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According to the optim ization pr ocess for Narkov input processes

(1] introduce d by Stratonovi.ch solution s have already been give n for

si.ple A B— , PB— , an d FM—d emodulato rs (2], (3]. The following article

deals with a complicate d type of demodulator , the amplitude—modulated

frequency—modula tion subcarrier . Vie modulation process is assumed to

be a Markov process and the j.utsrierence as an additive , white

Gaussian process.

_ _ _ _  
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1. Statement of the Problem
I-

From the input process

(1) 1(I) —~~(1) . - R ( t ) -— A.oo. {W.S I Aiu( I  .

• eo. (q.04a  ~ a (I)

( A 0 ampli tude, w 0 carrier cente&~ frequency, ~. subcarrier frequency,

1 i -fl mod ulation process , £~ Lr.~ uency deviat ion, n normal white

moi.., ~= o . ~~ -~(N.’2) .~(,)J (ti is to be determined With a mi n imu m

root— mean—square error. A pr iori ~,(t) should obey the stochastic

equation

(2) ,
~ I) —(h (s) ~jt )

~ o, 
~~~~, Th(,)~. Thus ~~(t) is assumdd to be an N C—limited , normal

stochasti c proc... wit h the l i m i tin g  frequency ~, ~~ = 0, and the

dispersioi .~,‘ 12i’ . Nith ,7(t) tue second sumuand also changes

stochasti~~Uy La the phase of tue signal ~0t • I. According to Eq.
• (1)

(3) .ln,~ I

~~~~~~~ ~~~~ 
~~~~~~~~~~~~~~~~ J~t - - 

~~~ 

_____

_ _ _  
_ _ _  

r j— ~~~~ ~rI Jfl l~~ 4 ruId r ir 
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• The equation system (2), (3) describes a two—dimens ional

vector—Plarkov process with tzz i coa~onents f, !,. After reception of

the input process y (t) the sigAai parameters ~~~~ are not known

exact ly due to the superimposed disturbance n (t) , but rather can only

be described statistically D~~ the a posteriori probabilit y densit y

it results accQr di.n~j  to Bayes~ fo rmula  and its temporal

change can be described accordLng to Stratonovich ( 1 ]  by an expanded

Fokker—Pl anck equation wh ich , for the problem being dea lt with he re ,

has the  f orm

( 14) 
& w (# ,~~, l) (

J~~~ ,),e cos I: .1.I_ f i .~ p H

-

~~

- 
~~~~~ , 

( V V) . ’

I
(F = — (y— s) Z/N 0] . The first two summands on the rig ht side take the

dr i f t  into account and the thir d, the d i f fus ion  of the probability

distr ibution which result from the a—priori data according to Eq. (2)

and (3) and the last sum mand tates into account the information

obtained through the reception ot the input signal y (t).

The solution of the noni~iuear partial differential equation (14)

yields the a— posteriori probaDility distribution whose maximum with

respect to -~~ represents the sougat optimum estimated value of the

•~~~~~~ ,_~~1~~~~ -U~~~ -- — - — - -: - — ______ — 
— I

— V
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modulation parameter -~, while the dispersion square ~1~Z of the

a— posteriori distribution gives the error dispersion of the

evalu ation.

3. Design of the Opt imum System

I

If we limit ourselves to the case of a small a—posteriori

dispersion we can use a two—dimensional Gaussian statement for the

approximate solution of Eq. (14)

(5) ‘~‘ ‘‘~~‘ .. .;i’i.i ~i• 
q.~ •. . II-,.~ I

( lip ~f)~ 4 , , )  i .’! I,

(C constant, m i  determinant  of the correlation matrix B of .s~. , ;

( I F . adj uncts of the element i .. at I) .  If we substitute it , thea a

coefficient comparison yields the following system of equations for

the velocity coordinates of the mean values of J, P) and w (~~ ‘7)

(6) • ~1w ( I  ) eas w~S — k..~~~’p, (S).ln(ci¼ g +~~ )

‘
1 

(7) --- 
~~

.j — &• j~ ’ 1(S) sin (w.S 4 •)

(8) b 0~~~24U( &.,co.w~S

i1~
• - 

- -

— — - -
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(9)

(10) -- 2i9k~, + ~ — k.,’ ~~~
4

ji (t) co. (w,g + C)

This system of equations supplies the sought algorithm of the

demod ulator system . Eq uations (6) dad (7) are realized by an analog

circuit. The nonlinear coefficients k.. and s., are determined from

the nonlinear sytem of equations (H), (9), (10). A solution of this

syst em is fou nd through the sta tement

(11) k = Cofla t. — k~~; k., - k.~,o .~co. (w~ I + ~ );
k~q eo~~L =k ,e

pith this statement the equation syste. (6) and (7) is realized

by the circuit accordiny to Fig . 1.

- ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~ 

—Jupyw-~ 
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Fig. 1. Fundamental circui t of A. demodulator .
- -— - -.- ~.

I

(‘Os ~~~ l.y) Ca: 
~~~ 

j

it consists of a phase—Loc k base circui t of the f irst  order with a

voltage—controlled oscillator (YCO) and an auxiliar y circuit which is

between the phase—demodulator output and the summin g member in f r o n t

~f the YCO. The auxiliary circuit contains an oscillator oscillatin g

with the subcarri’er frequency. The snbcarrier is amplitude—modulated

with the process 1 • which is first acquired from the reception

proce ss by coherence demodulation and f i l tered in F = ~/(~ • iii) . The

optim u. frequency control results additively both through the

modulated local subcarrier and also through the error voltage on the

phase detector output of the base circuit. The gain s of the four

ampli fier stages are

12 k - _ 2 A . k 2A~( ) i — - , — -~ --- k~0 ; k,=k~~,,;

•~
_ •—.-~~~ —- -

~~
— — - — — - • _____ V • V ~_____ — - -‘c---;-~.

-— r — - —--~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~ ‘~~~~~~~~~~ ‘~~~~~~~ - ‘ ‘~~‘ ‘ ~~~~
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The estimated value of rue modulation process 1 • ~~t) can be

removed in the auxiliary circuit following addition of 1 behind the

f i l ter F. One achieves a smaller demodulation error if one obtains

the output process through amplitude modulaticn of the coatrol

voltage of the VCO ~~~~ (ct. Eq. (3)]. The values of k.,, k ,o, k.,, and C

were determined in the followin g manner : from equat ions (8) , (9) .

(10) , and (1 1) one obtains m e  system

(13) O = 4 w k.., o co, q,— k~~’.K

— w1 k.,o am (u, S + q.) 4W k,o CC. W11 —

(114 ) x co. (w,S + g~) — Kk~ok ,,oo~i.(w~1 + q’)

K .k  ‘(15) O = 2 ~~(~~a — k ,, 0 )— 
•1,0

whereby K A 0Z/K0 is the tem poral mean value of — (2A 0,’I,) (y  cos

(W .t • -J ) assuming a small estimate error T C — ô I  << 1.

In this system of eguations one can first express ~.k.,, aid *,•

by e..

tan -(16) v

K(17)

— r - ~~~~~ ‘ ‘ • — • ‘ 
- ~~ ~ ~~~~~~~~ — • - — - 

‘ . ‘  *
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K’k•04
(18) k

~
o _ a

~,
I_

4~j3 4 w a~~ $l w

Therewith one obtains an al gebr aic equation f cr determination of k~ 0.

Wit h the subst itutions

(19)

(20)

K(21) S~~~o,’4w ’~—

it acquires the form

(22) ?+ ~~~+ (12 + ‘)Y’+4 ( 2 +a) y’ + 4a~~ =~~~ (y ~~~

This equation was solved for the applied case of a weather satellite

receiver (APT—system) . The following numerical values were used for

this: o,’=~i. £i 3.14.10’ rad/s, ~ = 0.75.10’ rad/s, ~ = 1.5 .10’

ra d/s. The solution s fot  var ious values of ~ (signa l— moise ratio at

the demodulator input) can be read from the diagram in Fig. 2 as

abscissas of the intersecting pcints of both sides of the curve s 

:‘~~~~~~~~~~~~~~~~~~~~~~~~~
—

~ 
‘
~~
-

~~~~~~~~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~W~~~~~~~~~~~~~j  
~~‘~~~~~~• • .  ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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corresponding to Eq. (2~ ) ,  and in the given case, f u r t h e r

approximated analyt ica l ly .  Therewith the sought coefficients and

gains of the realization circui t are kno wn f r o m  Fig. 1.

- 
~~~~~~~~~~

_
_ _

~~~~~
•
~~~~~~

_
1 ~~~~~~ 

• 
- -

~
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~~~~~~
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Pig. 2. Graphic solution of 1g. (22).
zm~~- r

1$. Properties of the System.

Fig. 3 shows the dependence of the dispersion of the phase error

in the demodulation circuit on tue signal—to—noise ratio for the

studied case of application. tot comparison a curve is drawn in for

the dispersion results from tfte quasilinear treatment of the problem

using the Wiener—liopf equation. According to the values of practical

exper i.ace ( ‘4 ] (5)  (6) the psase—lock circuit is stable roughly in

the rang. n•’� 0.273 in uhich the curves are drawn through and

unstable with larger a.’- vaLisss (dotted curves) • Thus the demodulation

- ~~~ -~~ — — —---- —U-— ~~~~~ -
~ ~~ 

— — r ~~~~~~~~~~~~~~~~~~~~~~~~ -~~-~~~~~ --— - - — — -~~~~~~~~ -- ‘-—--~~~~~ ‘-—-—-~-~~~~~~ . - -- -— rL .  —

- * 
~~~~~

., I* , 
~ 

.

~ 
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-
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threshold is determined. One realizes t hat it is reduced about 4.5 dB

in comparison with the guasilinear optimization.

The 3—dB bandu i th  of the phase—loc k base circuit of the

demodulat ion circuit

- A .L  _ A~o a i~ t~~~~~i •o

which is equal to the total amplification of the circui t is dependent

on the signal—to—noise ratio as snown in Fig. 4. Vith weak

int erferences the f i l t e r  aLso ~ic&s up the weaker com ponents of the

modulation spectrum which lie f urther from the carrier so that the

estimation accuracy increases. lita a stronger interference on the

other hand  there results a narrower bandwid th .  By f requency selection

one aims for the possible optimum of the estimation accuracy.

- - -‘---- ------ —~~ — — — - _-_s-~
-_

~~~ - — —~~~~~ ———~ —-- - - - - - - .

- 
___  

- . . 
V

___________________________________ ~~~~ ~~~~~~~~- ~~~~
- -
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Fig. 3. Dispersion of the phase—demod ulator error depending on the

signa l—to—noise ratio at tue demoaulator input .  KEY:  1) quasilinear
L

method; 2) nonlinear method.

L: 
--i
~

--

~~~~~

Pig. £4. Bandwidth of the  base c ircuit depending on the

signa l—to—noi se ratio.
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The auxil iary circuit in contrast to the base c ircuit has a

supplemeitar y amplification i•,,. so that for the total amplification V
L.

= V ,(I ~ 1~~) • One obtains

k~ A,’
(24)

rig. S shows the dependence of this supplementary amplification

on the signal—to—noise ratio. UDder the fundamental .  reception

condi tions the supplementary amplification in the auxi l iary circuit

is about three times.

The auxiliary circuit processes the preliminary knowledge about

the signal structure by controlling the VCO with the subcarrier

L frequ ency . The controlled oscillator thus carries out the subcarr ier

oscillation from the very beginsing . It is passively readjusted only

to its amplitude changes. This is possible (see rig. 3) with

considerably higher accuracy than in the case of a modulator without

an auxiliary circuit. -

-- i_ _ u -.- 
~~~~~~ - —a- — - - - *, — ~~~~~~~ 

— -.-
~~

-------.---~~~~
.--—------- 

~~~~~~~~~ 
- . -

- 
-
~ 

- 

V
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T ~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Fig. 5. supplementary amplification of the auxiliary circuit

depen ding on the signal—to—sois. ratio.
f ,~

~iiiiizi

Summary

Based on the theory of sarkow processes according to the

nonlinear method an optimum demodulator was developed for

amplitude—mod ulated F~-subcarriers (7]. A phase—lock circuit resulted

which consists of a base circuit and an auxiliary circuit. The

auxiliary circuit contains a generator for the subcarrier frequency.

Such a circuit was first used in the the weather satellite receiving

system VES 2 which was developed in the Heinrich— aertz Institute and

resulted in a considerable reduction of the demodulatio~i threshold.

The practical difference between non-optimum demodulation in a

simple phase— lock circuit and optimu, demodulation can be seen in

rig. 6. Reception of a yearner picture was switched between the -

demod ulators every 30 seconds. The noise interferences with -

non-optimum demodulation are particularly clear at the edge of the

ptcture . - 

-

~~~~ _ * _ ~ *~~l 

~~~~~~~~~~~ ~TT -

- A
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Pig. 6. Comparison of optimum and non—optimum demodulation (Sahara is

in the middle of the photo).
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