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CHAPTER 1
INTROBUGT ION

This s a report of the initlal phase of research under Grant NSG 1128,
avarded to the Unlversity 1n December [974. The project is part of a
program to design a receiver for aircraft (A/C), which, as a component
of the proposed Microwave Landing System (MLS), [s capablie of optimal
performance in the multipath environments found in air terminal areas [ 1],
This project focuses on the angle-tracking problem of the MLS receiver
and deals with signal modelling, preliminary approaches to optimal design,
suboptimal design and simuiation study. This effort was integrated in
part with the work under contract NASt-12754~1, which was summarized in
a final report dated May 1975 [2].




CHAPTER || -
S1GNAL MODELING

The angular coordinate determination capability of the MLS has been
tenfatively es 3blished by a provision péfenfially for six (6) angle
channels L1J]. The signals in all channetls have similar forms, however,
and without loss of generality, This study has employed the azlimuth
channel as a focus to provide concrete interpretations of the models and
results developed. Parallel results for other channels would obtain

from suitable adjustments of parameter values.

The coordinate system in use is The righft-handed system shown in
Figure !-i with the origin located at the center of the azimuth fransmit-
ting antenna. The relevant variables r, 8, ¢ are ra..ge (n.mi.), azimuth
{degrees, positive clockwise looking down) and elevation (degrees,
positive up). Let p{+) and BA(-), respectively the antenna selectivity

and scanning functions, be defined as follows:

pleg) A the far-field strength of the fransmitted signal (field)
relative to the boresight signal strength at the same range,
where ee is the azimuth angle of the cobserver relative to

the antenna boresight axis, and thus p(Q) = I. (2-1

">

BA(T) the anguiar orientation in azimuth of the antenna boresight
axis as observed at time 1 at The transmitting antenna

site. (2-2)

The definition of p(+) above does not recognize explicitly a dependency
on observer elevation, which is present due to phased array radiation’
patiern properties. The effect is recognized impiicitly hovever, with
notation suppressed until cross-coupling of the various angular coordinate

astimators {and the DME) is considered.
\
Further, lefting

Tk a the time (as observed at the antenna site) that the
kith TO-FRO antenna scan begins; (2-3)

4 the duration of the TO-FRO scan as observed by a

—
I

stationary observer, (2-4)

2
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then eA(-) is specifically defined by the antenna scanning motion as
a function of its . argument on the Interval [Tk,+k+T],

The coordinates of the receiver (the A/C) at time t are r{t), 6(t),
${+). A direct-path-signal event arriving at the A/C at time t is one
that necessarlly left the transmitting antenna at time + ~ réT)

, where
¢ is the propagation velocliy of iight. Hence, the component of the.
recelved signal observes at time T and due to transmitter emissions
"0 <t + T, This
component [fself comprlses two contributions yD(+), yR(T) as follows,

derives from Transmisslon oceurrlng when *k <t -

due respectively to direct-path and reflection-path propagation:

ypth) = athple, ot = ZIL )~ eenT coslu ¢t - By 4 57 (2-5)
Yt = ; yRim (2-6)
where
rTI(T) rT'(+)
yRim = ui(ﬂpEBA('i' -— - BR](*!')] cos[wc('r - ) + BRI]
{(2-7)
and
a{f), BD = amplitude and phase of the direct path component (2-8)
@, = radian frequency of propagating r-f energy (2-9)
ry (f),BR (t) = range Thru and azimuth of the ith reflection point (2-10)
i i
aI(T),BR = ampiitude and phase of the component reflected by
' the ith reflection point (where, for each 1, e (1) = 0,
i)
f - s < 1), (2-11)

3

Under the assumpiion of isotropic reflection at the ith reflection point,
located at rTi(f), aRi(f), ¢Rl(+), the range Through reflection, rT_(f),

i
Is easily shown (see Figure 1{-2) fo be

l .
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where

]I/Z

() = [r2(H) = 2r(H)rg (HZ0H) + rpih) (2-13)

-
AR i !

and

gt} = cosé(t) cosdn {(+) cosle(t) - N
t i

in view of the generally independent motions of the A/C and a reflector,
the equations (2-7) and (2-12) through (2-14) are clearly approximations.
A more exact expression for, say ?x’ the time of transmission, glven
receipt at time + (1l.e., Tx would be the argument of eA( ) In b\ t)

generally) would have the form b

FARI(T) rR[
=t -—— e - —=

), (2-14a)

based on an argument simiiar to that preceeding (2~5) above. On the
basis of the iinear approximation
AR

it
rR?* - c

)= rRi(f) - rRi(+)

the expression for Tx becomes

1i
-+

|
+

The ariginal approximation for fx (in (2-7)) results when The term

R AR /c? Is dropped, which seems reasonable under the circumstances,
i

In +he sirict sense the expression in (2-14a) does not glve The exact
value for + but is adequate to show the approximaie magn:fude of error

in the original approxumaTton tin (2-7)).

(+)] + sing(H) singn (+) (2-14)
i

e S o v e e ae a1y rieim mm + e nn



The basic model has now been presented in terms of a number of
parameters potentially fime-varying within a scan interva! In an un-
specified manner. The update rate of the MLS (13.3 Hz in Azimuth) Is
sufficiently high relative to the dynamics of the environment to allow
simple approximations for these parametric functions within a scan
in*erval.r(i?r LI S P
TSt~ <t + T, at the A/C), the approximations used are the
following, which seem reasonable:

(which contains the kth scan interval,

) (2-15)

alt) = alf,

8{t) = olt,) . (2-16)
r(F) = reh) + F(+k)[+ - +kj (2-17)
o () = a () (2-18)
aRi(+> = eRi(+k> (2-19)
rp (1) = rp (1) + NG K _ (2-20)

1 i i

¥ is emphasized these approximations are timited fo a given scan. Clearly,
the result in (2-12) through (2~14) generally invalidates {(2~20) in any

but a local sense, with rTi(Tk) determined even then by (2-12) +through
(2-14), (and FT;(+k) by the derivative of the expression In {2-12), as

was done in the simulation study; see Section V).

Under the assumptions (2-15) through (2-20) the received signal
can be expressed in terms of a time variable local to the scan being
received at the A/C. Ffrs+, note that T - ré*)
In the received direct path component, yD(+), (2-5), as a direct result
of (2-17}, can be wriiten as

, The argument of BA(-)

PO _ FCHk) k) retk) ;
tog st e e (221

Consequently, the "recelved scan interval," defined heretofore by

o<t - Séil <+, + T, can be described as follows:

k k




r(+k}/c r(fk)/c -

and thus on the kth scan Interval we may wrlte In general

r(fk)/c

+=(Tk+'l—jﬁ'-l:573}+T=+Rk+T (2-23)

where + is a local time variable on the kih recelved scan interval, vary-
ing as follows:

T

A

with the same scaling as t, l.e., dt/dT = 1. (note a change in the
duration of the received scan perlod in (2-22) and (2-24) due to A/C
motion). The quantity

A rit )/
R, T T =FF7e (2-25)

is the time of reception at the A/C of a signal event transmitted at
time Tk’ in parficular the sfart of the kth scan. Errors in determining
the arrival of this event at the A/C translate Into errors In starting
ihe local t-clock. I+ is the function of the Barker code, however, fo
keep these errors small.

As a consequence of the above devefopment

E<+k> ,
=+ 4 (| - ), {2-26)

T - k

r{t)
c

and, using approximations (2-15) and (2-(6), fhe direct path component
yp Can be redefined as a function of a global discrete-time varlable

+, and a local continuous-fime variable T, as follows:

k

(f 1) = ot ) p[aA(Tkivr) - e(+k)] cos[w0(+

Yt + B(Tk)j (2-27)

Yo k



in which Tthe -F(Tk)t/c term of (2-26) has been dropped from the argument
of BA(-) because of its relative Insignlflicance, and wo(fk), g(t, ) are

k
defined as follows:

A w (1 - F(fk)/c), as the apparent r-f carrier frequency
wyt,) = {: ¢ . (2-28a)

W =W F(Tk)/c, as the apparent i-f carrier frequency
¢ (2-28b)

Q(Tk) = By *+ wc+k' inttlal phase on the kth scan perliod (2-29)

The expected doppler shift (neglecting relativity) is present In (2-28).

The phase parameter B, In (2-5) and (2-8) was modeled originally
as an independent random variable uniformly distributed on [-m,n].
Equation (2-29) above for B(Tk) suggests that B(Tk) then is also a
random variable but one possible highly correlated with BD' As a prac-

- ¥
k k=1
of 2% radians and can nevir be determined accurately enough to make

tical matter, however, the increment mC(+ } Is a large multiple

velld use of the correlation implied by (2-29) above, for two reasons:

i. The Tk are determined from the Barker decoder output via (2-25),
and with a noisy Input the uncertainty may become a significant
part of a bit pulse width (approximately 67 us, also many periods
of the 5000 MHs r-f carrier).

2. The quantity +k - Tk»i

may even be jittered to suppress propeller modulation effects.

is not constant from scan-to-scan, and

On this basis the B(Tk) also were modeled as Independent random variables
uniformiy distributed on [~m,n], which seems reasonable.

The ith reflection component, Yr (+}, (2-7), can also be expressed
In terms of the local receiver time variable 1, associated above with
the direct path signal., Under the approximation of ry (¥), (2-20), we
may write ‘ t

re (1) rr (fk) re (5) .

' = 4(] - — ) -

t-—3 c c k¢

(2-30)




Substituting from (2-33) for t and (2-25) for TR gives
k

rT‘(+) rTi(+Rk) )
T ———= ka -t Tl - rT'(Tk)/c) (2-31)
Ar, () AR () r(t, )/e
- _ Pk Pk, k _
(2-32)
where, in general
Ar, (+) ot - e (2-33)
i
AR (1) B EL ) - e (2-34)
I
Scan data 1s received through the reflection path, clearly, when
., | . Ar[(Tk) i_(ﬁri(+k) o r(Tk)/c Q= Ari(fk)
-1~ fT(Tk)/c ¢ c | - P(Tk)/c c '
(2-34a)

Neither of the terms invoiving the time derivatives AFICTK) and FT_(TR)
in (2-32) is Important In the argument of BA{')’ hence, using the approkw
imations (2-18, 2-19) for ai(T), BR (1) respectively, the ith reflection

component Yg. can be redefined wi+h}bivaria+e argument (Tk,r) as fol lows,

I T .
for 0 <1 < T_:_FFﬂ:fﬁf'

Ar, (1.}

L S
(o, (1) p D8t + T = ) - eRin)]
< Ari(Tk) T
YR T ® = coslisg (HIT+ 8y ()], —— s 7 =78
(2-35a)
0, 0<7<ar(t)e (2-35b)
where

“w (1 - r. (+,)/c), as r-f carrier frequency (2~36a)
w () = {C Tk | |
i Lo - wch.(fk)/c, as i-f carrler freqqengy- (2-36b)

1
10-.




stcfkm = BR + mcE+R

= - re (F }/e] (2-37)
I k1 R
Ar, (1)
_ _ R
= BRI + “ct*k — ] (2-37a)
Ar () Ar () rt+k)/c

b, ¥ o lfy -t —— 7= FFI7C 1 (2-37h)
A more compact form of (2-35), which will be useful, employs a bivariate

argument in ¢, as follows:
Ar. (T}

yRi(Tk,T) = ui(Tk,T)pESA(Tk + T — ) eRi(Tk)]
cos[woi(fk)T + Bi(Tk)] (2-38)
wherse
T
o (t ), Ar (t )/c sts = F(FI7/C {2-39a)
ui(fk,T) =

0, 0 5T <A (F)/e (2-39b)

i
I+ was established, following equation (2-29) for the B(Tk) in the
direct path component, that the B(fk) were independent random variables.
The B(fk), however, are functions of properties of the transmiited
signal which the Bi(Tk) In the reflection components share. For each I,
the inltlal value of Bi(fk), say BI(TE), was modeled as an independent
random variable unlformly distributed on [-r,n1], but as a consequence
of the above, it was felt that +he scan-to-scan change in B!, 2.3.,
Bi(fk+!) - Bi(Tk), should be relafed to the corresponding change in B,

i.e. BCH ) - Bl Y, Use of (2-29) and (2-37) gave the relations

k1 k

(1)
: - - - -.c -
EBI(+k+]) BT(+k)] Esc+k+[) s(?k)]_ = EAri(?R ) = Ar Gy )]

ki k
- (2-40)
9o .
=080, ) - BURIT = &= Uy = fIan )
e - (2-40a)
in the latter of which relatively Insignificant terms corresponding *o



the last In (2-37b) were dropped. In the simulation this relation assured-

the smooth evolution of the simulated multipath interference phenomena.

Speciaiizing more concretely now to fthe signal In the (linear) i-f
channel of the receiver, where the total signal, y, comprises direct
path, reflection path and receiver noise components,we assume the [-f
bandpass characteristic Is appropriately symmeirical about the nominal
bandcenter frequency, 0 e The noise then, a process generated at the
receiver and hence modeled with sample function r(t), Is assumed to
be a stationary, bandpass, zero-mean Gaussian procesr. with variance
an. A quadrature expansion of the noise n(t) is possible, therefore,
and the foilowing formulation of the composite signal y with bivariate

argument (Tk,t) results:
y(Tk,T) = ythk,r) + yR(Tk,T) + n{t) (2-41)
where

yD(Tk,T) = u(Tk)p[BA(Tk+ T) - B(fk)]cosﬂmiFT4-(B(+k} - mCTr(Tk)/c)]

: (2-42)
= VDCFTK’T)COSNIFT"yDS(Tk’T)Sinm[FT (2-43)
Arl(Tk)
YRlt, ) = gai (t,0ple,thy + T = —) --eRi (t, )]
cos[m{Fr + (Bi(fk) - chrTE(+k)/C) ] (2-44)
- o= yRc(fk,T)COSmlFT - yRS(Tk,T)STnmIFT , (2~45)
nir) = nC(T)COSmiFT - ns(r)sinm[Ft (2-46)

in which

yDc(fk,t) = a(fk)pEBA(fk + 1) - a(fk)]cos[B(Th) - chr(Tk)/c] (2-47)



Yp (o) = att dplo, t, + 1) - B(Tk)]sin[B(Tn) - mCTF(+k)/c]

s k
(2-48)
; . Ari(Tk)
Ty (F ,T) = Ja (F L, tiple,(t, F T - —————) - 8 (T.)]
R k i 17k ATk c R, k
cos[Bi(Tk) - mCTrTi(Tk)/c] : (2-49)
5 C Ari(fk) ]
Yo (T.,7) =)o, (t ,t)plo,{t + 1t - —— ) - 8, ()
Rs K A k Ak Ri k
5|n[B ) - TF (T )/c] (2-50)
l
and
nc(r), ns(t), the quadrature components of the noise, are independent,
stationary low-pass Gaussian processes, each with mean zero, variance
on?, and two-sided bandwidth equal o the I-f bandwidth. (2-51)
Hence
y(?k,r) = mC(TK,T)ccsmlFT - ms(Tk,T)sinmlFt {2-52)
= M(Tk,r)cos[wIFT - l‘(‘l‘k,r)] (2-53)
where
mctfk,T) = yDC(Tk,T) + yRc(fk,T) + nc(r) (2-54)
m (Tk,T) = yDS(+k,T) + yRS(fk,T) + nS(T) {Z2-55)
M(Tk,r) = Jhcz(Tk,T) + mS‘(Tk,t) (2-56)
Tt ,T) = arc Tan[ms(fk,t)/mctfk,t)] (2-57)

The principal signal modeling results to date have been presented.
These results have been used in ihe digital simulation studies described
in Chapter 1V and in the optimal receiver design analysis of Chapter i1ll.
In the simulation the local time variable t was discretized, of course,

a sampling rate equal fo the 1-f bandwidth (160 kHz) being chosen.

13



Other smali| reflinements, such as dropping certain r/c Terms,defc.,
were made also where permissable; reference |s made to Chapter |V
for a more detalled description of the simulation study.

The optimal design studles undertaken to date and reported in.
Chapter |11 were specialized o a signal model involving only the
direct-path and receiver notse components. This Initial focus on

The multipath~free case was Jjustifled on several counts:

!. The study establishes for reference purposes the optimum
level of performance obtainable 'n a multipath-free
environment.

2. It provides insight info the structural properties of MLS
receivers resulting from the requirement for optimal
performance in a very basic and generaily applicable
disruptive environment.

3. The algorithms that resuit under this specialization represent
lower bounds in computational complexity in relation fo those
optimal processors associated with the more complex environ-

ment of interest.

The first point cannot be overemphasized; the MLS receiver will operate
most of the time without significant multipath Interference, and its
performance during such periods is not outside our concern in this

study.

~In re-extending our concern to the muitipath~corrupted signal,
the resul+ts obtained above wlil probably not be used directly because
ot the very high dimension of the parameter space associated with the

total refiected signal
Yolt ,T) = by, (t.,T) (2-58)
RTK? PR K | |

where yRi is gfven in equation (2-38), Instead a stocastic process

model (really a random field modei) with associated sample function

yh(fk,r) is being considered. This is done in conjuntion with considerations
of the estimation algorithm to be used, since the statistics of interest

14



Lonarmrd

Fempre e f

depend to some extent on the latter. Second-order statistics on the
scan interval and local to the arrival fime of the direct-path pulse
are expected fo be important; variations of these statistics with Tk
are the basis for an adaptive approach to the suppression of multipath
interference. |f first- and second-order sfafisfiés_furn out to be
sufficient, a unique Gaussian random field model is implied and the

possibi|ity of an adaptive algorithm of manageable dimensions.

Lastly, a state-variable model is needed as a prereqﬁisiTe to the
application of modern recursive estimation techniques fo this problem.
Such a modél generally would describe the (short-term) evolution of
the A/C angular coordinate and other parameters of interest and relate
these 1o the observed receiver signal. In the desired mode! the "state!
shouid include the A/C angular coordinate, of course, but also all un-
known parameTers_ whose estimates are needed for use in The angular
coordinate estimate calculation. In the locally optimum estimation
scheme to be described in Chap+er.li!, for example, the latter parameter
set included the signal strength parameter «(t) and the apparent i-f

carrier frequency wO(T) (Note: the latier estimate may not be needed

if the nominal i-f carrier frequency Is sufficiently great with respect
to the doppler shift (which is about 800 Hz/100 kts speed, for a 5000 MHz
r-f carrier frequency))., |n addition, in an adaptive design an "aug-

mented state" may appear and include some parameters associated with evo-
lution of the "state-proper," thus allowing some estimation of the

mode | as well as The\variables of prime interest. The forms of models
needed in the recursive estimation study will be determined iater when

recursive estimation algorithms are considered in greater detail.




CHAPTER 11}
OPTIMAL MLS RECEIVER DESIGN

Under the optimal tracking criterion two approaches to recelver

design were consldered:

. Locally optimum estimation [3] in which It is assume. the
tracking error is always smal! and constant on the interval
of observation (the scan interval), and thus can be esti-
mated as a parameter without requiring a knowledge of the
a priori statistics of the A/C anguiar coordinate of interest.
2. Recursive state estimation [4, Chapters 7,8,and 9] in which
a state space model 1s assumed and used fo provide smoothing
of the evolving estimates and also extrapolation into and
possibie through periods of signai fade.

Quadrature detection of the |-F signal arlises in these algorithns, and
to preserve the option fer analog implementation of these stages con-
tinuous~time formuiatlions were used mostly. The principal signai

modei used in the initial studies was the direct-path~component-pius-

noise speclalization.

Locally Optimum Estimation [3]

in this formulation the received signa! on the present scan interval
is modeled as an observations process {y(1),t e [0,T]} with sample
function of the general form

_ybt) =es(t,mie,a) + nl(t), T e Lo,T] {(3-1)
where

T = local receiver time on the present scan interval (3-2)

[o0,T]=the present scan interval wrt local receiver time (3-3)

s(t,+,*) = a sample function of a process or -a sure function with which
the modulation or parameter of interest is assoclated.  (3-4)
n{+) =a sample function of a white Gaussian noise process {n(t),
| + ¢ [0,T]} with known power densify’NO- (3-5)
m+e = true present value of the unknown parameter (or parameter vector)

16



“to be estimated, assumed constant for t e [0,T] (3~6)

m = estimate of the unknown parameter, based on obsarvations

through the last, but not the present, scan inferval

(possible extrapolated to the present, however) (3-7)
e = error in the last estimate, m (3-8
a = a random parameter (or parameter vector) in which we have
no estimaticn interest (3-9)
To avold technlcal difficulty with mathematical processing of white

nolse the integrated observations process {Y(+},t ¢ [0,T]1} is con-

sidered

instead of {y(+), t e [0,T]}, where

Y(H) = [Fste,mbe,addr + NC) (3-10)
and N(t) is a Wiener process for which

SNCONCTI > = Ngmin(t, 1) (3-11)
(and where € ) denotes mathematical expectation).

The
refine 1

objective is 1o estimate the (unobservable) error e and to

he parameter estimate m using the error esfimafe. Fol lowing

Murphy 3], probabiiity measures relevant to this objective In a

locally

Q
S
Ys.
Pe

An esfim
conditio
the unde

1)

optimum estimation context are the following:

= measure corresponding To.{N(T); + ¢ [0,T]} | (3-12)
= measure corresponding to {s{+,mte,a), + ¢ [0,T]} (3-13)
= measure corresponding to {Y(1), ¥ ¢ [0,Td}s} - (3-14)
= measure corresponding to {Y(+), t e [0,T]} (3-15)

ate e of & Is sald to be locally optinum [3] af e = oy if +wo

ns, stated below, are satisfied; all integrations are taken over
rlying.elemenfgry_even+ space {universe), denoted Q:

The estimate € is locally unblased at egr 12,

a) [o(8 - e )dPg, = 0 (a vector), and o (3-16)

b7




) Tio - o rriba ey o |
b) 5z [ote - o) dPeD = I(the unlty matrix), (3-17)

where { )T

denotes the franspose of (), _

2.) The estimate & has minimum mean square error among all local ly
unblased estimates of e at €g> l.e, If g 1s any estimate of e
locally unbiased at ey Then
(6 - e)(é - e)dPe. < [(G - €)@ - o) dp (3-18)

0 0 0" "%

in the sense of the usual "weak" order relation on a
set of non-negative definite square mairices of the

same dimension.

Murphy [3] has shown that the locally optimum estimate & of o at
e = 0 is given by
I

8 =5,

0 AO(Y) | (3-19)

where AO is the vector whose 1Th component, AO , is given by
i

5 ch’E ciF’e
—a-é—iﬂ.n( EQ- ) =0 s If EI'Q—' #0 . | .
A, (y) = ' (3-20)
' 0 , otherwise
and
8 = foho(Yg)ho (Yo dP, (3-21)

in which Y, is given by (3-10) with e = 0. if e =0, the residual. mean
square error (l.e., The error covariance matrix) associated with this

%fmmeiséy,TMTIS

S | | o
fgee dPy = &, (3-22)

Radon-Nikodym derivatives associated with this estimate are the following:

dy o
s _ 2 L ¢T.2 _
w3 = oxp ¢ N, fostt mie,a)dY () _iﬁa-[bs thymte,addt)  (3-23)
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(the first Integral above being a Wiener integral) and

dP dy,
T = f"a'q"" S(ds), (3-24)

this latter integral being faken over the space of realizations of

{s(+,m+e,a), + e [0,T]}. When s(f,mte,a) = s(i,m+e), i.e. is deterministic,

then S is degenerate, 1.e., There exists a realization of the process
{s(t,mte), 1 ¢ [0,T]} such that S({s}) = [, in which case 369-= EK;L'
Another special case of interest is when s{t,m¥e,a) is a deterministic

function of réndom parameter a, which ranges on the reals, Rl, with

induced probabilify measure P. Then the collection of realizations of
the process {s(f,m+e,a), T e [0,T1} is indexed by a e R); and we may
virite

dP, dY_(+,mte,a)

@ - jRI 0 — P(da) (3-25)

where dY (T, mte,a)/dQ denotes the form in (3-23) with the functional
form of s(t,mte;a) substituted as required. |f y Is Lebesque measure on

Rl and P is absolutely continuous with respect fo p, then we may also

write
dF’e dYS(T,m+e,a)
ok = IR‘ o _ aﬁ-(a)du(a) . _ (3-26)

where %g-(a) is the probability density of the random variable a.

Application of locally optimum estimation to the MLS receiver

deéign prob iem, speciaiized to the direct-path-signal-pius-noise case,

{5 made by letting s = Ypr 1eee referring to (2-27),

5(?,m+e,él = ap[eACT) - 6]cos£w0+ + 8], T e [0,7] (3-27)

and making The associations
8
me = | a | S a (3-28)

0!0
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a = B (3-29)

I+ is i{luminating fo regard B as a known parameter temporariiy and
regard s{ ) as a "sure" function of + and the parameters 6, «, Wy
[n This case, as explained following (3-24), the measure S is degenerate

and

P, dY () T

o @ exp[-- j plo, (+) -~ elcosfuyt+ gldv(t) - N q, (6]

_ No
{3—:0)

where

a8 & 2/T0206 (+) - eTcos?[w.t + pldt (3-31)

| 0" “YA 0
< (T .
= foPZEBA(T) - 8]dt (3-32)
Then, from (3-20)
e . - _ 2, .
—ujop[eA<+) - 8lcosfuyt + 81aY(H) - - g, (8)
! LT S ‘ o o
BoCY) = “5 fOpEBA(+) - 8Jcosw,t + BldY (1) - 7q,(8) | (3-33)
" nT L . Lad .
\ -qfop[eA(f) -_e]fslhtmof + Bde(+}

where

a, &, &O are tast esfimafés, corresponding fo m o (3-34)

- dp(e )
p(B c+) - g 8 = ' . (3-35)
e e, = (BA(T) - 8) :
-4 dg, () T . . =
ql(e) - = -zjop[aA(+} - 8dple,(t) - Jdt. . (3-36)

The last quantity, &l(éi,ﬁis very nearly zero (hence ql(a) is very nearly .
@ constant), -exceptT when 8 ‘is near the ends of the interval of coverage,
e.g. (-60°, +60°) for azimuth. To an extent the bivariate nature of

pl ),‘ife. the channel—cross~coupling_effecf discussed following (2-2),
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also affects the functions q( } and él( ). Under the assumption these
combined effects are negligibie, the approximations

[i§

q1(8) = constant (= p2[e, (+)]dt) (3-37)

0 (3-38)

I

q,(8)
are made with the result+ that

_ T | .
Ag(Yy) = T fonN(ﬂ (3~39)

where

-mﬁ[SA(T) - 6]005[;01 + B]
M= pI:BA(‘i') - ejcos[a:)o'r + gl ; (3-40)

~atple, (1) - 6dsinfugt + 6]

The result (3-39) follows from setting e = 0 in Y(+) in (3-10) and then
substituting the resulting YO info (3-33) and simplifying.

The above implies, then, by (3-21) that

_ Torani ey T
2, —‘stz L/ gMaNCryI0S M dN et JaP (3-41)

_ < T T, T oy

o Cf MaN et ICS M dN(ﬂ]> (3-42)

which, since {N(t+},t ¢ [0,T]} is a Wiener process with (iN(T.N(T):> as
given in (3-11}, can be written

0 TT | | N
2, —NEIOMM dt (3-43)

. Substitution from {3-40) and use of some trigonometric identities (and

some nearly obvious notational shorthand)gives
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N + ~ . i " - X
(azpz(l goszﬂ Ly applt cos2] 1, aszp(singt 3
| " oe | 4 + _ -
¢y = I-\1-0—- f‘(!)- —app(.l..._.cz:o_szg._l) pz(L___;_??_SZL_],) _a-|~p2(_51n§__l:_]) dt
{3-44)
And asymptotically as wg + « {(or gets very large),
&ZQ2
5 0 0
.
3 = 0 = 0 (3-45)
0
&an(g)
0 0 ——
vhere, under the approximating assumptions made,
ql(é) = fgpz[BA(T) - 6]df , = gpzfeA(T)]dT =q;, 3 constant
q, * 0 (3-46)
q,(8) = [1p2[6, () - 8lat|, = [ip?Le,(1)1dt = q,, @ constant
_ 9, * 0 (3-47)
q3<§) = | p2[6, (1) - olt2dt], = q, 12 (8). (3-48)
4 =0 '
Consequently, the covariance matrix, @5', for the estimation errov,
e - ey Is approximately ' : '
0 0
g 2/, 0 (3-49)
0 2/(4%q,5(8))
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and the locally opfimum estimate e is obtalned by combining (3-46)
through (3-49) and (3-33) with (3-19):

2 (Te - n \ -
Ry fopLe, ity - 8dcosfwyt + gav(t) e

__2 T - . .
83, 00) fopLe, ) -edtsinLd t +81dY () e

2 T ~ ~ ~
-‘q—ljop[eAm - 8Jcos[u,t + RIAY(+) - o

(3~50)

1
(o]

or, alternatively (recall 8 was assumed known)

[ ]
il

- 5= [cos8([pla, (1) ~ 8lcosugtdy(t))
89,

- sing([Tpl8, 1) - Sdsinugtdy(+))]

~2 T . -
- ot T Ecosﬁ(fop[_&jA{‘!‘) 6 JeoswytdY(T))

- sing([Tplo, (1) - 6lsinugtdY(t))]

Lcos ([T p[eAcﬂ - 6JfsinuytdY(H))
+ ssnB(f p[eA(+) - éjfcos;OTdY{T))] (3-51)

(GJ

For instrumentation purposes, dY(t) would be replaced with y(t+)dt and

physical dumping Integrators employed to integrate the six outputs of Three

welghted or gated quadrature detectors, corresponding to the above., Other

signiflcant observations that can be made include:

I .

2.

The estimator Is dependent upon the prior estimate values
but not the noise variance parameter, Ny- _
The error covariance is proportlonal to noise parameter NO, and

of particular interest is the variance associated with ée, the
estimated A/C angular parameter:
"9\, . 2No |
(e = &2 g (3-52)

where the first factor is a measure of the ratio of noise-to-
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estimated signal power, and the second factor is the reciprocal
of the Integral of p2, given In (3-47),

3. The estimate ;q in (3:50) invoives an Integral less the
prior estimate of &, a. Hence the integral iz a giobal esti-
wate of a, given y(t) and prior estimates of @ and Wye The
error covariance of the estimate is proportiona!l to ND’ but
independent of other parameters (under the stated assumption
&I(e) * 0 for all 8 of Interest.

Returning now fo the more realistic situation in which 8 is regarded
as a random variable uniformly distributed on the interval [-w,r], as
described following (2-29), we have from (3-30}

dYS("!',m-I-e,a) a2qq,(8) o ¢l
0 = exp(- m, —exp!( g [opLep (Y - dlcos[uyt + gldY ()
i+ . N
= Ceexp[-ﬁg (!CB(Y)cosB - lse(Y)SlnB]
ls (Y2
= & z - -8 __
Ceexp[ N J!ée(Y) + !Se(Y) cos(B - arc tan ( lce(Y)))]
where
A a2q1(8) _
Cgy = oxp ( - -7Eq;- ) (3-56)
| «v) & [Tole, (1) - gleos w tdY(+) (3-57)
Cq oP-%a 0
) & [Tolo, (+) - 8sTnw, tdY(+) (3-58)
Se 0"="A 0

and ql(e) is as given in (3-32). Hence from (3-26)
I

[ @

dP s
——ii==——-f“exp[ /T2 ¥ 12 cos(B - arc +an( —= })1dB (3-59)
d@ 2% N c s |
-T 0 ) e S
= L) 3 =0 o , -
Celo( NG Vﬂce(Y) + ]ge(Y)} uelo( No Ee(Y)) (3-60)

[
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—— a —
= exp{ﬁntlo(ﬁa Ee(Y))]

where

: & 7 T
(1) & /T IZ )

a2qy (8)
an

0

} (3-61)

(3-62)

and I0 Is the modifled Besse!l function of the first kind, zeroth order.
The above relates to other results, which are well known [5],[6].

Substitufing the above resul+ts in (3-20) we obtain, affer some

manipulation, the fo!lowing:
by Y3

02g,(8)  ° | Yy oo
| o Q . _C Te 0
-~ " Tt BT JgPeosugtdy
0 o ‘o 0
Loy Y
o S0 (Te_. -
* PRAURE-NCe fgpsinugtdY)
0
~ A 1Y
| 1|0<.> !CO(Y) .
Bo(r) = | = e+ = vy By JoPeosugtdY
0 o o, 0
Loy
Iy S Te. -
* 1wy vy JoPsinegtdY)
0, 0
A AN SR BN 49
& 0 0 To, o
"N LTyt Eony P PsinugtdY
0o o, 0
w1
0 20 (T cosn tdY) (3-63)
T £y [gpteosu, O
0 5
0
in which new notatlon appearing is defined as follows:
b & ple,(t) - 6] (3-64)
p & plo, (1) - 63 (3-65)
A o -
Lo (V) & 168 Eg ) (3-66)
0 .0
Eq(Y) B TV FTZY per (3-62) (3-67)
CO SO
A T al
ICO(Y) £ [ople,tt) - elcosu tdY(H)  per (3-57) (3-68)
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A T - a - _ _
150(Y) 2 fop[eA(+) 0Jsinu tdY(t) per (3-58) (3-69)
L, 0 8 R g o) (3-70)
0 0 .
. whete Il is the modified Bessel function of the flrst kind, first order.

A simplificeiion of (3-63) 1s possibie with the definition of four more
quantities similar To (3-68) and (3-69) above:

3 e et - 57c0m i

se, 0 2 Tp[B, () = 8cosn tdY (+) (3-71)

J_ o & [Tae (+) - 8dsine Y (+) (3-72)
Sp 0" A 0

K () & fTole, () - 67tcosw tdY(+) (3-73)
< oPL¥a 0

k_ vy & [Tofe, (+) - 8Jtsinm tdY(+) (3-74)
S0 OF—A 0

Further, the quantity I1 (Y)/IO (Y), essentially a soft~iimiter function
with initial slope = I/ZOand ma$imur values of + |, will be denoted by

LO(Y); it Is closely approximated by an arc tangent expression, i.e.,

L

e EA (YD) .
L d 1Mo o2, T Ay (3-75)

0 T8
150 == E(Y)) 0
g Ny ©

3

With these definitions AO(Y) can be written

a2q (8) &L (Y)
- |0 () + 1 (Dd. )]
4N0 NOEO(Y) c0 CO SO 50
ag, (8)  L_(Y)
. NDE oy [ Ig oy + |§ 1] (3-76)
c°0 0 0

ACY) =t -
0 ZNO

&Locv) - ;
e 1 YKL (YD) = 1 (YK (YD
et ~ o ' sg S5 Cq
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which together with (3-67) through (3-69) and (3-7!) through (3-74)
indlcates tThe amount of processing of the observation y(t) (or Y(i)) that
is required by the optimal processor which Is denied The value of the
carrier phase parameter, B. Further, a comparison of (3-33), the

known B case, with (3-63) apove shows the two expressions for A are
analogous [f the following Interpretations are made:

b YY) 1. (Y . (Y)
~ | c c
=0 .0 - Lo -
cos B AT B, Lo (Y2 AP ) (3-77)
0
b, (Y)Y 1. (YD) le (Y)
- Yo ", 8g " _ S0
sinB= o Sy Ly (¢ EBWT‘ ) (3-78)
0

These may not be optimum or even good estimates of cos B and sin B in
the usual sense, but locally optimum estimates of 6, a, 9y result from
their use., Certainly it can be shown that for very large signal-to-~

ncise ratios

cdg\B + cos B (3-79)
Sifg + sin B . (3-80)
In general we seftle for less, however, noting, for example

(cof )2 + (sifpy? = Lé(Y) (3-81)

which is less than unity for finite sighai-to-noise ratios.

This is as far as the study of the locally optimum estimation
technique has progressed. The computation of the error covariance

matrix 5! for the random 8 case has yet to be done (if further effort

0 ,
on this direct-path-signal-plus~noise case is warranted). This matrix
is not a function of the observation Y(1); it is needed to complete

the solution for the error estimate e via (3-{9) as well as providing
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the desired reference performance measure. The sfructure of a representa-
+ive Tmplementation of this receiver algorlithm is shown in Figure Il1-],
The quadrature detection represented by the calculations of | _ , IS ,
Jogr Isgr Kogr Ksgs (3-68), (3-69) and (3-71) through (3-74) Respetively,
would be done with analog circulitry, and the remaining calculations
assoclated with the error estimation, (3-19), (3-76), (3-67), (3-75),

" eotc., as well as the A/C angie estimate update, would be done in a

digital microprocessor. This algorithm requires a knowledge of The

noise power density NO‘ In a2 baseband simuiation of this algorithm the
quadrature detsction integrations, (3-68), (3-69) and (3-71) through
(3-74), would be represenied by integrations of the low-frequency

(i.e. difference frequency) components of the Integrands shown in the
equatlions.

The extenslion of the locally optimum estimation algorithm to
mulTipafh-corrupTed signals will be an early objective in the continuation
of the project. The problem will center on mode!ing as a process the
refiection component yR(T) of the received signal y(t) = yD(T) + yR(f) + n(t)
described In Chapter i, and then calculating the required likelihood
ratio (Radon-Nikodym derivative). Kailath's work [63, [7], [8] will
help in this second aspect. The successful exfension to the multipath-
corrupted signal is expected to result in an adaptive algori?hm, which
approach is discussed further in the conclusion to this chapter.

The complexity of the optimal quadrature detector processors that
have resulted motivates a serious considerattion of the rectifier-iype
of envelope detector and the processing optimally of Its output to
produce the estimate of the A/C angular coordinate. The difficulty
In considering this option from the locally optimum estimation view-
point stems from the possible inapplicabllity of the latter model (as
formuiated by Murphy) %o the rectifled~envelope process and the possiblllfy
that a suitable likelihood ratio expression cannot be found in the
literature and wiil have o be derived. These probiems are related fo
+the fac+'+ha+, even in the multipath-free case, the corruption of the

envelope process (induced by receiver noise) has the following properties:
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Figdhé I11-1 Structure of a locally Optimum Estimator Receiver
for the Direct-Path Signal + Noise Case
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1) The corruption Is not additive,
2) The corruption 1s not Gaussian,
3) The corruptlon does not have mean value zero.

The rectifler-envelope~detector does seem to offer some economic advan-'
tages in Tmplementation, however, and the associated analysis and

design problems wilt be studied, Concern to date for these types of
envelope detectors has been somewhat informa! and is discussed in

Chapter |V on suboptimal design.
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Recursive State Estimatlion

Recursive state estimation (RSE) has some appeal for the MLS
application, but algorithms of this class In general have some undesir-

able characteristics which must be understood and whose effects minimized.

In addition, general RSE algorithms are based upon system models in
standard state variable forms, and algorithms considered for the MLS
application must accomodate the special form and uncertainties in the
MLS signal model. The adaptation and evaluation of recursive state
estimation technlques for the MLS application Is presently at an early
stage. This is only a brief descripftion of some relevant properties of
recursive state estimators and a discussion of our initial concerns in
the direction of inquiry.

Underlying the RSE approach generally are the following:

f. A vaiid state-variable model

2. A cholce of some specific criterion of optimality of estimation

3. An objective of optimal estimation based on all observations
from some Initial time through the present.

The algorithms that result are characterized generaliy by both an evolving
state estimate and an evolving covariance-of~estimation error matrix
(assuming modei validity). The importance of the tatter is underscored

by the presence of the error covariance as a {matrix-) factor In the
processing (Kalman) gain for new observations--as was the case in the
local iy-optimum estimation algorithm (though the error covariance used
+here for gain calculations was a static quantity).

The updating of the error covariance in RSE, usually in a "down-
ward" direction as the data base grows, is a distinguishing feafure of
RSE and one that makes model validity so Important. For |lnear sysfehs
with a valid model, for example, the algorithm deveioped under fhe
leasf‘méén squared error criterion produces the exact estimate value
Awithout approximation), and the estimator is finite dimensional and
globa!.y asymptotically convergent. If the model used is not sufficient-
ly accurate, the expected and characteristic downward drift may'be' |
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present in tThe computed error covariance, but the latter may bear |ittle
relation to the covariance of the true error; a form of fiiter divergence

results.

When the system is noniinear, the exact estimate in general is
infinite-dimensional, necessitating for purposes of implementation some
form of approximation, which, in turn may affect The modeling validity,
Successful extensions of RSE to nonlinear systems in generai are finite-
dimensional algorithmic approximations which are convergent in the
locale of the true state valuz; from this standpoint RSE appears as a
promising approach fo fracking algorithm development for optimal MLS

receivers.

A valid model is clearly a crucial factor in applications of RSE,
and requires careful selection of many parameter values. To ease This
task somewhat by reducing the number of parameters, one might be tempted
in some cases to remove the stochastic fercing function from his model,
i.e., To model nis system as either unforced or forced by a known
deterministic function. The first implication of this is that the
conditional expectation of the state at one point in time, given the
state value at some other point in Time, is not a random variable; the
final consequences may be disasirous. With only observation noise
in tThe model -the calculated error covariance matrix Tends toward singu-
larity (actually may approach the zero matrix} as time and the (implicit)
data base grow arbitrarily large. The Kalman gain then becomes very
small, limiting severely the influence of later observation. In this
situation the estimator is said fo be in "data saturaiion" and is
especial ly prone to the filter divergence syndrome, caused now, in

part, by computational errérs, such as round-off, etfc.
Two ways to aveid data saturation are as follows:

1) Use static noise of sufficiant intensity in the model
2) Use a limited memory approach fo restrict the effective data

base to the most recent observations.

The first approach Is the usua: one taken in RSE applications; the
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application of locally optimum estimation fo the MLS probiem, as described
previously, Is an example of the second approach. Both approaches
effectively piace & |ower bound on the Kalman galn used in processing

new observations.

The digital computation of an evolving error covariance matrix
presents cerfain problems also, arising from the finlfe-wordlength
structure of digital machines. Covarlance matrices in general are
characterized by the symmefric and non-negative definite properties of
matrices. Digital computational errors arising in a RSE ailgorithm can
be categorized Into fwo groups in relation to their effects on filter

performance:

{. Those that degrade The performance only slightly in terms of
convergence and tracking properties.
2. Those that induce filter divergence.

Computational errors made in the estimate extrapolation and update
probably are of fthe first type and are remedied in subsequent updates.
Computational errors made in the covarlance matrix extrapolation and
update tend to be of the second type; particularly those associated
with the loss of the symmetric and non~negative definite properties
Two ways 1o circumvent this problem are as follows:

. integrate the covariance matrix equation off-line, if possibie,
on a high-precision machine and use the resulting steady-state
solution as a matrix constant in the estimator.

2.' Reformulate the error covariance propagation problem in ferms
of propagafion'of a triangular matrix square root of the srror
covariance.

The first approach may result in substantially suboptimal performance
during certain periods of time, but provides additional benefits of

. computational simplicity (on~line) and no possibility of data saturation.

The second approach insures the (now implicit) covariance matrix will
have fhe requisite matrix properties, but at a moderate increasé in

coMpu+a?1onaf'complexi?y, Opfimalify of the estimate is maintained through-
our all phases of its evolution, however, a benefit that must be weighed
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carefully considering the relative ftransience of multipath inferference

In the composite received signal.

Finally, It is noted that stralght-forward application of RSE
theory to the MLS recelver probiem gives aigorithms which assume the
carrier phase is known, as with the first application of the locally
optimum estimation theory. Extension of the RSE theory is needed +to
treat the case of interest where the carrier phase is a parameter of
no infrinsic interest, modeied as a uniformly distributed random
variable on [-m,7]. Extensions would be desirable also to the cases
where the signal had been preprocessed with |inear or quadratic detectors
(rectifier-types), and consequently baseband observations were available
but which were corrupted effectively by signal dependent noise that was
neither Gaussian, additive nor zero mean, as discussed under locally
optimum estimation.

Concluslions

Both the locally optimum estimation and recursive state estimation
approaches possess both good and bad features in relation fo the MLS
receiver design problem. It is expected that both atgorithms should be
considered for application in the final design. RSE could provide +the
desired extrapolation befween scan periods and into fades, as required,
glven a vaiid state model. Locally optimum estimation might then be
used to provide needed estimates of the state model parameters, which
may themselves vary with time but knowledge is lacking of fhe assoclated
laws of evolution and statistics. Much additional work i1s needed, of
course, to obtain quantitative design and performance data on such
a scheme and to describe the effects of such partitioning of the joint
problem of identification~state estimation.

Finally, The mul+ipath propagation dlsturbance cshouid be put back
info the mode! and its effect on the estimation algorithm determined.
The preferable type of algorithm would be an adaptive one. A non-
adaptive approach viould appear possible also {n which the averaged
performance of a class of multipath environments is optimized, but its

- perform=nce in any one environment could be poor., The adaptive approach

I
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is expacted to be one in which the "gates" of the tracking receiver are
modufated in some way by estimates of parameters associated with the
multipath Interference model.
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CHAPTER 1V
SUBOPTIMAL DESIGN AND SIMULATION EVALUATION

A suboptimal receiver study was undertaken in order to consider
some classical receiver designs involving envelope detection and
subsequent processing by a form of early-late gating. This provided an
opportunity fo improve the computer simulation as well as io produce a
candidate receiver design which could be used as a performance standard
in evaluating fufture receivers. No attempt was made to optimally process
the envelope-detected signal. Simulation results, however, indicate

that such a course may well be worthwhile.

Receiver Algorithm Design

Early design involved the development of a centroid receiver which
utilized the reléfion between envelope pulse centroids and the A/C angular
coordinate 8. This receiver recomputed centroid positions (and thus €)
for each TO-FRO scan, rather than computing error in the estimate of ©
from the previous scan; l.e., it was not a tracking receiver, and since
it processed the signal envelope received over the entire scan interval,
i+ had no multipath suppression ability. Several forms of early-late
gate tracking algorithms were then considered, with a square-gate version
selected as the new receiver design. A development of the square-gate

tracking receiver will now be presented.

The square-gate receiver algorithm produces an estimate of The A/C
coordinate by computing the error in the estimate from the previous
fcan. Let a(t) = B(Tk) on the kth scan inTervgl (from 2-16), and let
6(k) represent the receiver estimate of B(TK). g8 is formed as follows:

ok + 1) & atk) + a6k | (4-1)

reti) & fng(T)gET,B(k)]dT (4-2)
where 1T is the local scan Time at the A/C (from 2-23), pD(T) is the

direct-path signa! envelope, on the (k+ |)st scan, and glr,8(k)] is the

gating function (see Figure IV-1). The envelope functior is given by:
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Figure IV-l Envélope and Gating Functions
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ppte) apl6, (1) - 8(t,)] (4-3)

60 + Qr : 0<T< TS
BA(r) = 90 + QTs : : Ts< T < TF 14-4)
B, + QT - Qe - Tod: To <1 <7

0 2 F F -

where p(+) is the envelope selectivity function defined by (Z-1). In
Figure [V~1, Tpl and sz are the envelope centroids. The receiver gates
are cenfered at fgl and fg which are estimates of TPI and sz based on
6(k). Each gate has helgh+ G and half-width w so that the gating function
becomes:

or fg, < Tf'i'gz'i' W

glt,0(k)] = J -G: t <1<t +w,ort., -w<T <t
= g L

g| - g g2 92
. 0 otherwise (4-5)
TQI and fgs are the values of T when SA(TU = 6(k) and are given by:
Tgt - e(ké - 8p {4-6)
- g - 8(K) _

ng TS + TF + 5 (4-7)
Define the error term ee(k) as fo!llows:
8 (k) a(+ D= 8 (k) (4-8)

It follows from (4-~1) that 5(k) is an estimate of e (k). A relation

between the gate he!gh+ and width [s dealred which wili drive [e(+ ) - G(k+|)]

to zero by equaTIng.Ae(k) and ee(k). From (4-2Z} we have:

N Tg[+w tg oW , ‘ _
AB(K) = f*gl alt, B(k)]pD(T)dT + f+ S g[r B(k)]pD(T)dT (4-9)
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=

T
i

0 W 0
= 6f_ pplt + 1 ddt - Gfgpyle + ¥ e - 6f_, pplt + Ty )dr

! g )

+ 6fgpplr + tg,)dr (4-10)

pD(T + TQI) Is found by combining (4-6), (4-7), (4-4), and (4-3). Coupling
This result with (4-8), we can rewrite (4-10) as:

a60k) = oolf0 plar - 8 )dr - [hotar - e ydr- [° pl-or - 8 dr+ [Upi-gr - 0 )dr]

(4-11)
Note that i1f ee(k) = 0, Aa(k) = 0, as expected. Assume ee(k) Is small.
Then:

dp(ft)

e d(gt) (4~12)

p(Qr - ee) = plRt) - 8

fo plxRt - 6 )dr = fo p(xQr)de + EE fo dp(QT) = Plw) + e C
u o ZP 7 1 g, 9P W & Lp(0) - plaw)]

(4-13)
Substituting this result into (4-11) yields:
n Be(k)
AB (k) = aBL g (4p(Qw) - 4p(0))] (4-14)
-daGe (K)[1 - p(aw)]
= s (4-15)
Equating é(k) and ea(k)’ we have:
_ ~Q -
€= &= p(Qw) ] (4-16)
I+ is assumed that The envelope selectivity functlon p(+) wiil be known.

Thus, given a knowledge of fhe signal amplifude o, the gate height G

can be computed for any desired width w such that é(k) = ee(k) {assuming
that 8, is sufficiently smail). Although a is not known by fhe A/C, it
can be estimated by noting in Figure IV-| that

a = pylt P=,2 (4-17)

)
Py’
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An estimate of o can be obtained by averaging signal envelope samples
taken at Tgl and ng, which are estimates of +PI and TPZ. This astimate
can then be substituted for o In (4-16) to compute G.

The square gate receiver was developed without considering the
effects of additive noise or multipath upon the received signal envelope.
This approach can be defended In light of the following:

I. The positive and negative areas of the gating function are
equal. It Is therefore expected that the effect upon the estimate of
noise occurring in & positive gate will be roughly cancelled by that of
nolse occurring in a negative gate.

2. Any multlpath distorfions in the envelope occurring oufside the

gates will be Iignored.

The recelver tested in the simulation can be déscribed from (4-1)
and (4~2) as:

BCk +1) = BLk) + [oMet, gl (k) Jdx (4-18)

ket |
vhere g(+) is defined by (4-5) and pD(r) has been replaced with the com-
plete signal envelope M(+k+1,1), as presented in (2-53). On the kth scan
¢ .is estimated by averaging M(+k,+gl) and M(Tk,ng) (see 4-17), and G
Is ther updated:

-0

ZEM('I'k,Tgi) s M('l'k,fgzu X LI - ptawrl]

It was declded to set w equal to the time between centroid and fi,st zero

G

(4-19)

of an envelope pulse of pD(r). This selection of gate width seemed in-
tultively good in that the gate would include most of the direct signal
envelope and yet be narrow ensugh to exclude most multipath.

The computer simulation Involved a discrete-time version of the
local scan ftime t, so that the square-gate receiver operated on sampies
of the envelope M(+k,t). This operaflon will be described In the next
saction of This chapter.
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Simulation Modeling

The simulation objective was to evaluate envelope-detector recelvers,
making it necessary to model the {.F. signal envelope M(fk,t) In (2-53).
The signal mcdeling was basicly that of Chapter I, with the following
changes:

I. The "recelved scan interval™ of (2-22) became

rit,) F(t, )
stet v —— T (4-20)

~l'k * c

in which fairly insi nificanf-iitl terms were dropped. In terms
g ps PP

of local scan time t this interval became {from 2-24)

0<t12<T (4-20A)

ka, defined in (2-25), l|ikewise became

r(fk)
TR ¥ Tk ¥ 73 (4-21)

2. The signa! ampiitudes o and o, in {2-42) and (2-44) were
assumed constant. This is valid 1f the A/C and reflector
ranges do not vary appreciably.

3. 1, was dropped from the arqument of BA(v) in (2-42) and (2-44),

k
as eA is a periodic functlor which reinitiates at + = Tk.
4, The range and angle coordinates of the A/C and reflection points
were assumed to be |inear functions of time; i.e., F, é, 6, FRi

éR]’ and $Rf were made constants. (4-22)

The local scan Time T was discretized to simulate sampling of the
received signal envelope M(?k,r). Starting at © = 0, the envelope was
sampled across the entire scan interval at a rate equal fo the IF band-
width BIF(160KHZ). From (4-20A) the number of samples taken in one
scan interval would be '

Jo =T x B i (4-23)

T F T

The local scan time at the jth sample would thus be:

41




t(J)y =(j - 1§ 1 <J = JT (4-24)

where § = I/BIF. The envelope function M(Tk,T) can now be expressed in
terms of the discrefe local scan time by substituting (4-23) into
equations (2-47) through (2-50) and incorporating the new changes in
model Ing enumerated above: '

©_r
yDc{fk,j) = ap[ﬁé(J - 1)8) - B(Tk)]cos[B(fk) ~ -%}-(j - 1)6] (4-25)

& Ppttrd)costy(t, 1) (4-26)

w.r
Ny = i - - ; - (- -
YDS(TK,J) GPEBA((J 1)8) e(fk)]sun[8c+k) — U 1387 (4-27)

A - .
= ppltyadisin¥y O, J) (4-28)
- Ar (1)) mc}chkJ
YR (fk,j) = Z aip[GA((j - 1§ - -—E—~—J - eRi(TK)jcos[Bi(fk) - —_—{j- 18]
¢ ! (4-29)
A , .
2 ; pRI(Tk,J)COSWRi(Tk,J) (4-30)
_ Ar. ) 6y ()
Yig (fy0J) = gaiPEBA(QJ- DS - —) - BRI(fk)]sin[Bi(Tk) - - (j-116]
¢ (4-31)
A . .
= ;PRE(TR:J)SIHWRi(*k:J) (4-32)

Note that the RF phase terms TD(TK,j) and WRi(fk,j) are linear functions

of time and can be expressed:

B(Tk): J=1
WD(Tk,J) = (4-33)
¥t J=1) + a¥y: 2< < ds
o |
where A‘PD = - —é__ § (4-34)
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Bt(fk): J =1

Y, (i d) = (4-35)

WR‘(TK,J-I) + AYR‘(TR): 2<jc< JT

-mch[ (Tk)

wiiere A?Rl(fk) = s (4-36)

c
The envelope M(Tk,j) now foltows directly from (2~54) through (2-56}:

~ . . 2 ) . i72
M(Tk,J) = E(yDC(fk,J)+-yRC(+k,J)4~nc(J)) + (st(TR,J)+-yRS(Tk,J) + ns(J))ZJ /

(4-37)

where n_(]j) and nS(j) are the quadrature nolse components of (2-51).

The simufation must compute M(Tk,j), Jg=1to JT, for every TO-FRO
scan of interest. This also involves computing A/C and reflector ccordi=-
nates and velocities at Tk (and in some cases ?RK)’ as These appear as
parameters In the equations just developed. A description of the
simulation for the kth scan will now be presented,

let +, (k=1, 2, ...k ><) be evenly spaced, and define:

K ma

-t (= 75 milllseconds)

From (4~22) we can update the A/C and reflector coordinates:

PO ) = el )+ T

8t ) =0t _\) + 8« Ty,

Lt ) = Lt )+ b Ty

rRi(fk) = rRt(+k_i) + FRI. Tup

eRI<+k> = BR](TR_!) + éRi Tup

b () = dg (H )+ &R - Tup (4-39)
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For each reflector we compute rT_(Tk) from (2-12) through (2-14):
i

£t ) = cosélt Jeoseg, (t+, Icos[elt ) - eRI(Tk)] * singlt)singe, (1)

k k
(4-40)
" () = Créct,) - B I () + rgtc+k)]"2 (4-41)
rTitfk) = rRI(+k) + rARI(fk) (4-42)
Byt = rp () - el (4-43)

The time derivative of (4-41) can be shown to be:

_ it rRi'*k) )
r., (f.) = r-og r, ]+ —- [r - . (o]
AR, "k AR(fk) k™ R; AR Gy IS R, ik
(4-44)
rTi(Tk) = rRi + rARi(Tk) , (4-45)
From assumptions (2-20) and (4-2!) we obtain:
. r(fk)
Flige) = r(?k) +r (4-46)
. r(Tk)

(?RK) = rTi(fk) + rTI(Tk) = (4-47)

Ari(TRK) =rr (TRK) - r{TRK) (4-48)

I

A?R (Tk] is computed from (4-36). Set ?D(?k,[) to B(fk), a uniform
random variable on [-m,n] supplied by a random number generatnr. From

(2-40) and (4-35) compute:

©
c
) - 8t - o= Dae G - Arl‘*RK I)j

(4-49)

r (F

1) = B}(f
I

) = g0t ) + [B UF,

k’ k
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Now M(TK,J) can be computed for each sample on scan K.

For j = { o JT:

Pplt,sd) = aplB,((j-128) = ot )] : (4-50)

yoctfk,J) = pD(?k,j)cosWD(Tk,j) (4-51)

yDS(Tk,J) = pD(Tk,j)sinWD(Tk,j) (4-52)

¥olt, 31D = Yot J) + Ay (4-53)
: Ari(+k)

Pr. (1 rd) = P8, ((j=1)8 ~ ——T) - eRiﬁ-k)] (4-54)
[

YRC = %pRi(Tk,j)cos¥R:(+k,J) {4-55)

Yo = 1Pp (fosdlsin¥y (F ,]) (4~56)

Ry i R] k? Ry K

?R;(TR,J+i) = WRi(Tk,j) + A?R (Tk) (4-57)

i I

Obtain quadrature noise samples nC(J) and ns(j) from Gausslan random
number generator. Compute M(Tk,j) using (4-37).

in the FORTRAN computer simulation, the antenna scanning function
GA(-) s computed by the function subprogram THA(T), where the argument
T is computed in the main program, eA(-) Is deflned by (4-4) and iilus-
trated in Figure iv-l., The angular selectivity function p(6) is com~
puted by the functfon subprogram P(THETA}, where THEYA Is computed in the
main program. r.8) is defined as follows, from reference [I, pp. 2-213,
2-214]: '

( cos{ %-a)
T a# |
i ,
' | = r =
p(e) = i T a=|
Y where a = 2,46 (4-58)

1
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The simulation program computes M(Tk,J) for J=I to JT and stores
these samples in array M. M is then passed to subroutine RCVR, which
contains the square gate tracking receiver algorithm. The algor!ithm
updates the estimate by computing the error in the estimaete of the
previous scan. It differs from the recelver developed earller In this
chapter as fol lows:

I. The signal envelope now exists in discrefe form so that the
integration of (4-18) is performed using a trapezoldal approx-
imation rule.

2, Discontinuities In the gating function (see Figure IV-1) have
been forced fo occur at the sample times, so that the gates
are well defined. Otherwise, tThe receiver would produce the same
value of A8(k) In (4-18) regardless of where between two samples
the gate center occurred.

RCVR operates on the samples of array M one by one, with the result
stored in array EST. EST thus confains an evolving estimate, where EST(JT)
represents the final estimate 68(k) for the kth scan,

After computing 6(k), the simulation program advances to the next
scan and recomputes the envelope and estimate. This is continued for
as many scans as desired. For efficiency in computing the simulation
has been carried out in two FORTRAN programs. The first, MLSRCVR,
performs all simulation calculations and stores resulfs on file. The
second program, MLSPLOT, plots these results using a CDC COMPLOT DP-7
digital plotter. Emphasis is placed here on MLSRCVR. The following

plots are made:

l. A long-term plot, which plots for every scan K in the simulation:
A. the composite signal envelope at the time of direct-signal
centroids '
B. the error in estimate é(k)

2. A p[o+ of signal envelope M(Tk,j) as a function of local scan
Time for six selected scans.
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3. A short-ierm plot, which for one selected scan plots the
received envelope M(Tk,j) as well as the evolving estimate
as functions of local scan time. Also plofted is the evolving
estimate which would result from a recelved signal containing
no noise or multipath,

A flow chart for program MLSRCVR Is presented in Figures [V-2 through
V=3, while a basic flowchart for MLSPLOT appears in Figure |VY-4, Pro-
gram listings are confained in Appendix A. it should be noted that
variable names used [n the flowcharts and programs often differ from
those used here. '

Performance Evaluation

The square-gate tracking receiver was tested under the following

conditions: The A/C with coordinates r = 10 N.mi., 8 = 30°, ¢ = 37
was approaching the runway with z2irspeed 300 knots (6 = é =0), A
single specular reflector with coordinates rRl = 1.0 N.mi., BRI = 33°,
¢Rl = 1,85%, was following the ¢ircular path ERI =0, éR| = ~3%°/second,
&Rl = 0. One second later (scan i4), The reflector was at 9R| = 30°,

so that the signal envelope at the A/C dus to the reflector was inside

the receiver gates and coincident with the envelope due to the direct
signal. After another second (k=27), the reflector was at GRI = 27°

and the signal envelope due to reflector was oufside the recelver gate
again. This was considered fo be a reallstic test for the square-gate
receiver In tThat in-gate multipath interference intultively represented

a worse case. 1The simulation was run for 27 scans with the above inEfiai
conditions, with signal amplitude @ = 1.0, and multipath amplitude @, = 0.8
~and for several values of initial RF phase difference EB;(E) - BCIY].

Also made were two frials with no reflectors and differing signal-to-

noise ratios.

All simulation trials were made on the CCC 6400 computer. Plots
of receiver performance may be found in Appendix B, Results are tabu-
lated in Figure V-5, Note that with a 20 db signal-to-noise ratieo
and no multipath the receiver was able to estimate & with an R.M.S. error
of 0.0i5°., R.M.S. errors are shown for the trials with multipath, yet
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( MLSRCVR )
i ' Y
. @ l_ Input Data & Set Constants

Y

Input Initial Conditions for A/C & Reflectors
Input Parameters for Short-Term Plotting Decisions
k = |
gt
(::) Update Sigrnal to Start of kith Scan
Compute Baseband Signal As It £volves over kth
(::) Scan Interval and Store Samples

Y

Compute Receiver Response As |t Evolves over the kth Scan
@ Interval and Store Final Results in Long-Term Plotting Arrays

Y

tf Desired, S5tore Short-Term Flotting Arrays on File

1

— ——
@ Advance (eometry to Start of Next Scan Interval

@

Compute RMS Error in Angle Estimate for kmax Scans

Store Long-Term Plotting Arrays on File
ORIGINAT, pape STOP
OF POOR QUA%?T? CD

Figure V-2 Flowchart for Simulation Program MLSRCVR

(MNote: Details of blocks 'dentified with encircled
[ letters are given on subsequent pages.)}

|
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BLUCK A

Input Plotting Option lopt and Title information
for Plots and Store on Tile

Set Constants and Conversion Factors
c=3.0x 108 (Meters/Sec.)

w = 3,1415926536

MPNM = 1852 (Meter/Nautical Mlle)
SPH = 3600 (Sec/Hr)

PLTSCAN = False

z = Gauss(vZ )

Y
input MLS Angle Function Properties:
f

o TUD' Gg, 65, Ts’ TR' PBeamwidth

Input RCYR Constants:
BIF’ oy By SHR

)
Calculate Remaining Algorithm Constants From Input Data
_ a ,~~{SNR/20}
UN—/Z-H)
T = |/B|F

2= (6 - eo)fTs

Te= T+ Ty - 20,/
T‘ = TS + 1P

Jp= 1 T By

wee = 2nfe/c

{

Input Original Angle Estimate aEST
Input and Store Tracking RCYR Constants

1

Input:
Kmax (No. of Scans in Slmulation’

Imax (No. of Reflectors)

Figure IV-2a Initialization
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BLOCK B

A/C Initial Conditlons:
Input: rfk.v,a,é,¢,$

re = rg x MPNM
et
v = v x MPNM/SPH

AphaseD = wWee v T

Inttial Conditions for ith Reflector
Input: rpy €1),vpliD, 8501, batly, dlid,

&Rti), agli), DIFGCD)
rR+k(l) = rRTk(i) ®x MPNM

vR(i) = vR(l) » MPNM/SPH

Short-Term Plotting Constants:
Input Decislon Paramefers for Detailed Short-Term
Piot and Store in Array PL

INC = kmax/s
|N02 = |
ERMS = 0.0

Figure 1V-2b A/C and Reflector Initial Conditions
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Tk = {k - I}TUD
TDD = r*k/c
r=ry +vIb

BLOCK C i b
TIK = fk + 1DD |

phase, = 2 [RANF(0) - = ]
i=|
c = ros¢cos¢R(i)cos[6 - eR(i)] + singsingp (i)
rAR = /r#k - Zery PRy () + rﬁTk(i)
Vap = [rfk(v - Lvglid) + erk(i)(VR(') - eV /.

re = rRTk(l) + AR

TDR(i) = rT/c

fr =T + (VR(i) + VAR)TDD

aphaseR(i) = wcc(vRtn) + 'AR)T

DIF = Dlro(i)
g =r
re (i) =r
0 T
DIF = DIFO(i) = weelrp - rTo(i) - r + gl

T

phaseg(i) = phasep + DIF

Calculate Sample Numbers Cofrresponding to Direct Slgnal Centroids:

_8-48
%, 2
8, - B
Ip, =¢ * Tedt + !
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Figure IV-2d Computing Envelope
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BLOCKEE

Enter Subroutlne RCVR (Rezelver Algorithm)

fnput:

Output:

BEST(FIna! Estimate from Previous Scan)

M (Array of Signal Envelope Sampies)

EST(Evelving Estimate Array)

(EST(JT) = Final Estimate of @)

Fill Long-Term Plotting Arrays

TMK(k{ = Tk

CS(K) = MIN(CS{,C52}

THER(K) = 8 - EST(JT)

= 2
ERMS = ERMS + [THER(K)]

Figure I1V-2e Estimate Calculation
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BLOCK F

Enter Subroutine SHORT, Which Returns PLTSCAN = TRUE
| f Short-Term Plet Desired for kth Scan

PLTSCAN
= TRUE?

Flag = False

Write Fiag on File

Enter Subroutine RCVR with Array DM (Samples

of Direct Signal Envelope)

Return Array £S1 (Evolving Esvimate as a
Response to Direct Signa! Only)

Y

flag = True

Store Flag and Arrays EST, M, RM, ESI, B, oM on
File for Short-Term Performance Plot

If flag = False, Store Array Mon File for a

Representative Plot of the Receiver Signal

INC; = INGgz + INC

_—y
et

|

‘ BLOCK G )

Figure 1V-2f Short-Term Plotting Decisions
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BLOCK G

Advance A/C Geometry to Start of Next

Scan Interval

Pa® Tk Vi
6 =60 + STUD
6 =6+ dT,

Advance Geometry of ith Specular Reflector
to Start of Next Scan Interval

erk(i) = rR+k(i) + vR(i)TUD
BR(I) = eR(i) + eR(i)TUD
¢R(|) = ¢R(|) + ¢R(|)TUD
N

Y
Exit From
Block G

Figure |V-2g Advancing Geometry to Next Scan
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BLOCK 6

Advance A/C Geometry fo Start of Next
Scan Interval

"tk = Ttk ¥ VTup
8 =0+ BTUD
b =6+ dTy

Advance Geometry of I1th Specular Reflector
to Start of Next Scan Interval
erk(i) = rR+k(i) + vR(i)TUD
GR(l) + GR(I)TUD

D
X
A
fl

= ¢R(3) + ¢R(i)TUD

Exit From
Block G

Figure I1V-2g Advancing Geometry o Next Scan

55



-tnput Array u

Romark: “To, T, Ty 060 8,0 0,
t, G, Siored Internaliy

A =g=0
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8= mrtj, = 1) + 9
g, =6

80 = 80 + 1721, x DMC= 13 + MC)]
ESTU]) =8+ A0

1 %79
a =g+ M)
K|

Jp = IFIRCCTE + 6 - e)/_mh- + 1.5]
8y = -6

. ORIGINAL PAGE IS

ER u =ali— ci.aaa)?]l(zm i

|
Figure 1V~3 Square-Gate Receiver Flowchart
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these quantities may not be very useful comparison measures in general.
This is especlaily true for differing multipath environments, since
R.M.5. is & Time-averaging process and the multlipath interference may be
non-stationary. A more useful measure may be peak error, which is
available on the plots.

Note In Figure B-4.a how the signal fades when the direct and
reflected slgnals are beam coincident but 180° out of phase (scan 14).
Also note That fthe greatest error in the estimate é(k) occurs not at
the fade, but as the signal comes out of the fade. In Figure B-4.,b
one can see how The reflected signal envelope moves across the direct
signal envelope as the simuiation progresses, and how at scan 13 {1 scan
before colncidence) The iwo signals have nearily cancelled each other.
This is confrasted with Figure B-5.b, where phase enhancement causes
the signal envelope to increase in amplifude on scan (3. Also note
that In general the simulation trials with multipath have very low
error near the beginning and end of the trials. This Is expected, since
a reflector removed 3° in azimuth from the A/C would produce an out-
of-gate signal envelope pulse.,

Conclusion

This study has produced and demonstrated a recelver algorithm of
basically intuiftive design which has some commendabie performance
features. The value of the simulation developed for evaluation of
candidate algorithms was also demonstrated.

The study of this algorithm suggested two options for further

consideration:

!'. An algorithm which optimally uses The detected envelope to
estimate the A/C angular coordinate.

2. An algorithm not closely coupled to the exact form of the
selectivity function p(.}, and hence, Inherently suboptimal,
but perhaps less sensitive fo variations In the shape of
p{+} arising from cross-coup!ing of the angle channels and
s|te-to-site design and installation variations, etc.
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The simulation appears fo be vallidated In the results presented.

The principal use in the near future of This tool will be in the study
of optimal tracking algorithms. Some refinements will have to be made
as we consider both quadrature detection and envelope detection
estimation algorithms. Also, a linear evolution of A/C and/or reflector
coordinates seems more plausibie in a Cartesian frame than in a

sperical system. This modlfication will be made to test the validity

of assumptlion, equations (2-|5) through (2-20), made In signal modeling.
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CHAPTER V
CONCLUSEONS AND RECOMMENDAT |ONS

A summary has been presented of both theoretical and simulation
study resul+ts, including

I. The development of detalled signal models cast In the time
frame of the A/C recelver;

2. Preliminary optimal estimation studies, involving first an
application of the locally optimum estimating algorithm to the
direct-slignal and noise specialization, then a critical over-
view of some relevant characteristics of recursive state
estimation approaches;

3. Design of a suboptimal square-gate fracking algorithm which
accepts the baseband ouiput signal of a standard |inear AM

demodulator, and fthen evaluatlon of this algorithm in simulation.

The greater significance of the work done to dateis In identifying
and bringing Into focus concrete problems and problem areas that should
be _onsidered, and in suggesting methods -of attack.

First among these is the modeling of the Jotal reflection component
of the signal; the modeling results described gives support to the
belief a random field defined with respect to a low~dimension parameter
space may be a suitable model. This would motivate a multipath-adaptive
approach.

Another problem stems from our ignorance of the law of evolution of
+he A/C angular coordinate and the general and unknown variabiiity
with Time of the law. One approach which should be considered involves
simultaneous model identification and state estimation, possibly in a
Mayered" algorithm with different criteria of estimation optimality

for parameters on different levels.

The study of processors using the output of AM detection should be
broadened to incliude both linear and quadratic AM detectlion, and aiso

an objective to process optimally the detector outputs in calculating

6l




an estimate of the A/C angular coordinate. The most atiractive estimation

aigorithm for the MLS receiver may well come from such an approach.

Finally, in support of fhe profotype construction effort fto be done
in the project continuation a number of decisions must be considered
and made, dealing with the cholce of algorithm, choice of microprocessor
and choice of interface equipment. Synchronization and acquisition
detalls must be clarifled and a system plan worked out which will allow
the microprocessor to perform all its jobs in fthe requisite real time

frame. These tasks are under consideration presently.
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APPENDIX A
COMPUTER PROGRAMS
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PROGRAM MLSRCVRIINPUT OUTPUT.TAPE2D)

MICROWAVE LANDING SYSTEM RECEIVER SeH, IRWINTJR. CYE V2 N
REVISED 10/3/75

MLs RECETVER SIMULATION PROGRAM. IN THIS PROGRAM_THE RECEIVED SIGNAL Ij

GENERATED AND RECETIVER PERFORMANCE EVALUATED, OUTPUT DATA ¥s STORED ON A
PERMANENT FILE, WHICH Is THEN ACCESSED BY A PLOTTING PROGRAM._

THE FOLLOWING MUST BE ON DATA CTARCS AT THE END OF THE PROGRAM:

I0PT 11

_NAME(I)sI=1¢3 3410

TINRCVR(T1+151+3)s (NRCVR2(IT11I=1137  6GAL0
CHAN _ 3A10 . ) |
ERSPEC  E20.1
FCrTUD+THOVTHS TS+ TR(BEAMUTH  7E10,2
BIF+ALPHA  2F10,3

ALPHAM  F10.3

SNR~ F10.3 |
THES E2041 |
(RA(T)+151+5) BEL5,.1 |
IMAX+KMAX 2120 s
RTK+V1 THETATOTH'PHIYDPH _ BIEL0¢1)

RRTK (I} s VR (1) THETAR (1) «DTHR(T)«PHIR(I)+DPHR (1) 4ALPHAR(I) DIF0(I}  gEjg,1
(FOR I=1 TO IMAX)

{PL(I)+I=1+5) SE15.1

QOO OIOOIOON OO OINOO OO0 QO OGN OO0 OO0

LOGICAL PLTSCAN+FLAG

REAL MsPPNMsFMC+MSINCeNS

DIMENSION M{2000)«DM(2000) RM(2000)+TM(2000) EST(EUOOivESI(aonu!
DIMENSION RRTK(1g)+THETAR(LQVvDTHR(10TvPHIR(1ni+DPHR(1DT
DIMENSION ALPHAR(10), DIF0(10),TDR(10),PHASER(10),DPHASER(10)
DIMENSION VR(10) +NRCVR(3? tNAME(S) +ATOLL0)

DIMENSION CS(30)+TMK(30}+THER(30)TA(2000)

DIMENSTON RA(S) eRAL(5)+RAZ(ST«NRCVRZ{B311PL(5)

COMMON TR,TS+TF+THO+THS+OMG TAU

COMMON/PLT/KMAX'ERR¢PL

COMMON/SEL/BEAMUTH
COMMON/TRACK/THES «RA _g
c
C . _
€ INPUT PLOTTING OPTION IOPT, WHERES
C ToPT=1: GENCRATE ALL ©LOTS -
C I0PT=23 GENERATE LONG=TERM PLOT ONLY
c I0PT=3: GENERATE SHORT-TERM PLOT ONLY . 1
C ! . ,“i
READ IT+10PT - |
11 FORMAT({I1) '
- - —
c .
€ INPUT TITLE INFORMATION FOR FPLOTTING PROGRAN
c .

' ORIGINAL, EAuZ -
PRECEDING PAGE BLANK NOT FILMED A-! OF POOR QUALITY




c
c NAMEzUSERS NAME
c NRCYR=NAME OF RECEIVER ALGORITHM
L.
C

JRCYR2zADDITIONAL RCVR INFORMATION (IF NEEDE[)

. CHAN=MLS CHANNEL OF INTEREST
. ERSPEC=ERROR SREC - e e e

o
READ 10+ (NAME(J) 1 J=1e3) L
10 FORMAT (6AL10) ) .
e .. READ 103 (NRCVR(J)vJ=303) s (NRCVR2(T)¢1=113) e
READ 10:CHAN
....READ 20,ERSPEC - —_ 1
20 FORMAT(E20.1) .
JB=JOBNAME (X)) i
DAY=DATE (X) o
 WRITE(20) TOPT:NAME.NRCYRsNRCUR2,CHAN'ERSPECJB1DAY L
c 1
c L
: T
_.c ook Ok ok ok S N ok ko R kok sk e sk koo R o R R sk ok Sk R R SR R R s Rk R R '
G & .
< * . ®
C ¥  INITIALIZATION= INPUT DATAY SET CONSTANTS  * |
C * * _ |
c * #* ‘;
[ s o 0k ok b ok ok ok ok ok s ok koo eokop R Ok ok ROR SR Rk Rk R R dok kb ok R ok kR o
% 2
¢ R
€ SET CONSTANTS AMD CONVERSION FACTORS N
c -
c N
C C=SPEED OF LIGHT IN METERS PER SECOND .
C MPRNM=METERS PER MAUTICAL MILE g
C SPH=SECONDS PER HOUR o
C |
C=3.0t8 : J
PI=3,1415926536 .
MPNM=1852.
SPH=3600,
c
¢
C A
€ INPUT PROPERTIES OF MLS ANGLE FUNCTION Lt
c : s
c ‘ |
- € FC=CARRIER FREQUENCY (HZ) : ji
C GTUD{UPDATE TIME)I~TIME BETWEEN THE START OF A SCAN AND THE START OF D
¢ THE NEXT SCAN OF THE SAME ANSBLE FUNCTION,
€ TTHO(THETA~0)-SCAN ANGLE AT THE BEBINNING OF FTHE TO SCAN
C THS{THETA-S)}=-SCAN ANGLE AT THE END GF THE TO SCAN )
C TS(SCAN TIML)-LENGTH IN SECONOS OF THE 70 sCaAN
€ TR(REFERENCE TIME)=-TIME IM SECONDS BETWEEN ZERO~DEGREE CROSSINGS
C OF THE SCAN ANGLE
C BEAMWTH=BEAMWIDTH OF THE SCANNING ANTENNA PATTERN
c —

READ 1p0sFCeTULC: 10+ THS TS TRyBEAMWTH
100 FORMAT(7E10.2)




C
C

INITIALIZE PLTSCAN AND GAUSS

c

PLTSCAN= ¢F s

Z2Z2=GAUSS(SGERT(2.))

INFUT RECEIVER CONSTANTS

"€ TALPHASPEAK DIRECT SIGNAL STRENGTH

BIF=IF BANDWIDTH

ALPHAM=AMPLITUDE OF SCATTERED MULTIPATH

O O O O O O DY

SNR=SIGNAL 70 NOISE RATIO IN OB

RERD 200+B1F vyALPHA
200 FORMAT(2F10.3)

READ 300+ALPHAM
READ 300+S8NR

500 FORMAT{F10,.,3}
SIGMA=ALPHA/SQRT(2,0)#100%*(~SNR/20.+0)

CALCULATE ALGORITHNM CONSTANTS FROM INPUT DATA

TAU=TIME. IN SECONDS BETWEEN SAMPLES
T € OMG{OMESA)=SCAN RATETDEGREES/SEC)
TF=TIME IN SECONDS FROM START OF 70 sCAN TO sTART OF FRO sCAN

nnnnnnn oa 0

JT= TOTAL NUMBER OF SAMPLES

TAU=1./BIF
OME={THS=THO} /TS

€

TF=TS5+TR"2.%TH5/0MG
T1i=SCAN INTERVAL FROM START OF TO ScaN TO gNp OF FRO ScAN

c

Ti=TS+TF

JT=L4+IFIX(TI*BIF+0,5)
WCC=2+%PI%FC/C

INPUT TRACKING RCVR CONSTANTSI

RA= ARRAY OoF CONSTANTS PECULIAR TQ A SPECIFIC TRACKING ALGORITHM (COMPUTED

EXTERNALLY)Y, RA MUST BE COMPLETELY FILLED. 1IF 5 PARAMETERS ARE WNUT
REGUIREDy LEFT-OVER POSITIONS ARE SET TO ZERO.

THES=ESTIMATE OF THE A/C ANGULAR POSITION CALCULATED ON THE PREVIOUS SCAN

OOOOO RO O[O0 O

READ 330+ THES
330 FORMAT(2E20.1)

TREAD 3G0V(RATTII¢I=145)
340 FORMAT(5E1541)

DO 350 I=1+5
RALIII=RA(I)

g

T T

I Ty S I



350 CONTINUE

-t
=
T
o

NUMBER OF sCANS_ AND REFLECTORS

|
|

IMAX=NUMBER _OF REFLECTORS

olonnooop

READ 4004 IMAXsKMAX

400 FORMAT(2I10) .
WRITE(20) KMAX1IMAX+AL PHA+ALPHAM«SNR1SIGMA T T

INPUT AIRCRAFT INITIAL, CONDITIONS

RTK=RANGE IN NAUTICAL MILES
V=AIRSPEED IN KNOTS

THETA=A/C AZIMUTH ANGLE
DTH=TIME CHANGE IN THETA

PHIzA/C ELEVATION ANGLE
UPH=TIME CHANGE IN PHI

GO OO0l n

READ 500+RTK1VeTHETA+DTHPHI+DPH

500 FORMAT(6EL0.1}
WRITE(20) RTK+V+THETA+DTH+PHI+DPH

PRINT 15021+ (HRCVR{I)eI=113) s (NRCVR2{I}+1=113)
1501 FORMAT(1H1+10X+3A10+5Xs3A10)

PRINT 1502+SMR+THETATHES
1502 FORMAT(1IHO 10X v*#SNR=%,F7.2,5X*THETA=*:F8,3,5X,*ORIGINAL ESTIMATE=

IMFMS)
PRINT 1503¢KMAXIMAX

1503 FORMAT (1HO0v10Xv*NO, SCANS=*s12+5X1*¥N0, AEFLECTORS=#+12)
PRINT 15044I0PT+CHAN,ERSPEC

1508 FORMATIINO /73 Lak 1 #FIOPT=#, 215X +A10s#CHANNEL %4 TXs FERSPECEF4E1153)
PRINT 1505« (NAME(I) +I=1¢3)«JBeDAY

1505 FORMAT(1HD*10X1%#RUN BY #*+3A10¢SXs%S0PNAYE:; *¢AL10+OX+*¥DATE! *4A10)
PRINT 1506+ALPHAVALPHAMBIF

1506 FORMAT(1HO+20Xv*ALPHAR #®1FBe210Ry *ALPHANE #¢F6.240K1¥IF. BANPTIDT
1H= *4F7400v% HZ¥)

—_—

PRINT 1507
1507 FORMAT (1HO0//+120X+*kMES FUNCTION PROPERTIESS*®)

PRINT 1508+FC+TUOYTHO+THS TR+ TS«BEAMWTH

"1508 FORMAT(1HO+ 10X #¥FCu% (E1L 343X % TUD=®,F6,3,3R#THOZ%(FE,1 IR ¢#THS=x%

T1FBelt 3R 1 ¥ TRE¥IELL B9 OK1 FISEF1ELL ¢D1ORV4BEAMHIDTHE#¢F5,42)
PRINT 1509

1509 FOHRMAT (1HG+/ /20X *TRACKING RECEIVER CONSTANTS:#}
PRINT 1510+ (RA(I)ei=1¢5)

1510 FORMAT{1HO+10Xv#¥RAS (#¢5(2XeE1143) 1 k) %y)
PRINT 1511

1511 FORMAT{1HOr77180XK+%xA/C INLTIAL CONDTTIONS#)
PRENT 1512+RTK+Vs THETA+DTH+PHI +OPH

1515 FORGAT(INOYIGXvFRE#1F 6+ 215X FVEEF7, 375K *THE TAZHvE 71 Bv SR vEDT HERTE
16:215X s 2¥PHI=Z% 1 F6.2¢B5X 1 #DPH=%:FG42)

RTK=RTK=MPNM
V=V*xMPHM/SPH

et S | | 1A
(ﬁ§§§ﬁ§ksjzg§ ) - A-4 Bl
o8 2%




T UPRASED=WCCHV#TAU

IF{IMAX.EQ.0) GO 7O 1030

DO 1008 I=1¢IMAX

READ BOOYRRTK(ID+VR{(TI)«THETAR(CI) DTHR(I)yPHIR(I) +OPHR(I) ALPHAR{Y)

800

1W0IF0 ()
FORMAT(BEL0,1)

PRINT 15131

1513 FORMAT(LHO// 120X+ xINITIAL CONDITIONS FOR REFLECTOR%:12)

PRINT 1512+RRTK(LYeVR(I) 2 THETAR(I)+OTHR (1)
PRINT 18144 ALPHAR(I) DIFOLI)

(PHIR(IJyDPHR(I]

1514 FOHMAT(IHO inX v *ALPHAZ*F7,2720X+#PHASE DIF. FROM DIRECT SIGNALIRA

10.) =%4E15.8)

IF(1.LEV3) WRITE(20) RRTK(I)sVR{I)+THETAR(I) +DTHR(T) +PHIR (1) DPHRY

A1)+ ALPHAR(T)

1000

1030

RRTK{X)=RRTK LI 1 ¥MPNM
VREI)=VRET)*MPNM/SPH

CONTINUE
IF(IMAX,GE,.3) GO TO 1058

1Jd=3-1IMAX
DO 1040 I=1.414

1040

WRITE(20) CeCoaCtCeCaCeC
CONT INUE

InN

PUT SHORT~TERM PLOTTING CONSTANTSS

IF

ARRAR Pl CONTAINS CONSTANTS FOR ACCESS BY SUBROUTINE SHORT: WHICH DETERMINES
WHAT SCaN WILL HAME A DETAILED SHORT~-TERM PLOT OF RECEIVER PERFORMANCE.

ARRAY PL Is NOT NEEDED. IT MUST BE FILLED WITH ZEROsS,

OO OO0 Gy OO0 N0

1050

READ 340+ (PL(]I)+I52w5)

1515

PRINT 1515+ (PL{I141=2,+5)
FORMAT{1HO+ 10X +#PL: (*¢5(2XsE1648) sk} %1}

INC=KMAX7g
INC2=1

ERMS=0,0

o o oo ok R o e o A ok K ok R R R R AR R Rk o

s

*|* K HE W

*
*
UPDATE GEOMETRY TO KTH SCAN *
#®
*
¥

S ok KO o o ok o oK o K o R O S TR o A S o R o o R

ol o oocalo oo nle

DO 1525 J=1+JT




1525

TMIJ =(J-1)%TAU
CONT INUE

WRITE{20) TM

D0 50000_K=14KMAX
Tu={K=1)*TUD
JIDR=ERTRAC —-

T1K=TK+TOD
R=RTK+VxTNH

1517

PHASED=2.0%P I+ {RANF(D40}~45)
__PRINT 1517+KsR+THETA+PHI

FORVAT(lHDt///HSXt*SCAN*oI3olDX1*R(METERS)“*eE16 845Xy *THETA{DEG)
1=x9E3164815Xv#PHI(DEG) =%:£1648)

IF{IMAX.EQ,.D) GO TO 2050
00 2000 I=1+IMAX

ZETA= CGS(PHI)*CUS(PHIRlI))*COS(THETA—THETAR(I))+SIN(PHI)*SIN(PHIR(
LI}

RAR=SART(RTK#%2-2 *Z2ETAVRTKFRRTK( L)+ (RRTK(LI 1 %#2)
VARS{RTK*(V~ZETA*VR{I)I+RRTK{I)*(YR{I)-ZETA*V) }/RAR

Toa(l)_(nﬂTK(13+RAR1/c
SRRTK{L)+VRII)I*TDR(I)

RAR=RRR+V&R*TDR(i)
RT=RR+RAR

DPHASER(I =WCC*(VR{IV1+VARI*TAU
IF (K NE,1) GO TO 1900

DIF=DIFQ(I)
RO=R

RTC(I)=RT
GO TO 1950

1900

00 1800 JK=1 ' 10

IF(ABS(DIF).LT«2.0%P1) GO TO 1950
TF(DIF.GTa0s0) DIF=DIF~2,0%P1

1800

IF{DIF,L.740,0) DIFZDIF+240%P1
CONTINUE

1950

PHASER(I)=PHASEO+DLF
DIFD=DIF*3160,0/P1

1518

PRINT 1518+I«RR«THETAR(I)+PHIR({I)
FORMAT(1HO+ 10X 9 %PRFFLECTOR% 41345 X1 #R2%1E£16, 815X+ #THETAZ#+E16.8¢5Xa %

1PHI=*+E16,8)
PRINT 1519.DIFD

1519

FORMAT (IHO+10X+*RF PHASE OIFFERENCE FROY DIRECT SIGNAL=#,Ei6.04#DE
1GREES*)

2000 CONTINUE

GET SAMPLE NUMBERS CORRESPONDING TO DIRECT PATH CEMTROIDS

e aXkelp

2050 JPL=1+IFIX{(THETA~THO)}/(TAU*OMG} +0.45)

JP2=1+IFIX({ (THE=THETA)/OMGFTFI/TAUT0 .5

N e T e I T I L L T T LI I
*

COMPUTE BASEBAND SIGMAL FOR THE KTH SCAN AND STORE SAMPLES

zZalizlalla N inEely

* ¥ (H %
¥ #|% ¥|®

BT (VT

R S




c
c

EERFRAF AR RIOR KRR R A KRR TR Rk Ry R ARk Rk kEpkhk dok okt g ko Rk ko

c

DO 10000 J=1eJdT

TSI=(J=1)4TAU
LJ=TAg+TSI - _ - — .
TA(J)=THA(TSY)
PD=P{TA{J)I=THETA)}

~ YDC=PD*C0S(PHASED)
YDS=pU+SIN(PHASED)

T PHASED=PHASED+DPHASED

YME=YSC

YMS=YSS
IF(IMAX.£R.0) GO TO 3100

D0 3000 LI=111IMAX
PR=ALPHAR(I)*P (THA{TSI+TDD=-TOR(I}))-THETAR{I))

YRCEPR4COBIPHASER(I))
YRS=PR+SIN(PHASER(1))

YMC=YMC+YRC
YMS=YMS+YRS .

PHASER (I Y=PHASER{ I T4+DPHASER(I)
3000 CONTINUE

3100 NC=SIGMA*GAUSS(0.0)
NS=SIGMA*GAUSS(0.0)

MC=YDC+YMC+NC
MS=YNS 4+ YMS+NS

e DMLSI SSQRTAYDOR*2H YOS k2 ) e

RM{J)I=SQRT(YMC %2+ Y MS*%%2)
CSGESART ((YDC+YMC) # %24+ (YDS+TMS ) *%x2)

TF(JsEQ.JP1) CS1=C56
IF(J.EQ,JP2)CSR=CSG

10000 CONTINUE

C

C

C

C sk bbb ok K ko b sk ok kok kol ok ek R R R e ek R e gk ook ek ok ok Rk kg ok
C ¥
C * ™
c # _ CALCULATE THE RESPONSE ON THE SCAN INTERVAL OF THE %
[ % CANDIDATE RECEIVER ALGORITHM %
C * *
Cc * *
C dkkokdokdodokob R kot pokokoob sk ookl kb bk ko R ok ek ok bk ok sk Rk g g
<

c

C

15000 THES1=THLS

CALL RCVYR{M JT.EBT)

[gKalig]

c

T € STORE VALUES FOR LONG=TERM PLOT o o ””"""'__"”"“”;

ANTATATAT T A AT PCS

c

L TATE LW F UYL F &N W R 2 S W P 12 s ¥

TMK (K =TK OF POOR QUALITY]




CS(K)=AMIN1(CS1+CS2)
ERR=THETA-EST(JT}

THER{KJ=ERR
o ERMSSERMS+(THER{K) ) %2 . L
PRINT 1528+EST(JT) +THETA THER (K Y T
152[: FORMAT(1HD+ /o 11X %FINAL ESTIMATE=#+E16+ B|5Xt*THETn-—#|E16.B|5X|*ERR

10R=*4E16.8)

DECIDE 1IF SHORT-TERM PLOT IS DESIRED
IF PLTSCAN IF TRUEsS.T. PLOT HAS ALREADY BEEN MADE

s Xelis Rl Ral o)

IF(PLTSCAN)40000+25000
25000 CSK=CS(K}

CALL SHONT({CSK+K+PLTSCAN}

c

€ 1f SHORT RETURNS PLTSCAN=TRUE, A SHORT=TERM PLOT fS TO BE MADE FOR THIS SCAN

IF{PLTSCAN) 2000:40000

STORE ON FILE THE ARRAYS NEEDED FOR THE SHORT-TERM PLOT

lalisBeliel

26000 FLAG:ITI

PRINT 26050
26050 FORMAT(1HO+/+%A SHORT~TERM PERFORMANCE PLOT WIL|, BE MADE FOR THIS

15CAN®)
EST{JT+1)=THETA

DO 27000 I=145
RA2(I)=RA(I)

RALII=RAL(TI)
27000 CONTINUE

THES2=THES
THES=THES)

CALL RCVR{DM+JTsEST)
DO 28000 I=1+5

RA(I)=RA2(I)
28000 CONTINUE

THES=THES2
PRINT 2B8100+£SI(JT)

28100 FORMAT(LIHO+10XvxkESTIMATE FOR DIRECT SIGNAL= #%+E16.48)
WRITE(20) FLAG

WRIYE(20) EST
dRITE(20) ™

WRITE(20?) RM
wRITE(20) EST

WRITEA200 TA
XPLTE(20) ON

' G2 TO 43000
40000 FLAGSF.,

WRAITE(20) -FLAG

RECEIVED SIGNAL IS DESIRED

CHECK Yo SEE IF THIS IS ONE OF THE 6 SCANS FgR WHICH A SHORT=TERM PLOT OF THE -




c
C

43000 IF (KeNE.1WC2) GO TO 45000
IF{K. 6T, 3+54INC) 6O TO 45000

€ STORE ON FILE THE SAMPLES OF THE RECEIVED SIGNAL (UNLCESS THIS IS THE SAME

C__SCAN FOR_WHICH THE DETAILED SHORT-TERM PLOT IS TO BE MADE).

1F{e0Ts FLAG) WRITE(R20) ™
INC2=THC2+INC

c

€

c

C UPDATE A/C AND REFLECTOR COORDINATES FOR THE NEXT SCAN
C

C

4

5000 RTK=RTK+V&TUD
PRINT 1521+FLAG

1521 FORMAT (LHO 10X e *FLAGE*yL2)
THETASTHETA+DTH%TUD B

PHIZPHI+DPH*TUD
IF(IMAX.EQ.0) GO TO 50000

DO 41000 I=1~IMAX
RITK(II=RATKIIHVRLTI)*TUD

THETAR (I I =THETART I} +0OTHR (I *TUD
PHIR{I)=PHIR(I)+DPHR (1) *TUD

41000 CONTIMDE
50000 CINTINUE

ERMS=SGHRT (ERNS/KMAYX)

c
t
c

TC STORE ON FILE THE ARRAYS NEEUED FOR THE LONG-TERM PLOT

WRITE(20)ERMS +TMKeCS THER

PRINT 1527

1527 FORMAT (1H1+9X*SCAN K%y 312X e kTHK(K) (MILLSEC)*+13Xv*¥CS(KI% 117X+ *THE

IR(KY (DEG) %4 /)
DO _BOOCO K=1.,KMAX

PRINT 1523+KsTMK{K)sCS(K} s THER(K)
1528 FORMAT(11Xs1343{10X+E16.,8))

60000 CONTINUE -
PRINT 1529.ERMS

1539 FORMATI{LHO /7 +11%X+*RMS ERRORT ¥+C1G.B8)
$TOP

END




EUNCTIQN GAUSSEX)

c
—f
c
¢

__GAUSSIAN RANDOM MO, GENERATOR = S,H, IRWINg JR. _ 2/25/75

C GAUSS UTILIZES THE FORTRAN RANDUM NO, FUNCTION RANF({ ! TO GENERATE RANUOM

C NUMBERS WITH STANDARU GAUSSIAN UISTRIBUTION{ZERD MEANs UNITY VARIANCE) .

C

€ THE 18T CALL_TO GAUSS IN THE MAIN PROGRAM SHOULD BE WITH X Ag AN IRRATIONAL

C NUMBER(EG,.+X=SART(2.)) TO INITIALIZE RANF,

ALL OTHER CALLS 1O GAUSg ARE MADE

C WITH X=0, e —
c

LOGICAL HAS

IF{X,EQ.0.) GO TO 1000

_ASRANF 1X)

HAS=,FALSE,
1006 _IF{HAS) 200043000

2000 GAUSS=SAVED
HAS=.FALSE.

RETURN

3000 A=SGRT(-2,0#ALOG(RANF(0+})}

P=3,141992705
T=2%P+RANF(0.)

SAVED=A%STIN{ i«
GAUSS=A%COS(T)

HAS=,TRUE,
RETURN

END

_ORIGINATL, PAGE IS

OF POOR QUALITY
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FURNCTION THALT)

¢
L THETA=A__ SeHs IRWINy JRe /25,75 e ~
o
_C__THA IS THE MLS SCAN ANQLE(XMITTLR ANTENNA 3QRESIGHT ORIENTATION) IN
C ODEGRECSs WHERES - T
C.
C TS (SCAN TIME) =TIME IN SECORNDS FRGM BEGINNING OF 10 SCAN UNTIL ENU OF
__C  __TO sCcap_
c TR (KEFERENCE TIME) =TIME IN SECONDS FROM WHEN THAZD IN 710 SCAN UNTYL WHEL
c THAz=p0 pURING FRO SCAN,
c TF =TIME IN sECONODS FROM BEGINNING OF T0 gCAN UNTIL BEGINNING OF FHU gCAN
c THg (THETA=g) =VALUE OF THA AT BEGINNING OF TO SCAN
c THg (THETA=S) =VAILUE OF THA AT BEGINNING OF FRO SCAN
c OMG =OMEGAy THE SCAN RATE IN DEGREES/SECOND.
c
c . :
COMMON TR«TS¢TFeTHD 1 THS+OMG+ TAU T
' T3=T8+TF
IF{T.GE.0,0) GO TO 50
THA=THO
RETURN
50 IF(T.6T,T78) GO TO 100
THA=THp+O0MG*T
__RETURN
100 IF(T.GE.TF) 60 TO 260
THA=THS
RETURN g -
200 IF(T.6T.T1) Go TO 250
THASTHS=OMGX(T~TF) -
RETURN
250 THA=THO
RETURN
END

A1




FUNCTTION P(THETA)

ANTENNA_SELECTIVITY FUNCTION _  7/25/75 _  S.H. IRWIN.UR,

P{THETA) IS THE_ ANTENNA SELECTIVITY AS A FUNCTION OF THETA. THE DIFFERENCE.

BETWEEN SCAN ANGLE AND AIRCRAFT ANGULAR POSITION (A/C DEVIATION IN DLGREES
FROM SCANNING ANTENNA BORESIGHTI,

¢ IF THE ABSOLUTE VALUE OF (1~A%#3) 1§ LESS THAN MIN, PTA} Is sET TO P(1.01=PI/y

(BY | HOSPITALS RULE}.

anoapm|oamojoe

COMMON/SEL /BEAMWTH

MiN=1,0E~10
P1=3,1415926536

A=2,4*THETA/DEAMWTH
B=ls0=A%%2

B1=ABS(B)
IF{B1.GT-»MIN) GO TO 1000

P=Pl/4%.0
RETURN

1000 P=COS(PI*A/2.0)/8
RETURN

END

A-12




SUBROUTINE SHORT(S:1K«PS)
LOGICAL PS
___DIMENSION PL{5) — e

COMMON/PLT/KMAXYERR+PL

e _PS=.F.
TF{K.EQ, 17} PS=,T.
RETURN
EnDg

B

R
PRI eACE ‘
O g, QOB
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SUBROUTINE RCYRIM)JT,EST)

A A —— e -

c
L _SNUARE-GATE TRACKING RECEIVER ALGORITHM =~~~ S.He IRWIN,JH, g/l0/75
c .
€ — e ———— e - S e em e
REAL M

DIMENSION MIJT)«EST(JTIsRA(S)

COMHON TRyTSaTFs THOY THS Y OMGs TAU
COMMON/TRACK/THES ¢ RA

Pi=3.1415926536
GERALL)

DEL=D.0
ALEST=0,0

THES1=THES
JPEIFIX( LTHES=THO )/ (OMG*TAU) +145) , L

THES=OMG*TAUXFLOAT (JP~1)+THO
Gl=G

101

PRINT 101
FORMAT(1H0 /¢« 11X+ *RECEIVER CALCU|L ATIONSS*)

102

FORFMAT(1H0113Xs*STARTING ESTIMATE=*+E16,8)
PRINT 102THES

PRINT 10346
FORMAT(1H 113X+*%GATE HEIGHTSX4E16,8)

1lg4

PRINT 104
FORMAT(1HO+13X+#FOR 7O AND FRO SCANS.+ RESPECTIVELYI%v/)

00 5000 I=1+2
Ji=JP-110

J1=JdP+10
AN=J0+1

DO 2000 J=MN4.J)
DEL=DEL +0, 5% TAUXG1* (M{J~1)+M(J))

EST{JI=THES+DEL
IF(J.NESJPY GO TO 2000

Gl=-G1
ALEST=ALEST+M{JP)

2000

CONTINUE
PRINT 105:J0+.JP1J14DEL

105

FORMAT (15X ¥ 0=k IS¢ BX ¢ ¥ IPSH 9 I8¢ 8K+ *¥J1=% 4154 5X ¢ #DEL =%, FL6 8]
IF(I.EQ.2) GD TO 3000

p0 2100 J=1+dp
EST(JI=THES1

2100

CONTINUE
MIN=J1l+1

3000

JK=J1
JPEIFIX({TF+(THS~ THES)/OMG)/TAU+1.5)

5000

Gi=-G
CONTINUE

THES=EST (J1)
DEM=CO0S().2*%PI*DEL)

IF(ABS(DEN)«LTel.0E«g}) GO TO 5100
ALEST=ALEST* {140~ (2. 4%DEL)*42)/(2,.,0%DEN)

5100

TA{1)=~0MG/ (4. 0¥ALEST)
Do 5500 J=MIN.JO

5500

ESTI{JI=EST (JK)
CONTINUE

Mi=J1+1
DO 6000 JsMN«JT
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ESTLJIZESTI41) - B

6000 CONTIWUE

RETURN
END

— ~ORICTAT. PAGE IS

LW SWRW pw b~ & i ey N
OF POOR QUALITH .
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C
C
—C.
c
t
L

c
c

-—t
c

C

c
-

—c
__C.
e

€
c
¢
C

_LOPTNAME (WRCVR s CHANERSPEC ¢ JB s DAY/

. _PROGRAM M SPLOT{INPUT,QUTPUT+TAPI 124 TAPC13,TAPELS)

TAPE12=PLOT FILE  TAPEL3=PERMAMENT FILE
THIS PROGKAK PLOTS THE RESULTS OF THE PROGRAM. MLSRCVR_WHTCH AR o
STOREY FOR A SHORT TIME ON PERMANENT FILE. ALL INFORMATION NEEDED BY

_IHI5_PROCHAR Tg 7O BE READ_FROM THE FILE IN UNFORMATTED FORMe THE

ORDCR 15 Ay FOLLOWSe A sLAsH DENOTING END-DF-RECORD!

KMAX T IMAX ¢ ALPHA » ALPHAM 1 SNR1SIGMATL 4 UT/
RTKsMaTHET A+ OTH s PHIYDPH/Z
RRTK(11aVR (1)} s THETZR (1} vDTHR (1) vPHIR (1) +OPHR (1) «ALPHAR(1)/
RETKI2) o V1 (2Y ¢ THET $R{2} ,DTHR(2) +PHIR(2) (DPHR(2) 4 ALPHAR(2) /

RRTK{3) VN (3) s THETAR(3) \DTHR(3) yPHIR{3):0PHR{3) ,ALPHAR(3)/
TM/ _{SCAN TIME ARRAY).

DATA FOR DETAILED AND SFUECTED SHORT-TERM PLOTS/ (LACH SCAN 15
__RFPRESCNTtN RY A _FLAG, IF FLAG= JTRUE.s A DETAILED SHORT TERN _PLOT

15 TO bE MADE. PLOTS OF THE COMPOSITE SIGNAL WILL BE MADE FOR Si¥%
UNIFORMLY SPACED. SCANSGy BEGINNING WITH THE FIRST.)

ESTERRATHKCS+ THER/

_LOGICAL FLAG

REAL NOISE «M1l.M2
DIMENSICN CS(30)«THER{Z0+TMK(30) +NOISE(3p} «TM(2000) ¥ (2000)

DIMEMSTIOGN ERSPCA{4) +Ar30S(5) vSRIPOS(5) vSR2POS(5) +SRAPOS(5)
DIMCNSION ACRATE(S) «SRIRAT(4)}+SR2RAT (U4} 4SRIRAT(4)DPAMPAL2)

TTDIMENSION RIAMFAT2) +R2ZAMPA (2T yRIAMPATZT s SMmAT2 Y «SNROBAR{2Y VKTRAT2)
_DIMENSION ESTCRA(YH) +NRCVR(3) sKMAXA(3) +STLBL(Z) 1 TRANGL (3) «NAMEL3S)

1} +ARCVRZ(3)

TDIMENSTION RRTK{E) VR (3} THETAR(3) +DTHR(3)+PHIR (3} +DPHR (3) +ALPHAR {3

CALL CalLCoOMP(12)

nrwn

READ_INITTALIZATION DATA FROM FILE

READ(13) TOPTeNAMEWNRCVRYNRCVRZW«CHANSERSPEC«JB DAY

READ(13) KMAX+IMAX+ALPHA«ALPHAM+SHR1SIGMA, TL ¢ JT
READ(13) RTK+VeTHETAWDTHePHI «DPH

DG IR 15143
CREAD{13} RETK(IIWWR{I),THETAR(I), DTHR(I);PHIR(II.DPHR(II ALPHAR(T)

" 718 CONTINUL

C
c
c

€ ENCODE PLNOT LABELS

c

ENCODE {27 15+ KMAXA ) KMAX ORIo A4

ENCODE(16,10.DPAMPA)ALPHA HNAL PR

CEWCODE {1610y RIAMPAYALPHAR(L) or POOR nrngli'rs
e,

ENCODE(18+10«F2AMPAYALPHAR(2)
ENCODL (30 +20K3AMPA)ALPHARL(S)

ENCODE {10 :10+SMA)ALPHAN
ENCODE (45,15 ACPOS)RTK«THETAPHI

ENCODE{#2.20+« ACRATE IV DTH+DEH
CENGODE(41,25+8SR1IPOSIRRTKAL) « THETAR (L) +PHIR(I)

ENCODE (37430 SRIRATIVR (11 +DTHR(1)40DPHR{L)
CENCODE(451425«SK2PUSIRRTHI2) s THLTAR(2)PHIR{2]
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T ENCODE t37+30+SR2RATIVR(2) +DTHR{2) yDPHR(2)
 FNCCGDE(41425+SK3POS)RRTK(31 s THETAR(5) +PHIR(S)

ENCODE (37,30, SR3RATIVR(3) +DTHR(3) ¢ DPHR{3)
_SN2=SIGMAXS@RT(2,0) _

ENCODE (61351 SNA)SN2
. ENCODE(16+40SHRDBA)SNR

ENCODE (40+50+ERSPCA)ERSPEC
5 FORMAT(*L ONG~TERM PLOT FOR *+12.% SCANSx)

10 FORMAT (%AMPLITUDE o *,F6.2)
R 20 FORMAT(xINITIAL A/C RATE = *sF7e20%s *¢F6,2e%¢ *1F6,2}
25 FORMAT(*INITIAL POSITION = #«Fge2r%y #1Fg.2x%1_#1F5,2)

__15_FORMAT (*INITIAL: A/C_POSITION = *4Fge2e%s #sFBa2e%s *yFGa2) __

30 FORMAT(*INITIAL RATE = #,F642,%y %,Fbe2,%, *(F6,2)
35 FORMAT(F642) -

40 FORMAT(*(SNR = *1FBe2v% DB)*)
.50 FORMAT {xRMS ERROR SPECIFICATION = x+F6e3sx DEGREESk)

b oo o

READ sCAN TINME AxIs AND SCALE FOR PLOTTING

READI(13) TM
CALL SCALE(TM,25.044T41)

VMIN=TH(NT4+1)%1000
o DELTASTM(JT+2)%*1000

c
[ . -
C INITIALIZE FOR SELECTED SHORT-TERM PLOTS

T INC=KMAX/6 T
KPLT=1

D0 6000 K=1eKMAX
READ{13) FLAG

IF(NOT.FLAG}) GO T0O 2000
KTRUE=K

TTTIFIKWNE JKPLTYI TGO TO 4050
KPLT=KPLT+INC

74050 IF(IOPT.NE,2) GO TO 5000
DD 4500 KS=z1.6

READ(13) Y
4500 CONTINUE

T 7T s0 1O 0G0 T
2000 JF{K,EQ.KPLT) 6O TO 3000

60 10 6000
3000 IF(K.GT.S5+INC+1) GO _TO 6000

KPLT=KPLT+INC
READ(13)_Y

GO T0 s000

l)

1
1
l

FREEEEERETRE » KE KRR R KRR RER R KRR R ER R R

* *
* *x
* GENERATE DETAILED SHORT=-TERM PLOT *
; ENERATL URTAZLLL i -
* *
* %

P R,

O OO0 00 G0
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C
- C DRAW EDGES AND FOLDING_ MARKS

c
—_50C0.48BL=x . . __

GG TC 62000
— £2100 CONTINVE  __ . .. .

READ(13) Y
THETAI=Y(JT+1}

CALL SCALE(Y+2,0+JTe1)
L ESTI=Y(JT+1)

EST2=Y (JT+2)
——..READ(I3) ¥ .

CALL SCALE(Yv2.00dT1)
——— S2XEY(JT -2}

READ{213) ¢
_CALL SCALE(Y+240yJT 1),

S22=Y(JT+2)
__READ{13) Y _

TALL SCALE(Y+2.04JdTe1)
ESIl=Y(JT+1)

ESI2=Y(JT+2)
READ(13)Y

READ(13)Y
CALL SCALE(Y92.04J7+1)

S23=Y(JT+2)
M1=0.0

M2=AMAX1(S211S2215253)%2,0
_BACKSPACE 13

‘BACKSPACE 13
BACKSPACE 13

“TLACKSPACE 13
BACKSPACE 13

BACKSPACE 13
_READ(13) Y

"IF(ESIZ.GT.EST2) GO 70 5110
ESI1=EST1

ESI2=CLs8T2
GO _TO 5130

5110 EST1=ESI1
EST2=ESI2

EST2=ESI2
— 5130 Y(JT+1)=ESTY

Y{JT+2)=EST2

DRAW_THE_RECEIVER OQUTPUT FROM THE COMPOSTTE sIGNAL

yliviel gl

CALL_PLOT(0+010e2¢=3)

$=«EST1/EST2
IF({EST1.6T,0.,0) S=0,0

XMAX=TF1/TM{JT+2)
XM1=XMAK+0,1

XF2=XMAX+0,2
CALL PLOT(0,0¢513)

CALL PLOT(XMAX1S+2)

CALL AXIS(04020,0%1H_ +1+v2,0190,0+ESTIVEST2)

S1=(Y(1)-EST1}/EST2+0,1
_CALL SYMBOL{CG.1+S100.%4s34H(

DEG+)40s0+14)
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IF(Y{1).GE.1.0} G0 TO S134
CALL SYMBOL (0 ,5+S1e0,14y1H0+0,047)

5134 CALL NUMBER(0.2+S1v0o24¢Y(1)1040s4HFT7.2) o

—.L EST_ .. . _ e e e

CALL LINE(TMeYsJT13140+0)
S1s(Y(JTI-ESTII/EST2  _. e e e+ e e e

CALL SYMBOL(XMLvS1e0.18¢14H( DEGs)sBe0v1Yy)
IF(Y(JT)Ye0EL1,0)} GO _TO_5135

XM3=XM2+0,3

cAaLL SYMBGL(XMJ!SlvD 14¢1H0¢0,0¢1)

5135 CALL NUMBER(X#M2+S1+0, 144 Y (JT)s0, 0v4HFT . 2) T

_CALL SYMBOL(=2.541. 56 1014 9HCANDIDATE vy 3v9) e
TCALL SYMBOL(=2+541+28,0.1%,11HKCVR QUTPUT,0.0+¢11) '
CALL SYMBOL(=2+511. 00»0.1419H(DEGREES}v0.0'9}

CALL SYMHOL (=2+5+0,5840,14%+16HCOMPOSITE STGNALY0.01161
___CALL SYMBOL(~2+590+5010+14¢+10HPLUS NOISEvQ.0+20)

LT

C
R S, e —_——
C  ORAW THE COMPOSITE SIGNAL AMPLITUDE VS TIME PLOT
c
READ{(13}) ¥
. _ Y(JT+1)=M1
TY(JT+2)=M2
CALL PLDT{0o0|2 St=3)
CALL PLOT(XM&X 0eD492)
CA?:_L AXIS (040,040, :_L_H '1!1_0_0__!90.0!Y(-JT+1)|Y(JT+21)
C M
- _CALL LINE(TM«YsdJTe1egeD) "
CALL SYMBOL(~2.85¢ 047+ 014y 12HAMPLITUDE GF v 0o 22)
o CALL SYMBOL(~2+5,0¢42,0,14416HCOMPOSITE SIGNAL+0,0416)
CALL SYMBOL(-Z Se0ellielale10HPLUS NOISEvn.0vi0?
c
c . ,
__.C_DRAW_THE MULTIPATH AMP{ITUDE VS TIME PLOT
C
L READ(13) Y
Y1IT+1 =M1
Y(JT+2)=M2
CALL PLOT(O+0v1e¢54=3)
e CALL PLOT(XMAX10.012)
CALL AXISTO.0¢De0v1H e¢1vds 0190a0 Y(JTHL) o Y{JTH2) )
C__RM
CALL LINE(TMyY ) JTe1v0¢0)
CALL SYMBOL(=2+510s7+0+14s12HANPLITUDE OF 10,0012}
CALL SYMBOL(-2-5 Del2¢0 10 IHMULTIPATH10404+9)
CALL SYMBOL(~2¢510¢14+¢0¢14+12HINTERFERENCE«D,0112)
C
C — — — e — B -
C DRAW THE RECEIVER QUTPUT VS TIME PLOT (ONLY DIRECT SIGNAL PRESENT!
c .

CALL PLOTIO 043 . B raF) oo

_____READ(13} Y

Y TR =ERT
Y(JT+2)=ES12

S=~ESI1/E812
1IF(ESI1,67.0,0) S=0,0

CALL PLOT(0.0+S13)
CALL PLOT(XMAX+S:2)
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———5138 CALL NUMBER({G,2+81+0,14%:¢Y(1)
t Es8I

LJIF(Y(1)sBE.140) GO _Tp 5138

1112.0190.0+ES8I1¢ESI2)
S1={Y{1}-~ESI1}/ESI2+041 __

CALL AXIS(D.0+0,0411H

CALL SYMBOL(OC.1¢S140,144314H{ DEGa}s0eDelti}

CALL SYMBOL(D.5+S1e0.14+1H010,041)
CeQegHFET2)

CALL LINE(TMyYJTe3de0903_

81={Y{JT)=ESI1I/ESI2

GALL SYMBOL(XM1eSYe0,14 ¢ 14H( DEGe) s 000114}

IF(Y(JT)«GE.1.0}G0 TO 35136
KM3=XM240.3

CALL SYMBOL (XM34S1+0edb4s1HOv(40¢1}

— 5136 CALL NUFMBER(XM2+514014,Y{JT)10s0s4HF7,.2)

— CALL.

CALL
CALL

SYMBOL (=205115610¢1%¢9HCANDIDATE 0009}
,SYﬁBQL(-a.sgltzatg.lu.llchvn“oureuT.e,glll)

CALL SYMBOL{(=245+11+40030.14+SH{DEGREES)v0:013)
SYMBOL(~2+5+0¢5840414411H0IRECT PATH,B,040111)

CALL

SYMBOL(~2+510¢3040, 14+ L4HCOMPONENT ONLY+0eDs14)

DRAW THE SCAN ANGLE AND DIRECT SIGNAL AMPLITUDE VS TIME

[nlizknl 2

PLOTS

CALL PLOT(0,012¢5¢=3)

READ{13) Y
CALL SCALE(Y«2.0sJdTe1)

C

TA

S"-Y(JT+1)/Y(JT+2I
CALL PLOT{0,0+8:3)

cﬁti‘?tdfiiﬂﬂxfé?z)
L CALL AXIS(0+0+¢0.0¢1H

111240190, 04 Y(JTH1)aY(JTH2))

CALL DASHLN(TMtY+¢JdTe1+¢040)

CALL SYMBOL(~2¢5+1,370,18+10HS.AN ANGLE+0,0¢10)
CALL SYMBOL(~2+511402+0+14+9H(DEGREES) 10, ueQ)

CALL SYMBGL(<2+5¢0.640, 14.5H|DASHEDJ-D 048]
CALL PLOT(QeD:Ss=3)

READ(13) Y
Y{JT+1)=M1

oM

Y{JT+2)=M2

CALL LINE(TM.YsuTeLle010)

CALL

AXIS(XMAX10.0¢2H +%19140190,0¢Y(JT+1) Y (JT42))

CALL
caLlL

SYMBOL{25+¢254.6510.14+12HAMPLITUDE OF+0,0412)

SYMBOL (254255, 0379014+ 11HDIRECT PATHe0,0011)

CALL
CALL

SYMBOL (25425040406 ¢0.14+9HCOMFONENT 0. 0+9)
SYMBOL(25.25¢~e25+¢14+12H(SOLID LINE}+0.0412)

Cr O O

SET ORIGIN AN INCH PAST

LAST FOLO AND AT 8pTTOM OF PAGE

ADJUST=8.9+8

CALL PLOT{26.5¢~ADJUST ¢v3)

K OO OY

LABEL TITLE BLOCK

ORIGINAL PAGE IS

ATL_TAATE ATTA T TR

ENCODE{27+5100+STLBLIK Ur

5100 FORMAT{*SHORT=-TERM PLOT FOR SCAN *,12)

F U Uiy
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TTTR200 FORMAT(*¥A/C AT *4F6,2+% DLGREES AZIMUTH®)
CALL SYMBOL(14041042240,14,STLBLD,0+27)__ _

6000 CONTINUE

T KTK= (K1) %75
ENCODE(15.515018TLBL2)KTK N

5150 FORMAT(*TK = %eI4*#MSEC.#)
ENCODE{29+5200+ TRANGL ) THETAL

G0 TO 64000
64100 CONTINUE |

cAaLl SYMBOL (751086540, 141 TRANGLuD 0!?9)
CALL SYMBOL(0,75+08,586+0,14¢«STLBL2+0,0115)

 IF(IOPT.EQ.3) GO T0_ 17000

T READ(13) ESTERRYTMKyCS:THER
IF(10PT,E£Q,2) GG TO 16000

CALL NEWBLOK
_ BACKSPACE 13

KPLT=5%INC+1

c R e ———n
C
o .
c cEkRRRRR kR Rk Rk kR RS R kR Rk Rk ek ke Rk deck ek kb kb ok Kok kb Rk
C *
C * *
C * “§§NERQJFW§EL§§TED SHOBT*TERm_ELgIS OF _THE RECEIVED SIGNAp *
C ¥ *
c * ¥
c o o o ok R oo K e g o R K o o ok sl ook R o K o K ok Aok o R e o e ok ok o K SRR o o ok ok o R R R sl ek
c
C Rl
LBL=2 . —
Ni=1
GQ_TO 62300

62200 CONTINUE
CALL PLOT(D0,0¢0.2¢=3)

00 15000 KCOM=1+KMAX
K=KMAX+2=KCOM

FLAG=,FALSE.
IF(K.EQ.KTRUE) GO TO 600D : .

IFIK.NE.KPLT) GO TO 14000
KPLT=KPLT=INC

BACKSPACE 13
12000 READ(13} Y

TF(K.EQeH*INC+.) GO TO 12500
CALL PLOT(0.,0+1675+=3)

12500 CALL PLOT(25.,0+0,042}
IF(N1.NE.1} GO _TO 12510

CALL SCALE(Y+2404JdT+1)
ANl1=0.0

AN2=Y{JT+2])
Ni=2

12510 Y{JT+1)=AM1
Y{JT+2)=AM2

CALL AXIS(0.0%0.07IH vL1e140790 0 Y {IT#1) v Y (dT+27

CALL LINE(TMeYsJTel9001)

TBACKSPACE 13

1F («NOT.FLAG) 6O _TO 34080

BACKSPACE 13
14000 BACKSPACE 13
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15000 CONTINUE

‘ﬂf?ﬂ

— LABEL _AXES .

L

D0, 65050 NK=16_.. . _ .. . _.

NSCAN=1+ (NK-1)*INC
ENCODE(T7«AS010 s NSCANA)INSCAN

65010 FORMAT{%SCAN *¢I2)
KTH=75% (NSCAN=-1)

ENCODE (12465020 KTKAIKTK
65020 FORMAT (%TK = *elhyk MS%)

CALL SYMBOL(~2+5404¢57+10,14vNSCANAYQ,017)
CALL SYMDOL{=2,540,29+0,14¢KTKA10,0+12)

IFINK.ERes) GO TO £5050
CALL _PLOT{Q4D¢~Le754=3)_

65050 CONTINUE
cakl PLOT(26.5v%D«9y=3)

CALL SYMBOL(0,0v10.2240414¢ QDHAHPLITUDE OF COMPDSITE SIGNAL PLUS

— . 10]8Es0,0+40)

GO TO 64000
64200 CONTINUE

CALL NEWBLOK
___GD_T0_ 36000

8000 iF (K.NE,KPLT) GO TC 2000
FLAG=+ TRUE,

KPLT=KPLT=INC
DO_11000 KB=145

BACKSPACE 13
13000 COMTINUE __

60 T0 12000
9000_00_10000 KB=1,6

BACKSPACE 13
10000 CONTINUE

G0 70 14000

dokkkk Rk R R Rk kR ok xRk Rk Rk Nk

*
* . %
* GENERATE LONG=-TERM PLOT *
* *
* *
% L 3

Fokkkd bk kkkokk kR e kR Rk kk

6000 LBL=3

FILL NOISE ARRAY FOR PLOT

O e OO QY OO0 OO O M0

D0 68000 KL=1+KMAX

NOISE(KLY=STGMA%SERT (2,01
68008 CONTINUE

c

c
C DRAW THE EDGES AND FOLDING MARKS
c
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" CALL PLOT(0,0+v=0.5+3)
CALL PLOT{0,0410,5¢2)

CALL"vaﬂoLca.an--u.a.51}15-n D=1}
_CALL SYMBOL{8.5+104440421413+0,04=1}

CALL SYMBOL(14+Da=elis02141540404=1}

CALL PLOT(20 S1=0,513)
CALL PLDT(20,5110.5¢2)

CALL SYMBOL(14.5+310,440:21923+0,00e=1}

c
e . R
€~ MOVE ORIGIN TO 3,4 INCH FROM BUTTOM OF PAPER
S S — .
c
CALL PLOT(010,25¢"3)
€
C LABEL _TOP_AXIS _

_CALL SYMBOL{1.5¢8+.35¢0,14+16HAV. AMPLITUDE OF+0,0t16)

CALL SYMBOL(1,5:8,07+¢0,14v16HCOMPOSITE SIgNALYO,0v16)
CALL _SYMBOL{1,517,79+0,14+17HAT_TIME OF DIRECTy0,0+17)
CALL SYMBOL (1451745100024 s 15HSIGNAL CENTROID<040115)

C
C _LABEL BOTTOM AXIS

( !; SYMBOL{1,547+23,0.2%,12H{SOLID LINE),0,0412)
~L SYMBOL(1.5+6467+0.14+15HRMS NOISE _EVEL+0.0415)
_ﬁwﬂ__LALE_SYﬂBQle 51643920, 144130 (DASHED LINE)+0.0023)

CALL SyMBOL11,5,1.82,0,14%16H{A/C ANGLE-EST.)10.0416])

_ﬂ___ﬁ,_QﬁLLm§XMBQLLl.é:%:?%ngiﬁﬁi9H1E§§BEESLLQ 0e9)

_CALL SYMBDL(l.SlZ.lu0-1u|16HESTIMATION ERROR+0.0¢1g)

c
C MOVE ORIGLln AN INCH TO RIGHT OF LETTERING AND UP

c
CALL _PLOT(44515.5v~3) i
C
_ € _SCALE THE DATA FOR THE ERROR PLOT e
c
CALL SCALE(TMK17+04KMAX 1) - aAnm IS
CS(KMAX+1)=0,0 RIG Co1
o CALL SCALE{CSt4,01KMAX+1e1) IR QUALITH .
T CS(KMAX41)=CS(KMAX+2) E-
CS (KMAX+2) =CS (KMAX+3)
NOISE (KMAX+1)=CS(KMAX+1)
NOISE(KMAX+2)=CS (KMAX+2)
c
. C_DRAW AXES _ _
T
CALL AXIS{Qe0+0,0+35HTIME(SEC) SINCE START OF FIRST SCAN1=351740¢ .
1040+ THK(KMAX+1) s THK (KMAX+2) )
CALL AXIS(0¢0:0.0v1H s1+4,0190,0sCS (KMAXH1) LS IKMAX42))
=
C_DRAW PLOT WiITH AM ASTERISK AT SELECTED POINTS —
¢

CALL LINE(TMK+CS5+KMAX11+0¢0}

IF(10PT.EQ.2) GO TO 3005
IMX=5%INC+1

D0 3001 1= 1|IWXvINC
SX= (THK (1) =THK (KMAX+1) ) / THK (KMAX £2)
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T a001

3005
L

S12(CS(I}=CSIKMAX+1))/CS(KMAX+2)
CALL, SYMBOL(SX95140,34411+0.00=1)

CONT INUE
SU=(TMHKIKTRUE ) = TMK(KMAX+1) } /TMK (KMAX+2)
S1={CS(KTRUE) =CS(KMAX+1) ) /CS(KMAX+2)

CALL DASHLN(TMK+NOISEsKMAX119000)

C MOVE ORIGIN BACK DOWN

— £
—_L

C SCALE ERROR DATA

c

CALL P PLGT(O-U.'5-50-3)

A S . ——— e — e

CALL SCALE(THER'4.09KMAX1)

C.
C COMPUTE TRUE ORIGIN

¢ N e . . R L
TOR=040 -
IF (THER{KMAX+1).6E,0) 60 TO 3111
TOR==THER (KMAX+1) /THER (KMAX+2)

3111 CONTINUE
c
C_DRAW AXES _
LS _

CALL AXIS(0D.04TOR+35HTIME(SEC) SINCE START OF FIRST SCAN1~35+

17.010,0¢THK (KMAX+1) « THK(KMAX®2))

CALL AXIS(0+0v0s0%1H +1+440¢9040. v THER (KMAX+11 s THER (KMAX 421 )

c
C DRAW PLOT WITH AN ASTERISK AT SELECTED POINTS

o

CALL LINE(TMKTHER+KMAX¢110+0)

IFLI0PT.EQ.2) GO0 TO 3006
DO 3009 I=1+IMXsINC

SXS{TMK(T ) =THK (KMAX+1) ) /TMK(KMAaX+2)
S1I={THER({I)~THER(KMAX+1) }/THER(KMAX+2)

3009

CALL SYMBOL{SX+S1lvpadyellv0eDem1)
CONTEINUE

SX=(TMK{KTRUE )= TMK {KMAX+1) ) /THK (KMAX+2)
S1= (THERIKTRUE) ~THER (KMAX+11 ) /THER (KMAX+2)

€

CALL SYMBOL(SX1S1+v0.141110.0%w1]

C MOVE ORIGIN AND CREATE TITLE BLOCK

c

3006

64300

45

CALL PLOT{94754=0,75+=~3)
CALL _SYMBOL{1,0+10,2240.,1%KMAXAL0,0427)

GO TO 64000
CONTINUE

ENCODE {36445 ESTERAVESTERR
FORMAT {#BMS ESTIMATION ERROR = *+F5,31% DEGREES*®)

CALL SYMBOL(,751+865+0,14%+16HESTIMATION ERRORt¢0,0016)
CALL SYMBOL(+95+4655:0.105«E5TERAY0,0138)

CALL SYMBOL{.95+e44540.1059,ERSPCA10,0v40)
IF{IOPT,E£Q,2) GO TO 17000

CALL SYMBOL(,75+.165+0,07v21v .01-1)
Qﬁ,g_stQQLJ385L1;&31pﬂg149bHSHORT TERM P OT OF COMPOSITE sSiIGNaL A

IVAILABLE 0.y y5}
CALL_SYMBOL(0,7510,025¢0,07y340,01=1)
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1T AVATL AL E w0 0sthi )

G0 To 17000

CALL S HOL{0,05¢0,025¢0407¢461DETAILED SHORT~TERM PERFORMANCE PLOU

R _— ) e - N -
C
__.C . . B e e e e e
C IS ESAEEEERS I TRENEST TASEREIEEE 3P LR T IR R T STy
JR . e e ————e K -
C * : %
_c % __ DRAw THE EGGES AnD FOLDING MARKS i ~
C * * -
__.C * ® e
c R N T LT L L L L L L T wr g N appnprgg -
c .. e e
c
C

T 62000 CALL FLUT(0.0v=0+5¢3)
CALL PLOT(0,0+10.5:2)

CALL SYMBOL{Be5e~00b00e21¢1500000=11
CALL SYCOL{B,5¢10.4,0,21423¢0404=1)

C.QL_L SY"bOL‘1505i105“00021..13!0.0!—1)
CALL SYMHOL(15.5v~0.4+0,21+13+0,00-~1)

TCALL SYMHOL(22,51~0,0+% ,21+13¢0,0ret)
_CALL SYREBOL{22.5+30a44062141300,0¢=1)

CALL SYMmbOL{22.5+410.4, Up21|13|0 0s+=-1}
_CALL SYMHOL(PS.De~D, 4-0 v21+13¢0,0¢~1}

cakl, PLOT(36,5¢10,.5+3)
CALL PLOT(36.5+~0.5+2)

C

_——C - - — .
C URAY THE TIFE AXIS
¢

CALL PLOTI(G4e0v0e24~3)

U CALL AXIS{040,040,32HRECEIVER SCAN TIME(MTLLISECONDS) »32425.0,

1040 VEINCDELTA)
GO TO(62100:62200)LBL

C

C. . e —

c S R Y L ETTTE 3
R e L ¥

[o * ' T T % -
L *x___TIvL: BLOCK BODY FOR PLOTS _ % __

C * * T
- *x *

C R g
—.C e e,

¢ —

___6Ggno0 CALL bYMHOL(l 419¢54+0,14¢5HDATEZ 04045}

CALL SYFBUL{2,11+9.94,0.1440AY+0,0,10}
CALL_SY'110L(1.4919+h610,14+16HPROGRAM: MUSRCVR0,0016)

CALL SYRIOL(1,4+9.350840,1%+9HJIONNAMES 10,049)
CALL SY¥HAL{2,4319,3840,14%+J040,017)

TTCALL EYMAO0L(2.1009.10+0. 14+ HAME Y000 50T
CALL SYMBOL(2.104y9.11140.34NANME,6.0¢10)

TCALL SYWROL{.75v8,5410,14BHCHANNELS+0a0e8Y
_CALL SYMEOL{1.9348.54+04144CHANICL0v10)

TCALL SYMDOL(L,79+8.12+0,14+ 14HIIGNAL MAKEGP +0,0¢14)

CALL SYMEOL(,7517,9610,07,47HPOSITION SPECIFIED BY RANGE IN NAUTIC _
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1AL MILES: «0,0t47)
CALL_SYMBOL{.754¢7+84+0.0741HDEGRELS OF AZIMUTH, DEGREES OF _ELEVAT
110!“.‘0.0'41’

_ CALL SYMBOL(.,7597+740+07+46HRATES SPECIFIED BY VELOCITY 1M KNOTS.
1 BEGREES ¢040c406)
CALL SYMBOLY{,75¢7,564+0, 07n3JHAZIMUTH/SEC| _DEGREES ELEVATION/SEC
10.0|35)

€ ADJUST ORIGIN _  __ . ..
CALL PLOT(0.0¢0454~3}

_CALL_SYMBOL(,95+6,78¢0,14v12HOIRCLCT PATHeg,0¢13)
CALL SYMBOL(1.05.5.57-0.105-DPAMPAo0.0ele)

__ CALL SYMBOL{1.,0546,36,0,105,ACP0S+0.0445)
CALL SYMBOL(1.,05+6.15¢0+105+ACRATE«040v41)
CALL SYMBOL{.95¢5.76510,14418HSPECULAR_MULTIPATH 10,0018}

IF{IMAX,GE,11G0 TO 64010
_CALL SYMBOL{3.245.765¢0+1%45H-NONEypaDe5)
GO To 64020

4010 CALL SYMBOL (9545, 455.0.1225:11HREFLECTOR 1¢80.0411)
CALL SYMBOL{1.0515.2754¢0,105+RLAMPA+O.0418)

CALL SYMBOL(1.0515,06540,105¢SR1P0S+0,0441)

CALL SYMBOL{1.05¢4.855:0.105+SRIRAT+0.,04+37}
_IF(IMAX.EQ.1) GO TO 64020

TCALL SYMBOL(,95+4,6140,1225+11HREFLECTOR 2¢0,0121)
CALL SYMBOL(1,05+4,40+0,105R2AMPASD,0418)

CALL SYMBOL{1,0514.19+0,105+5R2P0Sv0.0v41)}
CALL SYMHOL{1.05¢3.98+0.105,SR2RATy0.0437)

IF{IMAX.EQ.2) GO To 64020
cALL :YMMOL(.95|3.735tD 1225!11HREFL&CTDR 310.0¢11)

T CALL UYMBOL{1,05+v3.525+0,105¢R3AMPA0,0v18)
CALL SYMBOL(31.05+3.315+0+205¢SR3P0OSe0.0:11) _

CALL SYMBOL{1.0543.105,04105SKIRAT0.,0,37)
64020 CALL SYMBOL{.92+2.7240,14+i3HSCATTERED MULTIPATH0,0419)

CALL SYMBOL{1.,05¢2,51+0,105v8MAv0.0+18)
CALL SYMBOL(.9512,12510.14+24HFRONT~END RECEIVER NOISE+0,0+24)

CaLt S7MBOL(I 05+1.915,0420543H0 =40,043)
CALL PLOT(1.142.0243)

cAlL PLOT(1.15+2.02v2)
CALL SYMBOL(1,1%¢1,915+0.07¢«1HN*Da0v1)

CALL SYRBOL(1.411.915+0.105¢8SNA+0,0+6)
CALL SYMBOL(1.,054¢1,705+0.105«SNROBA0,0416)

CALL SYMBOL(,75+¢1 285In.1q.aanaN01nnTE RECEIVER:. v0«0+20)
CALL SYMBOL(1.05+¢21,075+0.105«NRCYR+D,0130)

CALL SYMBOL(1,05+0,87+0,105+NRCYR2,40,0¢30)
CALL_PLOT(D.0v-0altdy=3) _ . _

GO TO(B41I00164200,64300)LBL

€ - e e - e
c
__.17000 CALL ENDPLY = _ .. e e e o U
sTOP
END .
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AFPENDIX B

COMPUTER FLOTS



| S e

AV, AMPLITUDE OF
COMPOSITE SIGNAL
AT TIME OF DIRECT
SIGNAL CENTROID
(SOLID LINE)

RMS NOISE LEVEL
(DASHED LINE)

ESTIMATION ERROR
(H/C ANGLE-EST. )
(BEGREES)

PRECEDING PAGE BLANE. NOT FILMED

1.60

0.0u

0.02

]
o
-
O :.
(e8]
o
g
L
(]
S
(o]
. | I
.00 0.4l

.00

-.02

~. 04




0u0  0.80  1.20  1.60  2.00  2.40
TIME (SEC) SINCE START OF FIRST SCAN

/\/\/\M

2.80

2'00 2.0
R SINC shart ‘oF IR T SCAN

FOLDOUT, FRAME S
OLDOUE BAIT

2.80

e s B

Y



FIGURE B-l.a

LONG-TERM PLOT FOR 27 SCANS |
DATE: 10/07/7¢ 2
PROGRAM: MLSRCVR
JOBNAME: MLSRCMP

S. H. IRWIN, JR.

CHANNEL: AZIMUTH
SIGNAL MAKEUP

POSITION SPECIFIED BY RANGE IN NAUTICAL MILES.
DEGREES OF AZIMUTH. DEGREES OF ELEVATION.
RATES SPECIFIED B VELGCITY IN KNOTS. DEGREES
AZIMUTH/SEC, DEGREES ELEVATION/SEC.

PDIRECT PATH
AMPLITUDE =  1.00
INITIAL A/C POSITION = 10.00. 30.00. 3.00
INITIAL A/C RATE = -300.00. .00, .0

SPECULAR MULTIPATH -NGNE

SCATTERED MULTIPATH

AMPLITUDE = .00
FRONT-END RECEIVER NOISE
On= A0

{SNR = 20.00 D3

CANDIDATE RECEIVER:
SQUARE GATE TRACKING RECEIVER
(60-BIT WORD LENGTH)

ESTIMATION ERROR
RMS ESTIMATION ERROR = .015 DEGREES
RMS ERROR SPECIFICATION = .010 DEGREES

» SHORT-TERH PLOT OF COMPASITE SIGNAL AVATLABLE EOLBOUT Fhans 3

o DETRILED SHORT-TERM PERFGRMANCE PLOT AVAILABLE . i




FOLDOUT, FRAMY |

SCAN 1
TR = 0 MS
SCAN S
TK = 300 MS
SCAN 3§
TK = 600 M5
SCAN 13
TKL = 300 MS
SCAN 17

TK = 1200 MS

SCAN 21
TK = 1500 MS

2.00

2.00 0,00

2.00 0.00

2.00 0.00

2.00 0.00 2.00 0.00

(.00

piluherm i AR ettt s ol st il




ey Bt e e i e . - e @ emev . St g

'4.00 u4u.50 5.00 5.50 6.00 6.50 7.00  7.50 8.00 8.50  9.00  9.50  10.00  10.5C
RECEIVER SCAN TIME (MILLTSECGNDS) -




FIGURE B-1b
AMPLITUDE OF COMPGSITE SIGNAL PLUS NOISE

' {! DRTE: 10/07/75
PROGRAM: MLSRCVR
' JOBNAME : MLSRCMP
S. H. IRWIN., JR.

CHANNEL: AZIMUTH

: SIGNAL MAKEUP
POSTIION SPECIFIED B ARNSE I8 NAUTTCAL HILES,
DEGREES OF AZINOTH, OECAEES OF ELEVATION,

RATES SPECIFIED B8 VilOCITY I KNOTS, DEGAEES
RZIKUTH/SFC. DEGREES ELEVATION/SEC.

DIRECT PATH
AYPLITUDE =  1.00
INITIAL A/C POSITION = 10.00. 30.00. 3.08
INITIAL A/C RATE = -300.00. .00, .0

; !! \ ! SPECULAR MULTIPATH -NONE

SCATTERED MULTIPATH

: { | un™ TTUDE = .00
. FRONT-END RECEIVER NOISE

Okt= A0
(SNR = 20,900 08)

CANDIDATE RECEIVER:
SQUARE GATE TRACKING RECEIVER

(60-8BTT KORD LENGTH)
smcdhsstonrbarsh 8 “»u[\u_,w&m punpncsarinn A\t Une PSR

10.00 10.50 11.00 1i.50 12.00 12.50

FOLROUT FRAME,




80

—
———
——
——
—

SCAN ANGLE o = -71[_, - .
(DECREES) S ——
e T .
(DASHED) -
o
<
B
=
S-
o
CANDIDATE
RCVR OUTPUT = /\
(DECREES) gl 28.98 DEG.)

DIRECT PATH

COMPONENT ONLY @ |
g |
o |
“.
AMPLITUDE OF ™ 3
MULTIPATH |
INTERFERENCE 8
S
D-
AMPLITUDE OF ~
COMPOSITE SIGNAL
PLUS NOISE =
o
G-
[12]
CANDIDATE
RCVR BUTPUT 9 /\
(DEGREES) o0 29.98 DEC.)
m
COMPOSTTE SIGNAL
PLUS NOISE o
o
N .
F i T T T i T - L
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

FOLBOUT FRAME

sl e Ll e el B R R ty PR = F, J b g







Fod FIGURE B-l.c

e AMPLTTUDE oF
AT - 5 DIRECT PATH SHORT-TERM PLOT FOR SCAN 17
. — = COMPGNENT DATE:  10/07/75
e (SOLID LINE) PROGRAM: MLSRCVR

JOBNAME : MLSRCMP
S. H. IRWIN., JR,

CHANNEL:  RAZIMUTH
SIGNAL MAKEUP

FOSTTYION SPECIFIED B RANGE IN KAUTICAL MILES.
DEGREES OF AZIMUTH, DTGREES CF ELEVATION.
RATES SPELIFIED BY VELOCITY IM RMHGS. DEGAEES
, AZIKUTH/SEC, DFGREES ELEVATIOR/SEC
{ 30.00 DEG.)

DIRECT PRTH
\v[ AMPLITUDE = 1,00
INITIRL R/C POSITION = 10.00. 30.00. 3.00
INITIAL A/C AATE = -300.00.  .0D. .0

SPECULAR MULTIPATH -NONE

SCATTERED MULTIPATH
AMPLITUDE = .00

FRONT-END RECEIVER NOISE
Ou= .10
{5NR = 20,00 DB)

\/ ( 29.97 (EG.) CANDIDATE RECEIVER:

SQURRE GRTE TRACKING RECEIVER
L60-BIT WORD LENGTH)

A/C AT 30.00 DEGREES AZIMUTH
TK = 1200M5EC.

) 10.00 10.50 11.00 11.50 12.00  12.50

@@*9{@1@% =
e

L b e e b ek e L gt et R




1.60

1.20

[V, AMPLITUDE AF
COMPOSITE SIGNAL #%
AT TIME OF DIRECT

)

SIGNAL CENTROID ®
(SOLID LINE) 2
RMS NOISE LEVEL Q
(DASHED LINE) ST —— — — — — -
o
©
oy ] i f
.00 0.40 0.80  1.20  1.50  2.00  2.u0
TIME (SEC) SINCE START OF FIRST SCAN ﬁ

(]

—

-

o0

(o)

o
ESTIMATION ERROR S /\7 V\%\ m/\ /\ ,
(A/C ANGLE-EST.) Cb l 2 2 00 2140
(DEGREES) TIME SEC SINCE ﬂRT [?JF FIR SCAN

ve)

(]

.

(v}

‘....|
l'— o

EORBOIR KBAE |




2.40 2.80
1
2.80

2. 40

FIGURE B-2.a

LONG-TERM PLOT FOR 27 SCANS
DATE: 10/08/75
PROGRAM: MLSRCVR
JOBNAME : MLSRCRZ
S. H. IRWIN, JR.

CHANNEL: AZIMUTH
SIGNAL MAKEUP

POSIT™ON SPECIFIED BY RANGE IN NAUTICAL MILES.
DEGREES OF RZIMUTH. DEGREES GF ELEVATION.
RATES SPECIFIED BY VELOCITY IN KNOTS. DEGRFES
RZIMUTH/SEC, DEGREES ELEVATION/SEC,

DIRECT PATH
AMPLITUDE =  1.00
INITIAL A/C POSITION = 10,00, 30,00, 3.00
INITIAL A/C RATE = -300.00. .00, O

SPECULAR MULTIPATH -NONE

T » D

SCATTERED MULTIPATH
AMPLITUDE = .00

FRONT-END RECEIVER NOISE
Ou= LU0
(SNR = 8.00 DBJ o3

CANDIDATE RECEIVER:
SQUARE GATE TRACKING RECEIVER
(B0-BIT WGRO LENGTH)

ESTIMATION ERROR
RMS ESTIMATION ERROR = ,059 DEGREES
RMS ERROR SPECIFICATION = .0i0 DEGREES

3 SHORT-TERM PLOT OF COMPOSITE STCHAL AVAILABLE
o DEFAILED SHORT-TERM PERFBRMANCE PLOT AVATLAELE EULBOIKI}
r—t—

I

|

g
FRAMR

y



.

T

SCAN 1
K = 0 MS

SCAN 5
TK = 300 MS

SCAN 3
Tk = 600 MS

SCAN 13
TK = 300 MS

SCAN 17
K = 1200 MS

SCAN 21
TR = 1500 M5

hWMMWWMMW“} MMWMMVWWWMWWW’M%WW‘WWWWWW

2.00 0.00

LMWMMWNMMWWM MM et WMWMWMMMMWWvaww

2.00 06,00

LWWMMW MMWMMWMMWMMWMW S el mu»»‘iwhwﬁ

‘i
WWWMWMMMwmwmmwmrw-MwL«r\wwwwmwm;{
:
bl ’uMmwwwmmwww,wwwmww

2.00 0.00

2.00 0.00
-l
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FIGURE B-2.c

SHORT-TERM PLOT FOR SCAN 17
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FIGURE B-3.a

LONG~-TERM PLOT FOR 27 SCANS
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FIGURE B-3ab
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FIGURE B-3.c

SHORT-TERM PLBT FOR SCAN 17
BATE: 10/07/75
PROGRAM: MLSRCVR
JOBNAME: MLSRCJO
3. H. IRWIN. JR.

CHANNEL: RZIMUTH
SIGNAL MAKEUP
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FIGURE B-4.a

LONG-TERM PLOT FOR 27 SCANS
DATE: 10/06/75
PROGRAM: MLSRCVR
JOBNAME: MLSRCFG
S. H. TRWIN, JR.

CHANNEL: RZIMUTH
SIGNRAL MAKEUPR

POSITION SPECIFIED BY RANGE IN NAUTICAL MILES,
DEGREES OF AZIHUTH. DEGREES OF ELEVATICN.
RATES SPECIFIED BY VELOCITY IN KNOBTS. DEGREES
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FIGURE B-4.b

AMPLITUDE OF COMPOSITE SIGNAL PLUS NOISE
DATE: 10/08/75
PROGRAM: MLSRCVR
JOBNAME: MLSRCFG
S. H. IRWIN. JR.
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—— AMPLITUDE OF FIGURE B~A.c

| - ——— 5 DIRECT PATH SHORT-TERM PLOT FOR SCAN 17
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FIGURE B - b.a
{ ONG-TERM PLOT FOR 27 SCANS
DATE: 10/10/75
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JOBNAME = MLSRCS5C
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CHANNEL: AZIMUTH
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FIGURE B-5.b

AMPLITUDE OF COMPOSITE SIGNAL FLUS NOISE
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_ —— AMPLTTUDE OF FIGURE B-5.c
_— DIRECT PATH SHAIRT-TERM PLOT FOR SCAN 17
COMPONENT DATE: 10/10/75
(SOLID LINE) PROGRAM: MLSRCVR
JBBNAME: MLSRCSC
S. H. IRWIN, JR.

|
\
!
\
0.00

CHANNEL: AZIMUTH
SIGNAL MAKEUP

POSITICN SPECIFIED BY RAVSE IN NAUTTCRL MTRES
BECAEES OF AZIMUTH, DECREES OF ELEYATECNW,
HATES SPECEFIEQ BY VELOCITY IR KNOTS. DEGREES
AZIMUTH/SEC. DEGAEES ELEVATSON/SEC.

( 30.00 DEG.) DIRECT PATH

\/ AMPLITUDE = 1,00
INITIAL A/C POSITION = 10.00, 30,00, 3.00
INITIAL A/C RATE = -300.00  .0D .0

SPECULAR MULTIPRTH

REFLECTOR 1
AMPLLITUDE = .80

: INITIAL POSITION = 1,00 33.00 1.85
: INITIAL RRTE = .00, -3.04. .00

RF PHASE DIFFERENCE =0° AT PULSE
COINCIDENCE

j SCATTERED MULTIPATH

AMPLITUDE = .00

FRONV-END RECEIVER NOISE
On= .10
(SNR = 20,00 08

: CANDIDATE RECEIVER:
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\F : (60-B1T WORD LENGTH)
A/C AT 30.00 DECREES AZIMUTH
TK = 1200MSEC.
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FIGURE B-6.a

LONG-TERM PLOT FOR
DATE: 10/10/75

27 SCANS

PROGRAM: MLSRCVR
JOBNAME: MLSRCBE
S. H. IRWIN, JR.

CHANNEL: AZIMUTH
SIENAL MAKEUP

PBSITICN SPECIFIED BY RANGE IN NAUYICAL MILES.

DEGREES OF AZIMUTH, DEGREES OF ELEVATION.

RATES SPECIFIED BY VELOCITY TN KMZTS, DEGREES

AZIMUTH/SEC, DEGREES ELEVATION/SEC.

DIRECT PATH
AMPLITUDE = 1,00
INITIAL A/C POSITION =

INITIAL A/C RATE = -300.
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INITIAL RATE = .00,

RF PHASE DIFFERENCE = ©

COINCIDENCE

10.00. 30.0G.
00, .00,

0., 33.00. 1,
-3,0U, .00
¢ AT PULSE

SCATTERED MULTIPATH
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FRONT-END RECEIVER
On= .10

{(SNR = 20.00 DB)

CANDIDATE RECEIVER:

NOISE

SQUARRE GATE TRACKING RECEIVER

{60~-BIT WORD LENGTH)

ESTIMATION ERROR
RMS ESTIMATION ERROR = .
RMS ERROR SPECIFICATION =

173 DEGREES
.010 DEGREES

3 SHORT-TERM PLGT OF CCMPEESITE ZIGNAL AVAILABLE

m DETAILED SHORT-TERM PERFERMANCE PLECT RVAILABLE
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INITIAL RATE = .0C. -3.04. .00

RF PHASE DIFFERENCE = 90° AT PULSE
COINCIDENCE

SCATTERED MULTIPATH
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FRONT-END RECEIVER NOISE
On= .10
(SNR = 20.00 0B
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SQUARE CATE TRACKING RECEIVER
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RMPLITUDE = 1,00
INITIAL RA/C POSITION = 10.00. 30,00, 3,00
INTTIAL R/C RATE = -300.00. 00, .0
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SRS, AMPLITUDE oF FIGURE B-&.c

: - ——— - DIRECT PATH SHORT-TERM PLOT FOR SCAN 17

- 8 companeNt DATE: 10/10/75

? e (SALID LINE) PROGCRAM: MLSRCVR

; JOBNAME: MLSRCBE

; S. H. IRWIN, JR, ;
? CHANNEL: AZIMUTH ;
; — - ( 29.98 DEG.) ;
! o \/ﬁ SIGNAL MAKEUP |
3 —\f POSTTION SPECIFIED BY RAAGE TH NAUTICAL MILES, ;
" ULGREES OF AZIMGTH, DECREES OF ELEVATION. 3
% RAYTES SPECTFIED BY VELOCITY IN KNOTS. OECREES ;
= RZIMUTM/SEG, DECREES ELEVATION/SEC. .
; DIRECT PATH ;
2 — SPECULAR MULTIPRTH :
: REFLECTOR 1 ’
3 AMPLITUDE = .80

INITIAL PBSITION = 1,00. 33.00. 1.8%
INITIAL RATE = .00, =3,04. .00
RF PHASE DIFFERENCE = 90° AT PULSE

COINCIDENCE
; A AT | SCATTERED MULTIPATH ;
AMPLITUDE =  ,00 :
FRONT-END RECEIVER NOISE
_ . [ 28.73 DEG.} E[rg;n = 'a%:l.)oo DB}
\/ CANDIDATE RECEIVER:

SQUARE GATE TRACKING RECEIVER
{E0-BIT WORD LENGTH)

A/C AT 30.00 DEGREES RZIMUTH
TK = 1200MSEC.
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FIGURE B-7.a
LONG-TERM PLOT FOR 27 SCANS
DRTE: 10/10/75
PROGRAM: MLSRCVR
JOBNAME: MLSRC7Q
S. H. IRWIN., JR.

CHANNEL: AZIMUTH
SIGNAL MAKEUR

POSITION SPECIFIED BY RANGE IN NAUTICAL MILES,
DEGREES OF RZIMUTM, DEGREES OF ELEVATION.
RATES SPECIFIED BY VELOCITY IN ANOTS, DECREED
HZINUTH/SEC, DEGREES ELEVATION/SEC,

BDIRECT PATH

AMPLITUDE =  1.00

INITIAL A/C POSITION = 10.00, 30.00, 3.00
INITIAL A/C RATE = -300.00, .00, .0

SPECULAR MULTIPRTH
REFLECTOR 1

AMPLITUDE = .80

INITIAL POSITION = 1.00, 33.00. 1.85
INITIAL RATE = .00, -3.04, .00

RF PHASE DIFFERENCE = 270Q° AT PULSE
COINCIDENCE

SCATTERED MULTIPATH
AMPLITUDE = .00

FRONT-END RECEIVER NOISE
On= .10
(SNR = 20.00 DB)

CANDIDATE RECEIVER:
SQUARE GATE TRACKING RECEIVER
{B0-BIT WORD LENGTH)

ESTIMARTION ERROR
RMS ESTIMATION ERROR = .201 DEGREES
RMS ERROR SPECIFICATION = 010 DECREES

% SHORT-TERN PLOT OF COMPOSTTE STGNAL AYRILABLE
@ UETAILED SHORT-TERN PERFORMANCE PLOT AVAILAGLE
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SCAN 1
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FIGURE B-T.b
AMPLITUDE OF COMPGSITE SIGNAL PLUS NOISE
DARTE: 10710/75
PROGRAM: MLSRCVR
JOBNRME: MLSRC7GQ
S. H., IRWIN., JR.

I TTTE TR SR o A [PIES WP S

CHANNEL: AZIMUTH
SIGNAL MAKEUP

POSITION SPECIFIED BY RANCE IN MAUTICAL NILES, :
QECREES OF AZIMJTH, DECREEY OF ELEVRTION.
AATES SPECIFIED BY VELOGITY IN RNGTY. DEGREEY
RAZIMSTH/BET., DECREES ELEVATION/SEC.

BIRECT PATH

AMPLITUDE = 1.00

INITIAL A/C POSITION = 10.00, 30,00, 3.00
INITIAL A/C RATE = -300.00, .00, .0

SPECULAR MULTIPARTH

REFLECTOR 1
AMPLITUDE =  .BO
INITIAL POSITION = 1.00, 33.00. 1.85
INITIAL RATE = .00. -3.04. NH
RF PHASE DIFFERENCE = 270° AT PULSE
COINCIDENCE

:
3
3
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SCATTERED MULTIPATH
AMPLITUDE = .00

FRONT-END RECEIVER NOISE
o= .10
(SNR = 20,00 DB)
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SQUARE GATE TRACKING RECEIVER
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- DIRECT PATH
COMPONENT
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f.00

( 30.00 BEG.)

( 29.30 DEG.)
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FIGURE B-Tl.c
SHORT-TERM PLOT FOR SCAN 17
DATE: 10/10/75
PROGRAM: MLSRCVR
JOBNAME: MLSRC7Q
5. H. IRWIN, JR.

CHANNEL: RZIMUTH
SIGNAL MRKEUP

POSTTION SPECIFIED 8Y AANGE IN NRUTICAL NILES,
OEGREED OF RZIMSTH, DECAEFD OF ELEVATION.
WATES SPECIFIED BY VELOCITY IN KNOTS, DEGREES
AZIMITHASEG, DECAEES ELEVATIONBEC.

DIRECT PARTH
AMPLITUDE = 1.00
INITIAL A/C POSITION = 10.00. 30.00. 3.00
INITIAL A/C RATE = -300.00, .00, .0

SPECULAR MULTIPATH

REFLECTER
RAMPLITUDE = .80
INITIAL POSITION = 1.00. 33.00. 1.6%
IKITIAL RATE = .00, -3.04, .00
RF PHASE DIFFERENCE = 270° AT PULSE
COINCINENCE

SCATTERED MULTIPATH
AMPLITUDE = .00

FRONT-END RECEIVER NOISE
Gh= .10
[SNR = 20.00 b8)

CANDIDATE RECEIVER:

SGUARRE GATE TRRCKING RECEIVER
{B0-BIT WORD LENGTH)

A/C AT 30.00 DEGREES AZIMUTH
TK = 1200MSEC.
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