE B{I4J)sJ=19QeI=19yNyFREE FORMAT?)
RFEAD(S+2) ((B(IsJ)sJd=1,10Q)sI=1,N)

WRITE(6,101)

FARMAT (1X,1B=")

WEITE(He®) ((B(T9J)sJ=1913) 9] =1,N)

WolITE(6,102)

FARMAT (1Xs'IF SATISFIEDSTYPE 11.0THERWISESTYPE 001?)
RFAD(S5,103) ISIGN

FARMAT(12)

IF(ISIGN.EQ.0) GO TO 1

Re TURN

EnD

S11BROUTINE LEOFC{(CsNsPyIZCR)

DIMENSION C(12412)

IMTEGER PoQsR

Ip=P

WRITE(6,100)

FORMAT (1Xo ' TYPE((C(I9J) s J=1sN)eI=1,P)»FREE FORMAT?)
READ(Se#) ((C(ToeJ)eJ=1sN) o I=1,1IP)

WoITE(64101)

FORMAT (1XytC=1)

WOITE(64%) ((CUTed) s J=1sN)sI=1,1P)

WolITE(6+102)

FARMAT (1Xe?IF SATISFIFDWTYPE 11.0THERWISESTYPE 000)
RFAD(5,103) ISIGN

FARMAT(12)

IF(ISIGN.EQ.0) GO TO 1

ReTURN

ExD

SHBROUTINE LEOFBI(BIsNsRsIECR)

DIMENSION 31(12412)

INTEGER PyQsR

Io=R

WRITE(64100)

FORMAT (1Xs 'TYPE((BI(IsJ) vJ=14R)sI=14N) 4FREFE FORMAT?)
RFAD(Se#) ((BI(T9J)eJ=19sIR)sI=14N)

WPITE(6,101)

FARMAT (1Xy'BI=1)

WOoITE(64%) ((BI(IeJ)eJ=19IR)sI=14N)

WoITE(6+102)

AUFG0010
RUFGN020
BUF0N030
guUFon040
BUFON050
RUF00060
RUFONOTO
AUF00030
RUF00090
RUF00100
RUF00110
3YFo0l20
RUFNOO130
BUFON140
RUF00150
BUF00160
RUF00170
’UJF00180
ARUF00190
RUF00200
RUF00210
gUF 00220
BUF00230
3UFO0240
BUF00250
BUF 00250
RUF00270
RUF 00280
BUF00290
RUF06300
3UF00310
RUF00320
RUF 00330
RUF 00340
BUF00350
RUF00360
RUS 00370
RUFN0380
RUF00390
RUFDQ400
RUF00410
BUF00420
RUS00430
BUF 00440
BUF 00450
RUF 00460
RUFQ06TO
B8JF00480
RUF 00490
RUF00500
BUF00510
RUF00520
RUF00530
BUF00540
RUF00550
RUF00560
RUF00570
RUF00580
RUF00590
RUF 00600
RUF00510



102

103

FARMAT (1Xs *IF SATISFIED,TYPE 11.0THERWISESTYPE 007)
RFAD(5,103) ISIGN

FARMAT(12)

17 (ISIGN.EQ.,0) GO TO 1

ReTURN

EnD

RUFN0620
BUF00630
RUF00540
RBUF00650
RUFONE60
BUF 00670



SIIBROUTINE MAIN2 vAIONO010
CAMMON/MANT2/A+BsCsRICCBIsNIPsQ+sReIECRIWEPSoBUFF MAION020
~OMMON/MANT3/IROW, ICOL MAI0n030
DIMENSION A(12+¢12)14B(12+12)9C(12912)931(12+12)CBI(12+12)«IROW(12)MAT00040
DTMENSTON ICOL(!P).RUFF(IZ.)Z) MAT00050
INTEGER PyQeR . ’ vaA100060
WeITE(R,100) MAI00070

100 FnRMAT(1Xs0IF THE NUMBER OF EVENTS IS GREATER THAN RANK OF Cet/ MAI0N08O
1*vOU HAVE TO DIVIDE THE 31 IN SETS OF NO MORE THAN RANKC VECTORS* MAION0S50

‘1s/s9'IN A GROUP.IF THIS IS THE CASE »TYPE 00,ELSE TYPE 11") MA100100
RFAD(541000) ISIGNI MATO00110

1000 FORMAT(12) MATION120
1F(IECR«GT.5) WRITE(A41000) ISIGNI] MATO00130
IF(ISIGN1.NEL0)GO TO 1 : MATON140

SYOP i MAI00150

1 WolITE(6,101) MAT00160
101 FARMAT(1Xs¢TYPE THE NFW VALUE OF ReI3") MAIO00170
READ(S541001) R MA100180

1001 FARMAT(13) MATI00190
WolITE(641001)R MATI00200
WoITE(64102) MAT00210

102 FARMAT(1Xs?IF THE DATA ARE CORRETLY ENTERED,TYPE 11.ELSE TYPE 0n' MAIN0220
1) MATI00230
ReAD(5,1000) ISIGN2 MAT00240
IF(IECR,GT,5) WRITE(5.1000) ISIGN2 MAT00250
IF(ISIGN2.50.0) GO TO 1 MAT00260
IF(IECR.GT,S)WRITE(A+1001)N MAI00270

CaLL LEOFBT(BIWN4RyIECR) MAT00280

CALL PROCBT(CBIsCRBIsNyPsRyIECR) MA100290
1rBI=12 i MAI00300

A0 2 I=1,2 . MATO00310

n0 2 J=14 : .MAI00320

2 BIFF(I1+J)=0.E0 MAI00330
AD 3 I=1,0 MAT003640

rO 3 J=1.° MAT00350

3 QUFF (15J)=CBI(I4J) MAT003580
FALL MFGR(BUFFyICRIsPsR+IRANK, TROW, ICOLEPSy IER) MAI00370
WoITE(6,103) IER.IRANK MAT00380

103 FNRMAT(1X,+ERROR CONE IN THE COMPUTATION OF CBI RANK IS'sT34/, MAI00390
1'0ANK OF CBI IS'el4) MAT00400
WOITE(69104) (TROW(T) s T=1sN) o (ICOL(I)s1=1sN) MAT00%410

104 FARMAT(1XetIROW=191340ICOL=2,1341=1,13) MAT00420
WolTE(64103) MAT00430

105 FARMAT{1XstIF THE RANK OF CB31 MATRIX IS NOT EQUAL TO THE t./ MAT00440
1+'NUMBER OF EVENTS BI,YOJ HAVF TO CHANGE THE GROUP OF BI.TO DO,/ MAT00450

I+ THISHWENTFR 00.0N THE CONTRARYsIF THE CBI ARE LINEARLY INDEPEN-' MAT00460
4479 'DENTIENTER 111) MATO0D470
READ(5+1002) ISIGN3 . . MAT00480

1002 FNRMAT(I2) ' MAT00490
IF(IECR.GT.5) WRITE(6.1002) ISIGN3 . MAT00500

1 (ISIGN3.50.0) GO TO 1 MAT00510
WoITE(6,1003) MATI 00520

1003 FARMAT(1XytA DETECTION FILTER WILL BZ DESIGNED FOR THE EVENTS's/ MAI00530
199BI YOU HAVE XKEYED IN AT THIS POINT?') MAT00540
RFTURN MAI00550

EnD ' MAT00560



S1BROUTINE MAIN3
COMMON/MANT2/A+BsCeBICRIINIP4QsRs IECRL,EPS,BUFF
rOMMON/MANT G /OMEGC DS $CS
CAMMON/MANT6/BUFF L
CAMMON/TRASH2/CBVECCRVIV
DIMENSION A(12¢12)eB{12+¢12)9C(12:12)+8B1(12412)+CBI(12412)
DIMENSINN RUFF(12+12)48UFF1(12412)
DIMENSION OMEGC(124+412)sC3VEC(T8) 3CBVIV{T8) 4DS(12912)¢CS(12412)
INTEGER Py9eR )
IF(IECR,GT,2)WRITE(641000)
1000 FARMAT (1 X, *SUBRQUTINE MAIN3?)
Ca##COMPHTATION OF OMFEGC
EoSIl=s 1.E-9
Dn 11 I=1,N
Dn 12 J=1l,yN
12 OMEGC(T4J)=0. EO
11 OMEGC(I,I)=1.E0
1C=12
~ALL ORTRED(C4OMEGCsP9yNsICHEPSI1,IECR)
IF(IECR.GT,3)WRITE(6+100) ({OMEGC(TsJ) oJ=1oN)sI=]19N)
100 FARMAT (4 (1X 4y 'OMEGC="4F10+4))
C##COMPHITATION OF CRBIT#CBI
oA 1 I=19R
Dn 1 J=14R
1 BiFF(IeJ)=0. EO
DA 2 1I=19R .
Dn 2 J=19R
Dn 2 K=1sP
2 BUFF (T+J) =3UFF({I+J)+CRI(K+1)2CRT (KyJ)
IF({IECR.GTSIWRITE(A4200) ((BUFF(I+J)sJ=19R)4I=1,R)}
200 FARMAT({4(1X«'CBIT#CRI='9Z1044))
C##TRAN<ITION TO SYMMETRIC STORAGE
To=12
CalL VCVTFS(BUFF4R,TR,CRVEC)
IF(IECR.GT.SIWRITE(A¢300) (CBVEC(I)s1=1,410)
300 FARMAT(S(1XetCRVEC=1aF10¢%4))
Ce##COMPNHTATION OF INVERSE OF C3IT#CBI
CalLL LINVID(CBVECIR«CRYIVeIDGT+D14+D2+1ER)
IF{IECR.GT.SIWRITE (A400) (C3VIV(I)yI=1y10)
400 FARMAT(4(1Xs'CRVIV=?.F10s4))
Ca# TRANSITION TO FULL MODE (C3IT#CRI)-1=8UFF
CALL VCVTSF(CRVIVsR,BUFFIB)
IF(IECR.GT.SIWRITE(6+500) ({SUFF(I+J)9J=19sR) 4I=1,R)
S00 FARMAT(4{1Xs'C=1=1,E£10,4))
Ca#% COMoUTATION 2F BI#(CRIT#CBI)~1#CBIT=BUFF
DA 3 I=1.R
Dn 3 J=1.P
3 BiFFl1(1,J)=0, EO
Dn 4 I=1sR
DA & J=1sP
Dn 4 K=1sR
4 BIWFL(I+J)=BUFF (1K) 2#CBI(JeX)+BUFF1(Isd)
C%-ﬁ#ﬂ-#&‘##96##%&&&6#%&6### .
C#st BUF“1=(CBIT#CBI)-1#CBIT IN CONMON MANI®6
C#*G#&&l 222 2-2-0-2- 2% 5.2 F-2-F-2.2.3-3
IC(IECR.GT  SIWRITE(6+A00) ((BUFF1(IeJ)9J=19P),I=1eR)
600 FARMAT(4(1Xs'RUFFI='4F10e4))
Dn S I=1sN
DA S J=1.P
S BiFF(I+J)=0. EO
DA 6 I=1sN

MAIO00010
vATO0Nn020
MAI00030
MATON04Q
MAI00050
MAT00060
MATON070
wAI00080
MAIQ0090
MAT00100
MAI00110
MATON120
MAT00130
MATO0O0140
MAI00150
MAINO160
MAION170
MATO00180
MAT00190
MAIO0200
MAT00210
MAI00220
MAT00230
MAI00240
MAT00250
MA100260
MAI00270
vAI00280
MAINO0290
MAT00300
MAT00310
MAT00320
MATI00330
wAT00340
MAI00350
MAT00360
MAT00370
vyATI00380
MAT00390
MATI00400
MAT00410
MAT00420
MATO00430
MAT00460
MAT00450
MAT00460
MATIQ0470
MAIO00480
MAI0N0490
MAT0.0500
vwATI00510
MAT00520
MAT00530
MAT00540
MAT00550
MAT00560
vMAIO00570
MAT0N0580
YAT0N0590
MAT00600
MATO00610



6

700

Dn 6 J=1sP

Dn 6 K=1,R

BIFF(T9J)=31(1,K)*BUFF1(<sJ) +BUFF (14J)

Ie (TECR.GT,SIWRITE(H9700) ((BUFF(I14J)eJ=19P)eI=14N)}
FARMAT (4 (1Xs 'ACBTCB=-1CBT=",£10,4))

Ce## COMRUTATION 9oF DS

8

900

Dn 7 I=1leN

Dn 7 J=14P

D=(leJ)=0, EO

DA 8 I=1sN

Dn 8 J=1sP

Dn B K=1sN

Da(IsJ)=DS(1sJ)+A(T4K)#*BJIFF(KosJ)

1€ (IECR.GTLO)WRITE(6+900) ((DS(IeJ) 9J=14P)sI=1,N)
FARMAT (4 (1X s "'DS=14F10,4)) :

C ## COMPUTATION OF ¢S

10

300

Dn 9 I=1,P

Dn 9 J=1sP

Cc(lv) =0, EO

DA 10 I=1,°>

DA 10 J=1,0

Dn 10 K=1,N
FS(TeJ)=CS (T4 ) +C(T4K)#3IUFF (KoJ)
IF(IECR.GT.SIWRITE (64800} ((CS(KyJ) s J=14P) sK=1,P}
FORMAT (4 (1Xe?'CS=14E10,.4)}

ReTURN *

EnD

MAT00620
MAT00630
MAT00640
MAT00650
MAT00660
MAI00670
MAI00680
MATI00690
MATI00700
MAI00710

MAI00720 -

MATO00730
MATONT40
MATI00750
wAI0N760
MATO00770
MAT00780
MAT00790
MAI00800
MAI00810
MAID0820
MATI00830
MAI00840
vAT00850
MATI 00860
vAT00870
MAT00880



S1BROUTINE MAING

CAMMON/MANT2/A +BaCsBIoCRISNIP4NIRyTECRGEPSBUFF
FOMMON/MANT 3/ TROW . ICOL
~OMMON/MANT4/0MEGC «DS 9 CS
CAMMON/MANT S/ INU INUS, INJO

CAMMON/MANT6AZADSC
CAMMON/TRASH2/XMD«RUFF 1+ 3UFF 24BUFF3

DTMENSION A(12+1214B(12512)9C(12+12)+81(12,12)4+CBI(12512)

DYMENSION 3UFF(12+12)

DIMENSION RUFF11{12+12) 9XYD(1644412)+CS5(212+12)4DS(12412)

DTMENSION 3UFF2(12,12)

DYMENSION RUFF3{12512) «IW0W(12)»ICOL(12) +OMEGC(12412)

DTMENSION TNU(12)+ADSC(12512)
INTEGER Py0oR
IF (IECR.6T,2) WRITE(641100)

1100 FARMAT (1X4 *SURRGUTINE MAINGY)
C##COMPITATION OF CS(CONTINUED)

h)

100

17

200

Dn 1 I=1yP

Da 1 J=1.P

BFF1({IsJ)==CS(I+J)

Da 2 I=1.P

BUFFI(I,1)=1.E0+8UFF1(1,1}
Ic(IECR,GT.6)WRITE(6+100) ((BUFF1(1eJ)9J=19P)sI=]1sP)

FORMAT (4 (1Xo *BUFF1=14F10e4))

Dn 3 I=1.P

Dn 3 J=1sN .
Cg(IeJ)=0,%0

Dn 3 K=1P

Cs(Isd) CS(I.J)‘RUFF](Iv<)*C(KoJl
EpoSIL=1.E~4

Dn 17 =142

Dn 17 J=1l.N
IF(ABS{CS{T+J))LTLEPSILICS(I,U)=0,
CONTINUE

IF(IECRGT . SIWRITE(6+200) L(CS(TsJd)sJ=1sN)oI=1,P)
FORMAT (4 (1Xs'CS='4F10,4))

Ca#COMP ) TATION OF A=-DS*®C

300

S5

400

Dn 4 I=1sN

Dn 4 J=1sN

BnFF2(1,J)=0.E0

Dn 4 K=1,HP

RIFF2(1+J) =BUFF2{1+J)+DS(I+K)#C(KsJ)
Ic(IECR,GT.HIWRITE(649300) ((BUFF2(TeJ) 2J=19N)sI=19N)
FORMAT (4 (1x9'DSC=,E10.4))

Dn S I=1»sN

Dn S J=1lsN

BIHFF1(143)=A (14 J)=BUFF2(1sJ)

Dn 55 I=1.N

Dn 55 J=1l,N

ARSC(TI+J)=UFF1(T+J)
IF(IECR,GT,SIWRITE(64400) ((BUFF1(I+J) 9J=19N)sI=19N)
CORMAT (4(1X 9 ?A~DS#C=1,E10.4))

Ce#COMPIHITATION OF XMD=MD*

On 6 I=1eP

Dn 6 J=1sN

XuD (Led)=CS{Io )

Dn 7 I=1.P

00 7 J=1sN
BUFF3(I4J)=CS(I,J)
Ny =N=-1

IF(NN.EQ.,0) GO TO 11

MAIONO10
MAT0n020
MAI00030
MATIO000640
vAI00050
MAT00n060
MAIONOT70
MAIONO0BO
MAI00090
vATIOO0l00
MAIOO110
MAlIO0120
MAI00130
MATO00140
MAT00150
MAT100160
MAT00170
vATO00180
MAI00190
MAI00200
vAT00210
MAT00220
MAT00230
MAT00240
va100250
Ma700260
MAI00270
MAT100280
MAT00290
vAI00300
MATON310
MAT00320
MAI00330
wAT00340
MATI00350
MAT00360
MAI00370
MAIO00380
vAI00390
MAT100400
MAT00410

.MAI00420

MAT00430
YAT100440
MAT00450
MAI00460
MAT00470
MAT00480
MAT00490
MAI00500
MAT00510
vAT00520
MAT00530
MAT00540
MAT00550
MATI00560
MAT00570
MAIO0NS80
MAT00590
MAT00600
MATIO00610

A-]0



500

10

600
11

700

DA 11 L=14\N
Nol=L#pP
Dn 8 I=14P
Dn 8 J=1sN
BIFF2(1,J)=0.E0Q
DN 8 K=]19N
BUFF2(14J)=BUFF2(1+J)+BUFF3(1+K) #RBUFF1(KeJ)
I1c (TIECR.GT, TIWRITE(69500) ((BUFF3(Ted) sJ=1eN)sI=1sP)
FARMAT (4 (1X 9 *BUFF3=14F10.4))
Dn 9 I=1sP
DA 9 J=1sN
BUFF3(IJ)=BUFF2(I,J)
DO 10 I=1,P
n0 10 J=1.N
tI=1+L %P
yMD(I14J)=BUFF2(!. N
IF(IECR.OT, TIWRITE(65600) ((BUFF2(T,J)9J=1sN)9I1=14P)
FARMAT (4 (1X sy 'BUFF2=1,F10+%))
CANTINUE
No=N%p
IF(IECR.GT.3) WRITE(6,700) ({XMD({TaJ)sJ=1eN),I=1,NP)
FARMAT (4 (1Xe*XMD=*4F10.4))

C## ORTWOGONAL REDUCTION OF MD'=XMD

2100

1101

800

15

13
14

2101
16

IyMD=144

EnSIl=],E~-9

WolTE(642100)

FARMAT (1Xs*TYPE 11 IF YOJU WANT TO DESIGN THE FILTERe"y/e1X,
1100 IF YOU DO NOT?)

ReAD(5,1101)ISIGN

FARMAT (12)

Cal.l ORTRED (XMD s OMEGC 4NPsNs IXMD,EPST 1 s IECR)
IS(TECR.GT.LIWRITE(A4R0N) ((OMEGC(TeJ) sJ=19N) ¢ I=19N)
FARMAT (4 (1% "OMEGS=1,F10e4))

IF (ISIGN.EQ.11) GO TO 15

G6n TO 16

CANTINUE

Dn 14 I=1,N

0n 13 J=leN

BOFF2(14J)=0.E0D

ROFF2(Is1)=1,.F0

1~RI=4

CaLL ORTRED({XMD¢BUFF24NPsNyIXMDsEPSI1sICRI)
Ic(IECRGT 1) WRITE(6,2101) ((BUFF2(T1,J) 9J=14N)sI=1sN\)
FARMAT (4 (1x+ "OMEGSP=1,E10.4))

CANTINUE

C##COMPIITATION OF RANKOMEGS AND LINEAR DEPINDENCY

12

900

1000

DA 12 I=l,N°

Dn 12 J=1,yN

BIFF2(1+J) =OMEGC (I 4J)

IAMEGC=12

CALL MFGR(BUFF2yIOMEGCsNsNsIRANK, [ROYYICOL4EPSHIER)
Ic(IECR,GT,1IWRITE(6+4500) IER

FARMAT (1Xs *£RROR CODE IN COMPUTATION OF OMEGS RANK IS'.1I3)
WoITE(641000) IRANK

FARMAT (1Xy *RANK OF OMFGS IS?',13)

INUS=TRANK

WnlITE(6+1003)

1003 FARMAT(1Xs9IF YOU WANT TO OVERCOMFE THE RANK OF OMEGS'y/s1X,

1'~IVEN BY AUTOMATIC COMPUTATIONsTYPE O00.OTHERWISEsTYPE 11°)
ReAD(541006) ISIGN

1004 FARMAT(12)

vA100620
MAT00630
MAT00640
MAT00650
MAT00660
MATO0670
MATO00680
MAI00690
MAI00700
MATO00710
MATIONT720
MAT00730
MAI00740
MAT00750
MAIO00760
MATO00770
MATQ00780
waI00790
MATO00800
MAT008B10
MAT00820
MAT00830
MAT00840
MAI00850
MAIQ0860
MAT00870
MAT00889
MAT00890
MATI0NY00
MAIO00910
MAI00920
MATI00930
MATO00940
MAT00950
MA100960
MA100970
MAI00980
MAT00990
MAT01000
MAT01010
MAT01020
MAT01030
MAI010640
MAT01050
MATI01060
MAI01070
vwAI01080
MAIO01090
MATIO0Y100
MATO1110
MATIO01120
MATO01130
MAT01140
MATIO01150
MATIO01160
MAT01170
MATI01180
MAID1190
MAT01200
MATO01210
MAI01220



1005

18
1001

1002

IF{ISIGN.NS,0) GO TO 18

WweITE(A,1005)

FARMAT (1 X *TYPE THE RANK OF OMFEGS?)

ReAD(Se#) INUS

Wo ITE (64 %) TNUS

CANTINUE . )
IF(TECR,GTOIWRITE(641001) (IROW(I)+ICOL(I) 41=14N)
FARMAT (2 (1Xe ' TROW=14+13,1ICOL=1,13))
Ic({IECR.GT.OIWRITE(641002) ((BUFF2(I9J) 3J=14N)eI=14N)
FARMAT (4 (1Xs 'BUFF2=14F10+4))

Re TURN

ExD

A-12

MAT01230
MATO01240
MA101250
4A101250
MAT01270
MAID1280
vAT01290
MAT01300
MAT01310
va101320
MATO01330
MAIDN1340



qUBROUTINE MAINS

. FOMMON/MANT2/8+34CoBT9C319NsP+sQsRIZCREPSBUFF

~OMMON/MANI3/TROW. ICOL
~OMMON/MANT 4 /OMEGC4DS9CS
CAMMON/MANTS/INUS INUS, INJO
CAMMON/MANTSA/GG :
CAMMON/TRASH2/XMN s XMD24BJFF1 ,BUFF2,8JFF3

~IMENSION A(12+12)+8(12912),C(12+12)981(12412)4CBI(12,12)

DTMENSION UFF(12+12)

NIMENSION CS(12412)4NS¢12+12)40MEGC(12412) «TROW(12)4ICOL(12)
DTMENSION VECBU(12) «BUFF1(12,12)sBUF72(12912)4BUFF3(12,12)

DIMENSION ¥MD (144912) 4XMI2(1464412)
DYMENSION INU(12)+GG(12,12)

Cu##COMPHTATION OF M

FALL MAINSP(XMD2)
INTEGER P,9,R

Ca##COMP I TATION FOR FACH Bl,I=1sR

Dn 15 JJ=1.R

C#% COMoUTATION OF OBI

100

N

200

3

. 300

c~=0,

Dn 1 I=1.P

Cv=CC+CBI(TyJy) #a2

C-“=1le./CC

IF(IECR.GT,.6) WRITE(64100)CCoJJ

FARMAT (1Xe * (CBITCBI)=1=9+E10,4,'FOR I =t¢13)
Dn 2 I=1eN ’
VFCBU(I) =0,
DA 2 K=1sN
VECBU(I)=VECBU(I) *+A(IK)*BI(K4JD)

I (IECRGT.BIWRITE(6+200) (VECBU(I) +I=1sN}

FARMAT (4 (1X9 *VECRU='9F10.%4))

Nr 3 I=19N

Dn 3 J=1+P

ROFF (T 4J)Y=VECBUILT) #CRT (JoJJ) #CC
Ic(IECR,GT,SIWRITE(6+300) ({3UFF(1eJ)sJd=1sP),4I=1,N)
FARMAT (4 (1Xe'DRI=*4E1N.4))

C##COMP/ TATION OF C?

400

6
500

. Dn 4 [=14P

DA 4 J=1.+P

BIFF1(I4J)==CRI(Tyu4)#CBI(Jyu0) %CC

DA S I=1.P

BIFFI(I41)=1.+BUFFI(I.])
IF(IECR.GT.BIWRITE(6+400) ({(BUFFI(TIsJ) 2J=132),1=1sP)
FARMAT (4 (1Xs 'BUFF1= ",E10.4))

Dn 6 1=1sP

Dn 6 J=1sN

BIFF2(I¢J) =0,

DA 6 K=1sP

BIFF2(1+J)=BUFF2(14J) +BUFF1(T14K)#C(KsJ)

IC(IECR.GT . SIWRITE(6+500) ((BUFF2(TeJ) oJ=1eN) s1=19P)
FARMAT (4 (1X e 'CPRIME=1,E10.4))

C## COMSUTATION OF A-DBI®C

600

Dn 7 I=1sN

DA 7 J=1oN

B FF3({I,J)=0,

Dn 7 K=1P

BGFF3(I.J)=BUFF3(I!J)fBUFF(IoK)*C(K'J)
IF(TECR.GT.8IWRITE (69500) ((BUFF3(IeJd)sJ=19N)eI=19N)
FARMAT (4 (1Xs'BUFF3=94F10+4))

Da 8 I=1sN

Dn 8 J=1+N

A-13

wAT00010

MAIO0N020
MATI00030
MATI00060
MAJ00050
MAI0Nn0%0
MAI00070
MAT00080
MAI00090
MAT00100
MATO00110
MAT00120
MAIO00130
MAIO00140
MAI00150
ATI00160
vAlION170
vA100180
MAI00190
VAT00200
vAI00210
vA100220
ATO00230
MAI00240
vAION250
MAT100260

‘MAJ00270

MAIONZ280
MAI00290
MAIN0300
MATO00310
MATO00320
MAI00330
VAI00340
MAT00350
MAT00360
MA100370
MATI00380
MATI00390
MAT00400
MAT00410
vAI005620
4A100%30
MAIO0460
vAI00450
MAI00460
MATI00470
vMAI00480
vMA100490
MAT00500
MAT00510

MAI00520
MATI00530
MAT00540
VAT 00550

MAT00560
MAI00570
MAT00580
MATI00590
MA100600 -
MAI00610



8

700

BOFFY(T o) =A{T« N =BUFF3(Ied)
Ic(JECR.GT SIWRITE(6,700) ((BUFF1(TsJd) eJd=1s\)evI=13N)
FARMAT (4 (1X9*A=-DRI#C=t4E10.4))

Cu# COMpUTATION 0OF xMD=MD?¢

10
800

11

12

900

13

901

Dn 9 I=1+P

Dn 9 J=1sN

XuD(I9J)=BUFF2(1sJ)

BIFF3(1+J)=BUFF2(1,sJ)

NY=N=1

D~ 13 L=1,\N

Nv1=L#pP

Dn 10 I=1,P

Dn 10 J=1l,%

BFF2(14J) =0,

Dn 190 K=1,N .
BrAFF2{14J)=BUFF211¢J) +BUFF3(14K)=*BUFFLl{KsJ)
IC(IECR,GTBIWRI . £(A6+800) (L (BUFF3(IvJ)sJ=19N)sI=1sP)
FARMAT (4 (1Xe 'BUFF3=14F10.:4))

Dn 11 I=1,P

Dn 11 U=1,N

BIFF3(14J)=BUFF2(I+J)

Dn 12 I=1,P

Dn 12 JU=1,N

Iv=l+L#pP

XuD(I1+40)=3UFF2(1sM)

I (IECR.GT,B)WRITE(6+4900) ((BUFF2(I+J)sJ=19N) 9I=19P)
FARMAT (4 (1X»*RUFF2=%9F10.4))

CANTINUE

No=N#pP
IF(TECR.GT,3IWRITE(6+901) ((XMD(IsJ) s J=19N) 4 I=1yNP)
FARMAT (4 (1X s *XMD=7,F10.4))

Ca# QRTJOGONAL REDUCTION OF MD'=XMD

14

902

IvyMD=144

EcSIl=1.E=3

DA 14 I=14N

Dn 14 J=1l,N

BIFF(1+J)=0MEGC(TsJ)

CiLL ORTRED (XMD+BUFF «NPyNe IXMDLEPST1 s IECR)

I (TECR.GT.1IWOITE (6+502) ((BUFF{I4J) sJ=19N)4I=1,N)
FARMAT (4 (1X e "OMEGI=1+F1044))

C## COMSUTATION OF RANKOMEGT AND LINEAR DERENDENCY

16

Q03

904

90S

906

nO 16 I=1,N

RO 16 J=1.N

QUFF1(1eJ)=BUFF(1,J)

IAMEGI=12
CALL MFGR(SUFF «IOMEGI ¢NosNs IRANK 2 IROWs [COL9EPSIER)
1r (IECR.GT 1)WRITE(6+4903) IER"

FARMAT (1Xs *ERROR CODE IN COMPUTATION OF RANK OF OMEGI 1St',I3)

WoITE(6+904) IRANK

FARMAT (1Xs 'RANK OF OMFGI IS*,13)

InU (JUJ) =IRANK

IF(JIECR.GT ., 2)IWRITE(6+905) (TIROW(I)sICOL(TI)sI=1sN)
FARMAT (4 (11X, ?TROW=?,13,ICOL=,1I3))
IC(IECRWGT.2)WRITE(6+4906) ((BUFF(I4J)sJ=1sN),I=14N)
FARMAT (4 (1XotBIIFF=1,E£10.%))

Ca#COMP) ) TATION OF THE GENERATOR

907

15

WwRITE(6+907)

FORMAT (1X, YCOMPUTATION OF THE GENERATOR GJy®)
1~RI=4

~ALL ORTRED(XMD2+RBUFF1+\NP N, IXMD,EPSI1,ICRI)
CANTINUE .

A-14

MATION620
MATIO0N630
MATI 00640
MAT00650
MAT00660
MATI00670
MAI00680
vAT00690
MAI00700
vAI00710
vAI00720
val100730
MAIQ0740
MRI00750
MAI00750
vMAT00770
MAIQ0780
MATI00790
MAI100800
wAf00810
vAI 00820
MAI00830
MATO00840
MATI00850
MAT00860
MATI 00870
MAI100R880
MAT00890
MAI00900
vAT00910
MATI00920
MATI00930
MAT100940
MAT00950
4AT100960
vAT00970
MAL100980,
MATI00990
MAI01000
MATIO01010
MAI01020
vAI01030
vAT01040
MAJ01050
MAIO1060
MAIQ1070
vAI01080
MAT(01090
MAIO01100
MATOYL10
MAI01120
vAIO1130
MAIO1140
MAIO01150

vAIO01160
MAI01170
vAIO0}1180
MAJO0]1190
MAT01200
MATI01210
MATO01220



908 FARMAT(1Xs*IF YOI) WANT TO OVERCOME TrE RANKS OF OMEGI®,/41X,
1'~IVEN BY AUTOMATIC COMPJTATIONGTYPE O0.OTAERWISESTYPEI1")

1000

909

Ql0

17

WolTE(6,908)

ReAD(6+41000) ISIGN
FARMAT (I2)
Ic(ISIGN.EQ.11) GO TO 17
WnITE(64909)
FARMAT (1X9 ' TYPE THE RANKS OF OMEGI I=1.R?)
I>=R
ReAD (S, #) (INU(T) o I=151R)
WoITE (64%) (INU(I)oI=141IR)
WoITE(64910)
FARMAT (1Xy*IF SATISFIFD,TYPE 11,IF NOT TYPE 00')
ReAD(5,1000) ISIGN
I (ISIGN.EQ.0) GO TO 15
CANTINUE
~ALL MAINSA
R TURN
ESD
SIIBROUTINE MAINSA

Ce#* BUII'DS THE MATRIx GG OF THZ GENERATORS

100

101}

102

103

104

CAMMON/MANISA/GG
CAMMON/MANT2/A4BsCyBIsCRIINIP4NsRyIECR,EPSBUFF
DYMENSION A(12412)4B(12+12)9C(12+512)+81(12,12)+CBI(12,412)
DTMENSION RUFF(12912)4656(12+12)

INTEGER PyNyR

Ic(IECR,GT,2) WRITE(6,100)

FARMAT (1X, *SUBROUTINE MAINSA?)

C~NTINUE :

Dn 3 1I=1,N

WAITE(6,101)11 .

FARMAT (1Xs *WRITE GG(TeJ)sJ=14RyI=1,13s'FREE FORMATY!)
In=R

ReAD(S4#) (6G(ITed) 9 =11}

WHITE(692) (GG(TTed) 9J=14IR)

WeITE(6,102)

FARMAT (1Xs *IF SATISFIFDWTYPE 11.1F NJT,TYPE 00")
ReAD(S54103) ISIGN

FARMAT(12)

Ic(ISIGN.EQA.0) GO TO 2

CANTINUE

WolTE(6,104) ((GG(Ted) ed=10IR)sI=1sN)

FARMAT (4(1Xs'GG="9E10,4))

WolTE(6,102)

RcAD(S5,103)ISIGN

Ic(ISIGN.EN.0) GO TO 1 -

ReTURN

EnD

A-15

vAI01230
MAI01240
MAI01250
MAT01260
MAI01270
MAT01280
vaI01290
4A101300
vMAI01310
MAI01320
MAI01330
MAT01340
MAI01350
MATI01360
MAT01370
MAT01380
MATI01330
MATI01400
MATI01410
vAI01420
MAT01430
vAT01440
MATO01650
MAT01460
MATO01470
vAID1480
MAT01490
MAIO01500
wAIO1510
MAID1520
MATD1530

-MATI015640

MATIO01550
MAT01560
MAT01570
MAIC1580
MAT01590
MaI01600
Mal01610
MAT01620

MAI01630

MAI01640
MATI01650
MAT01660
MATI01670
MATI01680
MATO01690
MAIO01700



/8
/2EQ) #/antoss

A-16

USERID ~ERARDJP CLASS A NAME MAINSP FORTRAN 06/27/778 20:33:39

sREAD wAINSGP FORTRAN Al GERARD S/17/78 11:23
SBROUTINE MAINSP (XMD?)
CAMMON/MANTI2/A4B+CoBI+CBLoNsPyQsRy IECRLEPS,,BUFF
CAMMON/TRASH2/BUFF 1
DYMENSION A(12412)4B(12512)9C(12+12)98BI(12,12)+CBI(12412)
DTMENSION RUFF (12+12)

DTMENSION xMD2(144,12)+8JFF1(12512)
IVTEGER Py QsR
Ic (IECR.,GT,2)WRITE(6+99)

99 FARMAT (1 X9 * SUBROUTINE MAINSP)

C##COMP/\\TATION OF M
Da 1 I=1,P
DA 1 JU=1sN
XuD2(I9J)=C(14J)

1 BAYFF(IsD)=C(I,N
NZ=N=1
Dn S L=1eNN
N~¥1=L#pP
DA 2 I=1sP
Dn 2 J=1N
BAFF1(I,J)=0.F0
Dn 2 K=1sN
2 BIFFI(T9J)=3UFF1(I+J)+BUFF (I,K)#A(KyJ)
Ic(IECR.GT,B)WRITE(62100) ((BUFF1(I+J)9J=19aN)oI=1sP)
100 FARMAT (4 (1X9'BUFF1=Y4F10e4))
DA 3 I=1,4P
Dn 3 J=1N
3 BIFF(1yJ)=3UFF1(1,4J)
Dn 4 I=1,P
Dn 4 J=1sN
It=1+L*P
4 XuD2(114J)=BUFF (s J)
S CANTINUE
No=N#p
IF(IECRGT IIWRITE(6+4200) { (XMD2(14J) +J=14N} ,I1=1,NP)
200 FARMAT(4(1XstXMD2=14,E10,%))
ReTURN
EnD

MAIONO010
vATONO20
MATO00030
MATI00040
MAI00050
MATION060
MAI00070
MATI0Nn080
MAI00090
MAIO0100
MAIOO0110
vAIO0120
MATIO00130
MAT00140
MATO00150
MATON160
MAI0O0170
MAT00180
MATI00190
MATI00200
MATI00210
MAT00220
MAT00230
MAI00240
MAT00250
MAT100260
MAT00270
MATI00280
MAT002530
MAI00300
MAIO0310
MAT00320
MATI00330
MAT00340
MATI00350
MAI00350
MAT00370



SIIBROUTINE vAING
CAMMON/MANTZ2/8+84CoBT14CBIsNsP4QeRsIECRLEPS,,RUFF
CAMMON/MANTS/ INU» INUS « INJO

DTMENSTION INU{12}

- DTYMENSION A4(12+12)+B(12+12)+C(12412)+CBI(12+12)4BUFF(12+12)

DYMENSION 1 (12+12)
I:TEGER Pys)sR

Ce# CHEr~K WHETHER SUM NUI=NUS
Cs® COMoUTATION OF DETECTION S”ACE DIMENSION

1
100

200

10

203

204

D~ 1 I=1sR
INUCT)Y=INUC(T) ¢}
IF(IECR.GT,1IWRITE(6+4700) {I+INU(I)+I=1,R)
FARMAT (1 X, *DETECTION SPACE OF Bts13,'HAS A DIMENSION ',I3)
IVUS=INUS+R
Ic(TECR.GT.1)WRITE(64,200) INUS
FARMAT (1Xs ¢*DETECTION SPACE ASSOCIATED WITH THE SET OF BI v4/,
11vs 'SELECTED HAS A DIMENSION®,1I3)
[aUM=0
D 2 I=19R
IcUM=TSUM+INU(T)
WolITE(6,201) ISUM
FARMAT (1Xe *SUM OF NUI 1IS'+I3)
15U0=INUS-ISUM
WhITE(64202)
FARMAT (1Xs *IF THE SUM OF THE NI IS EQUAL TO NUS=DIMENSIONt®./¢1Xs

Al7

MAIONO10
MAI00020
MAT00030
MA1000640
MAI00050
MAT00060
MAIONO070
MAI00080
MAI00090
MAI00100
MAI00110
MAI00120
MAI00130
MAI00140
MATI00150
MAT00160
MATO00170
MAIO0N180
MAI00190
MAT00200
MAI00210
MA100220
MATON230
MAT00240
MAT00250

19~nF THE DETECTION SPACE ASSOCIATED WITH THE SET OF BI=-THESE?/+1XsMAI00260

1'0lS ARE MUTUALLY DETFCTABLE.A DETECTION FILTER CAM BE %,/41Xe
1¢AESIGNED TOR THIS SET WITH ASSIGNARLE EIGENVALUES.'s/s1Xe
1'7F IT IS NOT.A TOTAL OF NUS-(SUM OF NUI) EIGENVALUES AREYs/s1X,
1 INASSIBNARLE.IF YOU WANT TO CHFCK THEIR VALUE9TYPELle®s/e1X,
1'ATHERWISE TYPE 00°*)

RPrAD(S,10) ISIGN

WoITE(S5,10)ISIGN

FARMAT (12)

Ic(ISIGN.NZ,11} GO TO &

WnITE(64,203)

MAI00270
MAI00280
MAI00290
MAI00300
MAT00310
MATIO0N320
MATI00330
MAI00340
MAT00350
MAT00360

FARMAT (1Xs ' THE PROGRAM WILL PROCEED ON COMPUTING THE UNASSIGN,!./,MAI00370

11y e *EIGENVALUES.IF YOI} MADE A MISTAKE IN SELECTING THE OPTION's/,
11v+?TYPE 00.OTHERWISE TY?E 11v)

R=AD{(S+10) TSIGNI

WolITE(64+10) ISIGNL

1= (ISIGN1.5Q.0)G0 TO 3
Call MAINGA
ReTURN
WoITE(6,204)

FARMAT (1X s ¢ THE PROGRAM WILL NOT COMPJTE THE UNASSIGN.'e/s1Xe
1'cIGENVALUSS IF YOU MADE A MISTAKE IN SELECTING THE OPTION TYPENO
19,/741X990OTHERWISE TYPF 111%)

RrAD(S+10) ISIGNI

WOITE(6410) ISIGNI

Ic(ISIGN1.FQ.0) GO TO 3
ReTURN
EnD

MA100380
MAI00390
MAIQ0400
MAI00410
MAI 00420
MAI00430
MAI00440
MAI00450
MATIONG60
MAT00470
‘4A100480
MAI00490
MATIO00500
MAI00510
MAT00520
MA100530



S/ \BROUTINE MAINGA
CAMMON/MANTI2/A+sBsCoBI+CBIINsPsGeRyIECRLEPSHBUFF
CAMMON/MANTI4/OMEGC «DSCS
CAMMON/MANTS/INU . INUS. INJO

CAMMON/MANT6/RUFF]

C## BUFY1=(CBIT#CBI)-1#CBIT
C## COM=S FROM MAIN3

100

CAMMON/MANTAA/ADSC
CAMMON/MANT6B/XM0 s IND
CAMMON/TRASHZ2/RUFF 3

DrMENSION 8(12412)48(12412)+C(12912)81(12,12),€BI1(12,12)
DTMENSION OMEGC({12+12)+D5(12+12)eCS(12e12) «RUFF1(12512)
DIMENSION BUFF(12+12) ¢ADSC(12+12)4XMI(12412)4BUFF3(12,12)4INU(12)

IGTEGER Py0DoR
Ic(IECR,GT,2)WRITE (64100}
cORMAT (1X, *SURROUTINF MAINGAY)

C#% COMAUTATION OF (CBIT®#CRI)~1%#C8IT#C=CI

1
101

200
Cat

201

Da 1 I=14R

DA 1 J=14N

BIFF(1+J)=0.E0

DA 1 K=1sP

BOFF (14 0)=BUFF (I+4J) +BHFFL(I+K)#C(KyJ)

Ic (JECRGT.SIWRITE(6¢101) ({BUFF (T eJ) sJ=1eN),4I=1,R)
FARMAT (4 (1Xe'CI='4E10,.4))
Ic(JECR.GT.BIWRITE(64200) ((BUFF1(TeJd)sJ=19P)sI=19R)

CORMAT (4 (1Xs VBUFF1=14E1044))
COPUTATION OF MO=XMO
I=(TECR.GT.BIWRITE(6+201) ((ADSC(IsJ)aJ=1sN)osI=1,4N)

cORMAT (4 (1X 9 "A=~DS#C=14E10.%))

IaD=1

DA 9 II=1,R

InUL=INUCIT) =2

Dna 2 J=1sN

XuO(INDoJ) =8UFF(TI.J)

DA 3 I=1sN

DA 3 J=1sN

BriFF1(I4J)=ADSC(IvJ)

InD=IND+ 1

INU2=~INU1

TF(INU2.EQ.1) GO TO 9

NA 4 J=1N

XuO (INDyJ) =0,.E0

Dn 4 K=1sN

XuO (INDyJ) =XMO(INDy J) +BUFF (IT oK) #RUFF1 (K9 J)
InD=IND+1

TF(INU2+EQ.0) GO TO ©

DA 8 JJ=1,s1INUl

Ca S I=1sN

Dn S J=1sN

BHFF3‘I,J) =0.EO

Dn 5 K=1sN
BIFF3(IoJ)=BUFF3(I+J)+BUFF1(14K)#ADSC(KyJ)
Dn 6 J=19N

X0 (INDyJ) =0L,E0Q

DA 6 K=14¢N

Xm0 (INDyJ) =XMO (IND o J) +BUFF (I,K) #BUFF3(KeJ)
IND=IND+1

DA 7 I=1sN

DA 7 J=1sN

BIFF1(T9J)=BUFF3(IJ)

CANTINUE

MAT00010
MATONC20
MAT00030
vMATO0Nn040
MAI00050
MAT00n060
MAI00070
MAION080
MAI00090
MATOO0100
MAI00110
vAT00120
MAT00130
MATI00140
MATO00150
MATI00160
MATIO00170
MATO00180
MAIO00190
MAI00200
MAIO00210
vaAI00220
MAT 00230
MATI00240
MAI 00250
MAI00250
vAI 00270
MAI00280
MAT00290
MATI00300
MAIN0310
MAT00320
MAT00330
MAI00340
MATO00350
MAT003560
MA100370
MAT00380
MAT00350
MATO00400
MAT00410
MAT00420
MATQ0430
MAT00440
MAT00450
MATONG60
MATO00470
MATQ0480
MAT00490
MAT00500
MATIO00S510

MAT00520
MATO00530
MAT00540 -
MATIO00550
MAION560
MATI00570
MAI00580
MAT00590
MAT00600 -
MAT00610



Q CANTINUE .
Ic(IECR,GT.SIWRITE (64300) ((XMO(IsJ) v J=1eN) o1=14IND)
300 FARMAT(4(1Xe*MO=74F€10,4))
Dn 10 I=l,N
Dn 10 JU=1l,N
10 BIFF1(T14J)=BUFF (10}
Ce# BUF-Y1=CI IN COMMON MANI6

A-19

. MAT00620

MA100630
MAI0N640
MAT00650
MAT00660
MATO00670
vATOD680



CiLL MAIN6S

Re TURN

S’ BROUTINE. MAINGA
CAMMON/MANT2/A4B+CoBICRISNIPsQsRsIECRIEPSyRUFF
CAMMON/MANT 6 /0MEGC +DS+CS
CAMMON/MANTS/ INU+ INUS. INJO

CAMMON/MANT &/BUFF 1 '

C## BUFY1=(CBIT#CB])=-14#CBIT
Ca# COMcS FROM MAINI

100

CAMMON/MANTBA/ADSC

CAMMON/MANT 6B/ XMO s IND

CAMMON/TRASHZ2/RUFF3

DrMENSION A(12412)4RB(12+12)9C(12+12)9B1(12412)4+CBI(12+12)
DIMENSION OMEGL(12912)9D5(12412)4CS(12412) 4BUFF1(12412)

DYMENSION RUFF (12912)+4ADSC(12512) +XMI(12412)sBUFF3(12+12)«INU(12)
InTEGER PoQsR

IF(IECR.GT.2)WRITE(64100)"

cORMAT (1X, 'SURROUTINE MAINGA?')

Ce## COMBUTATION OF (CBIT=CBI)-1%C3IT#C=CIl

1
101

200
Cas

201

Da 1 I=19R

DA 1 J=1eN

BIFF(leJ)=0.E0

DA 1 K=14P
BIFF(I9J)=3UFF(1+J)+BUFF1{I4K)#C(KyJ)
Ic(IECR.GT.SIWRITE(64101) ((BUFF{I4J) sJ=1sN)41I=1,R)
FARMAT (4 (1Xs'CI='yE10,6))

I (IECR.GT,B)WRITE(6+200) ((BUFF1(IyJ)9J=19P)sI= I'R)

cORMAT (4 (1X 9 'RUFF1=7,E10.4))
COuPUTATION OF M0=XMO

1 (1ECR.GT, B)NRITEtbo?Ol)((ADSC(I;J)OJ 1sN) 9 E=1,4N)

cORMAT (4 (11X tA=DS#C=1,F1044))

InD=1

Dn 9 Il=1.0

InUL=INU(IT) =2

Da 2 J=1sN

X0 (INDyJ) =BUFF (114J)

Dn 3 I=1sN

Dn 3 J=1N

BOFF1(1+J)=ADSC(I9J)

InD=IND+1

InU2==-1INU1

tF(INU2.EQ.1) GO TO ©

DA 4 J=1eN

XuO(INDsJ) =0.E0Q

DA 4 K=1sN

XvO (INDsJ) =XMO(IND o J) +BUFF (114K} #BUFF1(KsJ)
InD=IND+1

yF(INU2.EQ.0) GO TO 9

Da 8 JJ=1,1INU1

DA S I=1sN

Dn S J=1sN

BiiIFF3(I4J)=0,E0

Dn 5 K=1+N
BIIFF3(1yJ)=BUFF3(1+J)+BUFF1{I+K)®#ADSCI{KyJ)
Da 6 J=19N

XuO(INDyJ) =0.E0

Da 6 K=14N

XuO (INDJ) =XMO (IND 9 J) +BUFF (I ,K) #BUFF3(K,yJ)
IND=IND+1

Da 7 I=1oN-

Dn 7 J=19oN

A-20

vwAT00690
MAT00700
MAIONGC10
MAI0N020
MAIONO030
Mal100n040
vwAI0n050
MATI00060
MAIO00070
vaJ00080
vAION090
Mat00lo0
vaATI001l10
4wAI00120
vAJO00l130
MATD0140
MaI001s50
MAI0N0160
MAIOO170
MAT00180
MAIO00190
MAT00200
MAI00210
MAI00220
MAI00230
MAT00240
vAl00250
MAI00260
MAT00270
MAI00280
MA100290
MAI00300
MAT00310
MA8100320
MAI00330
MAT00340
MAI00350
vATO00360
vAT00370
MAT00380
MwAT00390
MAI00400
MATO00410
varonas20
vaTI00430
MAI006440
MAT 00450
MAT00460
MAI00470
MAI00480
MAI00490
vAI00500
MAT00510
MATI00520 .
MAT00530
MAT0NS540
MAI00550
vAT100560
MAI00570
MAT00580
MAT00590



7 BIFF1(14J)=BUFF3(14J)
8 CANTINUE
9 CANTINUE
17 (IECR.GTSIWRITE(6+300) ((XMO(I9J) s J=19N)yI=14IND)
300 FARMAT(4(1XetMO=?4EL10.4))
Dn 10 I=leN
Dna 10 J=lyN
10 BOFFY1(I4J) =BUFF (T 9J)
Ce# RUFZ1=CI IN COMMON MANIG6
ChLL MAING63
ReTURN
EnD

A-21

MAT00600
vAT00610
MATIO00620
MAI 00630
MAI00640
MAT00650
MATION660
MATO00670
MAT00680
MAT00690
MATI00700
vaAlI00710



S\BROUTINE MAINGSB

A-22

MAI00010

CAMMON/MANT2/A«B+CoRIZCBIINIPsQsR¢IECRHEPS yBUFF MAI00020
CAMMON/MANT3/TROWs ICOL MAT00030
CAMMON/MANT4/0OMEGC 4DS4CS MAT0N040
CAMMON/MANT68/XM0s IND MAT00050
CAMMON/MANT6C/BUFF 1 MATI00060
D*MENSTION XMD(12+12) yOMESC(12¢12) #DS(12412)4CS(12+12) MAI00070
DYMENSION RUFF (12+12) 4A(12+12)4B(12+412),C(12+12)9BI1(12,12) MA100080
DYMENSION C8I(12¢12)+RUFF1(124,12)4IC0L(12),1R0OW(12) MAI00090
I+TEGER PyDeR MATI00100
IF(IECR.GT.2)WRITE (64100 MAIOOL110

100 FARMAT(1X4s*SUBROUTINE MAING63®) MAION120
C## ORTLOGONAL REDUCTION OF XMI=M) MAI00130
DA 1 I=1¢N MAINO0160

Dna 1 J=1eN MAT00150

1 BAFF(I9J)=0OMEGC(I+J) MATI00160
IaUFF=12 MAIO00170
EnSIl=1,E~-9 MAI00180

CALL ORTRED (XMOsRUFF+ IND*Ns IBUFFEPSI1,IECR) MAT00190
IF(IECR.GT,2IWRITE(6+4101) ((BUFF(IeJ)eJ=19N),I=14N) MAI00200

101 FARMAT(4(1XeYOMEGOG=?.E10.4)) MAIOO0210
Cu## COMAUTATION OF THE LINEAR DEPENDENCY OF THE COLUMNS OF OMEGOG MATO00220
Dn 2 I=1eN MAT00230

Drn 2 J=1eN MAI002640

2 BlIFF1(1e4J)=BUFF(TIeJ) MA100250
CrLL MFGR(IUFFI3UFF ¢NeNsIRANK,IROW,ICOLEPSI1oIER) MAI0N0260

' I (IECR.GT,2)WRITE (64200) IER MAID0270
200 FARMAT(1X,'ERROR CODE IMN COMPUTATION OF RANK OF OMEGOG IS*'.13) MAT00280
IC(IECR.GT.2IWRITE(6,+300) IRANK | MAI00290

300 FARMAT(1Xe*RANK OF OMFGOS 1S5¢,13) MAI00300
IF(IECR.OT.2IWRITE (6,5400) (IROW(I) 4ICOL(I)sI=1,N) MAI00310

400 FARMAT(1Xe91IROW=14I340ICOL=1,13) MATI00320
IC(IECR.GT.2IWRITE(64500) ((SUFF (T ed)oJd=1eN)aI=loN) MATO0330

500 FARMAT(4(1Xe*DEP OF OMEGIG'HsE10.4)) MATI00340
ChllL MAINSC MAT00350
ReTURN MAI00360

E<D MAI00370
SIiBROUT INE MAINGC MATI00380
CAMMON/MANT2/A+sB+CoRICBIsNIP,QsR4IECRLEPS,,BUFF MAT00390
CAMMON/MANTS/ INU« INUS . INJO MATO00400
CAMMON/MANT6C/RUFF ] MATO00410
CAMMON/MANI 6D/R0OG MAIOD420
CaMMON/TRASH1/12 MAT00430
Cu##IN CAMMON MANI6C,RUFF1=0MEGOGyCOMFES FROY MAINSB MAT 004640
DIMENSION a(12,12)4B{12+12)9C(12912)981(12,12),CBI(12,12) MAT006450
DYMENSTON RUFF(l?oIZ)oBU’F1(12912)9IZl12)0206(1?912) val00460
D*MENSION INU(12) MATO0NGT0
I~TEGER Py34R MATI00480

I (IECR.GT.2) WRITE(6.99) MAI00490

99  FARMAT(1X, *SURROUTINE MAINGCHY) MAT00500
C## SE{L=CTION OF ROG MATO00510
1 WeITE(6,100) MAT00520
100 FARMAT(1Xy¢IDENTIFY WHICH COLUMNS OF OMEGOG YOU WISH TO'y/e1Xe MAI00530
1*-EEP BY TYPING THFIR NUMBERS IN FORMAT I3,IF NUO=NUS~(SUM NI)*,/,MAT00540
11ve*INDICATE WHAT ARE THZ NUO FIRST LINEARLY INDEPENDENT',/¢1Xo» MAI00550
17~0LUMNS OF OMEGNG?) vATI00560
ReAD(591000) (I7(1) oI=1,1NUO} MAT00570

1000 FARMAT(12I73) MATIDNS80
WaITE(641000) (1Z(I)eI=1,INUD) vAI00590
WelTE(64101) MAT00600

101 FARMAT(1Xs*IF DATA ARE INCORRECTLY ENTERED,TYPE O00+OTHERWISFE*+/,1XMAI00610



1001

2

200

IO'TYPE ll')
RcAD(5+1001) ISIGN
FARMAT (12)
IF(ISIGN«ED.0) GO TO 1
Dn 2 J=1s1INUO
JN=12(D)
Dn 2 I=1sN
RAG(T 4 J)=BUFF1(I+JJ)
IF(IECR.GT.2IWRITE(64200) ((ROG(I+J) 9 J=1+sINUO) s I=1sN)}
FARMAT (4 (1X s 'ROG="9F10.4))

Ca# ROG IS A (N#INUO) MATRIX

CalLL MAIN6GD

RcTURN

EnD

SHBROUTINE MAIN6D
CAMMON/MANT2/A3B+sCeBI+CBIsNsPyQaRIECRLEPS,yBUFF
CAMMON/MANTA/CIT

CnMMON/MANTS/ INU INUS.INJO

CAMMON/MANTI6D/ROG

C## CI (AS BEEN COMPUTED IN MAINGA(WAS BUFF1)

CAMMON/MANTB6A/ADSC
CAMMON/MANTGRE/TETA

DYMENSION A(12,12)+B(12412)+C(12+12)981(12,12)+CBI(12412)
D*MENSION C1(12+12)+BUFF(12512)¢INU(12)4ROG(12+12)4TETA(12+12)

DTMENSION ADSC(12+12)
IGTEGER PyQeR 4

Cu# COMDUTATION OF TETA MATRIX

99
98

97

ra e

100

TF(IECR.GT.2)WRITE (6499)
FARMAT (1Xs *SUBROUTINE MAING6DY)
Te({JECROTRBIWRITE(6998) ((CI(I4J)sd=19N)sI=1yR)
FARMAT (4 (1Xe'CI="4FE10.%))

I (IECR,GT.BIWRITE(6+497) {{ADSC(TsJ) 9 J=1aN) s T=14N)
FARMAT (4 (1Xs *ADSC=1,E10.%))

DA 6 TI=14R

NOI=INU(IT) =]

Dn 1 J=1sN

TeTA({Il,J)=0,E0

Dn 1 K=1sN

TeTA(II WD) =TETA(II ) +CI(IT4K) #ADSC(<sJ)
Dn 2 J=1sN

BIFF(ITsJ)=TETA(I]J)

Ic{NUI.EQ.N) GO TO 6

DA S JJ=lyNUI

Da 3 J=1sN

TeTA{II1,J)=0.F0

Dn 3 K=1sN

TeTA(IT o) =TETAUTIT 9 W) +BUFF (I1,K)#ADSC(K,4J)
DA & K=1¢N

BIFF(IT1,K)=TETA(I]K)

CANTINUE

CANT INUE
Ic(IECR.OT.BIWRITE(64100) ((TETA(TIeJ) sJ=1sN)oI=1,R)
FARMAT (4 (1X s *TET=',E10.4))

D~ 7 I=1sR

NDn 7 J=1s1NUD

ROFF(I+J)=0,E0

Dn 7 K=1sN
BIFF(I14J)=3UFF(I4J)+TETA(I+K)#ROG(KyJ)

Dn 8 I=1HR

Dn 8 J=1+INUO

TeTA(I»J)=3UFF(14J)
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vMaA100620
MATI00630
MATI00640
MATO00650
MAT00660
MAI00670
MAT00680
MAI00690
MAT00700
MAIO0O0710
MATIONT720
MAT00730
MATI00740
MATI00750
MAI00760
MAIOO0770
MATIOQT80
MATIO00790
MATIO00800
MATIOO0810
vAT 00820
MAT00830
MAT00840
MATI00850
MATI00860
MATI00870
MAI00880
MAT 00890
MAIC0900
vATI00910
MATI00920
MATONS30
MAIN09640
MAT00950
MAI00960
MATI00970
MAI00980
MAT00990
MAT01000
MAT01010
MAI01020
MAT01030
MAI01060
MATI01050
MAT01060
MATI01070
MAT01080
MAI01090
MA101100
MATO01110
MAIO1120
MATION1130
MAIO01140
MATIO1iSO
MATIO01160
MAI01170
MAI01180
MAI01190
MAT01200 .
MATIO01210
Mal01220



Co#4TETA IS A (R#TNUD) MATRIX

200

IF(TECR.GTJSIWRITE (64200 ((TETA{I9J)9Jd=1sINUD)+I=1,4R}
FARMAT (4 (1X s ' TETA=14E10,%))

CalLL MAIN6E

ReTURN

ExD
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MATO01230
MATI012640
MATO01250
MAT01260
MAI01270
MAT01280



S BROUTINE MAINAE

CAMMON/MANT2/84BsCsRBI+CRIINIPsQeRs IECRLEPS,BUFF
CAMMON/MANTS/INU« INUS. INJO

CAMMON/MANISA/GG

CAMMON/MANTBD/ROG

CAMMON/MANTGE/TETA

CAMMON/MANTAF/XPT
CAMMON/TRASH2/CBVECsCRVIV.BUFF1+BUFF2s8UFF3

DIMENSION A(12412)4B(12+12)9C(12+12)31(12,12)+CBI(12412)
DYMENSION 3UFF(12+12)eRNG5(12412)e6G(1£412)43TETA(12.12)

DTMENSION XxPI(12,12)+TINUC12),CRVEC(78),CBVIV(78)BUFF1(12+12)

DTMENSION aUFF2(124612) +8JFF3(12+12)
IaTEGER Py0eR
IF(IECR,GT,2)WRITE(6,100)
100 FARMAT(1X,'SUBROUTINE MAINGE?)
C## COMAUTATION 0OF MATRIX xpI=21
Ca# COMcUTATION OF (ROGT#ROG)
DA 1 I=1,1INUO
DA 1 J=1.INYO
BIFF(1+sJ)=0.E0
Da 1 K=1eN
1 BItFF (1+J)=3UFF(I,J)+ROG(<+1)#R0OG(KsJ)
Ca® COMpPUTATION OF (ROGT#ROG) -1
C2#® TRAMSITION TO SYMMETRIC STORAGE
{n=12
1F(IECR«GT.SIWRITE (6499) INUD
99 cORMAT (1X. ' INUO=*,13)
1 (INUOLEQ,1) GO TO 11
C7LL VCVTFS(BUFF+INUOLIRICBVEC)
I {1ECR.GT.BIWRITE(A,101) ({BUFF(I4J)9J=1+INUOD)»1=1,4INUO)
101 FARMAT(4(1Xs 'BUFF=1,F10,%))
1= (IECR.GT.BIWRITE(%4102) (CBVEC(I)»1=1,12)
102 FARMAT(4(1Xs'CRVEC=1,F10.4))
Cu# COMSUTATION NF INVERSE 0OF CBVEC
CrLL LINVID(CBVECYyINUNGC3IVIV,INGTD110241ER)
I (JECR,GT,.BIWRITE(£+4103) (CBVIVI(I)yI=1412)
103 FARMAT(4(1Xe9CRVIV=1,F10.4))
Ca® COMODUTATION OF (ROGT#R0OG) -1
CilL VCVTSF(CBVIVsINUNBJIFFIR)
Gn TO 12
11 CANT INUE
BFF(191)=1./BUFF(1e1)
12 CANTINUE
1= (IECR.GT.SIWRITE (64104) ((BUFF (T4J)9sJ=19INUO)s»I=14INUO)
106 FARMAT(4(1Xs'ROGT2ROG-1 ='9E10.4))
Ce## COMbUTATION NF (ROGT#ROG)-1%ROGT
Dn 2 I=1+INUO
Dr 2 J=1sN
BFF1(14J)=0.E0
Dn 2 K=1sINUO
2 BIFFL(14J)=BUFF1(TIeJ)+BUFF (I,K)#ROG(JeK)
IC(IECR.GT . BIWRITE (64105) ((BUFF1(I+J) eJd=1eN)sI=19INUO)
105 FARMAT(4(1Xs'BUFF1=?,F10e4))
C## COMBUTATION 0OF A#ROG
Dn 3 I=1eN
Dn 3 J=1+INUD
BIFF2(1,J)=0.F0
DA 3 K=1sN
3 BIFF2(I4J)=BUFF2(I4J) +A(IsK)#ROG(K+J)
I (TECR.GT,B)WRITE (64+106) ({3UFF2(1+J)sJ=1+INUO) »yI=1,N})
106 FARMAT(4(1Xe?A%ROG="4E10e%))
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vATI00010
MAIONnO020
MAION030
MATIONO0GO
MAT00050
MAT00060
MATON070
MAT00080
MAI00090
wAIOD100
MATO00110
MAION120
MATO00130
MAI00140
MATNO0150
MATIO00160
MATO00170
MATO0N180
MAT001930
MAT00200
MATONZ210
MAT00220
MATI00230
MAT100240
MAI00250
MAT00260
MAT00270
MAT00280
MA100290
MAT00300
MAIO0O0310
MAT00320
MATI00330
MAI00340
MA100350
MAT00360
MATI00370
MATIO00380
MAIO00390
MAT00400
MAIO00410
MATO00420
MATO00430
MAT00440
MAI00450
MAT00460
MATIO00470
MAT00480
MAT00490
MATON500
MATO00510
vATI00520
MA1.00530
MATO00540
MAT00N550
MATON560
MAI00570
MAI00580
MATI00590
MAI00600
MAI00610



Ce#¢ COMAUTATION NF G®#TETA
Dn 4 I=1eN
Dn 4 J=1+1INUO
BIFF(T+4J)=0.E0
Dn 4 K=1¢R
4 BIFF (1) =3UFF(TeJ) +GO (1K) #TETA(KJ)
Ie (IECR,GT ,BIWRITE(64107) ((BUFF(14J)2J=1eINUO)sI=1sN)
107 cORMAT (4 (1Xe'GRTETA=1,F1044))
Cut COMoUTATION NF A®ROG-GH*TETA
DA S I=1sN
DA 5 J=1+1YU0
S BNFF3(14J)=3UFF2(1+J)-BUFF(1+J)
Ce# COMSUTATION OF XPI
Ca# XPI IS A INUD®INUG MATRIX
Dn 6 I=1,1INUO
DA 6 J=1sINUO
Xol(le2)=0,E0
DA 6 K=1sN .
6 XoT(14J)=XDI(14J)+BUFFY (1K) #BUFF3(KsJ)
Ic (IECRGT,SIWRITE (651083 ((XPI{I+J)9sJ=1+INUO)sI=1+INUO)
108 FARMAT (4 (1Xe'XPI=,E1N,4))
C=#* COMAUTATION NnF xPl EIGENVALUES
CALL MAINGF
Re TURN
£aD
SI'BROUTINE MAINGF .
CAMMON/MANT2/A+ByCoBICBIINsPyQsRyIECRIWEPSRUFF
CAMMON/MANTS/Z INU, INUS, INJO
CAMMON/MANTEF /XP1
CAMMON/MANT 66/W
CAMMON/TRASH2/BUFF 1
NDIMENSTION XPI(12512)+TINUCL2) 4BUFF(12912)92(141)
DTMENSION 4(12¢12)9R(12+412)9C(12+12)981(12,12),+CBI(12,12)
DTMENSION UFF1(12412)
CAMPLEX W(12)
INTEGER P49,4R
Ic(IECR.GT,.2)WRITE(64+99)
99 FARMAT (11Xt SURRQUTINE MAINGF 1)
C## COMoUTATION OF -XP1 EIGENVALUES
Dn 1 I=1.INUO
Dn 1 J=1s1INUO
1 BIFFL{IJ)=XPI(I,J)
1:08=0
KuK=13
1AUFF=12
17=1
CAlL EIGRF{BUFF1+sINUOJIRJFFsIJOBsWsZrIZ oKWK, IER)
WolTE{({6+,100) IER
100 FARMAT(1X,¢ERROR CODE IN COMPUTATION OF XPI EIGENVALUES ISt,13)
WoITE(64101)
101 FARMAT(1X,*'IF IER IS GREATER THAN 128+£IGENVALUES ARE NOT CORRECT!
1)
WoITE (6,102 (W(I)eI=14INJO)
102 FARMAT(1XstUNASSETGENV.'12(E10.4¢2X9E10.4))
ReTURN
EnD
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MAI00620
vAT00630
MAIO0N640
MAT00650
vYAT00660
MAT00670
MATO00680
MATI00690
MAT00700
MAI00710
MATIO00720
MATI00730
MAI00T740
MATONTS0
MAI00760
MAI00770
MAT00780
MATO00790
MAIONB0O
MAT00810
MATIO0N820
MATO00830
MAT00840
MAT00850
MATI00850
MATI00870
MATO00"80
MAT00890
MAT00900
MATO00910
MAT00920
MAT00930
MAT00940
MAT00950
MAT00960
MATI00970
“AT00980
MAT00990
MATI01000
MAIO01010
MAI01020
Ma101030
MATO01040
MAIO01050
MAIO01060
MATO01070
MAT01080
MAT019090
MaI01109
MATOY110
MAIOY117D
MATO01120
MAIO1140
MAIOD1150
MAI01160
MAIO01170



A-27

SBROUTINE MAINT wAT100010

INTEGER Pys2sR MAT 00020

Ca#® STES 56 MAI00030
WoITE(641000) MAT100040

1000 FARMAT (1Xs * THREE POSSTBILITIES ARE OPEN NOW:®,/41X, MAT00050
1'%CCEPT THE UNASSIGNARLE EIGENVALUES OF THE DETECTION FILTER GOIN'MAION060
19791Xe 'WITH THIS SET OF ZVENTS'9/41Xe : MAT00070
1¢,'00K FOR A SURSET OF THZ ACTUSL BIS WHICH DOES NOT YIELD UNASST,.'MAION080
171X VEIGENVALUES* s /91Xy MAT00090
1**NCREASE THE DIMENSION OF THE REFEREZNCE MODEL1') MAT00100
WolTE(6,1001) MAT00110

1001 FARMAT(1Xy?THE LAST POSSIBILITY IS NOT YET OPERATIONALY') MAT00120
1 WHITE(601002) MAI00130
1002 ORMAT(1X.%IF YOU WANT TO FIND A SU3SET OF THE ACTUAL BIS's/,1Xs MAJIO0140
1°ITH NO UNASSIGNABLE EISENVALUES.TY?E 11.0THERWISESTYPE 00°9) MAT00150
R-AD(S+100) ISIGN - MAT001560

100 FARMAT(I2) . MATO00170
IF(ISIGN«N",11) GO TO 3 MAT00180
WAITE(641003) MAT00190

1003 CcORMAT(1X,*THF PROGRAM WILL LNOK FOR A SUISET OF THE BIS's/s1Xe MAI00200
1'ITH NO UNASS, EIGENVALJES.IF YOU MADE A MISTAKE IN?'4/s1Xe MA100210
1°cELECTING THE OPTIONSTY?E 00.,0THERWISE.TYPE 11¢) MAT00220
ReAD(5+100) ISIGN] MAY00230
WrITE(64100) ISIGN] MATI00240

1= (ISIGN]1.£EQ.0) GO TO 1 MATI00250

CrLL MAINTA : MAT00260
ReTURN MAT00270

3 WeITE(641006) MAT00280

1006 FARMAT (1Xy ¢ THE PROGRAM WILL DESIGN A FILTER WITH THE RIS's/s1Xs  MAI00290
117S EVENTS,IF YOU MADF A MISTAKE IN SELECTING THE OPTION,TYPE 00t MAI00300

19791X4 *OTHZRWISESTYPE 11°') . MAI00310
ReAD(54100) ISIGN2 : MAT00320
WolITE(6,100) ISIGN2 - MATIO00330

I (ISIGN2.5Q.0) GO TO 1 MAI00340
ReTURN , MAT00350

gnD MAT00360
SIBROUTINE MAINTA MAT00370
CAMMON/MANT2/8+BsCeBToCBIsNsP4NsRs IEFCRLEPS,,RUFF MAT00380
CAMMON/MANT3/IROWs ICOL MAI00390
CAMMON/MANIS/ INU+ INUS, INJO MAT00400
CAMMON/MANI6E/TETA MAT00410
CAMMON/MANTI&F/XPI MATI00420
CAMMON/TRASH2/8BUFF 14 3tFF29XMOI MAT00430
DTMENSION 8(12412)4B(12¢12)9C(12+12)98B1(12,12),CBI(12,12) MAT00460
DTMENSION INU(12) sBUFF (12+12)9TETA(12912)sXPI(12912)4BUFF1(12,17) MATI00450
DYMENSION 3UFF2(12+12) 9X10I(12412)+IR0W(12),ICOL(12) MATON4%60
INTEGER PsQeR MAT00470

I (1ECR,GT,.2)WRITE (6+99) : MAT00480

99 FARMAT (2X4s *SUBROUTINE MAINT7A?) MATI00490
C## STE~ SH MAT00500
Ca## COMoUTATION FOR ALL BIS : MAI00510
D~ 12 TI=1,R MATO00520
WAITE(6,98)11 MAT100530

98 FARMAT (1X9 *COMPUTATION OF THE EIGENVALUES ASSOCIATED WITH B*,J2) MAI00540
150=1 MAT100550

Ca# COMSUTATION OF MOI MAT00560
NOI=INUO-1 MAT00570

Dn 1 J=1+INUO MAT00580

XuOI (INDe J)=TETA(LI,J) MAT00590

1 BIFF(14J)=TETA(II+J) MAT00600

IF(NUI.EQ.0) GO TO & MAI00610



2
3

33
4

100

Dn & JJ=1lyNUT

InD=IND*1

Dn 2 J=1+INUO

BFF1 (INDy J)=0,.E0

Dn 2 K=1s1INUO

BriFFL(INDs J)=BUFF1(INDsJ) ¢BUFF (14K} #XPI (Ko J)
Dn 3 JU=19INUOD

BIiFF (14J)=3UFF1(IND» Y ~

Dn 33 JU=l.1NUO

XuO0I (IND»J) =BUFF1 (IND,J)

CANTINUE
IC(IECRGT,SIWRITE(64100) ((XMOT(TIsJ) oJ=19INUO) +I=1,INUO)
FARMAT (4 (1Xe"™MOI=?4E10.4))

C## ORTULOGONAL RZDUCTION OF MOI

>N

101

102

Dn 6 I=1,INU0

Dn S JU=1+1INU0

BIFF(I+J)=n,EOQ

BIFF(I,1)=1,E0
IF(IECR,GT,12)WRITE(64101) ((BUFF{(14J) 9J=19INUO) »1=14INUO)
FARMAT (4 (1 X9 'BUFF=14E10,.,%))

I+MOI=12

EnSI1=0,0001 EO

CiLL ORTRED(XMOI+BUFF ¢ INJOs INUO» IXMOIEPSI1,IECR)
IF(IECR.GT.SIWRITE(64102) ((SUFF(I4J)+J=19INUD) s T=1,sINUO)
FORMAT (4 (1X9 'BUFF=14F1044))

Ce## COMSUTATION 9fF BETA .

192
104
105
66

666

103

77

Dn 7 I=1»1INUO

Dn 7 J=1+INUO

BOFF1(I+J)=BUFF (1sJ)

I (IECR.GT.BIWRITE (6+97) INUO

IF(INUO.EQ.1) GO TO 64

1AUFF=12

ChLL MFGR(IUFF1sIXMOI+INJOsINUOS IRANSsIROW,ICOLJEPSI1,IER)
IF(IECR,GT,2)WRITE(64192) IER

FARMAT (1Xy*FRROR CODF IN COMPUTATION OF RANK OF BETAP ISt.I3)
I (IECR.GT.2)WRITE(5+106) (IROW(I) 4ICOL(I) oI=1,4INUO)
FARMAT (1 Xy ' IROW="413,'ICOL=?,13)
IF(JECRGT2)WRITE(62105) ((BUFF1(I4J) eJ=1+INUO)»I=1,1INUO)
FARMAT (4 (1XetDEP OF BFTA'SE10.4))

Gn TO 666

CANTINUE

InANK=1

IF(ABS(BUFF1(141)),LT.EPSI1) IRANK=0

CANTINUE

16 (1ECR.GT.2)WRITE(64103) IRANK

FARMAT (1Xs *RANK OF BETAP IS7,1I3)

I (IRANK.EQ.0) GO TO 77

CaLL MANTAA (IRANK)

CnANT INUE

C## BETa=BUFF

106

[

Ic(IECR.GT,12)WRITE(65106) ((BUFF(IsJ)sJ=19IRANK) sI=1,INUD)
FARMAT (4 (1X 9 'BETA=?,E10,%))

DA 8 I=1+INU0 .

Dn 8 J=1+IRANK

BOFF2(14J)=BUFF(1+J)

Ce® BET3=BUFF2
C2# COMSUTATION OF DELTA

9

D~ 9 I=1-INUO
Dn 9 J=1s1INU0
BIFF(19J)=XMOI(IsJ)
BIFFl(I+J)=XMOTI(Ied)
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MA100620
MAT00630
MAI00640
MATI00650
MAT00660
MAJ00670
MAIO0680
MAI00650
MAI00700
MATO0N710
MATI00720
MAT00730
MATONT740
MAIO00750
MATI00750
MAI00770
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MAIO00850
MAI00860
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MATI00890
MATON900
MAIO00910
MAT00920
MAI00930
MAI0N940
MAT005950
MAI00960
MAI00970
MAT00980
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MAIO01000
MAIO01010
MAT01020
MAT01030
MAIO01040
MATI01050
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MAI01070
MAT01080
MAI01090
vAIO1100
MAIO0T110 -
MATO01120,
MAT01130
MAI01140
MAI01150 -
MATO01160
MATO1170
VAIO1180
MAI01130
MATI01200
MAIC1210
MAT01220



97

107
109
110
88

888

108

999

TF(IECR.GT.BIWRITE (64,97) INUO
FORMAT (11Xt INUQ=1,13)
I=(INUO.EQ.1) GO TO 88
CALL MFGR(3UFF1sTXMOI+INJOyINUOs IRANSL,IROW,ICOLYEPSI14IER)
I (IECR.GT,2)WRITE(6,107) IER
FARMAT (1X4ERROR CODE IN COMPUTATION OF RANK OF XMOI IS'+I3)
IS (IECR,OT . 2IWRITE(64109) (IROW(I) «ICOL(TI)sI=1,INUOD)
FARMAT (1Xs v JROW=*9I34¢ICIL=",13)
Te(TECR.GT.2)WRITE(6+110) ({3UFF1(T14J) vJ=1sINUO) 4 I=1,INUO)
FARMAT (4 (1X+'NEP OF DELTA IS'4F10.4))
Gn TO 838
CANTINUE
ToANK1=1
I (ABS(BUFF1(141)) LT.EPSI1) IRANK1=0
CANTINUE )
Ic(TECR.GT,2)WRITE (64108) IRANK]
FARMAT (1X4 *RANK uF XMOI IS?'413)
Ir(IRANK1,.,£Q.0) GO TO 999
Call MAN7AB(IRANKI)
CaNTINUE

Ce## DELTA=BUFF

111

112

10

I (IECR.OGT,12IWRITE(64111) ((BUFF (T+J)9J=19TRANK1) 9 I=1,INUO)
FARMAT (4 (1X o 'DELTA= *,E£10.4))

I<UM=TRANK+IRANK1

I (ISUM.EQ.INUO)Y GO To 10

WolITE(64112) .

FARMAT (1X, ' IRANK+ IRANK] ,NEJINUO +THERE IS a MISTAKE?)

STOP

CANTINUE

C## FORMATION OF DELTA:BETA
Cu## DELTAIBETA IS A INUO®INIO MATRIX

11
111
113

113

0
0

Dn 11 I=1,INUO

I#(IRANK.EQ.0) GO TO 1110

O~ 11 J=1,TRANK

JU=IRANK 1+

BAFF (T +JJ) =BUFF2(1,J)

Ga TO 1130

CANTINUE

CANTINUE

I€ (IECR.GT,SIWRITE (65113) ({BUFF (T5J) »Jd=1sINUO) »I=14+INUOD)
FARMAT (4 (1X+ *DELTA:BETA='9E10.4))

C## COMoUTATION OF THE SETS LAMBDAL

12

CalL MANTAC (IRANX)
CANTINUE

ChLL MAINT73
RcTURN

€00

A-29

MAT01230
MAID1240
MAT01250
MATO01260
MAI01270
MA101280
MAI01290
MAT01300
MAT01310
MAT01320
MAT01330
MAT01340
MAT0]1350
MAT01360
MAT01370
MAT101380
MAT01390
MAT01400
MATI01410
MAIOQ1420
MATI01430
MATO01440
MAIQ1450
MAT01460
MAT01470
MAT01480
MAI01490
MAT01500
MATO01510
MAI01520
MATI01530
MAT01340
MAT01550
MATI015560
MAT01570
MAT01580
MAT01590
YAT01600
MAIO01610
MATO01620
MATN1630
MAI01640
MATI01650
MATO01660
MATO01670
MAIO01680
MATI01690



S\ IBROUTINE MANTAA (IRANK)

Cae SEL-CTION OF BETA FROM THE COLUMNS OF 3UFF=BETAP
C## BUF - COMES FR0M MAINTA

1

CAMMON/MANT?/A4BsCoeBI«CBIsNIP+Q2RyIECRIEPSHRUFF
CAMMON/MANTIS/ INU. INUS. INJO

CAMMON/TRASHY1/12

CAMMON/TRASHZ2/BUFF]

DTMENSION A(12412)4RB(12+12)sC(12512)81(12,12)+CBI(12412)
DYMENSION RUFF (12912)+BUF1(12412)1Z2(12)9INU(12)

InNTEGER PyQsR

DA 1 I=1s1INUO

Dn 1 J=1.1INUO

BAFF1{I4J)=BUFF(I+J)

- IF(IECR.GT,12)WRITE (64100} ({BUFF (I+J)sJ=1sINUO) s I=1+INUO)

100
101

FARMAT (4(1Xs *BUFF1=yF10.4))
Ic(IECR.GT,2IWRITE(64101)
FARMAT (1X+ *SUBROUTINE MAINTAAY)
WAITE(6,102)

A-30

MAT00010
MAT00020
vAT700030
MAT00040
MAT00050
MA700060
MAT00070
vA700080
vATO0N030
MAT00100
vAT00110
MATO00120
MA700130
MAT00140
MAT700150
MAT700160
MATOO0L170
MA700180

2
102 FARMAT(1X, tIDENTIFY WHICH COLUMNS OF BETAP YOU WISY TO KEFPt,/+1X.MA700150
1'+YPE THEIQ NUMBERS IN FORMAT 13,YOU MUST XKEEP RANK OF BETAP COL')MAT00200

RcAD(591000) (TZ(1) 9121+ IANK)

1000 FARMAT (1213)

103

1001

104

WAITE(6,41000) (1Z(1),1=1,IRANK)

WolTE(64+103)

FARMAT (1Xys*IF DATA ARF INCORRECTLY ENTEREDSTYPE 00%9/s1Xs
1'~ATHERWISE TYPE 11')

RcAD(5,1001) ISIGN

FARMAT(12)

Ic(ISIGN.ER.0) GO TO 2

D~ 3 JU=1sIRANK

"=1Z(J))

DA 3 I=1.1IMU0

BIFF{IeJ)=8UFF1(TsJ)

Ic(IECR,GT.SIWRITE(65104) ((BUFF{14J)9J=19IRANK),I=1,INUO)
FARMAT (4 (1X+'RETA=?,E10,.%))

R=TURN

E«D

S BROUTINE MAN7AB(IRANK])

C## SELcCTION OF DELTA FROM THZ COLUMNS OF BUFF
C## BUF- COMES FR0M MAIN7A

1
100
101
2
102

1000

CAMMON/MANT2/A+B9CoRTICBIINIP+QsRs IECRLVEPS,BUFF
CAMMON/MANTS/INUY INUS INJO

CAMMON/TRASHY/ 12

CAMMON/TRASH2/BUFF ]

D+MENSION A(l?ol?)98(12012)9C(12912)!31(12012)9CBI(12012)
DTMENSION RUFF (12¢12)«BUFF1(12412)1412(12)9INUL12)

INTEGER Py2eR

Dn 1 I=1.INUO

Da 1 J=1+1IVU0

BNFF1(I4J)=BUFF(T+J)
IF(IECR,GT,12)WRITE(64100) ((BUFF (I4J) 2J=1+INUO) 4 I=1,INUYO)
FARMAT (4 (1X 9 *BUFF1=t,4Fl0.%4))

17 (IECR.GT.2)WRITE(6,101)

FARMAT (2Xs 'SUBROUTINE MAINTA8Y)

WolTE(6,102)

FARMAT (1Xos* IDENTIFY WHICH COLUMNS OF XMOI YOU WISH TO KEEP',/41X,
1*7YPE THEIR NUMBERS IN FORMAT I3,YOU MUST KEEP RK OF XMOI COL')

ReAD(S591000) (IZ(1)«I=1,IRANK])
FARMAT (12I3)

WolTE(641000) (1Z(1)4I=1sIRANK])
WolITE(64103)

MA700210
MAT00220
MAT700230
MA700240
MAT700250
MA700260
MAT00270
MAT00280
MAT00290
MAT700300
MA700310
MAT00320
MAT700330
MA700340
MA700350
MAT00360
MAT700370
MA700380
MA700390
MA700400
MATO00410
MA700420
MAT700430
MAT700440
MAT006450
MAT7006460
MAT00470
MAT700480
MAT700490
MATO00500
MA700510
MAT700520
MAT00530
MAT00540

MAT00550
MATO00560
MAT00570
MA700580
MA700590
MAT00600
MAT700610



103 FARMAT(1Xs0IF DATA ARF INCORRECTLY ENTERED,TYPE 0094/s1Xs
1*~TRERWISE TYPE 11")
R-AND(S.1001) ISIGN
1001 FARMAT({I2)
Ic({ISIGN.EQR.0) GO TO 2
DA 3 J=1sIRANKI
IN=1Z(NH
Da 3 I=1.1INUO
3 BIFF I+ J)=3UFF1(T+JJ)
IF(IECR.GT ,SIWRITE (64104) ((BUFF(19J)9sJ=19yIRANK]L) s I=14INUOD)
104 FARMAT(4(1Xs'BETAZ,E10.%))
R=TURN
EanD
S/ IBROUTINE MANTAC { IRANK)
C## COMSUTES THE SETS OF LAMBDAIL
CAMMON/MANT2/A4B4sCyBI1,CBIsNy,P,0,R,IECR,EPS,BUFF
Cca## BUFY=DELTA!BETA +COMES FROM MAIN7A
CAMMON/MANT S/ INU4 INUS, INJO
CAMMON/MANTBF/XPI
C~AMMOMN/TRASH2/BUFF 1 ,48BUFF2
CAMPLEX WI(12)
DYMENSION A(12,12),B(12,12),C(12512)+81(12,12),CBI(12,12)
DTMENSION 7(141)4BUFF(12912) 4XPI(12+12)+sBUFF1(12912)sRUFF2(12417)
DTIMENSION INU(12)
ICTEGER PyQeR
C#® COMAUTES THE INVERSE OF DELTA:BETA
Ic(IECR,GT,2)WRITE(6,100)
100 FARMAT(1X, ySUBROUTINE MAINTAC!)
I (IECR.GT., QI WRITE(64101) ({BUFF(T1¢J) oJ=1+INUO)»I=1,INUO)
101 FARMAT(4(1Xe'BUFF=1,E10,%))
Dn 1 I=1s1IN0U0
DA 1 J=1sINUO
1 BOFFL(14J)=BUFF(I+J)
1~UFF1=12
I~GT=4
W-AREA=12
CALL LINVIF(SUFF1+INUNyI3UFF14RUFF2.I0GTIWKAREA,IER)
17 (IECR.GT.2)WRITE (6,99} [ER
99 FARMAT (1Xys tERROR CONF IN COMPUTATION OF D:3-1 IS '4I3)
1F (1IECR,GT,.SIWRITE (6+102) ({BUFF2(1+J} 2J=19INUO)+I=14INUO)
102 FARMAT (4 (1Xe'BUFF2=14F10e4))
Ca# (DE,'TA:BETA)~-1 IS BUFF2
C=2¢ COMoUTATION 0OF BUFF2#xP1
Dr 2 I=1sINUO
Dn 2 -J=11INUO
Bl'lFrl (IQJ) =0.E0
Dn 2 K=1sINUO
2 BIFFYI (T4 ) =BUFF1(14J)+BUFF2(T4K)#XPT(K,yJ)
IC(IECRGT,9)WRITE(65103) ((BUFF1(I+J)9J=19INUNY4I=1,INUO)
103 FARMAT(4(1XstRUFFl=1,E10.4))
Ca# COMAUTATION OF BUFF1#DELTAIBETA
Dn 3 I=1.1INUO
DA 3 J=1+1N00
BFF2(14J)=0,E0
Dn 3 K=191INUO
3 BIFF2(14J) =BUFF2(14J) +BUFF1(T4K) #BUFF (KsJ)
Ca# XPI* IS MADE OF THE LAST TIANK COLUMNS OF BUFF2
IF(IECR,GT,SIWRITE (6+104) ((BUFF2{I,4) o J=19INUO),I1=1,INUO)
104 FARMAT(4(1Xs'PI0=,F1N.4))
NY=INUO-TRANK
Ic ({IRANK.EQ.0) GO TO S

A-31

MAT700620
MAT700630
MA700640
MAT00650
YA700650
YA700670
ua700680
MAT006950
MAT700700
MAT00T710
MAT00720
MAT00730
MAT00740
MAT700750
MAT00760
MAT00770
MAT700780
MA700790
MAT00800
4MAT00810
MAT00820
MAT00830
MAT00840
MAT00850
MAT00860
MAT00870
MAT00880
MA700890
MAT00900
MAT700910
MA700920
MAT700930
MAT00940
MAT700950
MAT700960
MAT700970
MA700980
MAT00990
MAT701000
MA701010
MAT01020
MAT01030
MAT701040
MAT701050
MAT01060
MAT701070
MAT701080
MA701090
MATO01100
MAT0Y110
MAT01120
MAT01130
MATO01140
MAT01150
uUA701160
MAT01170
MA701180
MAT701190
MAT01200
MAT01210

MAT01220



4

105

Dn & I=19IRANK

DA 4 J=leIRANK

1v=NN+1

JN=NN+

BIFF(I4J)=RUFF2(11+JJ)

IF(IECR.GT.SIWRITE(6+105) ((BUFF(I4J)sJ=1+IRANK) »I=14 IRANK)
FARMAT (4 (1X et XPI='4F10.4))

Ceas# COMnUTATION OF XPI EIGENVALUES

106
107
5

108

1'70B=0

1sUFF=12

I1+=1

KuK=13

CALL EIGRF (BUFF ¢ IRANK IRJFF o+ TJORIWI 9 Z9IZ9sKWKs IER)
WolITE(6+106) IER-

FARMAT (1Xs *ERROR CODE IN COMPUTATION OF XPIT EIG/NV. IS?¢13)
WoITE(64107) (WI{T)y1=1,1ANK)

FARMAT (1X9 tLAMBDAL ARF'42(E10.40¢1X9EL10,4))

ReTURN

CANTINUE

WnITE(6,+108)

FRRMAT (1X9*THE SET OF LAMBDAI ASSOCIATED WITH THIS BI I1S's/s1Xs
1*THE NUL SET?')

Rr-TURN

EnD

S 'BROUTINE MAINTB

C## SEL-CTS THE BIS TO BE RETAINED

100
1
101

CnMMON/MANI?/A.BoC'BIoCBI!NoP QsRsJECRLEPS,; BUFF
CAMMON/TRASHL1/1Z

CAMMON/MANTO/IFLAG

DTMENSION A(12¢12)49B(12+12)9C(12+12)BI(1:1412)4CBI(12412)
DIMENSION BUFF(12,12)+12(12)

I TEGER PsDsR

Ic(IECR.GT,2)WRITE(64+100)

FARMAT (1X+ * SUBROUTINE MAINT787)

W~ITE(64+101)

FARMAT (1Xs?IF YOU WANT TO CHANGE THE Si/T OF BI+TYPE 00%9/+1X,
1*~THERWISE.TYPE 11¢)

R-AD{S41000) ISIGN

1000 FARMAT({12)

102 FARMAT(1Xe9THE PROGRAM WILL NOT ALLTA YOU TO CHANGETHE SET's/+1X,

?
103

104

105

1 (ISIGN«NE,11) GO TO 2
WeITE(6+102)

1t~AF BIS.IF YOU MADE A MISTAXE IN SE/_ZCTING THIS OPTION's/41X,
1'TYPE 00+OTHERWISE,TYPE 117}

ReAD(5,1000) ISIGN]

I ({ISIGNl.5Q.0} GO TO 1

ReTURN :

W~ITE(6+103)

FARMAT (1Xs *THE PROGRAM WILL ASSI™E YIU WANT TO SUBSTRACT's/e1X,»

1'cOME BIS FROM THE SET OF EVENTZ.IF YOU MADE A MISTAKE IN '4/s1X»

1'<ELECTING THIS OPTIONcTYPE 00.THERNISESTYPE 11")
RrAD(S4+1000) ISIGN]

IF(ISIGNL.EQ.0) GO TO 1

WAITE(64104)

FARMAT (1Xs ' TYPE THE NUMBZIR OF EVENTS YOU WANT TO RETAIN')
ReAD(Se#) IRI

WoITE(6,%) IRI

WaITE(6,105)

FARMAT (1X9*IF YOUMMADE A MIF.TAKE IN TYPING THE DATA TYPEON'e/s1X»

1*~THERWISE,TYPE 11°%)
RrAD(5,1000) ISIGN

A-32

MAT01230
MAT01240
MAT01250
MAT701260
MAT701270
MAT701280
MA701290
MAT01300
MAT01310
MAT01320
MA701330
MAT01340
MA701350
MA701360
MA701370
vAT01380
MWA701390
MAT701400
MAT701410
MAT01420
MAT01430
MATO01440
MAT701450
MAT01460
MAT00010
MAT700020
MAT00030
MAT00040
MAT00050
MA700060
MA700070
MATNO080
MA700090
MATO00100
MAT0O0110
MAT00120
MAT00130
MAT700140
MAT00150
MATN0160
MATO00170
MA700180
MA700190
MAT00200
MAT00210
MA700220
MAT00230
MAT7002640
MAT00250
MAT00260
MATO00270
MA700280
MAT00290
vA700300 .
MA700310
MA700320
MAT00330
MAT00340
MAT00350
MAT700360
MAT00370



106

Ic{ISIGN.EQ.0)GO TO 3

WoITE(6,106)

FARMAT (1X» *TYPE THE INDEXES OF THE BIS YOU WANT TO RETAINT)
ReAD(Se#) (1Z(1) o I=141IRD)

WeITE(Hs®) (IZ(1)9I=141IRI)

WrnITE(6,105)

ReAD(541000) ISIGN

Ic(ISIGN.EQ.0) GO TO &

Ca# FORGATION OF THE NEW MATRIX BI

107

Cos

100
1
101

1000

102

2
103

C## REASS THE EVENT BA FOR WHICH OUTPUT STATIONARITY IS TO BE TESTED

Dn S I=1eN

Dn 5 J=1s1R1

JN=12(J)

B FF{1+4J)=81(1,JJ)

Dn 6 I=1sN

Da 6 J=19+]1

Br(IsJ)=BUFF(14J)
IC({IECRGT2IWRITE(6+4107)((BI{Isd)sJ=lyIRI)sI=1aN)
FARMAT (4 (1X9'BI=?4F10,4))

R.IRI

1cLAG=1

Re=TURN

ESD

S 1BROUTINE MAINS
TEcT FOR OUTPUT STATIOMARITY
CAMMON/MANT2/7A+B«CoRIZCBIsNIPsQsRyIFCRLEPS,,BUFF
DIMENSTION A4(12412)9B(12412)9C(12+12)981(12412)+CBI(12,412)
DTMENSION 3UFF(12+12)

1. TEGER Ps9sR

Ic(IECR.GT,2)WRITE(K4+100)

FARMAT (1Xy *SUBROUTINE MAIN8?)

WAITE(64101)

A-33

MAT00380
MAT700390
MATO00400
MAT700410
MA700420
MAT00630
MAT700440
MA700450
MAT00460
MATONG70
MAT00480
MAT00490
MAT00500
MAT700510
MAT700520
MAT00530
MAT00540
MAT700550
MA700560
MAT700570
MAT00580
MAT700590
MAT00600
MA700610
MAT00620
MAT00630
MAT00640
MAT00650
MAT00660
MATON6TO
MAT00680

FARMAT (1X, *WOULD YOU WISH TO TEST AN EVENT FOR OUTPUT STATIO'./.IXMA700690

1'CARITY?IF YES,TYPE 11,IF NO,TYPE 0no")
RcAD{(6+1000) ISIGN

FARMAT(12)

WolTE(6,1000) ISIGN

Ic(ISIGN.N=,111G0 TO ?

WATTE(64102)

FARMAT(1X9 ' THE PR0OGRAM WILL PROCEFD IN TESTING AN EVENT'e/s1Xs
1'~0R OUTPUT STATIONARITY.IF YOU MADE A MISTAKE IN SELFCTING®,/,1X

19+ THE OPTIONSTYPE Q00.OTHIRWISELTYPE 1l¢)
RcAD(6+1000) ISIGN

WaITE(6,1000)ISIGN

I- (ISIGN.ED.0) GO TO 1

CaLL MAINSA

RrTURN

WAITE(645103)

FARMAT (1Xs ' THE PROGRAM WILL NOT TEST EVENTS FOR QUTPUT's/e1X,
1'<TATIONARITY,IF YOU MADE A MISTAKE IN SELECTING THIS',/s1Xe.

1'APTIONGTYRPE 00.OTHERWISZSTYPE 111)
RzAD(5,1000) ISIGN
WoITE(6+41000)ISIGN
Ic(ISIGNCEQ.0) GO TO 1
ReTURN
EnD
SBROUTINE MAINSA

CArMMON/MANTBA/RA
CAMMON/MANT2/A+B+sCyBICBIsNsP+QsRHyIECRLEPS,RUFF
DTMENSION A(12412)48(12+12)eC(12+12)+81(12,12)+CBI(12412)
DTMENSION RUFF (12+12)+8A(12)

MAT00700
MAT00710
MAT00T720
MA700730
MA700740
MATO00750
MAT00760
MATO0T770
MATO0780
MAT00790
MATN0800
MA700810
4MAT700820
MAT00830
MAT00840
MATO00850
MAT00850
MAT700870
MAT700880
MAT00890
YMAT00900
MAT00910 .
MATONS20
MAT00930
MAT00940
MAT00950
MAT00950
4YAT00970
MA700980



100
101

102

1000

IV TEGER P4 0.R )
IF(IECR.GT,2)WRITE(65100)
FARMAT (1X, *SUBROUTINE MAINBAY)

WrITE(64101)

FARMAT (1Xs *WRITE BA(I)91=1sNyIN FREE FORMATY)
ReAD(Sy#) (BA(T) s I=1N)

WRITE(64%) (BA(I)eI=19N)

WolTE(6,102)

FARMAT (1X,*1F YOU MADE A MISTAKE IN TYPING RA
1*~ATHERWISE +TYPE 111')

ReAD(S,1000) ISIGN

FARMAT(12)

WAITE(641000) ISIGN

Ic(ISIGN.ER.0) GG TO 1

CaLL MAINS83

R TURN

E5D

sTYPE 00%s/s1%,s

A-34

MATO00930
MA701000
MAT701010
MAT01020
MAT01030
4AT7010640
MAT701050
MAT01060
MAT01070
YyaA701080
MA701090
MA701100
MA701110
MAT01120
MA701130
MA701140
MAT01150



S(iBROUTINE MATINSB

Ca® COMSUTATION OF THE DETECTION SPACE OF 3A
C#® SUBHOUTINE SIMILAR TO MAINS

CAMMON/MANTZ2/A9BsCeBIsCBIsN9PyQsRyIECRWEPS,RUFF
CAMMON/MANTBA/BA

CAMMON/TRAGH2/BUFF 1 4BUFF2+RUFF34XMD

DrMENSION A(12412)+B(12+12)9C(12+12)B1(12,12)+CBI(12,12}
DTMENSION AUFF(12+12)+8A(12).,BUFF1(12+12)s8UFF2(12,12)
DYMENSION UFF3(12+12) +XMD(144,12)

DTMENSION TROW(12)+1COL(12)

INWTEGER PsdeR

Ces# COMcUTATION OF C#BA

1
100

D~ 1 1=1yP

BFF(I+1)=0.E0

Dn 1 J=1eN
BIFF(I41)=RUFF(1,1)+C(I+J)#3A(J)
IF(TECR.GT.9IWRITE(64+100) (BUFF(1,41),1=1,P)
FARMAT (4 (1X+'CRA='4F10.4))

Ce® COMnUTATION OF DBA

101

102

4L

103

C-=0.

Dr 2 I=1eP

CY=CC+BUFF (1 91) 222

cY=1./CC

IFf({IECR.GT,6)WRITE(64+101)CC

FARMAT (1Xe? (CBAT#CRA)Y=1="4E10,.4)

Dn 3 I=1N

BIFF{I+2)=0.E0

DA 3 J=1sN
BOFF(1+42)=RUFF(1+2)+A(T«J)2BA(J)
Ic(TECR.GT.BIWRITE(65102) (BUFF (142) 4I=14N)
FARMAT (4 (1Xs'A2BA=1.E10,%))

Dn 4 I=1eN

DA 4 J=1.P
BifFFl(14J)=RUFF(142)#RUFF (Js1)=CC
Ic(IECR,GT,SIWRITE(A5103) ((BUFF1(I4d)9J3=192)sI=1sN)
FARMAT (4 (1Xe'DBA=',E10,4))

C## COMsUTATION OF Ct

104

7

105

D~ 5 I=1yP

Dr 5 J=1,P

BAFF2(14J)==BUFF (1,1)#BUFF (Jy1)#CC

DA 6 J=1,P

BGFFZ(IvI)=1-‘BUFF2(IvI)

Ic({IECRGT.B)WRITE(64+104) ((BUFF2(IsJ)¢J=19P)I=19P)
FARMAT (41X 'BUFF2=1,4F10.4))

D~ 7 I=1sP

Dn 7 J=1sN

B\FF(1+sJ)=0.E0

DA 7 K=14P

BOFF (T =BUFF (T eJ) +RUFF2(14K) #C(KyJ)

Ic(IECRGT . SIWRITE(64105) ({BUFF(I4J)sJ=1sN)oI=1,P)
FARMAT (4 (1Xs *CPRIME=",E10.4))

C#% COMoUTATION DF A-DBA®C

106

D~ 8 I=1sN

Dn 8 J=1,N

B IFF2(1,J)=0.E0

Dn 8 K=1,P

BAFF2(I4J)=BUFF2(T1, ) +BUFF1(T+K)#C(KeJ)
IC(IECR.GT.BIWRITE (A4106) ((BUFF2(TsJ) sJ=19N)sI=1+N)
FARMAT (4 (1 X9 'DBA#C=14£10e4))

Dn 9 I=1sN

Da 9 J=1N

A-35



I

9
107

A-36

BAOFFI(Is D) =A(T N =-BUFF2(I+ D)
IF(IECR.GT . SIWRITE (6+107) { (3UFF1(TeJd) 9J=lsN)eI=19N)
FARMAT (4(1Xe?A-DBARC=?,F10.64))

Ca# COMAUTATION NF XMD=MD?

10

11

12

13
14

108

Dn 10 [=1,2

DA 10 J=1,N
XuD(I+J)Y=BUFF (1+J)
BIFF2(14J)=BUFF(T+J)

N~ =N=1

Dn 14 L=lonN

N-“1=L#P

D~ 11 I=1,0

Dn 11 U=1l.N

B /FF3(I4J)=0.E0

Dn 11 K=1l,y
BIiFF3(1+4J)=BUFF3(T14J)+BUFF2(1sK)#*BUFF1(K+J)
Dn 123 I=1yp

Dn 12 J=1,N
BOFF3(14J)=BUFF3(I,J)

DA 13 I=1l,P

Dn 13 J=leN

It=1+.#P
XuD(IToJ)=RUFF3I(1+J)
CANTINUE

Np=N#P
IF(IECRGT,IIWRITE(64108) ({XMD(T4J) s J=14N) 41=1,NP)
FARMAT (4 (1Xe " XMD=*,FE10,.4))

C## ORTLOGONAL RFEDUCTION OF XMD

15

109

IvMD=144

EnSI1=0.0001

Dn 15 I=1lsN

Dn 15 J=1,N

BAFF(I+J)=0.E0

BIFF(IyI)=1.E0

CALL ORTRED(XMDsBUFF sNP 4Ny IXMDEPSI1»IECR)
IF({IECR.GT IIWRITE(6+109) ((SUFF(TeJ)sJ=1eN),I=1,N)
FARMAT (4 (1X s "OMEGA="4F10+4))

C## COMcUTATION OF RK OMEGA AND LINEAR DEP

16

110
111
112
113

DA 16 I=1,N

Dn 16 J=14N

BOFF1(14J)=BUFF(T+J)

InMEG=12

CaLll MFGR(SUFF +IOMEGeNyNsIRANKIROW,ICOLYEPS,IER)
IC{IECR.GT,1)WRITE(64110) IER
FARMAT (1 Xyt TER=?,13)

WolTE(64111) IRANK

FARMAT (1X9 *RK OMEGA=?,13)
WoITE(64112) (TROW(TI) 2ICOLA(I) »I=1oN)
FARMAT(1Xe v TROW=1,13,¢ICoL=",13)
WOITE(64113) ((BUFF (TeJ) 9J=19N) sI=14N)
FARMAT (4{(1Xs*DEP OF SA IS'+E10.4))
CalL MAINBC(IRANK)

ReTURN

ExD

SHBROUTINE MAINSC (IRANK)

C## COMoUTATION OF THE SUBSET OF EVENTS BI FROM WHICH BI IS
Ce#® QUToUT STATINDNARY

CAMMON/MANT2/A+B+sCysBT+CBLsNsP3QsRsIECRIEPS,RUFF
CAMMON/MANTBA/RA

CAMMON/TRASH2/BUFF 1

D*MENSION A(12+12)9R(12+12)9BT(12+12)+CBI(12412)9C(12,12)



100

DYMENSION RUFF(12+12)+2A(12) ,BUFF1(12912)
DTMENSION TROW(12)e.1COL(12)

INTEGER PyQ4R

1 (IECR.GT,2)WRITE(6,100)
FARMAT (1Xs 'SIBROUTINE MAINSCY)

Ce® COMPUTATION 0OF C#BA

2

DA 2 I=14P

BIFF(I41)=0.E0

Dn 2 J=1sN
BOFF(Is1)=RUFF{l141)+C(IsJ)#BA(D)

Cav COMAUTATION OF LLINEAR DFPENDENCY OF CBA«.CBI
C## IF 0£=11,THIS SURROUTINE WONT WORK

101

102
103
104
105

106

IF(R.NE,11)G0 TO 3

WoITE(64101)

FARMAT (1 X4 *R=11,YOU CANMOT TEST OUTPUT STATIONARITY WITH THIS14/s
11y 9+ *SUBROUTINE ,CHECK SOURCE?)

S+OP ‘

CANTINUE

InI=R+1

DA 4 I=1.P

CeI(I,IRI)=BUFF(Is1)

DA 5 I=1,4P

DA S J=1sIRI

BAFF(I+J)=CRBI(IsJ)

1aUFF=12

E~SI1=0.,0001 EO .

CrLL MFGR(BUFFIBUFFsPsIRI+IRANKIIROW,ICOLWEPSI1ZIER)

IF(IECR.GT.2)WRITE(6+102) IER

FARMAT (1Xs *ERROR CODE IN RANK OF BUFF IS's13)

IF(IECR.GT.2IWRITE (L,s103) IRANK]

FARMAT (1XetRANK OF CBA ..CBI IS ¢,13)

Ic(IECR.GT,2) WRITE(6410%) (IROW(I)+ICOL(I)41=1,P)

FARMAT (1Xs ' IROW='4F 10,44 ICOL=19E10,%)

IF(JECR,GT.2IWRITE (6+105) ((BUFF (I19J)sJd=19IRI)s1=14P)

FARMAT (4(1X s 'BUFF=1,F10.%))

Ic(IECR.GT,2) WRITE(6,105)

FARMAT (1Xs*SOLVING FO® LINEAR DEPENDENCY IN PRECEDING'y/»1Xy
1'ATRIX, YO KNOW THE RELATION BETWEEN CBA AND OTHER CRI's/s1lXs
1'~BA CAN BE MADE OUTPUT SEPERARLE WITH THE CRBI FROM WHICH's/,1X,
1777 IS DEPENDENT.SEE RULES OF THUMB TO SEE IF IT IS *s/elXs
1*4DVISABLE TO DO SOM")

ReTURN

EnD

A-37



SIBROUTINE MAIN9

C#¢ COMRUTATION OF THE MATRIX TO (STEP 6 A)

Ce#® WHAT WAS BEFORE TN MANTAC.IMEGOG.IS OF ND INTEREST FROM NOW ON

100
1
2
101

CHMMON/MANIZ/Ay89CQBIoCBI0N9990990155R0EP598UFF
CAMMON/MANTS/ INU INUS s INJO

CAMMON/MANT6A/ADSC

CAMMON/MANT6C/T0s IRANK oI

CAMMON/MANT6D/ROG ’
CAMMON/MANT3/IROW 1COL

CAMMON/TRASH2/W4BUFF 2

DYMENSION A(12,12)+R(12+12)9C(12+12)981(12+12)+CBI(12,12)

DYMENSION 3UFF(12912) 4W(12912),12(12)9T70(12,12)4ADSC(12412)
OTMENSION INU(12)sROG(12912) 4BUFF2(12+12)sIROW(12)ICOL(12)

InTEGER PyQsR
Ic(IECR,GT,2)WRITE(64100)
FARMAT (1Xs * SUBROUTINE MAINGY)
ChNTINUE :
WelTE(6,101)

FARMAT (1Xs ¢ TYPE THE NUMBEIR OF RANKS OF CS WHICH HAVE Av9/41X,
1'mON=ZERO AUXILIARY VECTOR IN THE ORTHOG REDUCTION OF XMD?'4/,

11vs*STARTING WITH THE IDINTITY MATRIX'")

Cu# ENTERING THE NUMRER OF WR

102
103

ReAD(S,#) I
WolITE(64102) 11
FARMAT (13)
WnITE(64+103)

MATIONO010

MA100020
MAIONO030
MATO000640
MAT00050
MATONO060
MAIO0N070
MAT00080
MAI00090
MATIO0N100
MAIO00110
MAIQN120
MAI00130
MAINN140
MAINO0150
MAINO160
MATO00170
MAT00180
MAT00190
MAT00200
MA100210
MAI00220
MATI00230
MAT00240
MAI00250
MAT00260

FARMAT (1Xy*IF DATA ARE CORRECTLY ENTZREDsTYPELl,O0THERWISE.TYPE 0?)MA100270

RrAD(S,102) ISIGN

Ie (ISIGMN.EQ.0) GO, TO 2
Ic(I1.EQ.0) GO TO 9
CANTINUE

3
Cu# ENT-RING THE WR

4
104

105

DA S I=1sN

WolITE(64104)1I471

FARMAT(1Xo *TYPE WI('9134%)9FOR I=19'¢13)
READ(Se2) (Wl{Ied) eJ=1y11)

WoITE(6e®) (W(led)ed=1,yIT)
WnITE(6,103)

RrAD(S54102)ISIGN

IF(ISIGN.EQ.0) GOTO4

CANTINUE

WolTE(6,105) ((W(IsJ)sJ=19I1),sI=1sN)
FARMAT (4(1XstW=104E10,4))
WhITE(64103)

ReAD(5,102) ISIGN

IF(ISIGN.EJ.0) GO TO 3

Ce# ENTFRING THE EXPONENT ASSOCIATED WITH THE WR

6
106

107

WrITE(64+106)

FARMAT (1Xs *TYPE THE EXPONENTS QI ASSOCIATED WITH THE wWit)
ReAD(Se#) (1Z(T)oI=10IT)

WeITE(6,207) (1Z(T)sI=1011)

FARMAT (1213)

WHITE(6,103)

RerAD(54102) ISIGN

IF(ISIGN.EQ.0) GO TO 6

Ce® COMoUTATION. OF ((A~DS#C)##1Z(I~1))%W(,1I)

CcriL MAINQ&(ADSC;IZ,W;‘J‘aUFF'II)

Ce# COMoUTATION OF TO

7

1aUM=0
On 7 I=1yrI1
IcUM=ISUM«IZ(])

MA100280
MAI00290
MA100300
MATI00310
MAT00320
MATI00330
MATI00340
MAI00350
MAT00350
MATI00370
MAI00380
MATI00390
MATN0400
MAINO0%410
MAID0420
MAT006430
MAI00440
MAT00450
MAT00460
MAT00470
MAT100480
MAT00490
MAT00500
MA100510
MATO00520
MATO0NS30
MAT00540 .
MAI00550
MAT00560
MAaTO00570
MAT00580
MAT00590
MAI00600
MAT00610



ca#% ISUu IS THE COLUMN DIMENSION OF W

111

Dn 8 I=1sN

On 8 J=1s21SUM

BOFF2(LeJ) =W(Tle)

1w=12

EnS=0.0001F0

CiLL MFGR{wWsIW, N.ISUM.IRANK.IRow.ICOL-EPs-IER)
WolTE(6,112) IER

FARMAT (1Xs *FRROR CODE IN COMPUTATION OF RK OF W IS,13)
1 (IECRLGT. 1) WRITE (65113} IRANK

FARMAT (1X,s *RK OF ADSCW IS5',13)

TE(IECR,GT. II)WRITE(6+114) {IROW(I) s ICOL(I)oI=1sN)
FARMAT (1Xs ¢ IROW=*913,ICIL=1,13)
IF(IECR,GT,1IWRITE (64111 ({W(Ted) sg=10TSUM) 4I=14N)
FARMAT (4 (1Xe*DEP OF W IS'+E10.4))

Ce# SELeCTION OF IND COLUMNS OF W

9

CalL MAINGB(BUFF2sN, IRANKSIECR)
CoNTINUE

C#® TEST TO CHECx THAT BUFF? HAS N~NUS COLUMNS

108
109

110

14

10
11

12
13

Ie (JECR.GT.12)WRITE(6,108) INUO

FARMAT (1 X+ ?TNUO=",13)

IF(IECR.GT,12)WRITE (6,109) INUS

FARMAT (1Xs ¢ INUS=1413)

I (11.EQ.0) IRANK=0

InIM=IRANK + INUS

Ir(IDIM.EQ,N) GO TO 14 »

WolITE(6,110)

FARMAT (1X99TO DOES NOT HAVE N-INUS COLUMNS,YOU MADE®,/,1X,

12 MISTAKEZCHECK THE USEZR GUIDE?')

Go 70 1

CANTINUE

Is (INUOL.EQ,0) GO TO 11

Dn 10 I=14N

Dn 190 J=1,INUO

Ta(I+Jd)=RO5(1IyJ)

CANT INUE

I=s(I1.,EQ.0) GO TO 13

Dn 12 I=1,N

Dn 12 J=1,TRANK

J=INUO+J

TAllsJJ)=BUFF2(14+J)

CANTINUE

L-IRANK+INUO
IF(IECRGT.OIWRITE(64115) ((TO(TIs ) o J=1sl) s I=14N)
FARMAT (4(1Xs*TO=?4E10.4))

ReTURN

EnD

SHBROUTINE MAINGA(ADSCeIZsWeN3UFF,LII)

Ce# COMDUTES ((A=-DS®#C)#21Z(T-1)*W(I)

CAMMON/MANT6Z/3UFF 1

Ca# IN wANIGE WAS TETA,OF NGO INTEREST FROM NOw ON
Ce#WE SuALL USE RUFF]1 AS A WORKING AREA

100

101

DYMENSION aDSC(12+12)o17(12) W (12512} 93UFF(12+12)s3UFF1(12,12)
INTEGER PoQsR

IF(IECR.GT,2) WRITE(H,100}

FARMAT (1X 9 *SURROUTINE MAINGAY)
IF(IECR.GTLI2IWRITE(65101) ((ADSC{IsJ) 2J=1oN)»I=19N)

FARMAT (4 (1X9e 'ADSC=14E10,.%))

InC=

DA 4 IND=1,I1

Dn 1 I=1eN

A-39

“AT00620
MATO00A30
MAT006640
MATO00650
MAT00650
MATI00670
MAI00680
MATI00690
MAT00700
MAIOOT10
MAI00720
MATI00730
MAT00740
MAI00750
MATI00760
MATO00770
MATIO00780
MAI00790
MAI00800
MATO00810
MATO00320
MAI00330
MAT00840
MAT00850
MAI00860
MAT00870
MATO00880
MATI00890
MATI00900
MAT00910
MAT00520
MAT00930
wAI00940
MATO00950
MATI00950
MAT00970
MAT00980
MAT00990
MATO01000
MATO01010
MAT(01020
MAT01030
MAT01040
MAT01050
MAT01060
MATO01070
MAT01080
MAI01090
vATO1100
MATIOT110
MATO01120
MATO01130
MATO1140
MATO01150

MATIO1160
MATO1170
MAIN1180
MAT01190
MAT01200
MAT01210 °
MAI01220



6
102

Cu# BUFZ=((A=DSC)##(IZ(1)=1)#Wls (A=DSCI##(1Z(2)=1)%W20ee,
Cuas W=(wls (A=DSCI®#Wlseas (A~NSCI##(TZ(U)=1)H*W]1oW2y, .

BﬁFFl(IvINC):H(IoIND)
BOFF{I+IND)=W(1yIND)
InC=INCe1

<=1Z(IND) -1
IFr(KK.EQ.0) GO TO &
Dn 4 K=]+KK
Dn 2 I=1sN
WeI+IND)=0,.EQ
Dn 2 J=1»N
WeIsIND)=W(1sIND)+ADSC(19J) *BUFF (J41IND)
Da 3 I=1sN
BOFFI(I+INCY=W{IIND)
BuFFlIvIND)’W(IcIND)
INC=INCe]
CnANTINUE
Dn S I=1sN
DA S J=1+11
BIFF(led)=w(ley)
Dn 6 I=1sN
Dn 6 J=lsINC
WileJ)=BUFF1(1,J)

IF(IECR.GT.SIWRITE (69102) ((W(I+J)eJ=19INC)4I=1,N)

FORMAT (4 (1Xe YADSCH#IZ () ®W=",E10,4))

ReTURN
ExD *
SUBROUTINE MAINIB(RBUFF2+.VsIRANK,s IECR)

C## SEL=CTION OF INDEPENDENT COLUMNS OF W

160
101

102
103

104

105

CAMMON/MANT3/1COL
CAMMON/MANT 6E/BUFF

DTMENSION ﬂUFF?(lZolE)vBJFF(l2012)vIC0L(12)

INTEGER P,QsR

15 (IECR.GT.2)WRITE(6+100)
FARMAT (1Xy *SUBROUTINE MAIN9B?)
WoITE(64101)

FARMAT (1Xs ¢ TYPE THE INDEXES OF THE COLUMNS OF W YOU WANT®,/«1Xs

1'70 KEEP.YJU MUST KEEP IANK COLUMNS!')
RFAD (Ss#) (TCOL(T) »I=1, IRANK)
WoITE(6,102) (ICOL(T)+1=19IRANK)
FARMAT(1513)

WRITE(6,103)

A-40

MATO01230
MA101240
MATIO01250
MAT01260
MAIN1270
vA101280
MAI01290
MAT01300
MATO1310
MATI01320
“A101330
MAT01340
MAI01350
MATI01360
MAT01370
MATO01380
MAT01390
MATO01400
MATIO01410
MAT01420
MAT01430
MATO1440
MAIO01450
MAI01460
MAY101470
MAT01480
MAI01490
MAT01500
MAI01510
MAT01520
MAT01530
MAT01540
MAT01550
MAIO01560
MAT01570
MAT101580
MAI01590
MAIO01600
MA101610
MAI01620
MAI01630
MAI01640

FARMAT(1Xy 9 IF DATA ARE INCORRECTLY ENTERED,TYPE 00,0THERWISE®+/,1XMAT01650

19¢TYPE 110)
RrAD(5,104) ISIGN
FARMAT (12)
IF(ISIGN.EQ.0) GO TO 1
Dn 2 I=1»N
Dn 2 J=19IRANK
Ji=1C0L (J)
BIFF(I+J)=BUFF2(I+2J)
Dn 3 I=1sN
Dn 3 J=1212ANK
BIFF2(14J) =BUFF(T+J)

IF(IECR,GT.SIWRITE(6+4105) ((BUFF2(IyJ) sJ=19TRANK) s I=1,N)

FARMAT (4 (1X e ?BUFF2=14E10e%})
ReTURN
£nD

MATIO1660
MAT01670
MAI01680
MAT01690
MAIONI700
MATO1710
MAIO1720
MATO01730
MATO01740
MAT01750
MATO01760
MATO01770
MAT01780
MATI01790
MAT01800



S1IBROUTINE MAINSC

Cs## COMoUTES T AND T-1 (STEP 63)

100

CAMMON/MANT2/A+ByCeBIZCBIsNsP9QsRs IECRYEPSyBUFF
CAMMON/MANT6C/TO.IRANK,.I1

CAMMON/MANTSA/GG

CnMMON/MANIS/INUOINUS.INJO.

CNAMMON/MANTOC/ToTToTM, TTH
CAMMON/TRASH2/RUFF 1 +BUFF29BUFF 34BUFF &

CAMMON/MANT 4/0MEGC+DS+CS

DTIMENSION A(12412)9sR(12+12)4C(12912)+B1(12,12),CBI(12,12)
DTMENSION RUFF(12+12)+T0(12012)+G6(12+12)9BUFF1(12.12)
DYMENSION RUFF2(12412) +INU(12) OMEGC(12+12)4CS(12+12)
DYMENSION DS(12+12)eTM(12912)eTTM(12+12)

DTMENSION T(IZOIZ)yTT(l?OlZ)oBUFFQ(lZ'lZ)

INTEGER PyQeR

IF(IECR.GT.2)WRITE(64100)

FARMAT (1X4 *SUBROUTINE MAIN9C?)

C## COMDUTES Gls,.sa## (INU(T)=1)} FOR ALL GI

CaLL MAQCAleINUvNoIECR;aGnBUFF]9BUFP208UFF30R)

Co# BUFYI=(GlaA%GLe . AR# (INU(]1)=1)2G1+G2,A%62
Cee BUFS2=(A## (INU(1)=1)#GLlA%R(INU(2)~1)8532,4,0

1

IcUM=0
Da 1 I=1sR
IcUM=TSUM« INU(T)

C## ISUs NUMBER OF COLUMNS OF 3UFF1

101

3
4

IF(IECRGT.,SIWRITE(6+9101) ISUM
FARMAT (1Xy 0 ISUM=?413)
Dn 2 J=1y91SUM

DA 2 I=1sN

Telsd) BUF?I(I»J)
L=IRANK+INUO
Ir(L+EQ.D) GO TO &
Dn 3 J=1sL

NDn 3 I=1.N

JA=ISUM+J
T(lodN=TO(Isv D)
CANTINUE

Ce## TEST TO CHECx THAT T HAS N COLUMNS

INUA=INUS-TINUO
Ir(ISUM.EQ,INUA) GO TO S
WolITE(6+102)

102 FnaRMAT(1Xs?'BUFF1 DOFES NOT HAVE INUA COLUMNS?®,/,1Xs

1*THERE IS A MISTAKE,CHECK THE USER GJIDE?)
StOoP

CnNTINUE

I170T=ISUM+TRANK

JTOT=ITOT+INUO

IF(ITOT.EQ.N) GO TO 6

WoITE(6+103)

103 FoRMAT(1Xs'T DOES NOT HAVE N COLUMNS®s/51X,

6

1'THERE IS A MISTAKE,CHECX THE US‘Q GJIDE")

SYOP

CnNTINUE

IF(IECR.GT.SIWRITE(64+106) ((T(IeJ)ed=lsN)oI=14N)

104 FARMAT(4(1Xe?'T=0,F10.4))
C## COMDUTATION.OF T-1=TT

66

IT=12

WrAREA=12

Dn 66 I=1,N

Dn 66 J=1,%
BIFF4(14J)=T(I4J)

A-41

MAI00010
MAI00020
MAION030
MATON040
MAIODN0SO
MAT0n060
MATI00070
MATI00080
MAION090
MAI00100
MATIOO0110
MAIO00120
MATI0NQ130
MATI00140
MATI00150
MAT00160
MATOO170
MAION180
MAI00190
MATI00200
MAT100210
MAI00220
MATD0230
MAT00240
MAT00250
MAI00260
MAI00270
MA100280
MAT100290
MAT00300
MAT00310
MATI00320
MAT00330
MAI00340
vAT100350
MAT003560
MATI00370
MAT0N380
4aI00390
MAT00400
MAI00410
MAI00420
MAT00430
MA100440
MA100450
MAT00460
MAI00G70
4AT00480
MAI00490
MATI00500
MAT00510
MAT00520
MAT00530
MAT00540 -
MAT00550
MAI00560
MATQ0570
MAT00580
MAI00590
MAI00600
MAI00610



67
105

106

109

7

CalL LINV2F(ToNsITsTT4IOST+WKAREASIER)

Dn 67 I=1,N

Dn 67 J=1,4

Tl+J)=RUFFG(T D)
Ic{IECR.GT.1)WRITE(6,105) IER, IDGY
FARMAT (1 X9 'ERROR CODE IN COMPUTATION OF T=194,I3,*IDGT=1,13)
Ic(IECRGY SIWRITE(6+106) ((TT(TaJ) s J=1eN)sTI=1sN)
FARMAT (4 (1Xe'T=1=4E10.4))

170T=11+R

I¢(ITOT.EQ,P) GO TO 7

WolITE(64109)

FARMAT (1X9*TTM IS NOT P#P.CHECK THE JSER GUIDE')
StoP

CANTINUE

Ce## COMDUTATION OF TM™

CaLL MASCB(CysP¢N-BUFF24yR9CSsBUFF s IT143UFFle8UFF3,TM,IECR)

C## COMDUTATION OF TM=1

77

78
107

108

Dr 77 I=l'°

D 77 J=leP

BIFFG(T4J)=TM(TsJ)

CALL LINV2F (TMyP4ITsTTMy IDGTyWKAREA,IER)

Dn 78 1=1,0

Dn 78 J=1,°

TulleJ)=BUFF4(TsN)

IF({IECR.GT, 1IWRITE(64107) IER, IDGT

FARMAT (1 X9 *ERROR CODE FOR TM~1 COMPUTATION?®,I3,0IDG6T=4,13)
IF{IECR.GT.SIWRITE(6+108) ((TTM(I U} sJ=1,P),4]=1,4P)
FARMAT (4 (1Xe*TTM=V,E10.4))

ReTURN

EnD

SHBROUTINE MAQCA(A+INUSNsIECRyGGsBUFF14BUFF24BUFF3,R)

Cu# COMoUTES Gls,s.sAs#(INU(T)-1) FOR ALL GI

100

DTMENSION A(12,12)+INU(12)+5G(12+12)9BUFF1(12412)9BUFF2(12,12)
DTMENSION BUFF3(12+12)

IMTEGER PyneR

Ir({IECR.GT,2)IWRITE(64100)

FORMAT (1X,y *SURROUTINE MA9CA?')
IF(IECR.GTI2IWRITE(6+4101) (INUCI) »TI=19R)

D=1
Dn 6 11=1,yR
Dna 1 I=1sN

BIFF1(I,IND)=GG(TsI1)

BIYFF2(1,I11)=6GG(I+11)

IND=IND+1

Ke=INU(IT) -1

IF(KK.,EQ.0) GO TO S

Da 5 K=1K¥

Dn 2 I=1sN

BFF3(1s11)=BUFF2(Is171)

Dn 3 I=1sN

BIFF2(T1,11)=0,E0

Dn 3 J=1sN :
BIFF2(1,I1)=BUFF2(T,I11)+A (19 J)#BUFF3(J,I1)
Dn 4 I=1N

BOFFL(I,IND)=BUFF2(I,11)

InND=INDe1

CoNTINUE

CANTINUE

FARMAT (B(1Xs *INU=1,13))

IF(IECR,GT . SIWRITE(6+102) ((BUFF2(TeJ)sJ=19R)yI=19N)
FARMAT (4 (1Xs*BUFF2=143FE10e%))

A-42

MATO00620
MAT00630
MAT006640
MAT00650
MATIQ0660
MAI00670
MAT100680
MAI00690
MAIO00700
MATO00T710
MATIO0720
MAIONDT30
MAT00740
MATO00750
MAT00760
MAT00770
MAI00780
MAT00790
MAI00800
MATO00810
MAT00820
MAI00830
MAT00840
MAT00850
MAT00850
MATI00870
MAT00880
MAI00890
MAI00900
MATI00910
MAION920
MA100930
MAT00940
MATI00950
MAI00960
MAT00970
MAI00980
MAT00990
MATO01000
MAT01010
MAT01020
MATI01030
MAT01040
MAT01050
MAI01060
MATO01070
MAT01080
MATI01050
MAIO1100
MaTorll0
MATIO1120
MATO01130
MATN1140
MAIN1150
MAIO1160
MAIOI170
MATO01180
MAIO1190
¥A101200
MAI01210
MAI01220



IND=IND-1
IF(IECR.GT.S)WRITE (6+103) ((BUFF1(TsJ)2J=19IND}sI=14N)
103 FARMAT (4 ({1Xs'BUFF1=9,E10+%))
Ca#® BUFY1=(Gl1A%GleeqevA®2 (INU(U)=1) 851 ,G2,ARG2
Ca® BUFI2= (A’”(IVU(U)-I)“GI.A4”(IVU(I)-1)*o2o
ReTURN
EnD

SUBROUTINE MA9C8(C¢°-N;BJFF2q +CSsBUFF,ITsBUFF1sBUFF3,TMy TECR)

Cu#% COMPUTES TM

A-43

MAT01230
MAI01240
MAI01250
MAIO01260
MAIO01270
MAI01280
MAI01290
MAT01300
MAI01310

DTMENSION C(12,12)sBUFF2(12412)9CS(12912)93UFF(12+12)+BUFF1(12+412)MAT101320

DTMENSION RUFF3(12+12)sT4(12,12)
INVTEGER PeQsR
IF(IECR.GT.2)WRITE(6,100)
100 FnRMAT{1X+*SUBROUTINFE MAICBY)
Cae BUFY2=(A## (INU(U)=1)4G1 4 A#* (INU(I)~1) 452400
Ca#w BUFI = (A=DSCY#o(I2( ) =1}3W)ls (A=DSCI M (TZ(T)=1)2W2Py,0
IF(IECR.GT,12)WRITE(6,10L) ((BUFF2(T4J)sJ=14R)sI=.N)
101 FARMAT (41X s *BUFF2=14F10.%))
IF(IECR,GT,12)WRITE(64102) ((BUFF(IsJ)9J=19TT1)sI=1yN)
102 FARMAT (4{1Xs'BUFF=1,£10.%))
IF(IECRLGT,I2IWRITE(6+103) ((CS(IsJ)sJ= I'N)vl 1.P)
103 FARMAT (4 (1Xe'CS='43F10,.4))
Ca## T=CusBUFF2:CS#RUFF
Dn 1 I=1,P
De 1 J=1,R
Tu(leJ)=0.50
Dn 1 K=1sN
] T(Ied)=TM(19J)+C(I,K)*BIFF2(KeJ)
IF(I1,EQ.0) GO TO &
Dn 2 I=1sP )
Dn 2 J=1»11
BFF1(1,J)=0,.F0
Dn 2 K=1sN
2 BUFF1(T4J)=BUFF1(14J) +CS{IsK)#BUFF (K9J)
IF(IECR.GT,OIWRITE(H691064) ((TM(T9J)2J=1sR)91I=1,P)
104 FARMAT(4(1Xs'TMI=*sE10.4))
IF(TECR.GT SIWRITE(6+4105) ((BUFF1(TeJ)oJ=1911)41=1,4P)
105 FARMAT(4(1X9'TM2=1,E10,4))
Dn 3 I=1,.P
DA 3 J=1sl1
JN=11+0
3 Tu(TeJI)=BUFFI(IsJ)
4 CoNTINUE
J=11+R
IF{IECR.GT.SIWRITE(6+106) ({TM(IsJ) oJ=10eJJ) y1=1,4P)
106 FARMAT(4(1Xe'TM=13E10,4))

MAT01330
MATI01340
MATIO01350
MATO01360
MAT01370
MAT01380
MAT01390
MATIO01400
MATO1410
MATO01420
MAT01430
MATO01440
MATO01450
MAT01460
MATO01470
MATI01480
MAT01450
MAT01500
vAIN1510
MAT01520
MAT01530
MATIN1540
MAIN1550
MATI01560
MAI01570
MAI01580
MAIO01590
MAT01600
MATO1610
MAI01620
MAT01630
MAI016640
MAT01650
MAT01660
MAT01670
MAT01680



Re TURN
EnD
SUBROUTINE MAINSD

Co®# COMPUTES AHy»AHsCHoDHe (STEP 6D)

CAMMON/MANT2/A484CoBI, CBX’N;P.Q'R IECR,EPS,BUFF
CAMMON/MANTIOC/ToTToTM, TTH
CAMMON/MANTG/AMsBHyCH

Cas# IN uANI4 WERE OMEGCsDS»CSeOF NO INTEREST FROM NOW ON

DTYMENSION A(12412)9B(12¢12)9C{12+12)e81(12,12),CBI(12,12)
DYMENSION RUFF (12012) oT(12912) 9 TT(12¢12)9TM(12,12)oTTM(12,12)
DTMENSION AH(12512) ¢BH(12912)sCH(12,12)

INnTEGER PsQsR

Ca#s COMPUTATION OF AH

100
101
102
103

2

104

IF(IECR.GT,2)WRITE (6+100)

FARMAT (1X e *SUBROUTINE MAIN9D?)

I (IECR.GTL12)WRITE(64101) ((T{I+J) s J=14N) s1=1,4N})
FARMAT(4(1Xe*T=t4E10.4))

IE(TECRGT 12IWRITE (6,102 ((TT(I9J) s J=1aN) gI=14N)
FARMAT (4(1Xes?TT=¢4E10,4))
IF(IECR.GTL12)WRITE(64103) ((A(IsJ) 9J=14N)sI=14N)
FARMAT (4(1X9etA=?3E10.4))

Dn 1 I=1sN

Da 1 J=1sN

BiFF(14J)=0+E0

Dn 1 K=1sN

BiFF (IoJ)=BUFF (ToJ) +A(I+X) 2T (KyJ)

Dn 2 I=1sN

Dn 2 J=1sN

AG(I9J)=0.E0

On 2 K=]1s9N

AR(T s ) =AH(T o J) +TT(14K) #3UFF (KsJ)

IF(1ECR,GT ,0IWRITE(6,104)

FARMAT (1Xs9A HAT=?)
IF(IECRGT,OIWRITE (69#) ( (AH(TI9J) 0 J=19N) 9yI=14N)

C## COMpPUTATION OF BH

105

106

Ie (IECR.GT.12)WRITE(64103) ((B(TeJ) 9J=15Q)sI=14N)
FORMAT (4 (1X9*B="yE10.4))

Dn 3 I=1eN

Dn 3 J=1s0

BulleJ)=0.50

DA 3 K=1sN

Bu(leJ)=BH(I s+ ) +TT(I,K)#3(KeJ)

10=0Q

IF(IECR.GT,0)WRITE(6+106)

FARMAT (1Xe?B HAT=?)

IS (IECRGT.OIWRITE(642) ((BH{I4J)9J=1+1IQ)9I=1,N)

Ca»# COMoUTATION OF CH

107

108

17 (IECRGTLI2IWRITE (/107 ((TTM(I4J) sJ=1sP) ,I=1,N)
FARMAT (4 (1Xs ' TTM="4E10,4))

IF(IECR.GT 12)WRITE(65108) ({C(IeJ) e J=14N)sl=1,P)
FARMAT(4(1Xs'C=1,E10.,4))

Da & I=1.P

DA 4 J=1+N

BFF(1+J)=0.E0

Dn 4 K=1sN

BIFF (s J)=BUFF (T4J) +C (1K) #T(KyJ)

Dn S I=1leP

DA S J=19oN

Cu(led)=0,F0

DA 5 K=1+N

CallsJ)=CH(I3J)+TTM(I,K) *BUFF (KyJ)

A-44

MAI01690
MAIOL1700
MAIONC10
MAIO0020
MAINON030
MATIO00040
vAI00050
MATO00060
MAIONOT7O
“A10n080
MATIONO090
MAIOOLlo00
MAION110
vMAI00120
MATI00130
vAIO0O01l40
MAT0N0150
wATO00160
MAYO00170
MAT00180
MAT00190
4AI00200
MATI00210
MAT0N220
MA100230
MA1002640
MAT00250
MAT00260
MA100270
MAI00280
MAI00290
MAI00300
MATO00310
MAT00320
MAI00330
MA100340
MAT00350
MAJ 00360
MATIO00370
MATI00380
MAI00390
MAT00400
MATI00410
MAI00420
MATI00430
MATON44D
MAT00450
MAT00460
MA100470

MAT00480 .

MATI00490
MA100500
MAT00510
MAT00520 .
MATIO00530
MA100540
MATI00550
MAT00560
MAIO00570
MAI00580 -
MATI00590



109

IF(IECR.GT,0)WRITE(64+109)

FARMAT (1 X9 *C HAT=') ’

Io=P

I (TECR,GT.NIWRITE (69%) ((CHIT 4 J) 9J=1eN) s I=1,1IP)
CalL MAINSE

Re TURN

EnD

S"iBROUTINE MAINSE

Ca## COMoUTES DFR

CAMMON/MANT 4/AHsBH,CH
CAMMON/MANT2/A+BsCoBICBLsNsP,QsRy IECRVEPS,BUFF
CAMMON/MANTS/ INUW INUS, INJO

CAMMON/MANTSA/DFR

Ca® IN wANISA WAS GG,OF NO INTZIREST FROM NOW ON

100
101
102

N

103

DYMENSION 8(12412)4B{12+12)+C(12412)+B1(12,12)+CBI1(12,12)
DYMENSION RBUFF (12512) 4INJ{12)4DFR(12+12) 9AH(12,12)
DIMENSION RH(129.2) +CH(12+12)

INTEGER PyQyR

1c (IECR,GT,2IWRITE(6,100)
FARMAT (1Xy * SUBROUTINF MAINGEY)
IF(IECR.GT.I2IWRITE (64101) ({AH{TI+J) 9J=1sN) o I=1,N)
FARMAT (4 (1X 4 PAH=Y,E10,4))
IF(IECR.GT.12IWRITE(65102) (INU(I)4I=1sR)
FARMAT (1Xs8(*INU=?,13))

DA 5 JJ=1,%

J=0

Dn 1 K=1+4J

J=J+ INU(K)

Dn 2 I=1sN

DER(I4JJ)=AH(T,J)

JNJ=Ju-1

J=0

Dn 3 K=1lsJJJ

J=J+ INU(K)

1 (JJJEQ0) J=0

Jr=J+INU(JY)

J=Jd+1

D & I=JsJX

DFR(I,J4)=0.E0

CANTINUE

IecUM=Q

Dn 6 J=1,9R

IcUM=TSUM+ INU(J)

IcUM=1SUM+]

Dn 7 J=ISUM,P

Dn 7 I=1sN

DER(1,4J)=0,E0

I (IECR.GT.9IWRITE(6+103)
FARMAT (1Xy 'DFR=")

1o=P
IF(IECR.GT.OIWRITE(6+%) ((DFR(I4J) sJ=19IP)sI=1,N)
CalLL MAINGF:

Re TURN

EnD

SI"BROUTINE MAINOF

C## COMoUTES THE POL COEFF

CAMMON/MANTZ2/A4BoCoeBI+CBIsNsPoQsRyIECRLVEPS,,BUFF
CAMMON/MANTIS/TNU,, INUS . INUO

CAMMON/MANT A/ XP

CAMMON/TRASH2/8BUFF 1

C## IN uANI6A WAS ADSC OF NO INTEREST FROM NOW ON

A-45

MAT00600
wAI00610
MAI00620
MAT00630
MAT00640
vAT00650
MAI00660
MAT100670
MAT00680
MAT00690
MAI00700
MAJO00710
MAIONT20
MAT00730
MATO00740
MATI00750
MATI00760
MAIOO0770
MAI00780
MAT00790
MATO00900
vATO00810
MAT00820
MAI0NB830
MAT00840
MATO00850
MAT00860
MATO00870
MAT00880
MATIO00890
MATI00900
MATI00910
MAT00920
MATI00930
MAI00940
“AT00950
MAT00960
MAI00970
MAI00980
MAT00990
MAT01000
MATO01010
MAT01020
MAT01030
MAT01040
MAT01050
MA101060
MAI01070
MAT01080
MAT01090
MATO01100
MAIO1110
MAIOY120
MATO01130
MATO01140
MATO01150
MAIO1160
MATO1170
MAT01180
MAIO01190
MAIO01200



C#* REANS THE EIGENVALUES DFSIXED FOR EACH DETECTION SPACE

100

1
101

102
103

DYMENSION A(12.12)98(12412)9C(12412)981(12,12),CB1(12,12)
DIMENSION QUFF{12+12)+INJ(12),%¥P(12+12) +BUFF1(12)

INTEGER PyQeR

IF(IECR.GT,2)WRITE (64100)
FARMAT (1X 4 * SUBROUTINE MAINOF ¢)
Dn 8 II=1,R

NT=INU(II)

WoITE(6s101INTLIT

FARMAT (1X9 0 TYPE THE DESIRED',I34'EIGENVALUES FOR THE's/01X,

112¢*DETECTION SPACE.FREE FORMAT?)
READ(69%#) (BUFF1(I) o I=]1sNI)
WoITE(6,4%) (BUFFL(T),I=1,NI)
WolITE(64+102)

A-46

MAT01210
MAI01220
MATI01230
MAI01240
MAI01250
MATIO01260
MAT01270
MAT01280
MAI01290
MA101300
MAI01310
MAI01320
MAI01330
MATO01340

FARMAT (1Xo ¢ IF DATA ARE CORRECTLY ENTERED+TYPE 11<OTHERWIDE.TYPEO*)MAIO1350

PeAD(S+103) ISIGN
FORMAT (12)
I (ISIGN.EQ.0) GO TO 1

C## COMpUTES THE POL COEFF

I£(NILLE.4) GO TO 2
WOITE (69104)

MAI01350
MAT01370
MAT01380
MAT01390
MAI01400
MAT01410

106 FARMAT(1Xs*THE PROGRAM DOES NOT ALLOW MULTIPLICITY GREATER THAN 4'MAI01420

2

10

105

19721Xe'SEE SOURCE»SUBROUTINE MAINGF )

CANTINUE

InI=NI+1
Dn 3 I=INI,.4
BIFF1(I)=0.E0
Xo(leI1)=0,E0

Dn 4 1=1,1INI .
Xo{lsII)=XP(1,yTI)+BUFFL(I)
Xpi{lsIl)==XP(1,1I1)
Xp{2»11)=0,E0

DA 5 I=2+4
Xo{(2+11)=X2(2,11) +BUFF1 (1) #BUFF1(I)
Dn 6 1=3+4
Xo(2e11)=XD(2,11)+BUFF1(2)*8BUFF1I(I)
Xp(2s11)=XD(2+11) ¢BUFF1(3)#*BUFF1 (&)
X=BUFF1(1) #BUFF1(2)
XLA=X#BUFF1(3)
X!B=X#BUFF1 (&)
Y=BUFF1(3)#BUFF1(4)
YCA=Y#BUFF1(1)
Y<B=Ya2BUFF1 (2)
Xo(3eI1)=XXA+XXB
Xo(3eI1)=X2(3,11)*YYA
Xo{3+11)=X2(3,11)+YYB
Xp{39211)==xP(3,11)
Xo{4y11)=1,E0

Dn 7 I=1s4

X0 {49 I1)=XP(4yeII)*BUFFI1(I)
Dn 9 I=1sNI

JO=29Nl+1-1
Xp(JJs 11V =XP(TI,I1)

~ONT INUE

Do 10 I=1,N1

JN=1+NI

Xo{IsII}=XD(JJyII)
CaNTINUE

~ONTINUE
IF(IECR.GT.SIWRITE(6+105)
FARMAT (1Xs *POL COEF ARE?)

MAIQ1430
MAT01440
MAT01450
MAI01460
MAI01470
MAI01480
MATI01490
MAT01500
MAI01510
MAT01520
MAT01530
MAI01540
MAI01550
MAIO01560
MAI01570
MAI01580
MAI01590
MAI01600
MAT01610
MAT01620
MAT01630
MAT01640
MAT01650
MAT01650
MAI01670
MATI01680
MATI01690
MAIO01700
MATIO01710
MAI01720
MAT01730
MAI01740

MAIO1750
MAI01760
MATQ1770
MAIO01780
MAI01790
MAT01800
MA101810



A-47

19=R MAT01820
IF(IECR,GT.SIWRITE (6s%#) ((XP{IsJ)9J=19IR)sI=1,N) MAT01830
CallL MAIN9G MAI01840
ReTURN MAT01850

End MAT01860



SIBROUTINE MAINIG

C##* COMpUTES DPSI

CAMMON/MANT2/A+sBsCsBIsCBIINIP 3N 9RsIECRIWEPS,BUFF
CAMMON/MANT 4 /AHBH,.CH

CAMMON/MANT6A/XP

CAMMON/MANT 6B/DPST

CAMMON/MANTS/INU, INUS . INJO

C## IN wANI6R WERE XMO,TETA,OF NO INTEREST FROM NOW ON

100

DTMENSION A(12¢12)¢R(12+412)9C(12+12)981(12,12)+CBI(12,412)
DTMENSTON RUFF(12+12)4AH{12+12)9BH(12912)sCH(12412)
DTMENSION XP(12512)4DPSI(12+12)9INU(L12)

IGTEGER PoyQeR

IF(IECR,GT.2)WRITE(64100)

FARMAT {1X s * SURROUTINE MAIN9G?)

Dn & JJ=1,R

Dn 1 I=1sN

DoSI(1,4J)=0.E0

1a2=0

NONENNES]

Dn 2 I=19JJJ

Ia=TA+INU(T)

Ia=1A+1

1e(JJJ.EQ.0) IA=1

Ca# A 1S THE ROW WHERE PI BREGINS(STEP 6F)

101

In=TA«INU(JJ)

In=1B-1

Dn 3 I=I1Ay1IB

1:=1-1A

1*=11+1 .
DoSI(IeJJ)=XP(I1sJJd) +AH(I1B)
CANTINUE ’
JA‘. =R‘l

DA S J=JJds?

DA S I=1sN

DPSI(14U)=0.E0
IF(IECR.GT,5)WRITE(64101)
FARMAT (1 X4 *DPSI=1?)

Io=P
IF(IECR.GT.SIWRITE (h9®) ((DPSI(T14J) 9J=141IP),I=1,4N)
CaLL MAIN9Y

ReTURN

EnD

SIIBROUTINE MAIN9H

C## COMpUTES DH=DPSI+DFR
C## COMPpUTES D=T#DH2TTM

100

CAMMON/MANT2/A+ByCyBI+CBIsNsP+sQsRs IECRLEPS,RUFF
CAMMON/MANIOC/ToaTTsTMTTH

CAMMON/MANTSA/DFR

CAMMON/MANT4/AH+BHCH

CAMMON/MANT6B/DPSI

CAMMON/TRASH2/DyDHBUFF 1

DIMENSION A(12,12)sB(12¢12)9sBI1(12,12)9C(12,12),+,CBI(12.12)

DYMENSION RUFF(12+12) «T(12512)+TT(12+12)9TU(12512),TTU(12,12)
DTMENSION DFR(12912)+NPSI(12412)5D(12912)9DH(12+12)+BUFF1(12,12)

DYMENSION AH(12+12)4RH(12912)yCH(12,412)
INTEGER PyQsR

Ir(IECR.GT,2)WRITE(65100)
FARMAT {1Xy *SUBROUTINE MAIN9H?®)

Dn 1 I=1sN

Dn 1 J=1+P

DE(I9J)=DFR(1+J) +DPSI(14J)

A-48

uMATIONGC10
MAI00020
MATI00030
YAT00040
MATI00050
MAT00060
vAT00070
MAT0N080
vyAl00090
uaT00100
MAT00110
MATO00120
vAT00130
MATI00140
MAT00150
MATI00160
MAIO0170
MAIO0180
MAT00190
MAT00200
MAT00210
MAT00220
MATI00230
MAI00240
MAT00250
MATI00260
MAIO00270
MAT00280
MATI00290
MAI00300
MAT00310
MATI00320
vATIO00330
MAT00340
vMAI00350
MATO00360
MAT00370
MAT00380
MAT00390
MATO00400
MAT00410
MAT00420
MAT00430
MAION440
MAT00450
MATO00460
AIO0N470
MATI00480
MAT00490
MAT00500
MAT00510
MAT00520
MAT00530
MAT00560 -
MATI00550
MAT00560
MATIQ0570
MAI00580
MAT00590
MAI00600
MAIO06E10



101

1F (IECR,GT,DIWRITE(64101)

FARMAT (1Xs9D HAT=?)

I1n=P

Ie(TECRGT 0 WRITE (6+%) ((DH(I o) vJd=1+1IP)sI=14N)

Ce# CHErK (COMPUTES AH~DH®#CH

102

4

IF(IECR.LE.3) GO TO &

Dn 2 I=1sN

DA 2 J=1eN

BIOFF(1+J)=0.E0

Dn 2 K=1+P
BAFF(IeJ)=BUFF(IyJ) +DH(I 1K) #CH(Ky )
DA 3 I=1N

Dn 3 J=1sN
BIFFI(I9J)=AH(1 s ) =BUFF (1+J)
WolTE(6,102)

FORMAT (1X,y s AH=NH=CH?)

WOITE(69%) ((BUFF1(T4J) 9J=1eN)sI=14N)
CANTINUE

C## COMoUTES D=T#DH®TTM

6

103

Dn 5 I=1sN

Dn S J=1sP

BOFF(14J)=0.,E0

DA 5 K=1eP

BOIFF (14J)=8UFF (15J) «DH(TsKI #TTM (K, J)
Dn & I=1eN

Da 6 J=1+P .
Dil,J)=0.E0

Nn 6 K=1oN
DiIed)=DlIsJ)+T(I9K)#RUFF (KyJ)
WelTE(6,103)

FARMAT (1Xs*D=1)

WoITE(6+4%) ((D(IsJd)ed=191”)el=1,4N)

C##CHECv :COMPUTES A-D*C

104

N)

~W

IF (1IECR.LE,3)RETURN
Dn 7 1=1sN
Dn 7 J=1sN
8 FF(T1+J)=0.E0
Dn 7 K=1sP
BIFF(T9J)=8UFF(19J)sD(I+X)*C(KyJ)
Dn 8 I=1sN
Dn 8 J=1sN
BIFFI(I4J)=A{I,J)=BUFF(IsJ)
WoITE(6,106)
FARMAT (1Xy tA=D2CY)
WoOITE (69%) ((BUFF1(IeJ)sJ=10N)yI=1,N)
ReTURN
£nD

SUBROUTINE MFGR(AsTAWM, Vs IRANKsIROWs ICOLSEPS,IER)
RIMENSION A(1)2IROW(1)+ICOL(1])
AOUBLE PRECISION SAVF,HOLDyWORK.F1,F2
TNDER=1ER

1ER=0

TF(M) 25241

IF(N) 22,3

TER=1000

"0 TO 44

tF(IA)492,5

TRA==-1A

yCA=1

A0 TO 6

TRA=1

A-49

MAT00620
MATIC0630
MATO00540
MATIO00650
MAT00660
MATO00670
MAID0680
MAT00690
MAT00700
MAIO0NT10
MATO0NT720
MATO00730
MATI00740
MAI00750
MATI00760
MATO00770
MAT00780
MAI00790
MATI00300
MATO00210
4A100820
MAI00830
MAT00840
MAI008S0
MAT00860
MATO00870
MAT00880
MAT00890
MAT00900
vATI00910
MA100920
MATI00930
MATI00940
MAT00950
MATI00960
MAT00970
MAT00980
MAT00590
MA101000
MATO01010
MA101020
MAI01030
wAT01040
MATD01050
MAT01060
MAT01070
MAT01080
RANODO10
RANC(O020
QANONO30 |
RANONOGO
RANOOOSO
RANO0OS0
RANOOOT70
RAN0NO0SO
RAN0OO090
RANOOLlO0O
RANOOL10
RANOD120
RANGO130"
RANOO140



10

ey

13

15

16
17

18

19

20

tCA=1A
nIV=0.E0
1C=1

N0 9 J=1leN
rCoL (J)=J
TR=IC

50 8 I=IQW
cEEK=A(IR)

TF (ABS(SEEK) =ABS(PIV))898+7

~IV=SEEK
aC=J
QR=!
tR=IR+IRA
1C=IC+ICA
nO 10 I=1.M
TROW(I)=1
TOL=ABS(EPS*P1IV,
T1RANK=0
1DA=IRA+ICA
D=1
Jo=1
Jr=1
1 IM=M
TF(M=N) 12,12,11
1 IM=N
RO 27 J=1,LIM

TF(ABS(PIV)~TOL) 28,28,13

TRANK=Y

TFINR-TRANK) 16916514
TNR=(NR=1) #*IRA+1
TM=JR

wR=INR

A0 15 I=1,N
cEEK=A(IM)

3 (IM)=A (M)

» (MR) =SEEK
uR=MR+ICA

tM=IM+ICA
tN=IROW(NR):

TROW (NR) =TROW ( IRANK)
TROW({IRANK) =IN
TF(NC-TRANK) 19919417
TM=JC

INC=ICA® (NC=1)+1
uC=INC

A0 18 I=1,M
cEEK=A(IM)

A (IM)=A(MC)

A (MC) =SEEX

TM=IM+IRA

uC=MC+IRA

tN=1COL (NC)

1COL (NC) =1COL (IRANK)
TCOL (IRANX} =IN
cAVE=P1V

oIV=0.E0

“11=Jel

TR=JD

1C=JD+ICA

1=J

TF(I=M) 21426426

A-50

RANOO1SO
RANOD16O
RANOO170
RANDOO180
RANOOQ190
RANDO0200
RANONZ210
RANO0220
RAN00230
RANO02640
RAN002S0
RANGO0260
RAN00Z270
RANQ0Z280
RANGO0230
RAN00300
RANOO310
RAN00320
RAN0ON330
RANOD340
RAN0OO0350
RANOD360
RANOD370
RAN00380
RAND0390
RANOO0400
RAN0O4%10
RAN00420
RANO0430
RANQO440
RANOD4SO
RANO0460
RANOOAT70
RANO0480
RAN00490
PANOOSOO
RANO0O0S510
RANNDS20
RANO0S30
RANO0S540
QAN00SS0
RANOOS60
RANOOS70
RANDNSS80
RAN00590
RAMN0OO0600
RANONS1O0
2AN0OQA20
RANOO0630
RANOOS40
RANONGS0
RANO0660
RANOO6TO
RANONG680
RAN00690
RANOOT700
QAN00710
RANO0720
RANO0730
RANOO740
RANOO750



21

22
23

24
25
27

28
29

31

32
33

34
35

36
37

1=1+1

tR=IR+IRA
OLD=A(IR)
=OLD=HOLD/SAVE

7 LIR) =HOLY
#RC=IR+ICA

wC=1C

k=J
TF(K=-N)23,20,20
w=K*1

F1=A(KRC)
F2=A(KC)

wORK=F 1=F2%HOLD
A (KRC) =W0RK
1F(DABS (WIRK) =ABS(PIV))25:25,24
S IV=WORK .
wR=1

amC=K

*RC=KRC+ICA
wC=KC+ICA

~0 TO 22
1C=JC+ICA
IR=JR+IRA
iID=JD+1IDA
TF(IRANK=M)29,34,34
1=IRANK=1
TRI=IRANK+1
1C=JD~1DA
1R=JD-ICA
1F(J)36936431
1R=JR

1C=JC~1CA
1J=JC+IRA

RENES!

n0 33 I=IR1,M
wR=IR

*C=JC

;-’ORK=OQE°

A0 32 K=J1sIRANK
WORK=WORK+A (KR) %A (KC)
wR=KR-1CA
wC=KC~-1IRA
tR=IR+IRA
A(1J)=A(1J) =WORK
1J=I1J+IRA

1I=Jd-1

~0 TO 30
iFfIRANK'V) 35043543
“1=TRANK
TR1=IRANK+1
"IR=JD~-1DA
1C=JD~-IRA
1F(J)63543,37
1C=JC

VI=JR+ICA
iID=JD~IDA

R0 42 I=IR1,N
wR=JR

«C=IC :
wORK=0,EQ

x=J

A-51

RANOO750
RANQOT7T0
PANOOT80
RANQOT790
RANOOBOO
RANOOB10
RANG0820
RANO0830
RANO08GO
RANOOBS50
RAN0OOBGO
RANOOSBTO
RANONBBO
RANO0890
RAN00900
RANOOI10
RANODNS20
QAN00930
RAN00940
RANOO950
RAN0OOG60
QANQONI70
QAN00980
RANO0OSS0
RANO1000
RANO1010
RAN01020
RAN01030
RANOQ1040
RAN01050
RANO01060
QAN01070
RANO1080
RAN0G1090
RANO1100
RANO1110
RANO1120
RANO1130
RANO1140
RANO1150
QANN1160
RANO1170
QAND1180
RANQ1190
RANO1200
RANO1210
QANO01220
RAN01230
QAN0L240
QAN01250
RANO1260
RAN01270
RANG1230
RANO01290
QAN01300
RANO01310
RANO01320
RAN01330
RANO1340
RANO1350
RANO1360



39
40

41

42

43
44

46

1F(K-IRANK) 40441441
F1=A(KR)

r2=A(KC)
WORK=WORK+F 1 #F2
«C=KC~1ICA
wR=KR-IRA

K=K+l

~0 70 39

1C=IC+ICA

AJD) == (A(J]) +WORK) ZA(JD)
HI=JI+ICA
"IR=JR~TIRA

RENLS]

0 TO 36

~ONTINUE

~ONTINUE

~ONTINUE

oF TURN

£ND

A-52

RANO1370
RAN01380
RAN01390
RAN01400
RANO1410
RANO1420
RANO1430
RAN015440
RANQ1450
RAND1450
RANO1470
RANO1480
RANO1430
RANN1500
RANO1510
RAN01520
RANO1530
RANO01540
RANO1550



cUBROUTINE ORTRED(DEP1 4 ARR¢NPRIME JNWEALSIDEP1LEPSI1HIECR)
ARIMENSICN DEP1(1)4DEP(1%4912)4ARQ(12+12) s wWREN(12)
DTMENSION wwW(12912)
CAMMON/TRASH2/WW
w=]0FPI#NREAL
1F(IECReGT.12)WRITE(651004) (DEP1 (1) o I=1sN)
1004 FORMAT(S(1Xs'DERP1=74F10.4))
~n0 10 K=1,N
11=(K-1)/1DEP]
1=11+1
r=K=-11#1DEP]
TF(IECReGT.12)WRITE(A41005) 14y
1005 rORMAT(1X.'I=t,1340J=1,13)
10 AEP (T ,4J) =DEP] (K)
IF(IECR.GT . 8IWRITE (51003) ((DEP(I4J)sJ=1sNREAL) ¢ I=1sNPRIME)
1003 FORMAT(4(I1XyIDEP=¢,F10,%4))
1 (1ECR.GT.0)WRITE(64100)
100 FORMAT (1X.*COMPUTATION OF ORTHOGONAL: REDUCTION,WITH A
1PHECISION OF EPSIL®)
tNDEX=0
R0 9 J=14NPRIME
1SIGN=0
~0 1 K=1,NREAL
1 WDED(K’=0050
RO 3 K=1,NREAL
n0 2 L=1,NREAL

4 WRED (K)=WRED (K) +ARR (K + L) #*DEP (JsL)
1F (ABS (WRED(K)) oGT,EPSI1) ISIGN=1
3 ~ONTINUE ) ’

tF(ISIGN.ER.1) GO TO &
FIIECR.GT,D)WRITE (64101} J .
101 cORMAT (11X, "VECTOR DEP(*sI3s9.,) IS ALREADY ORTHOGONAL TO
1 #RR AT THIS POINT?)
~0 T0 8
I (TECR.GT.3IWRITE(651000) (WRED(K) o+K=1,4NREAL)
1000 FARMAT (4 (1Xy'WRED=1,E10,4))
nO 5 I=1,NREAL
WVJSWVI+WIED (1) #DEP (Jy 1)
1F(IECR.GT.3) WRITE(/,1001)WVy
RO 6 I=1,NREAL
A0 6 L=1sNREAL
6 WwW(1oL)=WRED(T) *WRED (L) /WVJ
Dn 12 I=1,NREAL
DA 12 L=1,NREAL
Ic (ABS(WW{ToL)) eLELEPSTIIWW(IsL )} =0,
12  CANTINUE
TFUIECRGTSIWRITE(641002) ((WW(ToL)sL=1sNREAL) 9 [=14NREAL)
tNDEX=INDEX+1
A0 7 I=1,NREAL
RO 7 L=1ysNREAL
7 ARR(T L) =ARR(T L) =WW(TsL)
8 CANTINUE
IF(TIECR.GT,0)WRITE (64102) INDEX
102  FORMAT(1X,
1129 'ALTERATIONS TO ARR HAVE BEEN PERTORMED?Y)
Q ~ONTINUE
1001 FORMAT(1X4'WVJ=94E10.4)
1002 FORMAT(1X,5 F10.4)
Dn 11 I=1¢NREAL
Dn 11 J=1,NREAL

—

n

A-53

ORYO00010
aRT0N0O20
NRTON030
ORT00N040
ORTO000S0
DRTO0N0SO
ORTODO70
ORT0n080
ORY00Q090
ORTO00100
ORTO00110
ORTO00120
ORTO00130
ORTO00140
ORTO00150
DRTOOD160
ORTO0170
ORT00180
ORTON190
ORT00200
ORTO0N210
ORT00220
DRT00230
ORTON240
ORT00250
ORT00260
ORT00270
NORT00280
ORT00230
NRT00300
ORT00310
ORT00320
ORT00330
NDRTO0340
ORT00350
ORT00360
ORT00370
ORT00380
ORT00390
ORT00400
ORT0N410.
ORTO00420
ORT00430
ORT00440
DRT00450
ORTO00460
GRT00470
ORTO0048B0
ORTO00490
ORT00500
ORTO00NS510
ORT00520
ORT00530
ORT00540
ORT00550
ORT00560
ORT00S570
0RT00580
ORT00590
ORTN0600
ORT00610



11

IF (ABS(ARR(I+J))LEL,EPSI])
CANTINUE

oETURN

eND

ARR(IsJ) =0,

A-54

oRT00620
NRT00630
ORT00640
PDRT00650



APPENDIX B

LISTING OF LONGITUDINAL GUIDEWAY VEHICLE SIMULATION



:tPEAN  TEST THRTOAN A} DISCA &/22/77% 17:39
c TES00010
c TESONnL20
C SIMULATION 2R0GRaM - LCv DETECTION FILTER STuDY TES00030
C TESONnD4O
C TES0ONnO50
IMPLICIT PEAL#4(A-H.0=-2) TESONOSO
DIMENSION C{347)+D(355) TES00070
NIMENSION T (341) sVCM(941) 9CHT (941) 9 VHIND(9,41) TES00080
NDIMENSTION AD1{T741)4ADN2(T791) TES0n030
SeX(791)eY(Fa]) e XN(T) TESO0lo0
SeXMES (6) o YMTS(2) «XINT(6) EPS1(2) TESON110
>efX(3a1)eD1(301) TES00120
COMMOMN/ALZ A(T47) 9B (T45)sU(5,1) TES00130
REAL®R DT,TM TES00140
DIMENSION od(Te3) 9CC(24) TES00150
o . TES00160
c ALL JNITS MUST RE INPUT IN FPS STANDARD SYSTEM TESOG170
c FT - LR - SEC TES00180
C TES00190
c SPECTFY SYSTEM CONSTANTS TES00200
C TES00210
EXTExMAL FOT TES00220
NN=T TES00230
ToL=0.1 " TES00240
1'i0=1 TES00250
WRITE(64102) TES00250
READ(54201)IP1 TES00270
AMVEST=350,080 TESN0230
GN=32.2E0 TES00230
TFAIL=10000. TES00390
1COMP=0 TESN0310
AY=3T3,0E0 TES00320
Ax1=1500.0-0 TES00330
2v2=1000.050 TES00340
Ar3=12150.0E0 TES00350
C AK4=]4NEQ TES003%0
AR G=) G 2FE0 TES00370
A1=12150.050 TES00380
A2=-55,5E0 ‘ TES0N390
A3==14AKK,550 TES00400
A4=-12150.0F0 TES00410
Cvy=100.0F0 TES00420
AJMAR=6.4450 TES00&30
AMAX=8,05En TESON440
IFL=0 TES0N450
ITLAG3=0 TES00450
VW=040E0 . TES00470
IntiMMy=0 TES00480
C WT=T7+333333E0 TES00430
C TES00500
C SFED FOR NOISE ) TESO0510
c TES00S520
ISEED=3141n0 TES00530
AFROC=0,.,030 TES00540
HSw=pAEROC TES00550
DON=1.0E0 TES00550
C TES00570

C INITTAL CONDITIONS TES00580 °
c TES00590

WRITE (6,10 TES00600



13

1A

o Ne}

14

OO0

OO0

READ (54202) XX
WRITE(64104)
RFAD(5.202)VC
WRITC (64103)
READ (54201) ICHY
IF(ICHV.,EQ,0)GO TO 12
WRITE(H4109)
DO 12 J=1+1CHYV
RPEAD(S+#)CT{Ja1) s VCM(Js 1)
CONT INUFE
WRITE(Re107)
RFAD(S4#)DT
IF(DT.EN.N,)DT=0,10D0
WwrITE(64108)
RFAD(54201) ICHW
IF(ICHW.EQ.N)GN TO 13
WRITE(H64109)
DG 13 J=1l,s1CHW
READ(S4#)CAT(Jal) e VWIND(Jo])
CONTINUE
WRITE (64215)
RFAD(Se%) ICOMUP
IF(ICOMP.EN.0)RD TN 16
WRITE(HA4217)ICOM2
PEAD(S#) TFATLJFAILVL
CONTINUE
WRITE(ALIIN)
READ (S4#) IDMP

PRINT BACK THIS INTORMATION

WOITE (6e210) XX

wPrITE(6,211)VC
IF{ICHV.ER,.0)GN TO 15

DO 15 J=l,.1CHV

WRITE(64212) JaCT(Jal) s VCY(Jsl)
CONT INUE

wRITE(A,211)DT

IF(ICHW.EQ.,0)GO TO 14

DN 14 J=1sT1CHW
WRITE(6+214) JeCHT(Js 1) 9y VAIND(Js1)
CONTINUE

X{1ls1)=XX

X(2+1)=vC/axs

X(7+1)=VvC

voLD=0,

v2CoMM=100,E0

T'=0.000

TTM=0,£0

TTTMSTTM+DT

INITIALIZE DFTECTION STATE XMES(6+1)

XIHI(1)Y=VvC/AK4
xINI(2)=0.50
XINI(3)=0.%50
XINI(4) =050
X111 (S)=0,50
XINI(6)=VC

LEAD VEHICLE DYMAMICS

TESN0610
TES00626
TES00D30
TES00640
TES00650
TES00660
TES00670
TES00580
TESG0630
TESONT700
TFS00710
TES00720
TES00730
TES00740
TES00750
TES00760
TES00770
TES00780
TES00790
TES00300
TESO0810
TES00820
TESQOOR30
TES00840
TES00850
TESONEHS0
TESO0B70
TESONRABO
TESN0830
TES00900
TES0N910
TES00920
TES00530
TES00940
TES00930
TES00950
TES00970
TES00980
TES00930
TES01000
TES01010
TES01020
TES01030
TES01040
TES010G50
TES01U50
TES01070
TES01080
TES01090
TESO1100
TESO1110
TESO01120
TES01130
TESN1140
TESG1150
TES01160
TESO01170
TES01180
TES01190 .
TES01200
TES01210



OO0 a0

— —
~4

e XeXel

[eNeXe)

[aNelel

AVH=100040
vvH=20.0
YyHFST=10.0
Dx=XVH=X(1e¢1)}

FORM DETFCTION “ODIL DESIGN MATRICES

CALL SOLUT(6)

CALL MODEL (AMV AMVEST.AP2+A39 AL AK] 4AS29AK3,AKS)

COMPTE A MATRIY

NN 1 J=1e7

DO 1 K=1,7
A(JeK)=0.,0Z0
CONTINUE

CONT INUE
A(l1+2)=1.070
A(2+3)=1.070/7AMY
A(3¢4)=1.070
A(QQS]:IOO:O
A(Se2)==-AK]I #AKL*AKT
A(Se3)=A4
A(Se4)=A3
A(S.‘:))=A2

A(D+6) =AK2#AK3
A(S,7)=AK]1#AK3
A(6+2) ==-AKS
A(6+47)=1.0%0

COMP )TE 8 MATRIX

DY 2 J=1e7

No 2 K=1+5
5(JeK)=0.050
CONTINUE
R(2+1)=~-CV/AMYV
B(2e3)=-BA/7AMV
B(2e4)==1,nNFE0
R(S+2) =AMVTST#AK3
R{549) ==AK] #AK3#DN#*AKSL
3(645)==AK4%DN
9(7'2)=0N

COMPIITE C MATRIX

DN 3 J=1e3
DD 3 K=1,7
C(JsK)=0.070
CONTINUE
C(le2)=—A<]1%AKL
C(lsu) =AK2
C({le7)=aK]
C(2+2) =AK4
C(3s7)=1.E0

COMPUTE D MATRIX
DO 4 J=1s3

DO 4 K=1+5
D(JsK)=0.050

TES01220
TES01230
TESD1240
TES01250
TES01260
TES01270
TES01280
TES01290
TES01300
TES01310
TESD01320
TES01330
TESN1340
TES01350
TES01360
TESN1370
TES01380
TES01330
TESD1400
TESO1410
TES01420
TES01430
TES01440
TES016450
TESD1460
TES01470
TES01430
TES01490
TES01500
TES01519
TES01520
TES01530
TES01540
TES01550
TFS01560
TES01570
TES01580
TES01590
TES01600
TES01610
TFS01620
TES01630
TES01640
TES01650
TES01650
TESN1670
TESD1680
TES01690
TES01700
TES01710
TES01720
TES01730
TESD1740
TESG1750
TES01760
TESO1770
TFS01780
TES01730
TES0O1800
TFS01810
TES01820



YOI~ OO0
o)
(o]

(s XeXel

e XeXe]

D00V

leXeNeXea!

Y(Jel)=0.00

CONTINUE

ND(le2)=AMVZST
D(led)==AK]%AKYG

D(2+5)=AKG
IF(IPlFQ, 1 WRITE(H4218)
IF(IP1FQIYCALL ™MNUMP (A7 7)
IF{IP1EQ1IWRITE{64219)
IF(IP1.EQe1)CALL MDUMP (R9745)
IF(IP1.FQLIIWRITT (6,220)
IF(IPILEQeYICALL MDUMP(Ce347)
IF(IP].FQ.1VIWRITE(H4271)
IF(IP1.FQ41YCALL MDIMP (D3 395)

NAVISATION LOOP
CONTINUE

COMPUTE NEW INPUT TO NON-LINFAR SYSTEM

FOLLOWER 0ODE SFNSIR COMPUTATIONS

DxP=DX

XVREXVA+VV4#DT .
DA=XVH=X(141)

Dx=1000.

VARTAZLE GAIN G) ANU FOLLOWER COMMAND VELOCITY

Gl=n.2 -
V2COMM=G1#DX

VELOZITY PROFILFR

IFLICHVEQ N AMD G TM LT DT¥*,35)V1COMM=VC
IF(ICHV  EN.DAND.TM LT NT#,.3)G0 TO 22

DO 22 J=1,1CHY
IF(DARS(TM=CT (Ja1)) JLFNT#,3)VICOMM=VIM(Jy])
CONTINUE

TAKE SMALLER VELOCITY

IF(VICOMM, T ,VP2COMM) VO OMI=V]ICOMM
IF(VICOMM GF (V2COMM) Y OMYSV2COMM

IF(ABS(VCO¥M=VILN) .GT.0.,01)IFL=0

IF(V2COMM,LE VICHIMM) TFL =2

IF(((ITM/IIMR) 2 IOMP) ,F VL ITM)WRITE (54222) (XMFS(J) 9J=19h) »
>YHMFS (1) o YMIS(2) 4EPS1 (1) 4ZPS1(2)

CALL PROFLL (VCOMMAMAY ¢ AJMAX 4DTyAC VXX IFL s IMD)
VOLD=VCOMM

WIND GUST MODFL

IF(ICHWEQ.0) VW=0.,0E0
IF(ICHW4L,EN, NGO TO 20
IF(ICHW.EN, 1) VW=VWIND (1,1)
IF{ICH®.EN, 116D TO 20
K=ICHw=-1

NO 20 J=lsex

TES01830
TES01840
TES01850
TES01860
TES01870
TES01680
TES018930
TES01900
TES01910
TES01920
TES01930
TES01940
TES01950
TES01960
TFS01970
TES01980
TES01930
TES02000
TES02010
TES02620
TES02030
TES02040
TES02050
TES02060
TES02070
TES02080
TES02090
TES02100
TES02110
TES02120
TES02130
TES02140
TES02150
TES02160
TESQ2170
TES02180
TESOP190
TESQ2200
TES02210
TES02220
TFES02230
TESN2240
TES02250
TES02260
TESO2270
TES02280
TES02290
TES02300
TES02310
TES02320
TES02330
TES02340
TESDH2350
TESD2360
TES02370
TES02380
TES02390
TES02400

TFS02410 -

TES02420
TES02430



OO nN
2

DOOO

OO0

O

O

OO0 OO OO0OO0O0

(@AY
n

OOONO

OO0

IF(TM.GT.CAT(J.I).ANO.TM;LT.CHT(J+1.1J)vw=vaMD(J,1)
CONTINUE
TRAC< SLNPE MODFL

CaLL TSTTR<(X(151) sGNISLIPESG)

RANDOM NUM3FR ~ENFRATOR-GAUSSIAN DISTRIRJTION
ZERO MEAN =-VARIANCE 1./100.

WT=GONOF (ISEED) 7100,
INPUT VFECTOR U

IF(X(ZOI)-7Q.O.G)U(19])=0.0E0
IF(X(?ol).“EoO.O)”(ln])=X(211]/ABS(X(291))
U(2+1)=aC
U(3el)= (R (Pel)eVw)ue?
U(4s1)=GN*SLOPF
NOISE INPUT
U(5¢1)=WT
WT=0,
VIND=ARGH (X (241) +WT)
1H{5s1)=0.70
Ulael) IS GRAVITY INPUT
U(ssl)=0.EN
U{3.1) 1S AERD INPUT
U(3«.1)1=0.E0
Ullel) IS COULNOM3 INPUT
tH(l.1)=0.E0
IF(((ITM/IjWP)*IDMp).FQ.ITM)WQITE(S-ZIE)TM'X(lcl)!X(ZOI)!VC
l.U(Qvl)vU(??l)9AC9V1C0MM9VIVQ!U(1~1)'IFLQIWDOIND

SOLUTION 7O STATE ZQUATION

VERPR=X{2s1)~=VC

CALL FINDIF(A+74335sXeUsIT+AD14AD2)

nn 2o I=14.7

XD (D =X(I,1).

COMTINUE

callL DVERK (NNoFCToTTHXDs TTTMaTOL» INDsCCoNNs W s TER)
DO 23 I=1,7

X(I+1)=XxD(T)

CONTINUE

COMPUTE SYSTEM OUTPUT Y

CALL MMULD(CeaXaCXe30701)
CALL MMULD(Dsi14DU93+541)
CALL MADDD(CXeNUsYe301)

DETECTION INTERFACE

CALL FILTE3(6-XM€S~YMFS.IFLAG3qXINI.TI'V!.TTTMvTOLyY,U
«EPSI)

TTH=TTTM™

TTTM=TTTM+DT

TM=TM+DT

ITM=1TMe]

TSTOP=20.0F0

FAIL JRE IMPLEMENTATION

TES02640
TES02450
TES02460
TES02470
TES02480
TES02490
TES02500
TES02510
TES02520
TES02530
TES02540
TES02550
TES02560
TES02570
TES02580
TES02590
TES02600
TES02610
TES02620
TES02630
TES02640
TES02650
TES02660
TES02670
TES02680
TES02690
TES02700
TES02710
TES02720
TES02730
TES02740
TES02750
TES02750
TES02770
TES02780
TES02790
TES02800
TES02810
TES02820
TES02830
TES02840
TES02850
TES02860
TES02870
TES02880
TES02890
TES02900
TES02910
TES02520
TES02930
TES02940
TES02950
TES02950
TES02970
TES02980
TES02990
TES03000
TES03010
TES03020
TES03030
TES03040



c ‘ TES03050
IF(ICOMPLER.0)6G0 TO 30 TES03060
TTEMP=TM TES03070
TF(ARS(TFATL=-TTEAP) J6T.NT#43)G0 TO 3V TES03080
IFLICOMPLED 1) AMYEST=FAT VL TES03090
IF(ICOMPLED.2) AMV=FATI VL TES0310N
IF(ICOMPLET.3) AKX =FATLVL TESO03110
1F (ICOMPEN4) AK?2=FATLVL TES03120
IF(ICOMPLEN.5) AKX I=FATL VL TES03130
IF(ICOMPEN.H) AKG=FATLVL TES03140
IF(ICOMPEN.T)AA<I=FATLV. TES03150
IF(ICOMP.EN.H) AA<2=FATLVL TES03160
IF(ICOMP,EN.9) aA<3=FATLVL TES03170
IF(ICCMPEN10YAAKG=FATLVL TES03180
IF(ICOMP.EN.11)CT=FATL VL ) TES03190
IF(ICOMPEN12)C =FATL VL TES03200
1F(ICOMP.EN. 152D 1=FalLvl _ TES03210
[F(ICOMP.ER.141S5202=FaltLVL TES03220
WRITE (64213) ICOMO4FATLVLeTM TES03230
Gn 10 17 TES03240

30 CONTINUE TES03250
IF(TM.LTLT]TOPIGD TO 100 TES03260
IF(IP1,FQL1ICALL MDUMP(As747) TES03270
IF(IPLl.EQ 1) CALL MDUMP (B9745) TES03480
IF(IP1.EQe1)CALL MNDUMP(Co3s7) TES03290
IF(IP1.EQ.1)CALL MDUMP(D3345) TES03300
IF(IP1LEQW))CALL “DUMP (X T9]) TES03310
IF(IP1.,EQ.1)CALL MDUMP (Us591) TES03320
IF{IP1.FQ,1)CALL MDUMP(Ys3,s1) TES03330

o} TES03340

C FORMAT STATEMENTS TES03350

C : TES03360

102 FORMAT (¢ DESIGY MATRIY NJMP (1=YES) ") TES03370

in3 FORMAT (v INITIAL TRACK PISITIOM ) TES03380

1n4 FORMAT (v INITIAL VELNDCITY (FT/SEC) V) TESN3330

105 FORMAT (* WAYSINE COMMAND VELOCITY CHANGES (Il)*) TES03400

1n6 FORMAT (v ENTER CHANGE TIME AND VCOMM?') TES03410

107 FORMAT (v SAMPLING TINCPEMINT (DT=.1 DZFAULT) ) TES03420

1nA FORMAT (' WIND RUSTS (T1)9*%) TES03430

109 FORMAT (v ENTER CHANGE TIME AND VWIND (+=HEADWIND) V) TES03440

110 FORMAT (v TNTEGER XaYsl) DIMP (NN, OF DTS) 1) TES03450

210 FORMAT (v INITIAL POSITINN'SF12,34/) TES034560

211 FORMAT (¢ INTTIAL VELOCITY'sF12.34/) TES03470

212 FORMAT (v VELOCITY CHANGE TIME, NEW VCOMMAND ,13+2F8,2) TES03480

213 FORMAT (' TTVE 1,10(FR,2«1X)9s314) TES03490

214 FORMAT (¢ WIND LEVEL CHANGE TIME, NEW VELOCITY',13,2F8,2) TES03500

Pn2 FORMAT(F12,5) TFS03510

201 FORMAT(T1) TES03520

215 FORMAT(/st FATLURE 0OF DEVICI *,13+2Xe"'NEW VALUE =7, TES03530

SF10ec4e2X9 0T = VWF1l0.44/7) TESN3540

216 FORMAT (Y CHOMPONENT FATLURE NO. (ZERN IF NO FATLY ™) TES03I550

217 FORMAT(* TIME OF FAILURE AND NEW COMZUNENT GAIN FOR NO, ¢ TES03550

e [5) TESD3570

218 FORMAT (/s A MATRIX'4/) TES03530

219 FORMAT (/e 3 MATIIX?,/) TES03590

220 FORMAT (/9 C MATRIXV./) ' TES03500

221 FORMAT (/s D MATRIX'4/) TES03610

222 FORMAT(' FILT 0UT',10610.2) TES03620
STOP TES03630

END . TES03640



TREAD

OO0

OO0

(@] OO0

FILE] FORTRAN 41 DISCA S/2A/7% 20:23
SUBROUTINE FCT (‘NV.TTWQX.XPRI“E)
COMMONZALYZ A(T+T)eb(T43)2U{5,41)

NIMENSION X¥PRIME(T7) ¢ X(T) 9 X1 (Tal)eX2(7s1) X2 (Tel)
CALL MMULD (ReUaX1oMNMeSel)

DO 1 I=1e7

X2(Ie1)=XA(T)

CONTINUE

CALL MMULD (A X2 ¢ XP oNNyNNo 1)

DN 2 I=1e7
XPRIMF(I)=xP(T141)+X1(TW1)
CONTINUE
RETURN
EnD
FUNCTION S3N(X)

IF(Xel.Te0a.50)SGN= -1 ,F0
IF(XeGE 0.70)S6N=1.F0
RETURY
£rD
SUBROUTINE FINDIF(AgNeBeMsXsUsDTHyAD194D2)
IMPLICIT RTAL%4G(A=H,0=2)

DIMENSION A (NoN) oB(NeM) 3 X(Ns1) sU(Mel) 9AD1{(Ne1) s AD2{Ns1)
REAL®¥R DT+ TCOUMT

CALL MMULD(A+X«AD1eNaNy 1)

CallL MMULD(B4UgAD24NeM,y1)

DO 1 J=1leN *

X(Joel)=X(Jgl) #(ADI(Js1)+20D2(Jy1))#DT
CONTINUE
RETURN
EMD
SURROUTTINE TSTTRX (X eGMeS-0PE4G)

TSTTRK — LONGITHODINAL PROTILE OF AGRT TEST TRACK, USED TO COMPUTF
SLOPE AND GRAVITY INFORMATION

INPUT = X = LONGLTUDINAL POSITION (FT)
GN = NOMINAL GRAVITY (FT/SEC##2)

OUTPUT - SLABE - TEST TRACK SLOPE AT X (RAD)
G - GOAVITY COMPONENT 2ARALLEL TO TRACK (FT/SEC##2)

LRV DZTECTION FILTER SIMULATION = USDOT
MARCH 10+ 1978 .,. MICHAEL J. DYMENT

IMPLICIT RTAL#4(A=H,0<2)

TRACK CONSTANTS
TRACK LEMNGTH = TL

XL=6000.E0
Xx1=1550,E£0
X2=1850,E0
x3=2150,E0
X4=2350.E0
x5=2650,t0
X6=2950.E0

RESET POSITION IF VIHICLE HAS LAPPED TRACK

IF (XeGTeXL)YX=X~XL

FIL0Nn010
FILON020
FIL0NO30
FILON0GO
FILO000S50
FIL0006O
FILONOT70
FIL0ONOSO
FIL00090
FILOOlOO
FILOO0L10
FILOGL20
FILOO130
FIL00140
FTILOO1S0
FILOOLGO
FILO0170
FILO00l80
FIL00130
FIL00200
FIL0O0210
FILONZ20
FIL00230
FIL0OO0240
FILON250
FIL00250
FIL00270
FIL0N280
FIL0N2S30
FIL00300
FIL00310
FIL0O0320
FILON330
FILO0N340
F11.00350
FILO0360
FILO0370
FIL00380
FIL0O0330
FILO0400
FIL0O410
FIL00420
FIL0NG30
F11.00440
FILOO4S0
FI1L.00460
FIL0OO®TO
FIL00480
FIL0O04S0
FILONSO0ON
FIL00510
FIL00520
FIL00S30
FILO0540
FIL00SS0
FIL00560
FILOGS7O0
FIL00580
FILO0S590
FIL00600



DO OAN OO0 & OO0 W DO

OO0

OO e

VERTICAL CU2VE

IF(X.LT.X1)GD 10 6
IF(XeGFE,X2)G0 TO 2
XT=X-X1
DY=0.0002E0%XT

a0 TO 1

CONTINUE

VEQTICAL CURVE

IF(XeGF.X3)50 TO 3
XT=X=X3
NY==0.,000270#XT

60 TO 1

CONTINUE

PLATEAU

IF(XeGEX4) GO TD &4
DY=0.0E0

60O 70 1

CONT INUE

VERTICAL CURVE

IF(XeGF.X5) GO TO &
XT=X-X&
DY=~0,000270%XT

GO TO 1

CONT INUE

VERTICAL CURVE

IF(X«GE.X6)GD TO 6
XT=X~X6
NY=0.0002E0%XT

GO T 1

CONTINUE

HORIZONTAL TRACK

DY=0.0E0
CONTINUE

COMPUTE GRAVITY COMPONENT

G=0ON#*DY
SLOPE=DY
RETURN
END

SUBROUTINE MMULD (AsHBeCoel sMeN)
REAL A(L M) e3(MeN) o C (1L sN)

DO 1 I=1lsL
DO 1 J=1lsN
C(I+4J1=0.0%0
DO 2 K=1+M

C(Ied)=Cl1ad) +A(TWK)#*R(KsJ)

CONT INUE
CONTINUE
RFTURN

FIL00610
FIL00620
FIL00630
FILO0640
FILO0650
FIL00660
FILO0ATO
FIL00680
FIL00690
FIL0O0700
FILNOT10
FIL00T720
FIL00730
FILOOT740
FILOO7S0
FILOO760
FILO0T70
FIL0O0780
FILOO790
FIL0O0B0OO
FILONBL0
FIL00B20
FIL00N830
FIL0O0DB4SD
F1L00850
FIL00860
FILO0870
FIL00680
FILO0OR90
FIL00900
FILODI10
FIL00920
cIL00930
FILON94O
F1L00950
FIL00960
FIL00970
FIL00980
FILN0990
FIL01000
FI1L01010
FIL01020
FIL01030
FIL01040
FIL01US0
FILO1060
FIL01070
FIL0O1080
FI1L01090
FILO1100
FILO1110
FILO01120
FILO1130
FILO1140
FILO1150
FILO1160
FILO1170
FIL0O1180

FILO1190 -

FIL01200
FILO1210



OO0 YO0

OGO

END

SUBFPOUTINE MADOD (AgRsCoMeN)
RFAL A(MeM) oR (MeY) aC(MaN)
DO 1 I=1eM

DO 1 J=leN
ClleJd)=A(l4aJ)+R(IsJ)

CONT INUE

RFE TUKN

END

SUBROUTINE ¥SURD (AeReCoMaN)
RFAL A(MaN) o3 (UeN) 4C (Mo N)
DO 1 I=1M

DO 1 J=1leN
Cled)=A(I N =B(IsN)
CONTINUE

RF TURN

END

SUBROUTINE PROFLL (VCOMM, AMAX 3 JMAX+DT2sAAsVC 4 AXy IFL s TMD)

PROFLE:

CREATFS A PROFTILEID VELOCITY COMMAND SUBJECT TO MAXIMUM

ACCELERATION AND JIRK CRITERIA

TNPUT

IFL - FLAG

(FT/SEC=a2)

’
VCOMM -~ EXTERNAIL COMMANNDED VELOCITY (FT/SEC)
AMAX =~ ACCTSLERATION CRITFRIA
JMAX = JFRX CRITERIA (FT/SEC#%3)
DT - INTEGRATION INTERVAL

0 - NFWw VELOCTITY COMMAND - SELECT NEW MODF

1 - RETAIN PRESENT ¥IDE

IMD - FLAG
1 - STANJARD PROFILE
? - MNDIFLED AMAX PRIOFTLE
3 - 7ZFRD ACCELERATION RPROFILE
QUTPUT

AA = COMMANDFD ACCILERATION

VC - COMMANGED VELOCITY
AX = COMMANDED POSITION

IMPLICIT REZAL24(A-H,0-27)
REAL®8 DT
REAL JMAX s JMX

TEST FOR MODE SELECT

DV=VCOMM~VT
IF(IFL.FR,2)IMN=3
IF(IFLEQ.2)GO TO 10
IF(IFLJNE.N)IGO TO 10
VIZAMAXR®2/(2,E0% JMAX)

IF (ASS(AA) GEL1.E~A) IMD=3
IF(ASS(AA) ,GEL1.E=6)6GN TI 10
IF(ABS(DV) ,GE2.E08V]) IMI=]
IF(ABSI(NDV) .GE.?2.E0%VI)GO TO 10
1M0=2

CONTINUE

(PREP FOR IMD=142)

B-10

1101220
FIL0O1230
FIL01240
FIL01250
FIL01260
FIL01270
FIL01280
FIL01290
FIL01300
FIL01310
FIL01320
FIL01330
FIL01340
FIL01350
FILO1360
FILO1370
FILO13R0
FIL01330
FILO140N
FIL01410
FIL01420
FIL01430
FIL0O1440
FIL01450
FIL014560
FILO1470
FIL01480
FIL01490
FILO1500
FILO1510
FILO1520
FIL01530
FIL0N1540
FIL01550
FILO1560
FILO1570
FILO15R0
FIL015%0
FIL0O1600
FIL01610
FIL01620
FIL0O1630
FIL01640
FIL01650
FILD1660
FIL01670
FIL0O1680
FIL01690
FILOY700
FILO1710
FIL01720
FILO1730
FILO1740
FILO1750
FILO17%0
FILO1770
FIL01780
FIL0O1730
FIL0O1%00 -
FIL0O1IB10
FIL01820



e Xel

— OO0

O OO

MODE SELECT LOCATION

IF(IMDLEWL1IGO TO 100
IF(IMDLEQ.?2)GO TO 200
IF{IMDL,EQ.)GO TI 300
IF(IMDFQ4)G0 TD 400

MODE 1 - STANDARD VELNCITY PROFILE

CONTINUE

IF(IFLWNE.N)GN TO 110
TCOUNT=0.00000

an=0.E0

T1=adAX/JMAaX

T2=(ARS(DV) =T1#AMAX) 7/AMAX
ITI=T1/NT+}
T1=FLOAT(ITY) =#NT
172=T2/0T+)
T2=FLOAT(IT2)#NT
JMX=ABS(DV) /(T12#2+T1#T2)
AvX=Jmx#T]
JMR=JIMX#SGN (DV)
AMX=AMX#SGN (DY)
T2=T2+T1
T3=Tl+T2

1FL=1

CONT INUE
TCOUNT=TCOUNT+DT
IF(TCOUNT BT o0 ENe AND, TCIUNT ,LELT1) AAZAA+IUXEDT
IFATCOUNT a3T o T1.ANDWTCOUNT LT T2) AA=AMX
IF(TCOUNT o358 TP AND L TOOUNT o LT« T3) AA=AA-MX2DT
IF(TCOUNT «3F.T3) AA=N,FO :

TF (BB8S(AA) ,GT JAMAX) AA=AMX

VC=VC+AA®DT

AX=AX+VCHOT
RETURN

MODE 2 - MODIFIED VELOCITY PROFILE

CONTINUE

IF(IFL.NE.)GO TD 210
TCOUNT=0.000000
DRV=ABRS(DV) /2.E0
AAMAX=SQRT (2.E0*DDV#*JMAX)
T1=AAMAX/ JVAX

IT=T1/07+1.
TI=FLOAT(IT) ®*DT

AAMAX=2 ,E0#D0V/T1
JMX=AAMAX/T]

AMX=ARS (AAVMAX) #SGN(DV)
JMX=ABS (JMX ) #SGN(DV)
T2=2.£0%T1

AA=0eF 0

1IFL=1

CONTINUE

TCOUNT=TCOUNT+DT
IF{TCOUNT oA oD ENLAND TCIUNT LF . T1) AA=AA+IMX*DT
IF(TCOUNT o 3TaT1oAND L TCOUNT o LET2) AA=AA=JMX2DT
IF(TCOUNT « 3T T2) AA=0,.FO
VC=VC+AA®=DT

AX=AX+VCHDT

FIL01430
FILO1840
FILO1%50
FIL01860
FIL01870
FILO01+480
F1L01890
FILO1900
FIL01910
FIL01920
FIL01930
FIL0O1940
FIL01950
FIL01950
FIL01%970
FIL0O19RO
FIL01990
FIL02000
FIL02010
FIL02020
FIL02030
FIL02G40
FIL02050
FIL02060
sI1L02070
FIL02080
FIL02090
FILO2100
FILO2110
FIL02120
FIL02130
FIL0O?2140
FIL02150
FIL02160
FILCe2170
FIL02180
FIL02190
FIL02200
FIL0O2210
FIL02220
FIL02230
FIL02240
FIL02250
FI1L02260
FIL02270
FIL02280
FIL02290
FIL02300
FIL02310
FIL02320
FIL0”330
FIL02340
FIL02350
FIL023560
FILO2370
FIL02380
FIL02390
FIL02400
FILO2410
FILO2420
FIL02430



w0

N0

320

270

400

100

RFTURN

MOIDE 3 - PRIFEPARE PROFTILE FO MDNDES 1 OR 2

CONTINUE
IS({IFL.EN2)G0 TO 330
IF(IFL.NELN)GO TO 310
TCOUHIT=0.00
T1=A3S (AA/ JMAX)
IT1=T1/DT+)
T1=FLOAT(ITI) #DT
JUX=AA/T1
JUX==SGN(AA) #ARS (UMX)
IFL=1

COMNT INUE
TCCUNT=TCOUNT«DT .
IF(TCOUNT 3T T1IGO TO 320
AATAA+IMAHDT
VC=VC+AA®*DT
AX=AX+VCH*OT

RFTURMN

CONTINUE

Aa=0eFE 0

AX=AX+YCHDT
TCOUNT=TCO JNT+DT
IFL=0

OFTRY

CONT INUE

aaa=0V/DT

AIT=ALA-AA

ANT=AUT/OT

IF(ASS(AJT) o GT o JMAX) AA=AA+ JMAX#SGN (AJT) #DT

TF(AHS (AA) JOTJLMAX) AA=AMAXYSGN(AA)
VO=VC+ LA#DT

AX=AXA+VCHT

RFETURN

MQODE 4 - UNSPECIFIED

CONTINUE

RETURN

END

SURPIUT INE MOUMP (AygMaN)
DIMENSION A(MeN)
WRITE(64100)

FORMAT (¢ ')

N5 1 I=1sM

PRIMT10eLy (A(TIVK) 9K=1oN)
CONTINUE

FOIMAT (I241Xs10(E9.341%X))
RFTURN
END

FIL02440
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FILOP460
FILOR470
FI1L02480
FIL02430
FIL02500
FILO2510
FIL02520
FILOP530
FIL02540
FIL02550
FIL0?2560
FIL02570
F1L02580
FIL0O2590
FIL02500
FIL0O2610
FIL02620
FIL02630
FIL02640
FIL02650
FIL02650
FIL02670
FIL02680
FIL02690
FIL02700
FILO2710
FILO2720
FIL02730
FIL02749
FIL02750
FILO2760
FILO2770
FILN2780
FILOR2790
FIL0O2800
FIL02810
FIL02820
FIL02830
FIL02840"
FILO2ESO
FI1L02860
FIL02870
FIL0O?880
FIL02890
cFIL02900
FIL0OR2910
FIL02920
FIL02930
FIL02940
FIL02950



tREAN  FILE? TORTRAN AY DISCA A/I22778 1760
SHRPOUTINE FILTER (NeXMESsYAESyIFLAGeXINIs T, TEND o TOLsYsUUsFPST) FIL0Nn010
FXTERMAL DITEC F1L00920
REAL#R TINT FILON0O30
COMMON /NET /EDET«RDF T DF TeDDET W FNET 1P 1Qs1Se1)sFPS,4BP F1L00040
DIMENSINN ADET(65+6) +SNET(642) 4COET(2e6) 4DDET (642) FIL00050
NIMEMSION TIET(242) ¢ XMES(O) s YMFS(2) 4 XINI (6) FIL00060
DIMENSIOMN TPS1(2)«V{(6)4Ad1(5,1)9AN2(5]) FILONO70
e e HULS) U (2) v EPS(2) 4 RUF (3) FILONO0SO
NIMENSTIOMN 232 (S44)2Y(3) FILON0GO
TINT=TEND-T FILOO10O
IC(IFLAG.NZ.0} GO TO 3 FILO00l10
A0 1 I=1eN FILOO120
1 XMES(I)=£INI(D) FIL00130
D0 2 I=1.12 FILOOl4O
2 FosS(I)=0. FIL00150
c> EDS (1) =2, FILO0160
3 COMNTINUE : FILOOLl7O
TFLAG=IFLAG+] . FI1L00180
NW=NW+1 FIL00150
1Y =UU2)Y FILO0200
y2)r=1, FILOD210
vily=uu(2) FIL00220
c FIL00230
c COULOMB FRICTION COMPONINT FIL0N240
C FILONZ250
vi2)=1l,. FIL00250
¢ V(2)=0,. FIL00270
V(3)=EPS(]) - FIL00280
V(6)=EPS(2) FIL00290
INN=1 FIL00300
CALL FINDIF(ADETs6+8P 4G4 XMES,V,TINT,4014AD2) FIL0ON310
o CALL DVERK (MyNFTZCeTa¥MESHTEND s INDeCoNWews [FR) FIL00320
C## COMPUTATION 3F YMES.EPS FIL00330
Nno &4 1=1s12 FILOD340
QUF(I)=0. FILOO350
nO 4 J=1aN FIL0O0360
4 RUF (1) =BUF (1) +CDET (T4 J) #XMES(J) FIL00370
NDr S I=1lsls FIL0O0380
YHES (1) =0, FIL00330
PO S J=1s17 FILNO0400
5 YMES(I)=YMIS(T)+EDET(14J) *U(J) FILO0%10
nn A I=1.12 FIL00420
I3 YMES(I)=YMES(I)+RUF (1) FILOO430
No 7 1=1+12 FILON4GO
7 FPS(L}=Y(I)=-YMES(I) FILOO4%S0
c 0 R I=1,12 FILONSBKO
(ol EPS1(I)=EP(]) FIL004T70
EPS1I(1)=EPS (1) +1500,#FPS(2) : FIL0Q%480
c EOS1(2)=373.%EPS(2) FIL00490
FDS1(2)=2=310.834F25(2) FILO0OS00
RFTURN FILOOS510
EMD ’ FIL00520
SURPOUTINE DETFCINWT«XMESsXMESP) FIL0O0530
COMMON/NDET /ADF TeBDF T DF T 4D IET ¢FDF T4 IP e I091SUsFPSHRP FIL00540
DIMENSION £DET(A46) 4B3NET(H42) yCOET(2+6) +DDET(H42) FIL00550
DIMIENSTAN TIET (242) 41 (2) 2srPS(2) s BUF1(6) 48BUF2(6) FIL0O0S60
DIMENSTION XMES(5) ¢XMESO (D) 93P (Hets) FIL0OOST0
C## COMPUTES XMEIP=ANET#XMES+RIET2#J+NDET2E2S FILOOS580,
DO 1 I=1sN FIL00590

RUF1(1)=0. FIL00600O



c

NN 1 J=1eN :

RUFI(I) =BUTL(I) +ADET(T4J) #XMES (J)
N 2 I=1eH

RUF2(1)=0,

NN 2 J=1«In

BUF2 (1) =8UF2 (1) +3DET(T+J) #U(D)

DO 2 I=1eN

XMESP(1)=0.

DN 3 J=1s17

YMESP (1) =XMESP(I) +DNFET (T4 J) #EPS (J)
NN 4 T=1eN

XMESP () =XVMESP (1) +8UF) (I) +BUF2(])
DETHRY

END

SYURBOUTIME MONFL(AMV s AMVIST 9 A2 4 A3 AGeAK]1 s A2 4 AK39AKG)

C COMPUTES ANET42)ETCNETANETsEDET 43P

C

c

COMMON /GET ZADET ¢ BDE T DF ToDDETWEDF T IP s IQ e ISetIsEPSHBP
DTMENSION ADET(646) «BNET(H32) yCDET(290) yDDET(642)
DIMENCTON ZDET(242)

DIMENSTON 22 (5,4) 91J(2) 9£25(2)

I1P=2

1n=?

16=7

N=6

N0 1 T=1eN

DO 1 J=1sN
ANET(IeJ) =0,
ANET(1e2)=1./7AMV
ANET(243)=1.
ANET(344) =1,

ANET (4,2) =04
ANET(443)=43
ADET (4 44) =A2
ANDET(445)=4K3
ANFET(5,1)=<-AK2#AK4
ANET(S42) ==-AK12AL4/AMY
ANET(54A)=A%X2

NN 2 I=1eN

nn 2 J=1+10
INET(I+J) =00
RNET(441) =A<3*AMVEST
BNET(S5,1)=ax1
anET(641) =1

COULOMS FRICTION PARAMETERS

PRET(1e2)==-100./AMV
BRET(S5+2) =a<1#AK4®]100,/AMV
7 3 I=1lyl2

NN 3 J=1uN
COET(I4J)=0,
CDET(1,5)=].
CNET(2,1) =aK4

DO 4 I=1s12

no 4 J=1eI<
ENET(IsJd)=0.
ENET(1.1) =AMVEST

DO S5 I=1.N

NN S J=1+1I7

FIL00ALO
FIL00620
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FIL00670
FILO0680
FIL0O0650
FILO0OT700
FILOO710
FILODT720
FILO0T730
FILOO740
FIL00O750
FILOB750
FILOOT770
FILONT780
FIL00790
FILO0OBOD
FILOD&10O
FIL0OOB20
FILO08B30
FIL00840
FIL0O08SO
FILO0OBSO
FIL00B70
FIL00880
FIL0O0B9O
FILO0OS00
FILOOS910
FIL00920
FIL00O930
FILON940
FILONSSO
FIL009%0
FILO0970
FIL00980
FILO0O930
FIL01000
FIL0O1010
FILO1020
FIL01030
FIL01040
FILO1050
FIL01060
FILO1070
FIL01080
FILO1090
FILO1100
FIL01110
FILO1120
FIL01130
FILOY140
FILO1150
FILO1150
FILO1170
FILO1180
FIL0O1130
FILO0Y1200
FILO01210



c

100

101

102

104
103

BP(T+J) =8DET (1)

DO A I=1sN

NN 6 J=le12

Ja=d+in

RR(TsJU)=DIET(TJ) )

WOTITE(ARa100) ((ANET(T40) eJd=19N) o I=14N)
FOAPNAT(A(1Xe'ANET=4,F10.%))
WRITE(H69101) ((RIZT(Tey) e Jd=10I0) 9I=14N)
FORMAT (21X« *BDET=1,F10,4))

WRITE (64102) ((COFT(Te.i)eJd=1leN)eI=1s12)
FARMAT (A (1 X9 'CDFET=14E10,%))
WRTTE(Aal0 D) ((FDTT{T4J)sJ=191S)sI=1,41P)
WRTTE(54104) ((BP(I+J) yJ=144),1I=1,6)
FORMAT (4 (1X e 'BP=14F10,4))

FOPMAT (2(1x s 'FDET=1,F10,%))

RETURN :

Fan

SURPOUTINE SOLUT(N)

C QFADS DDET

c

100

101

CAMMON/DET/ADET30ET«nDF T UDETEDET W IP 4 I09 1S EPSHBP
NTMENSION ACET(HeH) «BNET(£92) oCNET(2+0) ¢DDET (642)

NIMENSION FOET(242) 4BP(Hs4) sU(1)FPS(2)
D=2

yeITe (6,100)

FOPMAT (1Xo ' TYPE NNETHWNETZCTION FILTER")
PEAD (Fo%) ((DDET(T o) 94=191IP) 4 I=14N)
WEITE (S4101) ((NNZT(Ta ) sJ=19IP)sI=10\)
FODMAT (2 (1 X 'DDET=1E10. %))

RETIRY

EnD
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APPENDIX C

A PROBLEM MET IN THE FILTER DESIGN

The reference model for the filter is the following one:

2e — m./i
_ > Ky _
[Tloo| — yTefm|3edent | m 7],
s N K _,_/ + /‘f‘opu/Stﬂ"“ Sys,;rb, 7 ':;; ..-S—
> "-':: gﬁ-izﬂ k3 ——
5 8
Vind L %
K;‘

Initially, K4 nominal value was selected to be 1. The first choice
of states was Vind’ T, T, T, Tear Voo The outputs are Tc and Vind’

the input is ag. We have the equations
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Furthermore
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Event associated with Kl:
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It appears that failures in K, and K, are detection equivalent,
which can be accepted. However, with this choice of states, failures
in K5 and failures in K, are not output separable (in fact b, & R,,

23 and 24 are detection equivalent). This cannot be tolerated.



As C is of rank 2, the easiest way to distinguish between 3

kinds of failures is to have 2 of them generate a unidirectional

output, and the 3rd one generate a planar output.

To do this, a

set of states was selected such that one failure was a sensor

failure. The new set selected was kv’ T, T, T, Te' Vc' We have

the equations
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As the vector 961 =

4
o
e is such that C €61 47 4)

0
(o)
and Aeg, y/4 b,. The events associated with a failure in K, are
€¢; and b;. As Ces, and Cb; are linearly independent, a failure in
K4 generates an output constrained to a plane.

With K, =1, a detection filter was designed for the events

b, and A323. Its numerical value was
o -15-5
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20 52 £43.35
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Running the simulation with this filter, it was discovered that
a failure in K, generated a unidirectional output along'éé. The
physical reason is obvious: the A matrices in (A-1) and A-3) differ
only in two places—the terms A12 and A51 are different in each
case, by a factor of K4. Furthermore, the C matrices in (A-2) and
(A-4) differ only in one place: C21 has a different value, the
ratio between the two different values being K. If K, is equal
to 1, the matrix equations in (A-1l), (A-3) and in (A-2), (A-4) are
numerically equal. A detection filter designed for b, and A3§3

will have the same numerical value in the two cases. 1In other

words, more intuitively, if K4 = 1, an outside observer would not



know in looking only at the numerical equations whether the states

¢ we é § .«
v T, T, T, Te’ Vc or the states Xv' T, T, T, Te’Vc are selec-

ind’
ted. It does then make sense that a failure in K, generates uni-
directional output along 22 because in the first case (to which it
is numerically equal), this is what happens.

The solution is obvious: to give to K, a value different from
1. It was first attempted to perform this without changing the

physical value of the tachometer gain, but just the system model.

The new reference model was:
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If KSK& = 1, nothing is changed in the real system.
This could be done physically by multiplying the real output

v by K& before the comparison of the system output # 2 and the

ind
reference output # 2. If this multiplication is digitally made
by a computer, it could be considered exact.

With this reference model, the equations are
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A323 is such that CA3§3 =0, as CAZQ3 = 0, the event associated
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b - variation in C along

¢ F= (4/ wma AF/b,

The events associated with K!

4 are El and f?.

C-10

is such that

A detection filter was designed for failures in Ky and K3, with

the same eigenvalues as those selected for (aA-5).

was found, with K5 = 2, Ka = ,5.
o - 31
b _ 1,562 75
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1240-  _ 463 225 €576 e
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Numerically, it

It appears that, except for numerical roundoff, the products

DC of the matrices given in (A-5) and in (A-7) are equal.

havior of the error:g} whose differential equation is

The be-

£=(A_DC) & + b;n, (t) will be the same. This explains why the filter

D in (A-7) cannot distinguish between a failure in K, and a

failure in K3, as was discovered in running a test.

It was then decided to give to K, a value of 1.20, a failure

in K4 then generated outputs along both channels El and 52. The

value 1.20 is, of course, arbitrary. An actual velocity indicator

would have a scale factor relating input velocity to output signal



which is determined by the instrument. Its value would almost
certainly not be 1.0. However, if K, is not equal to 1, in

steady state, §v will not be equal to Vd, but to VC/K4, with

the actual system configuration, when the integrator of a, has

a gain 1. In other words, physically, to reach a desired velocity
V, the velocity command must be equal to K4V. This can be done

by inserting a gain K, at the output of the profiler, just before
the beginning of the velocity control loop.

It must be emphasized that these filters were not designed
to detect velocity sensor failures; therefore they do not pre-
scribe by design the behavior of the errors in response to a
velocity sensor failure. These filters were designed only to
constrain the error due to controller failures to f 1 and the
error due to propulsion failures to EZ‘ The error response to

a velocity sensor failure is then a matter of chance, and it just

happens that with Ky = 1.0 the error is contained along 22.



APPENDIX D

ORTHOGONAL REDUCTION PROCEDURE

Orthogonal reduction is a procedure which determines the null
space of a matrix V; i.e., all independent solutions of Vw = 0.

/
Suppose V is n * n

v, The orthogonal reduction procedure is
V = f an iterative process which generates an
~. n * n symmetric positive semi-definite

matrix whose range space coincides with the null space of V. 1In
each iteration, a row of V is tested to determine if it is orthogonal
to the range space of the symmetric matrix. If not, the range space
of the matrix is reduced so that this is the case. The procedure
begins with any symmetric positive definite n * n matrix (1). An
auxiliary n-vector is defined by w, =5l v;- If v, is nonzero w,
will be nonzero, since L1 g positive definite. Furthermore
gg vy will be nonzero. A new symmetric positive semi-definite
matrix is defined by
W, W T
n(2) _ @) _ 1 A
w. Ty
-1 -1
This matrix has the property that J1(2) v, = 0.
The procedure continues according to the following general
iteration

(1) with.Jl(l) from the previous iteration, form the auxiliary

vector w, = JL(1)g,
i i

3



. . W. W,
(2) if w, # 0 set PACIER I A R e
W, V.
—-i =i
if w; =0 set S 2() 4h9 return to (1).
The algorithm has the following important properties:

(1) If(JQJl) is positive semidefinite, EiT v, = 0 if and only if

w, = 0. This follows from the definition of W
2) 1£ 1) s positive semidefinite so is 2.3+ mhig s
obviously true if w, = 0. Assume Wy # 0. For any arbitrary

n-vector z and any scalaro{

(z - Ly)T LD @ - vy >0 (a-8)
In particular this must be true for

Te

%
A = =%

W. V.
—1 —1

Substituting this value of Kiin (A8) and expanding it, we get

(z —O(Xi)T«ﬂ-(i) (z - °<Y_i) = _Z_TJZ-(i)g - ZKziT_)Z(i)E + of zziTJz_(i)\_r.

1

= 22nWz - 2w, Tz + 2w Ty,

T \Z
. wW. 2
= 2T ), - u; z)
EiTKi
= Tp (i41) 230 (2-9)

By induction, this shows that all_LZ(l) are positive semidefinite
if the starting matrix.Jl}l) is at least positive semidefinite.
(3) If wy # 0 then rk A" = D)

and the null space of ~2ﬁ1+1) is the subspace formed by vy and the



null space of 51.3),

i+l)

In equation (A.9) equality holds (and thus J2¢ z = 0) if

and only if (z -  v;) Iies in the null space of 21| But this
impliés 2z must be in the subspace formed by v and the null space
of JL (1),

(4) At any point in the process the range space of,ﬁl(i) is made up
of all vectors orthogonal to-{ zl,...,zi_y} (if the starting matrix
is positive definite only. 1In step 5b and 5c of the detection

(1)

filter design algorithm, the range space of JZ contains all

vectors orthogonal to !1""'zi-;} » but may have additional ones
as well). If Jin) is positive definite, when all the rows of V
have been processed, the final matrix.)Zj ~7+1) has a range space
which coincides with the null space of V. The number of reductions
made is equal to the rank of V.

(5) 1f Jlfl) is positive definite and‘gi = 0, then Vi is linearly

dependent on the preceding vectorsﬁ/zl,..;,v . By virtue of

—i-1
property (4), the vectors.{gl,...,gi_lj span the null space of

uﬂL(l). Since w, = 0 implies vy is in the null space of,J?}l), it

must be expressible as a linear combination of the vectors

TN e

In step 5¢c of the detection filter design algorithm, a matrix
.Jli was found where columns span the space R;. In step 5d the

orthogonal reduction procedure is applied to
Y a4

ch

m= |
<A

As, by definition, R, C?Q(C) this orthogonal reduction will

nei starting witthi (for i = 1,...,r)

end on a zero matrix. The detection generator‘gi of R, is a



multiple of the last nonzero auxiliary vector before termination,

if rk (R;) # 1.

By construction Wy lies in the null space of M and satisfies

<

CcR V

' -1

C oy, Wy =0 and CA " " w, 0
<A

These are all the requirements for a detection generator, except

for the magnitude. w; is a multiple of the detection generator g;.
If rk (Ri) =1, rk(Ri) =0 as R; = lgi@Ri (if Cgi $ 0,

otherwise, use Agi etc). Then-Jzi = 0, and there is no nonzero

auxiliary vector before termination in the orthogonal reduction of

M. It is trivial in this case to find the detection generator:

it is b;.

Intermediate turning points

In step 5b of the detection filter design algorithm, orthogonal

reduction is applied to a matrix

” -~
Cs
cilA -% </
é
D )

n=1
C—’SI/A’DS C’} ..../

starting with a positive definite matrix (on option). The rows of
M, correspond to the ziT defined earlier. Because of the cyclic
manner in which the rows of MD are generated it is not necessary
to process all the rows. A row can be skipped if it is known that



it is linearly dependent on preceding rows, because the auxiliary
vector in that case will be zero. When a parficular auxiliary vec-
tor is found to be zero, for example w; = Jl}i)(cj(A—gcf?)T = 0,
where Cj is the jth row of CS/, it is then known that Cj(A-Q;C)

is linearly dependent on the preceding rows in MD . But if this is
so, then all the remaining rows of MD generated by Cj (i.e.,

Cj (A—QSC{i,k_>'f7) will also be dependent on preceding rows of MD
The auxiliary vectors associated with these rows will all be zero,
so there is no need to consider them in the reduction procedure.
The appearance of the first zero auxiliary vector will be referred
to as the intermediate turning point for Cy-

(Note: this intermediate turning point notion is not valid when
the starting matrix is not positive definite. In that case an

auxiliary vector could be zero even if the row processed were not

linearly dependent on the preceding rows.)



