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Bell Laboratories

Computation of Analog FM Spectra date:  January 12, 1970

from: Lelf Lundquist
ABSTRACT

_ A program has been written for the computation of
analog FM spectra with a modulating signal of multichannel
telephony. Comparison with available data show very good
agreement. However, the program is limited to mean square
phase deviations of less than 10.

' Three choices of pre-emphais are available -
a power series approximation, CCIR, and no pre-emphasis,
but other baseband spectrum shapes can easily be included.
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SUBJECT, Computatiu 1

. FOM Leif Lundquist

MEMORANDUM FJR FILE

- 1. Introduction |
Over the p2st years nany attempts to compute spectra
of FM-FDM signals have been made. The greatest problem has
always been to get numerical results. - '_
The usual assumption is that the muitiplex signal
be approximated by a bandlimited Gaussian signal. The spectrum
may then be written as a sum of n-order convolutions of the
phase spectrum. But convolutions have always been time con-
suming. - However, we can make use of the Fast Fouriler Trans-
form algorithm to perform the convclutions and this cuts
“down computation time considerably. -
"The program presented makes use of the FFT and a
number of different spectra are computed,
2. Analysis

1f we assume that v(t) is the RF‘signal, phase
modulated by ¢(t) thenl

. : -R‘b(o) ' . 3 A n:]_ - ‘ )
sv(rc+f) - e. G\rc) + ngl ET‘S¢(f) s¢(r) - {1)

where
. T 1s frequency
. , f, is the carrier frequency

S$ i8 the spectral density of ¢

R¢ 1s the autoéorrelation function of ¢.

of Analog FM Spectra: OATE: Jaﬁuary 12, 1970
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We assume s¢\r) to extend from a bottom baseband
frequency, FEOT, to a top baseband frequency FTOP. There are
problems with convergence of equation (1) if FBOT = 0 and
in the program this is not allowed. The program uses 64 data
points to desérive the positive portion of S (f) The min-
imum FBOT therefore, is of the order of FTOP/BH

The necessary number of terms taken in equation
(1) 1s a function of R (0), 1.e., the mean square phase
deviation.

3¢(o)-J Selwas . (2)

Equation (1) 1s usually obtained from R v(T) the
‘ avarage autocorrelation function of v

{ ~Ry(0) + H¢(r)
Ry (1) ,
Writing e 83 a series we get'

-R,(0) E (R (r))D

. (1)) |
R(t) me ¢ —l;’n— | 4)

Taking the Fourier trsnsform of equation (ﬂ) we get equa-
‘1on (1). :

n=0

Equation (4) can be used to give an estimate of
" how many terms are needed to 8¢t an accurate measure of the

sideband en€r§y The first term represents the carrier
R, {0 .
energy e ¢ . Each. consecutive term renresents sidedend
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energy and we can.get the total contribution from each term
by letting T = OR g?e problem is then to determine how well
an exponential e ¢ can be represented by a truncated power
series, _ _

Here we use 15 terms in the series and this allows
us to use 0 < Ry (0) < 10. When R¢(oj = 10, 95% of the side-
band energy is contained in the 15 first terms.

For R¢(0) > 10 there are other methods for com-
puting spectra, e.g., the Gaussian approximation,

3. Program

Figures 1-~5 (attached) show a flowchart of FMSPCTR,
The program is a PL-1 procedure written for the IBM 360 system.
The IBM FFT subroutine is used. FFT is the Fast Fourier
Transform procedure which is part of the 0S 360 scientific
subroutine package.

The input parameters to the program are in the
order they should appear on the input cards: _

S5YS: System name. Limited to five characters.
NTA: Number of talkers,

FPOP: Top baseband frequency in Hz.

FBOT: Bottom baseband frequency in Hz.

FRMS: RMS frequency deviation in Hz.
PRE:; One of "NONE', 'CCIR', and 'BELL',

If PRE = 'BELL' the pre-emphasis is assumed to
be of the form

£ 2 £ 4 { f 6
AC + A2 (ﬁfﬁﬁ) + A4 (§T6§): + A6 (FTB?)
and the input data should continue after PRE with
A0 ‘ '
a2
A4
A6 ,
If PRE = 'NONE' or 'CCIR', PRE is the last input
datum. '




In computing the baseband spectrum the program
assumes a -16 dBmO talker. Since the RMS frequency
deviation is part of the input data, the talker power is
of no consequence when computing the RF spectrum,

l 4. Results

The program has been checked out by comparing
some of these spectra with the few that were available.
There is excellent agreement. For larger phase deviations
the Gaussian approximation. agrees well with the computed
spectra. |
5. Acknowledgement

Many thanks to Shirley Geiger who provided
invaluable assistance in communicating with the computer.

Leif Lundquist
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subject:

Bell Laboratories

Analog FDM-FM Interference Program, ate. April 28, 1971
ANINT. User's Manual

from:  Szlly L. Fennilck
Shirley G, Lawrence
Leif Lundquist

ABSTRACT

This verslon of the interference computation

Ppbrogram 1s written for usage by AT&T 1n thelr microwave

coordination procedures. The programs compufe necessary
discrimination between two FDM-FM radio channels given the
characteristics of each radio system.

MEMORANDUM FOR FILE

1. Intreduction
The multitude of rnew microwave facilities going

in all over the country ls making the coordination between
systems increasingly complicated. As a help in this process
we have developed a program which computes the bageband
noise due to interference of one analog system into another.
This 1s the first program in a series planned to cover

most common Interference cases.

The thecry behind this program has been developed
in several memoranda and articles and we will not go into
any detail here. The general idea is to convolve (beat)
two RF spectra with each other and thus arriving at the
baseband spectrum of the interference. The spectrum




arrived at is compared with the baseband multiplex signal
and, given the tolerable nolse, the necessary RF disecriming—
tion is found. The heart of the program is subroutine
FM3F which computes FM spectra glven the spectrum of the
modulating signal.

Flltering of the received signal is assumed when the
two RF signals are nomilnally off fregquency. The filter is a
square bandlimiting filter of bandwidth 3.17 ft + 90 where
ft is the top baseband frequency and o is the total rms
frequency deviation. Appendix I shows a flowehart of the
program.
2. Interpretation of Qutput

The ocutput is designed to be largely self-explanatory,

but there are several printing options sc to be conclusive
we list the various possible tables and messages with comments
explaining what their functions are and what action the
program takes.

1. Printing of system data

la. A sentence showing which system is interfering

| into which and the frequency band.

1b. Nominal frequency difference

~le. TInterference requirement ‘

14, Maximum frequenéy drift. This is computed based on
the information about which frequency tolerances are
operating in and what the freduency tolerances are.
‘Tolerances equal to 0 will make the drift equal to 0.

le. A table showing all the pertinent system data

2. The actual frequency difference used in the computa-
tions is printed. TIf the nominal frequency difference
(FDNOM) is 0 then the actual'frequency difference
1s set equal to the maximum drift, if not the actual
frequency difference is equal to TFDNOM.




If FDNOM = 0 there will be no flitering of the signals
and a message 1s printed reminding the user of this.
In this case most energy falls inband and filtering
has very little effect. The program is speeded up
because there 1s only one call for FMSP.
A message 1s printed in the main program when the
frequency difference exceeds ten times the maximum
of the top baseband frequencies for the two systems.
Program execution will continue with the next set
of data. The reason for thls limitation is the
limited length of the arrays holding the spectra.
The frequency inerement in each array is equal to
1/64th of the largest top baseband frequency and the
total length of the complex RF arrays holding both
negative and positive spectral components is 4096.
If FDNOM > O but the two systems are identical only
one call to FMSP 1s made since both RF spectra are
ldentical. The message "INDENTICAL RF SPECTRA" is
- printed.
If FDNOM > 0 we always apply RF bandlimiting to the
total received signal. The bandwidth is computed
in the program and printed.
Printing in Subroutlng BSBSP
If TH~1 preemphasls ls used, the number of talkers
should equal 1800, because the preemphasis is
normalized to a frequency band corresponding to 1800
' channels. A warning message is printed if the number
of talkers does not equal 1800. Program execution
wlll continue with the same set of data.
Printing in Subroutine FMSP
If the deviation of an FM signal is large the RF
spectrum is essentlally Gaussian. The program computes
‘the mean square phase deviation (RO) and if RO > 10




Sa.

- 9b.

9c.

9d.

Qe.

then a Gausslan approximation is used. The program
prints RO and ldentifiles the signal it is working on.
A message saying the Gaussian approximating has been
used, is printed and the rms frequency deviation is
printed. Also a message saying that the carrier is
equal to exp (-R0O) is printed.

Printing of Output Data

If the carrier beat falls below or agbove the baseband,'
a message 1s printed to that effect, and no carrier

- beat computations are made. If the drift is large

and FDNOM 1s just larger than the top baseband
frequency, we suggest running the program wlith FDNOM
a little less than the top baseband frequency, since
the drift might bring in the carrier beat to the top
baseband channel. _

A message is printed showlng how much the carrier beat
nolse 1s reduced by both carriers being modulated.
Signal to noise ratio due to carrier beat and nor-
malized to a carrier to interference. ratio of unity
(0 dB), is printed together with the corresponding
amount of noise in dBrnCoO.

The necessary RF discrimination (€/I ratio) to
generate the noise prescribed in the lnput data

is printed together with a message that no burble
has been accounted for. The factor mentioned in

9b is included and the C/I requirement should be
increased if we cannot count on the effect of
modulation. A burble factor, of course, gllows us
to decrease the C/I requirement.

The interference at baseband is printed for each
frequency increment falling within the baseband of
the wanted signal. A table is printed showing




-~ 5 -

baseband frequency normallized (to unity carrier
to interference ratio) signal to interference ratio
at baseband, corresponding noise in dBrnC0 and
~necessary RF diserimination (C/I ratioc).
10. A message "END OF DATASET" is printed, and the
program goes back for more data.

11. When all data sets are run a message "END OF PROGRaAM"
is printed.

Sally L. Fennick

Shirley G. Lawrence

Lelif Lundqulst

Att,
Appendix I
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subject:

Bell Laboratories

ARBINTP - Program to Compute date: May 24, 1971

Interference Noise in FDMFM '

Systems from: Leif Lundquist
ABSTRACT

ARBINTP computes the baseband interference noise
for the case when a signal of known but arbitrary shape
is interfering into an analog FDMFM system. Given the
noise requirement of the system, ARBINTP also prints the
necessarijF discrimination.'
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MEMORANDUMY FOR FILE

1. Computation Method
Qver the past yrars several programs to compute

interference nolse between radio systems hzovc peen written,
This effort culminated with the ANalog JNTerference progran
written for use by AT&T in their microwave coordination

work.

In ANINT the method of computation is principally
to compute the two RF spectrmand convolve them to get
the interference baseband spectrum. ARBINTP is a modified
version of ANINTP (P stands for PL/1 version). The spec-

. trum of the wanted analog slgnal 1is computed as in ANIN
whereas the RF spectrum cf the unwanted signal is supplina
by the user. This involves prinelpally two changes. The
first is convolution of spectra is always performed, even
for systems that are nominally co-channel. RP filtering
as in ANINT is always applied, and the frequency difference
is always assumed to be the nominal frequency diffarencs
sﬁpp]ied-by the user,

The second change 18 in the convolution. The
spectrum of the wanted signal 1is characterized by a
discrete part and a continuous part. The eonvolution
therefore gets a bit more involved and the frequency
shifting has to be done aeparately for each contributor
to the final interference spectrum.




(R )

. il ..-n-uu\at-u....uf‘-h.u—m-;.hwdiﬁn..-.in‘-am;n'»qlf-'hl::Jéuiﬁ-&.t;abua--lmmﬂ-“h-i-nwlﬁ-“u;am&LE‘ZEMMM—m-m-n'ulw- .

®
I F TR

oA

The continuous spectra uced in the progran are
samnled every 1/64th of the top baseband freguency IFTOP)
of the wanted sipnal. The lnput data of the unwanted
spectrum can be defined at any frequenciez less than
R0*prop away {rom the wanted carrier. The program will
interpolate at multipies of PTOP/64, between the lowect
and highest given frequency, uslng the input data. For
instance 1° the user wishes to (ind the Interference from
a {lat spectrum 90 dB below total pouer/ﬂz between -10 Mz
and +10 FHz relative to the unwanted carrier f{reguency,
the two pairs -10, -90 and 10, -90 can be fed into the
program. The progrem will then interpclate hetween -10 MHZ
and +10 ¥Hz and set all points in between equal to Luq
relative to total power/Hz. Everything outslde thls range
is set equal to O, i

A listing of ARBINTP is included in Appendix I.
I believe some familiarity with ANINT together with the
comments in the listing should be sufficient to understand )
how the program works. As in ANINT we assume a minimunm
of 10 dB carrvier to interference ratic,
2. Input Data
Parateters for ARBINTP are:

Program
Variable
wgmﬁ'# Units Hame
1 Freguency band GHz RAND
2 Interlrerence requlrement DBRICO REQ
Nominal frequency dif. MHz FPDNH
3 System 1 name (wanted) Character ‘ 38Y3
Number of talkers Integer NTA
Top Baseband Frequency MHz FTO?
Bottom Baseband Frequency MHz FOOT
Fregueney deviation MHz FRMG
Frequency tolerance Per cent TOL1
Pre-emphasis

Character* P

Cortoe of YCCOIRY, 'RELLY, CNOHE', 'Ti-1T,

el
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Card #

A
it

4

R

. il
N w2

4 4+ NDIS

4 + NDIS + 1

4 4 NDIS + NCON

L j .

Optional, reguired 1f
and only if pre-zmph
(PRE) 1is 'BELL'.

Units

asis

Pre-empnasis coefficlents

System 2 name {unwanted) Character

Frequency tolerance
No. of discrete data
No. of continuous da
Freguency

Discrete power

Fregquency
Discrete power

Frequency
Continuous power
density

L]
L]

Frequency
Continuous power
density

Per cent

Integer

ta Integer
MHz

dB rel, total
power

MH=z
dB rel, total
power
' MHz
dB rel.
total power/Hz

MHz
dB rel.
total power/Hz:

Yooy on
Ve prbotinder
T
——

pLO

A2

AL

AQ

3s8Ys52
TOL2
NDIS
NCON
FRDIS(1)
LEVDIS! 1)

FRDIS{NDIS)
LEVDIS({NDIS)

FRCON{ 1)
LEVCON{1)

FRCON(NCON)

LEVCON(NCON)

. The frequencles for both discrete and continuous
_ data should be ordered from smallest to largest. in order %
TFE to make the interpolation work, '

Output Data

Att-

The format is the same 88 for ANINTP with the
exception of the discrete compeonents, which in ARBINTP are
printed iu a table because we may have mnsny.
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