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SECTION I

INTRODUCTIONW

This is the final report of research under Grant NSG 1128, awarded
to the University in December 1974. The project is-concerned princi-
pally with the angle-tracking problems in Microwave Landing System (MLS)
receivers, the goal of the research being a receiver design capable of
optimal performance in the multipath enviromments found in air terminal
areas. The scope of the work included various theoretical and evalua-
tive studies associated with the project goal, e.g.

i. Signal model development

ii. Derivation of optimal receiver structures

iii. Development and use of computer simulations for receiver
algorithm evaluation

and also, at least initially, the development of an experimental re-
celver for flight testing. Reference is made to the progress reports
[1-5] for details of the research. This report provides am overview of
the work and a summary of principal results and conclusions.

.- During the 1976-77 annum a study of the DME was also undertaken
along wilth the ongoing angle receiver research. The DME work included
some preliminary theoretical analysis but mostly simulation studies of
the various designs, i.e. fixed threshold, adaptive threshold and delay
and compare DME receivers. The simulations showed the delay and compare
receiver to be the most robust of the three designs simulated. The DME
study was peripheral to the focal research on the angle receiver and is
not discussed furthér in this report. Reference is made to [4, pp.

51-100] for more detail.



The early study established that multipath propagation in air
terminal areas is due principally to reflections from hangars and other
buildings, other aircraft and the ground -- all cases where the multi-
path interference is very nearly specular in nature and either an actual
or virtual specular point can be identified. A math model for the
received signal in such a case contains parameters which, together with
selected time derivatives, constitute a vector which is eas;ly concep-
tualized intoc the "state" of a state space model of the problem dy-
namics. And the latter provides the mathematical framework necessary
for applying recursive state estimation technigques to the optimal
receiver design problem. This was the approach taken in ‘the rgsearch.

Two algorithms resulting were studied extensively:

i. An bptimal recejver: The state vector included signal-to-noise
ratios, angular coordinates, angular rates, the phase dif-
ference and scalloping frequéncy parameters.

ii. A Suboptimal receiver: A structure similar in some respects to
the optimal receiver but the phase difference and scalloping
frequency parameters were not estimated.

Both algorithms generally oﬁtperformed in simulation a "threshold
receiver" design which was approximately representative of the current
Phase III Receiver. The Optimal design generally was the best, at least
when the scalloping rate was less than half the angle function repe-
tition rate ané hence the phase difference parameter could be tracked
successfully. The suboptimal design, at least in the simulation, suf-
fered from extremely complex and 1length computaiions. The optimal

‘Qdésignt(and presumably the suboptimal design, would also) exhibited a



high sensitivity to error in the (presumed) beam width of the MLS ground
antenna. These and other simulation results are discussed at length in
the report, and approaches are suggested for possible improvements in

performance.

Some considerations relating to an experimental receiver design are

also offered.






SECTION IT

SIGNAL MODEL AND ESTIMATOR DESIGNS

The signal available to the processor is a log video signal with
bandwidth approximately half that of the i-f channel of the receiver.
We begin at this point with the adaptation of this signal, in part A
below, for use by the processor. Part B presenté a state space model of
the evolving problem geometry. Part C describes the general approacﬁ
used to optimal receiver design, and Part D develops specific designs
studied in the research. The reader is assumed to be familiar with the
MLS system concepts and signal formats; for this orientation, refer to
[61, [7] and [8].

A. THE AMPLITUDE-SQUARED ENVELOPE SIGNAL

The receiver log-envelope signal, a continuous-time signal within a
scan, is sampled throughout a window on each semi-scan (centered on the
expected centroid of the direct path pulse) at a sampling rate approxi-
mately equal to the i-f bandwidth and then suitably exponentiated and
squared; the resulting J samples of the amplitude-squared envelope taken
within a given scan are then normalized to a suitable measure of
receiver noise powex and assembled into an observations, or measurement,
vector u, which clearly is nonlinear in the problem parameters of in-
terest and also corrupted non-additively by receiver noise. Specifi-
cally, for the kth scan, k = 0,1,2,-~--, and in terms of a discrete-time
variable tj local to the scan, and assuming the presence of a direct-
path component, a single multipath component and receiver noise, the jth

component of u, say uj, i=1, ---, J is modeled as follows:

5  FRYGEEWR pAGE BLAYR NUT Kihiaks,



u, = {ap[6 - BA(Ij)] + aRP[BR - BA(Ij)]cos éj + nc.}2

J J
+ {aRp {BR - BA(tj)] sin Bj + nsj}z (2.1)
where
‘d = o(k) = direct path signal-to-neise ratio (2.2)
8 = 8(k) = angular coordinate of own A/C (2.3)
ap = aR(k) = mnultipath signal-to-noise ratio (2.4)
GR = GR(k) = angular coordinate of reflector specular point (2.5)
Bj = B(k,tj) = direct path-to-multipath phase difference at the
jth sample of the kth scan, propagating as follows:
w
By = BUR) +w T, + - - (2.6a)
where

B(k) = phase difference at the start of the kth scan,

propagating similarly, i.e.

B(kt1) = B(k) +w_ T, +—= T2 + -—- (2.6b)
in which

Tk = time interval, kth-to-(k+1)th scans. (2.7

wo. the sgﬁlloping rate (also derivatives may be
present) (2.8)

BA (.) = the transmitting antenna scanning function {2.9)

(see equation (2.124) below)
pl-] = the transmitting antenna selectivity Ffunction - (2.10)

(square root of power density at a constant radius) and

n_,n  are independent Gaussian random variables
3j j with mean zero, variance 0.5. (2.11)



This model neglects second-order effects ([3], p. 9) chiefly

a. Doppler effects not influencing the scalloping rate

b. Differential propagation delays (e.g. c

tend to distort the mirror symmetry that exists between the
T0-, FRO-scan signals.
B, THE STATE-SPACE MODEL
The wvarious parameters appearing in uj, (2.1) above, together with
time derivatives of interest, are assembled into an Ns-dimensional state
vector, x, modeled as the solution of a suitable linear difference
equation evolving in discrete-time, from scan-to-scan, and excited by a
white, =zero-mean random process, <xepresenting externmal influences.
Hence, the composite generator-of-observations model is taken as a state

space formulation with form as follows:

x(k+1} = F(k)x(k) + 6(k)z(k)

u(k) = h(x(k),n(k)) {2.12)
where
x(k) = state Ns-vector (2.13)
z(k) = a representation of the various external influences on the
modeled environmment, taken as an M-vector random process,
white with mean zero and covariance matrix Q(k),
where ' (2.14)
QK £ <z ()2’ (1)> (2.15)
F(k) = state 1-step transition matrix (2.16)

G{k) = an Nsx ¥ input comstraint matrix of rank M, where--

M <N (2.17)

u(k) = obsexrvations J-vector (2.18)

( ‘reflect ~ rdirect), which



n(k) = a 2J-vector of the quadrature components .,
o of receiver noise associated with the J sampiles
othhe noisy envelope (n(j) and n(k) are independent
if j # k). (2.19)
h(+,+) = a nonlinear vector-valued function of its arguments,
constructing u(k) as a J~vector of envelope samples.
uj, equation (2.1). ‘ (2.20)
C. THE ESTIMATION APPROACH
In developing a procedure for estimating the angular coordinate 6,
it was clear from (2.1) that performance would be better if more of the
state variables than just ® were estimated. It was also clear that not
all of the state variables influence the vector u(k) of observation's
taken within a single scan: in the‘present formulation, for example, O
and BR are considered éonstants during the active scan, hence 8 and éR
are absent from (2.1), nevertheless they are necessarily included as
variables in the state vector to afford.modeling tractably a wvarying
geometry over a sequence of scans. The functional dependence of‘u{k) on

only a subset of the state variables posed a choice:

1. Estimate only the subset of state variables associated
with u(k).

2. Estimate the full state vector x(k). ¢+
The first option very likely would result in severe~dg§eneration in
performance, éuring signal fades, including possibly loss of lock. The
benefits promised by a modest filter memory, however, (represented by

rate estimates in a receiver state estimator, e.g.) prompted the second

choice, and we began to consider the criterion under which a suitable



estimate of the full state x(k) could be calculated recursively, given
the complexity of the observations.

Ideally, given a sequence of observations u, (2.12b), say from some

initial: scan through the present (kth) scan, represented as follows:

U0 £ fu(),u(@), -, w3, @.21)

we might adopt as a candidate criterion of performance the mean square
error criterion and seek to calculate the conditional mean <x(k)|U(k)>
as a basis for an optimal MLS receiver design. Without loss of general-
ity, however, the conditional mean can be written as

@[> = x| uk-1)> + <E(1)| U(K)> (2.22)

where

<x(k)|U(k-1)> = F(k+1)<x(k—1){U(k—1)> . (2.23)

is the extrapolation of the prior estimate to the present, and
<E(k)|U(k)> is the conditional mean of the error

(k) £ x(0) - <x(k)[U(k-1)> | (2.24)

in the extrapolated estimate (2.23). Hence, via (2.22), a conditional
mean receiver is essentially equivalent to a calculation of <E{(k)(U(k)>,
a task which, génerally,

1. As the notation suggests, may involve individually each and
every observation .constituting the sequence U(k), and in
addition,

2. May not even be computable in a finite number of operatiomns,
or even easily approximated.

A class of notable exceptions exists in which not only is <E(k)lU(k)>
computable or easily approximated, but all the historical informatiaﬁ in
dated observations necessary for the calculation of <E(k)| U(k)> is

9



carried in the extrapolated prior state estimate <x(k)|U(k-1)>, (2.23);
that is <E(k)1U(k)> can be written

€| V(0> = £(<x()| Vk-1)>, u(®)), for some £(,*). (2.25)
Two examples are the following:

1. The Kalman filter, applicable when h{x,n) is linear in both x
and n, gives an exact calculation of (<E(k)lU(k)>;

2. The Extended Kalman filter, applicable when h(x,n) represents an
additive corruption of the observations by n, gives an approximat
calculation of <E(k)|U(k)> when h(x,n) is nonlinear in x.

éecause of the complexity of the observation h(x,n) [recall hj’

(2.1)] and the computability requirement (for simulation and also,
potentially, hardware), the estimation approach used in this research
was, of necessity, an approximation. An adaptation of the preceéding
was used, producing a state estimate (generally now suboptimal), denoted
ﬁ(klk) to distinguish it from the exact conditional mean, and obtained,
as follows:

}’E(k' k) = }'E(k,k-l) + g(klk) ‘ (2.26)

where

R(k[k-1) = FO-DR(k-1[k-1) (2.27)

and g(klk) is a "'suitable" estimate to be defined below, of the érror
£(k) in ﬁ(k[k—l), given ﬁ(klk-l) and u(k), where

E(k) 8 x(x) - i‘:(k[k—n (2.28)

The estimate %(kfk) will be functionally dependent only upon i(k]k-l)
and u(k). A final error definition needed and an easilyféébved result
of interest are, as follows:

£(k) - é(kl k) (2.29)

x(k) - ﬁ(klk) (2.30)

e(k)

10



i.e., the error in theuestimate %(klk) is the residual error in the
updated state estimate ﬁ(klk).

Since the obsexrvations u(k) are functionally dependent upon only a
subset of the state wvariables, the calculation of g(krk), i.e. the
estimation of the errvor £(k) in ﬁ(klk~1), given ﬁ(k]k—l) and u(k)y was
accomplished in 2 stages, characterized respectively as the Scan Data
Processor (SDP) and the Tracking Loop Filter. The SDP essentially does
a curve-fitting of a noiseless, internal version of the observations
with the noisy, actual ones, calculating perturbations (error estimates)
of the associated elements of X(k|k-1) to improve the fit. The Tracking
Loop, closed around the SDP in a conventional recursive structure,
develops on estimate of the full error vector £(k), taking the assumed
state evolution dynamics into account. A detailed discussion of these
two stages is given below.

The approach taken was modified, in part, by two factors, as

follows:

1. The presumed low-bandwidth of the state evolution model wrt
the repetition rate, implying, quantitatively,

x(k) ~ F(k~Dx(k-1) (2.31)

(i.e. 6(k-1Dw(k-1) in {2.12) is small).

2. The "tracking" nature of the estimation task implying, pre-
sumably,
x(k) © %(kjk) (2.32)

(i.e. the estimation error e(k), (2.31), is "small™).
Eguations (2.27), (2.28), (2.30) and (2.31) above imply that £(k) may be

approximated, as follows:

11



g(k)‘ﬁ F(k-1)e(k-1) {2.33)
and this, with (2.32) above implies that

E(k) is "small", (2.34)
a result important to the design of the SDP described next.

Scan Data Processor

Let ¥ denote the parameter vector comprising the subset of NG state
variables on which uj, (2.1), is functionally dependent. The general
relation

y = Hx (2.35)
then defines a masking matrix H,-NG X NS, having rank NG < Ns_and con-
sisting appropriately of 1's and 0's. Other NG-vector quantities of
interest are obtained, as follows:

Extrapolated Prior Est: Y(kik-1) = BR(k{k-1) (2.36)

Error in ¥(k|k-1): e(k) = HE(Kk) (2.37)

By (2.34), e(k) in (2.37) is '"small", and Murphy's Locally Optimum
Estimation (LOE) theory, [9], was brought to bear on the calculation of
an estimate which, around &=0, should be optimal in an intuitivelﬁ
appealing sense. The LOE criterion is summarized, in the notation of
the SDP, as follows:

Locally Optimum Estimation: The estimate £ of the error € (in

the present estimate ¥ of the parameter Y) is locally optimum

308

at the point &=0, if and only if giﬁ%)i the following two

conditions are satisfied:

1) £ is a locally unbiased estimate of £ at the point

of =0, and

12



2) £ is a locally minimum mean-squared error (MMSE)

estimate of € at the point &=0,

where ‘'locally unbiased' and 'locally MMSE' estimations are defined as

follows:

and

Locally Unbiased Estimation: Defining the error ‘in the
estimate £ of the quantity & as follows:

n(x) & B(K|K) - e(x) (2.38)
and then defining the bias of the estimate £ of the error €
(in the estimate ¥ of the parameter ¥), as follows:

b(e) 4 <n(k)ly -3 =8> ‘ (2.39)

then the estimate € of the error & (in the estimate ¥ of the

parameter y) is locally unbiased at the point &=0 iff the

following two conditions are satisfied:

1) b(0) =0, on NG—vector (2.40a)
db(g) _ .
2) i o 0, on N x N, matrix (2.40b)

in terms of n, (2.38) above, as follows:

Z (&) 4 <ﬂ(k)nT(k) y-¥=g, ( )T = transpose, (2.41)
g

then the estimate £ of the error £ (in the estimate ¥ of the

parameter y) is locally MMSE at the point &=0 iff, for any

estimate, 6, if & locally unbiased at &€=0, the mean-squared

errors of £ and § satisfy, in the usual non-negative definite

sense,

13



Z-(0) > X (0), NG x NG matrices (2.42)
] T8

The error n{k) is induced by the noise n(k) which is white (recall
(2.11) and (2.19)); hence, clearly, local to the point &=0, when <n> = 0
via (2.39), it is true also that n(k) is white, i.e.

@ K> =0, j#k (2.43)
We take note, in passing, of the important and beneficial property given
in (2.40b), requiring that errors made in estimating the various com-
ponents of the vector £ be decoupled when £=0. In addition to making
the estimate unique, this. is probably effective in extending the pro-
perties in (2.40a) and (2.42) into the open region around the point £=0.

Murphy has meticulously expounded the theory and solution of the
locally optimum estimation problem in his scholarly work {9] and illus-
trated his results in diverse examples in communications. The solution,
applied to the SDP design problem at hand, involves, first, the defini~
tion of several additional quantities:

1. The noiseless quadratic envelope vector q with element qj.

2. The linear envelope vectors m and v (and associated elements),
corresponding respectively to quadratic envelopes ¢ and u.

3. The conditional probability density function (pdf) p(vlm)
4. The likelihood ration A(uly) Let m and mg respectively be
k| 3
the linear envelope functions associated with a cosine and sine ortho-

gonal decomposition of the noiseless i-f (or r-f) signa}:

=]
Il

apl6 - BA(IJ.)] + &’Rp[GR - BA(tj)]cos BJ. _ (‘ (2.44a)

=
|

= aRp[B - BA(Ij]sin Bj (2.44b)

14



various parameters of which are as defined, following (2.1). Then, in
the same manner that the J-vector u of observations uj was éonstructed,
a noiseless quadratic envelope vector q is defined with elements qj,
i=1,2,...,J, where

— 2 2
qj mc:j + msj (2.45)

= v2n2 . 2 .2

= o pj(e) + ZaaRPj(G)pj(BR)cosBj + ooy Pj (GR) (2.46)
in which pj(e) is short-hand for p[S—BA(tj)], and similarly for pj(BR).
The observations sample uj, (2.1} may then be written as

= 2 2
uj (mc‘ + nc.) + (ms. + ns’) (2.47)
J J J ]
or, equivalently

1
_ L2 2
uj qj + 2nc'[qj] tal o+ n? (2.48)

J J J

Now, let m and v respectively represent noiseless and noisey linear

envelope vectors with elements mj and vj, respectively, for j=1,2,...,7,
where
1 3
m, 8 q.%= [m2 +n2)® (2.49)
J J C. s,
J J
A 2 21%
v.Zu,*=Jm +n )2+ {m +an )?) (2.50)
7o 5% 5%

Since the sampling rate within the scan equals the i-f bandwidth, the
noise samples are all nearly independent (and zero mean, Gaussian with
variance 0.5; recall (2.11)). Hence, referring to [10, eq. (8-115)] for

the conditional pdf p(vj mj), the conditional pdf p(vlm) can be written

J
p(v’m) = H_lp(vj,mj) (2.51)
J-—
3 ;
= 2 o 2 ‘
=2 ?zlvjlo(2mjvj)exp( mj Vj) {2.52)

15



where Io(-) is the modified Bessel function of the first kind, zeroth

order. The likelihood ratio of interest is the following:

J
_plvim) _
= %f;+57 = ?:110(2mjvj)exp(—mj2) _ {2.53)

or, defining a new function MO(°): R+ > R+, as follows, in relation to
the even function Io(°) ({37, p. 13):
Mo(x2) =I(x), x¢ Rl (2.54)

then, in terms of qj and uj, we may write

J

Muly) = 1o Uagugexp(-ay) (2.55)
J

- ?zlaj(uj]qj) (2.56)

where the conditioning variable on the left is shown as y, rather than
q(=q(y)), to emphasize the parameter values.

The theory provides, further, that if one of the parameters upon
which q is dependent is, in fact, a random variable, say {, in which
there is no estimation interest, then it is té be averaged out before

proceeding, i.e. the average likelihood ratio
J
Auly) =<1 Ao e, (4,0) v,y (2.57)
j=1J 31

is unsed in the work below. In this approach (which formed the basis of
one variant of MLS receiver design studied) cleaxly the noiseless enve-
lope vector g has no further significance.

The Scan Data Processor design by the LOE approach can now be
completed. In the notation of the SDP design problem (but otherwise

quite generally) the estimate §(k|k) of the error £€(k) (in the estimate

16



?(klk-l) of the parameter vector 7y) which is locally optimum at &=0 is
given by

Bk = o7 DA (2.58)
where, recognizing u(k) = u(y{k),n(k)),

o) & AClr,n) [P Qe D |v = P (2.59)
denoted as the LOE (Fisher) Information Matrix, and

9
e 1o ACa|®) Any) # 0 (2.60)
Aalp 2y ¥ | |

=]

s otherwise
Further, the mean-squared error, X, (2.41), of this estimate local to
the point &=0 is

(o) = &7(y) (2.61)

As indicated above, several 'variants to the basic MLS receiver
design using this approach were studied, differing initially in their
definitions of the state and/or parameter vectors, x and ¥y éespectively.
Detailed development of the LOE quantities defined above is deferred
until the next section of this chapter where the wvarious designs
specific to particular state and/or parameter vector formulations will
be described. We conclude this discussion of the Scan Data Processor by
noting that, in view of (2.58) and (2.61) above, the principle calcula-
tions done by the SDP are those of ®(¥) and A(u|?). These, in fact, are
the quantities passed to the Tracking Loop Filterxr, discussed next.

Tracking Loop Filtex

Inputs to the Tracking Loop Filter from the Scan Data Processor are

the quantities A(ul?(klk-l)) and ¢(?(klk~1)). If we form the estimate

17



§(k1k), as prescribed in (2.58), that is:

Ek|k) = REPA@|D (2.62)
where = ?(k‘k—l) (2.63)
and R 2 o7 (gk|k-1)) *(2.66)

and then tentatively form a "pre-estimate", ?(k[k), in the following

manner:
k[0 = YD) + Ew, (2.65)

we find that ¥ can be written
§ = ?(k[k-l) + e(k) + ﬁ(klk) - &(k) (2.66)
= y(k) + n(k) (2.67)
= Hx(k) + n(k) (2.68)

i.e. the pre-estimate §(k[k), in a néighborhood of €¢=0, is in fact, a
"pseudo-cbservation" which is both linear in x and corrupted additively by the
zero mean, white noise ﬁ(k) with covariance R(?(k,k-l)), (2.63).

Following conventional Kalman filter theory and forming the innova-
tions process, ?(k]k—l) - %(k[k), gives

§Cefr-1) - §(k|k) = £(k|i) (2.69)
i.e. the innovations process is the estimate §(klk), (2.62), produced
(effectively) by the LOE—theory—baged Scan Data Processor. The filter
state update equation has the form

R(c|k) = &(k[k-1) + k(K)E(k|K) (2.70)
where K{(k), the Kalman gain, is calculated by cycling through 3 equa-
tions for each value of k, k = 1, 2,..., usually as follows:
Extrapolated Error Covariance:

P(k{k-1) = F(k-1)P(k-1]k-1)FL (k-1) + G(k-1)Q(k-1)6T(k-1)  (2.71)

18


http:R&)A(u-1Y)D(2.62

Kalman Gain:

k(k) = P(klk-I)HT{HP(ka-l)HI + R (2.72)
Updated Error Covariance:

Pkl k) = (I-K(k)H)P(k]k-l)(I-K(k)H)T + KCORYK (k) (2.73)
In the present application some simplification is possible, however.
Comparing (2.26) and (2.70) above indicates that

g (k|

i

k(K2 (k| k) (2.74)
K(KR(PA(n

1) (2.75)
and substituting from (2.72) into the latter gives

g(k|k) = P(klk—l)HT[HP(k|k—1)HT + REDITRDAQ|D) (2.76)
or, after simpliﬁyiﬁg,

E(k|K) = TAQ(|D _ . (2.77)
where

Fk) = P(e|k-DET + o(EP (k] k-1 (2.78)
is a new NS X NG gain matrix not requiring the inversion of the matrix
(¥} (produced by the SDP) for its calculation (by (2.64), R—1(§)
appearing in the simplification, was replaced by ®(¥)). The refined
state-estimate update equation, corresponding to (2.70) is the follow-
ing:

20 1) = 2(k|k-1) + FOOAG|D) (2.79)

Comparing (2.75) and (2.77) indicates that

K(KJR(Y) = T(k) {2.80)
or that
k(k) = TAOR () = F)6(§) (2.81)

Substituting this dinto (2.73) and simplifying gives the following:
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Updated Error Covariance:

P(k|K) = (I-T(QBHBP(|k-1) T-TESHMT + T () (2.82)
which also does not require the inversion of &(y).

In summary, the MLS receiver design developed, a tracking receiver,
will operate as a recursive state estimator and begin the (kth) data
processing cycle by extrapolating the prior state estimate X(k-1}k-1) to
the present, producing the

Extrapolated State Estimate, ﬁ(klk-l), (2.27)

and then masking it, giving the

Extrapolated Parameter Estimate, ?(k‘k—l), (2.36)

this, an estimate of parameter vector y(k) with error £(k). Next, given
?(klk—l) and the vector u(k) of observations, the Scan Data Processor,
designed under a criterion of producing an estimate é(k[k) of error &{k)

that is locally optimum at’ £=0, stops short of this result and instead

calculates the following:

Log Likelihood Ratio, A(u[{), (2.60)

LOE Information Matrix, &(¥), (2.59)

The Tracking Loop Filter accepts A and & from the SDP and completes the
data processing cycle with following sequence of calculations.

Extrapolated Error Covariance, P(k|k-1), (2.71)

Filter Gain, I'(k), (2.78)

Updated State Estimate, ﬁ(k[k), (2.79)

Updated Error Covariance, P(k’k), (2.82).

This concludes the derivation at the general Jlevel. The results are

specialized to particular state- and parameter-vector formulations next.
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D. SPECIFIC DESIGNS

Throughout the research program three specializations of the above
general design structure received most of the attention. These are
characterized by the formulations of their parameter and state estimate
vectors, as follows:

i. "Non-adaptive" Design
T

N, = 2, ¥ = (&, 0) (2.83)
N =3, %=(& 8, 6) (2.84)
ii. "Optimal"” Design (Adaptive)
~ PP P
N. =5, §=(&,38, &, GR’ 8) (2.85)
N, =8, x=(& 8,0, gy Ops Ops By v ) (2.86)
iii. "Suboptimal™ Design (Adaptive)
S A - ~ - T
N, =4, Y=, 09, 8ps GR,) (2.87)
N =6, %=(,0,6,8,0,06) (2.88)

The non-adaptive design was identified and studied as a baseline design
in accessing the benefits of adaptivity as supplied by the other de-
signs. The SPtimal design was the principal focus of the study; the
definitions (2.85) and (2.86), and the resulting design, are predicated
on the assumption that the multipath interference phenomenon, when
present (in q, (2.46), e.g.), is one which is fully described by samples
taken at the angle function repetition rate, or more concisely, via the
sampling theorem,

W, < nt(Rep. Rate) = % (2.89)

where T is the interval between scans. Undexr this assumption thenm, $ on

the active scan is nearly constant, i.e. in q, (2.46),
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Bj ~ B(k), for all j =1, 2, ---, J (2.90)
(where B(k) is the phase difference at the start of the kth scan) and
hence ﬁsc does not appear in the y-formulation for this design. The
" relation {2.89) is a restriction tha£ would not always be met in prac-
tice, of course, and the suboptimal ﬁesign represented an effort to
formally relax this condition and simultaneousiy reduce the dimensions
of the vectors and hence the complexity of the algorithm. This design
was accomplished by

i. Assuming the Bj in-q (2.46) were all independent random vari- |
ables, uniformly distributed on -the interval (-m,n) (corres-
ponding to the assumption that W, ®); then

ii. Following {2.57) and 'taking the average of the likelihood
ratio over all the Bj and then using it in the subsequent
design.
Both the state and parameter vectors are devoid of both B and w . in
this third design. ‘

A fourth and very recently conceived design, motivated alsc by the
desire to relax the restriction (2.89), though more complex than the
"Optimal" design, is characterized as follows:

"6D LOE" Design (adaptive)

DA i
NG = 6, y= (a, 0, tp GR’ B, wsc) (2.91)
and
W AA"\”AAI'\AAT
NS =8, E=(, 8,86, Op BR’ BR, B, wsc) (2.92)
N =9, X= (&, 8, 8, dp s GR, fg> B, W wsc) (2.93)

‘The assumption here is that there is sufficient dinformation in the J
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samples taken within a single scan (J/2 on each semi-scan, centered on
the expected centroid of the direct path pulse) to produce an es'lf.imate
of W using just one scan's data; it appears also the fractional ac-
curacy of such an estimate would improve with increasing W though it
may be somewhat O-dependent, since the interval between the TO-stcan and
FRO~scan pulses’ is both 6-dependent and relevant to the ugc—estimate
produced {or, more specifically, the LOE estimate of the error in
msc(klk—l). The "6D LOE" design will be described in Appendix C with
any results obtained at the time of grant closure.

Here we focns on the earlier designs, in particul;r, the details
for the optimal and suboptimal designs. The non-adaptive design is
clearly imbedded, in a sense, in both of these designs and needn'; be
treated separately.

Optimal Design

For this case, referencing (2.56), A(ui ¥) can be written as

follows:
J
Auly) =T A_(u.{qg. 2.94
(u|Y) -:1J(u3 qJ) ( )
J
where
A, .l“. 2 ¥ (44,0, -4 ‘ 2.95
J(uJ qJ) of unJ)GXP( qJ) ( )
> 0, for all u and finite ﬁj (2.96)
and
i, 2 a® (2.97)
J J -~ ~ Fal -~ Fal
- R2.2 an ~9 o .
a“p i (8) + 2uaRpj(8)pj(BR)cosB + aRpj(BR) (2.98)
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Hence, via (2.60)

J
A aln -
Al = 58 Al D = 38, @] (2.99)
where
B, ]
A é 8 o~ —_ 8“8, J
AyQuglds) = 57 1n A4(u{dp) = Aj(uj'qj)
oA, ‘
~ - (u. a)
dg. 2q. - it (2.100)
= b ()
. dy Aj(u.lqj)
Al$) = Dwls|a®) (2.101)
in which
8a, (3) 34;()
, I 7
p(3) & g% R . S —— , No x J (2.102)
8d, 9g, (V)
Y. Y
Ne Ng
- 2ap2(6) + ZGRP (8)p (6 )COSB ---
~-- 28%p, (BJP (0) + 2adRP (9)p (8 )COSB -
- 2ap (e)p (e )cosB + 2uRp2(e ) --- (2.103)
--- ZGGRP (9)p (9 )COSﬁ + 2&29 C RIP; (8 ) ~--
--- (- Z&ﬁRpj(S)pj(BR)sin 5) —--
where
. (0) 4 %5; plo_] (and similarly for ﬁj(eR)), (2.104)

eeze-eA(tj)
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and

w(ul?) A (---, wj(ujl?), --—)T, J-vector (2.105)
where
A 5, SHER
w.(uj HeL (2.106)
AL (u.l§.
]85
My
= bdu, — (4g.(Pu.) - 1 2.107
1 » ( qj(y)uj) (
in which °
M M. ()
Lyed (2.108)
M M ()
0] 0

and, for amy real z>0,

M (=) 2 v () ' (2.109)

where_Mo(-) was as defined in (2.54) in relation to Io(°), as follows
for any real x:
o }
Mo(x )= Io(x) (2.110)

A corresponding relation for Ml( ) is as follows:
1
2 T ——
Ml(x ) T Il(x) (2.111)

where Il(- ) is the modified Bessel function of the first kind, first

order. The well-known soft-limiter characteristic of

b

I
Tl ") (initial slope of %, saturation value of 1)
o
Hl
corresponds to the following for — (x}, x > O:
%,
MI
T &) =} (2.112)
o x=0
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d Ml 1
—_— = (x) =- (2.113)
dx M =0
o
?1 (x) > %~*k (2.114)
o x large

These conditions are satisfied exactly by the approiimation ([31, pp.

15-17)
M
-ﬁl(x): 1 (2.115)
0 2 (4+x)°

whose error peaks at only 4% around x=30. Substituting this in (2.107)
above for ws(ujlﬁ) gives the expression

u.
~ ~ J -
Wj(“jlY) ~ . . (2.116)
(1 + qj(y)uj)é

which was used in this design.
Substituting (2.101) above in the defining eguation (2.59) for the

LOE Information Matrix & gives

o) & Ay, |PA e | D]y = o
= D(?)Hw(q(?))DT(?) (2.118)

where
H (a(§)) 2 <wuly,n) [ (aly,m) D]y = > (2.119)

)
The criterion for locally optimum estimation (more specifically, locally

unbiased estimation) at &=0 assures that

0= AW [Ny = P = DD W) D[y =P (2.120)
A simulation study ([4], p.15) of the process w(u ]?), using the
approximation (2.116) gave support for (2.120) as well as strong evi-

dence that w(u,ﬁ) is white, i.e.
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0, for i#j
S A A e h, (), for i=j  (2.121)
i

and on this basis Hﬁ(ﬁ), (2.119), which is the covariance of w(u,ﬁ)

local to y~¥=0, was taken as diagonal, i.e.

Hw(a) = Diag(..., h, P, ...}, IxJ (2.122)
J

where hw (¥), it was also found ({4], Appendix A), could be approximated,

as follows:
i

ho (§) —2

) PN .12
J 1+2 9 (N (2.123)

with an error that peaked at about 20% for §j=2.

The antenna scanning function, BA(T), used was the following

BA + Qtj s Oitj<Ts
A max
BA(Ij) = BA ) s TSEIj<TF (2.124)
min
BA oo Q(tj-TF), Tthj<T1
min
where the parameters are defined, as follows: (see Figure 2.1)
A eAmax ] eAm'
Q= - 7 h (2.125)
s
6
r 8q 4 -, omin (2.126)
F s R Q
TS £ duration of the TO-scan (2.127)
Tx 4 interval between zero intercepts (2.128)
A
T1 = TS + TF . (2.129)
Values for the parameters eAmax’ eAmin’ TS and TR are essentially

prescribed by the MLS specifications and will be given in the simulation
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Figure 2.1 MLS Antenna Scanning Function
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discussion. The antenna selectivity function, p( }, and its derivative
p( ), are not prescribed in the specifications; plausible functions
were chosen for simulation use, however, and these will be described
later, also. This completes the description of the scan data processor
for the optimal design.

The ¥ and X vector formulations in {(2.85) and (2.86) require

matrices F and H in the tracking loop, as follows:

1 0 0 0 0 0 0 0
0 1 T 0 0 0 0 0
0 0 1 0 0 0 0 0
= 0 0 0 1 0 0 0 0 {2.130)
0 0 0 0 1 T 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 aQ 1 T
0 0 0 0 0 0 0 1
1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
H= 0 -0 0 1 0 0 0 0 (2.131)
0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 0

The product matrix GQGT used was a diagonal one in which the diagonal
elements represented generally measures (variances) of the intuitive
uncertainty in the eleménts of x(k), given those of x(k-1). The follow-

ing values were selected as part of the tracking loop design:

606}, = 606, = Max {()2, (35)?] (2.132)

representing 10% uncertainty for S/N > 14 db (in the direct path signal
strength only; the assignment of the same value to the '44' component

was arbitrary);

T _
GQG22 =

representing full reliance in these c¢oordinates on integrations of

T _ T
GQG55 = GQG77 =0 (2.133)

_derivatives;
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T

GQG33 = .01T (2.134)

AZ

- T _1a 2m |
- GQGGG - Bmax T

where

9max1= 0.1 deg/sec? in Azimuth, was determined from a study of a

representative set of landing patterns ([3], pp. 40ff);

T _ A8

606y, = GB2 = L% (<)) (2.135)

representing an error A in phase (due to W, uncertainty (i.e. error))
of 0.2 radians between scans, well within the limit of ® radians asso-
ciated with the sampling theorem.

Finally, in recognition of the limitations on.the true values of
the states, imposed by system geometry, modeling ambiguities, etc., the
results obtained from the estimation algorithm described thus far were
subjected to various additional constraint operations before being
designated and subsequently evaluated as "the estimates". Each of these
constraints are described pictorially in Figure 2.2 in the conventional
format of an input--output graph of a function of one variable. In all
cases the abscissa (input) is the result of the estimation update,
(2.79) above, aﬁd the ordinate is the estimate to be output (or used in
the next estimation cycle).

Suboptimal Design

For this case, the Bj’ j=1,2, ===, J, are taken as independent
random variables, each uniformly distributed om {-m,n]. Conceptually,

aj is also random and can be written

4 = qu + qBjCOSBJ- = q;(%,8,) (2.136)
where

, A Eat - ~ ~ sl
g, = usz?(e) + 62 pj(BR) =q, (P, >0 (2.137)
J J
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A A an N N L oy ..
qBj = 2uuRpj(G)pj(BR) = qBj(y), indefinite (2.138)
and
-4, <4 <4, (2.139)
J J J

We seek A(ui?), which, applying (2.57), is given by

3 .
AMalf) = <10 A (as)a (3,80 |u, > (2.140)

j=1 A J J
in which the averaging is done wrt the Bj’ j=1,2, =---, J. Because the

Bj are independent this can be written in a form similar to {2.94) as

follows:
j=1
where
A
AsCu lqA , qB Y |q (1,8, ))[ u, (2.142)
> 0 (by virtue of (2.95),(2.96)) (2.143)
And, as in (2.99),
A(uly) = AL (u, | ) (2.144)
J =1
where, here,
ay _AD
Aj(ujly} = §§1n A (u. ,qAJ,qB ) (2.145)
3 “ ~
o= AL (1, . .
- 9% %% (2.146)
A |qA., ag )
J
d" g" ?\(u°|§A 3aB ) d"* g A‘(u lqA ’qB )
= (d? D A%u q ) )+« d?J)( A(u ) )
7|9 93 [qA I,
(2.147)
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Consequently, A(ul?) in (2.144) above, may be written

A@[9) = D, (9w, @]§) + Dy(Duwy(u]

where

b, () &

w, G D

e

--- 2&p§(6)

~

- zazpj(e)éj(ey

e 9% 02(A ) —mm
ZGRijGR)

——— o2 * q
2u Rpj(BR)pj(BR)

—- ZURPj(BR) pj(G) -=-

= ZaaRpj (G)Pj (BR) ===

I
28p (8)p. (6p)

8qy ()
- j
ayl
3qy (%)
. < 3
Ng

--- ZGGRpj(B)pj(BR) ---

4 (———WA (u. 1Y) -—-)T, J-vector
§ J
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(2.151)
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WB(UI?) %(——~ij(uj|?)—-—)I, J-vector

in which

and, similarly

5y B

A.(u.lﬁ 2Oy )
A, B,
J 1] j 3

3 . .
S A (u, o (5,800 |u.,
5, 5 g ey (8,800 s, D)

-_— J FaY
<Aj(uj[qj(y,3j))lujy>

9§. 9A,
J A A
<G, )(éﬁj (|89 [ug, 9>
]

<A' . ~ . . A>
J(udlq3)|u3’y
=Y

=L (u_ g |u.$
53, (uJ,qJ)[uJY

<Aj(uj[aj)[uj,§>

<h.{u.l4q. >
J(uJ]qJ)IuJ’Y

< . G, .Y
cosB . ququ)}uJ,y)

A. u' A>
qJ)i J’Y

<A, (u,
i
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Making use of (2.106) in (2.158) and (2.161) [and noting that § in

{2.106) included the phase difference parameter ] gives

<oy Cog [¥:898; (g Ja s

WA_(uj ¥) = j ) (2.162)
j l <Aj(ujlqj)|uj,¥> |
= <wj(ujlv,Bj)W(uj y,Bj)Iuj,y> (2.163)
ij(uj|y) = <wj(uj|y,ﬁj)cospjwcuj,y,Bj)|uj,y) (2.164)
where
A.(u.|q.)
W(uj[?,ﬁj) 43 3| N >0 (2.165)

A lg)|u,,¥
J(u.]l qJ)IUJ 2 ¥
is a weighting factor which essentially modifies the (uniform) a priori
distribution of Bj’ giving an a posteriori one conditioned on uj and ¥,

i.e.
Ju.,¥) = Wu,|3,B. . 2.166
p(3;[u;,9) = Wlw;|%,8,00(8)) (2.166)
(Clearly
31
-5 A
j_% P(Bj Y:Bj)

independent of uj, ¥, as expected.) A more explicit form for LA results

J
from the substitution of (2.95) for Aj and (2.107) for wj into (2.162);

writing the expectations in integral form and taking advantage of the

even symmetry wrt ﬁj(i.e. as cos ﬂj in ﬁj) gives:

mt M
1 A - P -
IO [4uj;— (4qjuj) 1] M0(4qjuj)exp( qj)dﬁj
O
w, (u.|¥) = (2.168)
A4 J' Ifﬁo(4§juj)eXP(-qj)dﬂj

or, in terms of the more familiar modified Bessel functions of the first
kind, IO’ and Il’
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L

) 21

u. 1 1 ~
FIEh 2 @@ w)H- 11 1,2 (@ u)®expl-q.)dB.
o o 4 L j 3 0 : 377
W, (uj 9 = — —l — ] (2.169)
Substituting the approximations (for any real z)
El (z) = ————33—37- (good to about 4%) (2.17¢%)
I (4 + 22)7*
o
> 2
exp[(4 + 2z2)* - T4z 1
Io(z) - < (good to about 7%) (2.171)
(1 +2mz)? -
and the following expansion for aj
q. =g, (1 + B cosB, 2.172
4y qu( §© sBJ) (2.172)
where
Y
J
B, & = (2.173)
J QA‘
J
(and, by virtue of (2.139)
-1 < Bj <+ 1) (2.174)
gives
T
S w.L.dB.
w =.0Jd7373 (2.175)
4 STL ap
o7 7]
7T
[ w.cosB.L.dB.
S e RN T B A (2.176)
B o e,
o ] J
where
A u,
Wj = J % -1 (2.177)
1+qg, u,(1+ B, .
( quuJ( 5 cosB))
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and

"o b
exp[2((1+qA u, (1+B.cosB.))? - 1 0 T) - q (1+B.cosBj)]
3 03 1+ 2(4, u.)? (1+B.cosB,)? J
A AT J h|
L Jd
i (1 + 4n(g 1.1.)]/2 (1 + B.cos[fi.)lza);é -
Ayl I (2.178)

These last models, (2.175) and (2.176), were the basis of the calcula-

tions below.
Substituting (2.148) for A(ul?) into (2.59) for ®(y) gives

®(§) = D,(PH, D) + D, (H, (DL

A AB
+ (0,(PE, D@’ + D (PE. @IDE®D) (2.179)
A W B B W B )
AB B
where, noting that now
u = u(y,B ,nl, (2.180)
the J x J matrices H_, H , and H are given by the following:
W W . W
A VB AB
~ = Fa T Fa) Pt
HWA(Y) = <y (u(y,B,n) |y (uly, B ,0) | =92 (2.181)
B, () 8 <oy (aly,By,n) | Doty p,m) |9 [y (2.182)
w ¥ g (¥ By, m) | vy uly, B n) ) |¥=¥ .
E, () 8 <, (uly,b,,m [ D aly, b0 |y (2.183)
Vin ATV Py B Py :

in which these averages are taken wrt to the noise n and phase dif-
ference ﬁj in u. Assurances given by the LOE theory that

0

Ay, ,,m) [1D]¥=9)> (2.184)

Dy ()<, (a ¥, Bom) [ Y1) + Dy <oy (uCx,8,,) [ |y=y> (2.185)
strongly suggest that

H
(=]

<WA(u(¥,Bu,n)l?)|Y=§> (2.186)

]
=]

<WB(u(y,ﬁu,n)|?)|y=?> (2.187)
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and a simulation study of the processes wA(uIQ) and wy(u ¥), unsing
numerical approximations of (2.175) and (2.176) (discussed below) re-
spectively, gave support for (2.186) and (2.187), as well as strong

evidence that

: \ 0 i#]
<w, (v, (¥,B ,n)|Pw, . (y,B ,0)[P|y=P =
At “ill A5 “jJ,l R, (), i=j
A,
J (2.188)
0 if]
(03 (9B, 0| Doy (o5 (1B, 0| D[P = s
i i ] ] . hw (¥3, i=j
B.
3. (2.189)
X 0 i#]
<, (u;(%,B, »n,) ﬂWB.(uj(‘!:ﬁu.’nj)[Y)l¥=Y>= : o
i i J j h (), i=)
AB.
J (2.190)

and, on the basis of these conclusions, the matrices Hw (¥) and Hw (¥)
A B
which are the covariances of processes WA(u ¥) and wB(ul?) local to

¥-¥=0, and the matrix Hw (¥), the cross-variance of the processes Wy and

AB
Wp local to y-¥=0, were taken as diagonal, i.e.
H (¥) = Diag(---, b (¥), --=), I xJ (2.191)
W, . .
A Aj
H () = Diag(-—-, b (¥), ---), I x J (2.192)
W, W, .
B : . Bj
H (¥) = Diag(---, h_ W, ---), IxJ (2.193)
ARB ABj

where definitions for b, (¥), h (¥) and h (¥) were taken from
W W W
A, B. ABj

J J
equations (2.188), (2.189) and (2.190), respectively, above.

Efforts to use (2.175), (2.176), (2.188), (2.189) and (2.190) and

38



obtain approximations, respectively, for w

A » YR oo h , h and h s
J

i YA, "B. YAB.
N ] 3

analogous to those in (2.116) and (2.123) for Wj and hw.’ respectively, in
the optimal design, were not successful. As indicated ibove,,it was
necessary to use numerical procedures to perform the averaging indicated in
the calculations of WA'(uj[?), WB‘(uj[?) and ¢(¥)). MNumerical versions of
(2.175) and (2.176) were used to calculate WA'(uIQ) and wB_(uly) in which
integrations wrt B were replaced by simulatioi averages ——Ji.e. by
summations over om index set of LMAX values of P taken uniformly

over the intervel [0,m], with due regard- for the dynamic range of the

cbmpuﬁing machine. The forms used are, as follows, suppressing the "j"

subscript temporarily:

mzx(1,|ha£|) f

Wy = ( ) (—) (2.194)
max (1, hﬂ) f
0 s
max (1, l} £
_ .2 | hbz °B
wg = ( ) (—) (2.195)
max {1, hz) f
s
2
where
_ 1
h, = ; — (2.196)
(1 + 4n (cd[Au)‘2 (1 + BCOSBE).Z)z
h, = (-1+ . L ,) by (2.197)
2 (1 + un(l + BCOSBQ))z
= h_ cosP (2.198)
hb2 a, 2
LMAX
£, = i hﬂexp(gﬂ - gm)_ (2.199)
LMAX
f =2 h exp(g, - g ) (2.200)
U L R L
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IMAY

f b3 exp(g, -~ g ) (2.201)
A AN
g = 1n(IMAX) + ln (max(1l,h,) + max(g,) - EXPMAX {2.202)
m P A Py 2
g = In(IMAX) + Iln (max{1l,{h_ {) + max (g,) - EXPMAX {2.203)
m a 2

a 2 2 2
g = Ia(IMAY) + 1n (max(1, hb ) + max (gg) - BXPMAX {(2.204)
b [ ) 2

and

EXPHAY 4 In(largest REAL variable representable on the
computer) (2.205)

(< 88. on the PDP-11, 322. on the CDC Cyber 172) (2.206)
These equations were the basis for the simulation study that led to the
conclusions of whiteness, equations (2.186) thru (2.190), and the consequent

diagonality of H o, H_ , and Hw , (2.191) thru (2.193). These same
A

B AB
equations were used in a numerical study of Wy and Wy as functions uj,
J k|
a and Bj in an effort to find approximating functions,
]

w, (u.lq, ,B.), w (u q Y
A, AL A, )8
3 J 3 J j J

"after the fact", again without success. As a result
i. The numerical computation of w BB given uj, dp s and .
Bj’ equations {2.194) thru (2.284) hid to be prograimed
as part of the receiver design, to run "on-line" (with
a substantial increment in processing time). More will
be said about this in the simulation discussion in the
next chapter.
ii. Also, the second-order averages, hw R hw and hw , associated
A. B, ABj

J J
with the calculation of ¢ could not be adequately approximated
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in closed-~form, and numerical .averages based on (2.188) thru
(2.190) had to be done.
These latter calculations will be summarized at this poinmt in the dis-
cussion since they were done "off-line" and hence were not part of the
receiver simulation per se, but more a part of the design.
As (2.188) thru (2.190) suggests, the second-order averages had to be
taken wrt the Bu-—variable and the noise nj in the observation sample,

J

uj, appearing as an argument of the conditional mean processes w, ,

J
Wy T clearly a very lengthy process but one fortunately that could

J
be donme off-line. Such an approach was used, but the effort then to
find approximating functions "aftexr the fact" was again not successful,
and a plan was pursued involving calculating and storing many values of

the second-order averages in tables off-line, then using table-lookup

preocedures indexed by Qy and Bj and interpolation on~line to calculate @(¥).
d

To improve the accuracy of these results and more nearly quarantee the
non-negativeness of the calculated ®(¥), the ¢-matrix was determined

element-wise, as follows:

J
6. =¢ =3 [s D -s_ D, ). D -5 D )
PR g A By B Biyt A By VB, By
J j 3 j
+(L+Rpds, s, (O, Dy +D, Dy )] (2.207)
J A. "B, ij 23 2 Tij
X i i
where
1
s, 2 (, )2, s, >0 (2.208)
A A. A.
J J \ J
s, 4 (b, )% s, >0 (2.209)
B 3 B
3 N ]
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RAB é" ABj , -1< RAB <+ 1 (2.210)
j s s i
Ya. ¥B,
J J

The averaging associated with tﬁese calculations also was &one by simu-
lation rather than by using numerical dintegration of the assoy:iated
probability integrals. In particular, suppressing the above "j" sub-
script temporarily and considering (2.136) and (2.172) then clearly u(j)

in (2.48) can be written without cenfusion as

1,
u = q(q,,B,B)) + ZnC[q(qA,B,Bu)-}2 + ni + nz (2.211)
= u(Bu,n qA,B) (2.212)
where, of course 4 = qA(y) and B=B(y). Then v, can be denoted as
(3)
WA(H B) = wA(u(ﬁu,nlqA,B)lqA,B) - (2.213)
and with this notation the calculation of 5, is described, as follows
A
L Jn —
max
— 2
s, = l—5— 5_ fa e, ]qA,B)lqA,B)] (2.214)
A max no
=8 (QA,B) (2.215)
A
and similaxly for"sW , etc. where the components n.,n of the J noise
B i 54 max

vectors n, were drawn from a Gaussian pseudorandom noise generator {with

mean zerc, variance 0.5, see (2.11)) and the Lmax values of Bu were

2
taken uniformly from the interval [0,m]. Values for Lmax and Jn
max
used were
LmaX =11 (2.216)
Jn = 400 (2.217)
max
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for each (qA R Bj) point. In building the tables 300 (qA s Bj) points
h| h|

ware employed distributed generally, as follows

0.1< a, < 108 (25 values) (2.218)
J
0.01 < Bj < 0.990 (12 values) (2.219)
and values for 1n(s. ), In (s 9 and R were calcunlated and stored.
Wy vg ABj
J J

These off-line calculations were done by PROGRAM WLOGSW, associated
subroutines WAVGS and WAWB, and FUNCTION GAUSS, which are all included

in Appendix A. Values calculated for la(s._ ), ln(s_ ), and R are
Wy YR AB .,
: k| J
are given in Tables 2.1, 2.2 and 2.3 respectively.

~

Then, in the receiver, for each (ﬁA ,Bj) point associated with

J
the estimate ¥(k k-1), the tables were 'entered and
i. Values aA.’ QA. » B;, B, . from the tables were found,
i i+l
such that
-~ < ~ -~ .
A S qA. < qA. (2.220)
i 3 i+l
B, <B, <B (2.221)

ii. Then, linear interpolation between calculated averages in the
table was done, using the general formula

fcxziyl) - f(xl ’Yl)

f(x1+Ax,y1+Ay) = f(xl,yl) + A
X - X
2 1
f(x,,y,) - £(x.,v,)
N 1292 1556 W
Yo © ¥
£f(x,,v,) + £(x,,v,) - £(x,,v,) - £(x,,v,)
N 171 2272 1°72 2071 Axy
(x, - x)(y, - vy) (2.222)

iii. The interpolated values of 1n (sw ), ln(sw ) were exponentiated),

A B,
J J
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B =
Qa:
« 1000
21778
«3162
5023
1.004
La770
J.162
5,623
10.00
L7.75
3l.062
hba.23
100.9
177.3
31s.2
56243
1000.
1778,
31162«
5623,
10004
«1000E+00
«1000E+0T
«JOQUE+0B
«1000£+09

V10

-1l
=16
~423
-, 53
“.u?
~.85
“.by
“led
=1l.5
“led
=del
=243
=240
=25
-3.2
~3.5
-3.0
4.1
BLTL
—b4.7
“2.1
iR -]
=149
h-TE-
~Je0

sMEL

-+ il
-+lo
-+23
=33
=7
-2
=30
=12
=le¥
=l.n
=241
=2.3
=26
=244
-3.2
=3z
-3
ELEYA
=42
=44
~b.3
-t
=77
ol - -]
=G0

Table 2.1 In (SW .(qA

040

=11
=16
=423
-.33
~47
~.65
-9l
-1.2
~ldd
=18
~2.1
-2k
2.7
~3.0
=3.3
=36
-446
=4k
-4 7
=51
=545
=648
=T+t
-8.4
-9.5%

+060

. "'-‘ll

-+ 16
-.23
-+33
—e &7
—+b65
=91
-1l.2
=1.53
~1.8
=2.1
-244
-2.7
=3.0
~3.3
=3.7
=441
=445
~4.9
=52
-£.5
~&.6
=T.3
=R.h
~945

3
A, 7]
]

100 W 200
~.11 -.11
=16 -2 16
=23 -.23
-e33 . —+33
47 -t
-+ 66 -1}
=.91 =91
~le2 -1.2
~1.% =145
-1l.8 =19
~2+1 =242
~2.4 =26
~2.8 =3.0
~3,1 =343
~3.5 =37
—3.9 =440
=443 =l ett
~44b =447
~5.0 =541
=53 ~543
-5 & - I
=643 ~Ge2
=7.3 7.2
=Bu4h ~B.4
-9.5 =9.5

Ej))

+300

~e1l
— 16
—+23
-+ 33
—ahT
~+ 66
-a92
=1.2
=16
~1.9
2.3
—2.7
=3.1
~3.h
~3.8
~441
=444
=4 .7
-4.9
=5.0
=5.1
-b.1
=7.2
~8e4
~345

+500

=+1l
-.16
~4+23
-.33
=48
- 68
=495
-1.3
“1s 7
-2.1
“2eh
~2.8
-3.1
~3eh
=3,

=44l
~4e3
LLTE]
—4+5
“4s7
=50
=640
-T2
-8,3
~9.5

2700

-all
-.16
~e23
-+ 34
~49
-+ 69
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=13
=l.7
=240
-2.4
=247
=3,0
~3+4
=3.6
~3.8
=3.9
=4.1
=443
=446
-4 o8
-5.9
-T.1
~B.2
-G

«900

-.11
—a 16
ol b
~e34
=50
=71
=98
“l.2
~1l.5
~1.7
=20
“24h
2.7
=3.0
-3.2
~3.3
=3.5
=3.7
-3.9
4.2
445
=5.6
-6.8
=79
-9.1

+950

-1l
“alb
-s 24
=+35
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- 72
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-1.2
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~1.8
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-2+9
=3.1
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~3e4
-3.7
=4.0
ELTS:
=54
6o b
~T7
=049

990
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~elb
-e24
-e35
~+51
—e72
- 37
~1.2
=1l.3
~lek
~1l+sb
-1.7
=1.9
=20
=242
=2.3
=26
-2+8
=3,.1
“Jeh
=3.7
=49
=60
~Ts2
-B8.3
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RAB1

B =
Qat

Jl0u0°
L1778
L3162 .
TYE!
1-000"‘:
1.7738.7
3,162/
5.623%
16.00°°
1774y,
3l b2ug
5642
100.@5
17744
316,27
56245
10008
1?75&%
1625%
5623
10008”

+ LO0QE+ 06
~100JE+OT
1Q0UE+DE
+1000£+409

uld

oIa

e

Jle
=24
t=e32
=437
=.dd
-.238
=22
-.1b
~.15
—.1%
=13,
a1 ”
=.11
-.11
=.11
- ly

. —el0
“f= L Gbr=-0)
$meG5E=21
“*.93e-01
LE . G3E-01
2e19e=01
< G4E~02

ﬂ;‘ﬁ3E-01

G20

o lh
—+43c=0l
- 1lé
—a24
~e32
-4 37
-:+35
-+ 28
=, 22
=18
~a15
—sln
-.13
=412
=11
~ell
-.11
-.10
=-e4¥9e-01
~+36E-01
~eG7e-0l
-+ 10
-solE=Ul
~e15E=01
~al2E=0L

+040

el
=+ 43E=01
=16
-.24
-.32
-.37
- 3%
=26
.22
-.18
- 1b
=+ 14
=13
—.12
~.12
=11
=.11
.11
=.11
=.1l1
=.11
-sl2
-+ 35E=G1
-.36E-01
-+30E-01

Table 2.3 R

060 + 100

1% el
-343E=-01 =—.43E-01
-+16 =16
- 24 =24
-.32 -+32
=437 “e37
=35 ~.35
~e28 -.28
-s22 ~+22
-+18 -.19
“elb -alb
~slt =15
=13 -s14
-+13 —elt
-+l2 —.14
“.12 ~.15
-112 “.15
=12 -+15
-.13 =slb
-.13 "016
"-el3d “slb
-.10 -.10
=+43E=-01 =-.B87E=01
-4 TE-Q1 -, T4E-01
—244E-QL =,74E-01

sp, (94> By
i3

2200

14
~.41E-01
-.16
~e2%
-32
=437
-+36
~+30
-+ 24
-a21
=.20
-.19
=420
-+21
~422
-+23
=23
—-2h
-a24
-s23
-u22
—sl4
=15
=15
~e15

1300

14
-.3T7E-01
=16
—-e2h
-.32
-+38
~-e38
-+33
-.28
-+25
--25
~.2b
—~e28
~e29
-« 30
-.31
=e31
~-+32
=31
=430
-e29
—s26
-.22
~22
-, 22

500

16
-e26E-01
~el%
o4
=+33
- 40
=243
-2
-.39
-e39
- il
~+43
-v45
- kh
—-47
-.4B
-s4B
~e 4B
—a&7
—ehl
-137
“e42
-.38
-¢38
-+38

2700

«18
-+ 44E-02
- 1%
=225
=35
- b
=450
-+55
“57
7059
=60
—e bl
~e 63
- 64
~eb5%
=66
= b6
-a62
--57
=55
~e59
-+ 56
"|56
~+56
~.56

« 300

121

«34E=-01
=212
=-e24
-437
~48
-e39
-+69
- 77
-a81
=183
-, 84
-3 84
-+B5
-oB85
-.83
-.82
=+81
~eB2
-+B2
~-esB82
-+78
-+ 78
- 78
- 78

+ 250

lzl

+HBE-01
=-.10
LaYL]
-.37
~o 49
=ab1
- T3
-+ 81
- B0
-~ B9
-+91
=31
-.91
-+ 90
=90
-« B89
-89
~-+89
~:+89
-.88
=80
- 86
- 86
-+ 86

«590

+«20

+ 43E-0L
=«36E-01
-e23 .
=-o37
- 50
-eb3
=75
-«B4
=e90

- 54
-~ 96
-s97
-.98

" -a98

-9
- 97
=97
- 97
-095
=296
-6
=296
=96

=86



and the results with the interpolated value of RAB were used
in calculating ¢£i via (2.207).
This completes the caleulation of A(ul|¥) and (%), hence the description
of the Scan Data Processor, for the Suboptimal Design.‘

The Tracking Loop for the Suboptimal Design is identical with that
of the Optimal Design, except for changes due to the lower dimensions of
the state and parameter vectors. Generally

i. The last two rows of the state vectbr estimate and corres-
ponding rows and/or columns of associated matrices were eli-
minated;

ii. The last row of the parameter-vector (estimate) and corres-
ponding rows and/or columns of associated matrices were eli-
minated.

This-simple adaptation procedure results from the special formulations
of the state- and parameter-vectors adopted. It was employed in the
simulation easily and without problem.

This same general procedure was used also in obtaining the Non-
Adaptive Design (recall (2.83), (2.84)) -- simply by (initializing ?R=O
and then) pruning the several vectors and matrices back to the appro-
priate dimensions, star¥ting with either the optimél or suboptimal
designs (both give the same results)., This too was used in simulation
without problem.

This concludes the formal development of the receiver algorithms.

We turn next to the simulation studies and discussion of results.

47



48



SECTION III

SIMULATION STUDIES

The principal simulation result used in evaluating the performance
of the various receiver designs was the calculated root mean square

error (RMSE) (sample) statistic. A large number of studies of RMSE

versusﬁseP were conducted, where

84

esep =0 GR (3.1)
These studies were parameterized, in general, by the following:

DSNRDE (or S/N) A 20 1og10 o (3.2)

D 4 aR/u (3.3)

B, the phase difference at the beginning of the simulation

run ’ (3.4)

Fsc = wSCIZH, the scalloping rate (Hz) (3.5)

BMLS 4 the 3 db beam width of the MLS transmitting antenna (3.6)

B 4 the presumed 3 db beam width in the receiver of the MLS
RCVR s
transmitting antenna (3.7)

Other RMSE studies performed included:
1. RMSE versus (BRCVR/BMLS)’ parameterized by S/N, p, B, Fsc and
esep; this study was deemed important because of the presump-
tion in the Optimal and Suboptimal receivers of a value for

3
the MLS ground (transmitting) antenna beam width, a parameter

not currently tranémitted in the preamble of the MLS signal.

2. RMSE versus FSC, parameterized by S/N, p, B, Bsep, BMLS’
BRCVR' o ’
' IPRGERANIZ PSS BLAMK NOT fimos

)

_ N LR B
o b ios Sig : .:'s":
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‘Two series of error time-history studies were conducted also, all
.runs in both cases béing, parameterized by the full set, S/N, p, B, Fsc’
esep’ BMLS’ BRCVR’ as well as other variants, such as the presence—or
absence of the constraints imposed on the estimates, etc. One set of
error time-history stundies, termed Interference Acquisition scenario
runs, evaluated the "pull-in" ability of the interference tracker for
potential use in interference acquisitionr. The second set of é&rror
time-history studies, termed Crossing Multipath scenario runs, evaluated
the tracking performance of the receiver designs in dynamic environments
involving multipath interference which is initially out-of-beam, then
closes to in-beam, crosses, and finally opens to out-of-beam.

A major portion of the résearch was devoted to simulation
studies -- both program development and receiver performance evaluation.
The programs ;sed in the receiver performance studies, totaling about
100 pages of FORTRAN code, are listed in Appendix A and are briefly
discussed in the first part of this section. The second part of this
section presentg a representative selection of data from the %ari;us
gsimalation runs, and discusses‘the results.

A. SIMULATION MODELS

The bulk of the computation performed in the -simulation was done in
FORTRAN subroutines described as follows:

MLSSUB: Similation of the environment (via a state-space
model with "true'-state, =x{k)) and the ;eceived

(envelope) signal vector, u(k); we note here. that

within a scan the qﬁaﬁﬁffy‘*
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RCVR:

CONTRL:

B=B + w_ T, (3.7a)

is used as a better approximation of the phase

difference (rather than simply B) in computing the

jth sample, uj, of the received envelope signal..

Computation of the estimate, a(k|k), of the angular
cooxdinate ©(k), given the observations vector,
ulk);

Conduct of the simulation run, including performing
all I/0 operations, special initializations and

performance evaluation calculations.

The macro-flow-charts in Figure 3.1 show the organizations of these

routines and their interrelations.

The simulation main program, MLSSIM, simply establishes COMMON

storages and calls MLSSUB. Subroutine MLSSUB calls a library gaussian

pseudorandom number generator function GAUSS and the following two MLS

functions, in addition to RCVR and CONTRL:

PMIS:

The antenna selectivity function, PMLS(ee)’ of the
MLS transmitting antenna, used in constructing the
observations vector u(k). The following -23 db

sidelobe function was used in the study:

/b, |z| = 1
Pyrs(6e) = n : (3.8)
cos 3z ’I z| .
1 - z2
where z = Z.ABe/BHLS (3.9)
Be 4 angle from beam center (3.10)
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[4]]

Set Numerical Params
Proinicialize F=Is

!

Call CONTRL (1)
(Initfallze Simulation)

3

Cale. Secondary Params.
Inltialize State x

¥

Call CONTRL (2)
(Qutput Data)

¥

Set K=0
Call RCVR (Call CONTRL (3) & (4))

Call CONTRL (5)
{Set up MSLT-loop)

! .

For MSET = 1, MTIMES
Call CONTRL (6) (setr up LG-=loop)

Por LG=1, LGMAX
Call CORTRL (7) (Set up K-loop)

For K=1, KM

Call ¢onrnl,  (B) (bet up scan)
advance state, as req'd,
Calo. CHSR, {T(]),v(i)}

Call RCVR

Call coNtRl, (9) (Seore data)

Call GONLRL (10} (Store data)

Call cowiri, (11}{Store data)

[Call CONTRL (12} {Closure)

Set Numerical Parameters

Call PHLILM (inittalize)

Set NG, N§, ===, GQGT (3,3) ---
Initialize PA=O

!

Call coNnTRL (3)
(Initinlization)
¥

Sot Secondary Paramcters
Reset NS, NG, —---, if nec.

¥

Call CONTRL (4)
(outputs)

Y

Extrapolate ;, if nec.
Update GQGT (1,1), GQGT (4,4)

Y

Call PUILM
(SDP: computes &,A)

|

Exerapolate P
Compure, GATN matrix
Update % and P

|App1y Constraints ]

( CONTRI, {15W) )

6o 10 (1,2,3,4,5,6,7,8,9,10,11,12), ISW

1
—>| Initialize simulation
2
.-»l CQutputs Sim, params
3
—-b‘ Initinlize Recelver
4
—>l Qutput Reyr, params @
LR ‘

Set up MSET=loop
6
—>[Sct up LG-~loop
7
—»Iset: up K-loop l—b. @
3
->| Set up the scan
=

Store daca (kth scan)
LQ
-*1 Store duta (161h sel of scans)
11
—»’Ture dora (MSETeh serles ol scis) |-> .
1—2»’ Run Closure @

Figure 3.1 TFlow Charts for MLSSUB, (OPT) RCVR, and CONTRL



THA: The antenna scanning function, GA(I), of the MLS
transmitting antenna, used in constructing the
vector wu{k). The function in {2.124) above was
specified in the MLS specifications and used in the
study.

The programs MLSSIM, MLSSUB, THA, DFLTRL (a lst-order digital filtering
subroutine used when the threshold receiver is running) and a BLOCK DATA
program, MLS, collectively constituted a software module (or file),
denoted MLSSIM. The function PMLS, and BLOCK DATA program PMLSID were
put into a separate module, PMLSI, to facilitate changing the PMLS(')
function. The listouts of these and other programs found in Appendix A
are grouped into modules.

Two scenarios of subroutine RCVR were used, which are distinguished
by module (or file) names suggestive of their ~natures, as follows:

OPTRVR:  The optimal structure, comprising the Scan Data
Processor and the Tracking Loop; calls subroutine
PHILM (which calculates SDP quantities &, A, and is
described below) as well as matrix arithmetic sub-
routines MATSM, MATMUL and MATINV.

THIRVR : A design similar to present commercial approaches
using thresholding principles [11]}. The simulation
model, which involved

i) A 3db-below-peak threshold (referred to
the linear envelope)
ii) A 300 microsec tracking gate for inter-

ference exclusion.
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iii) A dwell gate for "loss-of-track"
decisions
iv) Input of the log envelope signal, fil-
tered by a 25 Kﬂz low pass filter.
v) Error filtered with a 10 r/s bandwidth
low pass filter for evaluation, -
was developed to provide baseline data for perfor-
mance comparisons. See the references [11], [4, pp.
l25,26] and the program in Appendix A for further
details. The program calls subroutine DFLTR1 +to

provide the 25 kHz filtering.

Two versions of PHILM were used, distinguished by module names, as

follows:

PLOPT:

PLSUB:

The Scan Data Processor calculations of @, A for the
Optimal design. This uses function THA, (2.124)
above, and functions P and PDOT given below. We
note here that in the calculation of matrix D in
PLOPT, analogous to (3.7a), the quantity

kS ~ ~

B, =B +u T (3.10a)

was used. for E in (2.103) in an effort to improve
the receiver performance by making use of the ;sc-
information at this point.

The SDP calculations of ¢, A for the Suboptimal
design. This calls the same functions THA, P, PDOT
used by PLOPT, preceeding, but alsoc calls subrou-

tines WAWBJ (which calculated "on-line" conditional

averages
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W, (uj y) and Wy (uj ¥) using (2.194), (2.195)
and succeeding equations) and subroutine SWFCNS
(which did the table look-up and necessary interpo-

lation to produce the values S, o Sy and R

A Vg, A
j ]

p. (2.208),
J
(2.209) and (2.210) respectively needed to calculate
matrix ¢ via (2.207). See the program in Appendix A
for further details.
The functions P, PDOT constitute the module POPTL and are used by both
versions of PHILM. Théy are described as follows:
P: The antenna selectively function p(ee) assumed in
the receiver design to be in effect in the received

signal vector u(k). The following -23 db sidelobe

function was used in the study:

/4, 'zl =1

p(6) = (3.11)
|
COSE' Z
T o #1
A
where z = 2.4 Be/BRCVR (3.12)
o 2 angle from beam center (3.13)

e

This is the same function as PMLS(ee)’ (3.8), but it
was programmed twice with distinct pames to allow
different functions to be used (alternate function
were not studied, however). TFigure 3.2 shows the
function p(-), (3.11) above, centered in the same
65-sample window on the same sampling grid
(FSAMP = 160 kHz, OMEGA = 20,000 Deg./sec.) as in

the receiver.
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RUN PFLOT

BHLS = 1.00000
OMEGA = 20000.0
FSAHF = 140000.

DTHETA = ©.125000

Max = 63
THEMIN = -4.00000
THEMAX = 4,G0000
THETA F ORDINATE AXIS! HIN=-0.595066E-01 HaX= 1.00000
DEGREES THCREMENT= 0.17B251E-01
—4.,00000 0.887470E-02 *
-3.87300 0.531045E~02 X
=3.75000 0.000000 *
—3.42500 -0,&07B31E-02 X
-3.50000 -0.1146305E-01 X
-3.3750¢ -0.152849E~01 ¥
-3.25000 -0.158933E-01 ¥
=3,12500 -0,127983E-01 .
=3.00000 -0.407825E~02 X
-2.87500 0,335422E-02 X
-2,75000 0,138107E-0L X
-2.42500 0,2302924E-01 X
=2,50000 0.285714E-01 P
-2.,37300 0.28294%E~01 X
—-2.25000 0.208731E-01 X . *
-2.12500 0.625487E~02 *
~2.00000 -0.,140207E-01 *.
-1.87500 -0.3467338E-01 X .
-1.75000 -0.571548E-01 ¥
-1.62500 ~0,495066E-01 X .
-1.,50000 -0.,476438E-01 X .
-1.37500 -0,459040E-01 £ .
-1.25000 =0, 468134E-07 *
=1.12500 ¢.721755E-01 . *
-1.00000 0.14699562 ‘ *
-0.875000 0.289445 . *
~0.75000¢ 0.424579 . - X R
—0.425000 0.565687 . *
-0.3500000 Q,702312 B *
-0.375000 0.82333% . *
-0.250000 0.918414 + *
=0,125000 0.979128 . *
0.000000 1.00000 .-.o-..-...--.......--..-....-.'......................-.-...&
¢.125000 0.977128 . *
0.250000 0.9218414 ‘ *
0.375000 . 0.823339 . *
0.500000 0.702311 . S
0.425000 0.,54654685 . X
Q.750000 0424379 . *
¢.875000 0.282645 . x
1.,00000 0.1469742 . *
1,12500 0.721745E-01 . 3
1.25000 =0.9342567E-07 *
1.37500 —0.45%040E-01 ® .
1.,30000 -0.576436E-01 X B
142500 —0.5950468E-01 X .
1.75000 -0.37154BE-01 ¥ .
1.87500 -0.367328E~01 ¥ .
2.00000 -0,140207E~01 ¥,
2.12500 0,625487E-02 *
2,25000 0.208731E£-01 ok
2,37500 0.282949E-01 oK
2,50000 0.285714E-01 . X
2.62500 0.,230274E-01 - %
2,75000 Q.138107E-01 ok
2,87500 0,339624E-02 S
3.00000 -0,607822E-02 *
3.12500 -0.127983E~01 X
3.25000 -0.158933E-01 .
3.37500 ~0.152859E-01 .
3.50000 -0.1154305€-01 .
3.462500 =0.407832E-02 *
3.75000 0.000000 X
3.87300 0.531045E-02 *
4, 00000 0.887470E~-02 *

Figure 3.2 Antenna Selectivit.y function, p{(B), used
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dp(8_)
ET)
e

PDOT: The function On the basis of (3.11) thru (3.13)

the following was used:

( £0.3n signum (z), Izl =1
RCVR
dp(Ge)
doe =§
0.312 cos{z+1)m/2 - %%%%%;%%EA% cos(z~1)m/2 - %%%%?%%%Eﬁ% EMZl%l
k?RVCR{: (z+1)n/2 ¥ (z-Da/2

(3.14)
Several versions of subroutine CONTRL, distinguished by module
names, as follows, were used, conducting the simulation through various
types of scenarios and test runs:
CTLACQN: An interference acquisition scenario, testing the
"pull-in" power of the interference tracking algo~

rithm. Imitially no interference is present and the

interference tracker states are tethered to "idlex™

values, as follows:

&R = 0.5 & (3.15)
0

BR = 8 - 1.5 degrees {(3.16)

~ 0

BR = 0 degrees/second (3.17)

A 0O

Bo = n/2 radians (3.18)

&Sc = 0 radians/second (3.19)

)
A step of interference then oceurs with prescribed
parameter walunes, the interference tracker is un-
tethered and the estimate error-time-histories are

generated.
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CTLCRMP:

CTIMSTH:

A crossing multipath scenario, testing the tracking
abilities of a receiver design from an out-of-beam
interference condition, thru a crossing in-beam
condition to a out-of-beam situation aéain. under
prescribed conditions; error-time-histories are
generated.

An RMS error versus Bsep study in which, by a suit-
able nonzero assigpment of W o the effects of B are

approximately averaged out as the statistical sample

" of desired size, 100 scans, evolwes. 110 scans are

CTLOE:

CTLMSSBB:

calculated and the first 10 discarded in computing
error statistics for each value of esep' The pro-
gram increments esep and repeats the calculation for
up to 13 values of esep'
Another, more expensive, RMS error versus esep study
in which for each value of esep B is stepped through
20 values uniformly spaced on the (-m,n) interval
and, for each value of B, 30 scans are genergted,
the first 10 being discarded and the latter 20 being
used in the statistical calculations.

An RMS error versus Bra study, where

A
Bratio - BRCVR/ BMI,S'

tio
(3.20)

The study is performed in a manner similar to that

in CTLMSTH above, including the use of nonzero W -
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CTIMSFES:

7 values of Bra were used in the range

tio
-1 b}
(10) : < Bratio < (10)é
with
B = 1°
RCVR , when B . <1
B > 1° ratioc
MLS
and
B > 1°
RCVR , when B ., > 1
B = 10 ratio
MLS

(3.21)

(3.22)

(3.23)

An RMS Errox versus FSC study. This study is also

performed in a manmner similar to that in CTIMSTH

above, except that W is assigned higher and higher

integer multiples of the minimum value (0.135 Hz in

AZIMUTH) which would integrate B over a 2m interval

during a 100-scan time period.

Block data programs were included in many modules to initialigze

COMMON storages.

also used and is included in the program listings in Appendix A.

A library of general math and utility programs was

All simulation runs were made with Azimuth angle function data,

though the option for elevation simulation was included in the programs.

Parameter values written in storages are, as follows:

AZ EL
BA = 62.666667° 30.666667°
max
8 = -62.0° 0.0°
A .
min
Ts = 6.233333 ms 1.533333 ms
TR = 6.6 ms 0.4 ms
Rep. Rate = 1/T = 13.5 Hez 40.5 Hz
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Except as noted above for Br studies, wvalues assigned BHLS and BRCVR

atio
were, as follows:

BMLS = BRCVR = 1° (3.29)
Specification of the intensity of the interference was made using the
parameter p defined inm (3.3). As indicated above in connection with
Figure 3.2, 65 samples were taken in each semiscan, i.e.

J =130 (3.30)
at the sampling rate

Fsamp = 160 KHz (3.31)
with the 33rd and-98th samples occuring where the peaks of the direct
path pulses were expected, based on 6(klk—1).

Estimation error was calculated in the expected manner, i.e. x-x,
except for components associated with B, &sc {and &sc in the 6D LOE
model). In these components, the differences in absolute values, e.g.
6] - |5

these variables.

, were used for error evaluation to accomodate the ambiguity in

B. SIMULATION RUNS AND RESULTS

The results of nearly 50.runs are reported here in 23 plots and 23
tables. Table 3.1 summarizes the runs made--by type of run and CONTRL
module, parameter wvalues used, RCVR. type used and figure numbers and
table numbers in which the results appear. [In these discussions
MOPTRVR" implies the use of modules OPTRVR and PLOPT (an abuse of ter-
minology, perhaps), "SUBOPT" implies the use of modules OPTRVR and
PLSURB. }

Figure 3.3 shows the computed RMS error (8 component) versus ese
for several S5/N values for the OPTRVR, p=0.8. Figure 3.4 presents the
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Table 3.1 Summary of Simulation Runs
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same type of data for p=0.5. The scatter in the points for the lower
S/N cases is due to noise; the apparent odd symmetry in the scatter
about the origin is due to several causes:
i. The lack of symmetry between the TO, FRO scans wrt the noise
samples;

ii. The effect of noise on the p-estimate (in one run, Dot
included here, E was tethered to the true valuve B and the
calculatéd RMSE (Bsep)(ﬁ-coyponent) exhibited more nearly the
expected even symmetry wrt Bsep'

iii. The use of the same noise sample function for each data point.

Figures 3.5 thru 3.7 show comparisons of RMSE (esep) for the
receivers for various values of S/N and p. TFigure 3.6, for example,
shows that with S/N=20 db, p=0.8, £he optimal design offers‘improvement
by a factor up to about 30 over the threshold receivér. The suboptimal
design, without tracking phase difference, shows improvemeﬂE_Eb a factor
up to about 15 over the threshold receiver. The non-adaptive design,
basically of optimal structure, but premised on interference-free recep-
tion, shows -approximately equivalent performance as the threshold
receiver.

Tables 3.2 thru 3.12 give the full results of the CPTRVR and SUBOPT
simulation runs associated with Figures 3.3 thru 3.7 -- error statistics
for each coordinate of the state estimate as a functiom of BSep' One
observation that can be made from this data is that the mean error at
small separation angles becomes a more significant contributor to the

RMSE as the S/N diminishes. This probably signals a diminishing vali-

dity of the LOE criterion (error being in a neighborhood of zexo), due
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S/N=30 db, p=0.8
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NRUN =

aTy

cMEANS

ERMS ¢

LSTD:

THESEP

-e375
-e125
125
w375
o625
675
lel3
1,38
le.o3
l.u48

-+375
-el235
+ 125
+ 375
625
« 875
l.13
1,38
l.63
l.88

=4375
-s125
o125
375
825
)
1.13
1.38
let3
1.88

ALFA

~1.43

-3-&2
1.25

~.581

~e 280
«257e=01
«254e=-0l
«215E=(1
«1508£-01
«lC3E~-UL

4.12
12.7
10.9
3.67
1.13
44l
247
«l03
«161
161

3+87
12.1°
lueb
3463
1.10
+4540
v246
o162
161
161

THETA

-e286E-02
~.292E~02
~.228E~02

+144E=02

«149E=02
~.118E~04
~«137E-03
~.138E-G3
~o734E~04

+586E~D4

«846E~02
+99BE~02
«956E-02
+793E<02
W492E=02
$276E=D2
«188E-02
«154E=02
«132€~02
W125E-02

e 7 96E-02
«954E~02
1 928E=02
« TOCE~C2
469E=-02
«276E-02
«158E-02

e153E=0p2 '

«132E=02
«124E-C2

Table 3.2 Error Statistics vs\ese

THEOOT

e 14b6E~02
« 649E~03
-.102E~02
«112E=-02
«990E-03
«45]E-04
-el45E~03
~e493E~-04

=e134E=~(4%

«938E~04%

«236E~01
«2U9E~01
«2UBE~01
«237E~01
2 223E-01
«172E-01
«152E=-C1
«14BE-01
+142E-0Q1
«137E~01

«236E~01
2 209E~G1
«207E-01

«237E-01"

+223E~0L
+1726-G1
«152E-01
+148E~C1
»142E-01
+137E=01

ALFAR

=1.07
12.1
Be26

~2e27

-+ 609

-+ 7TT4E-0O1
«562E=02
«107E~0G1
«120E~C1
«144E=Q1

4415
15.0
13.9
3.87
1.18
+456
T 232
«184
e l174
177

4401
8479
11.2
3.13
1,01
449
«232
al84
174
377

THETAR

«260E~-02
-e164E=01
+105E-01
- 626E-02
~e339E-02
-+ 731E-03
-y 344E=0h
+127E-05
~e141E=Q5
2 304E=05

2113E-03
«209E~0L
«18BE~01
«105E-01
oE3BE-Q2
03535‘03
«233E~0Q2
+186E~C2
«162E-02
+145E~02

e 110E-01
+130eE~-01
«157E-01
+840E~02
«540E-02
«35QE=-02
«232E-02
e 106E=02
«162E-02
«145E=02

_» OPTRVR, §/N=40db, p=0.8

THROOT

-+163E=-02
~s200E~C2

+144E~-02
-e218E~-02
~-e1T1E~0Q2
~e414E~03
-s G2FE~04
we231E~D3
=~e310€E~03
=-+312E~03

+295E-01
«269E-01
«280E-01
«244E-01

«212E~01 .

«193E~01
+16TE~-G1L
«154E=01
«l57E~0L
+152E~Ql

$294E=-01
«26BE-01
+280E-01
+243E~01
W212E~01
«193E~01
v167E-01
W154E-01
«157E~01
¢152E~01

8

=s272E=-01

«378E=~Q]

+603E-C1
e 208E~GL
-+186E~01
-s464E~02
0231E‘03
«191€-02
W123E~C2
«583E-03

«6TBE~01

o163
«181

w4BYE~OL

«407E~C1
«224E~01
«251E-01
+234E-01
«313E~01
e 391E=CL

«622E-01
158

171

443E=01
0362E-CL
+219E=01
«251E-01
«233E~01

«312E~-01

+391E~C1

WSC

—ethlE=QL
=-e233
-.369
~e1l54E=01
-e 269E~02
~e176E~D2
«190E=02
=+ 566E=-01
+930E=02
-.413E-01

+438
« 857
+ 9438
¢437
«348
241
+ 259
429
«357
474

e 435
o825
«B873
«437
«348
241
«259
425
+357
«473
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NRUN = 2

QTY THESEP ALFA THETA THEDOT ALFAR THETAR THROOT B WsSC
EMEANS «.375 -e975 = 1B6E=02 = .126E~02 =1449 ' e 52BE=02 =4,223E~02 =~4319E~01 ~.348E-01
=125 -5.19 -~y 391E-02 «170E-02 13.9 ~e348E-Ql =4584E~02 «521E~03 =.256
125 =523 «133E~02 =.086E-02 17,5 «555E~01 «163E~01 «592E~01 ~=1.61
+375 - hBG «153E~(2 «137E-02 =~2.22 ~eG5GE~02 =u4211E=02 =~4274E-01 «,192E=01
«025 -.117 «829E-03 «8F4E-03 =.0634 -+ 560E~G2 ~4223E~02 =4190E~01 «302E-02
75 ¢31UE~0]l =,1BBE~GH4 sOUOE=(4 =y H4GE=0]1 =4927E~03 =e723E~03 +=+663E~02 =4936E~02
l.i3 s l5tg~t1l ~¢7T7BE~04 ~4563E~04 +934E=~02 w2Q8E-03 «.315E-0Q3 «683E-03 ~4635E~01
1.38 e2ulli=L]l =4119E-03 ~.163E~04 « 7COE-D2 «57BE~04 =—4455E=03 «101E~-02 =2746E=Q]
le63 ¢156E—01 =—4,74CE-04 «460E-D4 «843E-02 o £58E~04 =—+503E-03. «107E-QL =~e644E-~-01
l.88 s luBc~(] e5h26E~04 «557E~Q4 «102E~01 2 508E~-04 ~4455E-03 ¢3THE~Q2 =4%47E=01
ERMST  =4375 4ell «82CE-C2 v 221E~Q] 4e37 «183E-C1 +354E-0] + 7T96E=Cl «482
-2125 " 14.5° «111E~01 +199€~01 16.6 +415E-01 «346E-01°  +174 «818
«125 2l.6 «202E~Q1 «27BE=Q1 2444 «831E~01 «669E~DL «513 40,82
375 3e44 «T21E~02 »218E-01 3.97 «169E~01 «305E~01 «585E-01 «430°
2d 1.09 o 434E~-22 «199E~01 1.29 «110E-01 «270E~Q1 «389E~01 «306
875 « 934 0 262E~=02 «L68E~UL . 449 «540E~02 «218E~01 «315E-Cl «311
Lal3 «241 +187E~02 «153E-01 «243 «371E~02 +190E~-0O1 +«370E~-01 « 4G4
1.38 «lby «152E=~02 «147E-01 «187 e 2B1lE~G2 »179E~01 «292E-01 0512
l.063 16l «132E-02 «142E-01 177 «242E-0Q2 «179E-0L +430E~0] «473
1.38 « 160 «+124E-02 -136&"'01 1179 .2195—02 ol?bE-Ol v414E=01 522
ESTD: =.375 3499 «7T99C~02 «221E-01 4.11 «176E-0C1 «353E-01 e 729E~01 #4811
-.125 13.6 0104E~D1 e lO9BE~UL 919 s226E-01 +341E~01 «174 777
+125 204G «202E=01 «269E-01 16.9 «618BE-C1 «649E~(1 +510 G454
«375 3.37 «TO5E-02 «217E=01 3429 «139E~01 «304E~01 «516E-01 « 429
e 625 levt 2602 «199E~01 1.12 #»951E~02 + 269E~0) «339E-01 «306
675 «4G2 «262E~Q2 «168E~01L o hhh «540E~02 «2]18E~Q1 «308E~C1 +311
lel3 24U o186E~C2  «153E-01 «243 «370E-02 «1590E~D1 «3T0E~01 «399
1e38 «179 «152E~02 «147E~01 «187 «2B1lE~C2 +179E-01  +292E~01 « 506
le63 slbl «132E=-J2 e 142E~0U1 177 e 242E~02 al79E~01 e H1TE-G] o4 b8
l1.88 «16G «123E-02 «1346E~C1 «178 «219E=02 «176E-01 «413E~0) .520'

Table 3.3 Error Statistics vs esep, OPTRVR, S/N=40db, a=0.5 :



NRUN =

0L

aTy
EMEAN:

ERMS:

LST0

THESEP

=-e3735
-s125
«125
375
625
«875
1.13
l.38
l.63
1.88

~-+375
-.125
125
« 375
« 620
o732
l.13
leds
1463
Lealb

~ed il
-.l25
«125
«375
sb2b
b7
113
1.38
1.63
l.88

ALFA

«“l1.29
-44,3Q
el
-eH70
=163
«346E~-01
«260c=01
01475”01
«599E~Q2
-+263E=03

2479
9.81
7,00
Z+32
« 956
«37d
«223
175
156
« 1860

)
belB2
Jetu
2423
« 942
376
2217
174
v 159
«160

Table 3.4 Error Statistics vs SS

THETA

-+ T40E-02
=4 855E=02
-+225E~01

+364E-02

$22BE-02
-+959E~03
-.932€E-03
-+ 666E-03
~e361E-C3

«T2TE-04

«179E-Q1
«216E-01
«310E=01
157801
«125E-CG1
s7262"02
o 493E-G2
«3982-02
e 345E="2
e326E=02

olDBE‘Ql
«198E-C1
«213E~-U1l
#153E=-0]
el23E-01
e T2LE~D2
s 484E~02
«393E~02
+338BE~-02
«326E=02

THEDOT

+943E=-03
«388E-02
e342E~02
«991E-03
+997E=D3
«110€-02
OQQQE-OB
»499E=03
+461E~D3
«204E-G3

+301E-01
«237E=01
«264E-01
«3UbBE~UL
«322E-0L
¢231e=01
-ZU‘IE"Gl
« 202L~C1
¢ 20C1E=C1
«2COE-G]

03015‘01
e234E-v1
W 262E~ul
e 32UGE-UL]
«3228~01
+231E=~01
+204E-Q1
«202E~01
«201E-01
«200E=~01

ALFAR

-4 876
9.89

=1.29

“1.40

wy368

~e 362601
2 264E-02
e466E~G2
«232E=C2
«111E~02

2.82
11.3
5470
2eb3
1.3l
« 371
222
183
«174
177

2468
5.55
Se5E
2.lG
« 344
«370
222
«183
o174
« 177

THETAR

2 446E-02
"05935‘01
~+358E-02
-9114E=01
-e534E«C2
~+988E~04%

e 407E=03

+535E-C3

«425E~03

#+191E~C3

«237E~01
« 720E-01
e 224801
s 214E—-C1
«1667~01
WE4SE=Q2
«ELTE=G2
«45TE=-(2
«411t=C2
«370C~02

e233k-01
e402E~-01
w28l =C1l
«181li=-Ul
«157E~ul
WB45E=G2
+E1YE~G2
+453E-02
+40GE=02
«37TQE-02

THROOT

=.117E=-02
=a931E-02

«357E-02
~+873E~03
~+217E-02
-+181E~02
~e75GE~03
=oT43E~G3
-2 604E-03
=+ 504E-03

+358E~01
+316E-01
«291E-01
«369E-01
2 310E-01
W241E=C1
«218E~01
W2G3E~01
$207E-01
v 2026-C1

03585”21
«302E5~-101
#2E8GE-01L
«3wBE~UL
«3LGE~-GL
0 240E-01
+218E-01
«2U0E-01
+ 207E~01
+202E-01

op> OPTRVR, S/N=30db, p=0.8

B

=-+695E~01
e441lE~C]
oﬁlZE-Ol
~+569E~CL
=+391E-01
+119E~Q)
+128E~01
«827E-C2
«963E-02
«132E=-01

+145
+234
«205
«127
o135
6331 =01
«B90E=C1l
e dGlE~ul
«T4IE=T]
11>

o127
«237
«195
+114
«9BLE-CL
622E-C1
«5H2E-01
0 535E=~C1
«T34E~01
114

Wsce

~s 145
o324
—-s21l4
-el26
-+902E=02
-.640E*01
-e133
'-158
‘.232
-y 250G

647
«864%
o715
B73
e
MRRY
esu5
Y-
«TTH
PR



NRUN =

TL

QTyY

EMEANS

ERMS

E5TD:

THESEP

'0375
-s125
el25
«375
2625
«875
lel3
l.38
Je63
1.88

-«375

-elés
eleb
375
025
+872
l.13
1.38
1.63
1.88

~e375

—el25
s125
«375
«625
875
1.13
le28
let3
i.88.

ALFA

-¢“53

=1406
574
«375
«470e~01
«162E-GL
+138E~01
«l43E~01
«H41E-02
« T11E-03

2440
Te58
7«83
2.05
+862
«359
«223
173
+158
159

2+35
Te51
5.32
2+01
«891
«359
223
172
«158
159

Table 3.5

THETA
—+214E~D2

v182E=02

-s388E~01
- 247E~D2
~e363E=03
~+«5C0E~D3
~e573E-03
~eb17E-03
—+343E~-03

«383E=~G4

«169E~Q1
0 235E~01
15825'01
a145E=01
«108E~01
«694E=-02
+49BE=-02
+383E-02
»338E~02
«326E-02

«168E-01
2234E~D1
+433E£~01
«143E~01
«108E~C1
+692E-C2
+495E-02
«37BE~D2
«337E-02
+326E~02

Error Statistics vs ese

THEDOT

«214E~02
0404E“02
«863E-02
«252E-C3
o H56E-03
+ 964E-03
«767E=U3
+482E~03
«292E-03
«12BE~03

+2TVE-Q1
+3G2E-01
»331E-01
s 2T6E-L1
s 290E~0L
«229E-01
+20TE~01
+198£-01
«200E-01
+200E=-01

«2TOE-Q1
+300E~-01
»320E~01
«2THE~DL
«290E-01
v229E~C1
« 20T7E~CL
«198E-0L
« 200E-01
«200E~01

ALFAR THETAR
-+428 -+250E-Q2

7+02 =« 673E=-01
-.7173 =e522E-01
~1a43 ~«173E~C1
—e?263 ~s445E=-02

+«139E~-01 «Z13E-02
- 23GE-~02 o112E~C2
«219E~L3 «158E-02
-s613E-Q2 «103E-02

~+801E=02 «293E~C3
2ebB «420E~01
775 « 7T70E-01
5.08 «110
2455 «329E~0Q1
1.05 «275E~01
«383 «141E~-01
-229 QQQQE'OZ
-+ 186 «6G7TE-02
0176 0625E'02
+178 o 550E~02
2465 v 419E~01
3430 «374E~0L
5.02 e 963E-01
2ell «260E~C1
1,02 o 2Z7T1E~QL
+383 ¢140g~01
«229 «98TE~02
+186 «6792~02
s176 e616E~02
«178 +54GE~02

THRDOT

~+733E=02
-+B887E~02
-+ 3L0E~01

«239E~02
=eQ49E~03
~e243E~02
~el43E~02
~+109E-02
~e1G9E-02
~s2G3E~Q3

«4THE-Q]
«3C0E-01
« THBE-G1
«353E-01
«415E-01
« 292E~01
«255E~01
«228E~01
+239E-Q1
0226E-01

«46BE-CQ1
+2B6E-Q1
«S061E-01
+353E-01
«415E-01
»291E~0Q1
o 255E~01
«228E~01
+239E-01
2 226E=01

o’ OPTRVR, S/N=30db, p=0.5

8

~«638E~01
¢ 319E=~01
+183

~e517E-01

~+192E-01
«B73E~02
«F09E-C2
«932E=-02
«150E~-01
2+ 230€-Cl

o174
+422
s 444
«146
«100
«585E~Q]
«632E-01
+619E-C1
o 939E=C1
2 999E=-C1

162
0412
«H05
«137
«986E-Q1
+57B8E-O1
«626E~01
+612E-01
+927E-01
«372E=01

WsC

~el43
-e453
--165
-a186
~« T49E-01
“o725E=01
~es168
-.185
~s314
-‘300

« 757
l.12
« 376
e 733
« 611
« 560
» 756
747
+ 915
« 526

743
1.03
« 860
« 709
« 606
« 535
« 739
724
« 860
+876



NRUN =

(A4

QTY

EMEANT

ESTD:

THESEP

-+375
-e125
«125
« 375
« 625
« 875
i.13
l.38
lab3
levd

-¢375
-¢l25
125
«375
o625
«375
1,13
l1.38
la63
l.88

~e375

~el25
«l25
«375
e625
+B75
l.13
1.38
1.63
l1.88.

ALFA

«514

« 256

3420

l.41

+ 562

«1C6

.259&"‘01
-+L39E~D2
‘01645'01
-+ 256E-01

l.62
3,55
3.86
1.76
1405
0307
212
o165
156
«159

1.54
3454
2416
1.04
«812
« 258
211
e 165
«155
157

THETA

«269E-0Q1
«247E-DOL

~e T4TE-CL,

-+451E-01
~+459E~01
-3 963E~D2
=+ 543E-Q2
~+318E=02
-«15GE-Q2

«324E=-03

«521E~D1
«515E-01
0953E‘91
«596E-C1

" 4 686E~01

«l191E-0C1
el4BE~UL
«102E-01
«B4BE=(Q2
«845E-02

c446E=QL
«451E~-C1
«6U0E=-01
«391E~01
+510E~01
«165€~01
«137E~01
«9T4E=02
+B35E-02
WB44E~02

THEDOT

+108E=-01
«140E~01
=s174E~01
-+131£-01
«204E~C2
«£06E~03
«229E~D2
+165E~02
«102E~02
+ 706E~03

«330E-01
«345E~01
«%33E-01
«375E-01
+683E-0]
«259E-0C1
228LlE~01
s 256E~G1
v237E-01
«267E~01

«312E=~01
«315E=~01
«396E~01
«351E=01
s £03E~01
02595‘01
«280E-Q1
«255E~01
«257E~01
e 267E-QL

ALFAR

1.17
347
1.09
«499
2841
«420E-Q1
-s128E~01
~«155E-01
-e262E~01
~¢316E~01

1.70
3,.83
2«63
l.51
1.25
+320
«219
el181
175
177

1.23
lab2
24540
le43
924
«318
«219
« 181
«173
« 174

THETAR

~+586E-01

=-+100
s 73BE-02
«262E~01
«7TB6E=-D)
«B6TE-0Q2
«398E~02
«439E~-02
«313E~0Q2
«504E=-04%

« T83E=-Q1
«119

«366E=D1
«H60G3E~01
wil3

«247E-~01
«19Z2E~01
e1l26€E~01
¢lL1E~-Q1
«908E~02

«519E-01
«635E~01
«358E-01
¢543E-01
«805E~01
«231E-01
«1B8E-0]
«11BE~D}
«106E~01
«968E-02

Table 3.6 Error Statistics vs Bsép’ OPLRVE, S/N=20db, p=U.8

THRDOT

~+197E-01
~e200E~01
-+112E-02

«177E-01

«142E-02

«292E~03
=9231E=02
-+127E-02
~s4061E~Q3
=+428E~03

«385E-01
«342E-01
«385E~-01
e 416E~Q1
«964E~-01
«364E-01
«344E~01
«260E=01
«281E~01
«269E~0Q1

«331E-01
«277E=~01
«385E-01
«3TTE=OL
v 964E~01
«364E~01
+343E-01
«260E~01
2261E-01
e26GE=-01

B

+727E~01
0220
+484%
+119
0389
03305‘01
«332E-01
«364E~-01
e4B85E~(1
+63BE=()

«312
612
« 595
«245
« 647
170
«139
«118
el4b
«228

+«303
«571
«346
«215
«517
167
«135
0112
«137
«219

WS¢

-+323
-k 99
’n450
-+325
~s516
—e296
~-s376
-+378
-e523
"0610

964
L.16
1.09
«835
l.13
v 926
« 869
«821
l1.12
1.27

«9C8
1.04%
« 992
2 769
1.00
878
o783
« 729
«9%4
1.12



€L

NRLN

avy

EMEAN:

ERMS:

ESTD:

THESEP

-+375
*0125
«125
+ 375
«0625
s 675
1,13
1,38
le63
l1.88

~e375

*.125
«125
«375
0235
«b875
lel3-
1.38
1.63
l.&8

-+375
-e125
125
375
. 625
«875
1413
1.38

1e63
1.88

ALFA

« 746
777
2.80
l1.19
QSbQE-Ol
129
«203E-01
-+ 3E1E-02
-&157E-01
~e242E-01

1.58
2441
4405
l.68
1.00
« 280
« 201
1066
155
158

1.39
2elb
2493
1,19
1.6G0
.250
200
«166
«155
.156

THETA

«373E-01

«2%1E-01
~« 6TCE~QL
-+ 40bE~01
-«148E-01
-+120E-01
~e469E~G2
-« 269E-C2
—el46t-02

«179E-03

e 61GE=-U1

OB GE~0Y

W9BTE-C1
s ETTE-CL
+465E=01
«195E~-01
-1405‘01
«101E=-01
CB42E~02
«842E=-02

«435E-01
«337E-01
e 724E~01
e411E-01
«441E~G)
«154L-01
«132E~01
«9GT4E-G2
«B830E~02

«BA2E=-(2

THEDOT

+173E~01
«107E~01
-+159E£-01
“e5BRE=G2
- 169E~02
-2 143E-02
+251E-02
+151E-02
«247E~03
+6G8E~03

«409E-01
«308E-01
V4TTE-OL
43001
«964E=01
»284E-01
+26TE-01
+254E~C1
«252E-01
$264E-01

+371E-01
+269E-01
«450E-01
«426E-01
«564E-0C1
.283E-01
. 266E-01
+253E-01
«252E-01
+264E~01

ALFAR

1.23
2+06
« 739
+ 164
1,16
v133
- 226E~-0Q1
-+ 332E-01
-+ 4T9E-01
~.502E-01

179
2e4B
1.30
le34
1,30
+309
«221
« 187
«182
«182

1.30
1.33
1,07
1.33
+580
$279
220
.184
«176
W175

THETAR

-4137

- T24E-01

-«143E~-01
«154c~01
163
«327E-01
«B86BE-02
«T44E-02
«520E~02
+40BE=-03

191
«938E~01
+B64E-OL
«769E-01
186

2029E~01
«315E=01
«215E-01
«164E-0Q1
«1Z24E-01

«133

«596E-~D1
«852E-01
W THH4E~QL
+388E-01
«278E-Q]
«303E-01
«201E~01L
«155E~01
«154E-01

THRDOT

~es&TBE-01
~+285E-02
~e224E~01

«189E-01

«164E~01

«440E-02
=4277E~02
~+245F-02
~+B09E~03
~«321E-03

0665E701
$365E~01
621E-01
«547E~01
«897E~01
-3605‘01
«442E-01
+«338E-01
«321E~01
«325E-01

C462E=01
«364E~01
«579E-01
+514£-01
+882E-01
«357E-01
+441E=0L
«337E-01
«321E-01
+3256-01

Table 3.7 Error Statistics vs Bsep’ OPTRVR, $/N=20db, p=0.5

8

«175
«323
«922
«182
«352
«131
-3795-01
«506E~01
«7T17E~01
« 784E~01

4923
-LE
1,32
«312
+ 504
«215
«148
w151
«195
o277

+385
« 557
42
254
«361
el71
elbd
elé2
«181
266



i

NRLUN = .7

QTY THESEP ALFA THETA ThEDDT ALFAR THETAR -THROOT 8 WSC
EMEANS =4375 «935 112 +292E=01 e 716 -s126 -+501E=01 #4690 - 757
=+125 l1.23 2 937E-01 +300E~01 1.27 -.118 ~+329E~01 735 -.630

«125 1.03 -«102 =s4G3E-01 1.73 +637E-01 «130E-01 1,03 =511

« 375 « 957 s =130 -+347E-01 « 720 +98GE=-01 «58BE-01 «458 =-.862

e625 s422 ~e675E~01 =o6GlE=~02 « 540 «103 «173E-01 s4l4 -+ 686

«875 «153 =«305e-01 -,395E-02 « 716E-01 «2B4E=01 «60EE-02 «118 ~-e 603

l.13 =e4lb6k=02 =.929E-02 +357E~02 «4317E-01 +10BE-01 «4362E-02 «62BE~0]1 ~.661

l.38 + 283E=01 =4170E«Cl =.114E~01l «130E~01 «216£-01 ¢l75E~Q01l =~4349E~01 =35.9

1.63 =+412E-C1 =~=.268E-02 +24T7E~Q2 —+54BE-D1 «T44E~02 =-o277E-02 +107 -+ 698

l1.88 =+502E-01 «1B3E~02 547803 «,590E~0Q1 «36TE=03 = 657E~04 «108 -1405

ERPMST1  ~,375 1.30 146 +575E~01 1.17 +178 +844E-01 «658 1l.56
~+125 le76 129 0555E"‘01 1.76 167 «5B5E=-01 +950 1,56

«125 2.19 177 «784E~01 1,93 «849E-01 «40TE~01 1.36 1.06

«375 l.66 «2C8 +102 1.39 199 137 +816 1,66

1625 «836 «110 « TEHE-0L « 784 «141 +88BE-O] « 691 le2%

675 293 +451E=01 «3B69E~01 263 W4B2E~0] +468E-01 263 1,26

1.13 201 «310E-01 «416E-01 «203 «373E-01 «479E~-01. 4253 1.26

1433 202 «5GOE~0O1 «644E-01 « 204 +B820E~01 +«845E-01 « 74 36.6

1.63 154 -lﬁﬁE-Gl «321E=-01 176 0218E"01 -3575-01 .286 1.30

1.638 «157 +152E-G1 «327e~01 176 +175E-01 «332E-01 +419 l.83

ESTD: =,375 « 900 «932E-01 e495E~01 + 530 126 " 6T9E-01 o Tl 1.37
—~«l25 l.27 «EBGE-Q1 «466E-01 1.23 «118 « 4B3E-01 « 602 1.43

125 1,93 «145 W6T2E~0L «B64 «561E-01 «386€E-01 «885 «926

375 1.3% « 163 «963E-01 1.19 +173 124 «675 l.42

0525 722 .Sb‘lE-Ol o?B"E"'Ul 0568 0963E-01 -871E“'01 «554 1.0"

«875 «249 ¢«332E-01 «3687E~01 «253 «389E-01 «H64E-01 «235 l.11

l1.13 2 2C1 «296E-01 «414E=~01 + 200 «356E-0C1 +4T7T7E-01 e 245 ©1.08

1,33 « 200 «565E-01 «633E-01 «203 «791E~01 «B2T7E-01 +793 7.06

l.e63 148 «161E-01 «320E~01 2167 +205E-01 «356E-01 265 1.10

1.68 149 +151E-01 .3ﬁ7E—01 «166 .¢175E=~01 «335E~0} w405 1.50

Table 3.8 ©Frror Statistics vs Bsep’ OPTRVR, S/N=14 db, p=0.8



cL

MRUN »

oTY

ErEANS

EPMS

ESTD:

THESEP

=373
-+125
+125
« 375
+ 625
«875
1.13
1.38
l.63
l.B8

“'03?5
—el25
«l25
«375
«625
875
1.13
1.38
l.€3
l1.68

~+375
-s125
2125
«375
625
+ 875
l.13
1.38
l1.63
l.88

ALFA

674
8503
l1.2¢
l.b4
221
128
«BOLE-G2
= 299E=C1
~a429E-C1l
“~a4b65E=01

GEB
1.36
2e23
£+19
768
264
v 194
161
184
157

642
lele
l.¢5
ledl
756
«293
«194
«150
148
149

t 1

THETA

+7506E-01
«570E-01
158

e 1EB

s46EE=0]
e 2G3E~-01
«126E~01
+493E-02
«113E-02
« 200602

«975E-01
+B728-01
258
«263
«917E-01

»456E-01 .

«305E~01
«206E-01
«155E-G1
«1E9E=U1

«615E-01
«660E-01
+203

201

«789E-01
«350E-01
«ZT77E~0L
«200E~01
«155E=C1
e 157E-01

L I I |

THREDOT

«226E-01
+141E-01
ETTE~CL
«431t-01
+1128~01
+138E~02
«323k~02
+305E~GQ2
«121E~02
«323E-03

«506E-01
+3B6E-01
+985E=-01
L1186

«764E=01
. 443E-01
¢ 382€~01
+335E=01
+310E-01
«333E-01

2453E-01

»359E-01

wT9BE-01
168

2 TTHE-OL
«443E-01
W 381E~-0]
»333E-01
«3C9E~0L
«333E-01

ALFAR

«444

«672

«248
—+149

«611

« 1G4
=+198E-01
-« 579€~01
~.651E-01
=+ 666E~Q1

IC?OEJ
1.17
+«939
« 747
« 751
«302
«210
0165
+186
«186

« 789
«TT4
« 905
«732
#4360
«283
«209
« 176
«174
«173

THETAR

"'0147
“.612E~01
-«1¢68E-Q1
-.136
179
+661E-01
+280E=01
«125E=01
«BG4E~02
«313E~02

«228
+130
152
«231
«220
«103
2 683E-01
+493E-01
«323E-01
2 298E-Q1

175
«101
«151
«187
£128
+790E-01
«623E-01
+4T77E-01
+311E-01
«296E-01

THRDOT

=+514E~01
~+140F=-01
~+195E~0Q1
~e561E~-01

2 4400~01

+B3T7E-0Q2
~+214E~03
= 581E~02

" ~a294E-02

= 696E-GI

«864E-01
«505E-01
+B81l5E~01

+990E~01 .

108
«T576~01
«697E=-01
+569E=01
423601
«433E-01

«695E-01
+486E~01
«791E~01
+B16E-01
+986E~01
«752E~01
«H97E-~01
«566E~01
«422E-01
+433E~-01

Table 3.9 Error Statistics vs esep’ OPTRVR, S/N=14db, p=0.5

«358
838
716
784
G477
«225
«125
124
«108
o124

«630
1.21
990
l.21
«723
»431
«314
«309
+346
«522

«518
« 869
«684
915
542
«368
«288
«283

, «329

«508

WSC

~.807
-+210
-1'28
-+ 863
-, 589
-aB824
- o TH0
- 666
—.815
-1.03

l1.46
e848
3.48
le48
le51
1.43
1.29
1.23
1.39
1.76

l.21
» 821
3.23
1.20
1.22
1.16
1404
1.04
1.13
1.43



MRUN =

9L

CTY

EMEANT

ERNMS:

ESTD:

THESEP ALFA
=375 =-11.9
—-sl25 9,05

125 ~9.53

«375 ~9.52

625 =2.01

«B875 +310

1,13 e 222

1.38 +630E-01

1.63 -e299E~01

1.88 ~s166E~GL
-'375 16;0
-~+125 15,1

«125 16.9

«375 11.5

625 6.51

«675 1.76

le13 « 705

1.38 +372

1e63 271

1.88 w191
-+375 1647
~e125 12.1

«125 14,0

375 6.54

625 6419

+875 1.73

1.13 «0EQ

138 366

1.63 «269

1.88. +190

Table 3.10 ZError Statistics wvs esep’ SUBOPT, S/N=30db,

THETA

-+101
~+375E~01
1271E-01
«T95E=01
+192E-01
-4332E-02
~+4BEE~Q2
~+113E-02
07535-03
+911E-03

+119

562E-01
+H524E-C1
«945E-01
«990E~01
«518E-01
2 20b6E=0]
«7187E~-02
«80lE=-Q2
+B820E-02

«629E~0C1
QQIQE-OI
«563E-01
«510E~Q1
«371E-01
«517E=01
«200E~01
« T79E-02
e T98E~-02
«815E-02

THEDOT

«234E-02
«355E-02
~«175E=-01
e 793£~03
-+ 178E-01
~-¢399E~-02
~+100E~02
+233E-03
«201E-03
+»149E-03

« 200

«100E+Q0
+119

s TG2E~01
¢ 7T49E-0]
«595E~01
«522E~01
wZ236E~01
«193E-0Q1
+1B4E~0D1

« 200

»995E~01
+118

«T62E-01
e 728BE-01
¢H94E~01
«522E=01
«236E~01
«193E~-01
+184E~0)

ALFAR

3.80
17.1
13.7
5277
767 -
«328
« 225
«570E-01
+375E-02
-e529E=02

5401
168.3
16.4
bab6
4497
2.23
«666
408
«310
199

3.26
664
8495
3.32
4e91
2.20
648
0404
+310
+199

THETAR

~+305E=01
-s971E-0Q]
415£-01
«531E=01
«402E-01
«748E~02
+673E-02
«200E~02
~s642E-03
-a114E-02

«863E-01
201
«123
102
116
«TBIE~D]
+227TE~01
«972E-02
«116E=Q]

+108E-01

«BOTE~O]
«176

«167

«873E-01
2109

« 7B5E-01
2217E-01
«952E=02
«116E-01
«108E~-Q1

p=0.8

4

THROODY

«91BE~0D2
«417E-01
DTGQE-OI
«44TE~Q2
.188E—01
«611E=-02
«576E=~03
«632€-03
«617E~03
«391E~03

+189
246
«255
»146
«108
«B861E-0Q1
«4G7E-OL
«2T6E-01
«271E-0L
v224E-01

+~188
s 242
0« 245
o146
«107
«859E-01
»497E=-0]
0276E”01
+271E~01
«224E-01



NRUN = 5

aTyY THESEP ALFA THETA THEDOT ALFAR THETAR THRDOT
EHEANT  ~,375 o heT3 e 254 +389k~01 =~.802 ~e332E-01 =-,755E=01
~el125 5.61 -e280 ~e404E-01 =.568 «158 «421E~-01
«125 =1l.55 -« 2Q0TE~03 =.301E-~Q1 T+03 « 577 «102
«375 4.06 -s2l15 -e¢338E~Q1 "'1105 04885"01 oTB‘fE"Ol
eb25 ~-e 260 ~+1B2E-01 ~.286E~01 24861 +233 «377E-01
s 475 «432 “e392E~01 ~,112E-01 879 «905E-01 «157E~D1
1,13 s 244 -e240E=-01 ~4259E-02 «228 §326E~01 o« 16E~-D2
l.38 «38BLE=01 =,686E~-02 «618E~03 «300E~O2 +106E~01 «114E-03
1.63 —e291c=01 «990E-03 +129E~Q2 =4308E-01 e 2CG9E~02 =4950E~03
1.88 ~e341E~01 ¢ 289E~02 ¢GH5E=03 =o429E~(]l =4273E~02 =~a9&4E=-03
tRHS: "0375 ‘!nal 0280 -169 3.52 0200 tlBl
-o125 9494 e294 «109 3,75 «210 o TGIE~D]
125 Se45 +895E-01 +G69E-QL 707 + 640 S
«375 4.29 248 «149 2494 «188 «178
c625 2es43 «128 011‘7 ‘2089 249 « 1006
«B875 « 920 + 791E=Q1 «b666E-01 1.00 2116 «862E-01
1.13 e349 +H16E-01 »3G91E£-01 + 356 «623E=01 «6G5E=-01
l.38 «178 «202E~01 «305E~01 +195 «273E-01 «369E=-01
1e63 174 «108E~01 «26T7E~01 «213 «143E-01 «318E~D1
- 1.88 w171 «121E-01 «Z263E-01 « 203 «l171E~0OL + 289E~G1
=t
ESTD: =-o375 + 879 o117 165 3443 «197 2164
~e125 1.93 +9G8E-C1 +986E-01 3.70 « T11E~0L o619E~01
«125 5.23 +B95E=01 «921E~01 o762 276 «137
« 375 Le38 «123 « 143 2e¢94 + 182 «163
0625 2okl 127 «110 «H61 «879E~QL v985E~C]
«875 +813 eHBTE~CL e 65T7E~0L +476 s+ T32E~0C1 +B4TE-OL
1.13 250 «340E~01 , .390E~-01 274 «531E~01 « 604E~01
1.38 174 «190E-CL «305E~01 2193 0252E-01 0369E'01
1463 w171 ' «l07E-C1 «2067E~QL «211 . +141E~-C1l «316E-01

1.88 «167 «117E-01 «263E-01 «198 » 169E=-01 «289E~01

Table 3.11 Error Statistics vs eselp, SUBOPT, S/N=20db, p=0.8



8L

NRUN =

ary
EMEAN?

ERMS:

ESTD:

THESEP

=s375
-s125
+125
«375
«625
0875
113
1.38
1,63
l.48

-e375
~-s125
» 125
«375
+ 625
+875
1,13
138
lat63
l.88

-+375
-+125
o125
«375
o625
«875
l1.13
1.33
l1.03
l.68

Table 3.12 Error Statistics vs esep’ SUBOPT, S/N=20db,

ALFA

=s743
—|7l2
-e6G0Q
-l?qs
--547
«150E~CG1
112
«179E~01
-+ 294E-01
-+2926-01

3,05
3443
3.44
3.Q5
2e28
« 948
2336
170
«154
+ 156

2496
3.35
3.37
2.96
2421
947
317
0169
«151
«153

THETA

-« 848E-02
«118E-CQ2
«247E-02
+137E-C1
«118E-ul

“e108E5~01

=+135&~01

e 4628~-C2
+1'97E-02
«290E-02

119
+553E-01
4 EQE-D]
o114

.121

«7T1BE=01
«372€=01
«196E~01
«112E=01
«917E=D2

119
¢ 553E~C1
W4 T9E=01
113

v120

«TL0E=01
«346E~01
+1G1E=01
2 110E~C1
«870E-02

THEDOT

«260E~01
«155E-01
~+122E~C1
=+ 245E~01
=e194E~01
—.ﬂbSE“OZ
~+199E=~(2
«781E~03
«103E=-D2
+953E~Q3

100

e552E~G]
«491E~01
«963E~01
«100

«b635E~01
«367E-01
« 2B6E~Q1
«264E~01
«2954E~01

«966E~-01
«530E-01
4 TOHE~DL
¢F31E~(2
-9835-01
«H2%E-G1
«36EE=U]
«286E~01
v 2H&E~0L
v254E=(G1

ALFAR

3.9G
4043
4048
3.99
2¢58
1.00
0252
«258E=01
-e432E~01
-2 622E~0L

3493
4445
445¢
402
2+ 63
l.03
w352
+192
«215
2210

457
431
¢4 09
+512
» 495
0258
246
«190
«210
«201

THETAR

~.811
~e245
+ 380
e B42
2418
«178
e 653E-01
+21CE=-01
+64BE-02
1 281E~G2

« 868
+ 305
b4
« 901
+422
+201
2106
«500E~-0QL
«210E=-01
«285E-01

«311
w182
229
«322
«561E=01]
«G3ITE=-QL
oB“lE*OI
1 454E-01
2« 20GE~-01
«284E=01

p=0.5

THROOT

~alb5
-+361E~01
«761E=-01
2152
06595'01
«30BE-0]
«111€-01
+161E~02
~¢168E=02
~+302E~D2

«271
+B49E=01
102
2274
« 143
«123
«964E~01
+509E=01
«369E-01
+370E~01

s 215
v T69E~DL
«656E=-01
o228
w127
«120
«958E=~{1
«568E-01
+369E~01
¢369E~01



in part to the relatively large value of GQGT (8.8) used, ~(2.7r/s)2 (in
AZ). This value was selected to facilitate tracking a varying w_ under
the condition that it is changing at the max?mum rate at which it can be
tracked in the present structure, based on angle function rep. rate
considerations (recall (3.135)) (i.e. without extracting its derivative
and integrating (as in the 6D LOE design)). This was a practical con-
sidéeration that penalized some the performance in the steady state (when
W, was not changing).
Figure 3.8 summarizes a study of the SUBOPT receiver; it shows that
1. In the worst cast wrt B, i.e. B=180°, the constraints on the
estimate helped for small esep and did wnot influence the
performance for larger esep 5 and that
2. Averaging over noise effects and B simultaneously by using a
small non-zero é (=wsc) to sweep B over a 2n interval seems
adequate generally, with some error possibly arising for
small Bsep . This method of averaging over B was used
geﬁérally.
Figure 3.9 and Tables 3.13 thru 3.16 following show the effects of
a form of mismatch between the receiver design and its signal environ-
ment, specifically a mismatch in the presumed and actual values of the
transmitting antenna beamwidth, (given the antenna selectivity func-

tions, are otherwise identical). Much can be said about the

P 3 PMLS 7

necessity of tuning a high-performance signal processor to its signal

environment, but the manifest RMSE sensitivity here to BRCVR/BHLS is

nevertheless striking. The tables provide some insight, for example
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NRUN =

oTY
EMEANS

ERMS

ESTO!

BRATIO

316
24b4
681
1.00
.47
2el15
3416

«316
s 464
»681
1.G0
le47
2.15
3¢l0

«316
+464
« 681
1.CO
1447
2415
3416

Table 3.13 Error Statistics vs Bra

ALFA

-3.,75
=247
~le27
~eGC1E=02
-4G,.2
"6'92
«587

S.687
3449
1.48
«158
5542
8425
1.79

4451
2e&7
« 768
158
2448
Gt
1.69

THETA

-.553
=+345
-+151
~e234E-02
« 636
+ 798
1.13

« 676
«409
« 177
+G15E-02
+ 638
«B817
1416

«389
«218
$F22E-C1
+»B8EE-02

v 467E=0L

2174
266

THEDOT

-ye130

=+ 599E=~C]

~«221E-01
«127E-02
646601
« TT4E=01
+170C

+463
«337
+11l4%
«257E=01
o171
«235
«317

+h45
«331
«112
+257E=01
«158
s222
207

tio

ALFAR

-4076
"'3.20
=1l.067
-QZIOE”OI
—4945
~1.24
4a94

739
4.82
2416
«177
6545
4435
5.15

5.65
3.60
1.38
2176
25.0
4417
le43

THETAR

«7T21E=-01
w252
«G06E=01
+3092E-02
587
422
1.11

208
474
225
+114E~01
«HEQ
#4692
l.48

«196
«402
206
«1C7E-01
+538E-01
252
«979

, OPTRVR, S/N=20db, p=0.8, 88 =1.5

THRDET

+335E-0C1
«101
«382E-01
-+110E~-02
-« T48E~01
=~4118
«189

352
452
196
«261E=01
«166
#1556
421

351
441
193
«261E~01
«171
«101
376

ep

B

. 73"E-01
«598
N-1-ry
+390€E-01
~Jle43
~1l.11
-1.1%

1.18
1.08
1.06
124
1.¢£8
1.81
1.67

l.18
«896
«823
«118
« 883
la42
l.21

wWSC

"'20|6
~16.6
=5.05
~a456

728
o289
=2.90

241
19.7
6+29
+931
« 746
1.33
3.51

1245
10.6
'3175
«812
«161
1.29
1.98
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1.00
le47
2elb
3el6
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e 464
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1,00
l.47
2el15
3elb
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l.00Q
l.47
2el5
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Table 3.14 Error Statistics vs Bra

ALFA

=11l.8
'7.96
~4404

«122E=0QL

~234%.
-13.8
1448

18,5
11,0
4068
164
371.
2248
32.5

14,2
7465
2435
+ 164
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18.1
23.9

THETA

'0589
~e331
—~.158 ]
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« 770
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«703
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«663
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1:.05

tio

THEDOT
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0237
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+358
+ 116
+203E=~01
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« 240
« 589
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+990E~C1
2236
+539

, OPTRVR, S/N=30db, p=0.8, 8  =1.5

ALFAR THETAR THRDCT
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3640 6ehl 2626
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« 177 e435E-02 +206E~01
22T e 414E=0Q1 0105
17.1 «218 2194
3640 %35 e 534
o]

sep

B

-el2b
«631E-D1
774
+108E~01

“~lelb

-+964Q
0150

1.26
1,15
1.08
"« &50B8E~-0QL
1.70
1,87
1,29

1,26
1:.15
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«598E=0Q1
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1.61
1.28

WsC

=18.9
=20.7
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-e173

e 787
~1466
=17.0
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240l
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NRUN = 3

aty BRATIO ALFA THETA THEDOT ALFAR THETAR THRDOT B WSC
EME AN «316 =705 ~eB856 ~el1l36 =230 T we 555 -«B81E~01 e 7TTE=0Q2 =195
s 404 1493 ~ebh 4 -+917E~01 -1645 ~-s 561 -e624E~01 «4Th =176
+ 681 ~2¢33 ~e 207 ~+198E~01 =~b6.415 -s129E=~02 «294E~01 +815 <8.59
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3.16 1047 772 «%42E=-01 11.0 1.35 =e286E~0]1 =,3084 ~l4.1
ERMS1Y .31l6 12.7 983 « 543 2449 w757 557 1.23 237
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2e1l5 146, «837 «163 141, « G544 o155 1,80 « 780
3.16 1le4 «828 eh42 ! 11.5 2e22 «590 1.31 18.3
ESTDs «316 lde6 «483 «525 2460 «515 +550 1.23 13.5
« 454 ’ Te4d5 «322 419 6485 ehld ) «500 l.28 ., 1l.9
s 681 626 ¢326E-01 ¢B23E-01 5419 «301 2299 816 3.55
1eUO w163 «356E-02 +200E-C1 «179 v SHH0E-02 «239E~-01 «737E~-01 e 7164
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o]

Table 3.15 Error Statistics vs Bra , OPTRVR, S/N=30db,p =0.5, Bse =1,5
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aTy BRATIO ALFA THETA THEDOTY ALFAR THETAR THRDOT B . WSC
EMEAN «3106 -2.26 "0817 --187 "'7008 "'-522 -.167 0205 "18.0
« 404 —-s699 -eH34 ‘—elb2 ~5425 -577 -~s144 +945 ~3.36
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«4 64 2447 0 709 397 5.73 « 704 «479 1.37 11.0

« 581 2603 « 200 W T2TE=01 2eb3 e312 2254 l.27 6.87

1,00 158 +891E-D2 +25QE-~01 «182 «177E~01 « 307E~Q1 «165 119

1.47 4145 v 584 «150 ’ 4243 e 733 0204 1,70 730

2al5 10.7 e 784 «2l4 9415 «398 +B41E=-Q1 1,75 1.15

316 3. 70 515 +302 4433 1.09 «291 1.34% 29.9

ESTD! «316 330 o451 + 568 3417 2 492 «541 l.32 11,6
c 464 2436 «318 «362 2e29 0404 456 + 996 5.84

«0b] o264 +345E-01 « T10E=01 1,68 «311 2245 «854 ~ 5414

l.u0 158 «BEE~D2 0 250E~01 o177 o 163E~01 «307E=01 155 1.07

la&7 16.7 + 569E=C1 «137 16,9 « 728E~01 «183 « 899 e 257

2el5 5438 . «121 + 194 5440 «150 +521E=~01 1.01 1,14

3,16 le 50 «171 «309 l.22 «£0G 152 1l.34% . bebdl

, OPTRVR, S/N=20db, p=0.5, 8 _ =1.5°

Table 3.16 Error Statistics vs B
ra sep
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1. An estimation of o and Gp by integration of the signal, such
as in done heie, may be especially vulnerable to uncertainties
in other parameters that affect signal energy, such as beaﬁ
width; and

2. The errors in the € and 6

B

decoupling of estimates of errors.

R components are heavily biased, when

_atio # 1, indicating loss of LOE validity, specifically wrt
Perhaps peak detection, maybe in conjunction with an dintegration
approach, would provide more robust estimates of o and Op- Smaller
errors in the 6 and BR components should then result, but the residual
errors @ight be reduced further by having the nominal beam width at éach
air terminal coded and transmitted din the MLS preamble. Additional
robustness and possibly some simplification advantages might result from
use in the receiver of a p(+) function which doesn't model exactly any
particular transmitting antenna selectivity function but does produce a
best fit in some sense over the class of tramnsmitting antenma selec-
tivity functions to which the receiver is exposed. This is a problem
area that needs further study.

Figure 3.10 presents an RMSE (FSC) study for scalloping rates in
the first lobe of the rep. rate sampled signal spectrum, i.e.

13.5
sc — 2

Hz = 6.75 Hz . (3.32)

All the values of FSC for which the RMSE was calculated, except 6.0 Hz,
cause B to integrate an integral number of times around a 2n interval as
the run progresses hence the results should be independent of the

initial p. The RMSE wvalue at 0.0 Hz is probably dependent upon the
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http:Figure'3.10

value of 8, 09, during the run. Table 3.17 shows all comp.uted sta-
tisties of all error components for this simulation run.

Figure 3.11 and the associated Tables 3.18 thru 3.23 present the
results of several statistical error studies versus FSC with the latter
ranging on the fiéth lobe of the rep. rate sampled signal spectrum, i.e.

47.25 < FSc < 60.75 Hz. . (3.23)
These studies indicate

1. The OPTRVR without comnstraints is definitely superior to the

same receiver with constraints (Tables 3.18 and 3.19).
2. The SUBOPT performance is the same with and without con-
straints (Tables 3.20 and 3.21).
3. The OPTRVR with tethered estimates §, &sc as shown performs
the same with and without constraints (Tables 3.22 and 3.23).
4, TItems (2) and (3) above suggest it is the constraint on mSC
only that degrades the OPTRVR performance referenced in i;;;
(1) above. ‘
Relaxing the constraint on ﬁsc in OPTRVR may be beneficial here without
harming the performance for low Fsc cases, but there is no certainty of
that without more tests. The benefits of the constraints generally were
established in Figure 3.8 but that involved the SUBOPT receiver where
there was no w_ estimate. Clearly, relaxing the ﬁsc constraint in the
OPTRVR will not in any sense enable tracking of L above half the rep.
rate, since the 5D LOE does not exploit individually (for wsc-
information) the TO and FRO scan pulses (as the 6D LOE would do).

Further sutdy at other values of S/N, p and Bsep are needed here,
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Figure 3.11 RMSE (Fsc)’ comparison of receivers and

effects of constraints, 5th lobe, S$/N=30db,

p=0.8, 6 =1.59
sep

90



CTY F5C ALFA THETA THEDODT ALFAR THETAR THRDOT B WSe
EMZANS 47, 3 L2741 -02 «106E-C3 Bh2E~04% CB857E<02 T TC0E<03  ~.268E-03 =(739E-D2 +201E=01
7. WJTOBE=(2 _ e ABRE=UL, G THBE-03 _ W 235E-03 =, 6810~04 <, 885E-03, _ —,245E~02 _=.3E0E-02
G4o.7 34—l L lisE—03 W 2U3L-03 «5G1E-02 TA14E-03 . 46EE~03 =4 103E-03 W3TTE~CL
e U BSWE aithe=0L ~.31cE-C3_ W 112E~G3 __ 45 0E=03 =, 4BQE-D4  =,I07E-02  _~.635E~02_ _ +712E-03
0.9 LGHIE=02 =~ 201E-03 W 2408=03 WTURE=GZ cb4BE-D3 T =, 103E~02 ~s5VGE~D2 =u341E6<01
. B2 LBUT7e—02 ~.2856-03,__.28lE-=G3_ J112E-02 _ .208E=-03  =.748E-03 _~o209E-02__ +153E-01
L4.0 S40L-u2 e lGUE~UL3 W2B7L-03 W 283002 CHEDE~CE  —a419E-03  =,215F-01 =,H38E-02
— ~ 58,5 L T3BL=02  —,E211§~03 _ J439FE-03. _ W552E=02__ _ . 298k~ “hﬂ:,386E~03“m“.275£~02"”“.2585~Cl
5741 W ER20=02 = 5nER=04 C2Y4E=03 W G54E-02 T47E~03 =421EE-(3 «36GE-03 L 335E-02
— ~ L 86,2 ) _,é32€~6( “e554F=~04  LE0B6E~03 ~,2LBE-04 -.1€3E-04  ~.143E-G2Z _ .376E—02___.462&~CL
59,3 WEIRE-CE W 14GE=(3 W1G9E~03 «B37E~03 W233F-04 =,B3GE~03 ~.114E-02 c60ZE-02
a3 L 4E9—0Z2  JEOE-04 101E-C3_  W292E~02 9214&-03,__,2925_04mm“:,c E-02 =oBTZE-03
5L, b W 290 k-2 $175e-03 .166: 03 T L&42E-02 WB317E-03  —.454E~03 W929E=03  J6T4E-D2
ERFY 6743 W 165 L301E~U2Z W 1U2E-C1 V176 «368E~02 199E-01 eG4 TE~DT «935
AT w158 32EE-v2__ ,205E=01 W 1T5 ___ +39Y3E-0Z _ ,204E-Cl__ «4T4E~QL $698
K7 C1ER C3ESE-C2 ¢199E=01 T L 174 e 23EGE-D2 «202E-01 s E91E~-01 0972
L 45,3 o ale3 WR22E-02  _J198E-01 _ L3174 W3T7GE~02  L205E-01  JH28E~01 _ .8E5
LTI Jled 220802 W202E-L1 .178 3¢75-02 188E~01" 7 LH71IE-01 1001
S L2en DILZ o 4320L=02 < 204E=CL___.176__ . «38RE-DZ___ W203E~0)  W410E~UL___eOEL
844 Wle? C22RE~02 «R2GGE~01 174 2374E-02 c1¥GE~CL +3G0E-01 BTG
N EBe5 o wiul 333802 4203E~01 _ 179 372E-02  S194E-01  o4TOE-OL 073 _
7.1 slol 3ZEE-02 s 202E-01 WiTE C3TBE-02Z L201E~0C1 ChhEE-0QY 720
e CFR,T 0GR w333e~2 L 2G3£-C1 4173 #3G0E=DZ_  L20CE-01 L AIZE-OL | 6L
£6.3 .1t $237kE~02 WZ05E-GL 176 s 3T5E~0Z CZC1E-UL c411E-01 s 703
I 1 T TS V-1 W 3ZRE~C2 4 2COE~GL__ e 1TE 03G1E=D2 __ .201F=-01__ _ +581E-01___ 859 __  _
£C o Y CB2AE=GZ L198E~01 2176 «375E=02 v166E-01 W347E-01 0b18
La70¢ 4743 L1635 $301E~02"  L1928-01  L175 e3E61E~02 T 1GhE-01 T 643E~5I  .934
e e _:'707 _______-_l-:‘_s _________.3’0:. (J) . c?UJE 61 o _.1?5_‘ . . QBQEE“OE __:EO‘QE_Ol_m_"_t_"f?BE"Ol___”__obq'n e s
44,7 Lie? WH329E-C2 T L199F-01 174 Te367E~02" T L2028~01 »591E-C2 - A
— 4493 2163 2321802 J1GBE-GL _ 417& W37QF-02 2205601 o5238~01__ 88 _
5C 09 $359 .319&—02 202E-01 178 LIELE-02 W 1ETE-O1 s &HGE~01 1.01
- v C W l82  ,328E-0Z  L2Z04E-0} G176 _.388E~02“mm13035-01m"‘.409E 01 sbci_
Chel Jibh2 +32T7TE-{2 aZG‘i’E"‘Ul w174 «374E~02 QQL""Ol ) 0{""01 J5TE
- 1 1% Y 1 S d3¢c-u¢m“n:203ﬁ"ﬁl w178 _‘__..3?ce-czm“~ 193E=01_  2469E~0C1 o733
57.1 Slel 226E-02 c202e-01 176 377E~D2 W201E~01"  G44BE-TY LT20
R £ - v19_5_________.3315—w __w20C3E-01___ .173__mm_“".5905 02 __.200: Ol . 4ICE-QL__ _co¥l
54,3 s 180 V3360 ~u2 «205E=-01  .176 W37EE~D2 201601 241GE-01 o703
'3 _elb4  4324:-C2__ L2008-01 «178 W 390E~ Oam_*:ZOlt*G* __«B7%E~CL __ .859
£d.B J1EE e 324E~02 +1GBE-0Y 178 374E-02 L196E~01 SRTE-01 4615
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Table 3.19 Error Stastistics vs F_.» OPTRVR, 5th Lobe, $/N=30db, p=0.8, Qsepfl.B
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-+113 304,
~+106 311,
~«104% 317.
=s560E=02 @ 290,
=1la579 299,
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.» WITH CONSTRAINTS . .
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Table 3.22 Error Stastistics vs FSC, OPTRVR, 5th Lobe, (B,msc) tethered to (r/2,0)
S/N=30db, p=0.8, esep?1.5°, NO CONSTRAINTS
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Figures 3.12 thru 3.23 present a study of the interference acgui-
sition capabilities of the interference trackers in the OPTRVR and
SUBOPT - designs. The 4 top traces on each figure are error time

histories repectively (from the top) of the «, 6, «, and BR estimate

R
components; the bottom tract shows when the step of interference (p=0.%}
oceurs and simultaneously when the interference tracker estimate-%ector
elements are released from the idler values (equations 3.15 thru 3.18
above). The direct path pulse is being tracked from time zero. All
plots have the same time-axis scaling.

Figures 3.11 thru 3.20 for the OPTRVR design (with constraints)
show the following:

1. Successful pull-in for small scalloping rates and separation

angles as small as the following:

a. esep = 0.25° @ 8/N = 40 db (Figure 3.12)
b. esep = 0.5° @ §/N = 20 db (Figure 3.16)
c. esep =19 @ S/N = 14 db (Figure 3.19)
2. Successful pull-in for small scalloping rates and separation

angles probably extending nearly to the window edge (4°).
3. Successful pull-in @ S/N 40 db, esep = 1° and Fsc in the 5th
lobe (Figure 3.20). The exact Fsc (51.3 Hz) and initial B
(~168°) were selected to produce, in the middle of the rum, a
maximum enhancement of the TO pulse and a2 maximum cancellation
of the FRO pulse.
Figures 3.21 thru 3.23 for the SUBOPT design show the following:

1. Results for € =0.59 and F = 0.6 Hz (low):
sep sc S
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SIM. JOB+ HUGHOLD FILE NO@: 512211U301 DATE: 0U/03/73
PLOT JBB: HUGHGSY PROGRAM: ACOMPL DRTE: OQu/04/79

BY.76

ES ALFR ER

~BU,76 D0.00

] 1

0,31

0,00

ES THTA ER

=31

ES ALFR ER
~71.51 0,00 71.51

1.25

£S5 [HTR £A
0.00

-1,25

]

0,80

ALFAR/ALFA
0.40

—

00 5,80 1.6 G40 7,20 8,00

9.00

2.40 3.20 4.00 4.80  5.60
FIME SINCE START GF FIRST SCAN (SECONDS)

SCENARIG: ACOSITN3, PMLS1, BMLS= 1.0 DEG, DELT= .O74074l SEC, KM=10G. KSTART= 26
S/N= UD.0 DB, RHO= .8, BETHA= U5.0 DEG,FSC=, .600 HZ, THESEP= .250 DEG
RECEIVER: OPTIML, RDAPTI¥, UNTETHRD. PGPT1. BRCVR= 1.0 DEG
INTERFERENCE TRARCKER IDLER VRLUES- .5, 1.5 DEG, 0.0 DEG/SEC, S0.0 BEG, 0.0 HZ
BETA ESTIMRTE ERRGR: TNITIAL= -U5.0 LFINAL= -, 390 DEG
FSC ESTIMATE EARCR: INITIAL= .800 SFINAL= . 241F-01HZ

Figure 3.12 Interference Acquisition, OPTRVR, S/N=30db, p=0.8,
9 ep=o.25°, R=45°, F_=0.6Hz

s
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SIM. JOB: HUGHOS1 FILE NO: 51221iu302 DATE: 04/03/79
PLAT JGB: HUGHDO3Y PROCRAM: ACOHPL DRTE:  O4/05/79

=

(=]

6,00
L

ES ALFR_ER
0.04 U6

}

ES THTA ER =10+
0,00

-. 04
)

50,11

ES ALFR ER

-50.11 D0.00

0,50

ES THTR ER
0.00

-.50

0.80

ALFAR/ALFA
0.40

1

0.80  1.50 G0 7.20  B.00

0.00
o
L=

2,00  3.20 4.0 4.80  5.60
TIME SINCE START OF FIRST SCAN (SECONDS)

SCENARI@: ACOQSITN3. PHLSY, BMLS=. 1.0 DEG., DELT= .074074l SEC. KM=100. START= 26
S/N= U40.0 DB, BHD= .8, BETR= 45.0 OEG.FSC=. 600 HZ, THESEP= 2,000 DEG
RECEIVER: OPTIML. ROAPTIV. UNTETHRD. PBPTL, BRCVR= 1.0 DEC
TNTERFERENCE TRACKER IOLER VALUES: .5, 1.5 DEG, 0.0 DEG/SEC. 30.0 DEG. 0.0 HZ
BETR ESTIMATE ERRGH: INITIAL= —45.0 LFINRL= 5.61 DEG
F3C ESTIMATE ERRGR: INITIAL= .800 SFINAL= -.118 HeZ

Figure 3.13 Interference Acquisition, OPTRVR, S/N=40db, p=0.8

8 =20, B=45°, F_ =0.6Hz
Sep sC
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SIM. JoB: HUGHOIE FILE N&: 512211H303 OATE: 04/03/79
PLOT JOB: HUGHD3Y PRAGRAM: RCOMPL TDATE:  OU/05/79

1.20

5

ES ALFR ER
0,00

-1.20

1

0,03

1

ES THTR ER
0,00

~-.03

£3.23

ES ALFR ER

-63.23 0.00

1,50

E5 THTR ER
0.00

-1.50

0.80

0,40

ALFAR/ALFA

L3

240 3,20 4.00 4.80 S50 6.40 7.20  B.00
TIME SINCE START OF FIRST SCAN (SECGNDS) :

.00
o
Q

0.80  1.60

SCENARIG: ACQSITNI, PMLS1. BMLS= 1.0 DEG. OFLT= ,Q74074l SEC, KM=100, KSTART= 25
©  S/N= 40.0 DB, RN@= .8, BETA= U5.0 DEC.FSC=, .500 HZ, THESEP= 3.000 DEG
RECEIVER: OPTIML. ADAPTIV, UNTETHRD. PGPTL. BRCVR= 1.0 OEG
INTERFERENCE TRACKER IOLER VALUES: .5, 1.5 DFC, 6.0 DEG/SEC., 90.0 OFG, 0.0 HZ
BETA ESTIMATE ERROR: INITIAL= -45.0 SFINAL=-- 2.47 bEG
FSC ESTIMATE ERRAOR: INITIAL= .E600 FINAL= . 94GE-01HZ

Figure 3.14 Interference Acquisition, OPTRVR, S/N=40db, p=0.8

6 =30, g=45°, T =0.6Hz
sep scC
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SIM. JGB: HUGHOUL FILE NG: 5122111307 DATE: O4/03/79
PLOAT JGB: HUGHOML PROGRAM: RCOMPL DATE: 04/05/73

}

1.u5

ES ALFA FR
0,00

-1.45

L

0,03

ES THTA ER
0.0D

-.03
i

5D. 11

L

ES ALFR FR

-50.11 0,00

0,50

I

. 3 THTR ER
0,00

-.50

D,.8D

0.0

RLFRR/RLFA

2,40 3.20 U4.00 M.80 5.60 G.u0  7.20 B.00
TIME SINCE START GF FIRST SCAN (SECONDS)

5,00
&
[w=]

0.80  1.60

SCENARIO: ACOSITN3. PHLS1. BHMLS= 1.0 DEG. DELT= ,0740741 SEC, KM=100, KSTRART= 26
§/N= 40.0 DB, RH@= .g, BETA= U5.0 DEG.FSC=, 2.500 HZ, THESEP= 2,000 DEG
RECEIVER: OPTIHL, ADRPTIVY. UNTETHRD. POPTL., BREVR= 1.0 DEG
INTERFERENCE TRACKER IDLER VRLUES: ,5, 1,5 DEC. 0.0 DEG/SEC, 90.0 DEG. 0.0 HZ
BETR ESTIMATE ERROR: INITIAL= -4S.0 FINAL= 4.97 DEG
FSC ESTIMRTE ERROR: INITIAL= 2.50 FINRL= .203 HZ

Figure 3.15 Interference Acquisition, OPTRVR, S/N=40db, p=0.8,

8 =29, B=45, F =2,5Hz
5ep sc
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SIM. JoB: HUGHOTR FILE No: s122iiu3ey ORTE: 04/03/73
PLOT JBB: HuGHO3Y PROGRAN: RCOMPL DRTE: 04/05/79

7.51

ES ALFA ER
0,00

-7,51

L

0.26

ES THTA ER
0,00

: -.26

7.54

ES ALFR ER
0,00

-7.54

1.01

ES THTR ER
0.00

~1.01

0.80

ALFRR/ALFA
0,40

T

540 7.20  8.00

.00
o
[ ]

0.80 1.60 _2.40  3.20 4.00 .60 5.60
TIME SINCE START @F FIRST SCAN (SECANDS)

SCENARIG: ACOSTING, PMLSY, BMLS= 1.0 DEG. DELT= 0740741 SEC, K¥=100, XSTART= 25
S/N= 20.0 DB, RHO= .8, BETR= u45.0 DEG.FSC=. .B00 HZ, THESEP= .S500 OEG
RECEIVER: OPTIML, ADAPTIV, UNTETHRD, PAPTL, BRCVR= 1.0 DEG
INTERFERENCE TRACKER IDLER VALUES: .5, 1.5 DEG. 6.0 DEG/SEC. 90.0 DEG. 8.0 HZ
BETA ESTIMATE ERROR: INITIAL= -45.0 -FINAi= -2.98 0EG
FSC ESTIMATE ERROR: INITIAL= _GOG FINAL= 124 HZ

Figure 3.16 Interference Acguisition, OPTRVR,, S/N=20db, p=0.8,

6 =0.5°, g=45°, F_=0.6Hz
sep sc
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SIM. J@B: HucHoTe FILE NO: 512211u30% DRTE: D4/03/73
PLOT JEB: HUGHOMY ) PROGRAM: ACAMPL BATE: D4/05/79

0,38

ES ALFA ER
0,00

-, 38

}

0.04

0,00

ES THTR ER

-.04

5,73

]

ES ALFR ER
0,00

-5.79

1

1,52

ES THIR ER
0.00

-1.52

D.80

D, 4D

ALFAR/ALFR

B.00
P
(=)

0.80 1.60 2.0 3.20 4.00 W80 560 .40 720 800
TIME SINCE START OF FIRST SCAN (SECONDS)

SCENARIG: ACOSITN3., PMLS1, BMLS= 1.0 DEG. DELT= ,07Y074l SEC, KH=100, KSTRRT= 26
S/N= 20.0 DB, RHO= .8, BETR= U5.0 DEG.FSC=. .600 HZ, THESEP= 3.000 DEG

- RECEIVER: OPTIML. RDRPTIV, UNTETHRD. PEPT1, BRCVR= L.0 DEG

INTERFERENCE TRACKER IDLER VRLUES: .5, 1.5 DEG. 0.0 DEG/SEC., 0.0 DEG, 0.0 HZ

BETR ESTIMATE ERRUR: INITIRL= ~-45.0 FINRL= 6.88 DEG

FSC ESTIMRTE ERRCR: INITIAL= .G0D HAINAL= A7 HZ

Figure 3.17 Interference Acqu151tlon OPTRVR, S/N=20db, p=0.8

g -—3 =
sep s B= 45° FSc 0. 6Hz

E]
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SIM. JGB: HUGHOYC FILE No: 5122111308 DRTE: 04/03/73
PLAT JGB: HUCHOML PRGCRAM: ACOMPL DRTE: OW/05/73

5.93

ES ALFA ER
0.00

-5.83

0,17

ES THTR ER
0,00

6,18  -.17

ES ALFR ER
0,00

6,18

1,01

D.00

ES THTR ER
~1. 01

D.8D

0, U0

ALFAR/ALFA

.00 0.80  1.50 G40  7.20  8.00

D.0D

2.40 3.20 4.00 4.80  5.80.
TIME SINCE START OF FIRST SCAN (SECGNDS)

'SCENRARIO: ACASITN3, PMLSL1, BMLS= 1.0 OFG. DELT= ,0740741 SEC, KM=100. KSTART= 26
S5/N= 20.0 D8, RHO= .8, BETR= 45.0 DEG.FSC=, 2.500 HZ. THESEP= .500 DEG
RECEIVER: OPTIML., ADAPTIV. UNTETHRD., POPTI, BRCVR= 1.0 DEG
INTERFERENCE TRACKER IDLER VALUES: .5, 1.5 DEG. 0.0 DEG/SEC. 96.0 DEG. 0.0 HZ
BETA ESTIMATE ERROR: INITIAL= -U5.0 LFINRL= -10.4 DEG .
FSC ESTIMRTE ERROR: INITIAL= 2.50 FINAL= ~.257 HZ

Figure 3.18 Interference Acguisition, OPTRVR, S/N=20db, p=0.8,

o
Bsep—0.5 s B=457, FSC—Z.SHZ
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SIM. JOB: HUGHOLR FILE NO: 512211030% DATE: 0u/03/73
PLOT JOB: HUGHOML PROGREM: ACAMPL OATE: 04/05/79

0,73

ES ALFA ER
0,00

-.75

6. 10
- |

ES THTA ER
0.0D

~.10
H

2,65

ES ALFR ER
0,00

~2,65

0,52 %

LI |

ES THTA ER
0,00

-.52

0.60
)

RLFAR/ALFA
D.uD

9.00
o
Q

0.80 1.60 2.0 3.20 .00 4.0 550 G.M0  7.20  B.00
TINE SINCE START OF FIRST SCAN (SECONDS)

SCEMARIG: ACQSITN3, PMLSL, BHLS= 1.0 DEG, DELT= .074074L SEC, KM=100, KSTART= 26
$/#= 14.0 DB, RHO= .8, BETA= US5.0 DEG.FSC=, 600 HZ, THESEP= 1.000 DEG
RECEIVER: OPTIML., ADAPTIY, UNTETHRD, PEPTL. BRCVR= 1.0 DEG
INTERFERENCE TRACKER IDLER VALUES: .5, 1.5 DEG. 0.0 DEG/SEC, 90.0 DEG. 0.0 HZ
BETA ESTIMATE ERROR: INITIRL= -45.0 LFINAL= -1.64 DEG
FSC ESTIMATE ERROR: INITIAlL= .600 »FINAL= ~.482E-01HZ

Figure 3.19 Interfgrence %cquisition, OPTRVR, S/N=14db, p=0.8,
] =17, B=45", F_ =0.6Hz
sep sc
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SIM, J6B: HRLENPY FIi€ Nd: 51221141308 ) DATE: 05/02/79
PLOT JaB: HUGHOSY PROGRAM: ACOMPL DRTE: 03/02/739

J

18.81

ES ALFA ER

~18.81 0.00

\Jh\% %f\g C N s Vet VD N
\ j\_Jﬁ—\qh—\u

]

0.11

ES THTR ER
0,00
{
<
1
g

~11

50,11

ES fiLFA ER
//
1§>

~50.11 0,00

0,50

ES THIR ER
0,00
Ey

~-.50

80

]

0.

ALFAR/ALFA
0,40

00 0.80  1.60

T T T 1
i, c.uo0 7.20 8.00

2.40 3.20 woo U 5,50
TIME SINCE START GF FIRST SCAN (SECONDS)

.08

SCEMARIO: ACESITNI. PMLSL. BMLS= 1.0 DEG., DELT= .07U074l SEC, ¥M=100, KSTART= 25
5/M= 40.0 DB, RHE= .8, BETA=-188.0 DEG.FSC=, 51.300 HZ, THESEP= L.000 GEG
RECEIVER: OPTIML, ADRPTIV, UNTETHRD. PGPTL, BRCVA= 1.0 DFC
INTERFERENCE TRRCXER IDLER VALUES: .5, 1.5 DEG. 0.0 BEG/SEC, 90.0 DEG. 0.0 HZ
BETA ESTIMATE ERAGR: INITIAL= 78.0 JFINAE= 5,11 PEG
FSC ESTIMATE ERAGR: INITIRL= G&1.3 SFINAL=  §0.6 HZ

Figure 3.20 Interference Acquisition, OPTRVR, S/N=40db, p=0.8
6 =1° = - 168°, F_ =51.3Hz
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SIM. JOB: HALENIS FILE NO&: 5132110301 DRTE: 05/03/73
PLOT JOB: HUGHORU PROCHAM: ACGHPL DRTE: 05/03/79

yz.e2

ES ALFA ER

-li2.62 0,00

0,56

ES THTA ER
0,00

-, 56

33.89

L

ES ALFR ER
.88 0,00

o
L-—/W

53
1

1,00

ES THTR ER
0,00

~1.00

0,80

ALFAR/ALFA
0.un

. 00
o
o

6.80  1.50 4.00 W.80 5.60 6.0 7.20  B.00
TIME SINCE smm OF FIRST SCAN (SECONDS)

SCENARIG: ACQSITNI, PMLS1, BMLS= 1.0 DEG. DELT= .074074L SEC., KM=10O, KSTRRT= 26
$/N= H0.0 DB, RHO= .8, BETR= 5.0 DEC.FSC=. .00 HZ, THESEP= .500 DEG
RECEIVER: SUBGPT. ADAPTIY., UNTETHRO, POPTL. BRCYR= 1.0 DEG

Figure 3.21 Interference Acgu151t10n SUBOPT, S/MN=40db, p=0.8,

8 —O 5%, B=45 ,F_ =0,6Hz
se sc
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SIM. JOB: HALENHO FILE NO: 513211H303 DRTE: D5/03/73
PLOT JOB: HUGHOKY PROGRAM: ACGMPL DRTE: 05/03/79

}

1,22

ES ALFA ER
0,00

-, 22

0,13

0,00

ES THTR ER

-, 13

5.12

ES ALFR ER
0, 00

~5,12

Ll.0L

ES THTR ER
0,00

—i
o

i

1

ja )

jve]

2.

[ 4

s

z3

%c:

o

(24

o]

[ ]

.06  0.80 160 §.00 4,80 5. 6.0 7.20 &.00

2,40 3.20 50
TINE SINCE START GF FIRST SCAN -(SECONDS)

SCENARIO: ACQSITNI, OMLSL, BMLS= 1.0 DEG, DELT= .0740741 SEC, KM=100, KSTRRT= 26
5/N= 20.0 DB, RHO= .8, BETR= 45.0 DEG.FSC=, .B00 HZ, THESEP= .500 DEG
RECEIVER: SUBOPT, ROAPTIV. UNTETHRD. POPTL., BRCYR= 1.0 DEG

Figure 3.22 Interference Acquisition, SUBOPT, $/N=20db, p=0.8,

= o] — [ = .
8 ep = 0-57, B=45°, F_ = 0.6 Hz
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SIM. JOB: HRLENIY FILE No: 513211302 DRTEY 05/03/79
PLOT JOB: HUGHOKY PROGRAM: ACGHPL bATE: 05/03/79

16.84

£S ALFA ER
0,00

-16.84

0,14

ES THTA ER
D, 0D

- 1l

50,11

ES ALFR ER

~50,11 0,00

0,50

L

£S THTR £R
0,00

~. 50

1

0.80

0,40

ALFAR/ALFR

0.80  1.60

.00
o
Qo

2,00 3.20 4,00 4%.80  5.60 6.40  7.20  8.00
TIME SINCE STRRT OF FIRST SCAN (SECONDS)

SCENRRIG: ACQSITN3, PMLSL, BMLS= 1.0 DEG., DELT= .0780741 SEC, kM=100, KSTRRT= 25
5/N= #0.0 DB, RHO= .8, BETA=-168.0 DEE.FSC=, 51,300 HZ, THESEP= 1.00D DEG
RECEIVER: SUBGPT. ADAPTIV. UNTETHRD. POPTL, BRCVR= 1.0 DEG

Figure 3.23 Interference Acquisition, SUBOPT, S/N=40db, p=0.8,

8 =1°, g= - 1680, 51.3 Hz
sep
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a. §/N = 40 db -- unsuccessful pull-in, in fact loss of
track of the direct path pulse (Figure 3.21);
b. S/N = 20 db -- successful pull-in (Figure 3.22);
2. Successful pull-in @ S/N = 40 db, esep = 1° and Fsc in the 5th
lobe, again maximum erhancement of TC pulse, maximum cancel-
lation of FRO pulse (Figure 3.23),
The poor performance shown in ¥Figure 3.21 is probably attributable to
the low scalloping rate, the successful pull-in of Figure 3.22 notwith-
standing. The SUBOPT design is essentially premised upon on arbitrarily
high scalloping rate, and under these circumstances the results of .
Figure 3.21 are probably more to be expected that those of Figure 3.22.
The successful pull-in of Figures 3.22 is probably only a testament to
the beneficial effects of noise acting as dither; or worse, it may be
sample function dependent. More study here should be done.

Finally, Figures 3.24 and 3.25 provide comparisons of the three
receivers OPTRVR, SUBOPT and the threshold receiver, in a crossing
multipath scenarioc, beginning with the receivers in track and the intex-
ference initiaily out-of-beam. The same noise sample function was used
to construct the enveiope signal applied to the receiver im each case,
and the error time histories are all plotted to the same scale. Two
significant differences in the figures, one intentiomal, one not, are,
as follows:

1. In Figure 3.24, the OPTRVR and SUBOPT designs include con-

straints, in Figure 3.25 these are without constraints.

2. In the two figures that OPTRVR and SUBOPT error time histoxy

traces are interposed; in Figures 3.24, that for OPTRVR is on

top; in Figure 3.25, that for SUBOPT is on top.
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SIM. J0B: HALENIR FILE Ng: 1122110101
HRLENIU 1132110101
HALENJS 11ii1ouioL

PLOT JBB: CRPLGLH PROGRAM: PCRMPL

, 0,71

.252 DEC,

OPTIML. RECEIVER
0, 2u

PEAR VALLE

-~ 71

048 DEC,
0, 71

0.24

SUBOPT  RECELVER
- 2l

PERK VALUE

- 71

0,71

= ,712 DEG,
D.24

-2

THRHLD RECETIVER

PERK VALUE

~71

20,00

CSNR (TG-SCAN)
10.00
—

DATE: 05/03/79
05/03/79
05/03/73

DATE: 05/03/79

2

e

N

1.60

9,00
o

(=)

c-—

38

2.40 3.20 U.00 4.80  5.60
TIME SINCE START OF FIRST SCAN (SECENDS)

E] 1

540 7.20  8.00

-2.75 -2.13 -1.53 -1,07 -.51  0.05. Q.51
SEFARATION ANGLE (DEC.)

1,17 L.73 2,23  2.85

S/N= 20.0 DB, RHO= .80, BETR=-168.0 DEG, FSC= 51.3 HZ, KM= 100 SCANS. BMLS= 1.00, PMLSL

OPTIML: RDAPTIY, UNTETHRD, POPTi, BRCVR=L.00 DEE.. ERMS=
SUBOPT: ADRPTIY. UNTETHRD, POPTL, BRUVR=1.00 DEC., ERMS=
THRHLD: -3 DB . UNTETHRD. 6.00% GF SCANS ABORTED. ERHS=

Figure 3.24 Crossing Multipath, OPTRVR and
8/N=20db, p=0.8, B= - 168, FSC
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SIM, 188 MLSSUOG FILE N@s 1132150817 DRTE:  05/21/78
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~
. o]
[&]
LY}
S g
2 =E
9w
1
n a= R —W
5 ER
£
MU’)
[awy
= =
=
. o]
o
[ 1N
=
9 5%
9 wg
It
113 = et e g
2 8]
g oo
MD
]
e =
—
™~
=
th
It!
S B
2 a8
e OO
ni
IH o
5 38
g £
M!—‘-
S
e H
N
o
o
(=
[3Y
=
5
b=
251
o=
=
33
“b.00  0.80  1.60 6.0 7.20  8.00
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TIME SINCE START OF FIRST SCAN (SECONDS)

2.75 -2.13 -1,63 -1.07 -5 0.05 0.6 117 1.73 223  2.85
SEPARATION ANGLE (DEE,)

S/N= 20,0 08, AHO= .00, BETA=—166.0 DEG, FSC= 51.3 HZ, KM= 100 SCANS, BMLS= 1,00, PHLSL
SUBPT: ADAPTIV, UNTETHRD, POPTL, BRCVR=1.00 DEG., ERMS= .13G5G0E-O1 DEG.
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Figure 3.25 Crossing Multipath, OPTRVR and SUBOPT without constraints
S/N=20db, p=0.8, B= — 168°, Fsc = 51.3 Hz
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Another very significant difference is in the OPTRVR error time
histories themselves -- that without constraints peaks at about 1/50°,
and that with constraints, at about %°, worse than the SUBOPT response,
which peaks at about 1/20° with znd without constraints. Again, we
suspect the ﬁsc constraint for the deterioration of the OPTRVR perfor-
mance. Nevertheless, all optimal structure receivers performed better
in this demonstration than did the threshold receiver, which peaked at
0.71°. The lowest trace shows the carrier signal-to-noise ratio CSNR,
evaluated at the peak of the direct path pulse on the TO-scan, as the
simulation evolves. The FSc used here is in the 5th lobe, the exact B,
FSC, values used being again that combination producing maximum enhance-
ment of the TO-pulse and maximum cancellation of the FRO-pulse at
crossover.

In summary, a simulation study invelving principally statistical
error studies but also some error time histories has been carried out; a
substantial collection of FORTRAN programs was developed. Simulation
results show for the OPTRVR design

1. RMSE performance improvement factors wrt the threshold
receiver sometimes approaching 30 at 20 db S/N;

2. Full track capability limited to scalloping rates below % of
rep. rate (belew 6.75 Hz in AZ).

3. Some deterioration in performance when constraints are used
believed attributable to the &sc constraint. Removal of this
one constraint may restore the generally higher RMSE perfor-
mance of the unconstrained OPTRVR without reducing the resis-
tance to loss of track apparently characterizing the con-

strained receiver (see SUBOPT below). Also perhaps a depend-
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able angle-tracking capability at higher scalloping rates

might result from removal of the tﬁsc—constraint.

The results show for the SUBOPT design

1.

Lesser performance than the OPTRVR design, improvement factors
wrt the threshold receiver sometimes approaching 15 at 20 db
S/N;

Performance probably better at higher scalloping rates, de-
teriorating at lower rateés; ‘

Very definite improven;ent :i._n track~holding ability at small
separation angles when the receiver Constral_in:ts are applied.
There is no t.usc-estiamte, hence no ﬁls-c-constraint‘ in the

SUBOPT design.

Based on studies of the OPTRVR, we expect both the OPTRVR and SUBOPT

design performance to be quite sensitive to error, in the receiver

model,

of the transmitting antenna. selectivity function, particularly

the beam width parameter. Possible approaches to reduce the effects on

performance were discussed. Finally, in error time history studies

1.

Strong interference pull-in capabilities at various S/N's and
Fsc's were demonstrated, which might be wused in an inter-
ference acquisii.:.ion scheme; and

A high performance in a representative crossing multipath
situation was demonstrated, and is to be génerally expected,

particularly if the removal of the ﬁ)sc—constraint will have

the effects expected and discussed.
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SECTION IV

EXPERIMENTAL SYSTEM CONSIDERATIONS

An experimental receiver development project was included in the
original research proposal and begun in 1976 in parallel with tracking
algorithm development then in progress. The project was shortiiived,
however, and abandoned the following year, principally becau;e the
computational demands of the evolving tracking algorithms simply could
not be met with any economically feagible microcomputer that was avéil-
able at the time. The general design philosophy and the allocation of
tasks among

1. the interface hardware

2. the foreground software

3.  the background software

were described in [3, pp. 52-60]; the approach to the interface design,

involving specifically a state controiler, is conveyed in Appendix B oI
this final report.

At the present time, both the MLS tracking algorithm development
and the state-of-the-art in microcomputing are more advanced. It seems
safe to conjecture, in conclusion, that one way the requisite computer
power might be obtained econmomically, certainly in the near future, is
to make use of a bank, or an array, of now diminishingly expensive
microprocessors. One or more microprocessors might serve the executive
function,. allocating the resources provided by the others to the various
computational needs as they arise. Advantages of such an arrangement

might be, as follows:
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It would be able to exploit the large potential .for parallel
computation in the tracking receiver calculations;

It would have high protection against total system failure due
to isolated failures;

It would easily accomodate the randomized repetition rates in

the MLS.
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SECTION V

SUMMARY AND CONCLUSIONS

This report has described research performed at the University and
concerned with optimal MLS receiver theory, design and simulation
evaluation. The program has produced a general receiver striacture
which, it is believed, gives close to limiting performance; it consists
of a Scan Data Processor (SDP) based on the theory of Locally Optimum
Estimation enclosed in a Tracking Loop Filter (TLF) based on MMSE re-
cursive state estimation. Three concgete specializations of the general
structure were carried out, characterized by both the dimension of the
Scan Data Processor and the method of extraction of phase difference (B)
and scalloping frequency (wsc) information, as follows:

5D SDP:  Denoted the Optimal design (OPTRVR); SDP extracts B

information from each scan; TLF extracts W, information
from the sequence of scans;

4D SDP:  Denoted the Suboptimal design (SUBOPT); Both B and w

C

are suppressed from the model and nct estimated,

6D SDP: Denoted the 6D LOE design; SDP extracts B and w, . infor-
mation from each scan; TLF may optionally extract &sc
information.
Two of these, the OPTRVR and SUBOfT designs were studied extensively in
simulation studies, including:
a. Statistical error studies under various conditions;
b. Studies of interference acquisition capability using

"pull-in",
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c. Performénce evaluations with "crossing" multipath inter-
ference.
and comparisons of performances were made with a simulated "threshold”
receiver approximately representative of the Phase III design. Finally,
a limited effort to implement an ex:i;)erimental receiver was undertaken,
but was aborted with little more result than the tentative approach
planned and the insights gained.

In the simulation studies of RMSE the OPTRVR and SUBOPT designs
showed improvements over the threshold receiver by factors approaching
30 and iS, respectively, at low scalloping rates. Constraints were
imposed on the computed estimates, based largely on natural limitations
‘on the true state values, and as a result, improved ability to maintain
track was noted in the SUBOPT design at small separation angles and
moderate S/N. At higher values of scalloping rate, W, . the SUBOPT
design was superior to the OPTRVR with constraints. The data suggests,
however, that the t‘:{)sc-constraint in OPTRVR may be hurting p;arformance
some, though even with its removal, successful full-state tracking can't
be expected in OPTRVR in the strict sense at hi‘gher scalloping fre-
quencies. A high serisitivity to error in the receiver model of the MLS
transmitting antenna selectivity function, particularly the beam width
parameter, was observed in the SUBOPT design (and believed to be charac-
teristic of the OPTRVR design also). Approaches were. discussed to
reduce this problem. Both the CPTRVR and SUBOPT designs. exhibited
sufficient multipath "pull-in" capability to merit a "pull-in" approach
to interference acquisition. In summary, the receiver designs developed

in this research have demonstrated in simunlation superior levels of
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performance for MLS receivers. Some areas of consideration need further
study, however, to fine-tune the designs to the signal and state dy-
namics enviromment and other aspects of the application. On the basis
of available data the SUBOPT design appears to be the more appropriate
for the MLS aircraft receiver application, where the scalloping rates
experienced are generally greater than one-half the MLS angle function
repetition rate, and thus beyond the full-track capability of the OPTRVR
design.
From the viewpoint of implementation, it would appear that, omn the
basis of trends in ‘the microprocessor art,
1. Input of the envelope samples to the computer should_be made
by direct memory access (DMA), and
2. The comptuer should, perhaps, be a bank of microprocessors
performing many operations in parallel (to supply the requi-
site computing power) and operating as a unified system under
an executive function microprocessor.
Finally, an oyerational receiver shouldé probably be structurally
adaptive alsc with an ability to expand the state vector (by appending a
"sentry" tracker chanmel tethered to "idler" wvalues) as additional
interference pulses sre recognized and acquired. The "sentry" should
move from a position one side of the sampling windoﬁ to the opposite
side and then back on alternate scans to preserve the integrity of the
main pulse track. Also when the separation angle for an interference
pulse drops below a certain threshold and information needed to dis-
tinguish the pulse becomes less available, track of that interference
pulse should then be dropped and the state dimension suitably decre-

mented.
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APPENDIX A

COMPUTER PROGRAMS

Programs in this appendix are listed below in the order presented,

generally alphabetized by Module name in two groups. Programs within

each Module are listed with a brief characterization of the Module.

Programs for the %D LOE design are given in Appendix C.

STMULATION PROGRAMS

CTLACQN3:
CTLCRMP:
CTLMSBBL:

CTLMSFS1:
CTIMSFS2:
CTLMSTHZ:
CTLOE:

MLSSIM:
OPTRNC:
OPTRVR:
PLSUB:
PLOPT:
PMLS1:
POPTI:
THDRVR:

CONTRL, Imnterference Acquisition Scenario
CONTRL, Crossing Multipath Scemnario
CONTRL, RMSE (B_ . )

ratio

CONTRL, RMSE (FSC)
CONTRL, RMSE (FSC), N wsc) tethered to (w/2,0)
CONTRL, RMSE (8 ), averaging with FSC#O

sep
CONTRL, RMSE (esep)’ averaging with Fsc=0
MLSSIM, MLSSUB, THA, DFLTRI, MLS -

‘RCVR, ORVRID, No constraints, except on B

RCVR, ORVRID, with constraints

PHIIM, WAWBJ, SWFCNS, PLUSID, Suboptimal SDP
PHILM, PLOPID, Optimal SDP

PMLS, PMLSID, p—function used in generating signal
P, PDOL, POPTID, p-function presumed in receiver
RCVR, TRVRID, threshold receiver

UTILITY AND SERVICE PROGRAMS .

ACQMPL:
LABLIB:

PCRMPL:
RLOGSW:

WLOGSW:

ACQMP1, Acquisition plot generator

CLIP, GAUSS, INTIO, LOG1O, MATIN, MATMUL, MATOUT, MATSM,
MULPLT, PLOTR, PVALUE, REALTIO, RETURN, SATU, library

of utility routines

PCRMP1, Crossing multipath plot gemerator

RLOGSW, Reads and lists out SWAJ, SWBJ, & RABJ data
from file

WLOGSW, WAWB, WAVGS, computes SWAJ, SWBJ, & RARBRJ data
and writes files



SUBROUTINE "CONTRL ‘737172 TS ’ e T T FTN 4.b4452 05/17/797 17.25.29 " PAGE 1

SUBROUTINE CONTRL{ISW)

THIS CONDUCTS THE MLS SIHULATION THROUGH A
CROSSING MULYLPATH SCENARIU

5 : v et ————

L me e LE AL LAMDA" e e e e v e e .
INTEGER XNAME{2)sYNAME(2),DATIN(4)»DATOUT(G),D0UT L
INTEGER YNAMLL{2)»YHAM2(2),YNAM3{2)p YNANAL2) YNAKSE2))FUNCTHIE2) oot
INTEGER YRAMT{I2),YNAMBL2) i
10 : LOGICAL NOKLMNsNOLOE,NOAC,KALMAN,LOE, TETHRD, MORE,NFIRST) ACAPTY  ° . T
LOGICAL FILOUT,FILEIN e e .
et ot T T T TCOMMON/IDDATAZESIN, IPMLS,IRCVR,IADAP, ITETHR,1POPT ™
CONMON/RCVRGO/ THAMAX s THAMIN, TS TR OMEGAS TF L
T CORNON/RCVRGL/NGHINS NGHAXJDELBLSNGH; TR 1AE ' T T -

15 COMHDN/RCYROZ/RHOMAX,DTHD, TDRO, BO» WSCO» N50¢4 ) NGO (4] .. i
Trem e o COHHON/RCVRO3/PISFE,8)FL25(4) s FSANP Ko KMy TETHRDS NGNS IK = = ~ Tt oTmmmmT s m e s
CUMBON/RCVRO&A/DELTECIB) »GAGTL{ 8,81 2H(5,8), ICOUNTSSIGHA e
“COMMON/RCVROS /NOLOE, NOKLHNS NOAC, GAMAES (5)sROTAG{S)sPHDIAG(B)

COMHON/RCVROG/PPDIAG (81 s RHAT(555)2PHI{525)4PALBsBY»LAMDA(S)
20 " * COMHON/RCVROT/T (1300,V(130) e
COMMON/RCVROB/XSLOE(8)»ESLOE(B) »ES(E) .
COMKON/RCVRUG/BRCVR, 8B, POCRIT,CC . ’ o - -
COMMON/RCVR1Q/XSL{B1»X5(8) } R
- STt " CORMON/MLSUOD/ALFAs THE, THEDDT»ALEAR» THRTHROOT s By WSE ™
25 COHMUR/MLSO0L/CSNRT,CSNRE,DSKRDES RHU BETAS FSCy LGMAX
- T sttt CDHHOR/MLS002/0CSNRACSNR, LGS TPKT» TPKF - e : o
CUMMUNINLSOOBIFLIGAE(Q:ZIpFL10(41nDELTAT(Z):XU(8:2):YB(4:21 e
Tttt ot COMMON/WLSUQ4/BMLS,BBBy MTIMES» MSETsMORE o T ot
. DIMENSION IONRS(6)»IDASCI{24)»IDENTS{6}RHSVALIS) e e
TEO TS T T DIMENSIONTEALFA(LO0) sETHET{100)»EALFR{LOD)SETHER{LO0) » XFOURILO0)
DIKENSION %18, __SCANNR{100) ;
STt MTT ottt DIKENSIONTEBETA{L00)»EFSC(L100) ™= " T e
EQUIVALENCE (ALFA:X(I));(ISIM;IDNRS(llI:(OUUT;DATUUT(ZJ)
TTTotT T ot T DATA ABORT/LHAZ »SPACE/LIH /oNFIRST/ «FALSE«/s ADAPTV/ W TRUES/ - cTeTm oo

35 DATA DATIN/10HMLSSIMDATAs1CH5000GOF000, 240/ . e L.

T T T e 7 DATACDATOUT/10HKLSSIMDATA,3%0/ T T T ) " T :
DATA IDASCIITHCROSSHP:?HRHSE(T):THRMSE(BJ:THRHSE(FlnTHACOSITN:

e ExRalal

TTOTOTTOTTT T TONBATHT T G THGEMERAL,8H PMLS1C »8H PHLSZ ’ - T
*8H PHLS3 »BH THRHLD s8H GPTIHL »8H SUBDPT »BH =3 DB »BHADAPTIV ,
40 "t 7T T ¥GHNONADAP »BHUNTETHRDSSHTETHEREDs2H '»8H POPTL 38H POPTZ ° o

*uH POPTI [ - e
T T TTTTTTTETTTTTT O DATACNSTART/A/SIRSIGN/ L/ s KSTART/26/5FILOUT/ «FALSES/y" ™" ! :

CFILEIN/WFALSEe/
TTTom o T UUDATA FURCTR/THAZIMUTHs THELEVAT.S * ° - ' : ) oot
45 DATA XNAME/BH SCAN »BH NUHBER /sYNAMZ/8H ETHET ,8HODEGREES / ,
- T ' DATA YNAH1/8H EALFA »8H /s YNAM3ZBH EALFAR »08H / ' oo
DATA YNAM4/BH ETHER »BHDEGREES /p¥YNAHS/8H RHO 284 !

) T "TDATA YNAMT/BHCABSBETAs0H DEGREES/™ toT s T ToT TmmmmmmmTmmem o o T
DATA YNAHBIBHEABSFSC »BH HERTl /

50 " " -
GO 70 uoo,zoo,aoomoo,506;&00.700,800.900.1000.11no,120m,xsu

1 ' FORMAT{iH ) - . ) o T

¢ FORHATLI(/Y) . i
. mee e 110 CFORKAT {IHL)T T e e e ke e e amrman e e )
55 c

CHERERREFE R R AR Rk kb ok bk Rk ko R Rk

c
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60

90

95

100

SUBROUTINE CUNTRL  73/172 1§ © FTN 4.6+452 05/17/79

T LI0TT FORMAT [ 34HLINTERFERENCE ACQUISITION SCENARID/)

160 CONTINUE

T C THIS LOENTIFIES THE SCENARID ANO REINITIALIZES, AS NECESSARY»

CTHE FOLLOWING RECEIVER PARAMETERS

CSIGHA; LAC,DSHRDBARHO,FSCpOETA» JHABHLS
LFIRFIRST) GO_TO 155 e e

TROAC=oFALSE. )
NFIRST=.TRUE.
TTT JBNAM=JOBNAME(T]T T o e T o

I8IH=%
IHOD=3 -~ - o o -t
WRITE {7,110)

IF (IRCVR.NE.1) GO TO 118
WRITE (75115}
11%  FUKMAT (35H THIS 1S NOT FOR THRESHOLD RECEIVER)
STOP ¥ ABORTED=~NOT FOR THORVRA
118  CONTINUE .
" WRITE(7,120) (DATIN(I),1al,2}
120  FORMAT(26H THIS HAY READ INPUT FILE ,2A10/)
CALL LOGIG(6HFILEINsFILEIH,0)
IE{ NOTLFILEIN) NSTART=0
CALL INTEQUAHNSTART,NSTARTS100,0) " '"~ ° ) T o
_ NSTUPANSTARY
CALL INTIO(6H NSTOP,NSTOP,100,0}
CALL LOGIO(SHFILOUT,FILOUT,O)
CALL LOGIO(GHTETHRDs TETHRDSO)
CALL LUOGIU{6HADAPTV,ADAPTV,0}

" IFITETHRD) ITETHR=2 oot T T oo

IF(ADAPTYV) GO TO 135
IRSIGN==1 " )
IADAP=3
135 - CONTINUE o . oo T T
DO 145 la2,6
T T IASCE3%{I-114IDNRS{I}+&6 ° - Crt Trmt e
IDENTS{L)=IDASCI(IASC)
1457 CONTIhUWE 7 ’
ENCODE(Bs150,IDENTS{L1)) IDASCICISIM},INOD .
" 150  FORMATIAT7,I1) ’ -
WRITE (7,152) IONRS, IHOD
152" FORMAT [1H »6I1,1Xs11/) T T T T
WRITE (7,153) IDENTS
" 153 FORMAT (lH ,a8)
CALL REALIO {6HRHOMAX,RHOMAX,0}

Y 77T CALL REALIO{&H DTHO,DTHO,0) ~"7 =~ - =+ -~ ’ e

CALL REALTO{&H TODROsTORD,0}

T T T 7T BETAO=BO*180./P1 T T T e ) Tt

1057

FSCO=WSC0*,5/P1

TOTTTT CALL REALIO(EH BETADGBETAQ,Q) ~7rmsmmememsy o T mr o

CALL REALIOTEH F5CDsFSC0s0)
BO=BETAO*PI/180, o T
WSCO=FSCU* (2.%P])

“155 CONTINUE o : e -
1F (FILEIN) 60 TO 158 ' :

© = RRUN=U T et e i e . -
DSNRDB=204

v - - RHDED o5 - e s e e e e e s —_ - -

BETJ\*E‘L

v mmer v e o oame m - " - P—

17.25.29 PAGE 2
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SUBROUTINE CONT

B -1

125

BP &1 bt §-1: B

160

Cine

M) b mdmeme s o e pn v

T 140 T e
¢

¢
200’

145

CTHE"

210

155

244

© T 250

“"RETURN

TTTUU T TTCAERR AR RO R ook Rk AR ok R Ak Rk ok ok Rk kb ok ko

C THIS QUTPUTS BASIC SIHULATION DATA OF INTERESTs SUCH AS

209
" WRITELT,210) NRUN»DSNROB»RHO»BETAsFSCoBHLS»BRCYRS THESEPs KSTART

ERaE-¥-1 ol
230"

rs e e g e

TWRITE(75270Y 'IOERTS(Z)
““RETURN*

RL 73/172 TS

FSCais,
BHLS=1.
BRCVR=1,
THESEP 1,88
CALL INTIG(6H HRUNsNRUN,100,0) .
CALL REALIG(BHDSHRDB, DSHRDB,O) ~~— "7 77
CALL REALIUISH  RHO,RHOs0)
CALL REALIG(GH BETA,BETA,0)
CALL REALID{G6H  FSC,F5C,0)
CALL REALIC(GH BMLS,BMLS,0) ~ = = =
CALL REALIUIGH BRCVRsBRCVR,0)
“CALL REALIG{GHTHESEPsTHESEP,0)
CaLL INIID(bHKSTART;KSTARTn100;0)
KURE= . FALSE. "

60 70 170
CONTINUE - “ - :
READ (15,160} NRUNsDSNRDBsRHOsBETAsFSCsBHLSy BRCVRSTHESEPSKSTART
FORMAT (I15,7610.3,15)° =
1F(NRUN.LT.NSTART} GO TO 158
IFINRUNLGEL.NSTOP) MORE=.FALSEs " ™"
CONTINUE

KO3, TAEI=XD(65IAEI=0,
X0{5,TAE)=XD(2, JAE}=-THESEP
TEBETAU=ABS{BETA)-ABS(BETAD)"
EFSCO=ABS{FSC)~ABS(FSCO)

FTN 4.6+452

PAGE 3

0S/17/79

17425.29

" CORTINUE™

ANGLE FUNCTICN,
WRITE (7s209)
FDRHAT(5H1hRUN9ﬁX:bHDSNRDBp?X:3HRHD:8X16HBETA)BX:3HFSC99X:

CHOHBMLS » BXa BHBRC VRS TXs SUTHESEP, 6X2 bHKSTART)

INITIAL STATE, ' ETC.

FORMATYCLHO,» T4, T{2X610.31,2X514)
IFCNOTLFLLOUT) G0 TO 245 '
IF{NRUNJLE.F} ENCUDE(IO:ZZO:DUUT) !DNRS)IHU:IHUD.XHO’NRUN
FORMAT(OILsA ) I1sA0s11}"

IF(NRUNJGEW10Q) ENCDDE(IO)ZBQ’DDUT) IDNRS!lHU:IHDD:NRUN
FORMAT(OLI1,A1,11,12) ™~
IXwIREQST{6LTAPELT,3L*FF)

IF{IXeNEZD) CALL INTIO(GHIX(RQ)»IXslsl) = ~
IF{IXeNELO) STOP#DUTPUT FILE REQUEST NOT SATISFACTURV#
WRITELT,240) (DATOUTC(I),»I=l,2) )
FORMAT(25HOTHIS NRITES UUTPUT FILE ’ZAIO’
CALL DATE(TODAY) ™ B

WRITE (7925C) FUNCTN (IAE)sTAE

FORMAT {1HC»AT7»15H FUNCTION (IAE'JIl:lH))'
X{4)=XO(4pIAEI=G,

WRLITE (72260) ({IaX{I))sl= 1;8)"""" )

FORMAT {(15HOINITIAL STATE://43H X{sI1s4H) = ’613-6)1 s

FDRHAT(lHO:A?)

CTLACQN3
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o e el :
3GJ  CONTINUE L
175 ° ¢ THIS IDENTIFlES THE BASIC RECEIUER STRUCTURE {THRHLD»OPT»SUSOPT)
CAND REERITIALIZES, AS NECESSARY, THE FOLLOWING RCVR DATA, S
e CIR {NEGATE UNLYJ, NDACsROKLMN,NOLOEsBRCVRsDELBL, TETHRD
LTIT=MINOCIRCYR, 2}
¢ . . . ..
18u € NEGATE IR WITH THE FOLLOWIRG FOR KONADAPTIVE RECEIVER o
IF(IRSIGN<LT.G) IR=~IR -
e et e . CRETURN " et s s e s e e et 4 e m e e e
c
o185 T T Cokkddkkkakd b dokdp ik ok kdokkdok bk h ko ko k bk ok d bk Rk bk ko bk ek - -
¢
- <7 RCI TOMTINUE o ' - DA : T
¢ THIS OUTPUTS BASIC RECEIVER DATA BF INTEREST. . e
- - T RRITE(T7,410) (IDENTS{I),I=35415IRsNG,HS
190 410 FORMAT (1HOsAB,4HRCVR/LHO, A8y 6HDESIGN/SH (IRwy 125 4HsNGmsI1s f i
. " * 4HsNSe; T1s1H})
WRITE(72420) (1DENTS(I}sIu5,0) i
s 220" ** FORMAT(1HO»A8/1HG, AT/) -
RETURN L L . C e e e— =
195 “vTUTTIGE Tt -
ook o ahok ol o ok ko ok A kool o ok A o o ok ok o R ok ok A Rk ol ok ko ke ok ok ko b ok R ko ok o cj‘__
- g ) PREEARARTE A * ¥ . . e ; '
500  CONTINUE e e .- . Ce e e ee r e e e _—n%
TTOTOTOTTTT U™ £ THIS SETS~UPT THE HSET-LGEP T TR oTTTTTITTR T 5 85
200 . _RETURN . X 2
0 e e e e e e e s ci e e s e e G
C4hﬂ#**Mﬂ****#******#***t**t*#***#****t*t****##t#****#t*#*t*t***t#*t* =] .
- SR e e e . R
609 CONTINUE . — . . R
265 "=t ¢ THIS SETS—UP’ THE' LG—LCOP FOR THE (MSET)~TH SERIES OF SETS ™ —~ ~~ = =" -=-==- c c:
RETURN . . e+ . B
- - - c - " - ‘:‘
cnnuuuun***n***uw*u**v**-u-Mu*Hup**¢nu*nunuunnuu* e
- C - - - ~ ThE e - T - A
210 760 CONTLNUE L '
- -t == [ THIS SETS=UP THE K~LOOP FOR™THE (LG)=TH SET OF KM SCANS ~— = —° 7 7 777 tom o= emse—memme—ies o
v ... GALL INTIO6H =~ KHeKHelel} = .. ... .. .. . e e e e e e e+
T T e s T R I TELT, 710)
710 FORMAT (4HO K 3%y BHCSNRTOs 5% 6HCSNRFR, 6X5 3HATY 37Xy
s215 T Tt C Tk T T TRHALFASSXs SHTHETAS 6Xs SHTHEDOT s 5Xs SHALFARs 6X» GHTHETAR S 5% ) ™
c GHTHROOTs6Xs#H B »7Xs3HWSC/) . ) .
e - RETURN " " 7 - T s
¢
T m kbR koo o T ok ok A ook A A A Aok R o 3 ko o AROK ok ok ok ok ok ook ST e
220 ¢ ‘ ) o
- - 800  CONTINUE ™" — = * S emmmemesns e : - -
¢ THIS INITIALIZES THE K-TH SCAN i
- - IF(K+EQ.KSTART} X{4)=RHO*X{1)™ “7"° = -~ -
IF(KeEGWKSTART) NGHaNG - . e s e aine e
ToRE TUTTTT T Ottt T RETURNTTTRT T ™ e
¢
- S T Y42 L L L L e T L R e e e e R L e L T
c .

T T ki aiidanrne b e L T

*

CILACQN3
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T

260 — <o o-

265

400
C THIS SAVES/PREPROCESSES DATA FRDH THE K-TH 5CaN

914

CONTINUE
THERR=X{2)~X5(2)
DTHE=X(2)-X19)
COLu=SARTAFPOLAGIZ))

ESUL)=X(1)=X5(1} '

TRMSVALCI) wSQRTUPPDIAGIL)) ’ ; -

CORTINVE
iF (NSeGEW7) ES{T) = ABS(X{7))~ABS(XS(7)}
IF (NS.GE.B) ES(B) = ABS(X(8))~ABS(XS(8})

17425429

00 616 1e1,HS e emae e - el . Woe cemmime s re e m e eewaamw e

PAGE ]

“ SCANNR LK) "k i . M mtan e tee te e e enbere . ——— an i s - -

EALFAIK}=ES{L)
ETHET(K)=ES5(2) o rrmee
EALFR({K)=ES (&)

Tt T ETHER(K)=ES(5) ~ TRorTmEmR S mmmmmem oo T T mmn e - ToToTmTTTT Trmm om omm e

915

9290

93¢

¢
¢

wap g ¢

285

Ct*#t***t**t**#***#’H"#*t*1*t*i#***ﬁ##**#*##*!*l“*#'l###tii*!*#i#i‘i**

T 1060

TTTTCALL REALIOCEH "YHMAXsYMAXs1} ™ et et Tmr o

XFOURIKY=X14)/X{1)

IF (NS.LE.6)°GD TO 915~"—— """ "——=mro s o TTemorooTor o TmomTmromrmn o mm T mmme

ESETA(KI=1B0,4E5(T)/PL

EFSCIR =0 54+ESL{B)/PI ,
CONTINUE

WRITE (7,920) K, CSNRT,CSNRF)1HX» {X(1)sI=1,B)
FORHATILH ,I3, 2{1XsG1043)pB8XsAls1Xs8(1Xs61043})

TWRITE (759300 TH "7 XSp{XS{I)sI=l,N$} : ) -

WHITE (7,9300 7H ERRILES{I)»InlsNS) . )
WRITE {(7,930) THSQ(PII)s(RMSVAL(L},Ial,NS) - T

FORHAT {1H pZ7X:A7:1K;8(1X;GlO.3)I
WRITE (7,1) e

_RETURN

- v — . L T

1000 CONTINUE ‘ f;
C THIS SAVES/PROCESSES/OUTPUTS DATA FRDH THE ILG)=TH SEY OF KM SCANS~ -~ =~ === ===

HRITE(T,1060) (GAGT{I+»I)sInlsKS5)

FORMAT (10(/)»35H ON LAST SCAN» DIAGONAL OF GGGT WAS/ ™~ ~ ’ T
¥lH 2Glle4»T{lHr»GLlLlu4))

YHIR=YHAX=0, ™ - T o
WRITE (7s11)

CALL PLOTRUSCANNRy EALFAs KM, XNAMES YNAML) YMING YHAX, Q)
CALL REALLULEGH YHINsYMINs1)

YHINaYHAX20,

T MRITE (T.11)-~ = T - B [

CALL PLUTRISCANNRS ETHET:KM:XNAHE:YNAHZ;YHINJYMAK:O)
"CALL'REALIO(6H YHINs YMIN,1} -
CALL REALIO(6H YHAX;YHAX:I)

ey INeYMAXE Qe T e i i ——————a v 3 b e s e s e e ceme—— e

WRITE (7,11) .

CALL PLOTRUSCANNR, EALFR,KM»XNAME,YNAH3»YHIN,YHAK) G} o o
CALL REALIG{6H YHINsYMINs1)

CALL REALTO(6H “YMAX»YMAXs L) = 7 =7

YHIN=YHAX=O,

CALL PLUTRUSCANNR, ETHERsKMsXNAHE, YNAH‘UYHIN;YHAK, 0}
CALL REALIO(6H YHIN>YMIN,1}
CALL RcALIU(bH ’I’HAXJYHAX:H

s e WRITE [Tpll) =~ it ome smmemmeac s n - - - e e e e e

CTLACQN3
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YHIN®YHAX=G, L
- TUL WRETE (Te31) ' '
CALL PLUTR(SCANNR, XFOURsKHj, KHARE, YNAMS,YHIN, YHAXS Q)
CALL REALIDC(EH YHIN;YMIN,L)
290 CALL REALIO(GH YHAX:YHAX}I)

TIF INSeLLe6) GO TO 10645
WRETE (7511)
oo ) TYMIN=YHAX#0.
CALL PLOTR(SCARNR,EQETA,KHs XNAKE YNANT, YHIN,YHAX, O)

L2 * CALL REALIG(SH YMIN,YHIN,1)
eimmmam o o . CALL REALIOIOH  YMAXoYMAXsLY | . Ll i mceiii 4o e e s e e aae
T smemem o e YKIN=YHAX=0,

WRITE(7,11)
CALL PLUTR{SCANNRyEFSCsKHs XNAHE, YNAHB, YHINsYHAX» )
3006 CALL REALID(OH YHINSYMIN,I)
Tttt T T TCALL REALIO(GH  YMAX,YHAX,1) ~7 7
e = 065 CONTINUE e e i e e e o et e e e s mmmn s -
T, EF{ NOTWFILOUTY RETURN i
WRITE(7,11)
305 WRITE(7,2070) (DATOUTII),I=1,2)
107¢  FORNMATLLEH QUTPUT FILE »2A10s1H:/)
TWRITE(?,1072) DUUTJDELI'HTIHES!LGHAX’KHJTUDAYJJBNAH
1072 FORMATILH »ALO»6X»G1l3.625Xs315X,13210X)2A10,8XsA10/)
" WRITE{Ts1074) IDENTSHKSTART
3i0 1074 FURHAT(AH »6(1X,AB,9X),13/)
’ ) " WRITE(7,1076) NRUN,DSRROB,RHOsBETA,FSC,BMLS,8RCVR, THESEP 9{
1076 FORMATILH »72,3)X,7(3X,612.6374)

- IKH=RIND(355KN=9) ° P s - S, &
. DO 1077 I=isIKH y ‘___‘____%_ T
EEC Sl =" 1077 WRITE(7,1078)EALFALL),ETHETUI]»EALFR(L}SETHERCI),XFOURLL) )
1078 FORKAT(IH »5(6134655%)) R
00 1379 1=1,5 no oo e - : - '
1079 WRITE(?,1080) %;
© 7Tt 1030 FORWAT(IHs5(6Xs1H.,11X3) © T C - X
320 KH3=KM=3 L _ o % T
- - DO 1081 I=kH3,Kh e =N
1081 WRITE(T,1UT8YEALFALI),ETHETLI),EALFREI),ETHER (1), XFOURCI) aﬁ
- WRITE{7,10B3 }RHOHAX» DTHO» TORO, BETADS FSC0s EBETAD, EBETAIKK ) »EFSCO, B
CEFSC (KH) .
- 325 “°1683  FORHAT (IHO,9(612.6,2X))  ~ ° ° " : R

WRITE{L7) DOUT,DELT»MTIMES,LGHAX»KMsTODAY,JBNAK
WRITE(L17) IDENTSsKSTART
WRITE(LY) NRUN:DSNRDB:RHU:BETA:FSC;BHLS:BRCVR:THESEP
e 7 D0 1090 E«lsKH
33¢ WRITE{17) EALFACI),ETHET(I}, EALFRC(IJSETHER(L)» XFOUR(T}
e " o " 1650 CONTINUE -
EEITE(ITI RHOMAX,DTHO, TORO» BETAD, FSCO,EBETAOS EBETA(RMIJEFSCO,EFSCH e
T T TR S
REWIND 17
- 7-1- EX=IATTACH(OLTAPERO,DATOUT) "~ ~wmm——— ==~ Tt
CALL RETURNCOLTAPE2G)
- et "IF{IX.NE,O) 60 TD 1095~ -~ =77 ° o )
s éé-%gAISLBléLTAP‘I?:DATDUTJZLPN:BRHIGHFILL:ZLRP:BbSl o A Lt
340 1095 1X=ICATALOU(6LTAPEL7,DATOUT,2LXR,BRHIGHFILL)2LRP»365}
- 1096 IF{IX«NE«G) " CALL INTID({6HIX(CA},IX»1,1) " -
IF(IXeNEJD) STOP#DUTPUT FILE CATALOG NOT SATISFACTORYH

CTLACQN3
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CALL RETURN(G6LTAPELY) e e
“WRITE (7,1099) (DATOUTtINsI=1,2) " ° i T

345 1099 FOKRMAT(A3HCOUTPUT FILE +2A10,33H IS WRITTEN, CATALOGED AND CLOSED)
[ “KETURN e -

[
350 % ° ' 1100 COWTINUE ° ot - T e omEEEE mE R om
¢ THIS 5AVeS/PROCESSES/OUTPUTS DATA FROM THE (MSETV)-TH SERIES OF
) T 7T T CLGMAX SETS OF KM SCANS™ ©° Tomrmm R mem T ommem
RETURN

355 Crdrdvdadrrbibabtrdibbbdrvbbrbnihbbabddbhbbbbrbdbbbdbbrbbb bbbt bkbbbdk
B . - - . - - .. e a e

l2ul  CORTINUE

WRITE (7411)

s gggT—T v e e RETURN " [ PR v . S e e . T e e R
C##%4*1\4#!#tt*'*t‘#*##*#i*t*tti*'lﬂ*#**!*ﬂ***#i".####**l\#.##*#‘#t‘tt*i*#
S— e e e - ve et e mmom e s ew - nt e mn - . .
¢ ; e -
[ g “ENDT o R mrwrmram mwr normmr mees ome wewe am o w fp— - - R

TTTTITTTTTT O"TTC OTHIS EFFECTS CLDSURETOF THE SIMULATION'RUN -7 7 -7 ¢ 7 7 7 =7 =7 s/ ommmmems o e m o

44C20B CNATSTDRAGE USED "7 """ "7 64147 SECOANDS ~ 77 m—rmmmomn o memwrmsm e oot omr Tmm T T mmm T s e s

” — i e s
(R Ty e e R e P R R R sl R T LT S T

7

CTLACON3
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SUBROUTINE CDNTRL(ISH!
C THIS CONDUCTS THE HLS SIHULATKUN THROUGH A
7" T T " C CROSSING HULTIPATH SCENARID -~ Tomerm o oremmomm - e T
3 C
e REAL LAHDA - — - - e e e ————————— e e s s e
INTEGER XNAHE(ZI:YNAHE(2);DATINM};DATBUTHlpDﬂUT
T © INTEGER TITLEL{31sTITLE2{2,2),FUNCTH(2) - e s
LOGICAL NBKLHNJNDLDE-NUAC:K&LHAN:LDE;TETHRD.HGRE:NFIRST;ADAPTV
0 - - - COMMON/IODATA/ISIH, LPHLS» IRCVR IADAP ITETHR IPOPT nt oo T
COMHON/RCVROO/THAHAX s THAMINS T52 TRs DHEGAS TF
T ot 7T COHHON/RCVROL/NGHINA RGHAXSDELBLANGH IR TAE = =70 7 %7 o7 mwmmsms o soid o memmemmmss pimimme s = = 2 o
COMHON/RCVRO2/RHOKAX» DTHOs TORGBO» WSCOp NSO 4 )y NGO{4)
T COHMON/RCVROS/PI,F(B58) o FLEZS(4 }aFSANP KKK TETHRD, NGs NSy JH
15 CORKON/RCVRO4/DELTSEU(B)»GAGT(8s8)sH(5»8)» ICOUNTs S1GHA
T Tt T T COHMON/RCVROGS5/NOLDEsNOKLMN,NOAC,GAMAES (51, RDIAG(5)sPHDIAG(S) T ot
CDHHONIRCVRO&IPPDIAG(8):RHAT(5;5l;PHIU:S);PMBsB)JLAHDAIﬁI
TTT o TTTT ottt 7T COMMON/RCYROT/T(LI30),V(130) T '“""'"“!"" Tttt ) N
COMHON/RCVROE/XSLOE(B)»ESLOE(B),ES(D)
20 - - * 7 COMHOH/RCVRO9/BRCYR» BBr PDCRITSCC ' : T
COHMON/RCVRIQ/XS1(8) 2 X5(8)
T o=t v COMMON/MLSO00/ALFAS THEs THEDOT,ALFAR, THR» THRDOT, B, WSC - o7 . -
CDHHDNIHLSOOIICSNRDCSHRF:DSNRDB;RHD;BETA:FSC:LGHAX
TR T T T T T COMMON/KLSOQZ/DCSNRACSNRa LG TPRT» TPKF TormTTmE o omemm s e s
25 CGHHQNIHLSUOE!FLlOAE(‘nZhFLlU(H:DELTAT(Z)JXCI(S:Z):YDH:Z)
- Tttt om et - COMHON/HMLSQO04/BMLS,BBBy MTIHESSHSETSMORE ' e -
DIHENSION CSNRTO{100),X(8),THESER{100)s THESEP(100),ABBORT (100}
Teemoomoromem = ==~ DIUENSION IDNRS(6)2IDASCI(18)sIDENTS(6)CSNRFR{100) e e
, EQUIVALENCE (ALFAsX(1))p{ISIH,IDNRS{L))s(DOUT,DATOUT(2})
T30 7 = DATA ABORT/LIHAZ S SPACE/LH /sNFIRST/ «FALSE /s ADAPTV/aTRUE, /" =7 * =oowmmmsms mmm—sine o -
DATA DATIN/LOHHLSSIMDATA»10H10GCOOFO00, 2%0/
Tttt s s o DATA DATOUT/10HMLSSIHDATA, 340/ - . T
DATA IDASCI/THCROSSHP» THRHSE(T)»THRMSE(B),BH PHLSI »8H PHLSZ
©ov et oo #BH PHLEE ,8H THRHLD »8H OPTIML »8H SUBOPT »8H =3 DB »OHADAPTIV 5 = - - =~ -
35 *EHNONADAP !GHUNTETHRD:BHTETHEREDpZH 18H POPT1 ,8H POPT2 .
S e s emmeeee o —eem el PAPTS " 4 " Pt - - . . Sl e om
OATA NSTART/15/,IRSIGN/L/

: s = === - DATA TITLEL/EH X(2) ,6HX2-X5 ,6HXS(2) /
o DATA TITLEZ/GHFIL ER,6HX2-X5226HX2~XS2s 6HSQRP22/
g% © 40 t= = e eeime DATA FUNGTN/THAZIMUTHs THELEVAT/ - S = e
% DATA XNAHE/BHTHETASEPsBHDEGREES /s YNANE/BHTHES ERR;EHDEGREES 1
A A B/t it e v ot s e
GO TO_ (100,200, 300, 400, 5005 600,700, 800, 900, 1000511004 12003, IS _
% wemoee s Le-c- FOQRMAT(IH § -~ - - e : Rt
27 45 10 FORMAT(9(/))
&D” S meems s 11 - FORHAT-(LHL) - == = meme— memem o - --
c
T Gy-—-" SR T e
A c
S o 50 - -~100  CONTINUE -—- - - : .-
;;‘ C_THIS IDENTLFIES THE SCENARIO AND REINITIALIZES, AS NEGESSARY,
CTHE FOLLOWING RECEIVER PARANETERS

CSIGHAs IAE»DSNROB»RHDs FSCs BETAs JHSBHLS
wrommem e e STE(NFIRST) 6O TD1885 - ~mo— o m s omm o s es em e - T
55 NFIRS T=4 TRUE,
- : - JBNAH=JOBNAME(I}) —  ~rmm = == o
ISIf=1

CTLCRMP
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35

1400wl . .
TRRITE (7,110) ~ °° ) B o7 vy s e

110 FORAAT (EBHICRUSSING'-HULTIPATH SCENARID/}

GO TD 122 — . . - - . .
COLD IN=IATTACH(ALTAPELS5,DATIN) . e
COLD  IFC(IX4NE.0) CALL INTID(OHIX(AT),IX,1,1) o i
COLO IF{IXeNE+O) STOPAINPUT FILE ATTACH NOT SATISFACTORY#
COLD * WRITE(7,120) (DATIN(I)sILa1,2) ' oo =

120  FORKAT(23H THIS READS INPUT FILE »2410/)
122  CONTINUE : T t T

NULL TRANSFER STATEMENT == TRANSFER IGNORED

TTCALL INTID(SHNSTARTANSTARTSLO0,Q) =~ ~ 77777 7 i 7 7ommm=r o mrr rommsemmisemnen somem s e e
HSTOP=NSTART
CALL INTIO(G6H NSTOP,NSTOP,100,0)° -~~~ ~
CALL LOGIO(GHTETHRD, TETHRD0)
IF(LRCVR.EQsl) GO TO 125 -omemem oo - "t T
CALL LOGIO(OHADAPTV,ADAPTV,0) N e
125 - CUNTINUE - A v an s w T aw 1A oAy ek LR L - - -
IFITETHRD) ITETHR=2
IF(ADAPTV) 60 TD 335 = - - —= -~ -~ =~ - - - ot
LRSI GNu=1
o TADAP @S | = ee e m e mmmmmm s ae ) - i e e e em

135 CONTINUE

D0 145 Te2y6 <t = memmm e s e C e e e e L s
IASCe3*(I~1)+IDNRS(I)
" IDENTS(I)wIDASCI(IASC)  ~ ~-- - - - oo
145  CONTINUE )
* ENCODE(8,150, IDENTS{1)) IDASCI(ISIN),IMOD ~ = Fe T s
150 FORBAT(A7,11) L e e
WRITE {7p152) IDNRS,IHDD * '™ “™==""== =0+ = o= = oeo o
152 FORHAT (1H ,6I1,1X,11/}
" WRITE (7,153) IDENTS . ~* =~ == ~-=--< === -
153 FORMAT (1H »A8) .
155 ~ CONTINUE --
READ(10,160) NRUN;DSNRDB.RHD:BETA:FSC:BHLS;BRCVR _ e
160~ FORMAT(1556610.3) ‘
IF(NRUNJLTSNSTART) GO TO 155 .
IF (NRUN<GE+NSTOP) MORE®4FALSE. "~ s aih
RETURN

cM*uuuuu*ﬂ**u#uu*ﬂvlnu:HHHH*HHM#*Mu*uuuunnnn
¢ - R o < e e e e = e e
200 CONTINUE '
C THIS OUTPUTS BASIC SIMULATION DATA OF INTEREST, SUCH AS - — = = -° T T
CTHE ANGLE FUNCTIORs INITIAL STATE, ETC.

T* WRITE(7,210) NRUN,DSNRDBsRHOsBETAs FSCsBHLS,BRCVR o : =T

210  FORMAT{SHINRUN,12X»&HDSNRDB»26X»3HRHDs 16Xs 4HBETAS LTXs3HFSCa16Xs

H4HBHLS#15Xs SHBRCVR/1HO» [426(10X5610.31)  ° Tt ot T
IF{NRUN.LE+9) ENCODE(10,220,D00T) IONRSs1HUs INODs 1HO,NRUN

220  FORMAT(6I1,Al,I15A1,11} "
IF (NRUN4GE410) ENCODE(105230,00UT} xnnns,luu.ruun.naun

230  FORKAT(6I1,ALsIls2) | - - :
IX=IREQST{6LTAPELTs3L#PF)

IFCIXeNESO) "CALL INTIOC(OHIX(RQI»IX»1,1) T ' Tooomrmemmm oo

IF{IXuNED) STOPAOUTPUT FILE REQUEST NOY SATISFACTORY#

“"WRITE{T,240) (DATOUT(I)pIals2)

240 FORMAT(25HOTHIS WRITES OUTPUT FILE ,2A10)

CTLCRMP
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elgh s e300 7 CONTIRUE 7 o Tt -

tmrwr e s semmee—m e e et e mae -

-v158% Rl T ] P T L T B R PV

SUBROUTINE CONTRL ©T3I172 TS | : e i T OFTN 4.6+452 °

CALL DATE({TODAY)
115 . " WRITE (7,250) FUNCTN (IAE)sIAE "
250  FDRMAT (1HOsAT,15H FUNCTION (IAEw,IL,1H))
WRITE (75260] ({(I,X{I1}sL=1,3)
260  FORMAT (15HOINITIAL STATE://(3H X(sIls4H) = ,G1346))

STt T T T " WRITE(T#270) IDENTS(2)°
J1zo 27¢ FORHAT(1HO, AT}

Fawee g s wam o * RETURN s — b+ ma amms . ' [T . ae

c
= C*i*##**#*l*‘0*t*t**#*1'*t'l*li#i***‘*U**#*l*l****#*t*t***ttt##t’l*t*tl#t
c

C VTHIS IDENTIFIES THE BASIC RECEIVER STRUCTURE (THRHLD:UPT;SUBDPT)

moom om ot === CAND REINITIALLIZES, AS NECESSARY, THE FOLLOWIRG RCVR DATA

CIR (NEGATE ONLY}. NUAC:NDKLHH:NOLDE;BRCVR:DELBLJTETHRD
- T ITIT=HINO(IRCVR»2) Tt -

IF(IRSIGN4LT.0) JR=~IR
RETURN :
- 135 - a— o C - - - - -
ct!*!tttil¢t*t¢t#ti't#!tt*l*ttttt#tt!t*t*lt!¢t#tt*‘*tt!#t#tt*#t*t#tt*t

400 CONTINUE
: C THIS OUTPUTS BASIC RECEIVER DATA OF INVEREST
140 WRITE{T2410) (IDENTS{X)aX=354)sIRaNGsNS
- it 2 1+ B FURHAT {1H0»ABs SHRCVR/IHO2 ABS GHDESIGN/SH (IRms 122 4Hs NG=a 11y -
s 4HaNS=»I1s1H) )
Tmen mremeTamms mmmeney "HRITE(?)#ZO) (IDENTS{I)pIm=%6) =~ -7 "7 ===~ oo
420 FURHAT‘lHO’AﬂleO!A?/’

- arems arm s - . me e e ™ P L R L - -

c *‘*#*i*#t#!*#*t*IIW##*i*#*#tlIlltl#i**#t*#*l#**#t#**i*i*l##**l*#i*tt*t#

600 CONTINUE

"""" "'"“"""""C NEGATE IR WITH YHE FOLLOWING FOR WONADAPTIVE RECEIVER "~~~ °° &= =°77'"~

M 1 1 Bt ~RETURN - - - - T omm N
C
- - — cn*#u*unnﬁﬂﬂﬁnHu*tﬂ-tunut*ﬂuutuwnwww#utunn
- - —— 1—500 —CONTINUE LT . mar e mma PRI, 4 T AT LR AR P w—— . D -
15¢ C THIS SETS~UP THE HSET-LOOP '
s e el CDUNTREQ - - - e e e o me e e e e . .- s
RETURN ,

vorer == = € THIS S&TS=UP-THE LG-LOOP FOR THE (MSET)~TH-SERIES OF "SETS ' v
RETURN
160 cunun*nt#uu*uu#n#uﬂuuuuunuutunu#un*uuuuu .

700  CONTINUE
weem s e o =~ THIS SETS~UP THE K~LOOP FOR THE "(LG)~TH SET OF KH SCANS sl
CALL INTIO(6H KRsKMr1s1) ;
“165 - -~ = v = WRITE(TSTL0) (TITLEL(I)sI=ls3),{TITLEZCIITIT) 1=2,2)
710  FORMAT {4HO KobXp5HCSNRT;6X:5HCSNRF:5I5!:&«6:4)”“

EHS=0,

- - w4 s TN 8 L] R L

i70 RETURN

i 4 B b dmme i v EHEA“'O—-—.-.-—...—- i = pa ames o ——— e Ak A VA s 1= i mm o sma s

05/16/79 1343446
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c
800

c
900

910

R RO .

Bndt-3:1: R

C*i*#l#*t‘***#t*

siaeea- g
1000

205

210

1020

215
- 1030

1040

1060 FDRHAT l10(11335H ON LAST SCANs DIAGONAL DF GOGT HASI

1010

737172 7§

CONTINUE

SEP=SPACE
RETURN

CONTINUE

C THIS INITIALIZES THE K~TH SCAN

C THIS SAVES/PREPROCESSES DATA FROH THE Ke=TH SCAN -

FTN 4.b#452

IF(ICOUNT«NE<LASTCT) SEPwABORT

THERR=X (2)=XS5(2}
COL&=THERR
DTHE=X{2)=X{5)

IF (IRCVR +NE« 1} CDLB-SORT(PPDIAG(Z!)

IF {IRCVR «EQ. 1) CALL DFLTRL{COLS,THERR,FL1O)
WRITE{7,910) Ky CSNRTHCSNRFXL2),DTHESXS (200 SEP» THERRSCOLA
FORMAT (1H ’13’2IZI'F9.3133(2!;613-6):119!1»1X;Gla 622XsGL306)

CSHRTO{K)wCSNRT
CSNRFR{K)«CSNRF -
THESEP (K)wDTHE

T UTHESER(K)=THERR ™ *

ABBORTIK)wSEP

LASTCT=ICOUNT - —' -~

EMEANSEHEAN+THERR

T EMS=EMS+THERR**2~ ==~

RETURN

CONTINUE

EHEANSEMEAN/ KM
EMSuEHSFKH™ T
ERHS=SQRT{ENMS)

o

ESTDEV»SART(EMS~EHEAN®+2)

XW=ICOUNT
TCOUNT=100. ¥ XW/ KN
WRITE{7,1010)

iIF {IRCVR EQ.

4 - -

= am

FORMAT (17H {FILTERED ERROR))
WRITE(T7»1030) EHEAN,ERMS,ESTDEV

FORHAT (10HD EMEAR = »G1l3.6/10H

thH ESTDEV = ,G13,6)

IF CIRCVRWEQ. 1) WRITE(7,1040)° TCOUNT = °

ERHS » »Gl3.6/

FORMAT (IIlHOsF?-Z:ZZHK OF SCANS ARE ABDRTEDI

YHIR=YHAX=(Q, "
WRITE (7»11)

CALL' PLOTRUTHESEPs THESERsKH» XNAME) YRAME» YHIN) YHAXS 0)

HRITE (7,112

CALL REALIDCEH™ YHIN, YHINp 1)y mmsmm mn mmmes mon e
CALL REALIOI&H YHAX»YMAX,1}

"= IF (IRCVR"+NEs 1) WRITE(7,1060) (GAGT(I»I)sIx1sNS)

O P -

[ Ll AL I D LRl 2 el 2 LR E I RS R R R R TR S RIS EL P FE T2 Y 20 :

I
CRevdrdedribbbrbhbdrhdbbbdohb bk rr bbb and bk ddekpukbkbhrbkdbbiosdy

Middhisaabanheilitalitebidl bttt e L

€ THIS SAVES/PROCESSES/QUTPUTS DATA® FRDH THE (LG)=TH SET OF KH SCANS

FORHAT {31HOTHETA-ERRDR SAMPLE STATISTICS:) ™™ ~ = ™" ™ °
1) WRITE(7,1020)

05/18/7%

-

13.,43446
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265 ., = == t1t -"IF(IXeREeQ) "STOPAOUTPUT FILE 'CATALOG NOT SATISFACTORY® --: -+ ==~ =~
CALL RETURN{G6LTAPELT)
Peemweemiememe e s WRITE (703099) (DATOUT{I)pIsls2) --
1099 FORMAT(13HOOUTPUT FILE sZAlO:BBH Is HRITTEN: CATALUGED _AND CLUSED!
- ToTTmmmmem s o = RETURN T e e T T R o
270 c
e Ct*t*#t*#t***##*t**##**#*#*#lﬁ*#*##*i#t**IIK*i###IHL*t*#*‘##itt**###*#"##* e
f e e 110D GONTINUE® - = me < me - e ee o necee S mem o
C THIS SAVESIPRUCESSESIOUTPUTS DATA FRDH THE (HSET)}=TH SERIES OF
"’275 ST s 'CLGHAX SETS OF KM™SCANS = — —mm=wmeems TTomTeT omm A oo T ke
RETURN
o,-..._. - e e e am d———— e m aae e e e — an—— - wr aa e .
’ﬂ C#i!*##*##*#**##*#vt*###t#*#t#**#t###ti##***"*#t*#*##tttt*‘#*tttt#t*#’l‘
. _— - e s . e i - - .
B 280 . 1200 CONTINUE
u s merns e e - THIS - EFFECTS "CLOSURE ~"OF “THE" STMULATION RUN —— == == == = ST Rmomeemame e
?3" RETURN
p '% C#"*‘#4‘t¢¢**##t‘*i!#'Ft*i*i*t**#**##!#tt##*i#*.*#*t##*'**#i#*#tt##tt*li
- c.. = - - - - b s am a Sis ame e T EET——————— T h hahs  smrseaetn srwe e Y [
e
.

- SUBROUTINE CONTRL™ © " 73/172 TS T T T T T T YN T he 64432

*1H »61la4, TllH::Gllo‘tH

- me e mmmeen RITE(T.11) . r e ame e
230 WRITE(7,1070) (DATOUT{I),Ix1,2) ’
sreterooteomtt 1070 FORMAT{13H OUTPUT FILE »2A10.1H:/) o

WRITELT,1072) DDUT-DELTaHTIHES»LGHAX;KN)TUDAY’JBNAH
TTTT OTTTT T U7 1072 T FORMAT(IH »Al0»8XsGLl3e605Xs 35X I3p20X) pA0, 8%, A20/)
WRITE(T,»1074) IDENTS

o O5/18/797 134434406

PAGE ~ B

T=235 7t <t~ 1074 C FORHATILIH s6(1XsAB,9X3/) oo CoTotTo R ommmm s e moamem
WRITE(7,1076) NRUN’USNRDBJRHG,BETA)FSC)BHLS!BRCVR
Tmorm ot T 1076 FORMATILH 5% 12,6X6(3XsG1346)0) """ ~°
TKHaHINO {35, KM~9)
T memmm et T DO LOTT IslpIKK 7 T oo ot m oo m T -
240 1077 WRITE(T,1078) CSNRTDII):CSNRFR(II:THESER(I)pABBDRT(IhTHESEP(!I:I

Tt T 7o 1078 CFORHATILAH »3{61346»5X) 06X Als11Xs6134625%,17)
DO 1079 Iwl.s

setc=w 1079 WRITELT,1080) e e o -
1080 FORHAT(LHs 6(6Xs1Hes11X) )
PRI s AR i ol A e

DO 1081 I=KH3,KH

=T e 1061 - WRITE(7,1078) CSNRTO{I)pCSNRFR(I}s THESER{I},ABBORT(I},THESERPII),I

WRITE(7,1082) EMEAN)ERHSsESTDEV, TCOUNT) YHIN, YHAX
e emme—e oo 1082 FORKAT(1HO»6{6134695X)/)°
250 WRITE(L17) OOUT,OQELT, HTKHES: LGHAXJKHJ TUDA‘!:JBNAH

= e et ==~ - -WRITE(LT) IDENTS- ~ e

WRITE(L7) NRUN»>DSNRDBsRHD»BETAsF5C,BHLSSBRCVR
Tt~ DO 10690 IslskM

wn255e = omn —ar 1090~ CONTINUE -

WRITE(1T) EMEAN,ERHS, ESTDEV, TCOUNT,YRIN, YHAX

e s~ REWEND 17 - PN e et e = st 4

IXeIATTACH(6LTAPE20s DATOUT)
= o mm woesmeme = CALL RETURNLGLTAPE20) - - <= = - = === oo
260 IF(IX.NE+O} GD TO 1095
rmsmre s w fe e = IXsICATALO{6LTAPEL7,DATOUT,2LPW, BRHIGHFILL,2LRP,365)
60 T0 1096

T e e 1095 I AR ICATALDUGLTAPELTs DATOUT» 2LXRy BRHIGHFILL  2LRPp365) " -

1996 JIF(IXeNEWQ) CALL INTID(SHIX{CA},IX»1s1)

WRITE(LY) CSNRTOlI)pCSNRFR(ihTHESER(I))ABBDRT(IhTHESEPlII;I

mir n R aom Ml ateeauma e g eiemaia bas -

CTLCRMP
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285 ¢

737172 TS

. - END -

430008 CH STORAGE USED

4#«098 SECONDS

FYN 4.64452
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SUBROUTINE CONTRL 737172 0OFT#0 TRACE ' FTN 4.6+4452 04713779 10.20.09

1 SUBROUTINE CONTRL(ISH)

THIS CONDUCTS THE HLS SIMULATION THROUGH A
RHSE VS. BRATIO { = BRCVR/BHLS}.

[z¥sNzEe]

REAL LAHDA
INTEGER XNAMEL(Z)»YRAMEL(2)sYNANL(2,9)
INTEGER XNAME(2),YHAME[2),0ATIN(4),DATOUT(4),DOUT
INTEGER TITLEL(9),FUNCTN(Z)
10 LOGICAL NOKLHN,NOLOE,NDAC,KALHAN,LOE, TETHRD, HORE, NFIRSTSADAPTY,
CEILEIN,FILOUT .
COMMON/IDDATA/ISIM IPULS, IRCVRs IADAP, LTETHR, JPOPT
COHMON/RCVROO/THAHAXs THAHINSTS» TR OHEGAS TF
COMHON/RCVROL/NGHINs NGHAX»DELDLSNGHs IRy TAE
15 COMHDN/RCVRO2/RHOMAX,DTHO, TORD, BDs WSCD, NSOL4) 4 RGDI4)
COMMON/RCYRO3/PLpF (828) s FLZ5(4))FSAHP Ky Ky TETHRD s NG NS» 2B
COMMON/RGYRO4/DELT,ED (B ) GAGT (8283 sHIBsB) 5 ICOUNT, SIGHA ) o
COMMON/RCYROS/NOLOE, NOKLUN s NOAC» GAMAES (51, RDIAG(515PHOIAG(8) !
COMHON/RCVROS/PPDIAG(B) sRMAT(5,5)»PHI(5,5)sPAL{BsB)ILAKDALS)

COMMON/RCVRO9/8RCVRs BBs PDCRIT,CC
COMMON/RCVRIO/XS1{B),X5(8)

20 COMRON/RCVROT/T (13005 ¥(130)
. _ COMHON/RCVROS/XSLDE(B)sESLOE(B),ES(S) g%
»

COMMON/HLS000/ALFAs THEs THEDOTsALFAR, THR» THRDOT» B» WSC P -z—
25 COMHON/MLSOO0L/CSNRT» CSHRF2DSHROE »RHOPBETA) FSCH LGHAX 8
COMHON/HLSQOZ/DCSHRCSNRSLGS TPKT, TPKF - P
COMMDN/HLSO03/FLYI0AECA» 2) s FL10L4) ) DELTATIZ)»X0(82)sY0(402) .
COMMON/HLSO004/BMLS,BBBs HTIMES, MSET » MORE o) -

e et .__ _ DIMENSION X(B),»THESER(115),XDATUH(115),EESE(13),EERK(13) L. er
30 DIMENSION IDNRS(6),IDASCI(20),IDENTS(6),EEST(13),TTCO(13),YYNI(13] > £F
DIMENSION YYMA(13) ) - m

DIMENSION BRATIO(13) poc RN

DIMENSION EEMEA(13,9}sEERNS113,9),EESTO(13,9) - T

DIHENSION EMEAN{9)rENS(F)sERNS{T)ESD{T]

s . EQUIVALENCE (EEHE(1),EEMEA(1,2)}p (EERN{1), EERHS(152)1,_
*(EEST(1},EESTD(1,2))
EQUIVALENCE(THERRSES(2))
EQUIVALENCE (ALFAsX(1))s{ISIHsTONRS{1) 1+ {DOUT,DATOUT (2]}
DATA YNAML/BHALF RMSEsBH #BHTHE RMSE,BHDEGREES »

40 ¥BHTDT RASEsBHDEG/SEC ,BHALR RMSEs8H s BHTHR RHSE,

__ %BHDEGREES ,GHTRD RMSEsBHDEG/SEC p8HBET RMSE,BHDEGREES
*BHFSC RHSEsBH HZ  ,BHFSCORMSEs8H HZ/SEC /
. _ DATA ABORT/LHA/»SPACE/IH /oNFIRST/oFALSEe/s ADAPTV/TRUES/
DATA DATIN/LOHMLSSIHDATA»EO0H200000F000s2%0/

45 . DATA DATOUT/IOHMLSSIHDATA,3%0/ .

oo DATA IDASCI/THCROSSHPsTHRMSE(T1; 7THRHSECB) s THRHSE(F1,7H ’

__®BH PHMLSL _,8H PHLS2 , - ] . e
#8H PHLS3 ~,B8H THRHLD ,8H OPTIML™ ,8H SUBOPT »8H =3 DB "»BHADAPTIV ;
#BHNONADAP ,BHUNTETHRDSBHTETHEREDs 2H »68H POPTL ,8H POPTZ o

50" ; *3H POPT2: / C S :

DATA NSTART/3/5 IRSIGN/L/,KSTART/11/»BRARAT/104/) FILEIN )
T %/ FALSE. /s FILOUT/ W TRUES/ ' ’ -
___DATA_TITLEL/GH ALFA »6H THETA,6HTHEDOT,6H ALFARs GHTHETAR s 6HTHROOT
Cs6H T~ B s6H WSC 5 6HWSCOOT/

55 . DATA XNAME/BH BETA ,BHDEGREES /»YNAME/BHTHES ERRsBHDEGREES /

DATA XNAMELZ/BH BRATIO »8H /
__ DATA FUNCTH/THAZIHUTH,THELEVAT./

PAGE 1
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.C

GO TO (100:200’300p400:500:600:700;800:900;1000:1100}1200’)15“

60 I | FORMAT(L1H )
10 FORHAT(94/ )
11 FORHAT (1HL)

. o C*#‘*‘t*‘*********‘**'*t"*‘***#**‘*_**t‘_*‘**‘**‘**‘***‘*‘*“‘*******“f . e . . .. .
65 [«
igoQ COMTIKUE N N .
C THIS IDENTIFIES THE SCENARIO AND REINITIALIZES, AS MECESSARYs
CTHE FOLLOWING RECEIVER PARAMETERS .,
CSIGHMA»IAE» DSNRDBsRHO»FSCBETA» JH2BMLS
70 N IF{NFIRST) 6O TO 159
NOAC=4TRUE.
RFIRST24TRUE.
JONAH=JOBNAME(X)
- . L3 e e et maws
15 1HODw=1
WALTE (71,1101 -
1lio FORMAT(3BHLRMSE V5.BRATIO = BRCVR/BHLS SCEMARID/)
CALL LUGIU(&HFILEIN’FILEIN:O} —
IF (4NOT«FILEIN} NSTART=Q
80 IF(.NUToFILEIﬁl GO 70 122 _ . — e immm v o e e
TIX=IATTACHISLTAPELS,DATIN) 7
IF{IXaNESQ) CALL INTIOC(OHIXC(ATI»IXs1lsl) e
IF(IXeNESOQ) STOPRINPUT FILE ATTACH NOT SATISFACTORY#
_ L WRITE(T,120) (DATIN(I),I=1,2) . I O R .
B85 120 FORMAT{23H THIS READS INPUT FILE ,2410/)
e et e A22_ CALL LOGICUSHFILOUT,FILOUT,0) e e e . e e -
“calt” INTIO(6HNSTARTANSTART»100,50)
L NSTOP=NSTART .
CALL IKTIOD(OH NSTOPsNSTOP,100,0)

50 . CALL LOGIO(GHTETHRDs TETHRD,0) . . L. i
IF{IRCVRGEQ.L) GO TO 125 ~, .
" e weraee e CALL LOGIO(LHADAPTVAADAPIV,OY e
] 125 7 CONTINUE — 3
) IF(TETHRD) ITETHR=2 L ) —_— . LT
Sl 95 " IF(ADAPTY) GO TO 135 ° T =3
_ IRSIGNw=1 .. e . } RN
1ADAP#3 .
e a ot e ewn.o. 3% CONTINUE e —— AL
D0 145 22,6 fo %
100 . IASCe3¥{I~1}+IDNRS(IV¢2_ _ ___ . =
IDENTS{I)=IDASCI{IASC) A
145  CONTINUE ) o
ENCODE (85,150, IDENTS{1}) IDASCICISIM),1HOD -2
150 _ FORHAT{A7,I1) R

.7105 T WRITE (7,152} IDNRS,IKOD oo oo T T
; 152  FORMAT {1H »611,1X,117)
WRITE (7,153) IDENTS e
153  FORMAT (1H ,A8) .
" CALL INTIO(G6H LGMAXsLGHAX)13,0) 7 =" °° - - - - -

L0 . . __ CALL_INTIOUGH KMsKHs 115,500 —_— e .
CALL REALID{6HBRARAT, BRARATQ)
KSTART=HINO (KM)KSTART) _
BRATIO(1)=1, TToTTTTTmmE et o
BRATMX=SQRT(BRARAT)

CTLMSBB1
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SUBROUTINE CONTRL

115

120

125

130

135

155

165

170

737172 O0OPT=0 TRACE FTN 4.6+4452

ROOTwkoe/ {LGHAX=1)
IF(LGHAXJLE.1) GO TO 156
00 154 I=1,LGMAX
154 BRATIO{L)wBRATHX#%(2,%ROOTH(I=1)=14}

. _.158_ _CONTIKUE R .
KHNET=KH=KSTART+1
FSCHIN=l./{DELTAT({IAEI#KHNET)

NRUN=RSTART=1
DSHROB=20,
RHOO. 5
SETA=45. _
IFSa1
TSEP=l,
155  CONTINUE
IF(FILEIN) 6OTO 158
HRUN=NRUN#1
el . MRITE(7,11) ) o
CALL INTIDIGH NRUN,NRUN,1,1)
CALL REALIO(6HOSHRDS,DSNRDByO)
CALL REALIO(6H  RHO,RHU,0)
CALL REALID{6H BETA,BETAs0)
CALL INTIO(6H  IFS,IF5,100,0)
CALL REALLOC6H, TSEP,TSEPs0),
6070 167
158  GONTINUE
READ (15,1601 NRUNsDSNROBsRHOsBETA» IFSs TSEP
IF(EOF (15111702165
160 FORMAT{I5536104395%s 150 2610.3)
165 IF(NRUN.LT«NSTART) GD TO 158

167  IF{NRUN.GENSTOP) MOREw+FALSEe

FSC=IFS*FSCHIN

X045, IAE)=XD {2 LAE }=TSEP

X01{3s IAE}=0,

X0(6,IAE} =0

RETURH . . s .
évo STOPYEOF REACHED ON INPUT FILE#

CHd ik ko bk bk b kR ook Rk ROk R kR bRk R b b d bk
c

- 200  CONTINUE )

C THIS OUTPUTS BASIC SIMULATION DATA OF INTERESTs. SUCH AS ...

CTHE ANGLE FUNCTION, INITIAL STATE, ETC,

i WRITE(7,210) NRUN,DSNRDB,RHO,BETAsIFS, TSEP

210  FORMAT(5HONRUN, 12X, SHDSNRDB 16X, 3HRHO 16X, 4HBETA» 16X 2 4HIFSCs16X,

FAHTSEP/1HO»T4,3{10%s61043)512Xa18,3%s_
*(10XsG10431)

IF(NDT.FILOUT) 60TO 245 | o )
LF{HRUNJLE<9) ENGODE(10,220,00U0T) TONRSS 1HU, 1H0D» 1RO » NRUN
220 FORMAT(6I1,A1s11,A1,I1}
LF{NRUN.GEa 10} ENCODE{10»230,000T) IDKRSsLHUs IHODs HRUN
230 FORMAT(G6I1xAL,I1,12)
IX=IREQSTL6LTAPELT»3L*PF)
_ IF{IXeNEeD) CALL INTIO(6HIX({RG),IXs1,1)
TTIF(IXNE.G) STOPKOUTPUT FILE REQUEST NOT SATISFACTORY# ~
WRITE{7s240) (DATOUT(I},1s1,2)
240  FORMAT(25HOTHIS WRITES OUTPUT FILE ;2A10)
245  CALL DATE{TODAY)

047137479

10420.09
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175

180

185

190

200

205

210

218

220

225

T 270 FORMATULHO»A7)

WRITE (7,250) FUNCTH (IAE)»IAE

250 FORMAT (1HO,»A7»15H FUNCTION (IAE=, I1,1H))
WRITE (7,200) ({I»X{I)}pl=1,8)

260 FORMAT (LSHOINITIAL SYATEs//{3H X{sI1lp4H) = 4Gl346})
WRITE(7,270) IDENTS(2}

RETURN
[4
CHELPRE b bbbr bbb enr b kbbb bbbk bbb bbbk kbbb kbbb kbbb kbbbt

C

300  CORTINUE .

¢ THIS IDENTIFIES THE BASIC RECEIVER STRUCTURE (THRHLD»OGPT,SUBOPT)
CAND REINITIALIZESs AS MECESSARY, THE FOLLOWING RCVYR DATA

CIR (NEGATE ONLY}s NOAC,NOKLMN»NOLOE»BRCVR,DELBLs TETHRD

ITIT=KING{IRCVRs2) i . . .

c 3

€ NEGATE IR WITH THE FOLLOWING FOR NONADAPTIVE RECEIVER = . e
IR ISIGH LIRS IRSIGN)
RETURN

¢
CHEEPPRIRRRFRER R RER PPN R ARkl kb kb bRk E Rk R &

. 400  CONTINUE

¢ THIS OUTPUTS BASIC RECEIVER DATA OF INTEREST =~
WRITE(7,410) (IDENTS(I)sIw3s4)sIRsNGaNS 3 i
410  FORMAT (LHOsABs4HRCVR/LHOsABs6HOESIGN/SH (IR=y 12y 4Hy NGy L1y
¥ 4HsNSup 11, LH) ] . .
WRITE(7»420) (IDENTS(I)sLw5,6)
420 FORMATC(LHO,AB/1HO, AT/ )
RETURN

¢
CHEFRRt bbb kR R R AR F R R kAR A R b bbb bk k kb
c
500 CONTINUE s .
C THIS SETS=UP THE MSET=LOOP o o o .
ICOUNT=0
DO 510 I«lpLGHAX
YYMI(I)=1.E322
510  YYMACI)==1.,E322
RETURN

c K ry —
R Tl Ty e Y e Y TR Y T
c

500 CONTINUE b . PV

C THIS SETS-UP THE LG~LOOP FOR THE (MSET)=-TH SERIES OF SETS
RETURN

Yy e P Y YT

Y Ly T T e e Ty Y Y S IIT LRSI T Y o "

C

7060  CONTINUE o Tt T -

¢ THIS SEVS=UP THE K=LODP FOR THE (LG)=TH SET DF XM SCANS
BMLS=AHAXI(lapLle/BRATIDI(LG)) ’
BBBw=2.4/BHLS e
BRCVR=AMAXL(BRATIOU(LG)»1e)
BE=244/BRCVR
PDCRITwPI*ED/A,. T T
CCxPI#PDCRIT

CTLMSBBL
Page 4 of
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230

235 |

240

255

260

265

275

280

&85

‘905 ES{l)eX{I)=XS{I)

X{TInXKO(TaLAEY

DUNTGAUSS{1.0)

WRITE(7»11)

CALL INTIO(6H HNRUNSHRUN,1,1)
WRITE{T2705) LG,BRATVIO{LG)sBHLS,BRCVR

SUBROUTINE CONTRL 737172 OPT=0 TRACE T T BTN heb4452

705  FORMAT(LH »4X»3HLG=sI255X;9HBRATIO = ,G12,3/8H BHLS w ,61245,5%

+BHBRCVR = ,612.5)
CALL INTIO(6H  KHsKHpls1)
WRITE(7,710) (TITLEL(I),In1sNS)
710 FURMAT(GHO Ky 4XsSHCSHRTS 4X2 SHATY 5 9(3XsA6,2X))
DO TEZ I=l,NS. T
EHEANLI) 50 -

Tlz  EMS{I)«0.
LASTCT=O
ICOUNT=0
00 730 IPAr1,NS
0O 720 JPA=1,NS |
PALIPASJPA)=O.

720  CONTINUE

730  CONTINUE
RETURN

¢

C*#**!**#*i*t##itf!#l*t*i*if*t*}*?tg!#f!ftfﬂf&?f#**t#**#ttﬁt*#*t#*#tt*

¢

800  CONTINUE

C THIS INITIALIZES THE K-TH SCAN
SEP=SPACE .
RETURN

c

C oA Bk R ok e ok ok ko tt*t*ttt**#**t*#***tt##*ttt##tt

4
00  CONTINUE

_C THIS SAVES/PREPROCESSES DATA FROM THE K=TH SCAN

IF(ICOUNTHECLASTCT) SEP=ABORT
00 905 I=1,N$ .

IF{NS«GEs7! ES{T)=ABS{X(T7)I-ABS(XS(T))
IF(NSW+GE«B) ES{B)mABS(X{B))I-ABS(XS{B)})
BETTA=(L80./PI}#X(T)
COLB=THERR
1F (IRCVR .NE« 1} COLB=SQRT{PPDIAG(Z2)}}
IF [IACVR +EQs 1} CALL DFLTR1(COLB,THERR,FL1O)

. IF{(NRUNGEQ.NSTART«ANDaLGeEQs1)+ORe (KeEQeKHI) GOTO
G0 TO 950

906  WRITE{7,910) KsCSHRT»{(X(I)sI=1pNS)

910 ~ FORHAT(3HO »I3,2X,G610.3,5H X= »2Xs9(G10.351X))

WRITE(T,920) (XS(I},I=1,NS}

"920° " FORMAT{1BXs5H XS »2Xr9(Gl043,2X}}

WRITE{75930) {ES(I)sIulsN5) .
930  FORHAT{18Xs5H ES» »2Xr9{61043,1X)}

IF(IRCVRWEQ.1} WRITE(7»940} COLB
940 FORHAT(8Xs 15HUNFILT, £S(2)a »13Xs61043)°
950 . XOATUH(K)«BETTA

4 mamana e s ow o

THESER(K)=THERR
. LASTCT=ICOUNT e e e

"IF{KaLT4KSTART) RETURN
DO 960 I=1sNS

906

04%/13/79

10+20.09

PAGE 3

00d g}

M TyNioe

ALTVND ¥
3

2

CTLMSBEBEL
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SUBROUTINE CONTRL T3/172 OCPT=0 TRACE ’ FTH &eb+452 04713779 10.20.09% PAGE

EMEAN(L)=EHEAN (T }+ES(I)
960 EMS(I)=EMS{I}+ES(I)#+2
RETURN

.. 290 A L L L T L L L PPy T P T e

[
1000 CONTINUE )
€ THIS SAVES/PROCESSES/QUTPUTS DATA FROM THE {LG)=TH SET OF KM SCANS
. DO 1005 I=l,NS L .
295 EMEANII}=EMEAN (I} /KHNET
L EMS(I)=EMS(T)/KHNET . e e i
ERMS{1) «SQRT(ENS(I})
ESD{I)nSORT{EMSLI)=EMEANCI }¥*2)
1005 CONTINUE
-300 KW= [COUNT
TCOUNT=100.*XW/KH
- L WRITECRTL009)
1009 FORHATI3(/))
. WRITE(7, 1010)KHNET
305 1010 FORMAT(5X)26HERROR SAMPLE STATISTICS: (sI3,9H SAMPLES))
IF (IRCVR.EQeL) WRITE {751015)
1015 FORMAT(5X,3LHTHRESHOLD RCVR (FILTERED ERRGR})
. L WRITE{7)10200(TITLELX)pInlpNSy
1020 FORMKAT(LHOs20X, 4HATY »9(3XsAbp2K))
320 WRITE(T,1030) {EMEAN(I}s Ix1,NS) T
1030 FORMAT{LHOs16XsBHEHEAN » »Q(GL043»1X))
WRITE{7,1040) (ERMS{ItsIn1,N5) R
1040 FORMAT{L8X, THERMS = ,9(G10a3»1X))
e wummanea .. WRITE(T,1050)({ESO(LI)pE=dpNSY
315 1050 FORMATIL9X»6HESD » »9(G10.3s1X)) ;
IF(IRCVRGEQaLINRITEL751060) TCOUNT ) A
1060 FORMATU//IH »4X,E7.2¢22HT DF SCANS ARE ABORTED)
IF{IRCVReNESLIWRITE( 7, 10703 LGAGT(EsI)aI=lsNS}
1070 FORHAT{S5{/),4X,35H ON LAST SCAN» DIAGONAL OF GQGT WAS/24%
. 320, e o ... G9(60.3,1x0Y
00 1071 I=1,N§ ?
EEMEA(LG, D} =EMEAN(I) .
EERMS(LGL)=ERHS (1} .
1071 EESTD{LG,II1=ESD(I)
325 D0 1072 IelsKM
o . YYHI(LG}=AKINL(THESER(I),YYHI(LG)) e
10727 YYMA(LGY®AMAXLI({THESER(I)»YYMA{LG)) —

- = —— - - . O

e _ TTCOULLE)STCOUNT e e e e .
IF (LGJNE41) RETURN

» 330 YHINeYHAX=0, o B . . )

>4 WRITE(T,11} ’ T

CALL INTIG(6H NRUNsNRUNs1,1) i B e
CALL PLOTR{XBATUMs THESERs KMy XNAHES YHAHE YHIN; YHAX) 0}

RETURN ] )

335 ¢ -
T T Lty L i T TII T T
; . . fh gl i d ? N

1100 CONTINUE

C THIS SAVES/PROCESSES/OUTPUTS DATA FROM'THE (MSET)=TH SERIES Qf ™~~~ "=~~~
340 CLGMAX SETS OF KM SCANS , )
WRITE(7:11) T T ) : T
CALL INTIO(6H HNRUNSHRUNp1s1)

CTLMSBB1
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WRITE(7,1110) 6HBRATIOs(TITLEL(I}sI=1,NS}
1110 “FORMAT(LHG, 10X) 3HOTY ,9{3X,A6s2X))
345 WRITE(T,1120BRATIO L) s (EEHEALL, 132 In1pHS)
1120 FORMATILHO, 7X, THEMEAN: ,9(61043,1X1)
. DD 1130 J=2,LGHAX
1130 WRITE(71M61IBRATIO{J }s (EEMEALJ, X)sIulsNS)
. WRITE(7,11401BRATIO(1)) (EERNS (3s1YaLelsNS)
350 1140 FORHAT(1HO, BX,6HERHSSE »9(61042:1X))
DO 1150 J=2,LGHAX .
1150 WRITE(7,1161JBRATIOCJ)s (EERMS (Js1)sTa1,sNS)
L WRITE(7,1160)BRATIONL)S (EESTORL, D), DulpNS) __ __ _ . _ .
1160 FORMAT(LHOs BXs6HESTD? »9(G10.3:1X})
358 . DO 1165 Jn2,LGHAX
1165 WRITE{7,116L1)BRATIO(J)» (EESTD{Js ), Lul)NS)
1161 FORMAT(15%,9(61043,1X))
" IF (4NDT.FILOUT) GOTO 1199
e L WRITE(TAIL) e
360 WRITE(751170} (DATOUT{I,Ix1,2)
1170 FORMAT{13H QUTPUT FILE s2AL0,1H:/)
WRITE(7,1172) DOUT,DELT,MTINES,LGHAX KM, TODAY » JBNAN
1172 FORMAT(LH sALOs8XsG134655%3(5XsI3220K),A10,3X,A10/)
WRITE(721174) IDENTSsKSTART
BB5_ 1174 FORHATULIH »6(1X3ABs9X1r6Xe 5370  _ o
WRITE(7,1176] NRUN,DSNROBsRHU»BETA»FSCsTSEP
1176 FORMATULH s5%»12»6Xs5(5XsG13461/)
' DO 1175 LGN=1sLGHAX
1175 WRITE(7,1182] EEME{LGN) JEERH(LGN)SEEST (LGN »TTCOCLGNI»YYHI(LSNY,
aro ¥YYHA(LGN), BRATIO(LGN) LGN
-, 1182_ FORMAT(LH »71613.6,5K1, 15) . .
WRITE(17) DOUT,DELTsHTIHES,LGHAXsKHy TODAY, JBHAN
WRITE{17)} IDENTS,KSTART
WRITE(1TINRUNsDSNROB,RHOSBETA» FSCs TSEP
375 00 1190 LGN=1,LGHAX
1190 WRITEC17) EEME{LGN)» EERM{LGN)sEESTCLGN) » TTCOCLGN) s YYHICLGN)
SYYHA(LGN) pBRATID(LGN) LGN |
IXsIATTACH(6LTAPEZQs DATOUT)
. IF(EX.NE.0) 60 TO 1195
380 READ(20) DUHsDUH,IDUH,YDUM, LOUH,DUN, IDUN
CALL RETURNCG6LTAPER20)
REWIND 17
. IXsICATALO(6LTAPEL7,DATOUT, 2LPWs BRHIGHFILL, ZLRP,365)
60 TO 1196
385 1195 CALL RETURN{GLTAPE20)
REWIND L7
IX=ICATALB{6LTAPEL7,DATOUT,2LXR, BRHEGHFILL, 2LRP,365)
1156 IF{IX4NEO) CALL INTEDISHIX(CA}sIXsLlsl)
B ] IF(1%.NE.O) STOPADUTPUT FILE CATALOG_NDT SATISFACTORY# _
390 CALL RETURN(SLTAPEL?)
WRITE (7,1198) (DATOUT(I)sIx1,2) .
1198 FORMAT(33HOOUTPUT EILE »2A10,338 IS WRITTEN, CATALOGED AND CLOSED)
1199 COKTLNUE ) )
00 1103 I=2sNS T
J395 FACTORwl. » e
IF(I¢EQs7) FACTOR®180./P1
IF(1.EQsB) FACTOR=45/PI
IF{I.EQe9) FACTOR®,5/PI
YHIN=0.

- - - . S

CTIMSBBEL
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SUBROUTINE CONTRL 73/172 O0OPT=0 TRACE FTH 446+452 04713779 10.20.09

YHAX®(,

DO 1101 LGl=)l,LGHAX
1101 EEHE{LGl)=EERHS(LGL,I}*FACTOR

YHAHEL{L)wYNAML(1,1)

YNAHEL(2)=YNANLI2,1)

Kl=MOO(I.2)

IF{K1+EQsLIWRITEL(T»11}

IFIKL«EQa)) CALL INTIOC6H MRUNSNRUN»1,1)

IFIKYL.EQeQ) WRITE(T»10)

CALL PLOYRC(BRATIDsEEHEs LEMAX o XHARELs YNAHELs YNINS YHAX,0}
1103 CONTINUE
c RETURN
L T L Y P T eIt IS LIt I

¢

1200 CONTINUE

,& THIS EFFECTS CLOSURE OF THE SIMULATION RUN
RETURN .

c
Credsdirerrpibhdrrdiobbdtddomiribikkkhiaori ok bk btk kb S kb kbt ke d bk
¢

END

PAGE 8

CTLMSBB1
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SUBROUTINE CONTRL 737172 TS n T FTH 4u6ea52 T osr23 179

. P N Hgn e Sapie e fma DI

IO

THIS CONOUCTS THE MLS SIHULA%IUN THROUGH A. . ... ..
RMSE VSe. FSC STUDY

. DATA ABORT/1HA/»SPACE/LH /sNFIRST/oFALSE«/sADAPTV/oTRUE./

SUBROUTINE CONTRL{ISHW)

'150;é;b

2—-“- H—‘-PAG-E“ 3 )

REAL LANDA

INTEGER XNAMEL(Z2)»YNAMEL(Z)»YNAHL(2)9)

INTEGER XNAME{Z!-YNAME(ZI;DATINlﬁ)nDATUUT(ﬁ)!DDUT
INTEGER TITLEL[9)»FUNCTNI{Z)

LOGECAL NDKLHN;NULUE:NBAC:KALHAN'LﬂE:TETHRD:HURE:NFIRST-ADAPTV’
CFILEIN,FILOUT eebiena mesreia 4 e meles bt m
CDMHUNIIDDATAIISIH:IPHLS:IRCVRJIADAP:!TETHR:IPUPT
COMHON/RCVROG/THAMAXs THAMING TSs TR2OMEGAS TF
COMMON/RCVROL/NGHIN, NGHAKSDELBL s NGHa IRy TAE
COMMON/RCVROZ2/RHOMAXs DTHO,TDRD»BD» WSCO, NSO 41, NGOL4)

COHHUNIRCVRO3IP£:F(818):FL25(4);FSAHP;K:KH)TETHRD:NG)NS:JH
COMMON/RCVRO4/DELT I EO(B) s GOGT{B,B8},HI558)5 ICOUNT,SIGHA
CUMMONIRCVRO5INOLBE:NOKLHN’NDAC;GAHAES(5):RDIAG(5I;PHDIAGIS|
COMMON/RCVROG/PPDIAG(BI» RHAT(525) s PHI{S,5),PAL 8262 LAMDACSY L .
COHMON/RCVROT/TI130),VL(230)
COMMDN/RCVROB/XSLOE(B) ) ESLOEI8),ES(B) ... .
COMMON/RCVROG/BRCVR, BB, PDCRIT,CC
COHMMON/RCVR1O/XS1(8)2X5(8)
CUHHDNIHLSUOOIALFA:THE:THEDGT:ALFAR:THR:THRDDTJBtHSC
COHNON/HLSOQL/CSNRT)CSNRFsDSNROB RHO» BETAs FSCaLGHAX
COHHON/HLSO02/DCSHR2 CSNRs LG TPKT, TPKF
COMKON/HLSQO3/FLL0AEL4»2)pFLID (4 ) s DELTATL2) s XOUB2) Y0 4, 2., _ .
COMMON/MLSO04/BHLS,» BBBs HT IMES, HSET ) MORE

DIHENSION X(8))THESER(115)» XDATUM(115)»EEME(13),EERM{L3)
DIHENSION IDNRS(6):IDASCI(20):IDENTSCbl:EEST(13I:TTCU(13leYHI(13)
DIHENSION YYMA(13)

ODIMENSION FSCA(13}),IFSCA(13)
DIMENSION EEMEA(13,9),EERMS(13,9),EESTDO(13,9) .

.- faes ewa

DIHENSION EMEAN(9),EHS(G)2ERMS(9)4ESDI(Y)
EQUIVALENCE (EEME{1},EEHEA{Ls2))5(EERH{L1}sEERMHS(152) 1}
¥{EEST(L)SEESTD(1,2))

EQUIVALENCE(THERR,ES{2})

EQUIVALENCE (ALFAJK(II):(ISIMsIDNRSII)1J(DUUTpDATDUT(23)
DATA YNAML/BHALF RMSE,B8H #BHTHE RMSE, QHDEGREES »
*BHTOT RMSESBHOEG/SEC s»BHALR RMSEsBH s BHTHR RMSE,
*#GHDEGREES , BHTRD RMSE,BHDEG/SEC »8HBET RMSEsBHOEGREES ».
*¥BHFSC RMSE,BH HZ »BHFSCORMSE,BH H2/SEC /

DATA DATIN/LOHHLSSIMDATA, 10H200000F000,2%0/7
DATA DATOUT/L1O0HMLSSIMNDATA»3%0/ —
DATA IDkSCIITHCRﬂSSHPJ?HRHSE(T)pTHRHSE(BIJTHRHSE(F!pTH »
*BH PHLSL »BH PHLSZ R

*6H PHLS3 ,8H THRHLD »BH DPTIHL ,8H SUBOPT »8H =3 DB  »OHADAPTIV »
*8HNONADAP »BHUNTETHRD,BHTETHEREDs2H »8H POPTL ,B8H POPTZ. » .

#84 POPTE o

DATAL NSTART/3/,IRSIGN/1/,KSTART/11/,EILEIN
¥/ e FALSEe /> FILOUT/ 4 TRUE/

DATA FITLELZ/6H ALFA »6H THETAsGHTHEDOTs&H ALFARs 6HTHETARs 8HTHRDOT
Cs6H B s6H WSC »6HWSCDOT/

DATA XNAME/BHSCAN NOwsBH K . /sYNAME/BHTHES ERR»BHOEGREES /
DATA XNAMEL/BH FSC #8H  HZ /

DATA FUNCTN/THAZIHUTH, THELEVAT+/.

- aaa - AL ) b an Jy o r meATINS Am e bk e 4w

CTLMSFSL
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SUBROUTINE CONTRL T3/1%2 T8 FIN 4464452 05723779 13.43402 PAGE 2

meaa P 4t m dmb4 mmm s 4a 4 m Ew e ammerm wmmam e [RS——

¢

G0 T0 (1001200,300;400;500:600;700;300:900:1000;1100:1200)1!SH
60 1 FORMATILH 3
10’ FORMAT(9(/))

11 FORHAT (1HL} . RN O S P,

¢
T Ty Ly e e T L S I ey rrryys
&5 o
160 CONTINUE R
C THIS IDENTIFIES THE SCENARIO AND REINITIALIZESJ AS NECESSARYJ
CTHE FOLLOWING RECEIVER PARAMETERS - e e Hv e e e vmenmeen o ¢
CSIGHA’IAEJDSNRDB’RHU!FSCJBETA’JHJBHLS
70 IF(NFIRST) GO TD 155 e e - - .- ey e e
NDAC=.TRUE.
NFIRST=o TRUE,. R .  eaeams .
JENAN=JOBRAMEL]) '
ISIHmg . . C e . e e
75 180D=1 °
MRITE t7,110) . -
110 FORMAT{19HLIRMSE V5. FSC STUDY)
CALL LOGID(SHFILEINSFILELIN,O) . ... . -
IF {+NOTWFILEIN) NSTART=0
80 IF{.NOT.FILEIN) GD TO 122 . N P wuoe T e L
IX=TATTACH{6LTAPELS, DATIN)
IFUIXeNEsQ} CALL INTID(SHIX(AT}sIXs1s1) w— = e et e m s
IF{IXeNE+G} STOPAIHPUT FILE ATTACH NOT SATISFACTODRYH
WRITE(7,120) (DATIN{I))I=1,2}
85 120  FORMAT(23H THIS READS INPUT FILE ;2&10!!
122 CALL LOGIO(6HFILOUT,FILOUT0) .. C e e e e e v o — ——m s res
CALL INTIO(EHNSTARTNSTART 100,00
NSTOP=NSTART f h emr e m e e e . . - -
CALL INTIO(OH KSTOPsNSTOPs100,0)
90 CALL LOGIO{6HTETHRDSTETHRDSO) - .. fo e o =
IF(IRCVR.EQeL) 60 TO 125 .
CALL LOGID{6HADAPTV,ADAPTVs0Q) .. . - - .o C b em e e o e s
125 CONRTINUE
IF(TETHRD) ITETHR®2 . ., . ._ ..
95 IF{ADAPTV) 6O TO 135 :
* IRSIGN=~1 . . e e e e
* IADAP=3
135 CONTINUE . . s bem ke v e ae e s mes
DA 145 In2s6
100 IASC=3% (I=1}+IDNRS(I)+2 . cen mmnt e et mw e e mme e 4 e
IDENTSEI)=IDASCTIC(IASC)
145  CONTINUE
ENCODE(BpL50,IDENTS(1)) IDASCI(ISIH):IHUD
150 FORMAT({AT»I1) e . . - . . .o a P
105 WRITE {7,152) 1DNRS,INOD .
152 FORMAT (1H »6Ils1XsI1/) .
WRITE (7»153) IDENTS
153 FORMAT [1H »AB) e
CALL INTIG{&H KH;KH:IIS:O)
110 KSTARToHINO{KHsKSTART) e e ke e , -
KHNETeKH~KSTART +1
FSCHIN®L. /(DELTAT(IAE)Y*KHNET)
READ{1Q,105) LGHAK,(IFSCAGII:I‘I!LGHAK)
105 FDRHAT{1415)

. ——— N . - o e owe e i e

CTLMSFS1
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120
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130
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140

145

155

160

165

170

SUBROUTINE CONRTRL 737172 T8 ) FTN 4.5+452 ) 05/23/79 13,.43,.02 PAGE 3

WRITE{7,106) LGHAX) (IFSCA(L}sInisLGHAX)} . ... P e aeeas i i e e e = = v

104 FORMAT (GHOLGMAX = ,12/1H 413(17,2X))

DO 154 I=1,LGMAX P S -
154 FSCACL)=FSCHIN®LFSCALD)

WRITE(7510T)(FSCACT)pLmlaLOHANY o ciiiim o o v ameniomm mmebemsiem st vi ot o s 0 ot vaen
107 FORMATILH 13{F7.3,2X))

NRUN=NSTART-1 s sme e baE M mmeiimars meammmr  eve e e b i aw semme e see—e

OSNRDB=20.

RHO»0 45 . i ee e a e e e = PR wmer wn e A e 1 & e e ek Mk e At

BETAw45,

BHLS«1e .. v [ et - st b b o —

BRCVR=1.

TSEP=], . ot eemar mm e wmemmmmime = e me mamma imm 4 A e e

155 CONTINUE

IF{FILEIN} GOTO 158 R —— - . . e e A e rm st r——— 2 e e ot o e

NRUNwRRUN+1
WRITELT7,11) i b e mm neb = e a s wh are avma n e e

CALL INTIO(6H NRUN»NRUN»1.1)
CALL REALIG(G6HDSNRDB,OSNRDBSO) e e e mmmm ot mnrm et v e e e
CALL REALIO(SH RHO,RHO, 0}

CALL REALIOUS6H BETA»BETA,Q) e e e m em ae e es P

CALL REALIO (&6H BMLS,BHLS5»0)

CALL REALIO (6H BRCVRsBRCVR, #}} o Ve e e fomir e e B a b s s s e ——————— s iy s 4w

CALL REALIR(6H TSEP»TSEP»0)
6070 167 .. - .- c s e s e umme ——— -

158 CONTINUE
LREAD(15,160) NRUN)DSNRDBs RHO»BETA»BHLS#BRCVRITSEP. .. _ - s commamme

IFLEOF{15))170165
160 EORUAT (15236104 3,5%,3610.33 e e b e e e s C o rer eemes
165 IF(NRUN.LT.NSTART) 60 TO 158 ’
167  LIF(NRUN.GE+NSTOP) MOREwWFALSEs . ... .l 0 mmiiiin iv s e we eme

FSC=FSCA{L)
XO(5y IAE )= X0(2, TAE)~TSEP. b4 a e rmm e e e e — -

XO(3,1AE) w0y

X0(6)IAE}2D, - . . . . PR T

RETURN

170  STOP#EQF REACHED ON INPUT FILE# R i e e . - f e e e et e et o n =

c

I T T L L L T T e T T T e T o T T T
¢

200  CONTINUE . e e -
C THIS OUTPUTS BASIC SIMULATION DATA OF INTEREST; SUCH AS

CTHE ANGLE FUNCTION» INITIAL STATEs, ETC. e e e v mr e mmmm s ——— i o o o momiom et o 3 =

WRITE(T,210) NRUN;DSNRDB;RHD;BETA:BHLS:BRCVR)TSEP
219 FORMAT{5HONRUNs 5%, 6HDSNROBS 12X 3HRHO» 12 X»4HBETA» 12Xs 4HBMLS #1100 . . ..
#5HBRCVR» 12 X» 4HTSEP/ IHD» L4261 56X 610431}

IF{«NOT FILDUT} GOTO 245 L e e AT v e i e A Smen e Tvaes

IF (NRUNSLESS) ENCODE(10,220,00UT} IDNRS:IHU:IHDD:lHO:NRUN
229 FORMAT(OIL,AL,125A1,11) — e e e

IF(NRUNJGE.16) ENCODE(1G»230,D0UT) IDNRS»1HU» IMOD,NRUN
230 FORMAT(6I1,4L,11512) PR e —— e e - cm e e e
IX=IREQST(6LTAPELT,3L*¥PF)

IFCINLNE.O) CALL INTIDCGHIX(RQI,IX,1,1), ° . FE

IF(IX.NEsO} STOP#OUTPUT FILE REQUEST NOT SATISFACTORY#
WRITE(7»240) (DATOUT{I},Ix1s2) PR, - e
240 FORMAT(25HOTHIS WRITES DUTPUT FILE »2A10)
24%  CALL DATE(TODAY)

CTLMSFS1
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9¢-v

175

185

199

195

200

H{ H]

210

215

220

225

SUBROUTINE CONTRL T3/17%2

WRITE (75250) FUNCTN {(IAE},LAE

T3

2540 FORNAT {1HOsA7»15H FUNCTION (IAEw»Ils1H})

WRITE (7,260}

(LI XUI))sInd,B)

FIN 4. 6+452

260 FORMAT (15HGIRITIAL STATEllltaH X(JII:#H) = 5G13. 6])

WRITE(T2270) IDENTS(Z)

270 FORMAT{LHO, AT}
RETURN

C
300 CONTINUE

C THI5 IDENTIFIES THE BASIC RECEIVER STRUCTURE (THRHLD»OPY»SUBOPT)

¢
AL AL AL Rl L L AL R I e L I I T LSRRI R L)

CAND REINITIALIZES, AS NECESSARY, THE FOLLOWING RCVR DATA
CIR (KEGATE ONLY)s NOAC,NOKLMNsNOLOE,BRCVR,DELBL, TETHRD

ITIVHINOCIRCVR2)

C
C NEGATE IR WITH THE FOLLOWING FOR NONADAPTIVE RECEIVER . .

IR=ISIGNIIR,IRSIGH)

C
RETURN

c
Cokmdedok b bk ok ok ok kAR Sk Rk S AR Rk kb ok bk ok ke

400 CONTIRUE

C THIS QUTPUTS BASIC RECEIVER DATA OF INTEREST
WRITE{75410) (IDENTS{I},I=354)sIRpNGsNS

410 FORHAT (1HO»AB»4HRCVR/LHO»AB»6HDESIGN/BH (IR':IZ:#H’NG':II:
* 4HpNSwpI1p1H} )
WRITE(7,420} (IDENTS(I},Ix5,6)
420 FORMAT{LHO» AB/LHO» AT/}

RETURN

C
C*t*##**#t***##*t#l#t*l**#*t*t#i***t**i*#t*i*i**t*#*****ttﬁt*tt##tti#t

500 CONTINUE

C THIS SETS-UP THE MSET~LOOP

ICOUNT O

00 510 Isl,LGMAKX

YYHI{I)=lsE322
510 - YYMA{I)=—1.E32
RETURN

c
600 CONTIRNUVE

2

[ . .
CAsanbkmbdrbddohdohdobok kbbb dbk bk h kb kbt h s bk kbbb

€ THI§ SETS-UP THE LG~LOOP FOR THE (MSET)=TH SERIES OF SETS .

RETURN

c
700  CONTINUE

c . . . . .
C Aok ko b kAR ok Aok 4k ok B sk B ok A bbbk ko b

C THIS SETS-UP THE K-LOOP FOR THE (LG)}=TH.SET OF KM SCANS .

FSCaFSCA{LG)

XO{BplAE)=2#PI*FSC

X{8)=X0(8,IAE)
X{T1uXOD{Ts1AE)
CUH=GAUSS{1.0)
WRITE(7,11})

05!23179 13.43-02
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230

235

240

245

250

255

260

265

270

SUBRGUTINE CONTRL 737172 TS ' FTN 4 64452 05/23/79 13-43.02 PAGE 3

N [T aam b aa [T - e

o CALL INTIOUSH HRUNsNRUNSI#L) nh i s
WRITE(T,705) LGsFSC

705  FORHATULIH »4Xs3HLGes 125 5K 6HFSC ® 561205} comn soremmes e oo S N
CALL INTIO(GH KMsKHp1p1)
WRITE(7,710) CTITLEL(L)s1Iv1sNS) B T Ty —— —s
710  FUORMAT{&HO K3 4X» SHCSNRT 4% 5HQTY ,9¢3pr6.zx))
DO 712 I=1.NS . . v e e e am mm wm o m e v wae e o - —
EMEAN(L} =0,
7L2  EMS(I)=D, . e et mem e e amae e e e wem m—— S —e— -
LASTCT=0
. LCOUNT=G ... .. wrt o wr mmw ms e sr— ———————r 16 o o 1t i s -
DD 730 IPA=L1,NS
DO 720 JPARLINS .ot o . . h s v mmme e n e ——— = 3o o —a o y
PACIPAS JPA) =0,
720  COKTINUE S R . mae e e e e ——— . —— e — e s
730 CONTINUE
RETURN - . Coe o e e wr s e e ar
C . ;
L A IR 2 SRS LT S SRS PPN R PRSI TTI2S LTS TE T T S F —mmme e n .
c . .
800  CONTINUE e e e e e . e e e - e
C THIS INITIALIZES THE K=TH SCAN
SEP=SPACE e i e e mme ey eew o e e e -
RETURN
c . o e v . et e et e b
Cokakaof ook ek ok kR kR ke ok ook e b ok koo ok b ok o ok o K o ol ke Ol R ok ok o ok ok Rk
c . . o et o = nm - e e
900  CONTINUE
€ THIS SAVES/PREPROCESSES DATA FROM THE KeTH.SCAN . cecmmies = o s o 0 b va sewes . s
IF{ICOUNT NELLASTCT) SEP=ABORT
DO 905 Iw),NS N et e e e e s e e ot e e 4 e emem eom——ariin e mn nan
905  ES(I)=X{I)=-XS5(I) '
IF(NSeGEST) ESCTI®ABSIX (T =ABSUXSHT ) et e e e e aam
IF(NS.GEsB) ES{B)=ABS(X(8))}~ABS{XS(8))
BETTA={180,/PL)*X(T) p . . e br r e e s ah teime e m wam eme . e i e e ot o
COL8=THERR
IF (IRCVR +MNE. 1) COLB=SQRT{PPDIAG(Z)} e e e e e e e e e e -
IF (IRCVR «EQ. 1} CALL DFLTRI(COLB,THERRsFL10)
IFCENRUNVEQeNSTART.AND. LGoEQal)oOR4 (Ko EQ.KH))Y 6OTO 906 . . _ .. . .. .. mn e e
G0 TO 950
906  WRITE{7s910) K,CSNRT,{X{I}sI=1,N5) - e e e e eem s et o e e e
910  FORMAT(3HO 513,2X,61043,5H Xe »2X,9(G104351X)1
WREITE(T2920) {XS{I)sIul,sNS) et v e e it o ae e et - erm—r m——— vt T a4 i s
920  FORMAT(18X)5H XS= »,2X»9(5104351X)) .
WRITE(7,930) (ES{I}»I=1,NS) e aon fm e ¢ m eetmm e mmie s e e e eem——e—— v o
930  FORMAT(18X,5H ES= »2Xs9(610.3,1X))
1F{IRCVR.EQaL) WRITE{7,940G) COLS X e e ewie e e m s e et e e ept s 2 i
940  FORMAT{8X,15HUNFILT. E5{2)= #13%261043)
850  XDATUNLK) =K .. e e e e e e _ o e
THESER{K)=THERR ’
LASTCT=ICOUNT e vt et an 2 mrn e awnn e we ot e o mren e e e o o e
IF{K«LT4KSTART) RETURN .
DO 960 Iwl,NS e s+ et h o e e e re e e e st et e e .-

EMEAN(I}=EMEANCI)+ES{T)
360 EMSULI=ERSUIDHESIIIFIR, L . L . et h sl e mccimas e ey e ——— e
RETURN

CTLMSFS1
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290

295

300

305

310

320

330

335

SUBROUTINE CONTRL 734172 TS

FTIN 4.6+432 05!23179 13,43.02 PAGE

CHPFRATRE S RRE AR bR Rk R R TR R AR bR bR AR R bbb , o e e e e e b

c
10Q0

CORTINUE

¢ THIS SAVES/PROCESSES/OUTPUTS DATA FROH THE (LG)-TH SETY UF KH SCANS ‘ ) .

1003

1409
1010
1615
1020
1030
1040
1050
1660
1070

0O 1005 Iw1aN§ . e v s —— -

EMEAN{ L =EMEANCI) /KHMNET

EMSCLIREMS (T)/KMNET . . faemen - w4 e mw Amer i e e e Ve eeanan o s e e 3t

ERHS (L) «SORTIENS(I}) . R
ESOUL)=SORT(EHS(II=EMEANILI)I**2Y ... . ... ... - . VOV VU VU VU UV
CONTIRUE

XW=ICOUNT Ot Cm b e e b s M e el 4 —— et i

TCOUNT =100 ¥XW/KH

WRITE(7,100%9) . - . P . e m e m et e e
FORHATL3(/}}

WRITE(7,10L0)KHNET - fm e e e
FORMAT (5X» 26HERROR SAMPLE STATISTICS: (»I3,9H SAMPLES))

IF(IRCVR+EQs1) WRITE (77,1015} : : L et L
FORMAT (5%, 31IHTHRESHOLD RCVR (FILTERED ERRORY}

WRITE{721020){TITLEL{I)sI=1,sNS) TN
FORMAT(1HO»20X»4HOATY »9(3Xs46,2X)) .
WRITE({7,1030}(EHEAN{I}s LundsNS) . e atane mape v e e hn e = e e
FORMAT(1HO» 16X, BHEMEAN = »9(G6G1l04351X%))
WRITE{7,1040){ERMS(I)sImlsNS}
FORMAT{18X,THERNS « »9{G10+351X)}
WRETELT21l050)(ESD{I)s I=1sNS) . . . S i 4 ea e e s A b seaa e vmsiee s vee e
FORMAT{19X»6HESD = ,9(610.3,1X)) .
IF(IRCVRGEQGe1IWRITE(T7» 1060 TCOUNT P PRV VO dhat s e e e s e ——— 4
FORMAT{Z/QAH »4XsFTa2522H% OF SCANS ARE ABORTED)

IF(IRCYReNEGIIWRITE(T»1070) (GAGT(I»L)»In1s NS} NN . M en ety i e vam
FORMATES( #)»4X,35H ON LAST SCAN; DIAGDNAL OF GQGT WAS/26X .
CF(G610.3,1X1)) cmm e e e VS U S Y SV
00 1071 Isl,NS "o

EEMEA(LGs I }=EMEAN{T) e e e e . e e et e e

EERHS(LG» 1) =ERMSLI)
1071 EESTD(LG,I}=E£5D(I) e e . . . e e+ mvmvmeemrtamt 2 e

00 1072 lalsKH

YYMI(LG) «AMINL(THESER{I»YYNI(LG)) . . - e L e e e -
1672 YYHACLG)-AHAXI(THESER(I):YYHA(LG}) .

“TTCO!LG) =TCOUNT e e . e e et e

IF{LG.NEs1) RETURN : :

YHINSYHAX=04 . e e e e e . T\ an mmn e v e e e

WRITE (7,11) )

CALL INTIB{&H NRUNsNRUNs1,1) s ]

CALL PLDTR(XDATUH:THESER:KH:KNAHE:YNAHE:YHIN’YHAX:OI

RETURN . e e e
c .
C*******‘***********‘i**t*'Il*\il*'F*'Il*ll*ll*lll*li****#*#‘#i****‘*#*****‘**‘*‘* T
1100 CONTINUE . e m b o oa rems e
C THIS SAVES/PROCESSES/OUTPUTS DATA FROM THE (MSETI=-TH SERIES OF
CLGHAX SETS OF KM SCANS . e e men o o R S

WRITE(7,11) . .

CALL INTIO(6H NRUN,NRUN,Es1) . C - )

WRITE (7511100 6H FSC » (TITLEL(I),I=1sNS) £
1110 FORMAT(1HOs10Xs 3HATY +9(3XsA6s2%)) C e . . g .

© WRITE(T,1120)FSCA(L)»{EEMEA(L,L}sT=1,N$) Y

1120 FORMAT(1HO, 7Xs THEMEANT ,9(G61043,1X)) o - : S .-

CTLMSFS1
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345

aso

355

360

365

370

3715

380

385

350

395

SUBROUTINE CONTRL 73/172 TS§ T BTN 4e6+452 05/23/79 13.43.02  PAGE

1130
1140
1150
1160

1166
1lel

1101

1103

1170
1172
1174
1176
1175
1182

1199

1195

T

DO 1130 J=2,LGHAX e e eme b e e e e s
WRITE{7,1161) FSCA(J)) (EEMEA(JST)»T=1sNS) '
WRITE(T21140) FSCA(L), (EERMSCILIIoEolaNS) co s ciiiimer e crinn e e e —

FORMAT{LHOs BX,6HERMS3 »9{G10.3,1X))

00 1130 J=2,LGMAX Ve e e e e e e e J— ——

WRITE(7,1161) FSCA(J)s{EERMS{JpI),InLpNS)
WRITE(T,1160) FSCALLY» (EESTOULaThaTuloNS) e o e e et o e e

FORMAT{1HO, BX,GHESTO: »9(Gl0.3,1%))
DO 1165 J=2;LGHAX metm s rammme i s me e e sa———— JR—

WRITE(7,1161) FSCA(J):(EESTDN:IHI'J.:NS}
FORMATI15X, 9(GL0.351X}) ... . . e e i e trUmmam mrmes s ok e a b et e

DO 1103 I=1,KS$

FACTOR=1. C e bt mamr o = v vrwmms wn 4 v wm mvaner momeare v mer e - ——
IF(14EQa7) FACTOR=1804/P1

IF{EaEQa8) FACTORwGS/PI o i o it e et e ——

IF{L+EQe9) FACTOR=45/PI

YHIN=Q, . eiem e b e mesm s me cees el s s i e meemma e e e b b ——

YHAX=04 ' ;

DO 1101 LG1=1,LGHMAX e e e m e s e e s e s - —
EEME (LGL1)=EERMS{LGL,I)*FACTOR

YHAHELLL)DsYNAMLUL L} © . L L Ll aiimor me e e e en m e e e a——e .-
YHAHEL(2)wYNAML(2,1)

R1=HOD{I,2) . . Ve . N TN LA e ¢ e e o e dimamans et s

IF({KLl.EQ«+1)WRITE(7s1))

IF(KL.EQedl) CALL INTIOD(SHH NRUNsNRUNs1,1} . e m e et m wem e —— rmm—nars waswaas

IF(X1+EQ.0) WRITE(7,10) 3
CALL PLOTR(FSCASEEHE,LGHAX, KNAMEL ) YNAMEL, YHINS YHAX2O0) .. _ . _.___ L)

CONTENUE

IfLeNOTFILOUTY RETURN . B T N L LR TR T T TR ISR ) - p—

WRITE{7,11} F
WRITE(7,1170) (DATOUT(I}»I=ls2) , .. .. ammrme 4 e rmm smans mr b s mmaas s e =
FORMAT(13H OUTPUT FILE ,2A10,1Ht/)

WRITE(7,1172) DOUT,DELT,HTIMESLGHAX KH»TODAYSIBNAN _ .. _ _"_"..___._____n__“___i:;;;;__"_“_-.w,_.-_.-."

FORHMATO(LH »Al0»8XsGLla.65%,3(5%01310X5A00,8X,010/) [ .
WRITE(751174) LOENTSsKSTART e e e e e .ﬁkr"_.m--nn
FORMAT(LH »6(1XsA8,9X),6X,L37) C.
WRITE(7,1176) NRUNyDSNROBsRHOPBETASFSCITSEP oo oo e e o e o ﬁ_u._h,u____.an;__.,__.m_
FORMAT(LH »5Xp1226X6(5%X,61346)/) ,g: -

DO 1175 LGN=1asLGMAX R :
WRITE(7,1162) EEME(LGN)pEERHILGN):EEST(LGNI,TTCD(LGN):YYHI(LGN}:

RYYHALLGN) ,FSCALLGN Y, LGN .. I - cmrts e e v e o+
FORKATULH »T16134655%),15)

WRITE(LT) DOUTyDELTsHTINES) LGMAXs KMo TODAYRJBNAM oo o e e e e
WRITE(L7) IDENTS,KSTART
WRITE(17INRUNy DSHRDByRHO» BETAs BHLSBRCVRITSER. e v mmr v ver e s -
DO 1190 LGN=1,LGMAX

WRITE(L7) EEMECLGNYs EERMCLGNY »EESTILEN) > TYCOELONIsYYHICLONDS oo er o or oe o cocs e me soe o me e e
*YYHA(LGN) s FSCA{LGN) s LGN

IXWIATTACH(SLTAPEZODATOUT) o .. o v v v ee oo o e
[FCIX.NE.O) GO TO 1195

READ(20) OQUM,DUHs IDUM,IDUHN IDUMSDUMSIDUM . _._.. . _ .. .o ..

CALL RETURN(6LTAPE20} ,

REWIND 17 . . vt o ie et et i et e e e
IX-ICATALO(6LTAPE17:DATDUT;ZLPHa8RHIGHFILL:2LRP,365)

G0 TO 1196

CALL RETURN(GLTAPE2G)
REWIND 17 . .

CILMSFS1
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SUBROUTINE CONTRL 734172 TS - FTN 4e06+452 05/23/T9 13.43.02 PAGE 8

400 IX=XTCATALD(OLTAPELYsDATOUT»2LXRS BRHIGHFILL,2LRP»363) memm ees e smmmine ss s msermemees e mer s omems ree
1196 IF{IXeNEaQ) CALL INTID(GHIXICAY,IXs1,1)
IF{IX.NESO) STOPADUTPUT FILE CATALGG NOT SATISFACTORY# . . . . ei momh mom mimom o amt o ber s s - s
CALL RETURN{GOLTAPELT}
WRITE (7,1198) (DATOUT{I)sIw1,2) . smen s e e ———

405 1198 FORMAT{13HQOUTPUT FILE »2A10,33H IS WRITTEN, CATALOGED AND CLOSED)
RETURN n e am v e ———— e e .
c

CoHMbobb kb Aok bRk Rk RO Rk R R R R R R R R | b omm e mm e emee e e m e . . e
c .
410 1200 CONTINUE - . .- - b S A e b N e e LS b % vt 4 s A 0t
C THIS EFFECTS CLOSURE OF THE SIHULATIOH RUN
WRITELT»11} - o n wmrrtmamr— wmwm e = s e
RETURN

c
415 Crsdirridrpbriniibrrmrdkpkbbirbbioibbddthrbbrbrbbrbdhbhhbbdhrkiokk b kns)

c . . C e e e e aeeems mas

END )

450008 CH STORAGE USED '13.0.5*‘1 SECONDS

CTLMSFSL
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SUBROLTINE CONTRL ™" 73/172 1§ ) - o T FTN 4.06+452

5 c
T T TR T TREAL LAMDAT

15

20 7 oo

30 "7 ot T DERENSIDN TONRS{6),»I0ASCI{20), IDENTS{6) »EEST(13), TTCOC13),YYHIC13) ™

g o T T THBHTOT RMSE»BHDEG/SEC » BHALR RKSE»8H
T mmmmm e HESC O RMSEYEH "7 HZI T ,BHFSCORMSESBH MI/SEC / N Tt

45

T T ™ COMMON/IODATA/ISIHy EPMLS»IRCVR,TADAP, ITETHR,IPOPT

_SUSROUTINE CONTRLUISH) oL o
C THIS CONDUCTS THE HLS SIHULATION THROUGH A _
“C RKSE VS. FSC STUDY -

- T . v v mamiaa viem m L iml mmae e

INTEGER XNAHEL(2),YNAHEL{2)2YNAKL(2,9)
"TTTIRTEGER XNAME(Z2),YNAME(2)},DATIN(A)},DATOUT(4}2D0UT
IHTEGER TITLEL{9),FURCTN(2}
LOGICAL NDKLMNsNOLOE,NOAC,KALMAN,LOE)TETHRD,HORESNFIRST»ADAPTV)
CFILEINsFILLUT

CONMUON/RCVROC/THANAX THARIN) TS5, TR, OHEGASTF
COHMOM/RCVROL/HNGHIN, NGMAX,DELBL,NGH, IR, IAE
COHMUNIRCVROZ!RHDﬁAX;DTHD;TDRU:BﬂrHSCU:NSO(#)pNGD(&I

T TCOHMON/RCVRO3I/PISFIBsBIsFL25(4)sFSANPI Ko KMy TETHROS NGNS JH ™" 77
COMMUN/RCVRO4/DELT,EQ{B}, 606V (6s8),H(5,8),ICOUNT,SIGHA .

T T CORMON/RCVROS /NOLOE » NOKLHN» HOAC»GAHAES (5)sRDIAG(S) »PHDIAG(B)
CDMMUNIRCVROBIPPDIAG(S):RHAT!5:5|»PHI(5:5l;PAIBnG)pLAHDA(5)
T COMMON/RCVROZ/T{130),V(130)
CUNHON/RCVROB/XSLOE{B)»ESLUECB}JES(8)

T 7T T COMMUN/RCVROS/BRCVRs BEs PDCRIT,CC )
COMMON/RCVRLIO/XSL1(8)»X5(B)

T COMNON/MLSO0O0/ALFA»THE  THEDDOT ) ALF AR, THR) THRDOT, B WSC

CUMMDN/MLSUUL/CSNRT 2 CSNRFIDSHROBIRHOSBETA FSCr LGKAX

Tt CCOMMON/ALSO02/DCSNRICSNRLG» TPRTSTPKF
COMHON/NLSGO3/FL10AEL4,2) 4 FLLO(4) s DELTATIZ),XD{B22)5Y0L4,2)

TorTm o em T COMNON/HLSO0U4/BMLS s BBB)MTINES» HSET s MORE

DIMcNSTON X(8), THESER(L115), XDATUN(115),EEHE{L13), EERM{L3}

DIMENS]ION YYMA{13)
“DIMENSION FSCA{13),IFSCA{L3) e ) T
DIMENSIUN EEMEA{L3s9)»EERMS(13,9),EESTDL23,9})

St DIMENSION EHEAN(9)sEHS{F),ERHS{9),ESD(9) ) ° T s T

EQUIVALENCE (EEHE(II’EEHEA(IJE)I!(EERH(l))EERHSIl!Zl)J
" ¥ {EEST(L),EESTD{1,2)}) ° ’
cQUIVALENCE(THERR,ESL2) )
T U EQUIVALERCE™ {ALFAp X{1))» CISIHFIDNRSCL) ) »{DOUT,DATOUT(2)) "
DATA YNAM1/BHALF RMSEsH&H s BHTHE RMSE»8HDEGREES »
» BHTHR RMSE» n
*GHOEGREES JBHTRD RMSE:BHDEGISEC » BHBET RHSE’SHDEGREES LI

DATA ABQRT/IHAZ,SPACE/LH I:NFIRSTI.FALSE.I;ADAPTVI.TRUE-l

oo ommemm T 0ATA DATIN/LOHULSSINOATA, JOH200000F000, 240/ ~

DATA DATOUT/IOHMLSSIHDATA,3*U/

T “‘“DA1A‘IDASCIITHCRUSSHP:THRHSE(TIJTHRHSE(Bi:?HRHSE(F)!?H ) 2’

#86H PMLS1 ,8H PHLS2

\
1
‘

d 40

TTTTTRTr e T TS 4BHT PHLS3 TTHSHTTHRHLD »8HTOPTIMLT 3 8HT SUBOPT »8H ~3 DB s BHADAPTIV » °

50 - -

55

ABHNONADAP :BHUNTETHRD;BHTETHERED;ZH »8H POPTL ,BH POPTZ
T TTTHEH PQPTI T4 ) ®
DATA NSTARTIBI:IRSIGNIlI;KSTARTIllfiFILEIN
T kS aFALSES /2 FILOUT/ &TRUES/

DATA TITLEL/6H ALFA ,6H THETAs 6HTHEDOT, 6H :ALFARy 6HTHETAR, 6HTHRDOT

T Ls6H BT s b6H TWEC »GHWSCDOT/ T
DATA XNAME/BHSCAN NOes8H K /»YNAHE/BHTHES ERR»BHDEGREES /
o . p

©o® et DATA XNAMEL/BH FSC »BH ° HZ

DATA FUNCTNI?HAIIHUTH;?HELEVAT.l

400
P\

ALrTYND
S 3dd

1
i
5
]
:

Ha

I
H
t
!
H
1

i TWNID

1
t
i
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SUBROUTIKE CONTRL T3/172 TS ' ' TOFTN 4464452 05/17/79 17.19.25 PAGE 2

v mmmu owm o a4 a [ —— emme e mmmmane vy

Cn

B T L L L L pa—— LS b b —————— e s amgmE = b= EUE—

g0 i0 (100;2001300:’100:500:600»700’800:900:1000:1100;1200!:[55‘ .
&0 1 FORRAT{LIH ) ‘

10 FGRMAT(G9(/ )}

11 FORMAT {1HL)

¢
c4-nnHuuuuuu**nuuwuﬂMﬂuuMuuHnﬂtuunutunu
65 ~ C ' - . . . .
100  CONTINUE e
- T T C THIS IDENTIFIES THE SCENARID AND REINITIALIZES, AS NECESSARY:
CTHE FOLLOWING RECEIVER PARAMETERS e e e e et i -
o CSiGHAS IAE)DSNRDBRHO»FSCr BETAS JHIBMLS
70 IF(NFIRST) GO 7O 155
. - NOACws TRUES .. e . - . A e
NFIRST™ , TRUE, e e
T T T T JBNANRJOBNAME{TL) T T T T r s e e T
15IH=4 .- e crrima o ctm = aras s a1 v rveatiom - i i —— S1 b7t comtr s 2 mbe oo e mmr
ST s e s JRnlld e e e e e -
WRITE (7,116) e e o .
TTTTTTUTTTTOT 1100 FORMAT(L9HIRHMSE VS. FSC STUDY) - . .
CALL LOGIO{&HFILEINSFILLINSO} . . L
IF {«NOTSFILEIN) NSTART=0 ) T
a0 _. LE{.NOT.FILEIN} 6O 70 l22 | o . . e e
T T IXelATTACH(OGLTAPELS,DATIN) )
IF(IXeNEWO) CALL INTIC(GHIX(AT)»IX»1s1) . e
Tomommmmmen o TLF{IXeRESG) STOPAINPUT FILE ATTACH ROT SATISFACTORY#

HRITE(?’IZG) (DAIIN(I,JI'].!E} an an —_ M4 ae mt e as e s mpeely et e s s
TUB5T 77T " " 120 T FURHMAT(23H THIS READS INPUT FILE s2A10/) ~ ° C
122 CALL LOGIO(6HFILOUTsFILOUT,0}

TCALL INTIOC6HNSTARTANSTARTILOGs0) © 77777+ *7= =rr = s ‘ e
NSTOP«NSTART i ) R S
g T CALL™ INTIO(&6H NSTOP,NSTOP,100,0) """ 7 - ’ - . ’ :
90 , CALL LOGEO(&HTETHRD,TETHRD, 0} . e
A " IF{IRCVR.EQsl) GO TD 125 ot - S .
CALL LOGIOCSHADAPTVSADAPTV,O)
TTTTTTT T ST125 7 CONT IRUE T L
IF(TETHRD) ITETHRw2 =
95 ~ 7 TOLFLADAPTVY 60 TO 135 © T TTT Tt T s -
IRSELN==~1 ‘ . _
e INDAPRE e e e S N
135 CONTINUE ' e S, i e e e e o are o i
) T DO 148 RegzetTTTTT T T e S
100 TASC3%(I~1) +IONRS 1) +2 .
' T T T T IDENTSCE)*IDASCI(IASC) T etoto- . - o
145 CONTINUE .
: ENCDDE (65150, IDENTS (1)} IDASCI(ISIN},IHOD ™ to :
150 FORMAT(AT,11) . e e = aen wwr em e s+
T1857T T 7T U TTMRITET(7,152) TIONRS, IMODTTTTTTT T T )

162 FORMAT {1H »6ILs1%I1/)
’ WRITE (7,153) IDENTS ~ "~~~ ~ ST T
' 153 FORMAT (1H ,A8)

. CALL INTRO(6H  KHyKH 115,00 "~ = >~ i - oo
116 KSTART=MINO [KMsKSTART) | o e e
T Tttt TURHNETHKMeKSTARTHL Tt orriTememsessems e - ' ”
FSCHIN®L1e/{DELTAT{TAE) #KMNET)
READ(1G,105) LGHAX, (IFSCALI),Inl)LGHAX) " = = co e
105 FORMAT(1415)

rtag Sy Y g Uy
& .

CTLMSFS2
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T SUBROUTINE CONTRL

T1086
154
T aerT

T 1BBT

14T I §-1

. kel
TN TETTTT T 163
145 167

T 150

R
155 20U

TTUBRCVR=LleT T 7T

" T NRUN=NRUN+1
“TCALL "INTIO{(&H

et XOU3, TAEFAGR T T

T TRETURN
170 . STUPF:DF REACHED ON INPUT FILE#

737172 1S

ARITEAT,L0H) LGHAX, (IESCA(I)+1=1,LGHAX)

" FORHAT(OHOLGHAX = ,12/1H :13(I7;2Xl) -
00 154 I=1lsLGMAX
FSCAL{IY*FSCHIN+#IFSCACI)
WRITE(7,107)[FSCA(I),In1sLGHAX]) _
FORMATILH 13(F74322X))°

NRUM=NSTART~1

DSNRDB=2G,

RHGeD W5

T BETAx45.

BMLS=L1l,

TSEPal.
TCONTINUE®
IF{FILEIN) GOTO 158

WRITE{7,11) e
"NRUNsNRUN, 1,10 777" " =
CALL REALIO(&HDSNRDBsDSNROBs0Q)
CALL REALIG(GH RHO, RHO, 0)
CALL REALIO(GH BETA,BETA,0)
CALL REALID [6H BHLS,BMLS,01
CALL REALIO (6K BRCVR,BKCVR»O)
CALL REALIO(KH ™ TSEP,TSEP,0} °
6070 167

"CUNTINUE )
READ(15,160) NRUN:DSNRDB:RHD;BETA;BHLS;BRCVR:TSEP

~== IF{EQFIL5))1T0,165 )

FORMAT(15,3G10.3»5%,3G10.3)
IF(HRUNSLT.NSTART) GO TO 156
IF(NRUN.GE. NSTDP) HOREw.FALSE.
FSC=FSCA(L1) ~
XU(B:IAE)*XU[Z:IAE)-TSEP

Am s b— ¥ mmaumas same e

X0Ul&s IAE) =0,

CORTINUE

FTH 4.

6+452

c*#*********v***********t****#*t***********#******t***i*##*##t#tti#*#*

T "t %" ¢ THIS DUTPUTS 'BASEC SIMULATION DATA OF "INTERESTs SUCH AS

CTHE ANGLE FUNCTION,

210
© 1s2 ot

22y
165 230

T T RBHBRCVR2LZX 2 4HTSEP/1IHE 142 6(6XsG6l043) ) 7

T IFINRUNIGEL10)"

INITIAL STATE, ETC,
WRITE(72210) NRUN,ODSNRDB,RHO,BETA,BMLS, BRCVR, TSEP

05717419

FDRFAT!5HUHRUN’5XJ6HDSNR0B:lZX;!HRHB;IZX’QHBETA;IEIJQHBMLSpIIX;

IFG.NOT.FILOUT) GODTO 245
FORMAT (6T, AL 10240,1100
FORMAT(6I1,AL0I1s12)

TX=IREQST(OLTAPELT, 3L¥PF) -~ —7° °°
IF{IXaNEe0) CALL INTIU(bHIX(RO!;IKrI;l)

T IF(NRUNSLERR) ENCDDE(IO:ZZO;DDUT) IONRSs1HUs IHDD ) IHO, HRUN
ENCODE{10,230,D0UT)" IDNRS»1HU, IHODs NRUN

T Tt T IR (IAGNECD) CSTOPADUTPUT "FILE REQUEST NOT SATISFACTORYA

2497
243

170 . *

WRITEL7»240) (DATOUT{I)s1=1,2)
FORMAT{Z5HOTHIS WRITES OUTPUT FILE »2A10)
CALL DATE(TODAYY

. e ? o —

17.1

‘?n
- gy
CD =

98

>
9}

PAGE

Q25

-

’.’c%
. 23F

B

#

CTLMSFS2
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185

2%

L2

2905

2lc

215

SUBROUTINE CONTRL °  "73/172° 7§~ TerT T rmn omm Tt FTN 4e64452 77 05717479 T17.19.25 7 PAGE

WRITE (7,250) FUNCTN (TAE},IAE L . . e e e e e e e o
250 T FORMAT {1HO,A7,15H FUNCTION (lAEs,I1,1H))}
WRITE (7,260) ({1,X{1}),1=1,8}

T260 T FORMAT (L5HOINITIAL STATES//7(3H X{»Ils4H)} = ,G61l3.6)} T ToTttoomTmon o i T
. WRITE(T2 270 IDENTSC2Y _ L o e e o s e e et — o i s Ao vemen s
270 FORMAT(1HO» AT)
RETURN
c JREL , .. \ . U .. e
Co kb b R ok A R o SRR OB R AR b ok ok kb ko
¢ A : N AR e . - . e e e
k15 CONTINVE o e e e e et bt ——m e+ a
C THIS JOENTIFIES THE BASIC RECEIVER STRUCTURE (THRHLO,OPT,SUBDPT)
CAND REINITIALLIZES, A5 NECESSARY, THE FOLLOWING RCVR DATA . e
CIR (NEGATE UNLY)s NOACsNOKLMNsNOLOE,BRCVR,DELBL, TETHRD
ITIT=HINO(IRCVR,2) .
c v e e e . . s v mmr e e e e e
(G NEGATE IR WITH THE FOLLOWING FOR NONADAPTIVE RECEIVER | | . . o e e cee e e e -
IR=ISIGN{IR,IRSIGN}
“ RETURR " % w7 tmm men omren eessesee o . © e e e s
c
ok ot ok A dokok 300 bk ek ok ok Aok b okok sk Aok ok ok ok ok bk ok ok ok dokok ok kb bk ok b ok kb kg e T om0 "
4G0  CONTLNUE o L. e e e e
C THIS OUTPUTS BASIC RECEIVER DATA OF INTEREST .
WRITE{7,410) (EDENTS(I)sI1r3,54)5IRpNGINS . i,
413 FORMAT {1HO,A8, 4HRCVR/IHO» A8 GHOESIGN/SH (IRup12,4HsNGey 11,
* 4Hs NS=p 115 1H)) . e
T WRITE(T,420) (IDENTS{I)sIs=bsb) ™ ~ o . .
426G FORMAT(IHOpAB/IHOsAT/) _ e e e
T RETURNT ™ ° T o
¢ O
Chkikdhbnbdbdddbddobkpddkkkdobkhdbkbkbdebdbbbbhkdbbbkdhbbibbhtbbbrkbdbdbké - R .
C -
500  CONTINUE °© o - ’ - T
¢ THIS SETS=~UP THE MSET-LOOP e e e e e
LICOUNT=y "™ -
D0 516 I=1,LGHAX . s em
YYNI(L)=1.E322 ° ) Tt - =k L.
51 YYHA(I)x-1.E322 . e v,
RETURN” T T Tt A
¢ . *
o T TN T e L L T T
c
600  CONTINUE ~~ ~° oo e -
C THIS SETS=UP THE LG-LDOP FOR THE (MSET)-TH SERIES DF SETS .
RETURR® ™ ) ) T
'c***trif**++***£*#t¢¢****¢¢¢*¢¢*t¢*+**¢***t#&tt#t*kt*t*4+tt¢t¢¢4¢t¢tt* T sostemrmerommom

c

700  CONTINUE "7 .

C THIS SLTS-UP THE K-LDUP _FOR THE (LG)=~TH SET OF KN SCANS _
FSC=FSCALLG) oo "
XO(8,IAE) 2 *+PI4FSC

T 'x(e]-xa(&’IAE) i ST TTTmm mem ot emmmae s v ot - Temoeommm e o

XTI =XO0(721AE)
DUH=GAUSS{1.0) "~ T oTTmmrmem e, o
WRITE(7,11)’

CTLMSFS2
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"7 7 SUBROUTIRE CONTRL™™ " 73717277718 TTTTOTIEETT OTTITT T OFTN 4.6+452 Q5/17/79 17.19.25 PAGE
CALL INTIO(6H RRUN,NRUN,1,1) i . )
e ST T T T T MRITE(7s705) LG,FSCT T e Tt - "
765 FORMATULH »4X,3HLG=sI2)5X,6HFSC = 61245} e .
- T ' CALL INTID{&H "KHsKHs1s1) TTTT T - - " T
WRITE(7,710) (TITLEL(I}sI=1sNS) . e s R e e e
T - 107 TFORMAT(BHY T KpaXs SHOSHRY, 4Xs SHATY 5 9(3Xshbs2X))
235 D 712 I=),HNS
. - TEHEAN(L)=Q,™ - "7 TToT m oo memtTR A smmmom e s -
112 EMI(L)=0,
T, T LASTCT a0« 4 o= = s mms e s e e soen e+ e v e e
1COUNT 0 e
TTERQT TTTTTIUTTTINC S T DO T30 IPAl,NST Tt T e omm mmmam s mm s mE e o
DO 72U JPA=1,NS
Ter s s m e BA{TPAJPAYRG, T T TRt s oTrmmmemes e - - - Treormrmn e e s -
720 CONTINUE
s e w30 = G INTLNUE === = == = T ¢ e i Se e waimas w4 e oo o e e e e e -
245 RETURN [ . .. . " -~ . 4 ke EE e jemEmmm o bm w E e mmoEm  am e n = eRsm ek
cnuuu:rHHHHu**t1-**nu*n*u*uuuununnuuuuuuuu# i
U U S A A iy e i u e v e e+ e
aun CONTINUVE
© 2SOt~ 7 v C THIS INITIALIZES THEK=TH'SCAN - ~° =0 =r === smommess - e s s eme e e
SEP=SPACE ) i e
T T+ R Rt -
c ; &
o memmn e RO R OR R AR ok R ok ok R ok ko kb Rk kR kR kb " - 'Q". Lo
255 C X
“s e e wemsogQ) vt CANTINUE T Tt - oo et e reme v - "";6%"“ -
. C THIS SAVES/PREPROCESSES DATA FROM THE K-TH SCAN . e ______g_z_,__ e
T e e e e IF CICOUNTA NESLASTCT ) SEP=ABORT = T mmmEm e o)
AS(T 1m0 5#P1 ﬁa
© 260 Cm e e S (B ) MDD e mmrm e s s e e e s mems 4 ema e e e R
DO 9u5 I=1sNS . fe) -
IR T 908 T ES{1l)eX(I)=~X5(I1} s mrromorr= - h - T 3*'

265

Teret Tttt T
cH
10

" - 923 -

— sr e e gag

942
950
280

285 960

TETTTGOTTD 9507

P IF (KL CTJKSTART I RETURN

EF{NSeGEWT) ES{7)=ABS(X{T)I-ABS{XSIT}}
CULF(NSWGEW8) ES(BIxABS(X(8))-ABS(XS{B)) ~ 77 °
ﬂ:TTA-(lGU-!PI?*X(?J

"t COL8=THERR ' coo s - - - - [P

LF (IRCVR oNE« 1) CULHaSORHPPOIAG(Zl)
" IF {IRCVR" +EQs"1} CALL' DFLTR1I{COLB»THERRsFL1O)" '
LEL{HRUN.EQeNSTART. AND LG.EQ.I)-UR H( EQ-KHH GUTU 906

WRITE(T7,910) KsoCSNRT {X(I),I=1,N5}

*" FOKMAT(3HO “,I3,2Xs610.3,5H X= ,2X,9({61043,1X1) - . T
WRITELY,9201 (XS{I)sIm=lsNS)

DO 960 I=1,NS

T v EMEANCLY=EHEAN(IV4ES(I)} " ~—w=mrm s o nmo T

EMS(I) EMS(I)4ES{Ii*$2

Y

e

w— .
- - a _.%? 1@}5 -

FORMAT(LBX,5H™ XS»"»2Xs9L61043,2X1) 77" ™ =7+ = = == - s
WRLTE(7,930) (ESCI), Il NS} . ) L

" FORNAT(LBXy5H ES» »2Xs9(G1043,3X) """~~~ TTT mTm o e s
IF{IRCVR.ECL1) WRITEL7,940) COLB
FORMAT(BX, 15HUNFILT . ESiZl' 213X,610,3) 7 ' . )

! XDATUNIK ) =K

" THESER(K)}=THERR = =" " "~ L . o -

LASTCT=ICOUNT T

5

CTLMS¥S2
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SUBKROUL IHE CLUNTHL T3rlez 1S

RETURN

FIN 4.6¢432

c

Chehbrbanedndhmbirabkkdpibbdokb bbb drdhpdhtbhrbbdbtehrbbkbbhdkbEksdbsidne

¢

290 . 1003 CONTINUE

o e ae ' .

T 395 ) To10ls

820 EEMEA(LGsIJ=EMEAN{L}

330 CALL INTIO(&H

€ TH1S SAVES/PROUCESSES/QUTPUTS DATA FROM THE (LG)-TH SET OF 'KH SCANS
DU LDUS 1=1,N§
EMEARCI}mEMEANC L) /HMNET ’ T
EMSLLI=EMS(I)/KHNET
295 v ERHSEE}=SGRT(EHSLI)) . :
ESO{L)*SURT(EHSCI)=EHEAN(I)*#2)
T1C05  CONTINUE
XWalCOUNT
TCUUNT=LOO . ¥ XH/KH ot T
300 WRITELT,L009)
1049 FORMATL3(/)) B T
WRITE{7s1010)KHNET
FORMAT(5X»26HERROR SAMPLE STATISTICSt (»I3,9H SAMPLES)!)
IF{IRCYREQ.L) WRITE (7,1015)
FORMAT(5X,3LHTHRESHOLD RCVR (FILTERED ERROR))
WRITe(7,1020) (TITLEL(I),Ix1,NS}
FORHAT(LHO, 20X, 4HATY »91{3%,A652%))
WRITE(7,1030}{EMEANC(I),I=1,NS) .
FORMAT(LHUS 16X, EHEREAN = +9(G1C.3,1X))

R S]

1420 °

- x e am s - N -

1030 7

310 WRITE(T» LGAG)(ERMS(I)pInl, NS}

1040° FORMAT(LBX,7HERMS = ,9(616.3,1X}) " ~ ™7

WRITE(7,1050) (ESDCI)s Inl,NS} .

FOKMATULOK,6HESD = 59(610,3,1X}) "7 "~ -~ == -+ = ==

IF (IRCVR4EQeLIWRITE (75 1060)TCOUNT S

FGRMATU//1H 94X F742022H% OF SCANS ARE ABORTEOD)

IF (IRCVRGNES 1) WRITE(7,1070) {GAGTII, 1), I1,NS) i

ST 1070 CFORMATU5(/)»4Xs35H ON LAST SCANs OIAGONAL OF GQGT WAS/26X
C9{61G43s1X))

T DO 1671 Is1,NS’

- © - 31050

35 7" 1C60

EERMS{LG,I)=ERNS(I) ™
EESTD (LG»T}=ESD(I}
D0 1072 I=lsK& * ° -
YYRI(LG)=AMINL (THESER(I)»YYMI(LG))
YYMAILG)wAMAKL (THESERCI 2 YYHAILG)Y ™ ™" et T
TTCO(LG) <TCOURT — e s e
TIF(LBWNES1) RETURN ~=77 =77 mmm
YHIN=YMAX =04
T WRITE{7,11) ° ° - " -
HRUNsNRUNs131)
“CALL PLOTR{XDATUH, THESER» KMy XNAKES YNAME, YHINS YHAXS Q)
RETURN

25 - T 1072

t
t
s

m——t T T L e - .

C###*iti*t**i*****t****#*#*i***ﬁ*#******4******#*#*#*#***!#***i*#*l*i*

1100 cuur1uua
€ THIS SAVES/PROCESSES/OQUTRUTS DATA FROM THE (MSETI=TH SERIES OF
_ CLGHAX SETS OF KM SCANS
WRITE(T,11)™ oo
340 CALL INTID(6H NRUNsNRUN,1,51)
WRITE(751110) 6H FSC »{TITLEL{I},»Im1l,N5}
1110 FORHAT{LHG,LO0X»3HATY ,9(3XsA622X))

03417779

.

17+19.25

e —————— har e bhe = b am

CTLMSFS2
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SUBROUT INE CONTRL 73/172 7S ) FIN A+6+452 G5/LT/T9  17.19.25 PAGE 7

HRITE(?;IIZD}FSCA(l);(EEHEﬁ(l.II,I-I:NS)
" 112 FORHAT(LHG, TX»THEMEAN: 49(610:3,10))
345 DU 1130 =2, LGHAX
T 1130 WRETE(7,1161) FSCA(J),(EEKEALI,ID,In1sNS)
WRITE(7,1140) FSCA(L),{EERNS{1s1),I=1,N5)
MTUSTSTTTTTTT T 1140°T FORHAT(IHGS 3, OHERNSH 59(61043,1X1)
D0 115G J=2sLGHAX
350 1150 WRITE(7,1161) FSCACJ),(EERHS(J, 1)y In1,NS)
WRLTE(7,1160) FSCACL)S{EESTDU,1)2In1sNS)
T Tt 1160 FORMAT(LHOs 8X,6HESTD: »9(61043,1X))
DO 1165 J=2sLGHAK
T T T 1GET WRITE(7,1161) FSCALJY,(EESTOCL, 105 In1sNS)
355 1161 FORMAT{15X,9(61043,1X})
- Ut DO 1103 IslpNS - oo
FACTORe1,
TrTT o TTTT ST IR(LLEQMT) FACTORS180./PTT T TN ot e - o
IF(1.EG.8) FACTOR=.5/PI
360 TTUTUTTTTTC IR (14EQu9) FACTOR=G5/PI
YHINO. o
- © YHAX=0. " : :
DO 11CL LGLxlyLGHAX
"t U110l EEME(LGLIWEERMS(LGL,I)*FACTOR  ~ - - T T
365 YHANEL(1)=¥YHANL(1, 1)
- TTTTTT T YNAMEL(Z)RYNAHL (1Y (T C Tt e
K1=800(,2)
Temswom oot IF(KLLEQLLIWRITECT, 110 ° - - S S
LFIKLLEQ,2) CALL INTIO(SH  NRUN,NRUNS1,1)
370 T mm e < IE(KILEQLD) WRITE(TIAG) C Tomtommmmrm e mmsem S e
) CALL PLOTR{FSCAsEEME, LGHAXs XNARELs YNAHELy YHIN, YHAX,0)
Treee s e 011037 CONTINUE™ @ - .
IF (4NDT,FILDUT) RETURN
Tt e et WRETE(TS 11T o el
375 WRITE(7,1170) (DATOUT(I),1=1,2}
Tt 1170 FORMAT(L3H QUTPUT FILE »2A10s1Ht/S) )
MRITE(7,1172) DOUT,DELT)HTINES, LEHAX,KHo TODAY, JENA
- 1172 FORMAT(LH »Al0,8Xs61346,5X»3(5X,13,10X)54A10,8X,A10/)
WRITE(7,1174) IOENTS,KSTART
380 U 1174 FORMAT(IH »6(1XsAB,9X),6%,13/) - - - e
WRITE(7,1176] NRUN,DSNRDB,RHO,BETASFSC,TSEP
1176 FURRAT(IR ,5Xs12,6X6(5Xs61346)/)" - T
DU 1175 LGNx1,LGHAX o L
Tttt TTTTTTTT11757 WRITE(7,1182) EEMELLGN),EERH(LGHISEESTILGN) »TTCOLLON)» YYHILLGN, *° =77~ = +m— === -r -
385 YYMALLGNY» FSCACLGR ) LGN
- " 11827 FORMATILH »7(61346)5X1s15) o s - o
WRITE{17) DOUT,0ELT,HTIHESsLGHAXsKMs TODAY, JBNAH
- - =t < WRITE(17)-IDENTS,KSTART - -~ - C e
WRITE(17)NRUN, DSNROBy RHO, BETA BHLS s BRCVRS TSEP
T390° UTT TS Tt DO 1190 LGNa1yLGKAX
1196 WRITE(L7) EEHE(LGN},EERH(LGN)»EEST(LGN}:TTCD(LGNI;YYHI‘LGNI;
.- ST AYYMALLGN) S FSCACLORISLGN - : T e
IX=IATTACH(6LTAPE20,DATOUT)
smeees ete coo— TE{IXWNELD) 60 TD 1195 " ° T - ~ e e e ECECIREEE R

395 ‘ READ(Z0) DUM;DUM:IDUH;IDUH:IDUH;DUH;IDUH o
SmeTTro s sttt CALLT RETURN(BLTAPE20) | " T Tt e e
REWIND 17 .
IX=ICATALOC6LTAPELT, DATOUT»2LPW,BRHIGHFILL, 2LRP>365) = - -
60 TO 1196

CTLMSFS2
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" SUBROUTINE CAONTRL T3s172 TS

400 1139% CALL RETURN{6LTAPE20])
Tt e TREWLIND 17 i
IX=ICATALOUOLTAPELT+DATOUT »2LXRBRHIGHFILL2LRPs2365) oL
- 1196 IF(IXNEoG) CALL INTIO{OHIX(CAY»IXs1s1)

IF{LXeNE.) STOPZQUTPUT FILE CATALOG ROT SATISFACTORY# _

TTOTTRE YT T YT T TCALL RETURN(GLTAPELT)
WRITE {7,1198) (DATOUT(I),1I=1,2} .
1198 ~FORMAT(L3HOOUTPUT FILE ,2A10,33H IS WRITTEN, CATALOGED AND CLOSED}

FTN 4464452 05217179 1T7.19.25 PAGE ~ 8

RETURN - - - —— - - = e -
. c ; -
410 T L L L L L L
e MO e M b AR A AR AR bk 4

1206 CONTINUE \
C THIS EFFECTS CLOSURE OF THE SIMULATION RUN

WRIVE(7s12) L e e e e
415ttt RETURN e - .
c aaat e et o e i e @ wan
T T TETE T Chbskkdokdh bk ok bk kR ok R kR AR iR R R Rk T
c
——— e ~ enp c o< o+ - e e e . . .

7T 45000B°CH STORAGE USED ™7 ™ 15.561 SECONDS -~ =*~  w=m ot om0 : o om o

CTLMSFS2
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SUBROUTINE CONTRL  73/172 1% . o= s BTN keb#452 05/18/79 13.52.38 PAGE 1

SUBROUTINE CONTRL(ISW)

¢
C THIS CONDUCTS THE HLS SIHULATION THROUGH A

* C RHSE VSe THETA SEP. N ) . ' ) -
G

e meaere el - - EAL LAMDA " - - be ee e buea ewaet et s wErm s =t = s em . P

INTEGER XNAMEL(2)pYNAMEL(2)9 YNAHL(2,9)
= = > INTEGER XNAME(2),YNAME(2),DATIN(4),DATOUTE4),D0UT .o : e
INTEGER TITLEL(9)»FUNCTN(2}
10t t sttt " LOGICAL NOKLAN, NOLDEsNOACsKALMANs LOE» TETHRDsHOREsNFIRSTsADAPTV, =" ° o
CFILEIN,FILDUT . . L
T T COEMON/TODATA/ ISTH, IPHLS s YRCYR TADAP, ITETHRAIPOPT 77 " ™ *77mmme = mrmer o e e o o
COMHON/RCVROO/THAHAXs THAMINS TSs TR OHEGAS TF
= vtretev vt CORHON/RCVROL/NGHIN NGHAXsDELBL/NGHsIR»IAE © = - Co- T
15 COHHON/RCVROZ/RHOHAXs DTHOs TORD, BO, WSCOs NSO (415 NGO 4)
©0m e ee v COMMON/RCVRO3/PISF(82B)FL25(4)s FSANPsKs KMy TETHRDS NGa NSy JH Cos
COMMON/RCVROA/DELT,EDIB),G6QGT{8,8)»H{5,8), ICOURT, SIGNA
Tome s s = cs COMMON/RCVROS/NOLDEs NGKLMNS NOAC, GAHAES (3))ROIAGIS),PHDIAG(H) "=~ = = rmwwmrwmrmemss oo oo
COHRON/RCVROG/ PPOIAG(E) sRHAT (5550 PHL(5,5))PALSs8)5LAMDALS) {
20 -~ - * COKKON/RCVROT/T(130),V(130) '
COMMON/RCVROB/XSLOE (8)s ESLOE{8),ES(B)
= e em o em e e - COKMON/RCVRO9/BRCVRsBBs POCRITSCC - - T s e
CORMON/RCVR10/XSL(8) s XS(8)
Tt s esssse o COMHON/MLSOO0D/ALFA, THEs THEDDT, ALFAR, THR» THRDOT,BpWSC =~ ~ 77 @~ == === ===
25 COMMON/HLSO0L/CSNRTs CSNRF» DSNRDB,RHOs BETAs FSCs LGHAX
s e so= = < COMHON/BLS002/DCSNRy CSNRy LGy TPKT, TPKF RN
COMMON/NLS003/FLIOAE(4)2)sFL10(4) sDELTAT{2),X0(8, 215 Y0452}
mermmememe = = mee s COKMON/KLS004/BHLS, BBB MTINES s MSET) MORE . Thormmm s e .
) DIMENSION X(8), THESER(115),XDATUN(115}, EEME(13),EERN(13) .
©3Q - s o= OIRENSION IDNRS(6)s IDASCIC20)»IDENTS(6)»EEST(13), TTCACL3I, YYAL(L3) ~ 7 m 77 mmnmomss e e om0 e o
DIHENSION YYHA(13)
emes o= - -~ — DIMENSION TSEP(13) =+ - - - -- < I .
DIMENSION EEAEA(13,9),EERHS (1359)s EESTD (13,9)
ser e s e -DIHENSTON EMEAN(9) 2 EMSTO) 2 ERHS(9)2ESDU9) © = =r0 s= = meeen o mmoeomee o e
35 EQUIVALENCE (EEME(l);EEHEA(I:Z)}:(EERH(II:EERHS(I;Z)l: ’
e by ——— el --—---*‘EEST[l)’EESTD(1’2,’ F o arwn runonen vetea s e uw Afmm= 4 mmaee Rt e o aErsm o
EQUIVALENCE{THERR,ES (2]}
mv o= - mmmm— ——EQUIVALENCE (ALFA»X{11)s (ISIMs IONRS(1))»(DOUT»DATOUT (2)) Tt e
DATA YRANL/BHALF RHSE,8H #BHTHE RMSE»BHDEGREES »
- %0 -- - —-m— - --#BHYOT RMSEPBHDEG/SEC »9HALR RMSE»8H # BHTHR RMSE» - - - T
*OHDEGREES ,BHTRO RMSE,8HDEG/SEC ,GHBET RMSE,BHDEGREES »
s -ome o eemeee KBHFSC RMSEsBH * HZ »BHFSCORHSEs8H HIZ/SEC 7° T e e e
DATA ABORT/1HA/sSPACE/LH /sNFEIRST/. FALSE.I;ADAPTV!.TRUE.
Coe s~ - DATA DATIN/LOHHLSS IHDATAs10H200000F000, 240/ : -
43 DATA DATOUT/LOHMLSSIHOATA,3%0/ _
== - = -~ DATA IDASCI/THCROSSHP,THRHSE(T)s7HRHSE (B THRHSE(F),TH o ‘
#BH PHLS1 ,8H PHLSZ ,
wo e = s === 48K PHLS3 —504 THRHLD »8H OPTIHL »8H SUBOPT ,8H =3 DB »BHADAPTIV ,° ' «v"-wwwwwoess o o
*GHNONADAP sBHUNTETHRDBHTETHEREDs2H ,8H POPT1 ,8H POPT2
50 : *8H POPTY - /
DATA NSTART/3/, IRSIGN/1/5KSTART/11/s TSEPQ/=oT5/,0TSEP 425/, FILEIN
=c o+ - K/GFALSEW/sFILOUT/LTRUE. / e
: DATA TITLEL/SH ALFA »6H THETAs6HTHEDOT6H ALFARsGHTHETARs6HTHRDDT _
e e e s e CGBHT B Tp6HTUSC s GHESCOOT/ T T T e s
55 DATA XNAME/BH BETA s8HDEGREES /,YNAME/@HTHES ERR,BHDEGREES /
- - » = DATA XNAHEL/BHTHETASEP, BHDEGREES / ' - e
DATA FUNCTN/THAZINUTHa THELEVAT 4/
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SUDROUTINE CONTRL 737172 TS
<
' G0 TO (100,200,300, ’100’500;600-700:800}900:1000»1100:1200))ISH
60 1 FORHATCLH )

10 FORHAT (9¢/})
L1 _FORHAT {(1H1}

¢ .
c#t##i*t*t####ttt#tti#t*lt‘##*#t##tttttttt#tt#t*#t*ttlt#tt#ttttitttti*
LH]
100 CONTINUE
C THIS IDENTIFIES THE SCENARIO AND REINITIALIZES, AS NECESSARY, -
CTHE FOLLOWING RECEIVER PARAMETERS
CSIGHAs IAE,OSHRDBsRHOpFSCoBETA» JHsBHLS — & 777 © 7 7 = TeTmT Tt
70 IF{NFIRST) GO TO 155
: NOAC=.TRUE, o
NFIRST=4TRUE,

- — e g - s ECLLY ELLIE JBNAH-JDBNAHE(I, v - m-.‘. s s aa s s om " - - - - - - - - .

I5IH=2

F5 v mem s e - THODeZ - st ot ws o me awmn rememar s momm emems W errm e e maw e

WRITE (7»310) ,
T "7 110 FORMAT(25HIRMSE VSe THESEP SCEMARIO/Y ™ i
CALL LOGID(6HFILEINSFILEIN,O)
) Tt T IF (oNOTHFILEINY NSTART=0 = 700 = =
8¢ IF(.NDTLFILEIN} 60 TO 122 .
T T T e X LATTACH(GLTAPELS S DATINY ) T ’ ttroomr e
IF(IXeNE2Q) CALL INTIUIbHIX(AT):IX;l:U

TToTTTTmT T 7t IF{IXeNEGQ) STOP#INPUT FILE ATTACH NDT SATISFACTORYA -~ mom =

WRITE(T»120) (DATIN(I}»I=ls2)

FTN 4.6+432 057108479 13.5%52.38 PAGE

85 '~ " 120 ~ FORMATL23H THIS READS INPUT FILE",2A10/)" - " IR R

122 CALL LOGIOD{6HFILOUT,FILOUTSO)

NSTOP=NSTART .
CALL IRTIO{4H NSTOP,NSTOP,100,0)" - -
90 CALL LOGID(SHTETHRD,TETHRDs0)

- " IF{IRCVR.EQs1)} GO TO 125 T o ) N

CALL LOGIO(GHADAPTV, ADAPTYV,0) o
TR TTTUTT 125U CONTINUE mm——— e
IF(TETHRD) ITETHR=2
IF(ADAPTV)~GD TO 135 - ~  ~—==—= = - e -
IRSIGNsw]
- Y
135  CONTINUE' :

-9y < - - ==

CALL INTIO(6HNSTARTsNSTART, 100200~ " "7 " 77 ° ' = 7 «mrmrmmm s e mems e

m e B4 Im2y 6 T — Ce e s s wmemn % e e e e m ne 0

100 TASCe3#(I=1) ¢IONRS(E}42
sreotormooceec IDENTS(1)aIOASCI(IASC) AR
145  CONTINUE
ENCODE (8,150, IDENTS (1)1 1DASCI(ISiHI»IHOD

150  FORHAT(AT,I1) o
1057 Um0 =T WRITE (751520 IDNRSFIMOD T v oen cesmowos g

152 FORMAT (1H #6I1,1X,11/)

“ WRITE (7,133) IDENTS e
153 FORHAT (1H »4A8)
: CALL INTIO(6H LGHAX,L6HAX,13,0) ===~~~

110 CALL INTIO(6H  KHMyKHp115,0}

oottt T CALL REALJIOCAH TSEPORTSEPDsQ) ' m— wimmmmmeoms womemowee o m meim mme e

CALL REALIO(4H OTSEP,ODTSEP»Q)
Tt T KSTARTsHINOUKMp KSTART) - - ~= - — - =" rm o -
Do 15‘! I'lsLGHAX

dd i e N A el = e = [ P

CTLMSTH2
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"“SUBROUTINE CONTRL 734172 TS o s o " FTN 4u64452.° T 05418479 13.52.38 PAGE

115 154 TSEP(I!'TSEFG+DTSEP*(I-1}
e e KMNET#KM=KSTART+1 e r e wm e e - Cmm e e m e = e e e e e - -
. FSCMIN=1. I(DELTATIIAE)*KHNET)
- T T T ORRUN=HSTARY-1C cTenommormomrmomomem o m e ) oo
DSNROB»Z0.

T T = b e T T T R T
BETA=45,
— T T T €1 L T I LI e .
BHLSul,
ceam e s —— = s BROVRSLe =7 "M e s e e i e = 4 e o C e s = —
125 155  CONTINUE .
e e e ST d TECETLELN] GOT{ “I5@ e =t rorssmtom i i s ik« i mes Ml MM dlinl s e s e am e Cne s o

NRUN=NRUN+1
om o mmmemmsee— = - WRITE(TS LYY i TR TR e mermm e mes vt vt ot - - v
CALL INTIO(6H NRUN,NRUNs1,1)
- 130 ——— oy — i | o e oy . CALL REALIO(6HDSNRDB’DSNRDB’°’ N R MW WYY AR R AML atEm W M - rama m— e . au A - [ TR l-. - - A b mevma
CALL REALIO(&H RHO, RHO, 0} ‘
SOVRPROSUOUDQURIN-4 oyl 1 5 e v O A U
CALL INTIOC(6H IFS,IFS,10050) /
wme e e ooem GALL REALIO(SH BHLS»BHLS,0) - - == == =em=mmsm s e meeeme o oo .-
135 CALL REALID(SH BRCVR»BRCVR,Q) :
e EOTE R R R Ry e e e e e
1548 CONTINUE
o eee e = READ(15,160] NRUNsDSNRDBsRHOSBETASIFSyBHLS,BRCVR™ = =77 * *= =" = oms o oo o o
IF(EDOF(15))170,165 .
——140 r— et e e e 160 — FURHAT‘ 15’3610‘ 3’ 5*,15’2610.3' - Tm o - v a4 N mEEers v - - - M e P M W e LA - " -
165 IF(NRUNLLT.NSTARY) 60 TO 158
e e --—-—-———-—-—--16?-—--—' IF‘NRUN.GE.NSTUPI HBRE-.FALSE.----W.-— BT Ty mrEmLw wAmr I smd w3 I - W AU MM R AR A& -
] FSC=IFS*FSCHIN .
e o e e 005 LAE) BROT 25 TAEJ=TSER (§Jo rom orom sommrms earammeran ¢ o e o s et e st ot 2
145 X003, TAE} =04
- - ):;:‘u AmnrE o xD‘é,IAE)-Q. B raaratE Mt as Ema s R LML AL B LR MR Ld be 8 Ml Ak A L - n - e A e e e mebm m—— - -~ -
> RETURN '
t e o rmmm s 170 - STOPMEOF REACHED-ON INPUT FILEW:: == «=== === = - - mem e s e

T e15Q e T C#**ii**‘****'**##*#******#**t*t*t*t*#*#***#**#t*t*t****t*tt#tt*t*tt#t T R

c
v =200 C-CONTINUE - - Tt T tror T s e e
C THIS OQUTPUTS BASIC SIHULATION DATA GF INTEREST: SUCH AS
: = ™ CTHE ANGLE FUNCTION, INITIAL STATEs, ETC. - - . STt o m T
155 WRITE{T,210) NRUN,DSNROBsRHO,BETA,IFS,BHLS»BRCVR
w2107 FORMAT(SHORRUNS 12Xs SHOSHRDB 16X 3HRHO» LOXy 4HBETA 16X 4HIFSCoLoX, """ ~ 77 rmosmmommr mm mmmms
*4HBHLSJL5K:5HBRCVR11H0:14:3(10)(:610-3!1123(1I5s3)h
e e e ror e s e K2 (10K 610.3) ) T hase v rrhomontromy mew o mmme s
IF(.NOT.FILOUT) GOTD 245
=160 -+ —ewmmen s o= JE{NRUNGLES9) ENCODE{10,220,00UT) "IDNRS 1HU» INDD» LHOHNRUN * = - - = == =ro=m moees =
220 FORMAT(6I12A1,11,A1511}
e e e = IFNRUNGGE S 10) ENCODE(LO,230,D0UTY TONRSsIHUs IMOD,HRUN™ -~ =0 0 r 0 wosmmmmessemmnmes om0 v o
230 FORMAT(6I1,41,11,121 ’
: =~ IXsIREGST(G6LTAPELT,»3L%PF) N et : -
165 IF(IX.NEsO) CALL INTIDtﬁHIXtROhIK:l-I)
A - * IF{IX+NE+O) STOPEDUTPUT FILE REQUEST NOT SATISFACTDRVI'
WRITE(75240) (OATOUT(I),I=l,2)
e oo e s - 240 - FORHAT(25HOTHIS ‘WRITES DUTPUT FILE"';ZAIO)"“’“""" TrorTomommomeam e T ormmm o s
2435 CALL DATE(TODAY)
-1re - - . * WRITE (7,230} FUNCTN (IAE)},IAE ‘ ' -
250 FURHAT (1HOp AT 15H FUNCTIGN (IAE':Ilan)l

P — me mmem e e bbb mem ————n e - [ P [N P - . S - =

CTLMSTHZ
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SUBROUTINE CONTRL 73/172 TS " FTN 4464452

mm L vmn s osaes om a2 ea s [ — - - P . e o e e 1 4 [ T S PO I

WRITE {T»260) ({IsX(I}},1u,8)
ST Tt 260 FORMAT (LSHOINITIAL STATEL//(3H X(sIlsdH) = ,G1l3,6}}) i
WRITE{T2270) 1DENTS(2)

175 - 270 FORKAT(1HO»AT7}
e e ww o .. RETURN - : N
Chrmkbkirbdbdkkbbdbkrdk bk bk kbkphrpkkpdbdbhdnpkieibhbbd ik kk bbbk kk
- ! : ! AR
180 300 CONTINUE

" € THIS IDENTIFIES THE BASIC RECEIVER STRUCTURE {(THRHLO,OPT»SUBOPT)
CAND REINITIALIZES, AS NECESSARY, THE FOLLOWING RCVR DATA
ToTTmTT 7Y CYIR (HEGATE ONLY)» NOACSNOKLMNsNOLOE,BRCVR,DELAL,TETHRD TremoeTTmm
ITIT=MINO{IRCVR,2)

185
! C NEGATE IR WITH THE FOLLDHING FDR NUNADAPTIVE RECEIVER
T IR=ISIGN{IR,IRSIGN)
C
- T T "
190 ¢ )
CHEERRRRTRRAR AR R ARk kR ARk R bR KRR kbbb At bbb bbbk
¢ .
400 CONTINUE
C THIS OUTPUTS BASIC RECEIVER DATA OF INTEREST
195 °° o "7 WRITE(72410) (IDENTS{L)sIwds&)sIRsNGHHNS ~ )
410 FORHAT (LHO»A8 4HRCVR/LHO,ABs6HDESIGN/SH (IR®p12,4H,NGus 11y
R 4HsNS=p ITs1H)) © ° T
WRITE(7,420) (IDENTS(I):I'5'6) .
ST T 420 T FORMAT(LHO, AB/1HOSATZY ™ Srormrmroom ot v ”
L BO0 . RETURN e e - .
C**t*##t*###i*#t*##t*#*t**##t**tt##tt#t*tt#*##*tt#ttt#t##i*t*#*i*ttht*
. e e c ) i .
500 CONTINUE
205" "7 T £ THIS SETS=UP THE MSET~LOQP- = = ==t @ === wnwwwer ene -
ICOUNT=0
TTTE T TR T T TR0 5100 Te)pLGMAX T TR T mTRemn s e 2 emmemen om0 e
YYMI{Il)wl,.E322
I S = B1Q S YYMA({I)mwlaE322 <7 vrmoTTrotmmomtTmmr cms s amem
210 RETURN ’
ct#*“*#t*#*##*##*#t**t*####**#*#*#t##****##*ti#t#t*t**#t#tt#t**t###i*
SN N SR AR ARG A b p
40Q CONTINUE .
2Ll e O THES SETS~UPTHE LG={00P FOR™THE (MSET)}~TH SERIES OF SETS ) -
RETURN .
. c#*#tttt#*‘**#*#*#t#tt##*#i*###t*tt*t#t*it*####t###t#‘t*t#tl*##ltttt**
S0 VI, < AR Al
220 700 CONTINUE R
: - C THIS SETS-UP THE K«LDOP FOR THE (LG}=TH SET OF KM SCANS
X{5)=X{2)=-TSEP{LG}
. . K(T)WXO(TSIAE) rmre < = v won smmommmmen oy
DUH=GAUSS (1.0} e
TgelT T o 7T T QALL INTIOUOH T HRUNs NRUNsZpl) ~—— ormm o o v =i oo memoammornm o om 0T i

WRITELT2705) LGsTSEP(LG)#X(5)
" . - 705 FBRHAT(IHI»&K;BHLG-:IZ:5X;7HTHESEP':GIB.6-5X:5Hx(5)-;613-6!l
CALL INTIO(6H KMaKHs121)

‘05718479
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SUBROUTINE COWTRL®

737172 ¥S ot T -

HRITE{7,710} (TITLEl!Il:I 1,N8)

FIN 4464452

- 05/18/79 13.52.38

PAGE 5

tt230 " 7 Tt710 - FORMATIGHD Ks4XsSHCSHRT » X2 SHATY * 5 9(3X2A652X1) 4 - T T T T
DO 712 I=1sNS ‘
- - EMEAN(I)=0. - =~ e s s e s
712 EHMS(I)=0, et ormm e e e om cera -
n e mmm et o emam o m LASTC aQ - e e e e i 4 o e e e
235 ICOUNT=O
- DO 730 IPARLpNS = = «=rem =roeme oo - em e e e  —— e
DO 720 JPAsLsNS
T e e PALIPASJPA}®Qy =~ == = m smammmon ooes e - - - -
720  CONTINUE o _
= 24Q T30 T CONTIRUE = — =7 = rrrmm T S moemsosiomnmn sl em o somoos S c o meds S Amemmao e s st et
RETURN
—— _— . .
cnuuuuutunwuuunuﬂ*u#unﬂ#uﬂ#uuuunntuuﬂ*n
- e g = SR A .. - . .
245 800 CONVINUE
Tttt o THIS INITIALIZES THE KeTH SCANT™ - "= ~mm mommsm mom oo o T e -
SEP=SPACE I
. e e e e - RETURN - - =- o s A P . -
c .
Tn 280 v SR L L L R L L e e T s T ET e L L LR e e
c
—tma rwerm ma s nees qoo CUNTINUE e - - . - - - L Y . - - W MEs f 4 rs 2T on WRer werer dtreme o w
C THIS SAVES/PREPROCESSES DATA FRUM THE K=TH scaN
= == == = evs = IF{ICOUNT«NE«LASTCT) SEP=ABORT -- - = - -
255 DO 905 Is=1sNS
*om e Q8 = ES (I )uX (1) ~XS(10" - - LI e -—— e - e
. IF(NSGE«T} ES{71=ABS{X(7)1=ABS{XS{T}H)
e e s e — [EANS oGE48) ES(B)mABS(X{8))=ABS (XSG oy mrmoeaes gavmoswme wws o semen e mues s ems s o .- -
BETTA=(18Q4/PLI¥X(7]
- 260 - -mmm—— - COLB=THERR - . re el e T B - - me—.
IF {IRCVR «NEes 1) CELB-SQRT(PPOIAG(ZIl
- - -w=—— - -+ IF (IRCVR +EQe 1} CALL DFLTRI(COL8,THERRsFL10) SRR R
IF((NRUN.EQ.NSTART-AND LG EQu1)sORe(KJEQaKHI} 6OTO 906
. J NV 60 TD 950  -- e ——
265 906 WRITEL(7,910) K:CSNRT;(XtI):I 1,H5)
. = w-rer 910 -~FORMAT(3HO »X352XsGl0e3»5H X= '32X,9(610.351XH) - -
WRITE(7,920) (XS{I}sI=1sNS}
s - == 920 -~ FORMAT(18X»5H X5» »,2X;9{610.3,1X)) - ~ e ’ - -
WRITE{T,930) (ES(L)sInlsNS)
Sm270 -t —~e= - - G307 FORMATOLEX,5H ES® »2Xp9{G1l043,1%) ) w —— =r=m v ooomms - Sal S e——— e
IF(IRCVRGEQ.L) WRITE(T,»940) COLS
. - - © 940 ~ FORMATLOX»LSHUNFILT. ES(2}= 213Xp561043) - — - -~ -
950  XDATUH{K}=BETTA
mmeem e s =< THESER(K)STHERR "= == sr == =wre = o 0 e oo sean = s e o e
275 LASTCT=ICOUNT
s s e memnm s TEUR G LToKSTART) "RETURN s s mvmm oo oy vosms o i e e
DD 960 I=i,NS
L «— EMEAN(IY=EMEAN{I)J+ES(L) -~ == = === = = = -
260 EHSlI!-EHS{I)+ES(l)**Z
asu - RETURN P - s - - s an - = e o aa -
¢ .
T memeen e CHREFRiR kbt kbR R R R R SRR TR bR A bbbk kg ~ - — =~ — - .
c
1000 CONTINUE -~ - -
285 ¢ THIS SAVESIPRUCESSESIUUTPUTS DATA FROH THE (LG)=TH SET OF KN SCANS

CTLMSTH2
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SUBROUTINE CONTRL "T¥IILTR- TST t ' . . FTN 4.6+452 O5/716/79 13.52.38 PAGE -]

b mtama . . T . e . - a4 ba arm oam W s v oo . . av aweaw . A ALkt E Aem— MEmA ed mmmbH ms H AL L A b

79V

DO 1005 Isl,NS
T T EMEAN{L)=EHEAN{I}/KMNET v Lo . T
EMS{I)=EMS(I}/KHNET '
ERHS(I)=SCQRY(ENSII))
ESD(I1=SQRT{EHS (1)~ EHEAN(I)*‘Z) . o . e e e me e e e e v ——
- 1005 "CONTEINUE  ~ )
XWsICOUNT R
- YT TCDUNT=100«*XW/KM - o o . T tooTmommnom T
WRITE{7,1009}) ] o
T 295 . 1009 FORKAT(3(/)) STt T Tt
WRITE(721010 )KKNET e e -
T T 1010 FORHAT(5X,26HERROR SAMPLE STATISTICS: (,I3,9H SAHPLES))
IF(IRCVR4EQsL) WRITE (T,1015}
- - 1015 FORMAT{5X»31HTHRESHOLD RCVR (FILTERED ERROR)Y ° o
300 WRITE(751020) (TITLELI(I},I=1,N5) _
- T * 1020 FORMAT(LHO»20Xs 4HQTY »9(3XsA6s2X)F - — ° T ; ettt ot
. WRITE(T7,1030) {EMEANCI),1=1,N5) e -
e e " 1030 FORMAT{1HQ,16X» BHEMEAN = 39(G6Ll043»1X¥) " =~ ~°= =~ =
WRITE(7s1040)C(ERHS(I) s Iu1ypNS)
* 305 “ " 1040 FORMAT{18X,7HERHS = s9{G10.3,1%))
WRITE(T»1050)}{ESDLII)»IvlsNS}
© 1050 FORMAT(19Xs8HESD = »9(61043,1%3) °
IF{IRCVRGEQ. LI NRITELT»1060)TCOUNT . e e
tTTTTTTT T 1060 CFORMAT(//LH »4XsFT742522H% DF SCANS ARE ABORTED) - "
310 IF(IRCVRaNEQLYWRITE(TS10701(GAGTIII)pIn1sNS)
T TTTTTT T 1070 FORHAT(S(/7104X35H ON LAST SCANp DIAGORAL DF GQ6T WAS/26X ° - - oot o
C9(610+,3,1X)}) ’ )
vee e e e . 00 1071 I=1,N§ . - P . e e e e s e e
. EEHEALLG; X)mEMEAN(I} e
" 315 oo © EERMS(LG,I}=ERHS(I) -~ <~ = ™mmomrmmermemsr e =m0 T
1071 EESTD(LGs»I)=ESD(I)
- ‘D0 1072 Isl,KM . T mme mmees - - : o e
YYHI(LG)-AHINI!THESER(I),YYHIILG!) ;
s 1072~ YYMACLG) wAMAXI(VHESER{I)» YYHA(LG)) = - - " o Vo o
320 TTCO(LG)=TCOUNT . . e
T s e T IF(LGeNEel) RETURN' ==~ =7 ‘=ommmss oom =m0 sbmes eem
YHIN=YHAX#0,
- - - © WRITE(7;11)° - - . . T
CALL PLDTR(XDATUH:THESER’KH:XNAHEpYNAHEuYHIN:YHAX,OI
325 vt RETURN *
¢

-

290

el atala W 1 T 2T TR 2 TR 2 E 22T g b T e T ST e Y TSI e s YLy Py e v Y] T rTorTEST o mmmmmmmier Tem
c
wwmewwe 21200 LONTINUE = <= - I . e e e e
330 C THLS SAVESIPRDCESSESIDUTPUTS DATA FROH THE (HSET)-TH SERIES Of
- P om =<~ CLGHMAX SETS OF KHM. SCANS -
WRITE(7s11} e L
TTommmm ot ot T CALL INTIO(G6H  NRUNSNRUN 121) TTomommmrs mmrrromoomorm oo , o
WRITE(T7,1110) 6HTHESEP;iTITLEl(I);I-l.NSl
335 ©o 1110 FORMAT(LHO,20X» 3HQTY »9(3XsA6p2X0) * - - T T
WRITE{T,1120)TSEP{L)s{EEHEA(LsL1),Lul NS}
- 1120 FORMAT{1HO» TX,»THENEANI »9(Gl0.3,1X1)- '~ =~ ) T
GO0 1130 Je2,LGHAX e e e
Soorm o T 11300 WRITE(7,1161) TSEP(L I (EEMEA(Js TN IulyNS) - = mm m @ mm o mem mm B T
340 WRITE(T»1140)VSEP{L)y (EERNS (1o} I=2sNS)
- 1140 FORMAT(1HO»" 8X, 6HERMST #9(G10e351X)) = ' = : *
00 1150 Je2, LGHAX

. £1 m e apmeaae o w e aam . ke e g eae . . . s

. CTLMSTH2
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SUBROUTINE CONTRL

345

11465

734172 TS

T T T 1161 T FORMAT (LXK, 9161032 1K) )

AR -1 B
s os e emene e 1170

355
Y XA

e == 1176

11 S 31175 WRITE{7»1282) EEHE(LGN)sEERK{LGN)EESTILGH)»TTCO(LGN]),YYMI{LGN) ™

WRITE(721172)

IF (+NOT.FILGUT) GOTOD 1199

WRITE{7,11)
WRITE{7,1170}
"FORMAT(I3H OUTPUT FILE ,2A10,1Ht/)
BOUT, DELTsMTIMESALGHAX KM TODAY s JBNAH
T Tt Tt = 11727 FORMAT{LH '»AL0»8X»Gl346,5%»3(5XsX3210%1A10,8X,A207)°

{DATOUT{I}sIm1,2)

WRITE(T,1174) IDENTS,KSTART
FORMAT(LIH ,6(1X»A8,9X1,6X,13/)

1150 WRITE(T7,1161) TSEP(JIs(EERHS(JsI),In1sNS)

WRITE(7, 11600 TSEP{L)L (EESTD(1sL)sIm1sNS)
1160 FORMAT{LIHO, 8X,6HESTD? ,9(61043,1X})
DD 1165 J=2,LGHAX
HRITE(7,1161) TSEP(JIA(EESTO(JsT)2Inl N5

FTN 446+402

[

FORHATILH »5XsI2,6X»6(5%261346)7) ~°

DD 1175 LGH=l,LGHAX

EYYRALLGRI»TSEP(LGN)» LGN

- -1isz -

363

1190 WRITE{L1T) EEHE{LGN)’EERH(LGH):EEST(LGN):TTCD(LGN)nYYHI(LGN)n
= #YYHRA{LGN}, TSEP{LGN)»LCN .

R 1 R

-1195

1196
- 330———-—--_._ “ -

1198

FORMATIIH »7{G1l3e6s5X}is15) °

.

WRITE(17) DDUT;DELTpHTIHES:LGHAK:KHJTDDAY:JBNAH

WRITE(17) IDENTS,KSTARY

WRITE(LYV) NRUN;DSHRDB,RHU;BETA;FSC:BHLSJBRCVR

DD 1190 LGN=L,LGHMAX

IXeITATTACH(OLTAPEZ20,DATOUT)
IFIIX.NE.D} GO TO 119% *

READ(20}) DUH;DUH:IDUH:IDUH:IDUH;DUH:IDUH .

" CALL RETURN{SLTAPEZO} "™ =" =
REWIND 17

GO 7O 1196
CALL RETURMISLTAPE2D) - -
REWIND LY

IF{IXeNEWD}

P,

WRITE{7»1176} NRUN:DSNRDB;RHD:BETA:FSC:BHLS;BRCVR

R IK-ICATALD(6LTAPE17;DATOUT:ZLPH;BRHIGHFILL:ZLRP:365) T

LE{IXaNEJO) STOPAOUTPUT FILE CATALDG NOT SATISFACTORY#

CALL RETURN{GLTAPELT)

WRITE (7,1198)

(DATOUT(I)»I=1ps2) "

FORMAT{13HOOUTPUT FILE ’ZAIO:BBH IS HRITTEN’ CATALUGED AND CLGSED)

wormem memmmm1199° CONTINUE ™

383

390 = m e

1161
395

DO 1103 I'l:NS
*FACTOR=1, -~ v

IF(1+EQa7) FACTOR=180./PI

JF{T«EQeB8) FACTOR=,5/PI ™
IF{I+EQe9) FkCTﬂR-.SIPI
YHINwQ e o o
YHAX=O.

DO 1101 LG1=1,LGHAX
EEHE(LGL)~EERMS(LGL,I1¥FAC
YNAHEL(L)wYNAHL({1,1I} !
YNAHEl‘Zl'YNAHl(Z}I)
KLsMOD(Is2)
IF{K1+EQaLIWRITE{T»11)

IFtKl-EQ.O) HRITE‘?;lO)

TDR

"IF(K1.EQa1) CALL INTIO(&H -NRUNsNRUN,1,1}

'"IX'ICATALD(6LTAPE17.DATBUT:ZLXR-8RHIGHFILL;2LRP,365} T
CALL INTID(SHIX{CA},»IXs1,1})

Q27LBITT 13,0430

PAGE T

CTLMSTH2
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SUBROUTINE CONMTRL 737172 T35 ' o T FTH #.6+452 © 05718779 13.52.36 PAGE 8

CALL PLDTﬁ(TSEP:EEHE: LGHAX XNAREL) YNANEL) YHINS YHAX, 0)

- Tt ot vttt 1103 CONTINUE Tt A T - "
RETURN :
.. c . . .. - e e e — e .
AT  E TR I R T ey R P e Ly T e e T T T L E R T T S T I

— 4gs ¢ e G
. 1200 CONTINUE i

Tt mem ottt COTHES EFFECTS CLOSURE DF THE SIMULATION RUN ~° =7=77" "ror wr=r w= = =omrmsn on o o
RETURN |

. ¢ . . . \ e et e mr met e man Cim e -
410 R e L Yy ey Y e e
b n e e MRS ARAN L e mrn e n R R . e mnat mam vvmn e T mr te o o— e vt o e
END . .
45000B CH STORAGE USED 124547 SECONDS e e e e e

O~V

. CTLMSTHZ2
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SUBROUTINE CONTRL ~©

B R Tormem ™t INTEGER FUNCTN(2)Y ooy

SUERDUTINE“CUNTP.L( ISH}

73/172 TS T o FTN 446+452 Q57171479

17+25454 PAGE

THIS CONDUCTS THE HLS SIMULATION THROUGH A

[

T TTTTTLOMMOR/IOO0ATA/LSIN, IPHLS, IRCVR, TADAP, ITETHR, IPOPT T

STUDY OF LOE PERFORKANCE ’ R T T T
TH.I.S VERS[DN INVESI’IGATES THE ERRUR PERFORHANCE

REAL LAHDA )
REAL E{2),TEL2)sHSE "~ ™ - Cee s o
LOGICAL NUKLMN» NOLOLs NDAC,KALMANs LUEs YETHROs HORES NFIRST» ADAPTY

REAL Xnal2)sYHALZ) U S
COMMON/RCVROG/ THAMAXs THAMINS TS5 TR2 DHEGAS TF

COMMUN/RCVRDL/NGHINS NGHAX»DELBLSNGH, IR, IAE . o -
COMMON/ACVRO2/RHOMAX, DTHO, TORG,BO,WSCO, NSOC 4} NGD{4)

weemt COMHON/RCVRO3/P I FLB,B)3FL25(5) s FSANP Ko KM TETHRD A NG RS5 4N ™ 777 T mrTT

COMMON/RCVRO4/DELTHEQ(B) s GAGT{8sB)sH{5)B), ICOUNTSSIGHA .
*CORHON/RCVROS /NOLOEs ROKLMNsNOAC » GAHAES (5, RDIAGS ) »PHOTAG(G) ™ ™
COMNON/RCVROG/PPDIAG (B}, RHATES555) s PHI(5,5)sPAL8,8)  LANDALS) !
COMHON/RCVRQT/TIL30),¥(130) T oo o
COMMON/RCVROB/XSLOE(B),ESLOECBIES(8)

CORMON/RCYROG/BREVR B8 POCRITSCC " oo T
COMBMON/RCVRLIO/ZXSLIB) » XS (B} ) . L
COMMDN/HLSGOG/ALFAs THE» THEDOT) ALFAR» THRs THRDOT B WSC

COMMUN/HLS001/CSNRTs CSNRF,DSHRDB,RHOYBETA, FSCr LGMAX

"COMMON/HLSCOZ/DCSHRHCSHR LG TPKT, TPKE - o

COHMON/MLSOO3/FLIGAE(4»2) o FL1OUA IS DELTATIZ2) o XD( 8220 Y04, 2}

T T CBHNOR/MLS004/BMLS,BBBA T IMESS HSET» HORE - o ommormm et -

DIMENSION X(8),TSEP(20),BETAE(20),BULK(25, 100, BULLLS,0) XEBY _
DIHENSION DHAT(5,5) ~
DIMENSION NAMES(11)sNAMES{11),NAHEB(5)

- “T Tt TTUDIMENSION IDNRS(6)»IDASCIC(24), IDENTS(6) ~ 7 - oot ot e - !

"7 DATATIDASCI/7THCROSSHP, THRNMSE(T), THRMSE(B) ) THRHSE(F) s THACQSITN, ~ ~
¥2kTH

45

[

55 1

b - 10

11

T#§H PHLS3"
*BHNONADAP :BHUNTETHRDpEHTETHEREDJ2H
40 - e e ohgH POPT3 4 e ek .- . e e e

Com m et DATA FUNCTN/THAZIMUTH THELEVAT, 7777w e 2 mmmmemm mme o e

% 6H

T ¥ TIHAVG BHAVG,3HAVGS T

DIHENSEUN AK(501,ATE(50),PABORT(LO},PABRAXI10)

EQUIVALENCE (ALFA»X{1)),(ISIH,IDNRS(1}) coo - Tt

DATA ABORT/LHA/»SPACE/LH /2ADAPTV/WTRUE/ N
» THLOERMSEs THGENERALS BH PNLS1 »8H PHLS2

"»6H THRHLO »8H OPTIML ,8H SUBOPT ,8H =3 08

84 POPTL

JBHADAPTIV » - = ~— - -
s8H POPTZ

DATA KSTART/L1/»IRSIGN/L/,KMNET/20/

DATA TSEPHN/~Q.50/,DTSEP/0.25/
'DATA NAMES/6H ELAVGs6H EZ2AVGsS6H EIMIN, 6H E2MINs - Lootr T

* OH E1HAX, 6H EZHAX;bH E1RHSrbH E2RHSs 6HARIAVGs 6HGEQAVG)

RMSE/ " . I .o .
DATA {\J\Mtsl3HAVG:3HAUG;BHHIN;BHHINfBHHAX;BHHAX:aHRMS; IHRMS,

DATA NAMEB/OH TEAVG, 6H TEMIN;ﬁH TEHAK;E»H TERHS»2H /

“TDATATBETHIN/OQ./ : - . R

DATA XNA/JBH SCAN ,8H K /

T BATATYNAJBHT X2-X§2™38H &'t mtT omTr Trmmem s oman s ) Seeos b

T enGd TOU{10072005°30054000 50054005 7005800900, 100051100,1200) 18y~ """ wm o o

FORHAT(1H )

e EORHAT (U P == mrrmwrm o« osvem e e . - P

FORHAT {1H1)

CTLOE
‘Page 1 of
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SUBRUUTINE CON

C
FRal

C TR
CTAE

TRL | 73/172 1S

FTN 4.bt452

CONTLAUE
IS IDENTLFICS THE SCENARIO AND REINITIALIZESs AS NECESSARYs,
FULLOWING RECEIVER PARAMETERS

CSIGHMALIAE JOSNRUB, RHOs FSCrBETA» JH2BMKLS

- 65

70

- -5

80

100

14857

ily

110

120
126

7125

135

TOLASCHIR{I~LIFIONRS (D)4 T T

145

HDRE‘.FALSE.

JBNAM= JOBNAME( L)

151H=B '

1HOp 3 e ’
T OWRLTL (751100 ’ .

FURMAT {22H1LOE PERFORMANCE STUDY)

CALL INTIO (6H KMNET,KHNET,100,0)

DELBL=,01

LotAXal0 "7 - . et vt v e a e

HTIHES=20

TETHRD= s TRUE, ~~ 7 77 77 mmrmemseme s momn e 0 Tomoomrem

NOLOE= +FALSE.

NOKLMHw o TRUE & . oottt

CALL REALID (6HDSNRDB;DSNRDB;O)

CALL REALIC [(6H  RHOsRHO,0) oot
CALL REALIO {&6HTSEPHN,TSEPHN,O}

CALL  REALIO {&6H DTSEP,OTSEP,GY =77~

CALL INTIO (6H NTSEPsLGHAX»20s0)

CALL REALMG(GHBETHMINSBETHINSG) oot

CALL INTIGIGHNDBSEP,MKTIMES,20,0) .,
DBETAE=360./HTIMES - ' )
DG 120 Isl, LGHAX e .
TSEPCL)=TSEPHN+(I~1)*DTSEP

DU 126 I=1,HMTIHES

BETAE{I)=BETHIN#{I-1}*DBETAE - -

X0{3,1AE)=0;

T XO{5IIAE}=XO{2,EAE)-TSEPHN " = ~ ™ -
XO(&s LAE) w0,
BETABETMIN
FSCoise

CALL LOGIO(6HTETHRDs TETHRD,0)

L IF(IRCVRLEQWLL) 60 TO 125
CALL LOGID(&6H NOLDE,NOLDE,0) """ = == -~
CALL LOGIO(GHNDKLHNSNDKLMN,O)
TIF {NOKLKN) KSTART=1
CALL LOGIOIGHADAPTV, ADAPTV,0)

“CONTINUE - neo e
KHaKSTART+KMNET~1
CALL INTID (6HKSTARTSKSTART,1,13" """ oo T
CALL INTIO {6H KMsKHplpl)
TTEE(TETHROY TLTETHRa2  ~
IF{ADAPTV) 60 TO 135
IR51GHes] = & ==
1ADAP=3
CONTINUE ™ = - —= = ==~
DO 145 1=256

IDENTS(I)=IDASCI(IASC)
T CONTLINUE ™ ~— Tt oo

ENCODE(S,150,IDENTS(1}) IDASCIC(ISINI,IHOD

C
(R R AL L Ry Ty LYYy Y Y T It L]

05/17/79

17425454

PAGE 2

CTLOE
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SUERTUTINE CONTRL “ 737172 TS FTN 4.6+4452 Q5717479 1T7425.54 PAGE ~ 3

115 150 FORMAT(AT,11) i, )
Tttt T Tt GRITe (7,152) IDKRS,IMGD 0 T Tt Tt oo
152 FORMAT {1H s6I1,1%,11/) ° e
Tt T U UMRITE {7,153) IDENTST (T iToorer s o omoememommmommm o
153 FORMAT LAH #A8) o e oo e e w e m e e ——

I F1' RETURN
C
ST T T T T ey Py e e T e T e S e e L Lt Ll LA VT L E LT T AT T S
C e
—_ . e 00 CONTINUE - e - e m e e e e etre e o
125 C TH1S OUTPUTS DASIC SIMULATION DATA OF INTEREST» SUCH AS
Tt Tt 0 THETANGLE FUNCTION, INLTIAL STATEs ETCe
CALL DATE{TODAY)

S e s mmemsemee = WRITE (75250} FUNCTN (LAE)sIAE ™ ™~ moemmmman o er i ememm s mie s mies mmeee - - -
. 50  FORMAT CRHO»AT»15H FUNCTION (IAEw,Il,1H1) .
13T e st URITE (7,2600 (LI X(IH),IxlsB) Cm Tt STt m rm e -
260 FORMAT {15HCIMNITIAL STATEH’/(aH X(:Il;‘oH) - 1613.6)) e e e e e e e . ..
o r s 0 . RITE(7,270) IDENTS(2) © T -
270 EORAAT(1HO, A7) L T

PR mmmmmeaes e e pELHON ot R e e e s wsams s warr awrm o r oaee vom s
135 C '
TTm T onmmmme o C*""*1***"F’H‘*'I‘#4*‘********#t*#**t***#**ﬁl*i#‘*i#t*t#‘*##i*#t*t*‘tt*t#' o sTTT T Tt ot o
Tonommm e 300 SCONTLNYE "o 7 ommes mmimme e mie wen o mie - . ToTTT T m T T e o e
C THIS IDENTIFIES THE BASIC RECEIVER STRUCTURE (THRHLD’DPT’SUBUPTI
= 14G " Tt CAND REINGTIALIZES» AS NECESSARY, THE FOLLDWING RCVR DATA ~ °  ~=° ™° T omnormrm omEemot
CIR {NEGATE OKLY), NOACJNDKLHN:NULUE:BRCVR:DELBL:TETHRD
S mmmmmmsemme e o ITIT=MINGOIRCYRSZ)S 777 T T oTomE mmon s en mmnmemm s s -
-

TRt TmTRS ttT CUNEGATETIR WITH TTHE "FOLLOWING FOR NONADAPTIVE RECEIVER ~ & 777 777 7 momommommmmmmmmmsmmem s wmnme 0 o
145 IF([RS].GN.LT.DI IR*-IR .
. c e e menp e nd e e e m s e Ve ke e e e am e am e
RETURN
he e e g e o e et e e e ere e e mme em e mese e amoa s U0 SOV QMU UL
ik Sk btk Ao S b b Akt A AL S AL L LS LS
T L0 IR A A A o e = ame e e

L14) CORTINUE
-ttt ¢ THIS  QUTPUTS'BASIC RECEIVER DATA OF INTEREST = = == * ° =T s mmmmmon e
WRITE{7s410Q) (IDENTS(I)sI=3243sIRsNGsNS
2 1 e FUF’PUAT [IHU» AB» 4HRCVR/LHO, AB, OHOESIGN/SH (IRmsI254HpNGwyIl, T T "
155 * ‘IH!NS')IIJIH” .
ToTm T ormmmemm T WRITE(?)‘:ZG) {IDENTS(I)pInb,b) = or s mommmn o v = o TwoTTm o mmmmmem e e e
420 FORMAT(1HO, A6/ LHD, A?Il

.- e e e © et S SRETURN ot m e = e ¢ mmmm s s e s e o L MUV UV .-

¢
160 -~ - "C!’#*.***’H‘*****#**t*##*!#**#**l‘****l‘*****#******#*#***l**#**i**‘*#‘*v*‘ - s =" -
C
et e e = £yt EONTINUE f e = o — U
C THIS SETS=UP THE KSET-LDOP
. - [COURT=D — = - R -
165 DO 502 J=1,LOHAX
Sttt BULLELY,J)EQ, v e s mmeeeome—emseim a0 s mes o m s e
BULL(12,J)=+1,E322 . :
meee mem e St BULL (18pJImm1 EBZ2 " o Simmmmwmiemsen o s n e s s camoe s oo o s
BULL{14,J) =0,
170 © ot BULK(LYpd)mfysmrm=mr mmm m e m e S : -
BULK (165 )20+ . .

[ —— . e e e o mmmes e = b sar ome oa - .-

CTLOR
Page 3 of 7
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05/17/79 17425.54 PAGE L]

BULK(LT)Jd)m+1,E322 . .
BULK(LEsd)=t1,E322 -
BULK{19,4)x=1,E322 ‘
175 BULK(2us ) ==l,1322
PABMAX(JJ--.‘L.EBZZ - ’ . e LE T rauov e xS = o e B T T L L
BULK(2isd1%0s
BULKL22,J)%0, . o
BULK{23,J) 0, " T oo
130 BULK(24,4) =0, . N T L L i .
T T T T BULK{25sd)s0. T ot T e :
.-502 - CBNTINUE e AR A . - = - -y [T 1 T T R LY - B AL W # Bl v e m——— b d b vm— " woawr me wemE w- o=
) CALL INTIO (&HMTIMES,MTINES»1s1)
WRITE(7,510) . -
185 T 510  FORMAT({IHL,)40X,21HLGE ERROR PERFORMANCE/)
WRITE(T2511) (TSEPLI),Inl,LGHMAX) . o
511 FORMATULHU THTHESEP=p 7% 1O(1X,FLa5s2X))
WRITE(7,b12) e . T
512  FOURMAT{1HO,5HBETAI) ™~~~ P
190 RETURN

R LRI L A R Ly L I Y R Y Iy Yy Y S YISl dd]
c .- Lo M . ce .
6G0  CONTINUE oL e
“195 T C THIS S5eTS~UP THE LG=LOOP FOR THE (MSET:-TH SERIES OF SETS
BETA=BETAE(MSET} o .
XO{7,YAE}=PI¥BETA/1BQ, T ’ ! ' ' -
X(7) = X0 (75 LAE)

IF(HODIMSET,8) ¢ EQe0) " WRITE(7,511)(TSEP(I),In1sLGHAXY *~ = =~ 7 wrn o wmwr=== e
200 . RETURN

¢ - P T

G ook ok ko aok o kook b ok ok ok sk e dobok kb sk sk kok kbR bk oh ok b ok kb bk kb bk ok bk
- ¢ . TR ARV : .
7¢0 CONTLINUE
205 - € THIS SETS-UP THE X-{00P FOR THE {(LG)}=TH SET OF KM SCANS
THESEP=TSEP(L6) e e e e e e
X(5) = X{2)=THESEP -
DUN2GAUSS (1a4) ) o
* LASTCTe0 Tt :
210 TCUUNT =0
' . FL1OC4}mG, = — " = T - -
THETAV=0, N o O S
“THETHNw#13E322 =777 W7o e e e
THETHX==1,E322
215 Tt Tt THERMSa=G, e . T o
E1AVG=T,
T B2AVG=D, ~ N Tom o omm ot T - Tt =T
ElNMIns+l,E322 . e e e e i
TEZMINe# Ll E322° 7T 77T T T omenorome
220 ELMAXs=1,E322
E2HAX=~1,E322
EIRMS =0,
E2RHS»O, " ™ ™ Tt T e T -
MSE“B' o .- - & - * uLim #on o2 paw - a -
225 ' TTTELASTCT R T T T e e e e
PO 705 I=l,8
DO 705 Julyd "~ T T morme
705 PA(L,J)=U,

CTLOE
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SUBRIUTINE CONTRL 737172 TS FTH 4.6+452 Q5717479 17425.54% ’ PAGE

RETURN . . i
230 °°° c "’ . . - . .
Codor Sk ok ok Rk ok b ok A R Rk Ak ok b Ak ok ok R
¢ b R AL - - -
dug CONTINUE e e e e e e e e e e et e e e i v—————— s ——————

TTOOTTTTTTTTOTULOVHIS INLT1ALIZES THE K-TH SC.&N
235 D0 81¢ I=1,5
R 13 1Y} RDIAG(I)=1. ~ Lo
IF(TETHRD) RETURN
N s RETURH - f e e b e wmw
¢
TRA0 T TTTTT UTTTT AR AR AR R F AR AR R R AR R R AR Rk R R R AR R AR AR bbbk kb gy T T T o mam e
c
q02 CONTINUE
€ THIS SAVI:SIPREPRCICESSES DATA FROM THE K~TH SCAN

R f e e e s
245 C FOLG SHOULD BE_IN RCVR e . R
A e R D B R e i e e

XS(1I=ABS{XS(L)) . !
ST Tt T T T XS {4 ) eABS{XS(4)) ) ) )
1F{[COUNTWNELLASTCT} SEP=ABORT
T 250t TTTTT Tt THERRSX(Z)-X5(2) o
IF {IRCYRWEQs1) CALL DFLYRL (THERRsTHERRs FL10)
T e omem L ASTCTRICOUNT & ~
IF{K«LT2.KSTART) RETURN .
* - - e - CTECIY=X(1)Y=-XS5(1) R oo e - i - - - - - s e ==
<55 TE(2)=THERR
seemommm e —me s - THETAVSTHETAV4TE{Z) "' = w7 oo
. THETHN=AHINI{THETHN,TE(2))
Com T e THETHX=AHAXLI{THETME,TE(Q2)) ™ 7 07/ =7n 7 T mnemm ot me m o rnm me e mmm s e
THERMS«THERMS#( TE(Z ) **2)

T260  C TUt %~ “IF(IRCVR.EQ.1)TRETURN = *° " o : Con e s
IF ({ROIAG{1)4GTalsE~253)4AND. lRDIAG(Zi.GT.l.E-Z?BII GOTO 910
T “CALL MATOUT{BH PHI w,PHIsNGs»NGr5s1) ) e ) T
CALL MATOUT(6HRHAT wyREATsNGINGs5,1) e o
T T T Tt T CALUTHMATNULES) NG NG, 5sNGs NG NG NG, RHATSPHI,DNAT,A) ~ 7777 =7 =77 = om wwm==s mem e o
265 CALL MATOUT (6HR#PHI=,DNATSNG,NG»551)

- © "STOP #BAD MATRIX PHI® ~ =
910 CONTINUE
sewtses swesre SIGLaSQRTIRDIAGIL) ) Tm o owem e s e : erm e em
SIGReSORT(ROIAG(2})
270 TTTT STt T E(L)eTEAL/SI6LTTT
E{2)TE{2)/5162
Cee s eemmeeeeos ERAYGRERAVGHE[R) T U v Tt womrenmmess s en o - T omr s e e
EZAVG=EZAVG+E(2)
: - ocmmom s e EIMINAARINLIE(LY, EIHINY """ 777 Smoot st sem s m e sne s e
275 E2MIN=AMINL(E(2),E2HIN)
T e B AR R AMAX T (E (1), ELMAXY T T T s e e e e e e
E2NAX=ANAXL{EL2) E2KAX)
=t ot ¢ Tt U EIRHSeEIRNSH{E(1)#42) " mro o ommess e o - o T
EZRMS=E2RMS#{E(2) %42}
280 - “ < DO G20°I€ls2 "7 T Tt ot aT mmrmemseme e memm - - SR
DO 920 J=12 .

s o e r=—mgah < (SEMNSEHTE(T}RTE(JIHPHI (T, J) T s mm T e s s s s f s s St e s
RETURN )
- PR, Cm e e e e e . -
285 C*\HI*#***'I'*******#*4*##*#*t*t#*#il#**t**i**t*t***i***#*#ti*#**iii*‘#‘*t

CTLOE
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SUBROUTINE CONTRL ~~ 737172 T§ T T EFTN 4.64452 05/17/79 1725454 ~ PAGE

¢
- 1008 CONTINUE - s - LT -
G THIS SAVLS/PROCESSES/OUTPUTS DATA FROM THE (LG)=TH_SET OF KM SCANS  _  _ . _ .. . _ ... . ..
BULL({1sLGI=THETAV/RHNET
_290 . BULLUc¢sLG ) THETEN
ot T T BULLU3,LG)=THETHX
BULL{4pLGY=SQRTE{THERNS/KHNET )
BULL (L1 LG)=BULL{LL, LGI+BULLIA,LGY ~ T "
BULL(12,LG)=AMINL(BULL{LZ,LG),THETHN) i . L o
295 T YT BULL{13, LG AMAXLIBULLIL3,LG)aTHETHX) ~ - )
BULL(1AsLGYBULLL14, LG+ (THERNS/KMNETY e e e e e e e
STt T T PABORTILG)=(100.*ICOUNT /KK
PABMAX(LG]=AMAX1 (PABKAX{LG),PABORT(LG))
© IF (IRCVR«EGe1l) RETURN -
3vo BULK(L ) LGI=ELAVG/KMNET ) L
T O BULK(2,LGIoE2AVG/KENET © = = & . )
BULK(3,LGI=ELMIN :
BULK(4sLG)=E2MIN
BULK LS, LG ) =E1MAX )
395 ° BULKR{&aEG) =E2MAX T T ' )
BULKITsLG)=SQRT{ELRAS/KHNET) . .
BULK(8,LG)=SQRT (E2RNS/KHNET) " T T .
BULK(9,L6)=SART{{BULK(7,LGI#42+BULK(8,LGI*%2)/2)
BULK{IUsLG)I=SART(BULK (7o LGI+BULK(B,LG) )
3l BULK(11sLG)=SORT(HSE/KMNET) e
e BULK{15,LG)=BULK(L5,L6)+BULKELsLGY = ™ ° ; -
BULK(L16,LE) xBULKL{L6, LG)+BULKI2,LG) L .. e
BULK(L7,LG) =AMINI(BULK{LT, LG}, BULK(3LG6)Y -~ 7
i BULK(18sLG)=AKINLIBULK (18,L6)sBULK 42 LG)}
3157 ' : CT BULK(L9sLGI=AMAXL(BULK{195LG) »BULK(5,LG} )
BULK(20sLGI=AHAXLI{BULK(20,LG}BULK{bsLG}) . oL
st : BULK(2L,LG)mBULK(21s LG ) +BULK{T2LG ) 442 oo :
BULKEZZpLG)=BULK{22, LGI+BULK{BLG) $¥%2 . L
T BULK{23,LG) «BULK{23,LG)+BULK(F,LGI¥¥2 = =" = oo mr T
320 BULK{24,LG)oBULK{24s LG)+BULK{10sLG) #%2
T ' - CTTBULKA25SLG) »BULKL25 LG +BULK(LLaLG) %% 2
RETURN
- . ¢ SR . —— e - . . ¢ e mameem
ctHMHMHMHuuu#uuHuuuntuuuuH*uﬂﬂ*nnnun*t*t
125 : C - St tooome
1100 CONTINUE . ) e
TG THIS SAVES/PROCESSES/OUTPUTS DATATFROM THE "(MSET)=TH SERIES Df
_CLGHAX SETS OF KM SCANS .
o - WRITE(7,1101) BETA ™" = —7wmr-wmme—e o Tt T T
330 1101 FORKAT(1HO,F7.2) L _
T TT D0 166 lely4 oo ST - T )
WRITE (7511501 NAHEB(I)s (BULL{IsJ)sJdnlyLGHAX)

TTTTTTT TN 1150 FORMATILH S TX A6 IHR 10(1X,61043)) Tesor T T e e e

1160 CONTINUE
335 IF{IRCVREQ41} WRITE(7,1150) GHXABORT,(PABORT(J)sJulsLGHAX}
IF(IRCVR.EQ.1) RETURN .
WRITE(751203) (BULK{1sJ)sJ=lsLGHAX) T
1103 FORMATU(IH »7X>7H E1AVG=,10(1Xs62043))
T T T Tt DO 1499 T1a2,11 y
240 WRITE{7,1115) NAHES (I}, (BULK(IsJ)sJe1sLGHAX)
1115 FORHAT (LH 7X»A6s1Hes 1011X,61033)) o
1190 CONTINUE

CTLOE
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355

TTTBAYTTT TTTTT TR0

365

SUBRDUTINRE

-

- gg e -

375

385

GQGUOB CH STURAGE USED

mr = e R o i

" C THIS EFFECTS CLOSURE OF THE SIMULATION RUN °

‘12307

757172 TS FIN 4,6+45

RETURN

CJURTRL

[

1206 CONTINUE

DOl22y Iw=l,LGMAX
BULL(1l, I3 =BULLLLY, T} /HTIHES
BULLLL4, I)=SORT{BULL(L4, T}/ HTIHES)
IFUIRCYR.EQ.LY GOTG 1220
BULK(L15,1 baBULK(15, 1}/ MTIMES
BULK({1o6,I}=BULK(16,1)/HTIMES
BULK{2X,E)=SQRTIBULK{21, 1} /HTIHES)
BULK(22,1)=SQRT(BULK (22, I)/HTINES) ~ 77 = ° ° et
BULK{23,1)=SORT(BULR{Z23,1)/HTIHES)
"BULK(24,1)«SQRT(BULK{24, 1) /HTIHES} ™" ~ =7 ° 7
BULK(25,1) «S0RT(BULK{25, 1) FHTIHES)
CONTINUE® o
HRITEL7,1230)

FGRHATULHO, 9HURT ~ BETAII) - oo ot
DO 1233 Isllyla
“tIlial-lQT 7T T

1234 FORMAT(LH
1233 CONTINUE

Tp3NaAGy AEIH=,E0(1X,G1043))

2

WRITE(T»1234) NAHESIZ*III):NAHES(ILIIf(BULL(IJJ)’J *1sLGHAX)

[
R R R I T L L AR b S L L T e P T ST R P PR ST Y 3

CEILTIT9

IF(IRCVR4EOLLIWRITE(T,1234) 4HHAK 5 6HZABGRT, (PABMAX{J] »J=1sLGHAX) *

IF (IRCVR.EQ,1) GOTD 1248
TTTTT 00 1245 Ix15,2377 T
IT=1-14
ST MRITE{Ts1240) MAHESUITIGNARES(IT)»{BULK(Is J}sJdmwlsLGHAX}
1243 FOLRMAT(LH ;BX,Ah;A&’IH'n10(1!;G10-3)l
"1245 CONTINUE === ° =™
1248 CONTINUE
- T MRITEL7,511) "(TSEP(I),1I= 1’LGHAKJ T TTTm ot e
WRITE(7,1250)
"FORMAT(IHOY =77 = ' 77 ’
TFLIRCYReNE«LY WRITE(7,12603(GAGTII» 1) I21sNS)
1260 FORMAT(13H GQGT(I,I) = »GLl3.6,7[1X,613,.6)) ~""°° 7 -
RETURh
¢ - -

‘12507

C#1!1iIH"il!*1‘*4*1#****i*t#‘*'l“!***1‘*##*##‘**#*‘*Q*#**###**#***i*#t*‘**#*lr

END

TebT4 SECONDS

17425454

PAGE 7
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SUBROUTINE HLSSWB -~ 737172 78 -~ -~ =~ °~ T T TFTH 4464452

SUBROUTINE HLSSUB e e e e
" REAL LaNDA® T o o

LOGICAL NOGKLMNs NOLOEs NOAC,KALMAN, LOEs TETHRDHORE _

CUKMOR/KCVROO/ THAMAX » THAMINS TS TRs OMEGASTF e LT

CORMON/RCVROL/NGMIN, NGHAX,» DELBLsNGH, IRy IAE
TCONKON/RCVRO2/RHOMAX, DTHO, TORO, B0, WSCO, NSO {41, NGO 4)
COMMONZRCVROI/PISF{BsB8)»FL25{4) sFSAHP K> KHs TETHRDI NGNS »dH
T T TCORHON/RCVROG/DELT,ECG(B),)GAGT (8,83 pH(5, 815 ICOUNT)SIGHA
COMHON/RCVROS/NGLOE, NOKLHN, NOAC, GANAES (5 ), RDIAG{S)»PHDIAG{B)
COMMON/RCVROG/PPDIAGIB) s RHAT(S5,5)» PHILS» 5, PA{B,B)sLAHDALS)
___ COMHON/RCVROT/TLI120),VIL3G) -
T COXMON/RCYROB/XSLOE(B)»ESLOE(6B)»ES(E)
COMHOR/RCVROS/BRCVR»BBS POCRITSCC -
COMHON/RCVRI0/XSL{B),X5(8)
COMMON/HLSOGO/ALFA, THE, THEDDT» ALFARS THR ) THRDOT » B WSC
COMMON/ZHLSUOL/CSNRTSCSNRFDSNRDBSRHOSBETAS FSCs LGHAX
COMMOR/HLSUGZ2/0CSNRsCSNRy LG TPKT, TPKF

COMMUN/MLSOU3/FLIOAEC4r2) s FLIOCG) p DELTATA2)2X0(8,2)5 Y0040 2) ~

COMMON/HLSO04/BHLS ) BBB, KTIMES, HSET,HORE
C GENERAL SIMULATION: OPTIMIZATION OF MLS RECEIVERS FDR
¢ HULTIPATH ENVIRONMENTS

" DIHENSION XL{8)sINDEX{2)sY{4)sX{8)

_EQUIVALENCE (THAMAX>Y{1))s(ALFASX(1)} __

o . .
C FOLG BEGINS EXECUTABLE STATEHMENTS i
< >INS EXECUTABL ATEY — .

PEZsz #pl L » o

T TTSQ22eSCRT(4S) T T T -

C e
€ " FOLGTINITIALIZES THE DIAGDNAL OF F{B,8)" -~~~ ™~ ' =~
c
9 DO 10 sl T Tt T

Fil,11=1,

16 ™" CONTINUE "~ e T T
CALL CONTRLIL)

¢

¢ "7 FOLLOWING "COMPLETES INITIALIZATION AND COHPUTES SECONDARY
c PARAMETERS
¢

00 15 I=1,4

15  CONTINUE
D0 26 Ialp4T T TTTUC A
Y(I1}=YO(1,IAE)
20 7 "CONTINUE' T TTon o TTmm oo ome s - ) N
OREGA=~(THARAX=THAMINI /TS . .
"TUSECPD¥ 14 /ONEGA” o e
TE=TS+TR=2*THAMIN*SECPD

¢
C FOLG ARE CONSTANT PARAMETERS USED BY P

BBB«2+4/8HLS \ :

CDUM=GALUSS{1.00 " e .
ALPHA=104¥# (DSNRDB/204) )

XO{lpIAE}=ALPHA =~ = "~ 7"~ === ~=-—m & o T
ALPHAR=RHO#ALPHA

FLLOLEY«FLRIOAE (L, TAEY — 7777 mmmimm e pmme oo o me

T 55Q2eSIGMA¥SQRT (2, 77T ¢ r T eomor o momrm o m Tt

T OOS/ITITS 1641905

T PAGE T 1

MLSSIM
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PRUGRAR MLSSIN  Tasi72 -TS FIN 4.64452 05/17/79

PROGRAM HLSSIH(lNPUTnDUTPUT'TAPElO'INPUT;TAPEIZ:TAPE15J

"HTAPET= DUTPUT:TAPEIT:TAPEZO) -
REAL LAMDA

LUGICAL NUKLHNy NOLOE,NOAC,KALKMAR, LOE, TETHRD» HORE
COHMON /7IDDATA/IONRS(S)
CORKON/RCVROO/ THAHAX ) THAHINS T5» TRy OHEGA» TF
COMMON/RCVROI/NGHINSNGMAX,»DELBL,NGH» IR» IAE
CUMHBR/RCVRO2/RHOHAX, DTHO» TORO, B0, WSCO» NSOL4) NGO (4)
CORNON/RCVROISPISF(BsB)sFLR2S(4Y s FSANPIKsKHs TETHRD s NG HS» JH

16,1%.05 PAGE 1

- - TTTT T COHMON/RCVRO4/DELTSEO(B),GRGT(B,8),H(5,8) ICOUNT,SIGHA TooTr T TTmmrm e e

COMMON/RCYROS/NOLDENOKLHN, NOAC, GANAES(51,ROIAG(5),PHOIAG(S)
COMMON/RCVROT/T (130}, V(130
" COMMON/RCVROB/XSLOE(B),ESLDE(B),ES(B} ) .
15 COMNON/RCVRO9/BRCVR, BBy PDCRIT,CC

CGHMUNIMLSOOOJALFApTHE;THEDDT:ALFAR:THR;THRDUT:B:HSC

T oo . COMKON/HLSOOL/CSNRT, CSNRF2OSHRDB P RHOSBETAL FSCoLOHAY ™ oo

COMMON/MLSO002/DCSHRACSNR LG TPKT TPKF
20 * ° c " COMMON/MLSOO03/FL1QAE(4,2)»FL10C4)DELTAT{2)pX0(852},Y0{4,2)
CDMHONIHLSOO&IBMLS;BBB;HTIHES:HSET;HDRE
C s
1c CONTIRUE
) CALL MLSSU® swweema wa s B L eE . - . e e e e
25 IF (MORE) GD TD 10

T TN S 111 . v e ma mmemem em s 4 . - . - -

END

410008 CH ST&RAGE USED + 134 SECONDS

COMHON/RCVROG/PPOLIAG(B) s RHAT (5,5 PHI(B,5), PALB, B, LAKDA(S)Y ~7 7 "7 77 777 777

COMHON/RCVR1G/X51(B),X51(8)" T - T ToTrTn o T

MLSSIM
Page 2 of 8
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FUNCTIDN THA

_ FUNCTIDN TRALT)

FTH 4464452 05/17/79 "16419,05

73/172 T8

PAGE 1

e NP . .
c THIS COMPUTES THE ANTENNA SCAN ANGLE AT LOCAL SCAN TIME T. .
- C THE PARAHETERS OF THE SCAN WAVEFORM,HENCE THE IDENTITY OF
e c . THE ANGLE FUCTION,ARE PASSED THROUGH COMKON AND ARE DEFINED | T
TTTTOTTTE Tt T T OAS FOLLOWS!
c IR=TIKE BETWEEN TRAVERSAL OF ZERD DEGREES IK A VO=FRO SCAN L
T C "7 " T1S«DURATION OF THE TO SCAN o
c TE#QURATION OF THE TO SCAN¢INTERSCAN REST INTERVAL ) e
10 “C THAMAX=ANTENA ANGLE AT BEGINNING OF TO SCAN
C THAHIN=ANTENNA ANGLE AT END OF TO SCAN e e e,
TTTTIATIT ST YT L DHEGA®ANTENNATANGULAR SCAN RATE,DEG/SEC,DURING TO SCAN .
¢
COHMLR/RCVROG/ THARAX» THAMINS TS» TRe OMEGAS TF )
15 T1aTS+TE . .
- h - IF(T+GE+040}) GO TO 53 T oTm o o
THA= THAMAX . e
mmr e e LR L e o tim e
50 IE(T.6T.TS160 TO 100 i
20 THA=THAMAX+ DHEG A*T Tt T )
RETURKN
- TTOTTT 100 T T IF(TWGELTF) GO TD 200 Tt T - - )
THAsTHAKIN o _ e
T ©  RETURN ° " s N
25 203 IF(T+GTaT1) GO TO 250 o
- T T T T T THA=THAHIN=OMEGA¥{T=TF) - :
RETURN ' e
TUTTTT TS T 2507 THAsTHAMAX T T Tt ot - o e i
. RETURN . _ e e e e
LY/ I " BN T T - oo

410008 °CH STORAGE USED

T 7T 118 SECONDS )

MLSSIM
Page 3 of 8
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SUBROUTINE MLSSUB

90

190 10D

110

19057 "TTTTT 12007 CONTINUE T T Tt ot ommmTm e e ot e .o

™ FOLLOWING  ADVANCES THE TRUE STATE AND SAVE PRIOR VALUE -

AL TN

T 7371727 TS FTH 4e6t452

B0 2 KKslpKH "= ot mmrmmomems mmam s . . o e e e

KsKK

- wo— me v p s e - - - PO

CALL CONTRL(B}
IF"(K «£Qe¢°1) GOTTO 222

DO 100 I=1,8 ° ° ) T - T
S UUUUIOAL.-S
CUNTIRNUE .

DO 129 I=l,g=™"" = L - - e . fe ot e e e e
DO 110 J=1,8

KAL) =X CL4F{Tpd X1ty — 70 7 "7~ - o ‘?(

CONTINUE

B-PVALUE(B:PI:O-)

c -
¢ FOLG SETS THES PRIOR TO COMPUTING SAHPLE TJIHES

" THES=XS{2)+DELT#X5(3} - T - ST T - ot -
1].U LIF{«NOT«TETHRD) GI.'J TD 12‘! - 5 -
= smm e 23 e CONTINUE' - - ot prr e v s mem e e eam cime o v G e e . -
DO 123 I=l1,8
romn o T OXSL{I)aX{]}-EO(I) -~ m ¢ e s s e oot ot
123 CDNTINUE : .

05717779 16.19.05 PAGE

X0{4s IAE) =ALPHAR ) _ R
. T EDA(T,IAC)=PI¥BETA/160. =~ ° - - T
60 KO(3s LAE)WPL2HFSE ! .
TSAMP=L./FSANP '
DELT=DELTAT{IAE) . . e o e .
oo o T OFt2,3)=DELT Tormemosn o mmmn e
F(or6)=DELT .
65 F{7:,8)=DELT * oot
JH1®JH+L e
e A N ] FEN L VA - e Smem e - - - s pmm =
THHZ!O.‘S*TSAHP*(JMZH) e e i, e
T TTTTTTT T T DO 38 Is1.B - s
70 XCI)=XO(I,1AE)
. - 30 " CONTINUE - i oot
CALL CONTRL(2}) ) . . . L. o . .
C FOLG CALLS RECEIVER FOR INITIALIZATION e s e e e
- gg s e e b ST ERE TR ARLIARA AR L
K=0 . .
cmrmme s e o w CALL RCVR 7 e mme e oemeaee e - U v r—
c .
st C FOLLOWING BEGINS SIMULATION PER SE, LGMAX RUNS OF KM SCANS BACH™ ~ 7 T e
8u c
P eeme e e sl U CONTRLAS)  C C c e m e e - s e e e - cere e e et = et
DO 777 MHSET=1,HTIMES .
- o ;oo ""HSET=MHSET —™ = ° T e s "ot - [ Tt T -
C
§ —- T~ 0 ¢ CALL CONTRLIG) orommmm o T ms " - - Lot e
. DO 1 LGG=1sLGMAX . e e .
TR P -ae O R
Call CONTRL(?)

MLSSIM

Page 4 of 8
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SUBRDUTINE HLSSUB 737172 TS T T T FTN 4464452 T 08717779 16419405 “PAGE 3

115 THESwXS1t2) L L e e
- e TTT o lezé CONTINUE T T 7o omom
c ¥
- C FOLG BEGINS COMHPUTATION OF SIGNALS AND RELATED QUANTITIES PooTmmrrm oo
C FIRST» CALCULATION OF CONSTANTS ON THE PRESENT SCAN | T _— . -
RS V-1 ¢’ ' :
ALZeALFA%2 L
- - T T Tt T AR2wALFAR*4Z t : ©o ) .
AAZ=2 FALFA¥ALFAR . .. .
- TPST={THES=~THAMAX}#SECPD N - " -
125 . ...JIPSFeTF+{THAHIN-THES}#S€CPOD e o L
T T T T T T T I I1=TPSTeTWH2 T
TIZF=TPSF+TWW2 . L } )
S 7 7 7T TTTT ¢ FOLG COMPUTES FOR THIS KTH SCAN THE SIGNAL PEAK TIMES TPKTs TPKF AND
C THE CUMPOSITE SIGNAL-TO~NDISE RATIO CSNRUK) , . S L . .
S ¥ T T TPKT=(X{2}~THAHAX J*SECPD T " - T
L TPRFeTE+ {THAMEN=X(2) }#SECPD e e e e e
e e e N . X ceam v a
£ THAJSTHALTPKT)=X(2), BY DEFINITION oo
i C PJuPHLS(THE-THA(TPKT))w1.6,BY DEFINITION ™ T ) o .
135 € AND SIMILARLY FOR TPKF . , s
o <. oM : Ly . e e e e e P
. PRJ=PHLS(X{5)=X(2}} e oL . e e
. T BT*PVALUL(B+WSCHTPRT,PIs0.) ~ — 777 .
BF=PVALUE{B+WSC*TPKFIPI,04)
140 - " QIT=AL2+AARAPRIMCOS (BT IHARZH (PRU**2)
QIF=AL2+AAZHPRIFCOS{BF ) +ARZ* (PRI*42) . e
R - CSHRT =SQRT(QJT) T
CSNRF=SQRT(QJF} e e . e e
- T CONRMN=AMINI{CSNRT»CSNRF) : S
145 CSNRMX=AMAXL{CSNRTsCSNRF) _ . . e o
- et " CSHR=CSHRHN  ~ oo ) - ’ '

_ DCSNR=CSHRMX~CSNRHN

¢ .. - . . - .- e
C FOLG INITIATES A J=100P TO COMPUTE SANPLE TIHES AND (LINEAR) e
TUTLE0 TTTTTT Y e T ENVELOPETSAMPLE VALUES
¢
. - - DD 136 Jelydz ¢ttt —_ e e
TINCR=J*TSAKP e
- - el el PR e e v —————— . - . e .
155 INDEX (1}=d . o v amrm e mane e N ar mmrn e et e n e s
- T INDEX (2)=JFR™ """ ° T EE e
C_FOLG COMPUTES SAMPLE TIHES . o L
o - TJIaT2T+TINCR™ """ TTTm mmeemes e - :
TLH)=Td L
160 ° 7777 7T TUTUIFRISTIF=TINGR™ = " montowrn s e - oo :
THAJ=THA(T) ) R, e e e o
oo “PIYPHLS (THE=THAYY '~ ~ '
PRJ=PHLS{THR=-THAJ)
T T 7 C FOLG COMPUTES ENVELOPE SAMPLES "™ ™ = = ~ -
i65 DO 127 I=1,2 .
- JVAL=INDEX(I) ~* e Tmome T " . -
XNC*SQ224GAUSS (04} s e e e e m e v eme e e ..
TET Mmoo T T UUXNSeS02246AUSS (0. T T e e :
BLOCAL=PVALUE(B+WSCHT{JVAL)sPI,04)
" t130 - - - OJ-MZ*IPJ**Z)+AA2*PJ*FRJ*CDS(BLDCALHARZ*(PRJ**Z) ‘
QJrAHAX1{QJyQe0} .
MLSSTM

Page 5 of 8
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SUBROUTINE MLSSUB 731tz 1%

FTN 446+452

SORTQ2=2.%5QRT(QJ}
T UJIxQJ+SARTARHXNCHXNCHEZ4XNS#42
V(JVAL)XSSAZ¥SQRTEUIE L
127  CONTINUE ° ° ° ToTmTmomn = e
130 CDNTI.'N._UED .

053717779 16419405

PAGE &

o0 - .
o FOLLOWING COMPUTES RECEIVER RESPONSES . . e }
180 CALL RCVR
280 e O e . o e e e
[% FOLLOWING ASSIMILATES DATA FROM THIS SCAN FUR FUTURE EVALUATION e
CALL COKTRL(®) o L . .
~lgg- - ot T2 ¢t CONTINUE trmemr memm mmmomects o moom B e s ST
c .
svm—ess ocs o=~ ¢ FOLLOWING ASSIMILATES DATA™ FROM THIS LG-TH SET OF SCANS® 'W- - =0 "nwesn m mooammmmmommmemommmmmemes o
C
e e EALL CONTRLLLG) == © © = sorm @ eentme e e e e e e e e s
190 1 CONTINUE
C FULLOWENG ASSLIHILATES DATA FROM THIS MSET=TH SERIES OF LGMAX SETS OF KM SCANS
co.. GH ES_DATA FROM. X )
CALL CONTRL(11} . o . ) e e .
195’ Y O i § CANTINUE ™™ " "~ = =~ ) neoommemomenom
C
o e omw s FOLLOWING CLOSES "THE SIHULATIDN_ RUN —7 = = e o ormms o -t T mom e et
c _
oo = -t - “CALL CONTRLE12) -- 7 === s * .o v - - T Tmor mTmHmmmme o s e
200 RETURN . .,
ST L R
10008 CH STURAGE USED -~ et 14399 SECONDS ™ , Tt omem oty mmamm e o - - oo = [
e v v—— e+ o ———ia T p—— o = et ¢ - . e v ee ean e .-.-?ﬁ..%... -
T TITTT TS SmAmToTTs crn nmmmemssenoe : ; - "%,5‘{5'
e e T e e e et __?_"o«@.
e . e %
A o e e o %%
e e et 4 e mne - - Py

MLSSIM
Page 6 of 8



BLOCKDATA hLS

15

736172 18

BLOCK DATA MLS . B .
REAL LAMDA

LOGICAL NOKLMNsNOLOE,NOAC,KALMAN, LOESTETHRD» HORE
COMNOR/1DDATA/IDNRS (6)

CONHON/RCYROL/NGHIN, NGMAX,DELBL ) NGHs IRy TAE

FTH %.6+452

COEMUN/RCVROZ/RHOMAX, DTHO, TORO,B0sWSCOp NSOC4) pNGO(4)

COMHOR/RCVROB/PLsF(8, 815 FL2504) 2 FSAHPKs KMy TETHRDANGINS» JH

CORMON/ RCVRO4/DELT,EQ{8)»GA6T{BsB)sH (558}, ICOUNT,SIGHA

COMNOUN/RCYROS/NOLOE, NOKLEN)HOAC, GAMAES (5)sROTIAG( 5} »PHOLIAG (D)
CORMON/RCVROG/PPOIAGIB)RHAT(S,5) s PHI(S525)5PA(B>B)2LAHDA(S)

COMHON/RCVROG/ERCYR, BBy POCRIT,CC

COMMOR/HLSOOL/CSNRT, CSNRF,DSNROB)RHONBETASFSCa LGHAX

CONKRON/HLSUOI/FLLIOAE (42 2) s FLLIOGA)»DELTATL2),X0(852)2Y0(4s2)

COHMON/MLSO04/BHLS 88, HTIMES,HSET,,HORE

DATA PL/3.1415927/sF/64%04/50SNRDB/204/»RHDZ 45/

DATA DELTAT/407407407424.024691358/,SIGHAZ.TQTL/
. DATA XD/Uer304s435704232¢752=435504504»

* Ger104p0es00ri2ep=49900324/

DATA YO/62.6606067s=624»54233333E=3,54,6E~3,

¥30.66666T204514533333E~35044E=3/ " '

DATA FLLIOAEZ 455000 =05500s025500p=eT5204/

. @3

TU T T DATA
DATA
TUATA
DATA
DATA
DATA
DATA

FL257¢34830104340312~43033650.4/ :
JHIISOI:T?THRDI-FALSE./’KH{IOO/JFSAHPIl.bESIH
Hilash%0eslesl0%0asles5%00slasl0¥0aslay 504/
NSO/2s850s3/2NG0/ 2250402/ ;
DELBL/+0GL/sED/B*Q./ T T
GAGT/64*0a /) PA/OGXQW Y

RHOMAK/ 48/ DTHO/2475/3 TORD/ 040/ 2 B0/ 0e0/5WSCO/00 07~ 7

30

09-v

_ 410008 CH STCRAGE USED

DATA NOLDE/+TRUEW/sNDKLHN/«FALSE«/pNOAC/ +TRUES/
DATA EAE/L/»FS5C/51.30/2BETA/=168.0/5L6HAX/L/
DATA BHLS/1e0/pBRCVR/L4G/y HTIMES /L7 MORE/ « TRUE W/
DATA IDNRS({5}/1/

END

..2207 SECONDS

05/17/79 16419.05

PAGE

MLSSIM
Page 7 of 8
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SUBROUTINE DFLTR1  © 73/i72 "T$§ ot T : T

FTN 446+452 05/17/79 16419405 " PAGE 1

o —— = =T e . L I T R e P L S dmma MM M b e A e A e e —ame e = = -
DIAENSION C(4} ' :
1 kG {4 4P me e el e d re 4 Eee e dm St E———ty Sm—— -
e e e e ey C (L} RSHC(2) (4) == m e s o e —— e r

Ci4)es

D e e i a1 & o et s i SR i i 88 i 4 i e
Ce e .. Bl e+ e e - et e e e o e e o - -
310908 Ci STORAGE USED 043 SECONDS @ @ e — - . - e o e e e e e e

MLSSIM
Page 8 of 8
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SUBROUTIRE RCVR ™ °  73/172 TS5 TT T FTH 4ebe4s2 TOO5/LTIT9 164194377 PAGE 1

SUBROUTINE ACVR ) L. .
" REAL LAMDA,HJHMZ ot )
LacIcAL NDKI.MN;NULDE:NDAC:KALHAN:LCIE:TE'IHRD

TR COMMON/RCVROO/ THAMAX, THANIN, TSsTRAOHEGATF ~° ~° ° ~ Tt e s
5 CUMMON/RCYROL/NGHIN) NGHAX,DELBL»NGHs IR IAE e e
TTT M T T ot COMKON/RCVROZ/RHOHAX »DTHO, TORD, B G, WSCOs NSOL4 ) s RGO{ 43
COMMON/RCVRO3/PISF(BsBI)FLR5(4 ), FSAHP» Ko KNy TETHRD» NGSNS» JH .
COMMON/RCYRO4/DELTEG(B), GAGT (B, 8)sH(5,0) » ICOUNT, STGHA
COMMON/RCYROS5/NOLOE, NOKLHN, NOAC » GAMAES (532 ROTAG(S) sPHOIAG(B) L e .
10°° 77 Tt COMMON/RCVROG/PPDIAGIBYRHAT(5,5))PHI{5,5)sPA{BS8)sLAMDALS} —
COHMON/RCVROT/T1130),V{130) ) e e e e e e ——— ———tr e veem e e
T T COMMON/RCVROB/XSLOE(S), ESLOE(B)SES(RY "7 C T T T T
COMMON/RCVRO9/BRCYR, B35 POCRIT,CC
COMHNON/RCVRID/XS1{8)»X5{8B}
‘15 COMMON/KLSG00/X (8 i .
Tttt Tt os Tt DIKENSEON TPAL{Gs8)sPHT(B»5)sTPAZLBsB), IVNGLS) - ' - )
DIMENSION RVNG(5)sGAIN(8s5)
c . bbb SNis
1F (K «6T. D) GD TD 40 .
a0 C FOLG IS INITIALIZATION ’ o
Pl2e2o 4Pl '
T 5S2u.5/(SIGHA%*R) - e T T
CALL PHILH e
* NS=ENSO{IR) "~°° - ~"7tom o . s - : ) Tt
25 NG=NGO{IR}
.- “ U RGHIN®2  C ¢ : s : -
KGHAX=NGO( IR} )
- GOGT3I3w.01¥DELT - - A . ' ) i
. GQGT{3,3)=6Q6T33 : e i
T30 T T T Tt GQET(6s8)wGAGTIZ T T T T T T e rmmmr m e m e
GAGT{0+8)msC4/{DELTH#2) .
"800 20 I=1sN§5 " - - ' : '
00 LO JmlshS
PALL,l)n,
35 10 CONTIRUE . e
C . e =2 30 TCONTINUE =+ =imm® e e a e e e o
CALL CONTRL(3)
= BB=2.,4/BRCVR ' " ’ "
. POCRITSPI®BB/8,
40 CC=PI#POCRIT :
IF(IRsGT40) GO TO 30 . o e
I T T — — -
HG=NGD(4)
soe- 30 "° CONTINUE == "=~ ™ — -~ T e : : .
45 NGH=NGMIN
- IF(NDAC} NGMaNG
KALMAN® ¢NOT« NOKLMN . o L
- P omememem o LOERGNOT T NOLDE 7% - 77 mm s e s mnssmnenny s s ’
CALL CONTRL{®)
30 RETURN . - -t
40 CONTLINUE .
IF(KiGT41) GO TO %50 '1- SR

c - o aw - - m
ot C DIAGNOSTIC QUTPUT "OFTINPUT "DATA  FOR K=l GOES HERE ° T ) '
55 ¢
60 TD 90 — - - e e

50 CONTINUE ‘

OPTRNC
Page 1 of 4
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SUBROUTINE RCVR

o5

90

_.C FOLG EXTRAPOLATES STATE ESTIMATEs AS REQ,D

C
. C FOLG COMPUTES RMAT=PHI-~INVERSE AND THE LOE

73/172 1§ FTH he6+452 7

IF{TETHRD) 6€0°T0 B8O
DQ 70 Iwl,Ns !
ASL{1}=Q, ' : '
00 60 J=1,N§
) k&l(Il-XSl(Ii+FII:JJ*XS(J)
60 CONTINUE
10 TCONTINUE ~ ) ) T
8¢ CONTINUE
9¢ " CONTINUE

¢ i
T T GOBTRLeAMAXL( 425, 0L (XS #¥2))Y

GAGT(1,1)=606T11

GQGT (4, 4)=606TAL ~ -
c

C FOLLOWING COMPUTES VECTORS QUJM)sHW{JM)» LAMDAING)s AND HATRICES DT(JH,
C NGY,PHL{NG,N3) ALS0O SQUARED AMPLITUDE ENVELOPE VECTOR U(JH)»AND
C INOVATEON3}S PROCESS VECTOR W{JM)
C
“T CALL PHILH T T
IF (NOLOE) 60 TO 120

CALL MATINVCRNAT»5sNGs IVNGsRVNG) ) )
DU 100 I=1,HG
RDIAG (I)aRMAT (I,1)
100 CONTINUE
* CALL" MATHUL (5, NG, NGs5 NG 1551, RHAT,LAKDA, GARAES 1)
CALL HATHUL (5)NGyNS)5/NGs1s8s1sHs GAHAES)ESLOE2)
DO 110 I=1,NS
XSLOE (I}=XS1{I)+ESLOEC])
IE (NOKLMNY XS(1)eXSLOELL)™  °7°
116 CONTINUE
120 ° CONTINUE =
_LF [NOKLEN) GO TO 170

COVARIANCE  MATRIX PALNS5sNS) T

T 7T CALL MATHUL(8sNSs»NS»8sNSINS»BsEsPA»F,TPAL,3) o h
CALL HATHULIBsNSsNS»BsRS)NS»B8,8,F2TPALSPA,L)
TTCALL MATSM{PASPASGAGTrLsBsBs8sNSsNSsBaNSINS»O)
00 130 I~l,NS
PHDIAG (R)=PA(I,I)y ~ ™~ "~ —7r- -7 oo
1390 CDNTINUE

¢ _—s w . - . e s e .

‘

B FOLLOWING EXTRAPOLATES STATE ESTIMATESsERROR
C
¢

_C . FODLLOWING COMPUTES MODIFIED-KALMAN GAIN HATRIX GAIN(NSsNG}

CALL HATHUL(BsNSaNS»5eNGsNS»Bs5sPAsH)PHTH3I)

CALL MATHULLGsNGsNGs5sNGsNS282E8,PHISHa TPALS L}
LALL HATHUL(B;NG:NS:B)NS:NG:B:B:TPAI:PHTJTPAZ:I)
00 140 I=1sNG -

TPAZU1rE)=TPAZIT 1) 410

T 14077 CONTINUE ~ T T

CALL MATINVITPAZ,B#NG» IVNGSRVNG}
T CALL HATHUL (B NS2NG,BrNGINGB25»PHTATPAZ)GAINS 1)

05717779 16419437

OPTRNC
Page 2 of 4


http:16.19.37

79-V

SUBROUTIRE RCVR

_ 115__‘ ¢

“c
c
“ULag Tt T e
ORI 1
L S LA
=-130 -
160
e 28D
135

410008 CH STORAGE USED

FDLLDHI?G UPDATES STATE ESTIHATE sERROR COVARIANCE MATRIX ;
TTTTTRENS,NSY T T T - o " : : -

CALL MATHUL{BsNS»NGrB8sNGyNS»8s8sGAINSTPAL)TPAZ, )

73172 1S

DO 150 I=1,NS

TRA2(Is T} =TPAZII T )=,

CONTINUE

DO 160 I=1,NS

TPPDIAG (I}=PACISI} ™ 77

CONTINUE
" CONRTINUE

FOLLGWING UPDATES STATE ESTIMATE .
T CALL HATHMUL (8)NS#NGs5sNGs 1082 1sGAIN)LAMDASES, L)
CALL MATSH (XS»XSLrES»lr8p1sBiNS»Ls8yNS»1r0)

IF LNS.GE.T) X5(7)=PVALUE{X5(T)sP1,04)

RETURN "7 7 °

END

1:082 SECONDS

T CALL FATHUL(ByNSsNS» B NS)NS,8,8,PA,TPAZ,TPAL,3)
CALL MATHUL(BpNSsNS»)BINSANSsBrBsTPAZITPALSIPAL)

T CALL MATHUL{SsRGIRGBsNS»NG»8»B»PHI»GAIR, TPAL,3)
CALL HATHUL{B NS HG,B,HGsNS»8,8,GAIN,TPAL,TPAZS 1)

TTTTTTITTITTTCALL MATSM(PASPASTPAZ,1 88,8 NSaNSsBINSHNSSO)

FTN 4eb+452

05/17/79 16419.37°

PAGE 3

OPTRNC
Page 3 of 4
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BLOCKCATA DARAVRID 7arivrz 7S

e S PI [

BLOCK DATA ORVRID
COHHON /1DDATA/IDNRS(6)
DATA IDHRS(4MF2/

END

4510008 CH STORAGE USED T %014 SECONDS

FTN 4.6+452

05717779 16419.37

N T T BT I Y Ve S

PAGE

OPTRNC

Page 4 of 4
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T3¢

_ 35 . 10

FTN 4.64452

SUBROUTINE RCVR 73/172 TS

05/22/79  13.36434

TRAGE T 1T T

SUBRDUTINE RCVR

REAL LAHDA»HJIMZ . . A a4 maw

.. _ .. _LODGICAL NOKLMN,NOLOE»NOACsKALMAN,LOEsTETHRD

COMMON/RCVROO/ THAMAX) THAMINS TS» TR# OMEGA, TF T e -

S . .. _ COMHON/RCVROL/NGHINsNGMAX,OELBLsNGHs IRs IAE

COMHON/RCVRO2/RHONHAX, DTHO,» TDORD,BOsWSCO» NSO p NGD(G)
COHMOR/RCVROB/PISF(8,8)sFL25(4) s FSANPsKsKHsTETHRDS NG NS» JH

CONMON/RCVRO4/DELT2EC{B)sGAGT(8,8)sHES» 8, ICOUNT»SIGHA o
COMHON/RCVROS/NOLOE, NOKLHNS NOACS GAHAES (51 RDIAGI5) »PHDIAG(S)

w - T " COMMON/RCVROG/PPDIAGIE)»RMAT(S,3)sPHI(5+5)sPALBSB)pLAHDALS) 7777 o
. COMMOK/RCVROT/TI(130)aV(130}

na . e verma v b e

COMHDN/RCVROB/XSLOELB)»ESLOELBINES(B)
COHHMON/RCVROS/BRCYRs BB POCRITHCC

15 __ COMHON/HLS000/X(8) o L
DIMENSION TPAL(8,B1sPHT(Bs5)sTPAZIB,B),IVNG(5)
DIMENSEION_AVNG(5)sGAIN(Ss5)

¢ C s PN P v meraw e amann

IF (K +6T. 0) 60 TO 40 .. S
20 T7 7 ¢ FOLG IS INITIALIZAYION
PI2u2.4PI PR - P . Vs
§52n 5/ (SIGHA**2)
.. CALL PHILM
NS=NSO(IR}
25 NG=NGO(IR) _ . Ceae
ot T NGHMIN=2 - ’
NGHAX=NGO{IR)

GAGT(3,3)=606T32 N

T T S

COMMON/RCYR1O/XS1{8)sXS5(B) T B ’ Tt

T "GQGT332 014DELT ’ T . - T

T GQAGT{6s6)=606T33 T T
GUGT(B,B1=,047 (DELT#¥2) - L .
DO 20 I=1)N§ ™~ ’
D0 10 JelpNS

CONTINUE

PALLsdYe0, =~ T ’ : R

20 T CONTINUE ° T o e ‘
CALL CONTRL(2) . el
BBs2,4/BRCVR - : :
. PDCRIT=PI*BB/B,

40 - T T T CCePI#PDCRIT S o

IF(IR46T+0) 60 TO 30

NS=NSO(4)
NG=NGO(4) L _ ]
T" 7 307 T CONTINUE T : oo

L NGH=RGHIN

TIF(NOAC) NGMsNG' — "~ """~ =wm s o . . e e
KALMAR® 4NOTo NOKLHN

T LDE“sNDT« NOLOE tTommoarmmenmm o t '
CALL CONTRL(4)
50 " RETURN  ~ oo -
40 CONTINUE .
IFtKe6T41)76GO TO 50 ° o Tt

c — el w——
C DIAGNOSTIC OUTPUT OF INPUT DAYA FOR K=l GOES HERE ' T
¢

60 10 ¢ U ”
50 CONTINUE

OPTRVR
Page 1 of 4
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SUBRDUTINE RCVR 737172 TS . FTN 4s6+452 05/22/79 13.36434 PAGE &

A v war mae N . . . v - . . ' I v ke o ddday 4d e o=

. FOLG EXTRAPOLATES STATE ESTIMATE, AS REQ)D . .
IF(TETHRD] 60 TO 80 o
&0 . . DO 70 I=1,NS§ :
XS1CI)=0,
. DO 60 Jdu1,N$
XSLUII®XSLITI+FEId1%X5(d)}
) .. . 60 CONTINUE
65 70 CONTINUE
80  CONTINUE
90 CONTINUE

- c., . - } . - —
GUGTLLeAHAXLE 42524 01%(XS1(1)#%2))
70 . GQGT(1s1F=60GT1L . e e e
GAGTL4as4)mGAGTLL
¢ N o L
i " FOLLOWING COMPUTES VECTORS QUJMI»HW(JH)»LAHDAING) s AND MATRICES DT {JMs
—— € NGI,PHI{NGSNS) ALSD SQUARED AMPLITUDE ENVELOPE VECTOR UCJHIsAND. .. . . .. e e e e
5 C INOVATION;S PROCESS VECTOR W(JH) i
c . - .
CALL PHILM
IF (NOLOE) 60 TO 120 e e e e e an —
¢
.80 . C FOLG COMPUTES RMAT=PHI-INVERSE AND THE LOE . — — S

CALL HATINVIRMAY» S, NGy IVNGsRVKG)
DO 100 I=1,MNG
ROLAG (I}sRHAT (1,1)
... . lo0  CONVINME
BS CALL MATHMUL (5sMGsNGs52NG1»5s1sRHAT,LAHDA, GAMAES, 1)
CALL HATHUL (5,MGsNSs5sNGslsBslsHsGAMAES,ESLDE,2)
DO 110 Ie«1,N5
XSLOELL}=XSL(I)+ESLOE(]L)
IF (NOKLMN) XSCX)}wXSLOELL}
%0 . 110 CONTINUE
120 CONTINUE
IF (NOKLHN) 60 TO 170

FOLLOWING EXTRAPODLATES STATE ESTIMATES.ERRDR
COVARIANCE MATRIX PA(NSsNS)

95

xRzl s K]

CALL HATHMUL{BsNS»NS»BsNS2NS»Bs8sPASFpTPAL,3)
CALL HATHULIBsNSsNS»BsNSaNS»8268»F»TPALIPASL)
CALL HATSH(F#;PA:GOGT:I;B:BpB’NS;NSpoNSpNS:OJ
100 . DO 130 IwlsN5
PHOLAG {(K)=PA(I,I)
130 CONTIRVE

‘ . N ¢ . FOLLOWING COKPUTES MODIFIED~KALMAN GAIN KATRIX GAIN(NSsNG),
105 C

CALL MATHUL(BaNSsNSs5sNGoNS»8p52PAsHIPHT,I)
CALL HMATHUL{SsNGsNG»EsNGaNS»Bs8PHISH)TPALS L)
CALL HATHUL‘8’NG’NS'&’NSJNG’BIG’TPAlJPHT!rPﬁa)l,
' DO 140 I=1,NG
110 . .. TPAZlI:IIITPAZII;I)+1- e
140 CONTINUE

CALL HATINVITPAZ»BsNGs»LVNGSRVNG)
CALL HATHUL(BINSsRGBIRGI NG B 5»PHT» TPAZSGAINS L)

OPTRVR
Page 2 of 4
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SUBROUTINE RCVR 737172 TS ’ FTHR 4.6+452 05/22/79 13.3643% T PAGE 3

113 c FOLLOWING UPDATES STATE ESTIMATE e et e et e v —— o 2 e
CALL HATHUL (8)NSsNG»SsNGsLlpBs1pGAINILANDASES,L)
CALL HATSM (XSsXS1,ES,158s1,8sN55158sN5,1,0) . .. e e ;

c
. L . € FOLLOWING UPDAYES STATE ESVIKATE »ERROR COVARIAMNCE HATRIX
120 ¢ P{NS#N5)
¢

CALL MATHULC(OsNS»NGrBpNGINS»B»B»GAINTPALITPAZL)
DO 150 I=1,NS . ) o _ o
TPAZ(ISI)eYPAZ{I I )~1,
125 _ 150 __ CONTINUE
CALL MATHUL(BsNS»NS»8sNS»NS»8,8sPA»TPAZ»TPALXD)
CALL MATHULIBsNSrNS»BsNSsNSsBsBsTPAZsTPALs PAs1) L e
CALL HATHUL{S NGNGB, NSs NGB8, PHI»GAINsTPAL, 3)
. . CALL HATHUL{B)NS»NGsBsNGsNS» 858, GAINSTPALSTPAZSL) e o e -
130 - CALL HATSH(PAJPASTPAZsLsBr0,0sNSpNS»BaNSHNS»0)
DO 160 Isl,NS a e e o e e
PPOIAG (I)=PA(I,I)
160 CONTINUE . . e e e e e e,
170  CONTINUE o .
135 XS{1)wABS{XS{1Y) . e e
Tt T T T AN={THAMAX+THAMIN} /2. '
XS{2)8SATULXS(2)=ANs (THAHAX=THANIN} /7240 #AN . e e e —
IF{NSWaGEs3} XS{3)uSATU(XS(3)),})
IF(NS.GEs4) XS(4)wSATUCABS(XS{4)),2¥XS(1}) e
U140 e HIHZ=FLOAT(=(JHs241))
THHWZ=HJH2*OMEG A/ (24 +FSANP) . L e e
AHNX«XS{2)+THWHE : - ’
ANHaXS(2) ~THWW2 o L e i
' TANZW (AHX4ABNY 724 .
145 IF(HS,GE«S5) XS(5)eSATUCXS(5)=AN2 s (ANX=AHN) /240 +AN2 s
) IF(NSeGE.b) XS{&ImSATUIXS(OIS14) '
IF INS4GE«T) XS(T)=PVALUELXS(7IsPLsle) ) e
IFINSSGE«B) XS{B)wPVALUE(XS(B)»PI/DELY»04)
. - 3 . - RETURN'-A'-—- r—— n . ' 3 - - w - El - o . - S ma @ —— W -
150" END

410008 CH STORAGE USED 1.381 SECONDS ) ' TormEmTmE o e 0w

OPTRVR
Page 3 of 4
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3

BLOCKDATA ORVRI

" 410008 CH STORAGE USED ~~

o 73/172° TS

BLOCK DATA ORVRID
COHHON /ZIDDATA/IDNRS(6)
DATA IONRS(&4)/2/

END

«Q1% SECONDS

FTIN 4.64452 -

05/22/79 13.36434

T opAGE 1

- - e e et simes s sama |t mmsa s e
b e e a4 oam - r—

OPTRVR
Page 4 of 4
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SUBROUTINE PHILM

734172 TS5

SUBROUTINE PHILM

c
CTHIS SUBOPTIMAL VERSION OF PHILM IS

BASED ON A 4~ELEHENT PARAMETER VECTOR
. CA ARD PROVIDES A CRUDE SEARCH AND ACQUISITION

CA FUNCTION ACCESSED AS FOLLOWS

¢
S SR
o o §
S, .
c
.15
20 )
_25 |
- } ¢
R -
30 c
) ¢
T
-t 35 ...
S
10
CA
40 CA
e et e
VA5
¢
50 ¢
c
55

*
¥

fOLLOWING TEEFECTS INITIALIEATION ™

307"

L ALZ2wALZ¥ALFA (R

 NGDELuNGH=NGHAX ___ .

CASEARCH MODEINRGH=NGHMIN -
CAACQUISITION MODEINGMEINSLTaRGHLT+NGHAX
CAFULL TRACK MODOESNGHaNGHAX | com b e me e e e

THIS NEEDS NGHINJLENGH {oLEJNG) oLE.NGHAX

REAL LAHDA
LOGICAL NOKLHN,NOLODEsNOACSKALMANS LOEs TETHRD
COMMON/REVROL/NGHINS NGHAX»DELBLNGH)y IR» TAE

COHMORZRCVROZ/RHOMAK, DTHO TDROs BOsWSCOs NSO (4}, NGO(4)
COMHMON/RCVROB/PIAF(8sB)s FL25{4 )2 FSAKPsKsKHs TETHRDp RG2 NS, JM
COMHON/RCVRO4A/DELTSEO(B)2GAGTLBsB)»H(E5,8)» ICOURT,SIGHA

FTN 464452

05117174’ 16.20.18  PAGE 1

COMHON/RCVRO5/HOLOE »NOKLEN,NOAC)GAMAES (5)sRDIAG(S) ) PHDTAGID)
COMMBN/RCVROG/PPDIAG(BISRHAT(525 ) PHI(525) s PALBsB) s LANDALS)

COMMON/RCYROT/T{130),V (130}

COMHON/RCVRIO/ALFASTHES) THESDT 2 ALFAR, THRS» THRSDT»Bs WSC»XS{B)

. DIMENSION PH{4»4)sRL(4)

EGUIVALENCE (RLL,RLUI)II5{RL2,RLL2))2(RLASRLUZ)IS(RLAIRLLLD)
EQUIVALENCE (PHL1,PH(1»1)3s(PH2LsPH{2s1))s(PHR2sPH(202))»

IFLK.GT.0) GO TO 10
JhZnaN/2
JHL=JM+)

. S52w,5/{SEGHAR%2} | . | L .. ...

IR=3
RETURN
CONTINUE

FOLLOWING PROGRAMS THE SEARCH

IF{NGM.GT NGHIN) GO TO 30
ALFAR=ALFA®RHOHAX
THRS=)HES=~DTHO
THRSOT»TDRO
BwB0
WSCeWSCO _ | _
CONTINUE

FOLLOWING COMPUTES CONSTANTS FOR PRESENT SCAN

AL2x24*ALFA

ARZw2,%ALFAR
ARZ22=ARZHALFAR _
AAZ=AL2¥ALFAR

(PH31,PH{23, 1)) (PH325PH(3,2) )5 (PH33,PH(3,3) ),
(PH&3» PHU42 1) ) (PHG2 s PH 42 2) )2 {PHA3)PHI423) 12 (PHAGPHUA4))

dimn 4 e s samim ma st m————lia—a i G N s TR k8

- e am n X e oo

.PLSUB
Page 1 of 8
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LV

SUBROUTINE PHILM

60
34
35
¢
. ¢
65 ¢
.
70 .
g
80 . ...
s T
90
95 ‘40
) -
100
“ies
110 ... .. )

“IF (NGDEL +LT.
GAJ=QAJ¥«3H+ARZ2*PREZV

73/172 TS

PR TR

DO 35 le1,K6
RL{I)=0.

D0 34 L=1,1
PHIIs+L)=0,
CONTINUE .

GO0 60 JI=1,JH2

= mreme THAJ=THA(T{JI)) -

THEE=THES=THAJ

LPJ=PTHEE)

PDJ=PDOT{THEE)

PEJoP J¥42 [

THER=THRS=THAJ
PRJ=P{THER)

PORJ=POOT [ THER}

PR2J=PRUI¥X2
PPRJsPJ¥PRY

. QAJ= BFALZ22%PEY |

BRi=0,

. DAJLl=AL2eP2Y

DAJZwALZ2*PJ¥PDY
DEJL1=0,
D§J2=0.

QBJeAA2¥PPRY

BA=SIGN{Q.9899999,0B))
If (QAJeGE.1.E-38) BA=SIGN(AMINLIO. 9899999’ABS(OBJlIQAJi:OBJJ

DBJLI=ARZ#*PPRY
DBJ2=AA2*PDJHPRY
DAJImARZHPRZJ
DEJ3=AL2*PPRY

DAJawARQZ*PDRJI*PRY

DBJ4=AA2*PUNPDR
CONTINUE

CAJ=AMINL1{0.9999999E8,QAd}
QAIFAMAX1{0.1,Q4d)

Ul=§52%V{JI)**2

UzeSSZHAVIJHLI~JI ) ¥42

CALL WAWDY

0) GO Yo 40

v

(WAL»WB1yQAJsBA,UL)

CALL WAWBJ (WA2,WB2,0AJsBASU2)

L. MA=WALHWAR

WB=WBL+WB2

CALL SWFCNS (5A,S5B,RAB,QAJsBA)

RABL=RAB+1.

RL1=RL140ASI*WA+DBIL4WE
RLZ=RL2Z+DAJZHNA+DBIZ4WE

SPAL=DAJL*SA
SDAZ=DAJ2%5A
Sppl=DBJL*S8 |
50B2=DBJ2*58
DSD1=S5DAL-SDBL |
DSD2=S0A2~5DB2

PHL1=PHl1+DSD14*2+RAB1#2.%5DAL%5081

FOLLOWING INITIATES LOOP AND COMPUTES FUNCTIONS
FOR EACH 4

FTIN 4.6+452

% e

05/17479

16.20.18

A

PAGE

2

i

Y« B

- .lv 2-. ——— ne n e
88

PLSUB

Page 2 of 8
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LV

" SUBRDUTINE PHILH

115
B TY ’
w125 o e aem
R ET I B
. 50
© 80
135 .
" 140 o7
145 .
) 90
100
. . 110
150

410008 CM STORAGE USED

LPHZ1=PHZ1+DSD1#DS02+RABLY(SDAZ¥SOBl+S0AL#SDE2)
PH22=PH22+4D5D24¥2+RAD1+2,%50A2450B2
LIF (KGDEL «LTe 0) GO TO 50
RL3=RL2+DAJZ4WA+DBI3 WD
RLG=RLA+DAJGFWAFDBIA*WE . .. o .n L. .
SDA3=DAJIANSA
SOA4=DAJL*SA . -
S0B3~DBJ3+5B
SUB4=DEJ4¥5B N -
05D03=50A3-5083 '

... DSD&=5DA4-5004

PH31aPH31+40501¢0DSD34RABLF(SOAB#SDB1+SDAL*SDE3)

, PH32=PH32+D502*%0S03+RADPLI*(5DA3¢SDB2+5DA2#5DB3)

PH33sPH3S40S034424RADL#2.#SDA3+S0B3

PH4Z=PHA24DS02*D50D4+RABLF{SDA4*SDB2+S0A2%5DB4)
, PH43=PH43+DS03*DS04+RABL*(SDA4*SDB3+SDA3*50B4)

PHY4=PH44+DSDA**2+RADL#2.#5DA4*S0B4

CONTINUE |

CONTINUVE

DO 110 I=)»NG
LARGACTY=RLIT)
DD 100 LelsI
,PHILI=Z #PHII,L)
PRI(L,I)=PHILI

« . PHI{L)L)=PHILI PP .- —

IF (NDLGE} GD TO %0
RHAT(L,1)=PHILI i
RHAT(IsL)=PHILI

CONTINUE _ _

CONTINUE

CONTIRUE , __ .. . . .-
RETURN

END

1,381 SECONDS

734172 TS ETH

PH41=PH4L+DSD1+DSD4+RABL*{S0A4#SDBL+SDAL*SDB4L) |

4464452 05717479 16.20418 PAGE 3

A smmm v wE g tAr T e — apem mea e s - -

¢ “
C FOLLOWIRG COMPUTES VECTOR LAMDA{NG)} AND HATRICE PHICNG,NG) .
c . . . . =

PLSUB
Page 3 of 8§
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SUBRDUTIHE WAWBJ

Ta3r172 18

SUBROUTINE WAWBJ(WA,WB,QA»BsU}

CTHIS COWPUTES A SAMPLE EACH OF THE PROCESSES WA % WBs
e . CGIVEN SAMPLES OF CA,Bs AND U .

10

~LOGICAL NFIRST

. DIMENSION HA{LLYsHB(1)}»COSBULLIAG{1L)sH{L11).. .

DATA LHAX/10/sNFIRST/.FALSEL!

IF(HFIRST} GO TO 10

LHAX1=LMAX+L Ve e -
RLMAXL=LHAXL

ALNLMX=ALOGIRLMAXLY - .- .. « -
BETA2=3,1415927/LHAX !

, DO 5 LwlsLlHAX]

COSBIL)=COST(L~L)*BETA2)

. CONTINVE e -

NFIRST=«TRUE.

. CONTINUE - n

GHAX=~1.E+322

HMAX=1,

HAKAX=1,

HEMAX=1,

D0 20 LwlsLHAX]

cOossL=cosB(L) ,

Tag " C BCBLI=AMAXII1.+B*COSBL,Os)

CL-¥

35 . ... . .

40

&5

20

- 50

55

BCBLl=l.+B*CDSBL . . N
ABC=QA%pCALL

UABC=U%ABC .
RAD=2.#SQRT{UABC)

kADI=SQRT(1,+UABC) C . -
GLuZo*¥{RADI-14/{1e+RAD) }=ABC

GILY=GL

HL=1o/SORT{1++6,2831846#RAD)

HL }=HL

Halei~1,4U/RADY) *HL

HA{L) =HAL

Hel=HAL*COSBL

HE(L)=HBL

GHAX®AMAXLIGLsGMAX)

HHAX=AHAX1 (HL»HMAX)
HAMAX=AMAX1(ADBS (HAL) 2HAMAX}
HEHAX=AMAXL{ABS(HBL)  HBHAX] |

CONTINUE

G2eGHAX~T41,

FI=ALOG{HHAKI+GZ

GHmFZ+ALHLMX

GI#GZI+ALNLKMK

GHAwGZ +ALOGLHAMAX) e e
CHB=GZ+ALOGIHBMAX)

FS=Q,
FSA=0.
FS5B=0. e . -

FTN 4.6+452

05/17/79 16420,.18

.
!
3
L
!
H
i
i
i
1
H
H
:
}
,
.

1
v
i
€
]
]
1
t §
Il
1

004 g
TYNIDRI

.
3
H
'
1
T
'
1

ALTYND ¥
Bl 39ve

PLSUB
Page 4 of 8
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T SUBROUTINE WAWBJ  73/172 TS . oo
e ... DD 30 LelsLMAXY _ | ] B
: GLegiL} )
e GLASGL~GH . )

- eeeses s ame r w2300 . CONTINUE

C e B bt g

70

... %#1000B CM STORAGE, USED

e em - e S HBE(HBHAX/HHAXYX(FSB/FS)

GLHAXGL=GHA
veeee .. GLEB=GL=GHB

TF(GLM,GEam6744) FSeFS+EXP(GLHI#HIL) T
. IF(GLMALGE,=6744) FSAmFSA+EXPIGLHAIRHACL) _ .
IF(GLNBLGE.~674s) FSBRFSB+EXP(GLMBIHHE (L)

WA (HAHAX/HMAX) ¥ (FSA/JES)

RETURN L R
END o
e %51 SECONDS _ . _. ... ... .. . i

ttr e b m v mveers e r—

FTN 4.64452  05/17/7% 16.20.18

T PAGE

2

PLSUB
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SUBROUTINE SWEFCHNS 73/172 T8 FTN 464452 05417479 - 16.20418 PAGE 1

OMNOOONn
i
[l
]
i
1
i
5
]
1]
]
'
L]

SUBROUTINE SWFCNS(HWAJ»HWBJ,RABJSQAV,BA) - e e - P e e e e
INTEGER FNAl4)
LOGICAL NFIRST . ver a e e aame mamen mem
10 DIMENSION BULK(12,2523)sCQA(25), B(25l:DEXlZ"thE\’(11!
————— ~ o emsa.. DIMERSION AAC3)»BB(3)2CC(33,DD{(3),APPVA(I) . ¢ e m e

DIMENSION 0AB{25,2},0B({2),10BHAX{2),10QJB(2)
. EQUIVALENCE (QA{L),QAB(L,1)}5(B{1}s0AB(1s2)) Cm = o m— - -
EQUIVALENCE (IQMAXsIQBHAX{L))»(JBHAX,IOQBHAX{Z))
.15 . . EQUIVALENCE (1Q,1QJdB(L))»{IB,100B(2)0,(BV,QAB{2)) N C e e .
DATA FNA/ZLQHHLSLOGSWCD,LLCs2%0/
e e e e DATA NFIRST/oFALSEW/ . - . . e e es e e e —

¢
C FOLG GENERATES TABLE FROM DATA FILE .
20 c
1FINFIRST) 50 TO 10
NFEIRSTw.TRUE.
Ix=IATTACH{BLTAPEL2,FNA, 2L1D, 6RHI4ITE) . h e s mm s e e it =
IF (IX4E0.0) GO TO 5
25 CALL INTIO(SHIXATIZsIXs1s1) ]
STOPAINPUT FILE ATTACH (TAPE1Z2} NOT SATISFACTORYH
.5  CONTINUE . et e
READ (127 XDUH, IDUH
] . . READ (12) IQHAX,{OA(I)sIelsI0HAX) . e e e e e e e e
ag READ {12) JBHAX»(BUJYsJwlpdBHAK) :
READ (12) £4{BULK(JrIsK)sJdnLs JBMAX) » In1s IAKAX ), Ku1,3)
IOME=IQMAX=] "
00 3 I=l,I0H] . ) .. .
3 DEX(IIQA{I+1)=CALT) )
a5 JEMY=JdBMAX~1 . P . e am e mme = e ———— mren b e b
DB & I=1sJBH1
6 DEY{1)#B{I+L}-B{L} : I ——— e e
IO~ TOMAX /2 .
IB=JBMAX/IZ . . PO - .
40 CALL RETURN(GLTAPELZ}
. . . 10 . CONTINUE .. . C e e e e

c
C FOLG TRUNCATES ARGUHMENTS AND HANDLES SHALL BV CASES
c

4% Bv=ABS{BA) . e e e .
IF {BV +GE. .01) G0 10 20
.. . .. HWAJ=1./SQRT{1l.+2.%QAV) V- f e wr r s s m wme memne et e o e i
HWBJ=0. :
RABJ=O, | PN e . . -
50 RETURN !
20 CONTINUE . . . . . - .

¢
C FOLG DETERMINES 1QsIB P ' .- e s e b 8
Q8{1)=QAV
55 00 1500 L=1,2
QBL=0B{L)}
1001 IF(QBL.LT.0AB(IQUBIL)>L})} GO TO 1101

PLSUB
Page 6 of 8
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SUBROUTINE SHEGNS 73/172 TS FTN 4.6+452 05717779 '16.20.18 PAGE 2

[PR— - -
B L IR TN} - " owm - [ Ce dree s m e e T - R N et ]

. IQUBIYLTOJBILY+L .. " e e mmmmit e mwm mmmeer s v am——
TORMMH=IQBMAXIL) L
60 D0 1201 I=ICJBPL,IQBMHN
IF(QBLLLT.OAB(I»LY) 6O TO 1202
pnm wenm ae 0 o = 212001 COUTINUE i~

1202 10JB(L)}=I=-]1
G0 TO 1500 . . . . cr am mr e e e b s e o1 e
65 110) 10JeH1=TQJB{L}~1 ‘
e e e e tbewaw v oe—. .. DO L130Y Is), QU8R

' KHII=I0JBHI=]+1 ’ oo T -

.t e w e teee .IF(OBL.GE«QABIMKII,L)). GO TO. 1302__- .

4 1301 CONTIKUE
70 . 1302 IO0JBILI=HMII .. . P - - o
1500 COMTINUE )

e e e . € e e e b e .- v v e a —— — -
c
mven ewme mmemer = & FOLG DETERMINES INTERPOLATED VALUES e e e e e e e e
75

. DIX=QAV-~0ALLIG) . e
D1v=8V-8{18) :
e e e e CXaDIX/DEX{IOQ)
CYSDIY/DEYIIB)
e BO Ll L .. . . DD 301 Kwly3
AA(K)wBULK(IBSTOsK)
S, BOLK)=BULK{IB+1,10sK) ) oo e e e
CCIK)"BULK{IBs 1Q+1,K)
.. .. DD{RI=BULK(IB+1,1G41,K} . . e
85 APPVA(K)-AAIK)+(CCtK)-AA(KI)*CK+(BBIK)~AAIK))*CY+CN*CY*(AA(KI

e ¥+DD(KI-CC{R)-BB{K)) _

‘e om maomd en s u DY wa g

301  CONTLNUE
. . . HWAJSEXPUAPPVA(LY) | e e e e e N S,
HWBJ2EXP (APPVA(2)) .
.90 _ L . . . _ RABUmAPPVAL3Z)

IF(BAJLT.0.) RABJa-RABY ~~ ~~ 777757 © .o CoT o rmmm T T T e e

S RETURN e .. . _ : i

END -
410008 CM STORAGE USED T Leee seconps 0 T T ’ ) T mmmmm o mm o momen e

PLSUB
Page 7 of 8
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L=V

BLGCKDATA PLSUID 73/172 TS FTN heb+452 Q5717779 16.20.18

PAGE 1

P . -BLOCK DATA PLSUID . - . - — e e m e e ——

COMMON/IDDATA/LONRS (6}

DATA IDNRSI31/3/ N . . e e e 1 eemm e — e ———

END

410008 CH STORAGE USED T 014 SECONDS

PLSUB
Page 8 of 8
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SUBROUTLINE P

C
c
¢
5 c
B g © e
C
N o
C
Tl0” C
c
T c
15
20
25
C
" c
1
l%’ i
=~ 35 10
Py - -t —e o
[
c
40
45 30
. - -
[
L LR ER
50
S LR ET,
55 c
c
c

TUET THRS=THES=OTHO ™~ 7 -

HWILH 7a/sr7z 1S FTH 4.644532

SUBRQUTINE PHILH

0s/17/79

THIS OPTIMAL VERSION OF PHILM IS FOR ALL SCALLOPING RATES

ANU PRUVIDES A CRUDE SEARCH~AND=ACQUISITION FUNCTION

ACCESSED AS FOLLOWSS o ) .

©  SEARCH MGDET NGH=NGMIN ’ T
ACOULSETION HDDE! NGHINGLTWNGHeLToNGHAX

FULL TRACK MODE: NGHaNGHAX - - o

. THIS NEEDS NGHINALEJNGHM {sLEJNG)

REAL LAMDA

LOGECAL NOKLHNsNOLOE,NOACsKALMANS LOE, TETHRD

COMHDN/RCVROL/NGMIN, NGHAX,DELBLNGHs LRy IAE : .
* COMNON/RCVRO2/RHOMAX,OTHO, TOROBO,WSCO NSTL{4} NGO (4} - T o

CONMON/RCVROZ/PISFI828)sFL2504)5FSAMPIRI KMy TETHRD ) NGNS s JH L

COMMON/RCVRO4/DELT,EO{B)»GUGT (8, B) sH{528) 2 ICOUNT,SIGHA

COMHON/RCYROS/HOLOE, NOKLMNHDAC, GAMAES (5),ROIAG(S) »PHDIAG(B)

COHMON/RCYROG/PPDIAG(B) »RHATIS, 51, PHI (5251, PACB,B) LANDALS)

COHMDN/RCYRET/T(130),V{130)

COHHON/RCVROB/XSLOE{B) » ESLOE(B)ESLD)

COMMON/RCYRO9/BRCVR, BBsPDCRITSCC i _

COMHON/RCVRIO/ZALFA, THES s THESDTALFAR, THRS THRSDTsByW5Cs X518} )

OIHENSION INDEX(2),07{130s5)/KW{130),%(130)

FOLLOWENG EFFECTS INITIALIIATIDN

SLESNGRAX | __

IF{K.GT0) GO TO 10

JH2aJH/ 2" oot - ' b - .

JMLm g+ ] -
$523,5/7{S1GHA¥*2) ) ' T . o T
IRe2

RETURN

CONTINUE

FOLLOWING PROGRAMS THE SEARCH

IF (NGM.GT«NGMIN) GO TO 30
ALFAR=ALFA*RHOHRAX - . *
THRSDT=TORO

" Be«BO
W5C=W5C0

CONTINUE

_.FOLLOWING CONPUTES CONSTANTS FOR PRESENT SCAN_ _

AL2=24%ALFA

AL2Z=AL2%ALFA " : Tt - v

ARZm2 +*ALFAR ' -
ARZZ=ARZ*ALFAR - 7 "'~ - om0

AAZ iAL2#AL FAR

D - - nan bn bt 4 s 1 - ..

FGLLOWING INITIATES LOQP AND COMPUTES FUNCTIONS
FOR EACH J

@ mmmi s e e = % re ¢ ¢ s aEmms s tw wemeemame = . - e

"16415.59

PAGE 1

PLOPT
.Page 1 of 4
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SUBROUTINE PHILM 737172 TS . A FTN 4.64452 05/1T7/79 16419459 PAGE 2

P - - . oee - a——— PR PR T w e P [ra— . o - o

0O 68 JIsl,JH2
. TOINDEX(L)=dl
60 INDEX{2)#dni-JI ' . ’ .
THAJ=THA(TILJIY) !
e w .. JHEE«THES=THAS _ = .. et e e v e e v i memme nmm i mm ame = eeanm o mam e e e m
o PJ=P{THEE}
POJ=PDOT (THEE)
&5 - Tt p2JaPJta2 ot
THLR=THRS—-THAJ . . ) L o
- PRJ»P [THER} o ) T ' T :
PORJ=PDOT( THER } e e e i et o o o o
PRZJ=PRI¥¥2™ "7 777 - T )
70 PPRJaPJ¥PRY
T GNRJ= W 5*AL22#P2)
. ORJZQRR 4, 5+AR22PR2Y
TCoTTTTTT T DINET=AL24P2Y . -
ClxAR2*PPRY
75 T T D2NETeAL22#PS4p0l” . .
CZRAAZAPD JHPRY i
T D3J=AR2KPR2Y :
C3nALZ#PPRY

ST Tt T T TTY D& JmAR224PDRIFPRYT T - . T
82 C4nAAZHPJKPDRY . . . L e e .
T T T T D5§x<AM2*PPRY ) ot
G _FOLG COMPLETES CALCULATIDNS FCR T0,FRO SCANS, RESE, . .

S DO 50 Is1,2°

JEINDEX(D) . ) A .

85 "7 TUTT T T Y BLDCAL=PVALUE{BHNSCH*T{J},3.1415927,DELBLY 7 - -
) SBxSINIBLOCAL)

s " CB=COS(BLDCAL) ~~ C

GJ=QNRY Q%

QRJALL=GRJ=~D5J*CB © =~ ' T ™

90 D1J=D1NET
" TD2J=D2NET ‘ o -
. IF (NGHoLT4NGMAX} 60 TO 40 _ )
' -

N P [ ca PO - PP - = e e —— - e -

T QJd=QRJALL
D1J=DlJ+C1*CB

95 C T D2JwDaJ+C2%CB T o ’ i 0'-3 -
_ 40 CONTINUE e - - <

- Tt T T DTLd,1leDld T T T ' ) Tt ) ' ) e 'F‘.m.n "
. DT(Jp2)=D2J i e .
R ) I NP ST ER 2ok E Y o} @
100 DT{Jra)=DaJ+C4¥0D #._ *
p - e e mt ot DTJBDSJESRT T T T 7 tmmr e mmees P . R . . .,
DT{J,5)=DTJS
* Tt T T € FDLG IS FOR A 6D LOE"DESIGN ™ -~~~ " """ 7 % ) ) ot -t
C DT(J-61=DTJS*T{ A} . e
‘105 777 T 7T C FOLLOWING COMPUTES VECTOR HW(JH)»ARD INNOVATIONS PROCESS VECTOR W{JM)
[+
Tt THY L s Lo/ lg+2wy@d)y -7 0 7 77 T " -t oot T
Ud=yidi}
' " UdeSS24(US*E2} - ottt e . ' * t
110 W{J )= (UJ/SQRT{L.+QJ*UJ} )=, .
- Wem e e g s GO TENUE e e e e v e e
[:14] CONTINUE

¢ - P .
¢ FOLLOWING COMPUTES VECTOR LAHDAENGI_lAND MATRICE PHI{NG,NG) X ‘ '

PLOPT
. Page 2 of 4


http:16.19.59

08-v

TTTTTOT SUBROUTINE PHILM " 777 737172 TS T T T YT TN BTN 4e 64452 T T T OB1TF79 16419459 T T PAGE T T 03 o

-y S e ress 0110 [elsNG~ "~ & e ha mmne ow am . . R i I I L - e - -
- e mmnRa e e - —_— - e muv e e b v mvem wamrrast A i eUd o b s i a4 mms - - - - .
- . “po 70 104 ™ v FE U -~

LARDACI) «LAMDACIIOTCO, IbWCY e weeen e s atn e te —
LRI IO T CONTIHUE T T v T

DO 100 L=l,I o e -
T M it S e e -

DG B0 JwlsJh . I

T T PHILLsPHILI+HE (I RDTE» THRDT (L) T T s :
125 80 CONTIMUE R R, — it e n e it = e

T e BRI L) wPRILT T T e

PHI(I,Ly=PHILI e e

° Tttt ot ' T IF (NDLOE) 6O TO 90 o -ttt o " h
RMAT(Ls 1) =PHILI

e 13Q e e RUATUT AL MPHILT o m e o e s o - - rm e e e e n e

qo CUNTINUE . . 4 amm W odw [ [ ———— e A W W oA VE - N . -
i im0 e ONT TNDER T e S it b e o mam

110 CONTIRUE : e -
T YT SRR+ S P U 3 - |

135 END

A100CB CH STORAGE USED e85 SECONDS ot e e e e e —
. — e m n e e e———— o e e e n . .- - .
i o R
o '
- - - - Tr o me wmswmns s s e o el o e L - - - 5.'.:':-(- B e - ‘ -
—- o e
. e - [ . - . -3~
' ]

PLOPT
Page 3 of 4
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16419.59 PAGE 1

B FTH h.b6+452 05/17/79

BLOCKLATA PLOPID 737872 TS

BLOCK DATA PLOPIOD
COMMON /1DDATA/IDNRS(6)
DATA IDNRSE3)/2¢

END

T 410008 CH STORAGE USED ~ " " ° ™ 4015 SECONDS

PLOPT
Page 4 of 4
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FUNCTION PHLS

T oo c

¢

¢
e B -
m e s o
" 7410000 CH STORAGE USED

737172 TS ) FTH 4.6+452

Prmovn e om owmw mw L PSR -

FURCTION PHLS{THETA)

THIS COMPUTES THE TRANSHITTED SIGNAL INTENSITY(RELATIVE 70 .

THAT AT BEAM CENTER AS A FUNCTION OF THE ANGLE~OFF~BORESIGHT. P — - PR

THE MODOEL GIVES FIRST SIDE LOBES 23 DB BELOW THE MAIN LOBE.
LOGICAL MORE
CONHONZRLS004/BHLS »BBB) HTIHESs HSETSMORE | . P . - e — -
DATA PCRIT/.7853981635/»A2/1.570796327¢
PHLS=PCRIT _ e . .- . .- - . PR
I=RBO*THETA .
IF (ABS{ABS{Z}-1s) sLE« leE-T7) RETURN [ [P
PHLE={COS{AARI) I/ (T ar2%42)
RETURN ... .. . . t arm s e mmrem———————— e % bvb 4 T A
END :

«GTL SECONDS
PMLS1.

O5/17/79 16420439  PAGE 1

3

Page 1 of 2
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Q5717779 16420419  PAGE 1

BLOCKDATA PKLSID 737172 158 ‘ FTN 4464452

et ctavs e wmmn s = meme wmeew BLOCK DATA PHLSID

COMMON/IDDATA/IDNRS(6) i T o e T

. e DATA IDNRS(2)/1/ e e e e
w END

T T 410008 €M STORAGE USED 4016 SECONOS T o ——
e e L T e e s e et e —
_ e - .. - e e S - e s
T - - - Pra— - w— me——— -
L e e e e .. ) . e e e e e
- i
_ . . ; ; e e e ..

{
d 14
NI
.

- L . ‘ =X= B
c
._ R _
. ;-@4] sr e e s measmeean ma e o —

PMLS1
Page 2 of 2
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EUNCTION P 73/372 VS FTN 4.6+452 03717779 16.20.23 PAGE 1
- e e . FUNCTIDN P{THETA) e et h e ewemmem mnm —m—————— i —r
¢ THIS COMPUTES THE TRANSHITTED SIGNAL INTENSITY(RELATIVE TO
——— SO o THAT AT BEAM CENTER AS A FUNCTION OF THE ANGLE=DFF=BORESIGHTW .. . .. oo e e oo e e
¢ THE MODEL GIVES FIARST SIDE LODBES 223 DB BELOW THE HMAIN LOBE.
S S [ S ) . . . e e b et e 2
COHMON/RCYROG/BRCYRS BBs POCRITHCL
N - - - DATA PCRIT/.7853981635/5AA/1.570796327/ N e e o e e e e« o
pP=PCRIT . |
- .. e - 4 -n. 1=BBHTHETA S — -
10 IF (ABSCABS{Z)}=14) +LEe 1.E~7}'RETURN
e e s wo o POCCOSTAARZIIZOLa=IH¥2Y . . Lt e ee o e - v — _—
RETURN
END “ - e e s
. t
.. 410008 CM STURAGE USED  _ __ 4068 SECONDS . _ .. .. .__ . . . e e e

POPTL

Page 1 of 3
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FURCTION PDOT T o73siT2 TS

FTN 4464452 05/17¢7T9 16,20.23 PAGE 1
—- N A . e = = v e ke e e e 41 v ————— artr————— —
. FUNCTION PDOT (THETA) .
C . .. THIS COMPUTES THE DERIVATIVE DP(THETA)/OTHETA WHERE P{THETA} ..., ‘ecmmce.r — _
¢ 1S THE TRANSMITTED SIGNAL INTENSITY(RELATIVE TO THAT AT BEAH
I .. € .. .CENTER) AND THETA IS THE ARGLE-DFF~DORESIGHT.THE P~MODEL USED ... - -
¢ IS THAT GIVENG FIRST SIDE LOBES 23 DB BELOW THE KAIN LOBE,
.- . C. . - e e e emme et e s e paan e s e
COMMON/RCVROG/BRCVYR, BB, PDCRIT,CC ’
. .. DATA AAFLl.570796327/ . .. e e e et et et e e
10 c
e o4 w. ... PCOT=SIGN(POCRITs=THETAY « . . .. o ehmme m ow e e
Z=BBHTHETA ‘
- e eeo = . 1F {ABSCABS{Z}=1e} +LE. L.E~7} RETURN . v e e o mtraenee mem e i e m
CPeAA¥{Z+14)
LB . ... CHeAAR{Z=1,} ——— e e e e e e e -
PCOT=CCH*{(CDS{CPY-SINCCP)/CP)/CP+{COS{CHI~SINI{CHI/CHI/CH)}
v wm mim e me e e RETURNGw e o we e e N . e e e —— -
END i
410008 CM STORAGE USED .119 SECONDS

|40
OO

d400d

ALvVN

o
Bl 394d TUNI

5y

POPTL
Page 2 of 3
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BLOCKDATA POPYID 137112 18

BLOCK DATA POPTID
- CCHHMON/IDDATA/IDNRS{S)
DaTA TONRSIS)/1/
.- L END. ‘.

. 410008 CH STORAGE USED .,

- B I

... +013% SECONDS |

-

FTN 4.,6t452

- - - .

05/17/79 16.20.23 PAGE 1

e omr o ———n

POPT1
Page 3 of 3
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SUBRDUTIRE RCVR ° ~° 737172 75 ° ’ oo st FTN 4.6+452 ‘ 057177479 16.419.09 PAGG_ 1

N e oam EMeEs e Le ama 4 A - a . —r aa I TR T R L S - - - - ereww e e baom s e e D e e o TP e - T 4 = e
SUBROUTINE RCVR
Tttt THRESHOLD RECEIVER e - o N ' oo s e
REAL LAHDA '
- LDGICAL NUKLHN;NULUE;NDAC:KALHAN:LDE;TETHRD ; - Tttt o oot
N COMMON/RCVROO/ THAMAX, THAMIN, TS, TRy OMEGA, TF e e e e e e e
TTTTTTTT TR TTTTTTCORMON/RCVROL /NGHIN, NGMAX, DELDL 2 NGHs IR, TAE ;
SCOMMON/RCVYROZ/AHOMAX,DTHO, TORO, BO, WSCO, NSO {4 ) s NGO 4)
- - COMNON/RCVRO3/PI FL8s81,FL25(4) s ESARP, Ky KHs TETHRD $ NGNSy d8 ~ ° T

COMMOK/RCVRO4/DELT, ED(B ) s GOGT{8,8) pHI5,8) ICOUNT, SIGHA . :
TLTTT TR T T T COMMON/RCVROS/NOLOEsNOKLMMs NOAC, GAMAES(5)sRDIAGIS)»PHDIAG(R) ~ = —'= = = =rwrmmwssms s aoon - : .
COMBOUN/RCVROG/PPDIAG(8)JRMAT (5, 5)rPHII5J5hPMB:8):LAHDMS)

COMMON/RCYRO7/T(130),V{130} A T T T T S ssmemm o m e
CORMON/RCVROB/XSLOE(B), ESLOE(B),ES(8)
- - T COMMON/RCVRO9/BRCYR, BB, POCRIT,CC © oo o T om e
15 COMMON/RCYRID/XSLIB}2XS(B)
ST mmem s~ DIHENSIGN VPK(ZIJVTH(Z):N(2):U(130):W(130!;TRG(2} TITTTIT T mmm o memmm o mmmee e e
DATA GX/100./ -
T o P e e e ot ———— e e+ e e -
IF (K .GTe 0) 60 TO 50 f
TReTTC T T CUFOLG IS INITIALIZATION ~ T T o . v rommomn s
IR«1 .
S e e s MG LNCHUIRY ™ ¢t ¢ e erm e e s s ee an o .. .. v e o -
' NG=NGO(IR}
e e s AL () e e e e e e e e v e e e
25 CMEGA®=-20000,
) THa=ipre .. .. RN . e e e . - ..
JMZ2m(JHR+L)/2
T TmE S st e USAMP=). /FSAHP o s SRR R
. JOELAYSIFIX(2a%3. 1415927*25000.”5”“.5)
g e m emm e s e DL AYS e e e e e e v et e e s
ICOUNT =0
S T L T I I e TR —— — ) C e e i = - .,
X$43)=0.0 |
<o T T T OCALL CORTRE™ (4) 7" =m0 sn o mmramamesees ce o s e e e e -
35 RETURN
. Cme e gt CONTINUE e 4 e v meme e mmea s ae e w eiam s et s e e .
c
C FOLG PRODUCES TGl AND TG2 : " ‘ ' Tt
TPSTe(ASIL2)~THANAK )Y/ DHEGA L
W TPSE bt 4 CVHANIN=XS1L2) ) fOREGA T
: c = ——— - P L S L SR ey - -
=-cee s ceseo s epq G PRODUCES LOG ENVELDPE SIGNAL FILYERED TO 25 KHZ
DO 70 L=l,2 _ L S cr e e e e
- - YPEAK=Q.0 -7 Tttt “ \
4 T DO 60 Jil,JM2 i ) .
[1vJeiL=1)edu2
- JH2LeJM241 e e e e e e e e

wmen o mmsc s U120, 0%ALOGLO L4 4BXAV(ILN) T
TF({11,EQe1) 4R 4 (12 ¢EQudH21)) FLzsm-o.
50 - = r == CALL DFLTRL(UCILI»W{ILl),FL2EY)"" 7

V?[:AK*AH}AX].WPEAK:H!ID)

e 66 =- CONTINUE - =

. VPK(L)=VPEAK L
see e omse e o0 S TTYTHIL) = VPEAKS3S &
55 70 CONT LNUE I A o . B} 3 )

) : S IF{KsKE«l} 6D TO 60" """
NABDRT!O . . i . .

THDRVR
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60

B5"

-—- - 90_
"95

1057

1o

R LU PR

" SUBROUTINE RCVR

L]

. _ewxorn TOWELL~TOMELL .
CTEFC(GHIDTHaLTo154E~6) 0% e [GWIBTHe6To350,E=6)) GO TO 190

- 30
L)
= 130

140

160

COXSLULY=(VPK(L)+VPK(2

IF(NABORTWLT4%) RETURN

7373727 TS T ) ’ FTN 4.64452 : Q5717779 16419.09 PAGE ~' 2

- . - - v PR, ' . . - Herem .4 et e et At 24— s

NROH=1+IF1X{24¥5.06~5/TSAHP+.5) . e e e a e e aen .. .
N{Ll) =KROH t T

N{2)=NNDN ! . e e e e -
CONTINUE : b oo : ’ .
00 L4l I=1s2 Lo ) ) . et e e ae . .
Jdedb22=Nt1) /2 . .

N2=(N{D)+1)/2 ) . e .

DJs {N2Z<LY*TSANP ~ . T L ' .

T61=TPST=04 : ) UV
TG2=TPSF=Dy = °° ) Cote s e - - -

TAUSTT=TG1 U
TIF(I.EQ.2) TAUSTT=TG2™ " "

VT=YTHLI) o . s .
JOo={I-1)kJMa+dd =7 - s ’

J1eJ0+N (1) -2 ) . e s -

L 1 - L] - - - ™ - T . - . - - Pl

1SIGN=} ) o . e et e e e e e e e
DO 100 Jeyopd) =77 77 7T rmToomommmeamen e

Va=u(d) . e -

View(J+1) -~ ; Trremom o T ' T T .
TAUSTAUSTT+(J=J0)*TSAMP . - e e e -
DELTAVE(Vi=YT)*ISIGN oo T ’ )

IF(DELTAV.LT.C.0) 60 TO 16O

TTOWELL=TAU+TSANP*L(VT=VO)/(VI=vO) ) ~7" 77 77 ™ T oo TommmmmTmrmm e e

IF(J,NELJO) GO TO, 90 o .
IF{V0.6T.VT) TOWELL=TAU - : :

IF{L.EQ.2) 6D TD 130 o
Lt C e e e e e .

ISIGNa~1
TTOuELL*TOWELL
(CONT INUE . o
IF(LaEQM1) 60 TO 190 7 "7 T T T ot - s

IDWELL=TAU+TSANP

T CONTINVE - fm e o omm e s [ . L rh a e e wmmme s em avw

TRG(I}»2i*GWIDTH e
TCe(TOWELL+TDWELL} /24" oo . ‘ oo
IF(1.£Ge2) GO TO 150 . ——— .
TC].’TC - I R L - hanhi
CONTINYE

SRELTET«FCTCL  —o 7~ o seemmmeeeses o Ve e e i e .-...-_-.,.._...-.:...-.- -

DOD% { 45E=b)*IFIX{DELTET /4 5E~ 6+45) N
X51(2) = {-OKEGA/ 24 )% (D0OD~TR) T . T o T
XS{2)1=X51({2)

11720
XSL1CLI=(L0o#*{XS141)/200)~10] 4G}
XS(L)=XS141)°7 " 7
DO 160 Lxl,2
RG=TRG{I}/TSAMP  ~ e e . s
NUI)=1+2¥IFIX{RG/24+05) .
CirINvE e e s , .. .
NABORT=0

TTTRETURN 7 . B
199 |

JCOUNT=FCOUNT+1
NABORTeNABORT+1 Coor s ™ "

THDRVR
Page 2 of 4
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SUBROUTINE RCVR 73/172 T8

115 N1 )=NNDH
T N(2)«NROM

XS{2)eX5112]

KETURN

END

410008 CM STORAGE USED

__+822 SECONDS_

FTR 4.6+452

05717779 161909

PAGE 3

THDRVR
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BLACKDATA TRVRID 734172 TS FTN 4,06+452

BLOCK DATA TRVRID
COMMON/IDDATA/IONRS(6)

DaTA I0RRS(3), IONRS (41 IDHRSL6) 71510/
END

410UdB CH STORAGE USED —  ~ «023 SECONDS et

Q5/17/79 16.19.09

PAGE 1

THDRVR
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e e e s . JCALL FACTOR(L.) . e e - v e e

1 . . ¢

PROGRAN ACQMPL 73s172 TS5 L FTN 44564452 05717779 16420450 PAGE 1

e e . .- . . PRUGRAM ACOMPLLINPUT,OUTPUT,TAPELO=IRPUT,TAPELS, TAPET=OUTPUT, ...
*TAPEZO)
R . . INTEGER DATIN(4}

DIMHENSION ERALFACLO00)sERTHTACLOO)»ERALFR{LOO)SERTHTR(100)

PR .. . .DIHENSION X6TOX1{100),IDENTSLE)sLABELS(S s NAHEC(LIOISNAHEL(LC) | cmrmioi—
DIHENSION NAMEZ({10}»NAMTIK(4},TIH{102)},>T0TAL(2100,5), YERROR(S)

- R . DIMENSION YY{102}
EGUIVALENCE (RNAME2,NAMEZ{10)} ), (ARNAME,NAME(LO))
me -« . .. FEQUIVALENCE {TOTAL{1,1),ERALFA(L)),{TOTAL(L,2},ERTHTA(L)),
10 *{TOTAL(Lp3 )0 ERALFREL1 I (TOTAL(124 )2 ERTHIR{L} ),

a e em e vmmmm e v FATOTALCL25) 2 X4TOX2(1)) . . . . e —— =

DATA NAHEL/IOQHSIM., JOBt ,3#1H »10H FILE NO® »3%1H »10H CATES »

- - . ¥1lH ¢ e it i s m trm v 3 e e 3
DATA MAME2/L1OHPLOT JDB: »3%1H ,10H PROGRAM: ,LOHACQHP1 22%1H »
B N *10H DATE: »1H /

DATA ALXZL10a/sALY/24isYERROR/L4er)lesBes50020/sS5Fed2/sHI0T]
e e mavmmee o seeenenn DATA NAMTIM/LOHTIME SINCE,1Q0H START OF »L1OHFIRST SCANs2OH (SECONDS ..
*#}/, IBLANK/2H /7 i
PR N . DATA DATIM/LOHHLSSINDATA,2%0/,YHNAX/LW/
20 DATA LABELS/10HES ALFA ER,1O0HES THTA ER,1QHES ALFR ERs
e we = . . . .. %)1OHES THTR ERs1OHALFAR/ALFA/
CALL CALCOMP{20)

CALL PLOT(+42,05145,-3}

25 c - -
€ PUT JGBNAME AND DATE IN APPROPRIATE ARRAY ELEMENTS.
e i < - - . D e et
NAHEZ2(2) =JODNAHE(A)
. [P -~ ..-RHAMEZ=DATE(A) .. ... it e e v e e e P—
30 ¢
C READ RUMBER OF FILES YO BE PLOTTED. ri— o an e e
c

. READ(10,10) NPLOTS _
10 FORMAT(IZ)

C WRITE JOBMAME, DATE, AND NUMBER OF PLOTS TD BE MADE.
¢

T WRITE(7,20) NAME2(2),RNAHEZ,NPLOTS
e .20 FORMATU1OHLJODBNAMES, sA10515Xs6HDATEL 5A10//1Xs12520H FILES TO BE
40 *LOTTED)

¢ . i e v .. . .
Chsakdddbrbkknrks 443008 LOOP TO PLOT EACH FILE. !
c

7 DU 300 N=1,NPLOTS

42 C e e e e e - .
) B CHERRRRERA Ru kAR kF Rk Rk SRR TR R
- i . L+ READ DATA FROM DISK, WRITE ON LPR, * . . - e ———
CHbdtbbbhbihdsrbdbt bk b bk f ek ko
c - . et e e e e . .
0 " ¢ READ CURRENT FILE NAMESWRITE PLOT NUMBER AND FILE MAME.
C

READ(10,30) DATIN(Z)
30 . _ FORHATEALOY | | , ..
WRITE(7540) (DATINCI)sI=*1,215NsNPLOTS
55 46 _ FORHAT {13H1INPUT FILE: ,2A10,10%,5HPLOT ,I2,4H OF »127)
TR=TATTACH{ALTAPELS, BATIN)
_IFLIRLEQ.O) 6D .T0 60

ACQMP
Page I%0f 5
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60

65

70

15

80, ..

85

90

95

100

105

110

PROGRAH ACQHP] 73172 18 . ETN 4.6+482 05!17179.

16,20,%0 PAGE 2

WRITE {7,50) e e e

a0 FORMAT (20H FILE DID NOT ATTACH/)
STOPHINPUT FILE ATTACH NROT SATISFACTORY#

.

C
C READ DATA FROM DISK AND PLACE IN PROPER LODCATION OR ARRAY. (SRR,

c

READ(LS) {(IDENTS(I}»Iwls8)sKSTART
READ{LOINRUNs OSNRDBy RHO» BETA» FSCoBMLS»BRCVRp THESEP

ChkukbedenbkbhbdhikTg |

van DD 70 Kel,KH I

READ(L1%) ERALFA!K)JERTHTA(KI:ERALFRlKlJERTHTRlKl:KﬁTUXI(K)

70 CONTIRUE
READ(15) RHOMWAX+DTHO, TOROsBETAD»FSCOsEBETAG»EBETAMSEFSCO,EFSCH
CALL RETURN(GLTAPELS) . .

60 READ(L5)} OOUT»DELTAHTIMESs LGHAXsKH) TODAY»JBNANH . . b e e mtmmm mme e ar e b ————— b i

DECODE {10,75,00UT) NNI;IRCVR:NNZJNNB;NN%

. 75 FORHAT(I2»11»1324A1,13) . . . c e e e e

c
C WRITE DATA READ FROM DISK ON THE LINEPRINTER.
[

WRITE{T7»80Q) OCGUT,DELT )HTIHES)LGHAX)KHs TODAY s JBNAK
80 FORMAT (1H »Al0,8X»G1l34bs5Xs3(5XsI3,10K)2A00,8%24A107)

WRITE(7,90) IDENTS»KSTARTY . e e e e e
90 FORMAT (1H »6{1XsA8,9X)s3Xs13/)

WRITE(7+100) NRUNsDSHRDB2RHOsBETAsFSCrBHLS)BRCVRy THESEP | | -

100 FORKATOLH »2Xp 124X, T12X361346)/7)
C
C WRITE FIRST 35 VALUES, 5 PERIDDS, THEN THE LAST 3.

C .
Cradbkrrdtddddrkekd]2n
00 12¢ K=l,35
WRITE{7»L10){TOTAL(KaL}2L=1»35)
110 FORHAT(IH »5{G13.5625X}
120 CONTINUE
Chekkrkbdkdrkhbhknk] s
D0 140 K=1,5
WRITE(7,130)
130 FORKAT(LH »5{(6X»1Hss11X))
140+ CGhTINUE
KN3sKHM-3
Chrdkwkbdddkdkbrdix]5( . . PR
DO 150 KeKH3,KM
WRITE(7,110} (TOTAL{KsL)}»L=1s5)
150 CONTIRVE
NRITE(7:1511RHUHAX:DTHU:TDRU:BETAUJFSCD!EBETADJEBET!H)EFSCU:EFSCH
151 FORHAT(IHO,9(G12.6,2X) )
[ .. , : "
CHbbrddrtihibhbhshrdbtdrdbins
c» PLOTTING BEGINS HERE. *
Chdpkkkrsobsbkkdokkkokdorkr ek dirlk
C
C DRAW LEFT EDGE OF THE PAGE
[

CALL PLOT{~2.050.0,3)
CALL PLOT(~240s740s2)

[
C WRITE FILE AND PLOT INFORMATION AT TOP OF PAGE.

I - -

ACQMPL
Page 2 of 5
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PROGRAM ACOHPL 73/172 TS ' T OFTN 4.64452 T 05/1T/TS 16420450  PAGE 3

:

. 115 c . . . .
XHu=y 5 '
YHwB847=5
CALL SYMBOL{XH, YH)H)NAHEL, 040,30}

AL R ALEY TR L ERN SN

ae am v e oEmwow P P P N L

120 DO 160 I«1,10
- - . HAME (I} =IBLARK
160 CUNTINUE
Lo . - NAHE(2)=JBRAN
DECUDE{10,170200UT) NAHE(6)
ooy AA25.0 o o e 1T0, FORMAT(ALO)

RNAME=TODAY
. .. CALL SYNBOL(XHsYHeH)NAHES040»100)
YHaYH=2443
g .. CALL SYMBOLUXH,YHsHpNANEZ2,0.0,100)

130

¢ -
= e rsemimimem e - & WRITE PLOT INFORMATIOMN DN BODTTOH OF PAGE
C

.. . . 200 ENCGDE(81,210sMAME) (IDENTSUI}yIel,2)sBHLS,DELTIKMsKSTART
210  FORMAT(LIHSCENARIO? ,ABs1H»sA6sTHs» BHLS=»>F4e1s11H DEG» DELT=
L~ . 135  _ . _#FG.7,9H SECs KH=sI3,9H, KSTART=»I3)
YH=S
e e e au - . CALL SYMBOLUXH,YH,H,NAME,0.0s81)

220 ENCONE(81,230,NANE) USNRDBIRHGJBETA:FSC!THESEP
230 FORMAT (9H SIN=nsF5.1,9H DBy RHO=»F5.1s7Hy BETAwsFboly
140 *10H DEGsFSCwsFB43512H HIy THESEPwpFO4354H DEG'
. .. .. .XYH=0.0
CaLL SYMBOL (XHeYHrHsNAME,0.0,81)
e— et 240 ENCODE(59,250,NAME) (IDENTS(I)»I=3,6)»BRCVR

250 FORHAT{LOHRECEIVERS 2A7»2Hs »AT»2Hs »AB,1H) A646Hy BRCVR'!
145 _*Fh.1ls4H DEG) .
YH=-5

. . ) CALL SYHBOL (XHpYHsHsNAME;Q.0559) | . . L L ERER ..

IF (IRCVR.NE.2) GO TD 258 Tﬁ%
o . R ENCODE{B3,255,NAKE} RHOMAX,DTHD,TORO,BETADSFSCO A . 3
150 255 FORMAT (39H INTERFERENCE TRACKER IDLER VALUES1,F4.1s1Hs» '

. ... CF4u1,5H DEGsrsF4.159H DEG/SEC,F5.1s5H DEGssFéels3H HI) 1%&_._”,_,, —

— e - CALL SYNBOL (XHsYHsHsHAHE»040,83)
ENCODEL64, 256, NAME)} EBETAC,EBETAR

YHuw2#S ) - )

¥, 3HDEG)

mrmwr eneee 2256 FORMAT(34H. ., _.BETA ESTIMATE ERROR: INITIAL=sGl0+3»THsFINAL=»GL0.3 -..._.._._._._%?k

e e e oo YHRS3ES L SO, - ¥« N,
CALL SYMBOL (XHaYH,HsNAHE»0.0s064) o

) .. __ ENCODE(63,257,NAME) EFSCO,EFSCH
160 257 FORMAT(34H FSC ESTLMATE ERROR:t INITIAL#»G10.3,TH)FINAL#»G1043
NI ¥t 1Y 3 I

YH==4,%§
. . CALL SYMBOL (XHsYHsHsNAME»Q40»63)

258 CONTINUE ' ) ) T T s e

165 - . XH0.0
CALL FACTOR(.5)

I . e - . - -
C FILL ARPAY WITH HORIZONTAL AXIS DATA.
c

170 ' (I EITIIFINZTIATEE L I
DO 260 K=1lsKH

ACOMP1L
Page 3 of 5
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190

195

L200 .

205

210

PROGRAM ACCHPL T3/172 TS FTN 4ebt452

05717779 16,2050

TIMIK)=DELTH{K-1)
260 CONTINVE
CALL SCALE{TIMsALX>KHs1)
Chendddnandrdra v ed2901 LOOP FOR 5 PLOTS.
DD 290 L*l,5 ... P .

TUPAGE 4

AMAX==1,E+320
AMINw1 . E+320

Chrbbbd ik kdkhds270
DD 270 K=1sKH

c
C.FIND HIR AND HAX OF ERROR DATAsw  .teicvr oo = v v v vn i 0 e oamem

¢ .
ARINeAMINL{TOTAL(K,L}» AMIN)

. AHAX=aAMAXL{TOTAL(K, L) ANAX)

270 CONTINKUE . -
YHAX=AHAXL(ABS (AMAX Y2 ABSCAHINY)
YHIN==YHAX - s .-

IFIL «EQs 5} YMINeO,
YIRC=(YHAX=YHIN) /ALY

[
C FILL ARRAY WITH ERROR DATA INCLUDING YMIN AND YINC. IR
c . !

CHERRRERRFREERRRAH¥280 .
DO 280 K=l,KH L F

YY (K} =TOTALIKsL) o

280 COUNTINUE ; R )
YY(RK+1}=YHIN . : . I S
YY{KM+2) «YINC . o

¢ C e e . .. - :

wa . . - hm e T —— e nn —————— vaa

¢ DRAW Y-AXIS AND WRITE LABEL. ) . nr
¢
YHe YERROR(L) ’
YHM==YH .
CALL AXIS(XHsYHsLABELS(L)»20sALY»90405 YMIN,YINC) :
¢ . Coee . . . e e

B I T T N

\
.

.C MAKE PLOT OF ERROR DATA.
8

o m———

CALL PLOT(O4O»YHs-3}
CALL LINECTIHsYYsKHr150,0)
CALL PLOT(0s0YHH,=3]
90  CONTINUE
MAKE HORIZONTAL AXIS FOR ALL 5 PLOTS.
CALL AXISIXHsYHyNAHTIH,=40sALXs000s TINCKRL) , TIN(KH+2))
5 PLOTS FOR.THE FILE ARE NOW COMPLETED. . e e e

CALL FACTOR(L.)
RESET GRIGIN AT B.5 INCHES ALONG X=AXIS

(s X xNx) LR+ 2] aaoan

CALL PLOT(04550405+3) . ..
300 CORTINUE
C

C DRAW RIGHT EDGE OF FINAL PLOT.
c . .

ACQMP1
Page 4 of 5



So-v

PROGRAM ACAMP1  73/172 TS ) FIN 4o64452 D8/LTITY 16.20,50  PAGE 5

. .o CALL PLOT(-240s0.0,3) . . - fr b e+ mmeos e— o w e
230 . CALL PLOT{=2,0,740s2) | '
. ., CALL ENDPLT - - - e m e e . s -
sToe
— e - LEND . .-

-y s a e = e [ v tr rmim o mma e e

___42000B CM STORAGE USED ... . 2.817 SECORDS . ... .. :

ACQMP1L
Page 5 of 5
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" SUBROUTINE CLIP

To731IE TS

FTN Asb4452

05718479

13.,53,08

suanuur:n& CLIPtA;KM:AHAX;AHIN:ISH;KCI
S ommosmrosmere oo DIHENSION AGKM) C o - -, T o -
LOGICAL LAsLE '
- ¢ . . e - . — e - .
5 KC KM -
L T T T TP - PR U S - -
LEw.FALSE,
- - - ISW=0 - s e e e - - memmeme — - o
DO 100 KK=lsKH
-1 Tt KKK+ 1-KK - St e e Troomm sem mmee e msemoes :
IF(ALK) +GEJAMIN) GO TO 10 B ) .
rus o e e e i e ) B TRUE b ittt S setmt Seimn= be s wa = tm e e n wes mm s e e ebr————— e .
A(KImAHIN
IFLISWeEQe O} ISH=mK i -
1% G0 TO 20
s—m-= - - e=mms - 10- IF(LAY GOUTD 20 - Trmorme s e e e il
IFc(Isu.NE.Oi.Ano.th.Eo.KM): Kewk.
T s 20°  CIF{A{K}.LE+AMAX) 6O TO 30" wen - Tt UmmT T mem e o e -
ACK) =AHAX
20 - LA« TRUES ' T -
IF{ISWeEQuC) ISHK
P - 60 TO 100 - -
30 IF(LE) 60 TO 100
T e T IF({ISWeNE«QO}uoANDW(KCoEQeKH}) KEeK ™ = =~ = - T T e
25 100 CONTINUE
- - R -1 N - - - - -
410008 CM STORAGE USED - — - —-¢A71 SECONDS~— - -—=w- — === - -= - - R

LABLIB
Page 1 of 17
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L6V

e FUNCTION GAUSS

OO0 O0O00n

30

25 40

" HAS= oFALSEs

vem RETURN = - e S .. FYR I

737172 TS .. “ETN 4obH452

FUNCTION GAUSS (DUHNY) . )
GAUSE PRODUCES INDEPENDENT PSEUDO-RANDOM NUMBERS DISTRIBUTED
HORMALLY (0,1} 8Y THE DIRECT METHDO DESCRIBED IN THE FOLLOWING
REFERENCE!

" “MeABRAMOWITZoI+A+STEGUNs HANDBOOK OF HATHEMATICAL FUNCTIONS ™"

APPLIED MATHEMATIC SERIESKSS,HATIONAL BUREAU OF STAKDARDsU,S
"DEPT OF COMHMERCESNOV.1970s)PAGE.953

THIS VERSION OF GAUSS TAKES INDEPENDENT PSEUDO-RANDOM NUNBERS
URIFORMALLY DISRIBUTED ON (0,1).FROM THE COC~SUPPLIED FUNCTION
SUBPROGRAM RANF{X).

LOGICAL MAS . s en e wrrmam e wmeie e aas wmmnem v w s [

DATA HAS/ o FALSEW/

IF (DUHHY.EQ. 040} GO TO 30~ -~ . . .-
CALL RANSETI(O) ‘

CONTINUE

LF(HAS) 6D TD 40 T T LI T . e .
X=5QRTe=24+ALOG(RANF(140) 1))

Te6,283165308%RANF(1y) © - - - e

SAVED*X*SIN(T)

© GAUSS=X#LOS(T) - - - - e . PR

HAS= . TRUE.

GAUSS»SAVED

T HAS=oFALSEe - ™ - - - . - . . e

RETURN
~END = -t o [, frx s mmem mx PR

410008 CH STORAGE USED ~ " "™ ™ ,115 SECONDS * ™~ ~~-° "~~~ o

05718779 13.%3.08 " PAGE 1

e e Ay e oma e m G e mm e rw s e -

LABLIB
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SUBROUTINE INVIO ° " 73/172 T3

. READ (10,103 IVAL
- 10 "' FORHAT(I8) T v
WRITE(7,20) IVAL
- 20" FORMAT(LH ;18/)
&0 TD B0
: 0 2 " WRITE(7,30) SYHBOL,IVAL
30  FORHMAT(LH sA6s3H = »16)
ST T s o=t U READ(L0540) SWITCHsIVALZ TCU
40  FORHAT(Al,16)
- - “IF (SWITCH .EQ. SLASH} GO TO &0
15 WRITE(7,50)
Teormrmeoo s 80T U RQRHATALH ) Tttt oo
: RETURN  °
- TTtTTTT 40t IVAL=IVALZ C° R
WRITE(Ts70} SLASHsIVAL
20 © T 70 " " FORHAT(1H+s15XsA1,167)
80  IF {IVAL (LE. IVALHX) RETURW
. WRITE (T7590) SYHBOL,IVALsIVALHX» SYMBOL, IVALHKX
90  FORMAT (1H sA6,2H (»16s16H) > HAXe VALUE (»16s1H)/
ST T R1H ,Ab.BH SET TO ,16/) T e ’
25 IVAL=IVALMX )
e e RETURN . e
3 WRITE{7,100) SYHBOLsIVAL
100  FORMATILH ,A6,3H = #16/)
RETURN .
30 - END e . C e e
410008 CH STORAGE USED " 4131 SECONDS

86—V

IVAL, IVALHX,I2Z)

SUBROUTINE INTIO (SYHBOL,

© INTEGER SWITCH,SLASH,SYMBO
DATA SLASH/L1H/Z i
IF{I1Z)1a22s3

FTN 4.6+452 05718779 13.53.08

Geb m et e e e mmm e bmie mhew i e W me e e ke

PAGE

LABLIB
Page 3 of 17
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5
- el e - -1
10

T R

20

2

TTTT3QTTTTFORMAT(LH sA6s3H = L5} TTTTTTTTTT

PR -t eme e -46.-

n . m—— .

L14]
60
_70
3
ag

T FORMAT (1H pA6s3H ='4L5/) 77 ' 7

SUBROUTINE LOGED ~'~ 73/172 °TS$ T o

SUBROUTINE LOGIO {SYHBOLsVALUE,IZ)

T LOGICAL VALUE,VALZ®

INTEGER SHITCH;SLASH;SYHBDL
DATA SLASH/LHZ/

IF (1I) 1s2,3

"READ {10,10) VALUE "7 770 70T o

FORMAT (L5}

" WRITE(7,20) VALWET - & ot

FORMAT(1H »L5/%
RETURN . " -
WRITE (7:30) SYMBOLs VALUE

READ {(10,40) SWITCH)VALZ

FORMAT (Al,L5) ° e e

IF (SWITCH oFQs SLASH) 60 70 60
" WRITE(T7s50) -
FORMAT(1H )

RETURN * = == ™ et

VALUEsVALZ

WRITE(T»70) SLASHpVALUE ™ e

FORHAT(LH+»14X, AlsL5/)

“7* RETURN - T

WRITE (7,80) SYHBOL,VALUE

RETURN
END ¢ - — -- e Cee

" 410008 CM STORAGE USED ~- - ~ .104 SECONDS v o

FTN 446+452° 7

T 05/18/79 13.53.08

A1IYNd ¥0ed 40
gl 3N WNIOIHD

PAGE

LABLIB
Page 4 of 17
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ey = m e e e YR ITE (7050 SYHBOLpMIsNl- - 70 et ommT N

st anaibt T [ IS U5 ¥YF S

SUBROUTINE MATIN

THI
PAR

Al
M1
I

OO0 a0

)

. e e 10 - -

.15

S T

7372 TS : ’ " FIN 4.64452 °

SUBROUTINE MATIN (SYHBUL:A;HI’NIJH)
S INPUTS A HATRIX ’ "
AMETVERS AS FOLLOWS !

SYMBOL IS A 6 CHARACTER ALPHANUMERIC»» EG. ¥ A T

S THE ARRAY HAME

05/18/79 7 13.53.08

AND N1°ARE THE DINENSIDNS OF THE ‘DESIRED MATRIX™ 77~ T T e

S THE COLUMN LENGTH DF THE ARRAY STORAGE

DIMERSION A{M,N1}) - I R P ]

INTEGER SYHBOL

FORMAT (1AHOINPUT HMATRIX sAb6s2H (212534 X 312:10!‘1) 8Y ROWS:)

PAGE

1

READ £10,10) tA{IsJ)sdnlaNi)

FORMAT{L0(6L3406)) b T
WRITE(7520) (ALIsd},d=lsN1)

FORMAT(LH »20{G13,6}) ~°"° —-7 == == o™ o0 0T
CONTINUE

RETURMN - ™ VU — - m A wam Enm ey o e mmime e mmn e w4 s

END

410008 CH STORAGE USED -118 SECDNDS

LABLIB

Page 5 of 17
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TO0T-V

SUBROUTINE MATHUL

ey b s e e ewm et .

----- 30 = Smrmms - 00 8O0 In1,NCA, -

s

"t 7 "T"RETURN & ¢ T T

737172 T3

* #NCCrAB,Ch L)
DIMENSION A(NRA:NCA}:B(NRB:NCB]:C(NRC’NCC)
GO TO (101,102,103,10413,L
101 IF(NCACNE.N2RB) GO TO 1000
T T DO 200 I=lsHEZRA T
0O 200 JwlsRCB

DO 200 K=l,KCA
CUlpd )=CLI ) +ALTIKI*E(KO G} = — - -
200 CONTIRUE

102 IF{NZRAJNE.N2RB) GO TOD 1000
DO 400 I=1,NCA ’ i N
00 400 J= loNCB
C{I,J}=0, ' ToomAs mre Tttt
DO 400 Km1,NZRA
TCCIp e LI JI+ALKP D)*EBIKed) """
400 CONTINUE

RETURN

103 TF(NCACNELNCB) GO TO 1000

- 40

~41000B CH STORAGE USED -

DO 600 L=31,N2RA * e
D0 600 J=lsN2ZRB
o AT d I WDy e e I,
D0 600 KelsNCA
CUIpd)mClIsd)+A(IAKI¥B{dSK)
600  CONTINUE
RETURN - s e
104 IF(NZRA+NEWNCB) 60 TO 1000 )
DD 800 Jm1,NZRB
- ClIsdI=0. - e e e
DO 80O K=1,NZRA
LI I =CUI S ALK DIRBCIPKY * ~=- - -
BOO  CONTINUE
RETURN * = =1 ==+ = =
1000 WRITE(7,2000) .
2000 FORHAT{SX» #CHECK THE PROGRAM FOR MISTAKES®)
RETURN

PRS- END o e ae e e B _— - - - e

e mnerg27 SECONDS -0 -

“CLI; 1m0, . et e e e e

SUBRUUTINE HATHULIHRA;NZRA:NCA:NRB-NZRB;NCBJNRC’

.

FTH 4.6+452

¢ mmn D mas s i awea o

05718479 13.53.08

PAGE

LABLIB
Page 6 of

1

17
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TUTTETT OSUBROUTINE MAYOUT 737172 TS C T T 7T T T FTN

he 64452 T TT05/18/797 7 13,53.08° " PAGE i
SUBROUTINE HATOUT({SYHBOL,AsHI»NL,H,I2) R )
o © CTHE VARIABLES IN SUBROUTINE ¥MATOUTA ARE AS FOLLOWS
CiSYMBOLY IS A 6=CHARACTER ALPHANUMERIC EG.¥ A% L
CHAX IS THE ARRAY MNAME
5 CHMLM, AND #Hir ARE THE DIMENSIONS(VERT,HORIZ} OF THE e
Tmereos CPRINTOUT st
Cekid IS THE COLOMR LENGTH OF #AM AS DIMENSIONED IN THE o
.o - CCALLING PROGRAM - ' T
, C#IZ=0# CAUSES DDUBLE SPACING,OTHERWISE SINGLE SPACING . .
10 - : * DIHENSION A(M,N1) y ' )
INTEGER SYH&ODL e e
TTTT T T T M WRITE{TS) SYMBOLT T T mmemiT e e em o e o
5 FORMAT{#0%s Abs / }
' 00 10 Is=1,H1 oot ot o -
15 WRITE(7,20) (A(1,J),3n1,N1) ’ . )
- - 20 ° FORMAT(LQ0(1X,Gl2.%)) - - T - T
IF(IZ4EQ.0) WRITE(7?»15) . . o
e cmo s iget CORNATIR #) T
10 CONTINUE
20 . RETURN ., —°
END . ) vt .
410008 CM STORAGE USED +098 SECONDS _ e o .
LABLIB

Page 7 of 17



€01~V

SUBROUTINE MATS

101
5 2
e £ 1 S
110

- 10 .

e e s g g )

600
1000
- - 10000

- Hl000B CH STORAGE USE

K 737172 TS FIN Aeb4452

SUBROUTINE MATSM{AsB,CoLsHASNALHD, M2B,HBsHCHHRCHNCHK)
OIHENSION ACHApNAY,B{HB,NB)»CINCINC)

G0 TO (101,102,102,101),L ~
IF(H2BWNE.H2C. DR INDHELNCI) GO TO 1000

GD TO 110

IFCNB.NEJHZCo DR (H2BWREWNC)) GO TOT100Q """ "7"~ ~77mr = mime o =
THAX=HZB
- HAX=NE PR
IF{L.LE.2) GO TO 200 .
IHAX=NB : B ro

JHAX=M2ZB
TFIINAXKoGToMALOReJHAXSGToNA) GO TO 1000 "7 " ™
D0 600 I=1,IHAX

00 600 Jel,JHAX - S
A(i;J}-B(I;J)+((-1)*¢K)*C(I,Jl

TF(LaEQe2) ALLsJ)mBlJpI)+L(=1)4*K)}C (1))} : -
IFILLEG3} A(L,Jd)mBUIpd )+ {{=1)*4K)*C (a1}

TIF{LeEQed) ALTJ)=BlJs D)+ {=1)*¥4K )01 — ° 7 77 I

CONTINUE

RETURN s o
WREITE(7,10000Q)

FORHAT{5X,#MATRICES HOT COFORMABLE*)
RETURN

SEND mor Mm% omer o emases w4 e . - -

D T ° «336 SECONDS

05/18/79% 13.53.08

dkmi dam e rmraa— = w4

-

PAGE 1

LABLIB
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yO1-v

45

50

55

80
90

100
110

T SUBROUTINE MULPLT

734172 T8

- A - s - .

SUBROUTINE HULPLT(BpA;NRY;NP;NV:XNAHE:YNAHE:EYHIH:EYHAX;SYH)

© INTEGER LINE{6L)sBLANK,DOT#SYHINP)#LOsHI

" CONTINUE

- Q-
60

-.-10--1.

- #Gl346)"

“HINwl® == =

LOGICAL MARUAL
INTEGER XNAME(Z2)sYNAME{Z,HV) )

DIMENSION KPl(10}:YHAX(10);YHIN!10):KK(10]:B(NP);AINRV:NVI

DATA BLANK»DDT/IH »LlHe/pHI#LD/94s1H2S
IF{NRYsLToNP) STOPANRY<NPs WRDHG#
HANUAL=.TRUE.

IFCEVHAX oEQuEYMINY MANUAL> 4FALSE.

IFCEYHINCGT«EYMAX) PAUSE#YOU MADE A MISTAKE' INPUTTING LIMITSH -

DO 10 I=1,NV
YHIN(I)=)l.E322°
YHAX(I!'-l.Eazz

 mmie wrms ok wmou enm w owom -

DO 30 J=1,NV
00 20 I=l,NP - - " - -
IFCACIPJ)oGToYHARLID) YHMAXTJIwALlLs S}

IFCALI doLTaYHINGIY) YHINGIIwALI, 8y ~ 7 ™ ™

CONTINUE
CONTINUE YoTormm mmees e e
IF (HANUAL) 6D TD 41

YYHINaYHIN(I)® < - - o= = cme o oo o
YYHAXSYMAX (1)

IFLYHAX (I eGTaYHMAX(I=1)) YYMAX=YHAX(I)

" IFCYRINCD) oLToYHIN{I=1)) YYHINwYMIN(I)

CONTINUE
GO TD ‘5 - = = e e v muwme . Mo e -
YYHAX=EYHMAX

T YYHINSEYMIN ™ T T TAa T e m T ss meee
RANGEsYYHAX=YYMIN
KAXISw60 ¥ (=YYHIN/RANGE) 4105 ~ --- -+ - - =

IF{YYHIN+GT+040} KAXISw#l
IFCYYHAXoLT40a0 )" KAXIS=6Y — - = *- - - -
DIS=RANGE/GO.

e amm mm e ammem WA a—a e o gk tem e w pmm

XHIN®ABS{B(1)})
DO 50 J=2,NP  * -
TF{ABS{BLJ))4GEXHIN) GO TD 50
XHIN=ABS(BCJ)) - SR
HIN=J

CONTINUE == =mr e sem oo

CONTIKUE

DD 70 K4wls3 -
WRITE(7,80)
CONTINUE
FORHAT{1HO)
WRITE(7,900 - = ' © -
FORMAT (2K THLEGEND )
‘DC 100 IxdsNV -

_—r . - ——

WRITE{7,110} SYH(!);YNAHEIlsl)oYNAHEIZyIlnYHIN(II:VHAKII)

CONTINUE

FTN 4.6+452

00 40 I=2,NV SRR LR TR

FORMAT(BXsALp2X, A8, ZK'AB:SX;QHHIN‘:GIB.(:'BX"'HHAX';

WRITEL{7,80)
WRITE(7,80) -+ =~ ~ -
WRITE(7280}

05718779 13.53.08

" PAGE 1

LABLIR
Page 9 of 17
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SOT-Vv

e SUBRODUTINE MULPLT ~ T73/1v2 T5 -t

T OTTETT T TT ORI oD 140 IslaNVOC T : T TnbommmmemammamE S Tm T o wmer omE oo om v

"PTH 446+452 7 05/18/79

WRITE(T,115}) XMAME(LY YYHIN,YYHAX :
- 115 FURHATCZI)AB:SX:14HURDINATE AXIS126H "HINw»Gl3.6s ' -
60 *TH HAX=pGl346)
) T WRITE(7,120) XNAHE(2)»DIS )
120 FDRHATI3!;th30X;10HINCREHENT-:2X:Gl3.6aI)
T ' T D0 130 Jel,6l
LINELJI=BLANK
" CONTINUVE
DO 170 J2=1aNP
IF(J24EQ«HIN} GO YO 180
LINE(KAXIS)=DOT

&% - 130

70 X160¢0*((A(J231i-YYHINJIRANGEI
: - T KK{I)=E+145 . " -
TFIKKCI)o6To61} LINELSL)=HI
- B IF(KK(I)eLTe2) LINE(L}=LO *
e e ) LFCKK(I)oLTols0RKK(I)16Tab1) GO TO 135
135 IF{KK{I}eGTa6Ll) KKC(I)w61
e e “o LFCKKED)WLTel) KK{I)=1 ' - - - : .
140 CONTINUE :
- e ~ WRITE(7,150) B(J2),LINE ~™"— -~ - - - -
80 150 FORMATI1XyG134656Xs61A1)0
. S e e .- R
LINE (KK(IH'BLANK
CONTINUE -~
170 CONTINUE
S o TD 21l -t - S - SRR -
. 180  CONTINUE
o s T oot T DO 190 Jalsél ot T -ttt oo
LINE(J)=00T

20 00 2060 I=1,NV
- oo T XebDo# I {A{HINs TI-YYHIN)/RANGEY - ™ —° . ) -
KPL{I)=X+1s5
TTTT T Tttt T OIFAKPLIIVeLTel) LINECLY=LDT T - T o T
IF{KPLII)+GTo561) LINELGL)=HI
TIFEKPLITNoLlTeleOR«KPL{L)aGTo62)" GO TO 200
LINE(KPI(I))-SYH(I!
" CONTINUE : -t s T . T
WRITE{?7,150) B(JZl:LINE
S e s e 210 Jelpbl T et e e b = - . e memes s
100 LINE(J)*BLANK
s trmmomrmt ot 216 7 CONTINUE ToTmer T Tt - s
60 TO 170
e . 211 = DD 220 K5el,3° =~ - -~ " N
WRITEL7»80}
T 220 7T CONTINKUE
EYHAX#YYHAX .
EYMIN=YYKIN —— vt s s e rmwerem emaes
230 CONTINUE
o RETURN === =+ =v = == o= == = o
110 END

410008 CH STURAGE USED .816 SECUNDS

LINE(KK{I) }mSYNIL} T ’ TorTrmmm o

13.53.08

© CONTINUE Tt - - .- - -~ - e e e e

PAGE 2

LABLIB
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http:13.53.08

90T~V

SUBROUTINE PLOTR 737172 TS v " FTH 4.6%452 05/18/79 13453.08 PAGE 1

B e Tl L T R PR 4 LMa maunba M e L gsmuas mas brw R R S A B EemA AN rmn 3 e rp mmmaeed Aemasy MM mein te =

SUBROUTINE PLOTREAsAsNPy XNAKEs YNAHE,EHINs EMAXs 1SC) .
- DIHENSION BINPJsALRPY,LINE{6Y) e
INTEGER HI»LO, LINEsBLANK»DOT>STAR
LOGICAL MAHUAL,SYHME
5 INTEGER XNAHE{2),YNAHE(2) . e e e
e * " DATA BLANK,DOT,STAR/LH »LlHesLlH/,HI7947,L0/1H2/ ;
. SYHE= o FALSEs e e
TerrmormommT ot T T HANUAL = G TRUES o . - " e TToorrroTmen ot i
IF {EHAX+EQeEHIN) MANUAL=.FALSE. _ o i
10 - T T IFLEMINGGTLENAX) STﬂP#Yﬂ!J MADE A MISTAKE INPUTTING EMIN X EMAXp™ """ *' 7 = T
115C=15C "
TECUANUGL) LISGaL -~ = = = =omr mimmmmm o s min o ren o e s e o
IF{MAKUAL) 60 7D 11
- . < e e o LRINANUALL G0 T —— e e e ——
15 © YHAXs-1,E38
G P M e e e e e = e
IF{ACI) «BToYHAX) YNAXWA(I) ‘ e
i IF(AL{I}4LToYMIN}Y YHINmA(EY — 5~ " —r Smmmmmrmss ===s orr T o LT
10 CONTINUE
20 - 0 1018 = e e e e e
11 YMAX=EMAX
- YHINSEMIN SR - -
19 XKIN®ABS(B(11) e e e
S e - e e e e e e .
25 DO 20 J4=2,NP ‘ )
- - © IF(ABS{B(J})4GEJXKIN) " 60 TO 20 ~~- = =~ ~-  -* e - e
XMINwABS(B(J1)
I © MINaJ S
i . 20 CONTINUE o o
- 30 T “ IF{1ISC.EQ.0} GO TO 21 ° T s Tttt N
RANGE=YHAX=YMIN
SRR ~ KAXISe60, % (=YHIN/RANGE)#1e5 ~* = @ = r == == ~-o - e
' IF(YMINJGT+0+0) KAXISul
e © IFYHAXaLTe0e0) KAXISwgL —5trws=< == o« oo ‘ e Coeo -
35 DIS=RANGE/ 60, o e
AR 60 TO 30 - e e S
21 IF(YHINGGT40s} GD TO 22
IFIYHAX,LTe04) 60 TO 23 ° * “7mt=s - SR -
, KAXIS=31
= 40 © = - SYMEe#TRUEs © v c vmomeemieoces s R : .-
ABY®ABS (YHIN} o o e
RANGE=AMAXLI{YHAXpABY) =~ "= —- - ommmms s mmme e o - ) N
DIS=RANGE/30. .
- O . e -
45 22 KAXISel
-n - s A ow ~ - . R‘ANGE.YHAK . A e W orm S - mowvar d o - e te - * - - -
DISaRANGE/ 604 o
U €T 14 A O SRV O
23 KAXIS=6l
50 - RANGE==YHIN '~~~ oo b
DIS=RANGE /80 . .
30 CONTINUE ' - '~ - - e e e e . -
DO 40 Kiwlse3 e el
f e e e e GRITEATABO) e meem o | e e e e+ en s e e e —
55 40° CONTINUE v
50  FORMAT(1HO) SR
WRITE(7,60) XNAHE(L)> YNARE(L), YHIN,YHAX

LABLIB
Page 11 of 17
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SUBROUTIRE PLOTR

60

&0

"TI3ILT2 TS T FTN 4.

FORMAT (2XaAB)TX» A8, 3Xs20HNRDINATE AXISH HIN-:G13.6’3X54HHAX-5___

*¥G1l3.6)

WRITE(7,70) XNAME(21}s YNAHE(2),DIS

FORHAT{ZX, AB)TXpAB) 25Xy LOHINCREHENT w5 61346, /)
DO 80 Jml,bl

LINELJ)wBLANK ~"77 7 = 7= "
CONTINUE

DO 1060 J2=]1,NHP o b "

wmr P B e e e s s

95 IF(IISCoEQuO ANDLYHINGGTo00) Xu604%(ALJ2)/RANGE )
IF(SYME) Xa304%({A(JZ)/RANGE)+30s
<t KPLEX#1.5 -
IF{KPL4GTab1} LINE(61)HI
memen s eemes seseemer o [EAKPLLT Rl LINE(L)ELD v v cmmmmeee e
100 IF(KP1eLTo1,0ReKPLoGT461) 60 TO 129
S s - LINE(KP1)=STAR e -
129  WRITE{7,130} B(J2)sA(42),LINE
130  FORMAT(1X,G134652Xs61306,2X,61AL) -~ - = =
D0 140 J=ls6l
~r105 - m e e e LINE (JJRBLANK T T T T o e e e
140  CONTINUE
- e .Gﬂ TO 100 - - n anes w - roem  mm s & EnmaRaE . . e
145 DD 150 K5=1,3
- © WRITE(7,50) === v oo e mee
119 150  CONTINUE .
e s -~ EMAX=YHAX- e e
EMINsYHIN
160°  CONTINUE === - —=iomn == omewmoms o oo s -
RETURN

IF(JZ2+EQ.HIN) GO TO 110
X=G0 0% {ALJ2)=YHIN)/RANGE) - )
IF(IISCoEQeQsANDSYHINGGT 404} X= bO.*(A(JZIIRANGE)

© IF(SYHE) "Xm30a®{ACJZ) /RANGE)+30, °7

KuwX+le5

* LINE(KAXIS)=DOT

IF{KeGTa61) LINE(OHL1)mHI
IF(KeGTe61) KMAX=61
IF{K 6T, 61) GO TO 89

CIF{KeLT+1) LERE(L)aLQ  —7 v oomsmes mommmeres oms -

IF{KoLT+1) KHAX=KAXIS
IF{KeLTs1} GO TO B9 ~~7° - oo
LINECK}sSTAR

KRAX=KAXIS MR ‘ o
IF{KeGToaRHAK} KMAX=K

"WRITE(T»90) BUJ2)»A(J2)a (LIHE(NA) pNan],KHAX) = ™ © °7

FORMATILX»GLl34622XsGL3.6,2%55614AL1)
IF(KeGTabl) LINECOLI=BLANK . -
IF{K.GT+61) 60 TO 100
IF{KelT+1) LINECL)=BLAKK -~ - - -
IF{K«LT41) 60 TO 100
LINELK)®BLANK ==rr - rmmmemies o pmmssmmmmm be o w2 e
CONTINUE

G0 TA 145 - =~ —r T T mmm mmme e o=

CONTINUE
00 120 Jmls6lr -- - v o=
LINE(J}uDOT

© CONTINUE - == - - TUTmome ot omromme o

XebQo¥({ALRINI=YHIN)/RANGE}

b+452 05/18779 " 13.53.08 PAGE 2

LABLIB
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80TV

TTTT T SUBROUTINE PLOTRS ©7
115 END

410008 CH STORAGE USED

73/172° 15

+B17 SECONDS !

FTR 4.64452°

05/718/79 13.%3.08

PAGE 3

LABLIB
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60TV

" FURCTION PYALUE ™=~ —73/172 TS ' - o FTH 4e¢64452

FUNCTION PVALUEIX:P:DELI
c-
C THIS ASSUHES X RANGES ON THE REAL LINE» MODULO 2P AND
C REDUCES X TD THE INTERVAL (=P+DELsP~DEL)Y» EXCLUSIVE OF A SHALL
C INTERVAL ABUUT THE DRIGIN: (~DELsDEL).
g e e = mmmreen m vw—r e
ga)sp
Tt PR (AHUDCABS(BY+les2e)=14) -

T 05/18/79 13.53.08 PAGE 1

"

IF (DEL, oNEs 04} C-SIGN(AHAKllAHINlIABS(C)  P=DEL) 4 DEL)#C)
memmmnlQ trm s nesnems e s oIR (B4LT4 Oe) Caml e IR L -
PVALUEC
mmrrmen + e e v s e RETORR et e+ e me tr o e o e ot r e nae s b e sDes e ma e A s e e e e ..
. END
aloooa CH STORAGE USED 092 secuuus

-  MEAE L L eh b remee = —n ee—m = e o rm—— S

LABLIB
Page 14 of 17
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SUBROUTINE REALID “T3sive U TS oo T T FTN 4464452 B

. e mai e npe s me te e  mr oEw o ow L L

SUBROUTINE REALID(SYHBDL)VALUE:IZ}
ENTEGER 1SHW, ISLASH:SYHBBL T
DATA ISLASH/IH/Y
IFCIZ) 1s2e3° oo Tttt -
5 1 READ(10,10) VALUE
T T T T T T 10T T T FORKHAT(G13.6) T momommmen mmhoemm mmmmme o mo
. WRITE{T7»20) VALUE
STttt ot m = =20 0 CFORMATULH sG1l3.67) ot TTT o s o
RETURN
TTommAgee e e 20— WRITE{T730) SYMBOLAVALUE™ v wwmmmmsms mw s mme s -
30 FORMAT(LH ,A653H w ;G13,6)

40 FORMAT (AlsGl3.6)
- T Temem o v LF {ISW «EQe ISLASH) GO TQ 60 - ——— - = - -
15 WRITE(7,50) '
T mm o mmmemeem B0 FORMATILR = meom momes e o e Lt
RETURN

Rt 1] VALUEsVALZ -° fr v wm e ms mm s e wa e kb

HRITE{7,70) ISLASH,VALUE
20 - - 70 FORHAT(1H+»22Xs ALy G134t/) - - -
RETURN
3 WRITE(7,80) SYMNBOL,VALUE
80 FORMAT(IH »Ab)3K = 16130613
m e e e e e e RETURN = —= = seeme e e e [Rr
25 ERD

410008 CHM STORAGE USED 0098 SECDNDS

READ (10,403 ISWpVYALZ "7 57 mwmmemsemrsvssose o s e

© 05718779 13.53.08

PAGE 1

LARLIB
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TTI-V

SUBROUTINE RETURN 737172 " TS

41000B CH STORAGE USED

4
SUBROUTINE RETURN(LEN)
DIMENSLION FIT(1}
IX«ENOXFIT(LFN,FIT) ‘
CALL STOREF(FITC(IX}s2LCF,1LU)
CALL CLOSEM(FIT(IX})
RETURN —7 =77 == =~ = =
END

- . e

«047 SECONDS

FTN 4464452

TO5/18/79 13.53.08

N NP VERS U USRS P

PAGE - 1

" LABLIB
Page 16 of 17



[A4 5

FUNCTION SATU 734172 TS T

FUNCTION SATU(X,XL}
T ©  IF {ABSLX)aLE.XL) GD TO 2

SATUSIGNIXL, X) '

i ' " RETURN ~

5 2 SATU=X

’ : RETURN "7 7"~

END

41000B CH STORAGE USED <046 SECONDS

FTN 4.6+432

08/18/79 “13.53,08 PAGE 1

LABLIB
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PRS- B

v vwnee e e EQUIVALENCE tRNAHEZ’NAHEZ(lO)ln‘.RNAHE;NAHE(lO)I - e - -

40 FORMAT{53X,A10)
..50 FORMAT(GHLPLOT »I254H OF ,12/12H INPUT FILE »2A10s2H (»13,

PROGRAM PCRMP1  73/172 TS ' FTN 4o6+452 05/17/79 16420.35 PAGE 1

. . PRDGRAM PCRMPL{INPUT,OUTPUT,TAPELO=INPUT»TAPELS, TAPET=OUTPUT, .. . . .l o oo e
*¥TAPEZO) . .
INTEGER DATIN(4} b e et e men e ——— e e i ¢
OIMENSION TIM{102),YY{102)s TODAY(3))PKVAL{3)sYPK(3)sALYSNR{3} )

v+ - DIHENSEUN EMEAN{3),ERMS{3)},ESTDEVI3),TCOUNT(I)»YHIN(3),YHAX{2) R . ' R

DINENSION IDENTS{6»31,CSHRTO[L102), THESEPLLO2) s JBNAHEDY s CSNRFRELOZ)

DIMENS1ON DDUT(3),ABBORT(L00)»THESER{100,3} r b e e e ——— o
DIMERSION NAMEL(10),NAME2(30),NANE(LO},YPEAKI3) s ALYERR(D)

DIHENSION NAMSEP(3), NAHSNR(Z):NAHTIHH! “ . e e e -
DIMENSION YORERR(3,3)

DATA YHMAX/LoQ/sH/000T/9SIZE/005/557 4124

DATA NAME1/1OHSIM. J08t_,3*%1H ,10H FILE NOt »3#1H »L0H |, DATE! » . o\ o .
1R
. DATA NAHE2/LOHPLOY JOB:_»3*1H »10H PROGRAM! »L1OHPCRHPL _ . s2%1H 5 _ . S
*10H DATEY »1H /

.~ DATA NAME/ZLO¥ZH weema waeen O
DATA DATINIIOHHLSSIHDATAJB*OI [
- DATA NAHSNR/LIOHCSNR {(T0-5,10HCAN) / A — e
DATA NAMSEP/LlOH SCPARAT»1OHION ANGLE s1OH(DEG.) f. .
. DATA NAMTIH/1OHTIME SINCE,10H START OF :10HFIRST SCANPLOH, {SECONDS | o e e
¥)/
. DATA ALXTIN/S.0/ e e - h i e e s e

CATA ALYERR/440s2405105¢

DATA ALYSNR/2.0514551.1 . . . - - - —— — R
DATA YPK/14312431,40%/

DATA YORERR/4e0s0005040064053425500000645544552457
DATA YORSNR/140/,IBLANK/2ZH /

caLC Talcoirisoy
. CALL FACTOR (1.} L e e e e e

CALL PLOT(Z000,1.504=3) - .
... FAMEZ(2)=JOBNARE(A) , . ae e e A . o (=) e e e
RNAME2=DATE(A} ’ n
. REAB(10,10) NPLOTS | . . O - S

10 FORMAT(I2) o E

WRITE{ 7,200 NAME2(2),RNAMEZsHPLOTS ) S - A
20 FORMATUL1H1JOBNAME: ,ALOs15X,THDATE! SALO//1H 513, 2

*17H PLOTS TO BE DONE) e e e e e - st o s -
Comhbkkk ek bR kx%320 ‘oﬂg

. DO 320 NP=1;NPLOTS e o L L U .. -~ SR

READ{1Cs30) NFILES e G
30 FORKATIIN) - R, e C P N
CHRFRFERFRF AR ERRREFTIBO |

.00 180 NelsHFILES C e e e 2 .- C e e e e T —_

READ(10,40) DATIN(2)
WRITE(7,50)1 NPsNPLOTSy (DATINC(I}»Iwls2)sNsNFILES

*4H OF »T13,2H)34)

L IRmIATTACH{GLTAPELSADATINY o e e e . L s e mr a eimrda 4 h e e e e e errErr —re—r it 1
IF(IR,EQLD} GO TO 70 B
WRITE(7,60) ; e e e e e
STOPAINPUT FILE ATTACH NOT SATISFACTORY#
60 | _FORMAT(Z2OH FILE DID NOT ATTACH/Y_ .

PCRMP1I.
Page 1 of 4
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YIT-V

60

3]

- 80

90

95

100

105

11¢

ce e . .90

8s

FTH &.6+452

PROGRAK PCRHKPL

73/172 15

. C .
C READ FILE INTD NTH ELEMENTS OF ARRAYS»WHERE NECESSARY
C

70 READ{L15) DOUTIN)sDELT,HTIMES,)LGMANX»KHaTODAY{N)}»JBNAHIN)
- READILS5)} (IDENTS{I,N}»I=1s6) e JR——.

05/17/79 16,2035 PAGE 2

READ {15) HRUNsDSNARDBsRHDsBETAsFSC,BHLS»BRCYR
CHEadbdhbbusndad 450
DO B0 K=l,KH .
— READ{L15) CSNRTOCK)»CSHRER(KY» THESERC(KsNY» ABBORT(K)» THESEP{K) |
80 CONTINUE

READ{LS) EMEAN(NI»ERMSUN)}SESTDEV{(N}» TCOUNTIN)2 YHIN{N)» YHAX(N) .. . .

) CALL RETURN(GLTAPELS)
o
C WRITE DATA ON LINEPRINTER A3 IN CONTROL
c

WRITE(T» 900 DOUT(NYsDELT,HTIMESSLGHAX KN TODAY (NI » JBNANIN)

WRITE(7,100) (IDENTS{IsN}»lxlsb)
100 FORMAT{LH »6(1XsAB,9X)4)
WRITE{T»110)} NRUN,DSMRDBsRHO»BETA» FSCrBHES»BRCVR
110 FORMAT{IH »5X012,6X26(3%s6G13+6}1)
Cikbamerkbikrbinsn]i0
. DO 130 Kwl,35 .

WRITE(7,120) CSNRTO(K),CSNRFR{K),THESERCK, N}, ABBORT(K)» THESEPIR) 2K

120 FORMATULH »3(G13+625X)0bXaAlr1IXsGl34625X%217) -
130 CONTINUE
CrRastbkbdnbrdstdrd 150

00 150 Kels5

WRITE(7,140) e e e s . -
140 FORMATULH »5(6Xs1Har12X))
150  CONTINUE

KH3=KH-3
CHRRRER LR RN ERE R 160

DO 160 K=KH3,KH N

. WRETE(T721200 .CSNRTOUKYSCSHRFREK)sTHESER(K, NI, ABBORTIK)»THESEPIK)SK

160 CONTINUE

WRITE(75170) EMEAN(N),ERHS(N),ESTDEVIN},TCOUNTIN),YHININ) » YHAX (N}
170 FORMATCLHO»6(G23.655X)1)
180 CONTINUE

C
C_DRAW LEFT EDGE OF THE PAGE .. .. . e e

CALL PLDT(=2.0,0.0,3)
CALL PLOT(=240,7.0s2}

c
C WRITE INFORHMATION ON THE TOP OF THE PAGE
¢
. .  YH=B8,8-5 . . - .
XHux=0.5
CALL SYMBOL(XH»YHsHyNAHEL»O0.0,90)
Y2HwB.B8-(NFILES+1)#5
Crbbpkb s krdaxtkssd190
0D 190 I=1,10
RAHE(DIwIBLANK . . | L o - o
190  CONTINUE
CHedbkihhdsddabbhnn200
DO 200 N=1pNFILES
NAHE{Z)=JBHARIN)

FORMATI1H »ALO»8XsG613e625Xs3(5Xs13»10X)2AL028X,A10/) e

PCRMP1
Page 2 of 4



STT-V

120

— 125, _..

145

PROGRAH PCRMPL

T3/172 T8

DECODECLIU»195DUMTINY) NAME(GY,
© 195 FORRAT(ALOD)

RNAML=TODAY{N)

Y1H=8,8-N+§S
. v - CALL SYMBOL(XHsY1HsH)NAME»OQ«Q»100} .
200 CONTINUE

CALL SYMBOL(XHsY2ZHsH)NAME2,0.0,1001}

¢
. C DRIGINATE TIHE DELAY he e am s e 4 -
¢ N

eoeme o KHL=RM4L . L,
KM2=KH+2
CHRFrddetetbrtktdnss210
DG 210 K=1lsKH

c

TIM(K)=DELT*K1

210  CONTINUE
. CSNRTO(KML)=0.0
SNRIMC=IFIX{CSNRTO(1}+45}
CSNRTOIKM2)=SNRINC .. . e e .
YHM=YHMAX
CYPIXs=L.E+320
ALX®ALXTIM/SIZE
CALL SCALE(TIMsALXsKHs1) e
Cowskaokbok bbbk bk 220
DO 220 N=1,NFILES , )
YPEAK(N)=AMAXL(=YHIN{N}sYHAX(N))
L. YKIX=AMAXL(YPEAKIN),YHIX}
220 © CONTINUE
YHM=AHINL(YMM, YHIX) | - .
Crerrestr b rkd k240
DO 260 NslsNFILES | e
Cekhkkd kdkddokkkkkss230
DO 230 KelsKH

Klek—] e s e e e

- E‘FIND MAXpHINsAND INCREMENT FOR CSNTRO

YY{KYe THESER (K, N}
ZSuSIGNCYHMaYYLK))
TFCABSEYYU(K) I »GELYHHY YY(K)=ZSHYHM
230 CONTINUE . -
ENCODE(23,240,PKVAL) YPEAK(N)

.2%0.  FORMAT{13HPEAK VALUE » »F5,3s5H DEGa)  __ . »

YY(KHL)Y=—YHH
YY{KMZ)224#SIZEXYHM/ALYERR{NFILES)
CALL FACTOR{1l+)
,CALL PLOT(O+02YORERR{NsNFILES)»=3), |
XBu=3,0%5
_YB=YPKINFILES) -
CALL SYMBOLUXB,YBsHsPKVAL,90G.0s23)
CALL FACTORISTZE)
ALY=ALYERRINFILES)/SIZE
ENCODE(LT» 2502 NAHERR) IDENTS{3sN} |
250 FORMATIAB»9H RECEIVER)

CALL AXISC0e0r0,0yNAMERRIL17ALYP90a0s YY{KHLI Y LKI2Z)) .

CALL LINE{TIMsYY2KH31,0,0)
_CALL FACTOR(1,0} . _ .. _ . .

a5/17/719 PAGE 3

16.,20,35

FTN 4.6+4452

ra mns an ETH

PCRMP1
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PROGRAN PCRMPL 737172 TS FTN §.0+452 057177479 16:20.35 PAGE &

P . CALL PLOT(O+0»~YORERR(NyNFILES}s=3)
260 CONTINUE
CALL PLOT{0.0,YORSNR,=2)
175 CALL FACTOR(SIZE)
F i e e e —~ - ALLY=ALYSHR{NFILES)/SIZE e
CALL AXIS(0.0s OuQpNAMTIHs~405ALXsO0.0s TIH(KHL)» TIH(KM2))
c CALL AXIS(0402040,NAKSNR 145 ALLY 9040, CSNRTO{KM1 s CSNRTOUKHZY)
DTIS*THESEP{2)~THESEF (1)
180 . TSMIN=THESEP(1l)
TSINC“(DTSIDELT}*TIM(KHZ)
———— s e e owow EPSEa=¢b/SIZE i e e [
CALL AKIS!O.O:EPS:NAHSEP:“BO:ALXJO 02 TSHINS TSINC)
e . - « o+~ CALL LINE(TIMsCSNRTOsKH212050) .

185 CALL FACTOR{1.0}
r— - = v ars o+ —en CALL PLOTCOWO»~YDRSHRs=3) C e e e e i e e e e e : — o
XHe=4 44
e m e e e e YH=-S§ e . ——
ENCOPE{93,270,NAHEIDSNRDB)RHO)BETAS FSCo KM, BHLS» IDENRTS(2,1)
1950 270 FORMAT(4HS/NoyF5a1s5H 0By »5H RHO®,F5.202Hy »5HBETAw»Fbaly6H DEGs

¥p4HFSC* s Fbhals5H HZs »3HKH=, 14, 8H SCANSs »5HBHLSw»FSs2,2Hs sA8)
caLl SYHBUL(XHJYH}H}NAHE’ «0s93}
YH=YH=-5S
, C‘*‘**‘***i****?**#alo

195 00 310 H=1,MFILES
YH=YH=S
DECUUE(IO!EBO!DDUTIN)) AAsBByCC

280 FORMATULAZ, AL, AT)

DECODE(1,285,88) IRCVR

- . - 2ot e 4 S T — r— Y S A A s ek bk A b

- . 200 .ot 285 FORMATCIL) - e e s
IF(IRCVR4EQel) ENCODE{T78,290,NAME} (IOENTS(IJNJ:1‘3'513TCDUNTIN)’
RERMSINY N m e e
290 FORMATC(AT»3Ht ,ATs2Hy 5A8s2Hs »F6.2»20H% OF SCANS ABORTED, »
.. . . ¥HHERMS=» 61346, 5H DEG.) . e e m e e mm——— i e
205 IF(IRCVR.NE-l) ENCODE( 78+ 300, NAME) (IDENTS{IsN),1I= 32602 BRCVR,
.- e . *ERMS(N)

300 FORHAT(AT»3HY  ,AT7,2Hs »AB»2H, ;AbJBH; BRCVR=, F4.2,8H DEG.: ¥
- *5HERMS =) Gl3.6s5H DEG.) .
CALL SYMBOL(XHsYHsH,NAME» 040,78}
. 210 3140 CONTINUE
CALL PLOTIB45,040,=3)
_— . N 320 .. CONTINUE -
CALL PLOTU(-2:0+0.0,3)
CALL PLOT(=~2.0s7:0,2)

215 CALL ENDPLY
.. . sTop
END

" 420008 CM STORAGE USED . 44128 SECONDS

PCRMPl
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5

10

c
sremm wmommmmesmeer - 00 FOLLOWING READS DATA EROM FILE <= w7 =nwme o=

15

s ) men e e weemas

35

PROGRAN RLOGSW 737172 735

885

- 890
10

R 1 B

FTN 4.6+452

PROGRAM RLOGSY {OUTPUT, TAPELOs TAPET=OUTPUT)

THIS READS <SWA>» <SWD»» % <RAD>

REAL HC(1000),N5(1000)
INTEGER FNAC(4)

COHHON/DATAL/QA»BrUs HAASHBApWAZASWBZASWABA, WA, WR:
T T T T T T T U COMMON/DATAZ/LHAXL, COSB, JNHAX s RCA NS ALNLHX, RIJHAX
DIHENSION QAI{231,BJ{12),BULK(12,25,3),DATUN{S),COSB(10L)

EQUIVALENCE (WAA,DATUN(L))

DATA PI/3.1415927/pLHAX/ 100/, INRAX/E000/,JBHARSLZY

DATA FNA/LOHHLSLOGSWCDs1LC,2%07/,

IXeIATTACH(GLTAPELOs FNA)

READ (10) LMAX1,JHHAX :

READ {10) IQHAX, LQAX(X)»Inl,[QHAX)
READ (10) JBHAX»(BJ{J)»duls JBHAX)

READ (10) {((BULK(JsXsK)sJwls JBRAX)»Zal,IOHAX)sKnl,s3)

DO 80 K=1p3

IF(K4EG 1) WRITE[Ts870) -

IF(KeEQa2) WRITE(75871)

IF(KsEG.3) WRITE(7,872) -~ - = -
FORMAT [1H15/7755HOSWAL)

FORMAT > {1H1s// /2 5HOSHBY) ~»m =r v = " .

FORHAT (1Hl,/#/,5H0RAB3)

WRITE (7,880) (BJ(J}»J=lsJBNAX)

FORMAT {4HOB =, 8Xs12(2XsFba322X))

WRITE (7,885} e o
FORHAT {4H QAt)

D0 70 I=l,IQHAX - - ) : i

WRITE (7,890) QAI{I), (BULK{J»IsK)sJels JBHAX)

FORMAT (1H »6Glle4,12(1X,G%9e2))} "
CONTINUE

CONTINUE ~----— - t Tt
5TO0P

END * = mn e s - e -

410008 CH. STORAGE USED- - - "=~ 300 SECONDS - -~~~ '+~ ~ =

05/16/79 13.53.23

PAGE 1

RLOGSW
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- PROGRAN WLOGSW - 73/172 T5 ) Tt FTH 4eb4452 05/18/79 13.53.19

PAGE 1
PROGRAH HLDGSNIIHPUT:UUTPUT-PUNCH:TAPEIE;TAPEE-INPUT:TAPE?-UUTPUT; .
* ' ATAPEG®PUNCH) S e e
€ THIS COMPUTES <€WA>, <WB>, <SWA>, <SNB>, X <RASY ' ’
et omem s e UREAL NC(1000),KS(1000) : T e -
5 COMHON/DATAL/QA»BaUs WAAsHBASHAZASWBZA» WABAS WA, WB I
TTmemn e s mm et = COMHON/OATAZ/LKAXLSCOSBs JNMAXSNCINSSALNLEX)RIJHAX = 7 77 7 e e e

DIHENSION QAT(25),8J(12),DATUN(S)
OIMENSION DATA3(12+23,3)5BULK(12s25,3),C05B{101},DATAL(3T) ‘ T T
EQUIVALENCE (\"AA:DATUMH):(QAI(H:DM’AHUl:(BJ(IhDATAHZ&H

MR \ e T St 7 EQUIVALENCE (DATA4{38),0ATA3{1,1,1)} -~ oS e s mm e

T Tmmmer w2t DATA PI/34141592T/,LMAKLOOQF T T T o m e T T e rmmmmmmm e

DATA JNMAXZ1000/, 1QMAX/25/,JBHAX/L2/
- © DATA QAL/4lpslTT8se3162505623,Leple?T803016205:6235104, - e
15 *17.78131-63:56-23,100.117708;31602}562.311000u1778.13162.)
i P et k560234 1eBh0 0ES s aEGr 1oETsL4EB/ -t - o
DATA BJ/e0Llre02740424060e¢12e25¢30052072492495129%¢

SQ22=50RT(.5)
20+ttt - - READUSS8ILMAXpUNMAX et smoem s as - o e -
8 FORMAT(215) -
seresse == - es WRITE(799) LAAXsJEMAX - - R - - e =
9 FORMAT(7H LMAX= ,15/8H JNHAK- .1511

me s memee— e e BETAZNPL/LHAX" mem mmm b mie sk aan r a4 e e meme e s 4w e e e te e e s

25 LHAX1=LHAK+]
- LR TR - _—— DG 10 L I,LHAxl . - a - O — Ak b . mr e—— Tae s - LR L - - ar LRl
CﬂSBlLl-CDSHL-lNBETAZ)
- - w10 -+ CONTIMUE . - [ - - . - suame o w
. DO 15 Jel,JNMAX .
T 3Q ST T Tt ot t NC{JIaSA22%GAUSTL0,) Tttt rm e mme e sy e fooT T T o
NS{JI=SQ22%GAUSS(0.)
- - 15 CUNYINUE » . A ma s - e - - - - u e . - - u
ALMAX1=LHAXY
- - o ALNLHX=ALOGLALMAXYL) o . 0T b
35- RIJHAX= JNHAX*®ALHAXL

ATERE Al am s b == - .- - RIJHAX.I.’RIJHAx L e g — .- A haaid oo ShAm e EAme mem mhEm e S s e

WRITE {7,800} LHAXL
SRR 800 - FORMAT (IH ,I14,25H VALUES OF BETA (0 TO PI)) '~ —- : .o
WRITE (7,810) LHAXL
40 - - 810 ' FORMAT (1H »I4»27H VALUES OF BETA=U (0 TO PI)) . -
WRITE (728200 JHMAX

mrems sese oetee— 820-= FORMAT *(1H™ 155 34H VALUES DF HDISE SAHPLES (NCJpRSJ))~ - ©5 ° ~o === =mres smwmeans oo

30 CONTINUE
SR - WRITE (7,830) QAIL1),QAI(2),QAL(1QKAX), 1QMAX RIS R
45 (830 FORMAT (4R QAwsGl3.652H) sG1346s6Hsenes 161306020 (4125
SR % BH) VALUES) - SR .-
WRITE (7,840) BJ(11pBJ{2),BJ(JBHAX),JBHAX
TS T840 FORMAT (3H BasFTiks2Hs sFTe40bHseies s FTeAFRH (412y ~77 7 777~ omn =0 =0 <o emommmees
. * BH) VALUES)
50 L e L Du 60 I-l’IQHAXq-.ﬂ-." AN 1 e ALt w A e mam L - V- - - . PR kr wus omr -
QA=QAT(T)
DO 50 -JElpdBHAX =TSt er s i e S e ‘- -
8=BJ{J) .
m e e e e aem s gLl HAVES o VO
55 - DD 45 Kel,3
©e = BULK{J, IoK}=DATURLK#2) —mm=mem o o oo - R tvr e
45 . CONTINUE
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T PROGRAM WLOGSHW ™ °

50
1
[

100

200
C

00
901

"T3/072 TS

- e mmm s . v T T e PR

CONTINUE

* CONTINUE - e fem e e e mte ee s ae as aa
CHANGES TO LOG ¢

00 100K~1,2

00 100 I=1»IQHMAX

DO 100 J=lsJBHAX' ' e T or ey
DATAZ(Jr Ly KI=ALOG(SQRT{BULK( Js1sK 1)) '

" CONTINUE e T
00 200 I=1,IGHMAX
DO 200 Je=1,JBHAX -

DATAB(J:I:3)'BULK(J:I:3)ISQRT(BULK(J-IJll*BULK(JJI»Z})

_ PUNCHES CARDS ~

IIJIm3*JQHRAXYIBMAX+IQHAX+JIBHAX

WRITE(6,900) LMAXL, JNMAXs IQMAXs JBHAX,1 . " o
FORMAT(4 (155X 026X *HLSLOGSWCDCH»13)
WRITE{6,901) ({DATA4(I}»I+1}»I=1,I1d4J) ~
FORMAT (623416543Xs ¥HLSLOGSWCOC*,I3)

€ WRITES ON DATA FILE LOGSW2.DAT oo -

C
¢ -

T IF(KeEQe3)

87¢
871
872

880
8as
T B%0

70
80

WRITES ON qgcwfITER

WRITELLZ) LHAXL,JNMAR

WRITE (12) IQHAXs(QAI{I)sIw=1lsIQKAX}

WRITE (12} JBMAX,iB8J(J)sdul,JdBHAK)

WRITE (12) (((DATA3(JrlsK)ypdols JBHAX)»Inls IQNAX J2Kaly3)

D0 80 K=1,3

IF{K+EQ.1) WRITE(7»870) ~ T -
IF(KeEQe2) WRITE(T,BTL)

WRITE(T,872) e
FORMAT (/3 1HO, 4HSWAL)
FORMAT(/»1HO»4HSWB2) o
FORMAT{/»1HOs4HRABY)

WRITE (7,880} (BJUJYyJ=lypJBHAX) -~ . o

FORMAT (4HOB #p8Xpl2(2XsFbe3p2X1) '

WRITE (7,885} T e -
FORHRAT (4H QAs}

DO 7O I=1,IQNAX ° ot

WRITE (7,890) QAT(I}) (DATAI{JsIK)pJd=ls JBMAX)

FORMAT (1H »61144»12(1%s6942))°

CONT INUE

© CONTINUE -7 - =" 77 - ! ot

TEND

sTap

T "« 827 SECONDS o e -

TFTN 4464452 7

" 05/18779 13.53.19
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SUBROUTINE WAWD

CTHIS

25 )
— g e - -
20
35

40

45

30
50

410008 CH STODRAGE USED

73/172 T3 FTH 4.6+452

SUBROUTINE WAWB
COMPUTES A SAMPLE EACH DF THE PROCESSES WA X WB
REAL NC(1000)»N5{1000)

COHMON/DATALIOA BrUsWAASWBA, WAZAS WB2As WABA, WAL WE
COMMON/DATA2/LHAXL,CO5B s JNHAX s NCoNSp ALNLKX, RIJHAX
DIHMERSION HA{1011,HB8{101),C058(101),6(101),H{201}

GHAK==Ll E4322 ~°" 1ttt -
HHAX =14

T HABAX®Le® ot ot TTmomcem smeesmaes e

HBHAK=]l, -

D0 20 Lel,LBAXT = @ 7 "= mmeorommeemese s

COSBL=COSB(L) B
BCBL1=AHAX1{)¢+B4COSBLSO4)
ABCWQA*¥BCBLL

UABCwU*ABC U

RADu24*SART{UABC)

" RADL=SQRT(144UABC) - T e T e

GLe2o* [RADLI=14/{1+RAD))}=ABC

GLLY=GL, s
HLel o/5QRT{1s+642831646%RAD)

HiL)=HL oo
HAL= (=1.+U/RADL)*HL

CHALLIWHAL = <= " == mome e s« oawm e anem

HBL=HAL*COSBL

HB{L)wHBL N I
GHAX®AMAX1(GL,GHAX)

HHAX = AHAXL{HL, HHAX) s e
HAHAX=AMAXLCABS (HAL) » HANAX)
HBMAXWAMAXLCABS (HBL),HBHAX) ~- - -~ == -
CONTINUE

GZ=GKAX=T41. Tomomt o m e oy
FIvALOG{HHAX)+GZ

GH=FZ+ALNLHX ~—~=-= Feme e e
GZ=GZ+ALNLHX

GHARGZH+ALOGIHANAX ) = roroomor smmsmemes movems ces i i 2ees

GHE=GZ+ALOGIHBMAX)
FS=0, - . e o mew s m
FSA=0,

" F5B=0, ‘ S

DO 30 L=1,LHAX]

GLRGL] * wrmwmm= e de me nwiies o ety s e

GLHuGL=~GH

GLHA=GL-GHA - - - . Tt mee m =
GLHB=GL=-GMB

IF(GLMWGEs=6Ths) FS=FS+EXPIGLHI*H(L)
IF(GLHAZGE«=674¢) FSAnFSA+EXP(GLHA)®HA(L)

IF(GLMB4GE~6T4:) FSBAFSB+EXPIGLHBI*HBILY~—"" =~

CONTINUE |
WA= (HAHAX/HHAX )X (FSA/ES) -+ == =" -
WBe{HBHAX/HHAX ) *(FSB/FS)

RETURN -+ - = e s
ENO o

«39% SECONDS

. - e o = [P - -

05718779 12.53.19 PAGE 1
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SUBROUTINE WAVGS

et |

“41000B CM STORAGE USED

73/31%2 TS

SUBROUTINE WAVGS

£TN 4464452

C GIVEN QA % B, THIS COMPUTES VARIDUS AVERAGES OF WA'X W8 OVER Y™ ™

20
30

40 77

REAL NCJpNSJ#NC(1000),NS(1000}
DIMENSIOR DATUM (5)

COMMONZDATAL/QASByUs HAASWDBAL WARZA) WBZAYWABA)WASWE

COHMDN/DATAZ/LKAXL,COSB(101), JNHAKSHCHNS) ALRLMXsRIJKAX °
EQUIVALENCE (HAAsDATUM(1))s (IBUNAX,LHAXL)

DO 10 K=l,5

DATUHLK) »Qq -t
CONTINUE

DO 30 I=1,IBUMAX™ ~7™
C058UI=COSBII)
QUuQARAHAXL(1++B2COSBUTS 04}
SQROUZ=24*3QRTLQUY

DO 20 J=1sJNHAX o D
NC JwNC (J) e
NSJaNS(J) i

UnQU+NCJ*SQRQAUZ+NCI*¥NCI+NSJ#NSJ
CALL WAWB -

HAA=WAA+WA

WBA=WBA+WE -
WAZASWAZA+WARNA

‘WO2A=WBZA+WBAWE T n

WABASWABA+WA®HE

CONTINUE - S
CONTINUE

DO 40 Kalph e —
DATUM(K) =DATUNLK)¥RIJMAX _

CONTINUE™ ™" e om e

RETURN

END - ' - =" === T
""" #175 SECONDS - M -

05/18/79 13.53.19 PAGE ]
1
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APPENDIX B

EXPERTMENTAL SYSTEM DATA ACQUISTTION

PDP-11/03 DRV 11 Parallel Line Unit signals which will be used:

Outputs: OUT @@ through OUT 15% Inputs: IN @@ through IN 09*
NEW DATA READY* REQ A*- )
DATA TRANSMITTED* REQ B*
CSRE*

Si@nais which will be generated by the data acquisition hardware:

RIT @ through BIT 9%

START CONVERT*,

STATUS*

CLEAR CONTROLLER*

70 SCAN IN (DECODE 33)%

t, RECEIVED

COMPARISON MATCH*

COUNTER ENABLE

COUNTER DISABLE

iDh RECEIVED # ID REQUESTED
tg * TO SCAN IN

ID RECEIVED = ID REQUESTED
tg * TO SCAN IN

8@ through S5%

$ignals which are expected from the BENDIX receiver:

tr* Log Video{+)* and Log Video{~j}*
Elevation¥®
BZimath*

Signals which will be supplied from Ffront panel switch: Basic Wide {BW)

or Basic Marrow (BH)*

Quick Overview of Normal Operation

After initialization, the hardware will ask the FDP 11/83 to select the

Note: * ipdicdtes that the signal will be transmitted via the backplane
of the VERD rack.



type of scan (Azimuth or Elevation), whic¢h should next be sampled. 1In response‘
the PDP will read out tﬁe samples- from the previously sampled scan which were
stored in a semic;nductor memory; then, the PDP will select the next type of
scan to be sampled. This sele;tion is referred to as "ID REQUESTED" (ID REQ)..

Now, the hardware waits for the;tR signal: frdm-the'BENDIX receiver'which
indicates the beginning of the next scan. (Note: tR must come shortly after
Bit 5 of the BARKER code {data Bits 1 through 5)7 however, scan function iden-=
tification is associated with data bits 6 through 11. The curreﬁt design
assumes that Azimuth or Elevation scans are the only type being transmitted
from the airxrport. If this is not the case design changes must be made. This
problem will be discussed further in relation to the Function.ID logic.} After
receipt of the tR pulse, the hardware waits for either the Azaimuth or the
Elevation line from the BENDIX receiver to be raised. This 1s referred to as
the "ID RECEIVED" (ID REC).

If.the ID requested is unegual to the ID received, then the hardware
waits until éhe desired scan i$ received. When the desired scan—is received
{ID requested = ID received}, the hardware asks the PDP to tell it when to
start sampling the TO scan-s The PDP sends a l6-bit ts word to the hardware.
When a haréware timer operating at 3.84 MHz counts up to the tS woxrd, TO scan
sampling commences. The ts word measures time with respect to the éR Fefer—
ence, but there are some delays which are involv;d which must be compensated
for by adjusting the tS word sent to the hardware. These adjustments will be
discussed later.

The data samples have 10-bit resolution and are stored in a 256 x 12
semiconductor memory. Affer 33 samples are taken, the hardware asks the PDP to

send a ts word to tell it when to start FRO scan sampling. When the hardware

timer counts up to this tS word, FRO scan sampling commences. Then, 34 samples



are taken (the last one will be ignored when data are read out for processing).
Finally, the hardware returns to the state in which it asks the PDP to
select the next type of scan to be sampled. The PDP reads out the 66 samples

and sends cut the next ID requested.

Detailed Description of the Data Acgquisition Hardware

The detailed ‘description will come in two parts. First, the hardware
will be divided into functional units which will be described as separate enti-
ties. Second, a step-by-step description of the oparation of the hardware will
be given to show how the functional units interact by passing signals through
the backplane of the VERO xack. The backplane wiring will be described after
all of the functional units have been presented. Thevdescriptions are most

meaningful if they are read along with the logic diagrams of the hardware.

Functional Units

The hardware is divided into separate functional units, each of which has
its own Vero Finger Board. These boards will be mounted in a Vexro rack, and
the backplane will provide the necessary interconnections from board—-to-board
and from the rack to the PDP 11/¢3 computer. The functional units are:

a. POWER SUPPLY

b. OSCILLATOR (3.84 MHz Clock)

¢. A/D and Sample/Hold

d. STATE CONTROLLER and FUNCTION ID LOGIC

e. SCAN TIMER
£. SAMPLE TIMER & BUFFER MEMORY

Power Supply (Fiqure B-1)

The power supply is a Datel Systems BPM 15/150-D5, which converts +5
volts to *15 volts with COMMON. The supply has been mounted on a PC board with

an aluminum plate for heat dissipation. Note: It is very important in a
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BPNM  15/150-D5
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Figure B-1 Power Supply



system with both analeg and digital signals present to maintain the correct
distinction between analog and digital ground. However, these must ultimately
be tied together -- preferably, as close to the power supply as possible.
Therefore, GROUND and CCMMON have been wired together on the power supply

board. [Hote: second thoughts suggest the two supplies should be tied together
at the A/D Converter (see below); this will be considered further]
Inputs: +5 Volts, GROUND Outputs: flS Volts, -15 Volts, COMMON

Oscillator
The oscillator is a 3.84 MHz crystal oscillator which has been mounted on

a special PC board which provides a ground plane underneath the entire unit.
Inputs: +5 Volis, GROUND Outputs: CLOCK

A/D and Sample/Hold (Figure B-2)

This board will include an AD509J Op Amp and an ADC1109 Analog-to-Digital
Converter, both by Analog Devices, plus an SHM-12 Sample and Hold by Datel.
The op amp is used in the standard noninverting configuration,-with high-
frequency compensation, to provide a gain of four. This gain will boost the
0 - 2.5 Volts swing of the Log Video input to 0 - 10 Volts, which is the uni-
pelar range of the A/D converter,

The board will operate as follows. The A/D converter will receive a
START CONVERT command, via the backplane, from the SAMPLE TIMER & BUFFER MEMCRY
board. The converter will then raise its STATUS output signal, which will make
the SHM-12 hold the current value of the Log Video input. Approxima@ely four
microseconds later, when the conversion is completed, the STAYUS line will drop
low. The 10 bits of digitized data are then wvalid. The negative—going edge of
the STATUS signal will cause the 10 bits to be written into the buffer memory

via the backplane. Note: While the schematic diagram for this board shows the
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ADC 1109 with trim pot adjustments for the zero adjust (Pin 21) and the gain
adjust (Pin 23), these should be replaced ultimately with precision resigtors.
Also, it is assumed that lLog Video will be brought to the backplane from the
BENDIX receiver through a shielded eable.

Inputs: +5 Volts, GROUND, +15 Volts, -15 Volis, COMMON, START CONVERSION, ILog
nNideo (+) , Log Video(-)

Outputs: STATUS, Bit 1 (MSB) through Bit 10(LSB)

State Controller and Function ID Logic (Figures B-3 and B-4)

The state controller design is based on the control-state counter, pre-

sented in Section 5.11 of Thomas R. Blakeslee's book, Digital Design with

Standard MST and 1.8T. The controller consists of two 74151 data multiplexers,

a 74193 presettable binary counter, and a 7442 demultiplexer. The inverters on
the outputs of thé demultiplexer are used for buffering and also establish pos-
itive logic; thus, when a line, such as S1, goes high, the controller is in
State 1. The operation of the controller is discussed in Blakeslee's book and
will not be described here. However, we may summarize its performance with the
state diagram on the following page (Figure B-3).

The signals which cause the transitions from one state to another are

produced at several different points in the data acquisition system:

Signal Origin

CLEAR CONTROLLER SAMPLE TIMER & BUFFER MEMORY LOGIC; the signal
goes high at initialization when CSR¥ is raised
and, also, after FRO scan sampling.

NEW DATA READY PDP 11/¢3 DRV 11; this signal is raised when
the DRV 11 places data in its output buffer.
The data in this case is a code indicating the
type of scan which the computer wants to sample
next.

BENDIX receiver.
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Signal

ID received = ID requested

ID received # ID requested

TO SCAN IN

ty * TO SCAN IN

tg * TO SCAN IN

Origin

FUNCTION ID LOGIC; these signals are produced
on the same board that contains the state con-
froller. The Function ID logic is discussed
below.

SAMPLE TIMER & BUFFER MEMORY LOGIC; after 33
samples have been taken, this signal is raised
to indicate that TO scan sampling is completed.

STATE CONTROLLER & FUNCTION ID LOGIC; when the
PDP sends out the first ts woxd, the NEW DATA
READY signal is pulsed to indicate that data is
in the DRV 11 output buffer. The TO scan sam-
ples have not yet been taken, so TO SCAN IN is
true. We use the trailing edge of the NEW DATA
READY signal to fire a one-shot, whose output
is logically ANDed with TC SCAN IN to produce
ty * TO SCAN IN. By using the trailing edge,
we insure that the data is stabilized in the
output buffer before we accept it as wvalid.

Similar to above; however, when the PDP sends
out the second tg word, TO scan sampling :has
already been completed and TO SCAN IN is true.
Thus, TO SCAN IN and TO SCAN IN are used by the
hardware to differentiate between TO and FRO
scans.

Function ID Legic (Figure B-4)

As mentioned in the quick overview, the function ID logic, as currently

designed, will work only if Azimuth and Elevation scans are the only scans

being transmitted from the airport. 'The logic works as follows. When making

an ID reguest, the computer will use signals OUT 15 and QUT 14 of the DRV 11.

OUT 15 will be raised to request Azimuth; OUT 14 for Elevation. The NEW DATA

READY pulse associated with this output will strobe the request into a 7475

buffer latch. Wow, when the BENDIX receiver decodes the scan function ID,

either the Azimuth flag or the Elevation flag will be raised. A DM8160 compar-

ator will compare the ID received with the ID requested. It takes approxi-

ﬁately 20 nsec for the comparator output to become valid. In oxrder to prevent

premature generation of invalid ID RECEIVED 3 'ID REQUESTED or ID RECEIVED = ID

B-10



REQUESTED signals, the rising edge of either the Azimuth or Elevation flag is
passed through a delay line and is used to gate the comparator output and its
complement on to the state controller. Thus, both of the signals ID REQUESTED
# ID RECEIVED and ID REQUESTED = ID RECEIVED remain low until the comparatoxr
output is valid, at which time only one of the signals g;es high. Tﬁjs is
necessarxy for the correct operétion of the state controller (see Figuie B-5).

If the airport were to broadcast more than just Azimuth and Elevation
scans, the hardware as currently designed would not work. The BENDIX receiver
would have to send out a tR pulse at the beginning of each scan as it decodes
the BARKER code; it has no way of knowing if the scan to follow is Azimuth,
Elevation, or otherwise. Upon receipt of the tR pulse, the state controller
would enter STATE 2. Now, however, the controller would be stuck if neither
the Azimuth nor Elevation flags were raised, as neither of the signals ID REC =
ID REQ or ID REC # ID REQ would be enabled to take the controller to another
state. There are two ways around this problem. One solution would be to have
the Bendix receiver provide additional flag signals for the other-scans and to
expand on the current design using some of the extra inputs to the DM8160 com—
parator. The raising of any of the flag signals could be used to gate the com-
parator output on to the state cont£oller. A second solution would be to
obtain precise information about the delay between the output of the Bendix tR
pulse and the output of the Azimuth or Elevation flags. Since the tR pulse
starts a 3.84 MHz counter, logic could be designed around this counter to pro-
vide a pulse after this delay yad elapsed. This pulse could be used to gate
the comparator output on to the state controller.

Inputs: +5 Volts, GROUND, CLEAR CONTROLLER, TO .SCAN IN, CLOCK

BENDIX tgp, Azimuth, Blevation
NEW DATA READY, QUT 14, OUT 15

Outputs: 8¢, S1, 52, S3, sS4, S5

B-11



BENDIX (AZ or EL) /

Logic 1

LOGIC &

PM 8140 OUTPUT /

TP REC.=IP REG. /

ID REC. #TID REQ. /

LEGEND 3

—  MAJCHED CASE
__________ UNMATCHED CASE

Figure B-5 Timing Diagram for Function ID Logic
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Scan Timer (Figure B-6)

The purpose of the scan timer is to initiate sanpling of the TO and FRO
scans at the times specified by the 1l6-bit t_ words sent from the PDP. The
scan timer uses four 7475 four-input latches to hold the tS woxrd. Fouxr 7493
binary counters are wired to provide a 1l6-bit binary counter. The combination
of a DM8130 10-bit comparator and a DM 8160 6-bit comparator will be used for a
16-bit comparison between the latches and counters. Cross-coupled Ndé gates
are used to implement classic Set-Reset flip-flopsg. Two flip-flops are used and
will be referred to as the clock flip-flop and the comparator flip-flop. The
clock flip-flop conFrols the flow of the 3.84 MHz clock signal to the binary
counter. The comparator flip-flop controls the passage to the backplane of the
ANDed comparator outputs (referred to as COMPARISON MATCH).

The scan timer will operate as follows. When the state controller enters
STATE @, both flip~flops are reset. This will prevent the counter fr;m being
incremented and will disable the COMPARISON MATCH signal from reaching the
backplane. When the controller enters STATE 1, the binarxy counter is cleared.
Now, upon receipt of the BENDIX tR pulse, the state controller enters STATE 2.
This sets the clock flip-flop, and the binary counter bggins counting at 3.84
MHz. If the ID received # ID requested signal is produced by the function ID
logic, the controller re-enters STATE 1; and the counter is again cleared. It
will remain cleared as long as ‘the controller sits in STATE 1, even though the
3.84 MHz clock signal still flows to the counter input. On the other hand, if
the ID received = ID requested signal is produced, then the controller enters
STATE 3. Note that the ts word has not vet been loaded into the latches:
therefore, any matching between the .counter and the latches cannot be valid.

So STATE 3 is used to reset the comparator flip-flop, preventing the COMPARISON

MATCH signal from being raised.
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STATE 3 is used to signal an interrupt request (REQUEST B} to the PDP. In
response, the PDP will ocutput a 16-bit tg word which indicates when TO scan
sampling should start. As mentioned in the quick overview, this ts w?rd will
measure time from the tR pulse but must be corrected for a constant delay time
which will be discussed in the next section. The NEW DATA READY signal associ-
ated with the output of the tS woxd is used to strobe the 16 bits into the 7475
latches. The trailing edge of the NEW DATA READY signal is used to generate
the ts" Eaigaﬂﬁmfﬁ-signal which will make the controller enter STATE 4. At
this point, the latches contain a valid ts word; so STATE 4 is used to set the
comparator flip-flop. Now, when the counter counts up to the ts word, the com-
paratoxr outpﬁts go high. The comparator flip-flop is set; thus, the COMPARISON
MATCH signal is raised. This signal is paséed via the backplane to the SAMPLE
TIMER & BUFFER MEMORY board and enables sampling to commence.

After 33 samples have been taken, the state controller re—entgrs STATE 3.
The Request B line to the PDP is raised to request the FRO scan tS word. Since
the ts word has not yet been received, STATE 3 resels the comparator £lip-flop
to prevent the COMPARISCON MATCH signal from going high. When the ts word is
received, the ts -‘TO_SCAN IN signal will make the controller enter ST%TE 5.
STATE 5 sets the comparator flip-flop to allow the COMPARISON MATCH signal to
go high. Meanwhile, the counter continues to count at 3.84 MHz. When it
counts up to the FRO scan ts word, the comparator outputs again go high; and
the COMPARISON MATCH signal is raised. This allows FRO scan sampling to com-

mence. After the 67th sample is taken, the controller returns to STATE #.

Inputs: +5 Volts, GROUND, OUT @@(LSB) through OUT 15(MSB}, New Data Ready,
CLOCK, S through 85

Output: COMPARISON MATCH



Sample Timer and Buffer Memory (Figure B-7)

The purpose of this board is to control the operation of the A/D and
Sample/Hold board and to store the samples as they are taken so that they may
be read back by the PDP 11/@3. Three Intel 2101 256 x 4 Static MOS RAM's pro-
vide the memory storage. Although only 66 samples with 10~-bit resoclution need
to be stored, space is at a premium on the VERO boards and the 2101's provide
the necessary storage with only three 22-pin I.C. packages. The samples are
taken at a rate of 160 KHz. This frequeﬁcy is obtained from the 3.84 MHz clock
by a divide-by-24 counter which consists of the series comsination of a 7492
counter and a 7493 counter. The memory address logic for 2101 RAM's is pro-
vided by an 8-bit binary counter consisting of two 7493 counters. These will
be referred to as the address counters. Additional logic is wired to the out—
puts of the address counters to provide siagnals which go high when the counters
point to ﬁhe 33rd and to the 67th locations in memory. This additional logic
consists of two 7421 dual 4-input AND gates along with some inverters and 7408
AND gates.

NOTE: As was mentioned previously, the tS words sent by the
computer to the SCAN TIMER must be adjusted for a constant delay

factor. - This delay is due to two primary sources. One source of

delay is the divide-by-24 counter.

24
- —
6 4
T TN
3.84 MH=z 160 KH=z
INPUT 1 7492 8{~—»{) 7493 g|— = OUTPUT

A detailed analysis of the operation of this counter, based on its

internal logic, yields the following result: the counter provides
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the proper frequency division, but the output is shifted in phase.
The first output pulse comes at the end (trailing edge) of nine
input pulses. At 3.84 MHz, this delay is approximately 2.34
microseconds.

A second source of delay will be the Bendix receiver. The
recelver is to output the leading edge of its tR pulse no later
than 100 microseconds after reception of Bit 5 of the five-bit
Barker code. The actual delay will have to be obtained from
Bendix. MNote that this delay will Ee compensated for partially or
wholly by the delay in transmission of the Log Video envelope.

Other delays associated with gating and signal propagation
are measured in nanoseconds and are- insignificant when compared to
the sources of delay above. Thus, the total delay may be expressed
as:

TOTAL DELAY= (COUNTER DELAY)+ (BENDIX tR DELAY)}+ (BENDIX Log Video DELAY)

This total delay must be subtracted from the ts words which are
calculated by the.computer before they are sent to the SCAN TIMER

board.

The sample timer and buffer memory board will operate as follows. During
the initiélization following power-up, the computer will raise and then lower
tgé‘CSRﬁ signal of the DRV 11 Parallel Line Unit (DRGSR Bit @). This pulsing
of CSRP will do three things: (1) it will raise the CLEAR CONTROLLER signal,
thus placing the state controller in STATE @; (2) it will clear the divide-by-
24 counter: (3) it will clear the address counter so that it points to memory

location zerc of the buffer memorxry.



Now, STATE ¢ is the state in which the computer reads out the samples
from the previously sampled scan. It does this by repeatedly reading the con-
tents of the DRV 11 input buffer, DRINBUF. After each read operation, the
DRV 11 automatically pulses the DATA TRANSMITTED signal. This signal will be
used by the hardware to increment the address counter so that the next sample
may be read. Thus, to read out the 66 samples the computer must do the follow-
ing. First, it must read DRINBUF once and ignore this sample. This sample,
stored in buffer memory location zero, is actually the 67th sample and that is
why it is ignored, The 66 samples of interest are stored in Locations 1
through 66. So the comﬁuter now does 66 successive reads to obtain the 66 sam-
ples. The data is in the lower 10 bits of the 16-bit input buffer, with Bit &
as the Least Significant Bit.

After the 66th sample has been read (67 read operations), the hardware
automatically clears the address counters in DPreparation for the next set of
samples to be taken. The hardware also raises the CLEAR CONTROLLER signal
{this has no effect here since the controller is already in STATE @) and fires
a one-shot (the purpose of the one-shot will be explained later).

No more activity occurs on the board until the COMPARTSON MATCH signal
from the SCAN TIMER board is raised, signifying that sampling is to begin. The
COMPARISON MATCH signal is fed into a one-shot (ES). The output of this one-
shot, labeled COUNTER ENABLE, is normally high and is used to prevent the
divide~by-24 counter from incrementing. When COMPARISON MATCH goes high,
COUNTER ENABLE goes low for an interval somewhat longer than the time necessary
to take 33 samples at 160 KHz. Thus, the divide-by-24 counter is allowed to
start incrementing. Each output pulse of the counter fires a one-shot whose
output is the START CONVERT signal. This signal causes the A/D and Sample/Hold

board to take a sample and also increments tfhe address counter so that it
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addresses the locafion in the buffer memory where the sample will be stored.
When the A/D conversion is completed; the STATUS line goes low. - This transi-
tion fires a one-shot (E4) which provides a low-true write pulse for the buffer
memory. The 10-bit digitized sample is thus written into the buffer memory at
the address indicated by the address counters.

When the 33rd sample is taken, logic wired to the outputs of the address
counters decodes the 33 and raises the TO SCAN IN signal. A cne-shot (B7) is
fired which raises the COUNTER DISABLE signal. This signal remains high for
the duration of the TO scan and clears and disables the divide-by-24 counter,
thus preventing any more samples from being taken during the scan. The raising
of TO SCAN IN takes the state controller back to STATE 3.

The board is now inactive until the COMPARISON MATCH signal goes high,
signifying that sampling for the FRO &can must begin. The COUNTER ENABLE
siénal goes low, and samples are taken and stored as before. However, during
the FRO scan, 34 samples are taken, the last of which will be ignored. This is
done so that the 66 samples of interest will be stored in consecutive memory
locations, while still providing a self-clearing address counter. Thus, when
the é?th sample is taken, logic wired to the outputs-;f the address’'counters
decodes the 67 and clears the address counter so that the 67th sample gets
written into memory location zero. B one-shot (E6) is fired whose output
raises the COUNTER DISABLE line, thus preventing anymore samples from being
taken during the FRO scan. The CLEAR CONTROLLER line is also raised, so the
state controller is sent back to STATE @.

STATE @ is used to signal the PDP 11/@3 with an interrupt (Request Aa).
The PDP responds by reading out 67 samples (ignoring the first) and then by
sending out the code for the next type of scan to be sampled.

Note: The Basic Wide/Basic.Narrow option will be transmitted to the



buffer memory from a front panel switch. The option will be stored in MEMOYy
along with the data samples and may be checked by looking at Bit 15 of the
input buffer after any of the data samples have been read.

Inputs: +5 V; GROUND, Bit @(LSB} through Bit 9(MSB), BW/BN, COMPARISON MATCH,
. CLOCK, STATUS CSR §f, DATA TRANSMITTED

Outputs: START CONVERT, TO SCAN IN, CLEAR CONTROLLER, IN #¢(LSB) through
IN ©9(MSB), Ty 15 -

Backplane Wiring

The table on the following page gives terminal pin assignments for each
of the VERO FINGER BOARDS which will be used to implement the functional units

described above (Figure B-8).

II. Step-by-Step Operation

We may now summarize and clarify all of the previous discussion by giving
& step-by-step description of the operation of the data acquisition hardware.
The state transitions of the state controller will provide a convenient ocutline

structure for the description.

Power Up

During the initialization following powex-up, the computer must pulse the
CSR @ signal. On the sample timer and buffer memory beard this pulse will
clear the divide-by-24 counter and the address counter and will also raise the
CLEAR CONTROLLER signal. The ELEAR CONTROLLER signal is transmitted to the

state controllexr and function ID logic board, where it places the state con-

troller in STATE #.

State @

The STATE @ line is connected to the Request A line of the DRV 11; so
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when STATE ‘¥ occurs, an interrupt is generated. Theé STATE @ signal also is
transmitted to the scan timer board, where it resets the clock flip—flép and
comparator flip-flop, thus preventing the COMPARISON MATCH signal from being

raised.

Response to Interrupt Regquest A

The computer must respond to the Request A interrupt by reading its input
buffer 67 times. The first read will be ignoxed and is used merely'to incre-
ment the address counter so that it points to buffer memory location one, which
holds the first sample. The DATA TRANSMITTED signal generated by each read
operation is transmitted to the buffer memory to increment the address counter.

After reading in the samples, the computer will send out a code for the
type of scan that it wants to have sampled. To reguest Azimuth the OUT 15
signal will be raised; to request Elevation the OOT 14 signal will be raised.
The NEW DATA READY signal generated by this output will latch the ID requested
on ﬁhe STATE CONTROLLER & Function ID Logic board and will take the state con—

troller to STATE 1.

State 1
The STATE 1 signal is transmitted to the scan timer board, where it
clears a 16-bit binary counter which will operate at 3.84 MHz. Now, the con-

troller waits until the Bendix receiver generates a tR pulse. This pulse will

take the controller -to STATE 2.

State 2

The STATE 2 signal is transmitted to the scan timer board, where it sets
the clock flip-flop. This makes the 16-bit binary counter begin to count at

3.84 MHz.
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Meanwhile, the Bendix receiver will be decoding the function ID of the
current-scan. Tt will raise either the Azimuth or Elevation £lag. The func-
tion ID logic, in turn, will generate either the signal "ID réceived # ID
requested" or the signal "ID received = ID requested.” If ID rec # ID req is
generated, the state controller' goes back to STATE 1, thué stopping and clearxring,
the lé—bit counter. If ID rec = ID rea is generated, the state -controller goes
to STATE 3.

State 3

The STATE 3 line is connected to the Request B line of the DRV 11; so
when STATE 3 occurs, an interrupt is generated. The STATE 3 signal is also
transmitted to the scan timer board, where it resets the comparator ﬁlip—flip,

thus preventing the COMPARISON MATCH signal from being raised.

Responsgse to Interrupt Request B

The computex must respond to the first Request B by sending out a 16-bit
ts word (with adjustments as noted before) which tells the hardware when to
begin TO scan sampling. In response to the second Reguest B (STATE 3 is gener-
ated twice), the computer must send out a 1l6-bit tS word which tells the hard-
ware when to begin FRO scan sampling.

If the TC scan has not been sampled, theﬁ the TO SCAM IN signal from the
sampie timer board will be low. The state controller board will use the trail-
ing edge of the NEW DATA READY signal assocaited with the- first ts word output
to generate the signal ts + TO SCAN IN; this signal will take the controller to
STATE 4.

On the other hand, if the TO scan has already been sampled, then the

state controller bhoard will generate the signal ts + TO SCAN IN; this signal

will take the controller to STATE 5.
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State 4

The STATE 4 signal is transmitted to the scan timexr board, where it sets
the comparator flip-flop, thus allowing the COMPARISON MATCH signal to go high
when the 16-bit counter counts up to the TO scan ts word. When the COMPARISON
MATCH signal is raised, sampling begins as described in Section I. After 33
samples have been taken, the TO SCAN IN signal from the sample timer tboard is

raised. This signal takes the state controller back to STATE 3.

State 5

The STATE 5 signal is transmitted to the scan timer board, where it sets
the comparator f£lip-£lop, thus allowing the COMPARISON MATCH signal to go high
when the 16-bit counter counts up to the FRO scan tS word, When COMPARISON
MATCH is raised, sampling begins as described in Section I. After 34 agdi-
tional samples have been taken, the sample timer board raises the, CLEAR

CONTROLLER signal, which takes the state controller back to STATE g.

Test Program

The computer program used to test the completed data acquisition

system is shown in Figure B-9.



DATY TnTFL7RCE

.MAIN. KT-11 MACRO Um@2-12  PAGE | wOTR Cen Tt 2R
FE 5T
1 onoane LASECT
2 167770 DACSK = 167770 shelze
3 167772 OUTBUF = 167772
P 167774 INSUF = 167774
s -MCALL .REGDEF
& fgoecead +REGDEF
T oaAlAae - = 1000
8 20108¢ ADAERS RESET $INITIALIZE
9 B01002 912706 1oV #1000, 5P
201608
10 B1096 B12767 Mov #1,DRCSH
20860 | )
166754
11 8i814 B12767 MOV #85 DACSR
20a8en
166746 .
12 21022 832767 A: BIT #2060, DRCSR 3WATT FOR REQ A
800220
166740
13 91p3@ 081774 BEQ A
14 81032 Br6700 uow INBUF, RO {ARING IN SAYPLES
© 166736
15 B1B36 B12788 “ow #BUFFER, RG
002000
16 Blo42 @l6728 B: uaw INBUF, (RBI+
166726
17 @l046 922708 cup #BUFEND., R
002204
18 B1052 801373 BNE B
19 21854 BEOAE® . ** _  HALT .
20 91856 B16767 C: MoV FUNC, OUTBUF $OUTPUT FUNCTION
801716
166706
21 o1a64 832767 D: BIT /10060, DRCSR  3WAIT FOR REQ B
ippeen
166676
22 81072 BR1774 BEQ D
23 81874 816767 “ov T51, OUTBUF SOUTPUT TSI
281702
166670
24 p1la2 032767 E: BIT #180000,DRCSR  ;WAIT FOR REQ 3
120090
166666 .
25 Bltle 6@1774 BEQ E
26 91112 BI6767 Hov T52, DUTRUF ;OUTPUT TS2
281666
166652
27 @1126 086746 ER A . $REPEAT
28 eBza08 . = 2600
29 82000 BUFFER: «BLEW tD&6 $DEFINE 66 WORD =LOCK
30 02204 BUFEND:
31 ep3eno . = 3aee
32 03060 ©PEORY FUNC:  -WOHD @ {DEFINE PARAMETERS
33 @3oez 900806 TS1: +WORD @ - 4
34 @3¢04 00QAR TS3:  .WORD B TSL -~ 4 msec 7 1544 ¢ = 36124
as gonen 1’ .END 10 Y
TS3 = 11 msec I 4246¢,, = 12273|
-

SYMBOL TABLE

A pe1822 B ap1a4e BUFEND @er204
BUFFER B02000 [+ AN1a56 D fR1AGA
DRCSH = 167770 E enr192 FUNC AR3NAA
INBUF = 167774 OUTBUF= 167772 PC =1enppaT
HO =1¢60600 H) =23a0AR1 R2 =1APRAR2
H3 =2066093 R4 =1G306aR4 RS =IANAAES
5p =1g00096 TS!1 aslge2 TS2 AR3PPY
. ABS. @A3086 sae

oogoee [:1:]}

ERHORS DETECTED: @
FREE CORE: 1767. WORDS

MLSTES»ILSTES=MLSTES

2¥EQF*?
*

Figure B-9 Data Acquisition System Test Program
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APPENDIX C

A 6D LOE OPTIMAL RECEIVER

In this design, a 6th component, LI is appended to the definition

“~

of ¥, requiring basically only two changes:

1. Appending a 6th row to matrix D(y) so that instead of (2.163)

it now reads

— 2&p§(§) + 2&Rpj(§)pj(5R)coséj ———

— 2&2pj (8)133. ) + 2&&R13j (6)9j (éR)cosEsj —
D) = | = 200, (®)p, (B)cosh, + 2ap2(6y) ——- (c-1)

~— 20app, (005, (8p)cosB + 2025, (Br)p, (8) =

~—= (- Z00p, (8)p, (B)sing,) —

—= (= 200p,(6)p, (8)7,51nB,) ——
where, as indicated in (3.10a), the quantity

-~

Bj = R + msc Tj (C-2)

is one which has already been in use in the 8D LOE (see PLOPT,
Appendix A) (in spite of the assumption (2.90) used in the
derivation of the LOE that all the Bj are equal); and

2. Chenging the dimensioms of all affected arrays in the programss

Both changes affect module PLOPT, the latter additionally affects modules
MLSSIM, OPTRVR and CTLACQN, the (interference acquisition) version of
CONTRL which wés selected for this study. Listings of the modified
ve%sions of these‘modules, CTLACQ6, MLSIMA, OFRVR6 and PLOPT6 follow

below. Two options of this basic design were provided in the programs.



1. NS = 8, and the state vector x is as defined for the Optimal
design;
2. NS = 9, and an additional component, ésc’ is appended to the end

of the state vector definition.
It was not possible to run any simulation studies involving the
6D LOE, the computing resources having practically been exhausted at
this point (including the $4700 University grant); as a debug exercise,
however, the programs, by parameter inputs, were specialized to the prior
SD LOE OPTRVR design and an earlier interference acquisition run with

OPTRVR duplicated.
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SUBROUTINE CONTRL  73/172 TS FTH 4. 64452 05718779 13.43.29 PAGE 1

e e s s A ma s  wsmw o PR - - -, e owia . s ——y P - et maee mmim e ma e s = S

SUBRDUTIHE CUNTRLI ISH)

c .
¢ THIS CDNDUCTS THE HMLS SIHULATION THROUGH A i
g INTERFERENCE ACQUISITION SCEMARID,6D LOE

mmr aan ma wm e ada v REAL LAHDA " . . - b M m wmee e me mmmme mem o m bam e i b e it A emd g An aa

. INTEGER XNAME(Z)»YNAHE(Z)2DATIR(4)0ATOUT (4)D0UT
toromoTm INTEGER YNAMI(Z2)aYNAMZU2},YNAH3(2),YRANG(2)},YNAKB(2) s FUNCTNIZ] T ottt

INTEGER YNAHT(2),YNANB(2), YNAHQ(2)LSTITLE(9}

b Y I ' LOGICAL NOKLMMs NOLOE, HOACS KALHAN LOE» TETHRD» HORE» NFIRST, ADAPTY '™ v et
LOGICAL FILOQUTSFILEIN .

o TITe s === = oot COMHON/IDDATA/ ISIH IPHLSs IRCVRS IADAP ITETHRR IPQRT — ~77 7 7om = = " o ommETm
COMMON/RCVROG/THAMA X THAMIN» TS» TR OHEGASTF

Lo COMMON/RCVROL/NGHIN,HGHAXDELBL ,NGH, IR, TAE : oot T -
15 COHHOK/RCVRO2/RHOMAX» OTHD, TDRO» BOs WSCO» R50(6 ), NGOG}

. o e COHHON/RCVRO3/PISF(9s 91 aFL25 (4 ) »FSAMPIK KMy TETHRD ) NG NSpdH 7+ 777 "= ==ememmn n s

COMMON/RCVROA/DELTSEQ(9)»6A5T(929) »H{62 912 ICOUNT»SIGHA

Tt ommmon omemememmess s CCOMHONZRCVROS/NOLDES NOKLUNSHOAC GAHES(6) ) ROTAG(6) # PHDIAG(GY -7 "7 ™7 """"_'”"'””i”‘“""'—“ oot

COHHDON/RCYROG/PPDIAGL(I ) s RHAT(6,6) »PHITG26)p PACD» 9) s LANDALG) }

P4 COMMON/RCVROT/TI(130),V{(130) h
COMMON/RCVROS/ XSLOE(91»ESLOE(9},ES (9}
COHMON/RCVROS/BRCVR2 BB POCRITSCC
COHHON/RCVRIQ/IXS1L{F)»X5(9)

" - ‘ ** " COHMMON/MLSOOO0/ALFA, THEs THEDDT,ALFAR,THR, THRDOT,Bs WSCoWSCDOT = "7 777 T e e T
25 COMHON/HLSQOL/CSNRTSCSNRFDSNRDBs RHOS BETA» FSCoLGHAX
““““ wuowmee COHMON/MLSOOZ/DCSNRs CSNRs LG TPKT» YPKF ' ' ToTmom T

COMMON/MLSO03/FLI0AE(4,2) s FL1O{4) »DELTAT(2)2XD(952)0Y0042)

veomwm o mm o= e==r o COMHON/MLSQO04/BMLSsBBBpMYIMES, HSET2MORE - oo N
DIMENSION JONRS{6),IDASCI{24),IDENTS{6),RHSVAL()

©30 - - "t - DIMENSIOGN EALFA(L00)sETHET(100), EALFR{I00),ETHER(100)»XFOUR(LOD) ~'7 =71 o - o —mm e momee
DIKENSION X{9}, SCANNR(100)
©» = = - DIMENSION EBETA(100),EFSC(100) - ~ — - ' -

DIKENSION EFSCOT(100)
©m =+ <~ EQUIVALENCE- (ALFAJX(13),(ISIH, IONRS(1]),(DOUT,DATOUT 2))
35 DATA ABORT/1HA/ pSPACE/LH /sNFIRST/+FALSE./s ADAPTV/4TRUE./ )
= sems st === oo DATA DATIN/LOHMLSSIMDAT A» 10H500000FQ00,2%07° ° e e B e
DATA DATOUT/LOHMLSS IKDATA3%0/
- = - DATA IDASCI/THCROSSHP,7HRMSE(T)s7HRMSE{B)s THRMSE(F), THACQSITN, -
#347H »THGENERAL,BH PHLS1 ,8H PMLS2
4D %8H PHLS3 »8H THRHLD s8H OPTIML »BH SUBOPT ,8H ~3 DB sBHADAPTIV ,
*BHNDNADAP » BHUNTETHRD, BHTETHEREDs 2H »8H POPTL ,8H POPTZ
4 s e oo eees c— Al POPT S 5 - - - - s . -4 = eme = meme M e meen mem e el e oee
DATA NSTARTIBI;IRSIGNIII;KSTARTIZ&I:FILUUTI.FALSE.I:
- e eew s me=-CRILEIN/ o FALSES/ - L L
45 DATA FUNCTN/THAZINUTH, THELEVAT./
© = mme - - -ee DATA GQGYBSB/Ta3/sGRGT9/1,E4/ " R
DATA STITLE/SH ALFA »6HTHETA ,bHTHEDOTJbHALFAR ;6HTHETAR:
e - CGHTHROOTs6H * B~ ,6H WSC ,6HWSCOOT/ ~ ¥ T e e s e
: DATA XNAME/BH SCAN »BH NUMBER /»YNAM2/BM ETHET »BHDEGREES /
50 . - -+ DATA YNAWL/8H EALFA s8H - /s YHAMI/BH EALFAR »8H / RS
DATA YNAM&/BH ETHER »BHDEGREES /»YNAMS/BH RHO  ,8H /
-+ - DATA YNAN7/BHEABSBETAsBH DEGREES/- ' - -
DATA YNAMB/OHEABSFSC sOH HERTZL / . -
m=se o memm=m= < DATACYNAMG/BHEABFSCOTABH HZ/SEC / — = ===<- === =~ o sen e et nans s

GO TO (100,200+300,400,500,600,700,800,900,1000,1100,1200},15%
1 FURHAT(lH } ot
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SUBROUTINE CONTRL T or3lNve Vs foomr s momrene - FTN 4a64452 ° T 05718479 T13.43429 " OPAGE T 27"

@ v ewwn rmnn 20 ienm 4w - “ - . . Ve mmee mep e - - - e L I Te—— -

10 FORHAT(9(/}) ) e
TToT o TTT TtTTIL T FORMAT (1ML U0 T T oo LT T )

¢ i
- v mr oo C###tt**lttt*t*'i?#t*‘*#***tttOHI*t*ti#‘*l#ti*t#‘ti*‘#i#i#tit*tttt#t*i** B o e

Trmormomroe 100 CONTINUE
* C THIS IODENTIFIES THE SCENARIO AND REINITIALIZES, AS NECESSARY,
] B CTHE FOLLOWING RECEIVER PARAMETERS
CSIGHA» IAE,DSNROB,RHOFSCoBETA» JHsBHLS
- 1F(NFIRST} 60 70 155 R T N ) R
NOAC=oFALSE.

T TTTNFIRSTa TRUE & &7 7T T Tt T s e e e T e o mmmmmmmem e e -
70 JBNAH-JUBNAHE(I} -
- C e e . ‘I$itns - . - s e a e e a ke e . PN PP .

1H0OD=4

TTTTT TmTTETT Ot T OMRITE (701100 - Lo o o o

1190 FORHAT (34HIINTERFERENCE ACQUISITION SCENARID/TH 6D LOE/) .

TS TTTTTTTTTTTT Y IF (IRCVRGNELL) GO TO 118 R
WRITE (7,115) i R

- Tttt "t 115 "UFORMAT (35H THIS IS NOT FOR THRESHOLD RECEIVER) o oo e o
STOP # ABORTED--NOY FOR 'l’HDR\II?.?l

- “T 77 118 T CONTINUE ot Trrm ot T T e o T oo

80 CALL LDGID(BHFILEIN:FILEIN!O) .

ot ommm e =ttt IF(GNOTGFILEIND NSTARTeG 7 ™ m=mron oo meeme o T
IF{+NOT.FILEIN) GO TO 122

T e o IXeJATTACH{OLTAPELSSsDATINY . T v ot ToTmoomEemer e
IF(IXNE.Q) CALL INTIO{GHIX{AT)»IXs1,1) . . ’

TR T T T T T IE(IXeNESO) STOPRINPUT FILE ATTACH NOT SATISFACTORYA &= ~7777 7 7o wmmmmmm mmmsmmo=es mmes = o L

HRITE(T5120) (DATIN(I}sIml,2)

TR memrmeommem 7 12077 FORKAT(23H THIS READS INPUT FILE “p2A1Q/) & " =m— momwmme s .

122  CALL -LOGID(GHFILOUT,FILOUT,O) _— . oo
TororTTmeemomms T CALL INTIO(GHNSTARTSNSTART#300,0) - === = s ©oonTmonmmnemmem m s e ™ L
S0 NSTOP=NSTART

—rmoommmmorTmmrm 7t CALL INTIO(GH NSTOPRNSTOP1Q0,0) —7 7 ——~== = T T TmerTmr o rm T
CALL LOGIO(GHTETHRDs TETHRD,O)

T TT 7T 7 " CALL LOGID(SHADAPTVsADAPTV,0) " moTrmoroowm
IFITETHRD) ITETHR=»2

95 - o IF(ADAPTY) 60 TD 135 —~ ' oo T . T moom .
IRSIGN==1 oo

- 1 = v mve e - IADAP-! Y= e wy wrs Wr— e e w W w4 W sm mEmER WA & L F W L - - -u‘ LEY - mm b e e asern A . el
135  CONTINUE B i
e anees (PO S DO 145 Ialsh = - ° 0 = mimemmesammesmime s e s L e —— -

190 IASCa3%(I=1}+IDNRS(TI)+4 : .
Tt T Tt o T IDENTSUEISIDASCICIASG) 7 m o vmmesssen wSses s coo oo s ce oD s e
145 CONTINUE
T reemes © = ENCODE{8,150, IDENTS(1)) IDASCI(ISIMI,THOD  ~=<==r=otsr=  « wooc o wme—n 0 = =
150  FORHAT{A7,I1) : e v e
TTU105UT T UTT C CUWRITE (751520 IDNRSIAQD TTUTTTTITImommreme o cwmoaems e s -
152 FORMAT (1H »611s1X)I1/)
"t Testtoo o RRITE'(75153) IDENTS v v v mmmemes e T e
153 FORHAT (1R »A8)
ottt = o - CALL INTIOGSH - IR,IRp6,0) "7 vrmim e teme - o ST
110 CALL REALID (&6HRHOMAX»RHOMAX»0)

e memmorm oot = CCALL REALICUEH  DTHOLDTHOpQ) —— 7w ow o wemmr e 2 vm om0 T Thmommomemm s -
! CALL REALID(S6H TORO»TDROs0) . te
T * ommremmsm o= os - BETAR=BO¥180./PF ¢ TTT M TR om mmem s e e
FSCD'HSCD*I-”Z-*PII .

CTLACQ6
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NDTE ¥ AULTIPLY BY 1 == IGNDRED
e “115" v CALL REALID(6H BETAD,BETADNQ) ' " oo T
CALL REALIO(6H FSCOLFSCD,0} e '
LF {(IR«GE«5) CALL REALIO(GHGQGTHB, GAGTHE,0)
IF (IRGE«b) CALL REALID f6HGAGT99,6A6TI9,0)

s e e e e s BQRQETAQHPI/180STT e e
120 WSCO=FSCO*2#Pl
- e et NRUR=NSTART=L - tm  emm o amo e e e e e e e 4 e
DSNRDB =200
e s mnmmmr w e v = HDR GG § e m e = = rimmamim o = ammms tm = o amee e e b e mme e s m em o
BETA=45,
——— -—125-—— ———————l e a Al s FSC 0. AR R e e = My e pem mes m e e e cmme e vmed i emh R S e AASEEE B URETE WE VM ST TR A rpewe ey RS ATTeT SRSY | RTmeTn 4 e e ger e
BALS=1,
e cum amme e e e = BRCVRaLe = o~ = e e e e e e e e e e R
THESEP=1488
mmmemeemmeenees os ESCOOTAXO{GTAEIRGB/PE TIUITII SIS s msn e meems s s oesises s
130 155  CONTINUE
msemen e e e IE (FILEIN) GO°TO 158 ' ™ 7 wr=mwrmwmws o swwcniorssvs o oo £ ff 8 e et s e s
NRUN NRUN+1
—_— = - - ——— L L ] HRIrE(?,Il, ® o e " - - -- EEEE) - s v se e ans - e b W m -
CALL INTIO (&M  NRUNSNRUN»3,1)
= -+ 135 —==--- - - -= CALL REALID(GHDSNRD3,DSNRDBsO)  wwwwrerre e <= - o T me e
CALL REALIO(6H  RHO»RHDs0) -
= s o= === CALL REALIO(GH' BETA,BETA,0) "~ = -omwmm = - - THTmoT o memmsmeeen o es e
CALL REALID(GH  FSCsFSCr0)
e mmmesessemes = e - e oo TE(IRGEQe6) CALL REALID(GHESCDOTSFSCDOT,0) "= © = - e e e e
140 CALL REALID(GH BMLSsBHLS,0)
sm s s emrewem e mee o CALL REALIDUBH BREVRSBREVRpD} - == =>™r ==t === 0+ ems msesms s e s

, CALL REALID(SHTHESEP,THESEP,0)
T e mem et == CALL INTID(SHKSTARTKSTART,10Q0,0) 77— 77— 7o e = 2 ToTT o ommm o mmmemmm I e

60 70 170
©- - 145 == — 158  CONTINUE = ——= -- == - L sme--
READ (15,160 NAUN»DSNRDBs RHO» BETA»FSCoFSCDOTsBHLSBRCVRS
S e CTHESEP,KSTART ~ - - - -
IF(EQF(15)) 180,165
= - mmmmom s 160t FORMAT (15,86LD43515) © vt mm oo s meno s e el
150 165  IF{NRUNJLT.NSTART) GO 7D 158 - A
- < += - -~ IF(NRUN+GE<NSTOP) HORE=sFALSE, ' —==- ~- ~ - : - _u§ - -
170 | IF{NAUN+GEJNSTOP) HORE=sFALSE, o2
- ~ =7 X013, LAE) =XD (6, IAE ) =0, s e : - @3 :
XG(5» IAE)=XD (29 TAE)=THESEP ™

pminememe 155 - remmmmemms e XOQ(9IAEI=FSCDOTH( 24P TEAT mnemerm s bmm s ememee m ThTmm T et mem e e
EBETAO=ABS{BETA)=ABS(BETAD) 0 s
- o= w e o = EFSCOABS(FSCI=ABS(FSCO) === - -ommmmsos oo mmem s .- c_'g,.
Zm.

RETURN
------ ----=- 180  STOPAEDF REACHED ON INPUT FILEM -~~~ " [
160 ¢
e e T T T T BT et %ﬁk
c
- - 200  CONTINUE — - - T e e
¢ THIS OUTPUTS BASIC SIHULATIDN DATA OF INTEREST- SUCH AS
165 == - == CTHE ANGLE FUNCTIONR, INITIAL STATE, ETCe- Tt - - -
WRITE (7,209)
e e erwes s s o= 209 FORMATISHINRUN, 4%, 6HOSNRDB s 7%, 3HRHO, BXs 4HBETAs 8Xp BHFSCy 7X, 6HF SCOAT o™ = o mmr ommee
CrBXs4HBHLS, BXpSHBRCVR)OXp SHTHESEP» 5X» 6HKSTART) *
.- WRITE{7»210) NRUNsDSNROBIRHO»BETAs FSCsFSCODTsBHLS,
170 CBRCVR:THESEP;KSTART

CTLACQb
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210  FORMAT(LIHO,1458(2Xs610.3)s2Xs14%} )
- IF(NOTFILOUTY GO TO 245 ’ ’ : ) ttott ot

IF{NRUNJLE+%} ENCODE(10,220,D0UT) IONRS,3HU,IHOD, 1HO» HRUN e
220 FORMAT(6YT1,A1sT1,41,11) ’
R IF{NRUN.GEZ10} ENCODE(10»230,00UT) IONRS»1HUs INODsNRUK

YT 2307 FORMAT{6I1sA1,I1.12}) T TTmTTTTmm e rEmem oo
IX=TREQST{GLTAPELT»3L*PF)
IF(IXeNE«O) CALL INTIOfGHIXIRQI»IN»1,1) T ) B
IF(IX.NE,0) STOPAOUTPUT FILE REQUEST NOT SATISFACTORYH
180 et WRITE(T»240) (DATOUT(I),1I=1,2)
240  FORMAT{25HOTHIS WRITES OUTPUT FILE »2410) X e e e
o T 245777 CALL DATE(TODAY) - ThommmormE e omme e
WRITE (7,250) FUNCTN (IAE)sIAE
' Tt Tt 250 FORKAT (1HO»A7.15H FUNCTION (JAE=»JI,1H)) T . T - o oo
1485 X{4a)}=XD{4,1AE} =0, -
. TTURITE (7520600 ((I,X{I)}sI=2s9}) ~ . T Tt T T T s mom e
260 FORMAT (LSHOINITIAL STATER//7(3H X(sI1ls4H) » »G13.6))

TTm e " WRITE(7,270) IDENTS{2) -~ ™ [
270 FDRHAT(lHO:AT)
190 " ~ RETURN - - - oo A
c : - -
e CHERFRFRREE AR R A SRR R R IRk F R R Ry - - ™ —
[ X o
T TS Tt 300 CONTIMUE o . Tttt tpmemETTTT T e o7t
195 C THIS IDENVIFIES THE BASIC RECEIVER STRUCTURE (THRHLD,OPT,SUBOPT}
. T ' CAND REINITIALIZESs AS NECESSARY, THE FOLLOWING RCVR DATA L .
CIR (NEGATE ONLY}» NDAC:NDKLHN;NDLUE:BRCVR:DELBL:TETHRD DET e
. e " IF(IReGE«5) GQGT(B,B)=GQGTEE - - tohe o
) IF(IR.GEWO) GAGTI9,9}2GAGTIY e
agg et  ITIT=HINGCIRCVRs2) - i em rmee m wae v e s P B
- ot c NEGATE IR WITH THE FOLLOWING FOR NONADAPTIVE RECEIVER — - AN
IR=ISIGN{IR»IRSIGN} . o o . L bl T
205 RETURN

C*#‘*t####**#*t*it#i***t#*t#t#**#l*#“#***‘#*Q‘t#***t*‘*‘*#t***#*#ti#i*
"00 CONTINUE
210 "= " ~C THIS OUTPUTS BASIC RECEIVER DATA OF INTEREST "' -~ -~ e i Tt ToTemem -
WRITE(7,410) (ICENTS{I),Iu3,4}sIRpNGHNS
TR ST 410 FDRHAT C1HOpA B 4HRCVR/LHO» ABSSHOESIGN/SH (IRw3I2,4HpNGesIl, " Tem o mmommmemmr o
4HaNSws 11, 1H))
- HRITE(?MZOI CIDENTS({I)sInGs6)" et ' Cot v

215 420 FURHAT(IHO:AGHHO;ATH

- e - ~ RETURN - -- - ae e em w e e = . . . .

¢
| omm s C#‘*#4#*t##‘*‘#‘##l*l#tt*t.t‘*t#‘##t#i*t#i*i’H’*t*tt######tt#‘*****#*#t"' T T mmomm T o e

220 - - - N 500 CONTINUE = = T mmmmmmeame s o ) et
C THIS SEVS-UP THE HSET-LBOP
- U . RETURN® -* . .-

¢
- ““""“““""Ctl*tt#t#*t*###‘##t#ttt*ittt#t*tt#t#tt**#t#tt##t#*t###t#tttt#tt*t#tl*# e
225
: - - -Gao  CONTINUE - - -
_C THIS SETS-UP THE LG-LODP FOR THE (HSET)-TH SERIES DF SETS

CTLACQ6
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RETURN
B b e - . . . . . RO e
230 c*unuuunnuﬂ#HNHHH*Hutun**Hu*uut*uuu#uu*uu
..... - imee e Uy SO S -
700  CONTIRUE . o .
Trmems o me ot C THIS SETS-UP THE K-LOOP FOR THE (LGJ-TH SET OF KM SCANS® ™ Tt om T T s s
CALL INTIO{(&H KérKHp1s1)
233 WRITE(T»T10) (STITLE(I),I=1,9} T
710 FORMAT(4HO K #3Xs BHCSNRTOp 5Xp6HCSNRFRS 3Xs3HATYS 3Ky 9L2Xs A6 3N/}
o a e e - RETURN ' - e 4 e

[
e s e ook AR AR OR AR R K AR R ok b b ok ok ok kb o kb ek ok R

240 c
mm . - 800 CONTINUE e e e e e e e e e B
C THIS INITIALIZES THE K-TH SCAN
R stoemee s e oo IF(KGEQWKSTART) X(4)®RHO#X(L) = * == == - = - = <o o s e— -
IF (KeEQeKSTART) NGH=NG
e g e e e RETURN o e e e e e e =4 ey e = 1 s i s e w
c
A - CHbkdbreprshrhrddhbbddddhkkiopdbkbkdb e hdkkkokioklokk ok koo ko ok kbR k. ' e m
c .
=-- - wtoeest 900 CONTINUE - - - - b
250 ¢ THIS SAVES/PREPROCESSES DATA FROM THE K-TH SCAN
s “ " “THERR=X([2)=XS{2}) - ' = w=o= g T TMRMALSSR mte R Ssem—en e eem - - -
DTHEaX (21=X{5)
SRR © 0 ¢ COLB=SQRT(PPDIAGR2)} -~ - = == = oo - pR L
0O 910  I=1sNS
=s 255<c- = v e o < ESAI)eX(I)=XS(I) Comremmmsomes oo eememn s e e
RMSVAL(L)=SQRT(PPOIAG(I))
B e L qlo - CUNTINUE i LT - SrgmmL W mELwar P IR MR LN AR b MR AW e - r—— - - -
IF (NSsGEaT) ESUT) = ABS(X(T}I=ABS(XS(T))
- - S+ - = s~ IF (NS.GE.8) ES(B) = .ABS(X{8))=ABS(XS(8)) = - - o T Ty
260 IF(NS«GEs9) ES{9)=ABS(X(9))=ABSIX5(9)) 5
v — e m e - SCANNR‘K.-K - ammen Tnom me wws v owmw s oron L] - - E R 4 v
y EALFA(K)=ES(1) }
- 4 S - > &

w e nnd TE(NSWGEWT] EBETA(K) 2R84 #ES (7)/PLn =rmromim= oo & —mmissiiie ¢t s o e e )
-

EALFR{KI=ES(4) S5
5 A

= = ETHER{K}®=ES({H) - - ——r-— =mmomm—iscm min m oo o - o-e voe e
XFOUR(K) mX(4}/X(1) ’

IF{NS+GEsB) EFSCIK)mO.5%ES(8}/P]

- ST e TEANS G GEe9) EFSCOT(K) =D 5#ES{Q}/PT =« »vwmr - —mmmreses s s s memea Sowecemoi—mes D) Ek:;

210 | LF(NRUN NENSTART4 AND oKo NEoKH) RETURN Yy
m e - - WRITE (759201 Ko CSNRT,CSNRFyLHX» {X(I},Tudy9) ~ - s e o
920 FORHAT(LH »13,2{1%,610,3)s8%A1, 1%, 9(1Xs61043)) Y
ramA—— o ST os e = WRITE (T2930)-TH - XS»(XS{I)s1=1sN3) b - - - s om o

-4 -

WRITE (7,930) 7H ERRs (ES(I)sI=1sNS) .
T WRITE (709300  THSQUPITa(RMSVALLI) I =1pNS) —™ " —7 —7=8 " 0o sommmmemesn o o e o
930 FORHAT (1H »27Xs AT» IX"?(IXpGlO-Bl) ’

S WRITE (Tpl)- - - - T s e S L
RETURN
¢ - e e SO - e .
cuun*ut*unuunuuMt**uuuut*uuuuun***uu*unutu
A e e e e ety epeoim = e men e & e v e e+ e ns e s
1000 CONTINUE
- ¢ THIS SAVES/PROCESSES/OUTPUTS DATA FROM THE (LG)~TH SET OF KH SCANS ’ - - -

HRITE(?;IObD) (GAGT{I,I)sI=1,N5]

CTLACQ6
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SUBROUTINE CONTRL

285

TTT 290 -oT o

295

300

3as

BRAEE- 11 R

325

330

335

340

734172 TS

_ 1060 . FORHAT{10(/)»28H ON THE LAST SCAN3»T7Xs QHGQGT (T4 1)p1XsF{1Xs51043))

YHINaYHAX=0,
WRITE (7011) '
CALL INTIO (6H HNRUNSNRUN»1,1)

CALL PLOTRUSCANNR) EALFAsKHM)XNAHES YNAML, YHIN, YHAX,0)

CALL REALID{OH YMINsYHIN,1)
CALL REALIG(EH YHAXsYHAX,s1)

*YHIN=YHAX=D, . -

“t YRINaYMAXe=0. -

1065

1070

WRITE (7411}

GALL INTIO (6H NRUN,MRUN,1,1)

CALL PLOTR{SCANNR, ETHET» KM, XNAHES YKAH2 » YHIN, YHAX, Q)
CALL REALIOCOH " YHINpYMINs1) ™7

CALL REALIOCOH YHAX,YHAX,1)

YMIN=YMAX=0o . " oo

WRITE (7,11}

CALL INTIO (6H HRUNsNRUN,1,1)

CALL PLOTR{SCANNR, EALFRs KNs KNAHE » YNAH3S YHIN, YHAX» O)
CALL REALIO{SGH YHIN,YHINs1)

CALL REALID{SH YMAXsYHAXs1}

YHIN=YHAX=D. . ’ o

WRITE (7,13}

CALL INTID {&6H HNRUNsHNRUN,1,1)

CALL PLOTR(SCANNR, ETHER:KH:XNAHE:YNAH&:YHIH:YHAX;O)
CALL REALIOI6H YNIN)YHINs1)

CALL REALIO{GH YHAX:YHAK’II

YHIN«YHAX=0.

WRITE (7,11)

CALL INTIO (6H NRUN:NRUN:I:I) St -

CALL PLOTR{SCANNR» XFOUR’KH’XNAHE:YNAHS;YHIN;YHAX:O)
CALL REALIOD{GH YHINsYMIN.1)

CALL REALIDU(GH YHAX,YHAX,1)

IF (NS+LE«6) GO TO 1065

WRITE (7.11}

CALL INTID (6H NRUNsHRUNsILs» — - -~°° =~
YHIN=YHAX=0.

CALL PLOTR{SCANNREBETA,KH, XNAHEs YNAHT,YRIN,YHAX,0) ~
CALL REALIO(EH YHINsYMIN,1}

CALL REALIO(OH YHAX»YHAX»1)

YHINs YHAX=(0,

WRITE(7,11) - ”

CALL INTIOD (6H HRUN;NRUN;I;I'

"CALL PLOTR{SCANNR,EFSCs KMpXNAME» YNAMB» YHIN, YHAXS0)

CALL REALIO{GH YHINsYHINs1)
CALL REALIOLGH YHAX»YMAXsL) - - — T
IF(NS«LE.®}) 60 TO 1065

WRITE{7,11)

“CALL INTIO (6H “NRUNsNRUNs151) .o Tt
CALL PLOTR(SCANNR;EFSCDT;KH:XNAHE:YNAH9:YHIN:YHAX:O)

CALL REALIDCSH YKIN»THIN,1)
CALL REALIO(GH YHAK:YHAX:II
CONTINUE -

IFi. NDT.FILUUTI RETURN

WRITE(T+11) ToTmmom otemmeme o m ot

WRITE{T7»1070) {DATOUT{I)s»Iuly2}
FORHAT(L3H OUTPUT FILE »2A10s1H3/)"
WRITE(7,1072) DOUT»DELTHMTIMESsLGHAX, KMy TODAY» JENAK

FTN 4464452

Q5718779 13443.29

LY

\
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6-0

345

TTTTT 368

370

FTH 4.64452
1072 FORHATULH sALO0,0X5G13.6,5%,3(9K, 13, L0X)AL0,0X,A20/)
- WRITE(7,1074) IDENTS,KSTART "
1074 FORMAT(LH »6(1XsARB,9X),137)
WRITE{7,1076)} HRUH,DSNRDDB, RHOsBETASFSC, FSCOOT,BHLS, BRCVR, THESEP
1076 FORMATILH »12,3%,8(3Xs61246)7)
meoee IKHaHIND(35,KH=9) i T T o
00 1077 I=l,IKH :
*t ot T 1077 WRITE(7s1078)EALFA(II,ETHET(I)SEALFRIL),ETHERII),XFOUR(IY = © Tt
1078 FORMAT(LH »B5(GLl3¢625X)}
00 1079 I=1,% -, T .
1079 WRITE(7,1080}
T T 1080 FORMATILH) (60X, LHep LX) & ' 7 moTmOmT mmeame s nomansnnemrg s s smgmes Smee s s
KHIwKH~3
DO 1081 I=KM3IpKHM
108) WRITE(7,L07BIEALFACII ETHETLI),EALFR(I}, ETHER(I)s XFOURLI)
- HRégE(7;10831RHDHAX,DTHU:TDRU-BETAD;FSCU;EBETAO;EBETAIKHIrEFSCD: T
CEFSC (KN}

SUBROUTINE CONTRL 732172 TS

T 1083 CFDRMAT (1HC.9{Gl2e.602X) 0 tt - T Tt TUTOTTOT T Tt T nTATTI TR mmasmmsn e o

WRITE(17) DOUT,DELT,KTIMES,LGHAX»KM»TODAY, JBNAN
- WRITE(17) IDENTSsKSTART ’
WRITECL7) NRUNsOSNRDB,RHD,BETAsFSCsFSCODT,BNLS,BRCVR) THESEP
- DD 1090 I=l,KH : ' -
WRITE(1T) EALFACI)sETHET(I),EALFR(I),»ETHERIT),XFOURLI)
Tt ottt 1090 CONTINUE - T -
JRITELLT) RHUHAX;DTHU;TDRU;BETAD;FSCD:EBET#D:EBETA(KH!;EFSCD:EFSC(
. - ey -0t bl e
REHIND 17
IX=IATTACH(SLTAPE20, DATOUT) = - -==-= = == Tt e e
. CALL RETURNISLTAPE20) '
T omee e TE(IXGNELO)'GD TO 1095 T - T Tmmmrrmem ameemees s
IK-ICATALD(bLTAPElT:UATOUT:zLPHpBRHIGHFILL;ZLRP;B&SJ
- "GO T0 1096 ‘- - cee s e e
1095 IX=ICATALO(6LTAPEL7,DATQUT,2LXR, BRHIGHFILLy 2LRP5365)
1096 IF(IX.NE.0) CALL INTIO(6HIX(CA),IXs1,1} SR
IFCIXeRE+O) STOPMDUTPUT FILE CATALOG NOT SATISFACTORYA

- CALL RETURN(SLTAPELT) LI F o WP
WRITE (7,1099] (DATOUT(I),Is1,2) - j%%
-- -- 1099 FORMAT(13HOOUTPUT FILE »2A10,33H IS WRITTEN, CATALOGED AND CLOSED) - =L
RETURN 60 2]
¢ X
C"*****'*#*#*@#C‘*V*'*!*“"t"**‘#*'?*****"*#'*'*‘*'*'*"***‘*1**“ CD és
e YRR SOSAADEA At athithdihishhtldhbidal SN 1 S
1100 CONTINUE . -5
- = - ~C THIS SAVES/PROCESSES/OUTFUTS DATA FROM THE (MSET)=TH SERIES OF - --- ~- =®
CLGHAX SETS OF KH SCANS PN
. saw m am - RETURN - -an . P . . e - — o - - ' - Ve ow ﬁ m\

m
— -c R e e e R R I —
4 =

1200 CONTINUE - e e . . 'E%

‘

C THIS EFFECTS CLOSURE OF THE SIHULATIUN RUN
Ce 0 WRITE (Tell): - - - - - .. , . .
_RETURN _ o - 7
C’i**4!t*t##*lt#*##**'0‘****##*i##‘#*##t*#*t#‘*t*l***t#*l***l****#**#**#*‘t
¢
END

CTLACQ6
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: SUBROUTINE CONTRL

.k?qﬁgp_CH STORAGE USED

737172 18 .

... 122340 SECORDS

FTN 4.6+452 °

TO5/18/797 1344342977 7 PAGE )
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TE-0

P N

10

15 - ..

20

;e e 10

410008 CH, STORAGE USED .. ... _+13} SECONDS. .

PROGRAM MLSSIM

737172 TS

FIN hubth352

PEOGRAM MLSSIMOINPUT,OUTPUT, TAPELOSINPUT, TAPELZ, TAPELS,

#TAPET=OUTPUT,TAPELT, TAPER0)

REAL LAHDA

LOGICAL HOKLHN2ROLCUE,NOACSKALKAN, LOE, TETHRDsHORE

COMMON /IDDATA/ZIDNRS(6) s e e mam
COMMONFRCVROO/THAMAX s THAMINS TS TRAOMEGASTF
CURMON/RCVROL/NGHIN) NGMAXs DELBLANGHs IRy 1AE
COHMON/RCVROZ/RHOMAX,DTHO, TDRO,BO) WSCO, HSD(6 ), NGO(S)
COMMBN/RCVROB/PIPF{9s9) s FLZOLAN ) FSANP)KsKH» TETHRO2 NGy NS» JH
COMHON/RCVROA/DELTSEO(D)»GAGT (92902 H{b» 9}, ICOUNT,SIGHA

, COMMON/RCVROS/MOLOE, HOKLMN, NOAC, GAMES(6),RDOIAG(6)» PHDIAG(9])

CUMHON/RCVROG/PPDIAG(Q) ) RHAT(G)6)»PHILG,6)2PA{T, 21, LANDALG)
CCKHMON/RCVROT/T{130},V{130)
COMMON/RCVROB/XSLOE(9)»ESLOEL9)»ES(D)
COMHON/RCVROG/BRCVR, BB, PDCRITHCC

COMHDN/RCVRIO/XS1{9),XS(9)

COMMON/MLSO00/ALFA) THE» THEDOT s ALFAR» THR) THRDOT By WSCp WSCOOT .. .

COMHON/MLSOO1/CSNRT>CSNRF)DSNRDB»RHO» BETAP FSCoLGHAX
CUMHON/KLS002/DCSHR)CSNRA LG TPKT» TPKF
COMMON/MLSO03/FLI0AE(4»2)sFLLOU4) s DELTAT(Z ), X0(9,2)pYD{4,2)
COMMGN/HLS 004 /BHLSpBBB) HTINES sHSET) HORE  ~

CONTINVE .. _ . _. . . e

CaLL HALSSUB

TF(MUGREY GO TO 10 PN

sTopP .
END

057174179

14.50.06

PAGE 1
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SUBROUTINE HLSSUB  73/172 TS ' ' o N FTN 4.6+452 05/17/79 14.50.06  PAGE 1

—— PR P - —— - - - b aem f . - - emn Z 4

e SUBROUTLINE HLSSUB . . . —es 0
PEAL LAHDA : .
LOGICAL NOKEMNsNOLOE,NOACIKALHANSLOES, TETHRD s HORE . - mimrawy wi m wms s re ke e et v
CORKOK/RCVROO/THANAX, THAMINS TS 2 TR)OHEGAS TF
.. 5 ae e+ .. COMNCM/RCYROL/NGHINsNGHAXsDELBLINGHs IRs IAE .
COMHON/RCVROZ2/RHONAX s DTHG» TORDsBOsWSCOH NSOL4 ) NGO(A)

. . o .COMMON/RCVROB/PIAF(9»9)>FL25(4)2FSAHPSKsKH,TETHRDSNGo NS»JH . . S
COMHON/RCVRO4G/DELT,EQ(T)GQGT(9,9),H{65,9) ICQUNT,SIGHA
COMHRON/RCVROS/NOLOE, NOKLHN, NOACGAMES (6] ROLAG {6, PHDIAG(TY | . U QOGS

10 CUHHDNIRCVRO&IPPDIAG{?)sRHAT(b;b)’PHI(6:6):?‘(9:9)3LAM0M6| .
e nmie e e e+ wemes GOHBON/RCVROT/TIE3Q)»V{130) e een f e e e s
COMMON/RCVROB/ XSLOE(9),ESLOE(Q)ES(9}
. CUHMON/RCVROS/BRCVR)BBsPOCRITSCC v aw an s e e e
COMKON/RCVRLIO/XS1(9),X5(9) -
- . CONHON/HLSOOO/ALFA»THE, THEDOT» ALFAR» THR» THROOT»ByWSCH WSCOOT , . e - - e menes
CORHDON/HLSOGL/CSNRT»CSNRFHDSNRDBRHOSBETASFSCr LGRAX
wmnsn s e a4 —e s COMMON/HLSO002/DCSNR» CSNRs LG TPRT 2 TPKF PR =
COMMON/HLSGO3/FLIOAE(4»2)»FLLO(4)},DELTAT(2),X0(9,2)2Y0(452) i
COMHON/MLS004/BHLS,) BBB)MTIHES » HSET, HORE
C GEMERAL SIHULATION® OPTIMIZAYION OF MLS RECEIVERS FOR 3 ' .
- RV < MULTIPATH ENVIRONMENTS h e e e
DIMENSIOR X1{9}pINDEX{2)sY{4}sX(9) :
EQUIVALENCE {(THAMAX»Y{1)}s{ALFA»X{1}} PN e b et e . RSN

25 FOLG BEGINS EXECUTABLE STATEMENTS

[» X2 Exl

PIZw2 4Pl
5Q22=30RT(.5)

v

"FOLG INITIALIZES THE DIAGONAL OF F(8s8)

a0

VOO0
t
[
H
.
+
]

0O 10 I=1,9
. FE(Isl)nl.
10 CONTINUE , ,
35 . CALL CONTRL(1) . . 12w rrrA——— o vamn ottt nan e et 44
5502=SIGHA%SQRT(24}

FOLLOWING COMPLETES INITIALIZATION AND COHPUTES SECONDARY
PARAMETERS.

cooo

40
DD 15 Lwls4 . . . Vo me o ooma e rmeem e e = mrnne b h e
FL10(I)aFL1QAE(I, IAE}

15 CORTINUE
bO 20 Isljss
45 . YCI1mYOUIsIAE)
. 20 CONTINUE
- . OMEGAS={THARAX=THARINIZTS & . o oo v ens e - e i e e e " _—
SECPD=1./0HEGA
TFuTS+TR=2, % THANIN#SECPD

50 c M . + e swmrar s e e R = [RUDRE
C FOLG ARE CONSTANT PARAMETERS USED BY P _
c

e v s mmane s LBBBR2,4/BRLS L. L . e e e e . C e e .. e e e
DUMSGAUSS(1.0)
55 ALPHA=10.#*{DSNRDB/204)
. XOU1, [AE)=ALPHA
ALPHAR=RHD¥ALPHA . .

MLSIM6
Page 2 of 8
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SUBROUTINE MLSSUB 734172 TS5 FTN 4.6t452 Q5717779  14.504006 PAGE 2

- - . - —. - KOU&,IAE)=ALPHAR . . - . e a e _—
XO(7, 1AL )=PI*BETA/18C, i

W00 L L . . XULBsIAE)wPIZHFSC. | ! -
TSAHPwl./FSANP

i e i wse e DELTWDELTATIIAEN Lu . i h wh s e mvs wan v w mamns m—rn masbane s —
F{2>3)=DELT

o IR . Fi5,0)=DELT , . R - .

65 FUT,0)mDELT

- e o e .- F{Tr9)m0 54DELTH¥2 |

F{BsF)=DELT

R 1 8 E 1 £2 . - rh e v rmem o s amm o e owes = am o

JH2=JH/2
... 14 . THH2=O 5+ TSAHP*(JMH2+1) - .- . . PRI e -
00 30 I=1,9
e ct e e e L XY =X0(T»IAED | - e, [
30 CONTINUE :
o - —— - CALL . CONTRL{Z) PR Ch e e aman e . “ e et e m e
75 c
e e . C FOLG CALLS_RECEIVER FOR INITIALIZATION e e i — e e e
[ .
—— e - K=0 e U . ST -

0 ] CALL RCVR
T T T L FOLLODWING BEGINS SIHULATION PER SE» LGHAX RUNS OF KM SCANS EACH

- - (A - . . -

CALL CONTRLIS)
e e e e ...00 TTT MHMSE¥=1,MTIMES | e e e - . . e
85 HSET=MHSET
U T . e e e e e el P
CALL CONTRL(&}
— — ., .DD 1 LGG=LlsLGHAX, . - . e ue e I
LG=LGG
.80 oo .o CALL CONTRLITY | _ - et e . — e e I
D0 2 KK=l»KH
s e KKK | U .- P,
c
- , CALL CONTRL(S) .. e e e e e e e e o mm——— . _—
g5 IF (K +ECQ. 1) GO TO 122 .

" FOLLOGWEING ADVANCES THE TRUE STATE AND SAVE PRIOR VALUE

0 100 B9 T e e it = e e e ——
100 _ S S A T L T m
X(1)=0,

. . 1loq CONTLINUE . o e . - . e o P
0C 120 I=1,%
e am e ow o merem 00 110 J=1,9 T

105 X paX{II4RLI, diex200)”

2

11¢  CONTINVE, _ . . . _ . .. ... ‘og e e et 2 e et o e £
120  CONTINUE c 2z
} ) ) i BsPVALUECBIPI20.]) o . . -p""‘ R — e
¢ - ™
L1100 ..., € FOLG SETS THES PRIDR TD COMPUTING SAMPLE TIMES.,. . . P W —
THES=XS{2)+DELT*XS{3) % ﬁ
. IFC.NDT.TETHRD) GO TO 124_ __ _ _ . . e s e e e
122 CONTINUE
— R - 00123 Ta2leS e et - e e w e v it e e e = 4 e e s

MLSTM6
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SUBROUTINE MLSSUSB T3z 1S

115...

FTH &4.6+45

. XSL{EbeX{I}~EO(T) . e . -

T 123 CONTINUE

120

125. - . L e

130

135

150

15%

160

165

170

THES=X51{2)} . !
124  CONTINUE

c . . .
C FOLG BEGINS COMPUTATION OF SIGNALS AND RELAVED QUANTITIES

C ... FIRSTs, CALCULATION OF CONSTANTS ON THE PRESENT SCAN
¢ p
ALZ=ALFA#+%2 . - .
ARZ=ALFAR**2 :
soeaen AAZR2 ¥ ALFA*ALFAR e e em e meeevonee - -

TPSTa(THES-THAHAX)*SECPD
. TPSF=TF+{THAMIN=-THES)*5ECPD

TIT=TPST=-THNHZ

TIF=TPSF+THN2
FOLG COHPUTES FOR THIS KTH SCAN THE SIGNAL PEAK TIMES TPKTY,
THE COMPOSITE SIGNAL-TO-NOISE RATIO CSNRUIK) .

TPKT=(X{2)=THAMAK)*SECPD

TPRKFrTF+(THAMIN=X(2})*SECPD

¢
¢ THAJmTHA{TPKT)=X{2}s BY DEFINITION
C PJ=PHLS{THE-THALTPKT))=1,0,BY DEFINITION -
C AND SIMEILARLY FOR TPKF . . .
¢
, . PRI=PHLSEX(S5)1-X12))
BTuPVALUE(B4{NSC+0.5¥WSCDUTHTRKTI*TPKTSPE504)

.. BF=PVALUE(B+{WSC+0.5*WSCOOTHTPKT)#TPKTSPIs0,)
QITHALZ+AAZ#PRIFCOS{BTI+ARZF(PRI#¥2)
QJFwAL2+AAREPRJ*COSIBFI+ARRH(PRI®#2) ... ... .. . .
CSNRT=SQRT(QJT)

. CSNRF=SQRT(QJF) :
CSNRMNSARINL(CSHRTSCSKRE)

. CSNRHX«AHAX1(CSNRT,CSNRF] A
CSNR=CSHRMN
DCSNR=CSNRMX=CSNRHN. . ..

(s X o]

FOLG INITIAYES A J-~LOOP TO COMPUTE SAMPLE TIMES AND (LINEAR}
ENVELOPE SAMPLE VALUES

IzXz Xz X v]

DO 130 Jsl,dH2 .
TINCR=J¥TSAHP .
JFR®INL=
INDEX (1)=d
INDEX (2)wJFR

C FOLG COMPUTES SAMPLE TINES .
Ta=TZT+TINCR
T(I=Td - - -
TCJFR)=TZF=TINCR
THAJ=THA(TS) .
PJ=PHLS (THE=THAJ)

PRI=PHLS (THR=THAJ)
C FOLG COMPUTES ENVELOPE SAPLES
.. DO 127 121,2 . ... e e e
JVAL=INDEX{I) &
TIVALRT(JVAL)
XNC4SQ224GAUSS {04 )
XNS#5Q224GAUSS (04)

2 T 05/17/79 14.50.06  PAGE 3

TPKF AND )

.,

iy ...-.: -

Pl ea f

:'!3 1__1 e . . -
ad .
-:': ':'l""‘

A e PR —

[P A e
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SUBRDUTINE

. T T s
\"-“ - - -t A ——— f——
e LABO L, .
S . - . = oo
185
e e e

feae e ae 190 L

e e o
T R CT I

)

e o eena81000B_CM _STORAGE USED

HLSSUB TasLTe TS FTN 4.6+452

05/17/79 14.50.06 PAGE %

- .. BLOCAL=PVALUE(B+(HSC+O/S¥NSCOUTHTIVAL)*TIVAL,PIs0.) .. DU
QURALZH [PU**2) v AAZ#PJ*PRINCOS(BLOCALH+ARZ¥ (PRJY2) i
Qe AMAXL (045040} ' e mm b e et it ey e =
SGRTQ222.%SORT(Q4)
- ~UJeGJ+SORTOZ#XHCHXNCHH2HXNSH#2, .. g -
VIJVAL}#»SSQ2#SQRTIUYI
127 _ CONTINUE _ . L. Cee e D e -
130 COMTINUE
¢ .. - . - e SER—
c . FOLLOKING COMPUTES RECEIVER RESPONSES
. e e e e s e vea i eed e e e e
CALL RCVR
c . - . . - —— N,
C FOLLOWING ASSIMILAYES DATA FRUM THIS SCAN FOR FUTURE EVALUATION
C.. Ceea e eeewan - ©m h e e ————
CALL CONTRL(9)
z CONTINVE ., .. . - - V-
¢ .
¢ FOLLOWING ASSIMILATES DATA FROM THIS LG-TH SET OF SCANS - e ——— e+ e
c .
.. CALL CONTRLEIO) . ., . . . N e e - e o et
1 CUNTINUE .
C N .. . . J v — — -
C FOLLOWING ASSIMILATES DATA FROM THIS HSET-TH SERIES OF LGHAX SETS OF KM SCANS
CALL CONTRLE11) =~ e om0
TTT L LCORTINUE | | L L it amn a e smeer o e Mt — e — —

[
C _FOLLOWING CLOSES_THE. SINULATION RUN | .. .. .. et e e e e
<

_ CALL CONTRL{12)
RETURN
_END

L1e465 SECONDS per ey

MLSIMG
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FUNCTION THA

i e m Y e B e mm g - PP

" 73/172 TS

FTR 4.6+452

.. 'FUNCTION THA(T)

€
c TH1IS COMPUTES THE ANTENNA SCAN ANGLE AT LOCAL SCAN TIME T.
c THE PARAMETERS OF THE SCAN WAVEFORMJHENCE THE IDENTITY OF
. 5 . € ... THE ANGLE FUCTIONsARE PASSED THROUGH COHMON AND ARE DEFIMED
¢ AS FOLLOWS! )
- . € .. TRSTIHE BETHEEM TRAVERSAL OF ZERU DEGREES IN & TO=FRO SCAN
¢ TS2DURATION OF THE TO SCAN
¢ TE=BURATION OF THE TO SCAN+INTERSCAN REST INTERVAL .
10 C THAMAX=ANTENA ANGLE AT BEGIHNNING OF TO SCAN .,
e e n « C THAMINsANTENNA ANGLE AT END OF 10O SCAN -
C OMEGASANTENNA ANGULAR SCAN RATE,DEG/SEC,DURING TO SCAN
- c .
COMMON/RCVROO/THARAX s THAMIN, TS, TRy OHEGA, TF
.18 L. T1=TSHTE A .
1F(T+GE«040) GO TO 50
e e e e - THARTHANMAX .. i . .
RETURN
50 IF(7.6T.T5)60 70 100 ¢
20 THATHAHAX+OHEGA#T
- ) , RETURN ) . .
100 IF(T.GE.TF) GO TO 200
e e e . - THA=THARIN . .. .. RV
RETURN )
25 200 IF(T.6T+T1) 6O TO 250 .-
THA®THAHIN=QHEGA%*{T~TF)
e e RETURN . .. .- .
250  THA=THAMAX
T - ) RETURN .. - ... . . e - e
30

410008 CH STORAGE USED

END

o114 SECONDS - .

+ e e B

05!17!79 14.50.06

PAGE 1
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SUBROUTINE OFLTRL 737172 15

SUBRGUTINE DFLTRIY

DINENSION Cl4)

SaXx~Ci3)#C (%)

YuCL1)¥5+C(2)*C L4}
e 3l - R LT SN

RETURN
END

, . 410008 CM STORAGE USED .. D46 SECONDS

X2¥sC)

+

N

U

. 5&?
o

0 yod
d r“ﬁﬂﬁﬁﬁ

5

3’9‘

FTN 4.64452 Q53717779 14.50.06 PAGE

MLSIM6
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20
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BLOCKDATA

HLS

737172 TS

BLOCK DATA MLS
REAL LANMDA

FTN 4.6+452 05/17479 14.50.06 PAGE 1

s o . - @ e e e A i e e

LOGICAL NOKLMNsNOLOEsNODAC,KALMAN,LOE, TETHRDs HORE . . - ’ e o sy e e v 4 S

COHMON/IDDATA/ICNRS(6)

COHMDN/RCVROL/NGHINS NGHAX,DELBL NGH» IR) 1AE . e e

COMNON/RCVROZ/RHOMAX, DTHOs TORDS BO» WSCODs NSO L6}, NGOLS)

COMBON/RCVRO3/PISF{9s9) s FL25{4) s FSAMPSKoKHs TETHRDS NGNS JM . ... . o e e e e

COHHON/RCVRO4/DELTSED{9)3606T{9,9)sH659)3 ICOUNT,SIGKA
COMMON/RCVROS/NOLOE, NOKLHMN, NOAC, GAHES{6) s RDIAG(E IS PHDIAGLF) .- f e e n e a4 ————— s — i 2
COHMOR/RCVROG/PPDIAGL9) s RUATI606) 2 PHIIG 63 PALG»G)2LANDALS) :

= wme COMHON/RCYRO9/BRCVR,BB,PDCRIT,CC

CUHHUNIMLSDOIICSNRTJCSNRF:DSNRDB:RHD:BETA:FSC:LGHAX
. CGMHDNIHLSOOBIFLlOAE(4:2]:FLlOl#)pDELTAT(ZI:XUl?:ZﬁnYOIk;Z) - . - i o e ——— s .

COMMON/HLS004/BNLS ) BBES RTINES» HSET s MORE

.. DATA PIIB.lﬁlS?ZTI;FIBl*D-I DSHRDB/20+/¢RHD/ 457 mawem e s s

DATA DELTAT/00740740745i024691358/sSIGMA/.TOTLY
DATA_X0/04230474355002324752=~035500204004s . e e S : e e

* 007102042040 1209=a92003243044

DATA YO/62.6666679-624sbs233333E~3,b,6E~3, ' .. e e —————— - =

%30,666667,042105333336~3,0,4E=23/

CATA FLLOAE/+55000=e520e04255009=075204/

CATA FL25/4348315434831,=430336004/

- DATA JM/L30/)TETHRD/WFALSES /o KH/LQO/sFSAMP/Y. 6E5! ek e am

DATA Hiles6%Duples 12*0-:1-:6*0-:1.: 12*0-110! 12%0.0 10/

. DATA NSO/2p85693»05%/2NGO/2952%5206261
DATA DELBL/+01/,E0/9%047
DATA GQGT/81%0./sPA/BLI*0,/

DATA RHOMAXZ48/50THO/2.T5/5TDRD/0.0/B0/0,0/3%5C0/0.0/
- DATA NOLGE/«TRUES /s NOKLHR/ FALSEL /) NOAC/oTRUE./ -

DATA IAE/L/2FSC/51430/BETA/=16B40/sLGHAXILS

DATA BHLS/L1.0/2BRCVR/I4O/sHTIMES/L/>MOREZ+TRUEL/ -

DATA IDNRS(5)71/
END e

- 410008 CH STORAGE USED. ... .. ._-+219 SECONDS ., , . Fr—

MLSIM6
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SUBROUTINE

RCVR

73r172 15

SUBROUTINE RCVR
REAL LAMDA,MJHZ

LOGICAL NOKLHNyROLOEsNOAC)KALHANS LOE» TETHRD

COMHBON/RCVROO/THARAX: THAHIN> TS» TR OHEGASTF
COMMON/RCVYROL/NGMINp HGMAXS DELBL) NGHy IR 1 AE

COMHON/RCVROZ/RHOMAX,DTHO) TDORO»BOsWSCO» NSO I(H)» RGOI6)
COUMON/RCVRO3/PISFI9,9 o FL25(4) s FSARP 2K KN, TETHRDS HGp NSs JH
COMMUN/RCVRO4/DELT»EO(IVGQGT(929)»H{6,9) s ICOUNT,SIGHA
CONNON/RCYROS/NOLOE » NOKLMN)NDAC) GAMES (L) 2 RDIAGL{6)» PHDIAG(Y)
COMMON/RCVROG/PPDLIAGIF) ) RHATLEs ) PHILOS6)aPALTG» Q) pLANDALS]

COMHMON/RCVROT/TL130),V(130) -
COHMON/RCYROB/XSLOE(9) s ESLOE(9)1,E5(9)
COHMON/RCVRO9/BRCYR BB POLCRITCE
COMHMON/RCVRIO/XSL{9}sXS(T)

DIMENSION TPAL(9,9)sPHT{ 9,50} TPAZ(9s9)»IVING(S)

DIMENSION RVNG(O},GAIN(D,6)

IF (K .6Te 0) 60 70 40

C FOLG 15 INITIALIZATION

30

40

G
C DIAGNODSTIC QUTPUT_OE, INPUT DATA_FOR _Kal GDES, HERE
¢

50

_. U FOLG EXTRAPOLATES _SYAVE ESTIMATE, AS_REQsD

LCC=PI#POCRIT

_LOE=.NOT, WOLOE .

Pl2wZ.4P1

532w 5/ (SIGHAK2)

CALL PHILH

N§=NSOCXRY . . . .. - e aw
N6=NGO(IR)

. RCKINaZ

NGMAX=NGO(IR)

GAGT33=,G1*DELT

GOGT(3,3}=xGOGT33

GOGT{6,6)GAGT33 et i
GOGT{BpBI= 04/ (DELT*42)
DO 20 I=1,HS _

00 10 J=1,d5
P{IsdinD,

" CONTINUE

CONTINUE . Vo eenm
CilL CONTRL{3)

BE=2.4/BRCVR

POCRIT=PI#BB/ 8

LFCIR.GT.0) 6O TD 30
NS=NSO(4)
NG=NGO(4)
CONTINUE .
NGHuNGHIN
IFINOAC)Y NGM=NG
KALMAN= 4 NOT+ NOKLMN

CALL CONTRL{4)
RETURN

CONTINUE

IF{KsGTe1) GO TD 50

60 10O 90
CONTINUE

e i ey mpmmme s e dm e e -

FTN 4.6+452

05717479 15.08.35  PAGE 1

OPRVRS&
Page 1 of 4
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SUBROUTINE KCVR 734172 1S FTN 4,64452 05/17/79 15,0835

60

65

T0

95

100,

60‘..

OO0 n

CONTINUE
70 _ CONTINUE . . - e e
80 CONTINUE
90 CONTIKUE . e e e e e
¢ .

— Y1 PR ETY T S YR LIS LTS A B L L E 3 ;

GOGT{1,1)2606T11

GOGT{4s4)m6aGT11 e = e v+ e aaneom
FOLLOWING COMPUTES VECTORS QUJH),HW(JM]»LAMDA(NG],AND KATRICES DT(JM» . vt s
NG)pPHI(NG,NS) ALSO SQUARED AMPLITUDE ENVELDPE VECTOR UCJNI,AND
INOVATION;S PROCESS VECTOR WUJH) .. .. - e e et - -

CALL PHILM . . '

LI = ¥ 1

10

11

12

13
c

c

c

14

PAGE

IFUTETHRD) GO TO 8y ’ . . - .
DG 70 I=1,N5S )

XS1{I¥=0.

DO &0 J=1,NS

ASULD) =X STUIIHFLIad)®ASLd) el v i me e v e m R,

IF {NOLDE) GO YO 120

FOLG COMPUTES RMAT=PHI=-IMVERSE ANDO THE LOE
CALL HATINVI(RMAT» 6sNGs IVNG,RVYNG) . . . . R
DO 100 I=1,NG
ROLAG (I3=«RHAT (I»I)

G CONTINUE
CALL "HATHUL (6sNGNGrGaNGsLsbs 1o RMATLANDAFGANAES,Y)
CALL MATHUL (6sNGaNS26sNGr12921sHsGAHAES,ESLOE,2)
0D 110 I=1,NS e e ke e e

XSLOE(I)=XSL{I)}+ESLOE(I)
IF (NOKLHN} XS{I)}=XSLOELI)
Q CORTINUE

0 CONFINUE e e et e e
IF (NOKLHK} GO YO 170
" FOLLOWING EXTRAPOLATES STATE ESTIMATESsERROR oo T -
COVARIANCE MATRIX PA(NSsNS)
.. CALL MATRUL{9)NSsN5»9sNSHNS» s 92PASFsTPALS 3) o vm s . .
CALL MATHUL(S9)NS)NS9GsNSsNS»9rGsEaTPALIPAS L)
CALL MATSMIPASPAsGAGT21292959,HSaNSsFsNSsN520) e o e e e -
DO 130 I'=1,NS$
PHDIAG (I)=PA(I,I) ) )
0 CONTINUE
" FOLLOWING COMPUTES MODIFIED-KALMAN GAIN MATRIX GAIN(NSsNG} Tttt T

CALL HATHUL(9)NS:N516;NG:NS:9:6:PArH;PHT:3)
CALL MATHUL{62NGsNGs»bsNGPNS» 929 PHI»H) TPAL, L)
CALL MATHUL(9sNGsNS,9sNSs NG D29 TPALPHTSTPAZ, 1)
00 140 1wl NG
TPAZIIIY=TRAZ(L,T)+1,
0 _ CONTINUE .
CALL MATINV{TPA2,9»NGy IVNG,RVNG)
CALL MATHULC(9»NS,NG9sNGrNG»Gs b PHT s TPA2sGAINS 1)
¥

. FOLLOWING UPDATES STATE ESTIMATE

PR b e e om - — m—
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SUBRDUTINE RCVR 734172 TS FTN 4.6%452 05717479 15.08.35% PAGE 3
—— e e 11D e v CALL MATHUL (9sNSsNGsbsNGyLy9s L sGAIN)LANDAPES, L) .. e, —— S
CALL MATSH (XSJXSIJES:I:?;IJ?;HS;lJQJNS.vl:O’ .
— s R . G U et it e i
c FOLLOWING UPDATES STATE ESTIMATE »ERROR COVARIANCE KATRIX
______ ceveme s evn o200 . PUNSHNS) . . s e e . e —
120 4
——— _ - CALL MATHULE9)NSsNGs9sNGsNS»9»9»GAINSTPALsTPAZ,» 1) e P
DO 150 Iwslphs
e+ amm e o = . TPA2UEs1)=TPA2{I,1)=1, B -
150 CONTIRUE
USRS -4 A .. CALL HATMUL{Gp NSNS 92 NSsNS»9» s PAsTPAZ,TPALXZ) ... .. [,
CALL MATMUL(9»NS»NS»9aNSsNS»9 92 TPAZ,TPALIPASL)
. - CALL HATHUL{G6)NGa NG s NS NG99 PHISGAIN,TPAL,3) e e da aem
CALL HATHUL{DsNS» NG I»pNG)NS»T»pT»GAINTPALYTPAZ» 1)
e e e e e CALL MATSMUPASPAsTPAR21292929sNSsNS»9aNSLNSL0), ., e e e e -
130 DO 160 Iw=lsNS
et v v merts = o PPOIAG (IXWPALLSE) . . Lot e v e e e . . Ve
160 CUNTINUE
Ve - © veenas 170 _ CONTINUE - . e ——— - - .
XS(1)=ABS{XS{1}) ,
s 135 . ... . AN* {THAMAX+THAHIN) /2, e e e e .
XS{21=SATUCXSL2)=AN, (THAMAX=THAMINY} /24 }+AN
e e o aam— . . IF{NS«GE+3) XS(3)uSATU(XS5(3)s14) [ . e e e ie e m— R
IF{NS.GE.4) XS{4}= SATU(ABS‘XS(#H!Z*XS(I”
L MJM2=FLOAT(=(JH/2411) . O
140 THWWZ=HJMN2*OHEGA/L24+FSANP)
e AHX=XS(2)+THUWZ L, e e
AMN=XS12)-THUWZ )
—— - e vewrim w e arae oy oa ANZW{AMX+AMNY /2. . r mm ey . r——
IFUNS«GE45} XSCS)uSATULXSCSI~ANZy CANX=AMN) /24)+ANZ
)&y IF(NSsGE«&) XSLO)wSATULXS(6),1.) . R . e e ey s
IF (NS5.GEeT) XS{T)uPVALUE(XS(T)sPIs0.) ’
o IF (NG.EQ.5) X5{B}=PVALUE(XS(8)sPI/OELTs0.) i e - i
REMAX=E8000.
s —— e —tmem IFANSGE«P), XS(R)aSATUIXS (Vs RSHAXY ..., ... . e e mam e - S
150 RETURN
e e END_ .. _ .8 e e o . e+ e e ot oo . e mon e .
_. 41000B GCM STORAGE USED . .1le412 SECONDS . ——— _ L
OPRVR6

Page 3 of 4
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BLOCKDATA ORVRID 731172 TS FIN 4264452 05/17/79 15,08.35  PAGE 1
BLOCK DATA DRVRID . o — .
COMMON/ TOOATA/IDNRS (6)
DATA IDNRS(4)/27 e e
END
" 410008 CH STORAGE USED " ,012 SECONDS ’ i
OPRVRA

Page 4 of 4
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SUBROUTINE PHILH 734172 TS

35

40’

J A Ll

45

., C FOLG TETHERS WSCDOT |

FTH 4,6+5%2

SUBROUTINE PHILH

THIS OPTIMAL VERSION OF PHILM IS FOR ALL SCALLOPING RATES
AND FROVIDES A CRUDE SEARCH=~AND=~ACQUISITION FUNCTION
ACCESSED AS FOLLOWS! [ .
SEARCH MODEt NGH=NGHIN
L, ACOUISITION MODE! NGHMINJLT.NGH.LT.NGHAX
FULL TRACK HODE$ NGH=NGHAX ,

COOIOOOOOaoann

REAL LANDA
LOGICAL NOKLHHN)NDLODEsNOAC»KALHAN,LOEs TETHRD

. .. COMMON/ZRCVROL/NGMIN,NGMAX,DELBLyNGMsIR, IAE
COMMONZACVROZ/RHOMAX, DTHO» TORO, B0, WSCO, NSO{6 Y, NGDL6)

. COMMON/RCVROB/PISF(9s9) ) FL2E(A)sFSAHPsKoKMs TETHRDI NGy NS2 M _

COMMON/RCVRO4/DELTSED(9) s GQGT (929} s HibsG)s ICOURT» STGHA
COMHOR/RCYROS5/NOLOE, ROKLHMN, HOAC, GAMES (61 »ROTAGLE),PNOTAGLT)
COMMON/RCVROG/PPOLAGII) ) RMAT(G26)»PHILO»E)»PALT» IV 2 LAMDALS)
COMHON/RCVROT/T(130),VI130)
COMMON/RCYROB/XSLOE!9)ESLOE(9),ES{?)
COMMON/RCVROG/BRCVR, BB PDCRITCC
COHNON/RCVRIO/ALFA» THESp THESD T, ALFAR, THRS) THRSDT»BWSC»
CHSCDDTLX5(9)

DIMENSION ENDEX(2),DT(130,6),HN(L130)sN{130)

C EOLLOWING EFFECTS INITIALIZATION
IF(K.6T.0) GO TO 10
JH2wJIMIZ L L. e e .
JHL=JH+]
$52=,5/{3IGHA#%2)
RETURN

10 _CONTINUE ., .. . . v

¢
¢ FOLLOWING PROGRAMS THE SEARCH
¢

IF (NGM.GT4NGMIN) GO TO 30,
ALFAR=ALFA*RHOMAX

v THREOT®TORO . L L il imiii v - bmrmrv s mm e rnnmms .
B=80
W5C=WSCO

THRS=THES=DTHO

WSCOOT=0.
30 . LCONTINUE _____.__ . . ...
¢ ;
c FOLLOWING COMPUTES CONSTANTS FOR PRESENT SCAN
¢
ALZmz bALFA . %Y
ALZ2ZmAL2*ALFA 1w
_ ARZ=2,®ALFAR
ARZ2mARZHFALFAR
AAZEALZHALFAR

c
C FOLLOWING_INITIATES _LOGP_AND_ COMPUTES FUNCTIONS

sewww THIS.NEEDS NGHMINJLE+HGH (<LE«NG) #LEJHNGMAX. . .. .. . .cc..

05/17/79 15.08.47  PAGE 1
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Page 1 of 4


http:15.06.47

$Z2-0

T SUBROUTINE PHILK T nanr TS oo C O OFTN 4464452 05717479 15008 47 PAGE 2

e wen emmeme —aoC O UFDR BACH 3 L L L L o e e -

. .80 . . . DD 60 JI=l,JH2 . .
INDEX{1)=J1
- . S INDEX(2)sJdMl=JI . .. o . e cen s . P
THAJSTHALT(J1))
.. N THEE*THES=THAJ . -
65 PJuP{THEED
SR . " PDJ<POCTCTHEE) .
. PaJupJts2 :
e rem = a n w wm e we o THERSTHRSSTHAD . v c ot ceces o e e e e e e m n o e e s e mm o
PRJ=P[THER)
70 PORJ=PDOT{THER)
PRZJAPRI*E2
Ce e e PPRU=PJHPR ) ..
ONRJ* 5*ALZ2*P2J .
e et e e CRUSONRI 42 SHARZZOPR2I 0 o ve wr wee o m s .. v v ¢ e i -
75 DINETwALZ#P2YJ
. ) . Cl=AR2+PPRJ
DZNET=ALZ2%PJ+PDJ
C2vAAZ*¥PDIHPRY . ce i e .
D3JaARZ#PRZY . . S
- 80 . . . C3=AL2#PPRJ ; .. .. . R
D4J=AR22¥PDRJ*PRY
C4=AAZ*P JPPDRY
D54==ApR*PRR)
- C FOLG COMPLETES CALCULATIONS FOR TOsFRO SCANS: RESP.
85 DD 50 1=1;2
mmee mem et e . JWINDEXUIY . .. , ) ) - S, R Lt
TJaT(JY -
. BLOCAL=PYALUE(B+(NSC+0+5RWSCONTHTJI#Td»3.1415927,0ELBL)

R4 m i e bebe o drmmed e mmemme memmmt 5 n——————————————

SB=SIN{BLOCAL)
90 - CB=COS{BLOCAL} . W amme a4 e s mm——————— o t mw = m
QJ=QNRJ
.- . = - - .- QRJALL=QRJ~D5J44CB .. . . . . . v e e e e
D1J=DINET
* . . D2J=D2NET . e e et

95 IF (NGH.LT.NGHAX} GO TO "fD
.. . . QJ=QRJALL . . -
D1J=D1J4C1*CB J
- P o D2JwD2J+C2%CB . ‘-
40 CONTINUE
) . DT(4,1)=D1J
DT(J»2)=02J
DTCSr3)2D3J+CI+CE
DT{Js4)aD&GJ+Ca%CR
- e s . DTJ5sD5J4%5B
105 DTL U 6)=DTI5
C . FOLG IS FOR A 6D LOE DESIGN
O0T(J,6)=DTI5*TY .
C FOLLOWING COMPUTES VECTOR HW(JH)»AND INNOVATIONS PROCESS VECTOR W{(JM)
c .

. 110 . vee . HWEUI®1 ./ (1042.%QJ) R . e e e e e e e
L=y {J} )
LJaSS2F(UJ*2} ' . . . -
WLd)={UJFSQRT(La+Qd*%UI}I=1, i
50 CORTINUE

PLOPTH
Page 2 of 4
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SUBROUTINE PHILM

130

410008 CH STORAGE USED

70

737172

... CONTINUE
FOLLOWING COMPUTES VECTOR LAHDALNG) AND HATRICE PHI(NG,HNG)
00 110 I=lsNG.

LAMDA(I) 0,0
00 70 J=1,J4M

LAMDAC L) =LAMDALTI4DTCIs 14 U{JD

CONTINUE
00 100 L=l,1
PHILI=O,
0O B0 JulsdM

PHILISPHILI+HW{JI*DTCJ, II*DT{J»LD

CONTINUE
PHI(LsI)wPHILIL
PHI{I,L)=PHILI

IF (NOLCGE)} &0 TO.90
RHMAT{L,L)=PHILI
. RMATUIsL)=PHILI

CONTINUE
CONTINUE
CONTINUE

. RETURN |

END

«823 SECONDS

FIN 4.6+452

PAGE 3

PLOPTS
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BLOCKDATA PLOPID 737172 7§

8LOCK DATA PLOPID

COMHON FIDDATAZIDNRS(6)
COMMON/RCVROL/NGHINS HGHAX2 DELBL, NGH» IRs LAE
DATA I1DNRS{3)/2¢/

DATA [R7G&7

END

410008 Ch STORAGE USED .019 SECONDS

FTN 4.6+452

OSPYTITY 15408447 TPAGE
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UNIVERSITY OF VIRGINIA'

s

Schoo! of Engineering and Applied Science

The University of Virginia’s School of Engineering and Applied Science has an undergraduate
enrollment of approximately 1,000 students with a gg,aduate enrollment of 350. There are approximately
120 faculty members, a majority of whom conduct research in addition to teaching.

Research is an integral part of the educatlohal program and interests parallel academic specialties.
These range from the classical engineering departments of Chemical, Civil, Electrica!, and Mechanical to
departments of Biomedical Engineering, Englneermg Science and Systems, Materials Science, Nuclear
Engineering, and Applied Mathematics and Computer Science. In addition to these departments, there are
interdepartmental groups in the areas of Automatic Controls:and Applied Mechanics. All departments offer

the doctorate; the Biomedical and Materlals Science DEpartments grant only greduate degrees.
-«

£

The Schoo! of Engineering and Applied Science is an integral part of the University (approximately
1,400 full-time faculty with.a total enrollment of about 14,000 full-time students), which also has
professional schools of Architecture, Law, Medicine, Commerce, and Business Administration. In addition,
the College of Arts and Sciences houses departments of Mathematics, Physics, Chemistry and others
relevant to the engineering research program. This University community provides opportunities for
interdisciplinary work in pursuit of the basic goals of education, research, and public service.



