
— 
-

~~~

P AD—A035 089 DUKE UNIV DURHAM N C DIGITAL SYSTEMS LAB F/s 9/It
DIGITAL PULSE COMPRESSION TECHNIQUES.(U)
JAN fl P N MARINOS N0001 —67—A—0251—0023

UNCLASSIFIED T R 7 7 1  NL

I ______

AC: 0 9

_ I 
-- _ _ _

•_~••i I 3~~ 77



DIGITAL PULSE CONPRESSION . TECHNI(~JES

by

Peter N NarinOs
Department . of E~t ectri.Ca1 Engineering

Prepared Under: :. ~
. 

• :• •

Office of $ava1~Research .
Contract No. N0001441uA-0251 ~OOZ3

PE~IT Fl!! [E~ILE ~I~DCBON
‘Thi s doci~ant has been approved for p~ iic .re~&i. and sate; ItS
distribut ion is uflU*ited”.

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



.- . - _ _ _ _ _ _ _ _ _  . .- -. -  -- -—..- - .—- —

• DUKE UNIVERSITY

Department of Electrical Engi neeri ng
• School of Engineering .

- 

~~~~~~~~~~~~~~~~ r~~4.JFe £ 7$ 1 _
~~ a °!

~~ff c2~~ 71R~ 77Z~7
• 

‘ 

Title
— ~~~~-.•.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—
~~

- —
~~~~~~~~~~~~~~~

-
~~

.— 
~~~~~~~~~~~~~~~~~~~~~~

(~~~~ 

)IGITAL PULSE COMP RESSIO N TECHNIQUi

7

~~~~~
Pe

~~~ N4~r!p
J

APProved :~~~~~~~~~~

Principal Investi gato r

p

Prepared under: Offi ce of al Research

~ ContractC~~~~~~~~4_6l_ A.425l .~od~~
7

“This document has been approved for pi~ l1c release and sale; Its
dIstribution is unlimi ted .”K

~~~~~~
9J47t1~c~~~ C~~~~



• 

‘ I ~~~~~~~~~~~~~~~~ T’~~~~~” ’~ 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~

. ~~~~~~~~~~ ~
—

~
—

~~
—‘- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,—_~~‘

A B S T R A C T

The purpose of this work was to identify and study pulse

compression techniques useful in LPI (I.e., L~~ Proabability of

Intercept) appl ications. More specifically, the technique pro-

posed should be capable of compression ratios of from 128 to

1024 or higher, and integrated sidelobes of -35 to -30 d

throughout the compression range; furthermore, it shoul d be easy

to mechan ize , and should result in minima l S/N loss. It was

concluded that nonl inear FM is the pul se-compression scheme

capable of satisfying all these requirements, and existing

technologies make its mechanization feasible. 
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I. INTRODUCTION
The probability of detection of a radar signal In the presence of white
Gaussian noise is maximized if the receiver Is a matched filter to the signal

• (1]. In this case the receiver response becomes the signal autocorrelatlon

• function. In certain radar applications, It Is also necessary that the

transmitted waveform be rectangular and have as low an amplitude as possible

• 1 but always consistent with the requirements for range resolution and prob-

• ability of detection. These signal design constraints are best satisfied by
• using pulse compression techniques which will result in the minimal possible

signal—to-noise power loss. • S 
• 

•

• Nonlinear FM signals have relatively low time sidelobes and result In no loss

• in slgnal—to—noisc ratio for as long as the receiver is matched to the trans

4 mitted nonlinear FM waveform. The compressed pulse, however, is highly sensi—

j • • tive to frequency variations, and becomes extremely, distorted and develops high
sidelobes as the doppler frequency Is increased. 

• 

: • • •

• Since nonlinear FM suffers no signal-to-noise ratio loss under perfect match

conditions, It becomes a serious candidate for use in a pulse compression sys-
tern. In the sequel , a digital pulse-compression system Is proposed based on

nonlinear FM and capable of operating over an arbitrarily wide band of doppler

frequencies withOut viol ating the requirements of specified sidelobe level and

signal—to-noise ratio degradation. 
. .

S • • •
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U. NONLINEAR FM PULSE COMPRESSION SIGNALS

Consider a narrow band signal s(t) centered at a carrier frequency f
~ 

with
an envelope a(t), and a phase modulation given by 4(t). That Is,

• s(t) a(t)cos[21rf
~
t + •(t)), —1/2 < t c 1/2

S 
. ~ O, elsewhere 

S 

• (1)

wher e T is the pulse length. The equivalent complex representation of the
modulation is given by

a(t) exp[j4 (t)] (2)

and its corresponding Fourier transfo rm is expressed as S

p - S

S 
• A(f) = J a(t) exp(j{$(t) — 2irftl)clt

• •

a A(f) exp[j e(f)) (3)

• 
S where A(f) denotes the modulus of A (f) .  In a simil ar manner , one may also

wr ite

• 
. aCt) = J  A(f)  exp[j{e(f) + 2iift})df -

• 

. 
a(t) exp[Jq(t)] - - (3a)

where a(t) is the modulus of ~(t). 
‘ 

•

The modu l i a(t) and A(f) are related via ParsevaVs theorem which is

analytical ly expressed by

• 

5 
a2(t)dt = J A

2(f)df = 2E • 

S (4)

where E is ‘the energy in the real signal .

The signal autocorrelation function, z(t), which appears at the output of the

matched filter receiver, is given by • 
.

S -

z(t) ~
(
~

) ~~~~~ dt (5)

I~~
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where ~*(t) Is the complex conjugate of i~(t). Using the Fourier transform

• I of ~(r), one may rewrite Eq. (5) as ‘ 
S

z(t) “J”A2(f) exp[j2irft]df (6)

or 
A(f) =~fz(t) exp[-j2Tft]dt~~

2

• The general problem which incl udes the non l inear FM case as a spec ial case
may be stated as follows : S

‘Given the two moduli a(t) and A(f), is it poss ible to obta in a pair of phase
• functions •(t) and e(f) such that equation (3) (or 3a) is satisfied?” . 

-

With the exception of very few well—know n cases , the general exact sol ut ion
to this problem for arbitrary functions a(t) and A(f) is not known. This
stems from the fact that Fourier theory does not provide a general set of

S 
necessary and sufficient conditions which must be satisfied by the modull of

a potential Fourier transform pair, that is, by a(t) and AC?) In this case.

(Note, once again, that the reference here is to a(t) and A(f) and not to
T(t) and ~(f).) Nevertheless, one may still insist on an approximate solu-

tion and accept it or reject it depending on how well it satisfies expressions

• (3) and (3a). Such approximate solutions may be pursued by making use of the
S
~— .

stationary phase method of approximate integratIon [2]. This method may be
S 

•
~~ applied either to expression (3) or (3a). S

• According to the principle of stationary phase , the major contribution to the
• • integral of a rapidly oscillating function will result from regions over which

the phase of the integrand functions Is “stat ionary”; that Is, from regions

•
over which the derivative of the phase function is zero.

- -3.. 
. S S



• ~~~~~~~~~ •~~~~~‘SS~- •~~~~ -‘--S ______________

F S • • ~~ ‘~ ‘ ,, 5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~‘—

S Applying this technique to expression (3), one has 
5

• - 
S 

~~~~~~ [+(t) -

• 
2wft ] 0 • 

• 

S 

• 

• • S 
• 

•

or 
• 

. - •‘(t) 2irf 
• 

S 

• S 
- 

- (8)

S 
• 

Express Ion (8) implies that the points in time, t, at which the total phase
• becomes ‘stationary” will depend on the frequency f. •

~~ 
•

• 
~ e obtains a similar relationship using expression (3a). That is,

S 
• 

~~
. [e(f) + 2irft] o ‘ 

. 

• 

S 

•

or • e ’(f) = - 2irt 
S

5 

• 
S 

• • (9)

Expression (9) implies that the frequencies, f, at which the total phase

becones “stationary ” will depend on the time, t. S

It becomes apparent that in order to obtain •(t) , it is necessary that we ‘ 

S

determine the functional dependence of f on t or • 5

- f =g ( t )  • • 

S

S

~~~ 

S • • • 

• 

• 

• (9a)
• Use of (9a) in (8) and subsequent integration will provide the phase •(t). .

• 

S

• Similarly , one may use the inverse of (9a), that is , ‘ S 
•

t g~~(f) (9b)
- 

and expression (9) to determine e(f)
. 5

Determining the functional dependence expressed by (9a) or (9b) is the ulti—
mate objective of the stationary phase approximation method. This is lu-
strated by considering expression (3a) and expanding its phase function in

a 3-term Taylor ’s series about the stationary point, say , f = e,and performing
S —

the indicated operations. Key et al. [3] have shown that this yields the

approximate expression • 
S

- - .4- 
5

~~~~

‘

.:

5
~~~~~~~

5
~~~~~~~~~
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~~
. ,,~~~ A(c) exp[j{2lrE.t + 0(e) ± ir/4)] 

• 

(10)
~JIe

u (c ) I  
S 

•

where (+) is associated with 0 ” (c)  > 0 and (-) with 0”(c) c 0. Expression

(10) for a(t) may be separated into the modu l us and phase functions as follows-: 
S

a(t) = 
A(f) . 

S 
• 

• 
‘ (U)

S ‘ S ‘ 
~~WC~ ) I  S 

S 

. 
S

• and S 

S

- 
• 

•(t ) = 2irft + e(f) + ir/4 . 

S 

• (12)

where c, denoting the stationary point in frequency, has been replaced by ‘f

for clarity and in being consistent with expressions (8) and (9). 5

Differentiation of expressi on (9) and s ubsequent substitution In (11) yields
• 

• a2(t) dt = A2(f) df 
5 

5 (13)

which in a sense establishes in dlfferntial form the dependence of f on t or

vice versa. Furthermore, expression (13) prescribes the manner in which the

moduli a(t) and A(f) enter in this dependence. 
S S 

• •  
• 

• 
- S

• According to Parseval ‘s theorem (see expression (4)), Eq. (13) must yield S

• 
$a

2(t) dt : JA
2(f

~~ 
• 5 

(14)

But more importantly , given time t (or frequency f) we want to know the corre- 
S

sponding frequency f (or time t) such that 
- 

- 

S 
•

j
t 

a2(y)dy :J A2(x)dx (15)

or equally valid S 
S 

•~ 
S

j
t 

a2(y)dy = f°A2(x)dx (16)

—5.. • 

S

-_ 
_ 
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Equations (15) and (16) provide two possible solutions regarding the de—

pendence of f on t, or vice versa, given two moduli functionsa(y) and A(x).

If the integrations impl ied by (15) and (16) are not tractable analytically, S

one may employ computational techniques to obtai n the dependence of t on f

or vice versa. S S S
. 

• ‘

S

One special cas e of interest Is the one in which the signal envelope or

modulus a(t) is given by S 
- 

• 

S 
- 

• S

S a(t) = 1, -T/2 < t 1/2 - 
- 

‘ 
• S 

- 

• S 
- -

S 

S 
• • = 0, elsewhere ,~ 

• 

• 

•
S •

and the spectral function, or modulus A(f) is such that when processed by the
S 

matched filter receiver results in the prescri bed response. The choice of
• A(f) for a speci fied sidelobe level and compressed pulse shape can be made 

•

from any of several well-known families of spectral functions [3,4].

S 

- Appendix-l provides the computer program used to compute numerically the re- 
-

qu ired phase funct ion 4~(t) given a2 (x) = 1, -T/2 < t < T/2, and arbitrary

spectra l funct ions for A2(f). In the program, use of expression (15) is made

to compute the value of f corresponding to a given t, and this information

is subsequently utilized in Eq. (8) to evaluate the derivative .‘(t) at that

point In time. From the numeri cally established behavior of the derivative, S

the program proceeds and evaluates •(t) which is the phase to be assigned to

the transmitted signal . 
S 

S S

5~~~ S 
-

S -

~~~~~~
5
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• 

• S
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-
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III. NONLINEAR FM SIGNALS IN THE PRESENCE OF DOPPLER SHIFT
• • The compressed pulse resul ting from nonlinear FM pul -e-compression systems

S 
is highly sensitlve to frequency shifts due to doppler. This Is due to a

S resulting phase mismatch condition which is responsible for causing severe

distortions in the receiver response both in terms of degradation in the • 
-

• main lobe and the level .of the range sidelobes. 
S • 

S S~

The received spectrum is given by 
S 

, 5 5 
, 

- 

:

‘

S • 

- 
S(w) = A 

~‘~°‘d~ 
exp[ie(w+wd)] • S 5 • 

S 

-

~

where wd = 2IrfdP the doppler frequency shift in rad/sec. The matched-filter

S - transfer function is given by 
S 

• S 

- 
•

S . H(w) = A(w) exp[—je(w)] - : • 5 
. 

• 

. (18)
• • and the output of the matched filter by . 

S 

• 

S

S 
• 

• G(~) = A(w+wd) A(w) expEj(e(w+wd)-e(w)}] S (19) - 
-

The function 0(w) is obtained using procedures developed in the preceding

. section. 5 . 

- 

‘ 
• 5 5 • S

In order to overcome the detrimental effects of phase mismatch due to doppler

frequency shifts , it Is proposed that a bank of filters be designed which are
S 

- 
perfectly matched in phase to signals received at equally spaced frequencies ‘

spanning the enti re Interval of doppler frequencies of interest (i.e.,

~c~~ci1~~ ~~~~

The center frequencies of the matched filters used in adjacent doppler 
S

channels are so spaced that the resulting deterioration in range sidelobe 
-

• levels is kept within prespecified bounds.

The design of matched filters for processing nonlinear FM signal s is a very

difficult technical undertaking, and the task becomes even more complex if

S • -7- - 
-
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I
the filters are requi red to process a wide variety of spectral functions,

A(f). Such a need may arise either from technical or from tactical con-

siderations, and it is best satisfied by implementing the matched filters

and associated signal processing numerically . Such an approach requires

that we design the matched-filter transfer function In a way which accounts

for phase distortions due to doppler frequency shifts. Knowledge of the

dependence of A(w) on w facilitates accounting of the doppler effects on
the signal and its subsequent processing. In order to obtain the filter

characteristi cs for perfect match in the presence of a doppler frequency
S 

shift equal to wd~ 
one must obtain 0(w ) from the moduli a(t) and A(w+wd).

- 

S 

The modulus a(t) being the envelope of the transmitted signal is assumed

to remain fixed, but A(w) is adjusted to reflect the frequency shift due

to doppler.

3 The required spacing between the center frequencies of adjacent doppler

5 5 filters for a specified sidelobe or signal-to—noise ratio deterioration

is determined via numerical techniques utilizing the program given in

S 
Appendix-i . In the case of a square-root Taylor frequency spectrum,

adj acent doppler channels wi th their center frequencies placed at points

corresponding to a target velocity of 1.76 of MACH-i result in a si gnal -

to—noise ratio deterioration of less than -0.22 db; the corresponding

distortion in the time response yields -18.1 db sidelobe level instead

of the design value of -33.2 db.

Figure 1 offers a processi ng scheme for non-linear FM signal waveforms .

-8-
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IV. DESIGN CONSIDERATIONS FOR THE NON-LINEAR FM PULSE COMPRESSION SYSTEM

In order to acconmiodate information rates and signal waveforms compatible

with modern radar system requirements , the design of the nonlinear FM

- 
pulse compression system must display

a/ flexibility in the choice of transfer function, and
S b/ bandwidth capability of the order of many megahertzs .

The issue of system flexibility is easily settled by assuming digital imple-

mentation of the processor. This choice usually puts extra pressure on the

system designer to develop FFT (Fast-Fourier Transform) units capable of

coping with large bandwidths . In the entire system shown In Fig. 1, the FFT

units are the only design challenges, and with present-day technology and

existing FFT algorithms [5-12] their implementation has become both economically

and technically feasible. The factors which determine the size of the FF1

unit, and thus its cost, are the time-bandwidth product, speed and precision S

requirements of the system. S

At this point in time, the design of FFT processors has reached sufficient
S maturity to satisfy most of the signal processing needs encountered in

S modern radar systems. The analysis and error sensitivity of various FF1 S

1 algorithms have been well documented [13-20], and there is no need for their

duplication here. It should be pointed out, however, that new advances in

I the area -of parallel computational structures [21-25] point to more cost- 
S

effecti ve FF1 processor designs in the future, and thus to more economical

and flexible signal processina systems. S

~~~ 4.

‘iI
~fLi~L _~~~~~~fl~~~~~~~~~ 5~~fl5S 5 ‘5~S ~~~~~~~~~~~~~~~~~~~~~
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APPENDIX-1

The program given In this Appendix uses square-root Taylor weighting In

the frequency domain for -40 db sidelobe level . The input quantities DELI

S an d DELTA ( ) speci fy the doppler frequency shift we wish to center the
matched filter under design at , and the sequence of doppler frequencies for

S 

use in testing the performance of the matched filter, respectively. Note

that DELTA or DELl are normalized quantities corresponding to the parameter,

= (2 u/c)(f
~/~

f)

where u = target radial veloci ty; c = velocity of light ; 
~ 

= carrier

frequency; and ~f = signal bandwidth. Furthermore, many of the parameters

are assigned values within the program and not thru a READ statement.

S ND = Nuther of doppler frequencies to be investigated

N = Number of sample points to be processed ; M ~ N/16.
S 

-~ NSTAGE = A positi ve integer such that N = 2 ** (NSTAGE). It denotes the

number of FF1 stages .

AF( ) = Coefficients determining the polynomial signal taper employed. The

illustrati ve val ues used in the program represent a -40 db Sidelobe

-: square-root Taylor weighting. AF( ) is DIMENSIONED to acconmiodate

up to ten polynomial coefficients (see p. 20-18 of RADAR HANDBOOK

by Skolnik.) S

D Compression ratio. The compression ratio is set equal to (N/4 - 0.25)
S 

which indicates four samples per cycle with the first sample at

time t • 0, and the ‘ast sample omitted. (Also, D • COMPR)

MF • N/4 S 5

-13-
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MPSI • Number of Fourier coeffi cients wanted for approximating the signal

phase function PSI( ) in the time domain. 
S

S DELl = Center-frequency at which the nonlinear filter is tuned. It is

given in normalized form and has been defined earlier in the

S Appendix.

DELTA( ) = Doppler frequencies expressed in normalized form and in a manner

similar to DELl .

Discussion of subroutines and functions

1. SUBROUTINE EVLPSI (NSTAGE, N, NN , D). It evaluates the Fourier co- S

S efficients B( ) for the approximation of the real signal phase function

PSI (t).

- 2. SUBROUTINE EVFLTR (NSTAGE, N, NN , D, FACTOR , DEL l ). It eva l uates the

transfer function of the nonlinear filter tuned at DELl . The parameter
p 

FACTOR is only defined and computed within the subroutine for latter

use by other subroutines.

3. SUBROUTINE RESPNS (NSTAGE, N, NN , 0, DEL, FACTOR,XMAX). It evaluates

the response of the nonlinear filter due to a unit-amplitude rectangular S

pulse of real phase PSI(t).
I,

5 5 *  4. SUBROUTINE TSOPLT (i~q). It provides a quick “line-printer” plot of the 
-

p- -
, filter response (or of any function computed within the program) .

5. SUBROUTINE SNIPLE (NF, SIGN , D, DEL , NSTAGE). It samples the signal

exp(JPSI(t))

S 

l4

- S~~~~. ~~~~~~~~~~~~~~~
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6. SUBROUTINE FFT(NSTAGE, SIGN). It evaluates the discrete Fourier

transform of a set of sample points.

7. SUBROUTINE TMPRO C (NF , D, DEL , NSTAGE). It Is used in conjunction with
SUBROUTINE RESPNS( )

8. SUBROUTINE SELECT (NF , VARBLE , OUTPUT ). It selects between the
functions SGNL( ) and TAPER( ) depending on the val ue NF.

9. SUBROUTINE- INVERT (NF, XTO L, FTOL , NTOL , Y) . It determines the root(s)

S of a funct ion using Newton ’s method.

10. SUBROUTINE AMPLE (THIGH , N, NM). It samples the derivative function of

PSI(t).

11 . SUBROUTINE INTGRN (NF , C, E, M , NMAX, STOL , S). it Integrates either
S 

- function SGNL or TAPER depending on the val ue of NF.

12. FUNCTION PSI (D, DEL , SIGN , T). It provides the real phase of the

rectangularly shaped signal assuming square-root Taylor weighting .

13. FUNCTION TAPER (PHI). It provides the spectral function of the signal

S which will resul t. In the desired compressed pulse. In this case, use
5~~~

S ’ . is made of square-root Taylor weighting .

14. FUNCTION SGNL(T). It provides a constant, unit-amplitude taper.

-15-
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)OPLNEW JO~ DU.0Q7.A81a03,MAR INOS,T= (2,00) ,P~ 5O)~pLNEw EXEC wATFIv,RE5zoN~aaoK . ~~ 5 5  - 5 5 5  S 5  555 5 55 5 5
S -~i’SIN 00* ‘ -

~~ COMP~~ X
0 D 2 / M A  S,T114E 120,PAGES 5O 

~~~~~~~~~~~~~~~~ T~T ” - ’ ” ’ T  ‘ S

DOU~LE PREC ISION D,DT,DFLOAT  
‘ 5 5 - S

DOUBLE PRECISION 4F,XO,GXO,GCONST,WCONST 5 5 5•5555S SS 
55 S S j

~“ COMMON DT.~ (2.204R).DATA~2048J.TA (2048),A(101),B (1OI) FOUR,MF~~~~~~
’ ’

COMMON DATANL (2048) ,DATAX (2048)

1~1D~ NSTAGE, M
’Mpsu’:

~~
’ ’

~~~~
’ ’ 5 T

~~
’’’ 

5 5 5  ~~“ T ~~~~
’- ’-

PFAO (1,~~1~ 3) DELt, COMPR - S S S

103 FoRMAT T7F 1 .0) ‘ —— 55 - -S

S ‘ F (l)i0j~39?154 
5 5 55555 55 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S55~~~

S AF 2)=~-o.oo 945a3 
S S S S  5 5 - 5 - 

1
AF (3)=0.0n4e819 S 

- 

- - 5 -  5 5 5

“A F ( A )~~~0.00161O5 . — ~~~— 

55 

_ _ _~~~ _ _ _ _5 - 

~‘AF ( 5~~ O.0OO3474 
S ~~~~~~~~~‘ ~~~~~ - “____ 5 5 ’ ’  S _____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

S N 2**NSTAGE 5 5 5~ “ ‘T 
5 55 5 5 55

D COMP~F S S - 5

—

S ---‘ - ---~~d ti,102)” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - S - S  

~

_

~~

55

~~~~

55

~
*’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -“ -

-S 102 FORMAT (8F1O . 0) 
S S S -

NN=2*N 
5 5 5 5  - S S S 

‘ ‘•~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ -~~~~~~~~~~~~~ -1
~~~~~~~~~~~~~~~~~~ ‘-

S D1— 1~ 
. 5- “ 5 -  ‘ S S

W R ITE (3.1) 5 ‘ - -

I FORMAT (I HI) . -‘

~~~CALL EVLPSI (USTA E.~ .NN,D) ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “5S’

IF (IFLAG.GT.g.OR.NFLAG.GT.O) GO TO 999 - - 5

S WPITE (S3~~~~Q) 
~~~~~ 

-

9’Ffl °I’AT (3X ,31H THE COMPR. RAT IO ,,,,LS EQUAL TO S.. ,~~ ‘ ,F1O.3,//) —-‘

S WRI TE (3,302) 5 5 5 - -

302 FORMAT (3X. ’THE FOURIER COEFFICIENTS OF PSI(T) ARE’,//)
S

. WRITE (3,303) 5

303 FOPMAT (6X,SH N ,12,X~,,8H ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~DO 3fi4 1 1.P-1FOU~ 
S

- WRITE (3,305) 1.8(1) - - - “ - 5 5 “ ~~~~ 
S

~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~ -~~

‘W RITE (3 . l) ” ~~~~~~~‘- ~~ ‘ 5 - ’ - 5 - ” ’ ’ -~~’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ 
-~j CALL EVFLTP (NSTAGE.N,NN,D,FACTQP,DEL1) 5 5 ‘ 

‘ IINITIALIZE THE LOOP FOR THE OELTA VALUES. - 5 5 .  -5 —~~~ —.55 - ‘55 --S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘-‘1
IF (J.GT.N0) GO TO 999 5 S S - - S~~~S S S

DFL OE r4(J) S 
- 

- S - S - 5 5 5 5  5 5

~~~~~
T

C A L L  P~ SPN S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _

- WRIT E (1.Q) 01 5

IL WR ITE (3,2 1) DEL S S 5 5

21 FQ~PMAT ( 3Xe 2OM OELTA IS EQUAL TO .E15.4,//) ‘ -

R ITE (3 ~9~ ) O~ I - “ ‘  S ‘

~~ 

‘~~~~~~~~~“ ~~~~~~~~~~~~ ‘- -5-,. -
898 rflPMAT (j3X,2(i~

l
~~LTER CENTERED AT DELTA= ,EIS.6,//)” ‘ ~‘~~~~“~~~~~~~~~~~ 5- 

S

WPITE (3.08) XMA X
OP FORMAT (3X , ’T’IE SIGNAL TO NO ISE PATIO IS EQUAL TO’,E2 0.6.’ ORS’,

- 5 5  1 II) 5 -S - S - S

- —________ S -

99 FORMA T- (3X. ’THE AMP LIT UDE. OF THE RESPONSE IS EXPRESSED IN DBS’,//)
CA I. T~OPLT (M M)  

5 5 - S S S

-- .
~~~~~ wP 1ITL (3.1) - - - 5 S 5 5 5 5  • S  S S S S -

£3O TO lc - S S S~~~~~ 55 ~~~~~~ S S - 5 S S 55~~-- 5S S 55S S• 5S 5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• 990 CONY IN IJE 5

END - 
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- 

Sti~POU1TNUE LTP ’(NStAGE~1~l.i~IN, D,FACTOR,DEL1) SCOMPLEX X ,DAT AN L - - _

S DOUPLE PPECISION t),DT,PFLOAT 5 5 
- ‘ S 5 5 5 5 5 5 5 5 “ ‘

— DOuBLE PRECISION AF,X0,GXO,GCONST,WCONST S”

CO M M ON OT,X (?,?fl4~~ ,DATA (2O4&),TA (2048),A(101),B (1O1),MFOW~,MF 
-

- COMMON flAT ANL (2 fl4~ ),DAT Ax (2O 4R ) 
-• - COMMON AF (10),X0,GXO .GCON$1,WCONST,tJFLAG .IFLAG,M,MM - -

COMPUTE RE’QUI’~EO FILTER COMPENSATION , NEXT’ - ,
‘

- 
- 0T 0/OFLOAT (N—1 ) 5 s ‘ ‘  S -

LSTAGE=NSTAGE+1 S - S S S -

-• MF1~ r4F.I 5 
“ 

5 5 5 5 5 - ‘  -

CA LL. S 4PLE (2’~ 1:~ D,O.,NS1 AGE) ” ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S DATANL (1)=x (2,1) - 

S S S S S S S~~ 5 5 5 5 , 5 5 ~~ 5 - - S - 5 5

- DO ?S0 K ?.MF 5 ‘ 5 5 ” ’  5 5 ’~~ ‘ “ S “S
‘ “ “  p” 5’~~~~~~~ ‘-‘~~~~~~~~~~‘- ‘~~ “'~~~~~~~~~~‘ 

- ‘50 CONTINUE - - S 

~~~~~~

‘ ‘ “ ‘ ‘  •~~ - ‘ ‘S - S -

- DO 251 K=MF1.N - - • - . •~~~~~~~-~~• ‘ •~~~• - . ‘ - •

S OATANL (K)-=Ct4PLX (O.O,o,O) ~~~~ “S’~~~” - ~ ~~ ‘~~~
‘
~~~~~~ S~

’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ‘-‘- ‘5-. ‘ 5-

55 T*NL (NN”2 K) CMPLX (0.O,Q,O) “‘  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

?51 CONT I NUE ‘~~~-- -“ - - - ‘~~~~~~~~~ - “ “ ‘  5 5 - 5 5

S DATANL (N.1)=CMPLx (a .~~.o.o) 
‘ S S - 5 5 S 5 ~~~~* S S  5 S 5 5

-‘ —CALL SAMP LE ‘(2,+1.,D.DI- (.,1,NST AGF ) 
____  ____‘-‘~~~CALL FF1 (LSTAGE,-1.) ‘ ~~~~~~~‘-~~~~~~~ • ‘  “~~~~~~~~‘ - ‘  - - -S-—’~~ ---- *.S~~~-~~ —- --’

S bATANL (1) DATANL (1)/X (2,1)  5 5 5 5 5 5 5 5 5 5 5 5 5 S -

DC’ P001 K=?.~F 
S ‘ ‘~~~~~~~ “ ‘  - S

DATANL (’() DATANL (K)/X(2,K) — ‘~~~~“ “ ‘ ‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘-‘-55’ 

___ ‘ - S ’ ”  
S

)0I CONTINUE - - - 5 5

WPITE (3.~l) 
5 - ‘ 5 ~~5 5~~~55 ~~

I FORM AT (IHI) ‘ — ‘~~~~~~~ 
a-
” 

-

- “'‘-CALL SAMPLE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~S CALL FFT (LSTA (’,E,—l.) 5 ‘ 5 -
S

~~ I DATANL (1)=DATANL (1)*x (2.1) 5 , ‘ - ‘ ‘ S S S

-5- DO 8000 )( 2,MF - - “- -~~~~~~ - 55’

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

‘ - “— ‘ ‘ “~~~~~~

S OATANL (~!N.2—~c)=DATANL (NN.2~K)*x (2,NN,2~K) 
‘ 

, 

-

‘00 Col~.TTNu F 
• -5SS S

THE COMPLEX AP~QAY DATANL CONTAINS THE FILTER 
‘

~~ 

- •
~ 

“ ‘DAT PE4L (OAT4NL (I))**~ ,AI~14G (OATANL (1))ee2
”' ’-’ ’ - -‘

DO P002 ~~2.MF 
S S

• - GAT= RFAL (DA TANL (K))**2 .A !MAG (DA TANL (K ))**2
DAT=DAT .2 .*GAT ‘ 

““  ‘ - “'‘ ~~~ “~~‘-~~~~ 
- --

~ ‘~i 02 CONT iNUE - 5 5 5 , 5 ~~~~~~ ‘ - ‘ ‘~~~~~~ ‘~~~~~‘~~~~~~~~~~~~~~ “- “ ‘~~~~~~~~~~~~~~~~~~~~~ ‘ ‘ ~~~~~ “ — “ ‘~~~ 

-
~~ ,~ - THE CONSTANT ‘FACTOR ’ IS EQUAL TO THE OENOMINATOR IN THE DEF1NI—

- - lION OF THE SIGNAL-TO—NOISE PATIO. - -

P ‘—FACTOR=r AT/2. - ~~ - - - • - ‘ - - -  ~~~~~~~~~~~~~~~~~ -~~~ _—--..- --- -5 ’ 55-’-- 5 —  ‘

END ‘ ‘ ‘.

I
‘ S .  S - 

S
I

S ~~~ 
S 

-
- 

- - 

S 

- COPY AVAILABLE TO DOC IXIES NOT ‘j
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~~-S~ -S,55,’-S_S-SS~~~ -S S 5 - - - -‘

~~~7 55

S SUBPOIJTINE PESPNS (NSTAGE,N,NPI.D,DEL,FACTOR,XMAX ) ‘

‘- COMPLEX X~ DA T 4NL 
-‘ 5 5 55 ‘ ‘‘ ~~~~~ S ’ ~ ‘ • 5 S 55S 5,~~55 S

- ‘ DOURLF PRECISION D,OT.DFLOAT’- - ~S 5 5 5 5 5 5 5 5 5 5555 5 5 55 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - S ’ S

- 
S - 

~~~~~~ PRECISION AF,X0,GXO.GCONST.WCONST
COMMON flT.X (?.2fl4~).DATA (?fl4o).T4 (2O4c3),A(1O1),R (1O1),MFO (Jp .MF -

COMMON t TANL (204~~),!)AT~ x (p04R) - -‘ -

S 

‘ COMMON AF (10),X0,~~X0.~ CQ~ ST.wcONsT.NrLAG,IFLA (;,~,,MM 
“ ‘5-

S PREPARATION OF THE OUTPUT OF THE RESPONSE.
CALL TM °ROC (? .D .DEL .NSTA~ E) 

S S

~DO ii K=I.NN ‘ 
~~~

‘ ‘ ‘ ‘‘ - ‘
:
‘-‘“ “ ‘ ‘  - S ’ ’

S OATA TK) PEAL (X (1,~ ))**2,AIMAG (X (j K))*’*~~~~~~ ’ ’ .‘‘~~~~~~~~~~~~~~~~~~~~~~‘ “ “ — “

S DATA (IC)=DATA (Ic),FACTOR -
- ‘~~~~~~~~~~~~“ ~~~~~~~~~~ S ~~~~“~~~~~“ ‘-‘ 5 S S S 5 5 5 5 ~~~~~5 S 5

ii .CONTIP’JUt 
5 S SSS 5 - 5 S T  ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ‘~~

r - - ’- X M A X f l I t T A ( 1 ) ’ ”  “ ‘ ‘ ‘  “ — ‘ - “ ‘ ‘  5 ’ ~~~~ -S——”.S’ ’S S ’ S-S 55, 5s.~~~ S S . . .:,~s55. S~~~-S,55 ~555555 5 S-S~5--S55 • ~~
S 555555

00 07’ I=l.NN . 

S S S 5 5 S S S S SS S S 5 5 ~~~~~~~~ 5 S 5 -•

IF (DATA (I) .GT .XMAX) XMAX =DA TA (I )
5 ‘~~~S s ’ S

97 CONTINUE • 
S S ~~~~~~~~~~ S SSSS S S~,S , - S - S  -S~~~ -S-5~ -S 5 ’, -”  S 

DO 12~~:1.MM
’ ’ ’ ’  ~~~S 5 5 - S S S Ss 55S SSS55 -S S~~~~ 55S 5 S S~~S S 5 5 S 5 5 S 5_SS *S- S--”- -—.~—.~~~ ’ . - S’ S - S ’ - - 5 5 ’ S - - - ’ — - - - -  5 - 5 5 555

5 5 DATA (K)=DATA(N—M+K ) 5 5 
-

S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5 5 5 5 S S S S  5

- ‘  TA (K)=T~~(N— M+K) ‘ “ “  “
~~“ -~~~~~~~ ‘-“ S ‘ “ — ‘  ~‘ 

~12 rOP~TINUE ~~~~~~~~~~~~ ~~~~~~~ ‘-‘~~~ ‘ ~~5555~ S S S ~_ S _ 5 5S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ “—‘ -S 5 S 5 S 5 5
5 5 5 5  S~~5 5_ 5 5 5  S

- 
- XP4AX~ IO.*ALOG1O (xMAx ) 555 - - ‘ 5 ’~~ S s S S S S S~~S 5 5  --

RETURN S S S S S S S S S 55 ‘ ‘  S S S S 55 S S ~~~~~~~~~~~ S - S S  55

END - - 55’ 55 
:-- : “

~‘.; ~ 
55S -S 55555-S 55’ -5~~-S — — ‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5- - .  -

COM PLEX X .DA TANL 5 

5 5 - S

0OU~LF PRECISION D.DT’ 
5 5 5 5 5 S S S S S S S S S~~~-S ’ - S S ’ S - 555 -

Düu8~E PPFCISION A~ ,xO,Gxo,GCoNST,wcnNST 
~~“ ~~~~~~~~~~~~~ 5 5 5 5 , 5 , 5 5 5

‘~~COMMO~v~ O T.x (2 . ? o 4 ~~~,Di ’~r 4 ( 2o4~3 , , r A ( ? o 4 R , , A ( l o - l , , R (] o l ; ’ ,-MF Oup ,MF ‘ - S

COMMON OATANLC204~ ),DAT~ X (2O4€ )COMMON AF (10) ,X0,~ X0,GCONST.viCONST,NFLAG,IFLAG,M,MM ‘

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

S. NN 2*N 5 ‘

= , IF (NF.EO.1) GO TO 100 ‘~ ‘ ‘ 
S 5 5 5 5 S 5 5 S 5 5 5 S 5 5 S S S 5 S S 5~~ S 5 S ‘

‘-~~~~ ‘ “ “L ‘
‘1  “ DO’? ! J . N

”- 5-’55-”

~~~~
’ ” ' ” -S5’55_55-S5-555S 5 5 5 ~~ 55 S 5 5 5 S S 555 S 5555S - S 55_5’ S55-555S 5,5_~~55~~~~~ 5555555555-S•~5 S~~~S S

S S T=T.DT -  5 ~ 
5 -S Y=PSICD.DEL,SIGN.T) 5 ‘ - S - S  “ S ‘ ‘S

YC~ COS (Y) —55 5 5 - - s _ S - S  .5 55- - ” ' ’  5 5 5  5 - _ 5
S

X (1,I) CMPLX (YC,Y$) 
5

5 5 5 5 - - ‘ 5 - ‘ S  ‘ 5 ’  - f

2 CONTINuE 
-

00 3 1 N1 .Ni’I “  - ‘

S ‘ - X ( J , J ) ( i’LX (0.0.0 0) —‘

~~~~~~~

-“— ‘ - ‘‘ ~~~~~~‘-~~“ -_ “ ‘-‘-‘

3 CONTINUES PETII~ i.J - - 5- ’ “55 - •S  - ‘ S  S S S

00 Y~ DATA (1 ) -~~~ Tr~ 
“ - $, - “

YC COS (Y) -S~ S S S555S S5 - SS5 S -S555555~
__

~5S_55 SS5- 5- S55_55S ~~~ ~~~~s 5 5 - S - 5~ ~~ 5 5 S 5 5 - ~~‘~~~~~ S S555 S 55~~~S S ’55~5’•*~~~~55SS’ _ 5 5 _ S~55, S 5 5 S 5 S5555 S~~_

YS=SIN (Y) 5 
55 - ‘X (1,1)~~CMPLX (YC .YS)

‘O Q 4 I ~ ?.MFY=O ATA (1 ) S 5 S S S~ - ‘-“  ‘ S ’  ‘ “ S - .S 5  ‘

YC~ COS (V) -- YS=SIN (v) 55 

- 

• 

- 

•

S 

,,X (1.i) CMPLX (YC.YS) 
X (1 ,NN .?—T)=X (I.I) “ • S - S S” S  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~S S 5555S-SS S  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5— --

4 CONTINUE

r ‘ ‘ -
~,

- ‘ ,:‘ ‘ 
~~~~~~~~~~ :7: ,: ~~: 

“ ‘ ‘ ‘::“ . ‘~~~~
--:, , :.: --

- COPY AVAILABLE TO DDC LVJES NUT
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5UBROUTTN FFT ’-t’-NSTAGE~ SIGN)
’ ’
~~

5 - ’ ’ - ’ ’
~~COMPLEX X ,DATANL,W -

DOUBLE PRECISION D.D T  
-

- DOUPLE PRFCI5IOt~’ AF,XQ,GXQ,GCONST .WCONST 
5~~5 5 S555  ~ S -SS S S55 5 5 - - SS 55 55’~~ S S

55 “~~ ‘ COMMON OT.x(?.204s).DATA (2n4~~),TA(2’)48).A(jOi),p (1OI),MFOUp ,MFCOMMON DATANL (2fl4~~).OAT Ax (204’~) 
- 

-

COMMON A FRO) ,X0,G~ 0,~ CONST,WCONST,NFLAG,IFLAGSM,MM S

= ‘ INTEGEP P 5 5 ‘ ‘ ‘ ‘~~~~~~~~~~~~~~~~~~ ‘

N=2** NSTAG E S555 5 5 5 5 5  ~~ 5555 ’S ’ 5555~~S ’  ~55 5 5 5 5  - S555~~S ~s ” s 5 5 s ~ ~~SS S S S S  SS ~~~~~ _ ,55S5S ’ ~~-5 _*S~~~- S S S , S 5 5 s  ‘ ‘—‘5 - - - ‘ 5-” - -

N2~N/?FL T N N
PH I2N 6.2R31~ 53/FLTN 

• 5 -~~~~55.55 5 _ s  ~~~~~~~~~~~~~ S ,~~~~ ss~ 5 s ~~ 55.S •~~ 5 5  5 s s  , s ~~~ ,.5 5 55 S 5 5 5 S 5 5 5 5 5 , 5 5 5

‘-“-DO 3 J1.NSTAGE
- N2J=N,(?**J) - - -

NP~ F42J 
- - - 5

S 5 5 ’S’ 

~~~~
- • ‘:-

~~~~ S ’i 
~~~~~~ S 

-
-~~~~~~~~~~~~~ ‘ s•~~~~~~ - ____

IN2J (I~ 1)*N2J 
S S S

FLII’42J 1N?J 
5 5 5 5 ,-5 ~~~~~ ‘ ‘ 5 ” ‘ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - S~~~ S 5 55

- -S~~~~~~-S~S~ -S 5-S55 S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 55 5S5 S~~5 SS S S55 55 5 5

5 D O 5Q ~ I.NR S
S ISUfl~~~.IN2JISLJP.I=R+IN2J*2 -S •~- S 

5 5 5 5 S - S S S 5 S ~~-S SS 5
55 55  55-S•-SS SS • S 5 5 5 S S s 5 5 , 5 ,S - S  5 5 5 5 5 5  S S S~~S SS S -

‘~~~5 I S uP2 ISIJ91+N2J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ISUB3=ISUP.N2 S

X (2.ISU~)~~x (i .TStJR1)+w*x (i,ic,,82) ‘ -

X (?,1SU~33)=X (1,ISut31)~~W*xU,Isu82) 
— -

S CONTINUE  5 5 5 5  “ ‘ ‘  ~~~~ “— ‘~~~~ “~~~~~~~ ‘-~~ ““ ‘-‘-‘-“_ ‘~• ‘  —‘ -‘ S - S . S S S S  5 5 5 5  * .5~~~ 4

2 CONTINUE S . , -

DC’ ~ P 1.N   S

“ ‘-S--x (I q)—X (? R 5 5 ’:5 5
~~

_T ~~~~~~~~~~~~~~~~~~~~~~ ‘S--_ - S 5 - S S S - S S ”S--S’ - 5 5S55 5 S ~~~

6 CONT1Nt~F 3 CCNT !NtJ~ 
S - 55 5 5

IF (STG N. l1.o.)  pETUPN
00 4 R=1,N - -

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

• 4 CONTINUE
PETIJPN S  S

S “ “ ::~~END f - S S S S S S S s~~ S .SS -S~~-S55 S SS .55 S 555~~~~~~~~~~~~~~~~~~~~ s 55S -S,-S555555 -S55~-S 7~~”~~ 
S - S 5 S

55775 5 5 5 5~~~~7s
: 55 S S

,
S~~~~~~ 5 5 5 5 5 5 5 S S 5 5 ~5. 5

, 

SUBROUTIN~~~rMPROC*(NF;D~ DEL~ NS1SA SGEr~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘T’~

’ T ” ~~ ”
S COMPLEX X .OA TAN L S 

S

55 - DOuBLE PPECISION fl.DT 
-  

- -“ DOIJALE PRECISI0~’ AF .X0.GXO,GCONST,WCONST — 

-

S 
~~‘ ‘COMMON - DT.x(~~.2048) .D~TA (2fl48).TA (2O~~

) ,A (1fl1) ,8(101) .MFOUR~MFCOMMON 0ATANL (2O48).t)ATAX (204~ ) 
1

COMMON AF (10) .X0,GXO,~,CONST,~4CONST.NFLA6,IFLAG,P4.MMLSTAGE=NSTAGE.1 - , , -

NN~2**LSTAGE 
5 5 - S S SS ’ - S S S ’ 

S S

CALL SAMPLE (NF,+l.,D,DEL,NSTAGE )
CALL FF1 ( LSTAGE,—1.) 55 5 5 5  5 5 5 5 5  -S55 ,S S~~5 ~~~S S~~ S 5 5 S  ~~~~~~~S S5 5 S 5 5 5 5 5 5 5 5  5

DO ? K 1.NN _ . _~. .- .-~ 
_ —~~~— .55-.—- - - -~~~~~~~ —

55 - 7 - X (1 ,K)=X (2 ,~~)*D4TANL (P() 
‘~~~~~~~ “~~~~~~~~~~“ ‘ 

S S S S

2 CONTINUE 
5 

-5

- CALL FF1 C LSTAGE .+ 1.) - ‘5 55 S S S - _ - - S -5S S-55 ’. - ’S ’ - S - - ’ SS -
- RETURN — . — ~~~~~~~~~~

, - - . _S 
S

19 COPY AVAILABLE TO DDC IX)ES NOT
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PERMIT FULLY lEGIBLE PROOLJCTWt~ 

-

~

- 55”— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~



F’55 V “~~~~~~ ~~~~~~~~~~~ “‘ “-‘- “ “- ~~~~~~~~~~~~~~~~~~ -“ .5-’-— S~~~~~-S 
~~~~~~~~ S55~~ 5555-S S5-SS5~~ ~~~~ -5

~
S
~ 

__________

.rUNCTTON PSI (D,DEL ~SIGN~’T) 
S S

COMPLEX X .1)ATA NL - -

- -: ‘ DOUPLE PRECISION D,DT 
- 5 55 - S S~~~~~~~S -S - - - S’ -’- ’ --.--’  •S 55

DOUPLE PRECISION AF,XO.GX~~,GC O~ ST,WCONST 
‘S - -S . S - - S ’ S - - 55--’. S -  ‘~ 5

COMMON flT,X (?,20~~3).OATA (2048),TA (2048),A(101),BC101),MFOUR,MFS COMMON DATANL (2O4P).DATAX (204~4)-- COMMON AF’( O).Yfl,GXQ,GCONST,WCONST,NFLAG,IFLAG,M,MM
S 

- ‘  - DIMENSION ~X (1 O1) 
- 5- ’  5 S S - S S S _ 5 5 S 5 5 S S S~~~ 5 5 S S ~~~ S S~ 55 -S - S 5 S~ -‘

P1=3.1415927
Y=2.*PI*T/D
Cx1 COS (-Y ) SS S~~~SS-S -S55 S S~~~~~~~ - 5 5 5  ,~~* S S S ~~~~~ S - S  -- - S , 5 5 5 5 5 5 5 5 ’  5 5 _ S 5 5  ~~‘S ‘ 5 55

“' ‘CX (fl CX l .. sss , ,- s - - -  ,., s s Ss, 5 55 S5~ 55-5 ,S SSS ~~~~~~~ ,S55 SS, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
S - ‘

S CX (2~~2.*CX 1*CX 1_ 1 . 
- S

- ‘ 00 2 L=3,MFOUR
S Cx (L) 2.*CX (L~ 1)*CX1_CX (L—2 ) - 5 5 5 5 5  ~~~~~~~~~~~~~ 55 ~~~5 5 5~~~~S• 5 S S 5 S S S S S - S S_ 

,
S S S S SS S S S S S S S SS -~~~~

— - S
~
— 552co ’4TIf~1L1E 

,

~

Z0.
Do 3 L:1.MFOUP
Z Z_F4CL , *CX (L)/FLOAT (L) ‘. -‘-

S 3 CSONT1NUE~~ 
‘~~ 5 55 5 5 . 55 5 5 ~~~~~~~~~~~~~~~~~~~~~~~~~ - ..- ---—- _ , ,.~~ ..

S Z=D *Z
E=PI*T*T/1)

- Z 7.F - - - - — -  *

S G=SI GN *Z -

• PSI C~+E 
S

URN _ _ _  

75- ’T :-:lT .l , ..l::,’. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S 

- SUBROUTINE TSOPLT (~ ; S

CO~PLEx X .D4TA~Ji .. 
_ S S--S - ’ S S — S S.—-- S 55-S_5555~~ ~~~~~~~~~~~~ 55 55_S _ _ 5 5S 55 S55__5 -S55~5~~~~_55S~~55-SS55S55-S5~~S 55 -S ~~~-S -SSS -S5 S55~~~S 55  - 5 5 5

DOUBLE PRECISION D~DT -S5-S~~-S S55 * 55 - * 55_S 

DOUPLF PREcIsIO~’: AF .X 0.GX0~ G~ ONST.WCONST
”—’”5 ”’

~~~~~~
’”5 ” ’ ’

COMMON DATL~L (~~n ~~~AT Ah?~~~~)~ 
.TA (2048) ,A(10I) .8(101) ,MFOtJR,MF 

-S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :.~~~~ .. , . :::~i::’:i:. S I .T.
S X I”AX=DA TA( l ) - 

-

- S XMIN OATA (1) ‘ S S

D 0 1 1 1 . N   -S -

~~~~ 
(O~TA (T).GT .x~ A X x ~1A~ioATa (I) -S S ’ - 5 - S - . - ~~ SS - SS5 ,S SS SSS ,.,5S S~~, S ,S.S,S.S .55 ,,.SSSS -SS -’-_ S ’_ - - --’ S S— - • 5 . - S

If (OATACI).LT .x~4T N) XMIN DA TA( I) 5 

- 5

-
“ 5 5-  DTF F’=)(MAX~ xM1N 5 5 5 5 5  S ’  S — ‘5 5~~ S S~~~~~~~~ 5 5 s  ‘ ~ ‘

- 
‘5S C IOfl.IDIFF - 5 5~~~ 5 5 5 5 S 5 55~~~~ 55 S S ’~ 5~~5 s 5 5 ~ ~~ 55- 5555 5 5 S s 5 5 , S S ,~~~~5 5 5  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 555 5

~ “ - 
- WRITE (3.300) SC .XM Ir55 J ,XMAX S

:~~~~~ 
300 FOPMAT (4X .‘SC~~’.E1?.~~,’ MTN ’,E12.5,’ MA X ’ ,E12.5,//////) S

55 
-
~~

. , WRITE (3.117) - 
-S - - ‘ “

117 FORMAT (IH ,94
’ ‘~ ‘~- IME ,5X,~ AH ’5AMPLITUDE 5-S S S S 5 5 S S S S S ~~- S - S  s~~

__ SSS~~~~
, / /j )

S DO 10 I—1~~NXA =A ~ S(=cC*CDA TA (I)_X ,S11N )) S S

55 ’s  IDA IFTX (XA .1.I S - .  5 , 5 5 5 5 5 5 555 S~~~ s ‘ 5555* 5 5 5~~~ 5 5  S 5~~55 5555 5 , 5

‘ “—“5 WPITE (3,?00 Tfl (I).DATA (I). (TSTAR .J=1,IOA ) 5 5 5 5 5 5 5 _ 5 5 S 5 5 5 5 5 5 5 5 5 5 5S _~~~~~~~~~

200 FORMAT (1H ,F9.3,5X.E12.5,5x,102A1) S - S

10 CONTINUE ‘ - S 55 5~

~~~E~~~~U RN .S S , ,  ..L~~ . ..55 ,.: ,.,5,. ~~~~~~~~~~~~~~~~~~ .LL., 5 5 5 5 5 5 5 5s~~~~~

S 
- COPY AVAILABLE TO DOC IXIES NOT ~

- 

20 PERMIT FULLY LEGIBLE PROOUCTlOt~
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_ _ _ _ _  55 ~~~~ 5555~
__

~~~~~

SUBROUTINE EVLPSI (NSTAGE,N,Nt-1~D) 
- S S

COMPLFJ~ X.I )ATAt~L5 5 ’ D 0U~3LE PRECISION 0.01 
5 S S S S S 5 5 S S S  55 S~~S S 5 5 S S 5 5  ~~~~~~ -

S 
‘-‘5-”DOLJBLE PPECIsIc~ ~F,XO.GX0 ,GCflNST~ WCONST 

‘ S ~~~~~~5 S
555 ~~~~~~~~ _~~~~~~~ _ S 5~~~~~~~~~ SS

DOUPLE PPECISI ON TrI1GH,OUT
COMMON 0T ,XC~~.?0’~~).OAT A (2o48).TAC?O48),A(1O1),8 (1O1),MFOUR,MF
COMMON DAT ANL (204R),DATAX (?Q4~~)COMMON AF (10 .X0,GX0 .GCot%IST,WCONST,NFLAG,IFLAG,M,MM ’- - S S - — - S . - — -5S - - _

THIGH=D/-2.
S ISTA (W=NSTAGF+1 S

C ~~~s s EVALU~TTON OF THE CONSTANTS. ‘~~~~~“‘ ‘ ‘ ~~“ “  S’ S S • 5 5 5 5 5 5

55 55 - S
~~p~~~~

• (
~ ,l) 5 5 5 5 5 5 5 5  S_ 5-S SS S 5 5 5 5 - 5 S 5 5~~S S S5* -5_*~~ S*5555SS~~5 S S55 _ 55S55**S55S S 555 5 -S55*•5 5 5- S •* *S SSS S*

1 FORMAT C1H 1 ) -

S CALL INT’ PN (1.0.0 OO ,T H IG r4 ,1,512 ,O. 1D—05,Otj T ) S

S — -- 5 - - --S- IF (NFLA (,.GT.o 6’) 10 ~90 
- S S  55-SS S 5S S 5 S-S~~~ S S ~~~ -S5555 S’ S - - S -

--- - - GCONS1 =OUT s s s s ~~~~ ~~ 5 S S S S . 5 5 S~~~~~__ -‘.55.-’ -S ‘.55— 
S

- CALL LNTGPN (2.0.0 00,0.50 00,1,256.0.1D—05,OIJT) 
S S- IF (Nt-LAG.GT.O) GO TO ‘~90 

S

-‘ WCONST OUT - “ -* -. -S - 55

~
“-

~~ ‘CA LL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
S

S IF (IFLAG.GT.0.OR .NFLA G.GT.0) RETURN -

S CALL FF1 (LSTAGF,—1 .) - S - - -

‘~
‘‘-“— Oo 2 I 1.MFOUP  S ~~~~~~~~~~~~~~~~~ ‘-~~ 

5-- -S’--,,~~’-S’-_’ • ‘ s -S 555~~ - S S ~~~~~ S~~~~~~~~~ 5•-S — s~~ 5 -

S 
s s BU)=_2.*41!’IAG (x (2,I.1)’) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~‘~~~~-5 -5-’ ~~~~~~~~~~~~~~~ “ “  ‘ ‘ -5

-

2 CONT INUE 5 5 5 5 5 5   : ,  ,

DO 10 I==1,MFOIJP.2 ‘~~~~~~~~ S~~~~~~~~ ’ S ” ’ 5 - 5

* P ( f l = — 8 ( I  * “ — ~~~~~~~~~~ ‘-~~~~~~ ‘~

~
‘ IT0 CONTINU~ 

555 * 

RETURN  -  5 - 5 5 5 555 -

90fl WR ITE (‘3.R) S 
-  

S

~~~~~ FORMAT ~~~~~~ INTEGP4TION IN SUBROUTINE EVLPSI HAS FAILED ’,,,)RETURN ‘ S S S S - 5

S 

- END - 
S - 

- 

S S - - 

S

SUBROUTINE SELECT (NF,VARaL~ ,OUTPUT ) S * 5 5

- COMPL FX X .DATANL — * ‘ ‘  * — - —

55 . ~
“—“— DOUBLE PRECISION ~ .DT - ‘  S 5 _ 5 5 - S 5 5 5 S• 5 5 5 5 5 5 5 ~~S 5 5 5  S-~ —.’ --S -.* ”S S S .- - ’ S- S -  *

S DOUBLE PRECISI~ t~ ~F.XO .GX0,6C0NST.WCONST 
S

S DOUBLE PPECISION V~ PRLE.OUTPI,T.SGNL.TAPER“ V ’  ‘ COMMON O T .X (2 .2 o 4 d ) .oA T A u ~o4 8 ; ,T A ( 2o48) ,A (1OI),R(1O1) ,MFOup,MF
COMMON f lATA NL(2 t ”~~),DA t A X ( 2 0 4 ~~) 
COMMON AF (IO),X0.GxO .GCONST,WCONSI,NFLAG ,IFLAG,M,MM S

Go TO (1 0.20),NF ‘ 
S

‘
~~~10 ,0uTPIJT SGNL (vAP~LE) 

‘ - - ‘  ‘-~~~~~“ ‘ ‘  -- S, 5 5 , S S , S — _ S _ 5~ ‘ - 

- - PE TU~ PJ S 
5 S S_55’ S~S - S~ -S-S5~ S SSS 555 55 S 5 5~ S5sS S S 5’ . S_SSS,55~~~_S,-S S55.’~~~.’*5555 ~5--S5.sS*S55 . _ S S _ 5 5 5 5 5 5S - S -SS-S -S —

~ 
‘
~~ 20 OIITPUT TADERCVA RBLE) . 

S

5 5-  S .

EN - , ,- - - . 5 5 5 5 5
55 ~ S S -~~S , S: ; 55 — S

S COPY AVAILABLE TO DDC IXJES NOT
21 

PERMIT FULLY LEGIBLE PRODUCTIOt~

- —— —‘—. n’.ra..,/r, 3L ’.s S*~~~~ •



— S 
~~~~~~~~~~ 

555 - S~-5~~~~~~~~ ”-S 5~~ 5555 S5S “ S-5S’55555555555 55.5’_55-S,__S_ ,_55,, 
~~~~-S_ 5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~- —S ss ,s-,-_ _ _ _s ~~ -

= S 

~~~~~~~~~~~~~~~~~~~~~~ CNF,C ,E,Nj NMAX~S T O L ) ’ ~~ ‘T
~~~

S DOU RL F PPECISION 0.01 5 
s 5 5 5 ~~~S 5 55

— ~~~~~~‘DOURLE PRECISIoN A F.XO .GX 0,G CONST ,WCON ST s s s  . 5  5~~~5 5 55 5 - - 5
~~~~~~

S
~

~
---‘~— ‘DnuRLE P~F’CI~ IOrJ C,~ .STOL,S,DFLOAT,S1,H,HALF,XY,DS,DABS,S2,FC,FE,

---
1HALFI,C1
COMMON ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~S 

~~ ‘COMMON OATANL (?04R),DATAX (204R) 5 - S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- M i N ~ 

5 . - .  s 5

~~~~~~~~~~~~~~~~ S1 0.OD 00 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘ ~~~~~~ CALL SELECT 5(NF C,FC~ - CALL SELECT (NF,E.F€) - ‘ - -

~

- ‘ - ‘

~
‘• -

~
:- -:- ‘

~~~~
- ‘-“ ‘ ‘ - S - S

‘ 1 M) 2*MI S~5 5 S 5 5  - 5 . ’ s S S - S~ ‘ S  . 5  - S S - 5~~~~~~ 55 55-

— iF (Mj.GT.NMAX) GO TO 999 ‘
~~~~~~~~~~~~

‘ — - ‘- 5 5 5 5— - —55-
*55 5 _ 5  ‘- H= (F—C),DFLOATO .’l) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5 5 — 5 5’ _ _ _ _

HflV2~H/?. 
‘ S S  5 S -‘ S I‘ S 0.D 00 

,_ .. .  S , . • , .• , ,, , , , ,

~‘ ‘C 1 =C’HOv2 ‘ - S S . - ’55S - - 5 5 S S’SSSSS ”SS’ S_’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 55

S 
55’CALL SELECT (NF,C1,i AL~ y 7 ’ ’~

’
~~~~~

’
~
’

NM I=M I— 1 - 5 5 5~~5 S 
S

DO 2 !=i,~’1t41 S -‘ S S S 5 5 5

XY=C .DFLOAT (I *H ~~~~~~~~~~~~~~~~~~~~~~~~~
“ ‘

~~~~~~~ 
—

~~~~~~~~~~~~~~~~ SELECT (NF,XY. S2) ”~~~ 
~5- ’ 5 ~~~~~.’~~~~~~”-~~~~~ ~~~~~~~~~~~~ ___

S=S+S2 S S -‘ -

S C1=XY+HOv7 S S “~~~~~~~~~~~~ -‘ S

.‘--‘CALL SELECT (NF,C1.HALFI) ~~~~~~~~~~~~~ 
“‘  

:~~

—‘- -

~~~~~~
- - ‘

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

~~~
‘-

~ ‘‘“HALF HALF.HALFi ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2 CONTINUE S - 5 ‘ -

5 (~ /A .)*(FC,4.aHALF.2,*S,FE) 
‘ S -

- -

““‘1~ (DAPS (OS).GT.STOL)-GO”TO 35S-S55SS*_55*55- S____ 5 5 _ 5 5_ . S S- S.*5 5~~*~~~

PETUPN ‘~~~~~~~ - - S SS 5

-
~~~ 

‘ - 3 S1=S 5 5 5  5 S S S S  S -S S - S S 5 5 _ , S S • .  ~~ “ S  - S 5 5  - S - S  5 5 5 5  

GO TO 1 —‘- -- S - S - - S  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,. . , ,

-S 999 NFLAG= l ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~- RETURN - S ‘ S  
- 

55 55 - -

_

5 _ END 5 5 5 - S 5~~~ 5~ 5 5  5~~ S SS S s , ~~,~ 55
55 5 5 5 5  5S S S S S 5 5 S S 5 S-SS S 5~~~~ S~~-S - S 555 - S -

S 

S

cvr AYMUILE îø ooc imES NOT
- PERMIT FULLY LEGIBLE paO~UCT1~

- 22

S -55  S



5 5 5  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,s_

S r’ ”SUBROUTINE AMPLE (THI6H~N,NN) ‘ ‘~~~ .55’ 5~~ - - S~~~~~~~~~~ 55~~~~~~~~~ 5s 5 ‘ s.

‘COMPLEX X.DATANL -- - - 5 ’ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DOU~LE ~P(CIsIOt~ fl.DT 
‘ 5 - S - S

- . DOUBLE PPECI~ ION AF , x0 ,GXO ,G CO~SST ,wCO NST

~

‘ OOU~LE PPFCISIO’J DF’LO AT , T,T1.GTINT-.bTINTl,y,RL:,THIGH .‘

-
~~ 

‘COMMON OT,X (2.204~3),D’ATA (~ fl.iF), TA (2048),A (1O1),8(101),MFOtjR,MF
COP MON flATANL (?O..~~),D41AX (2O4~ ) -

S COMMON AF (ifl ),X fl,G ,~O,GCON5T,wCONST,NFLAG,IFLAG,M,MM 
S - S - - S

X0 0.D 00 ‘~ ~~~~~ S S S S ~~~~55 5 ,S,~~5~ S__5

‘‘G YO=fl.I) 0 0 ’~~~
’ ‘ ‘-

~~~~~~

S 5 5 5  ~~~~~~~ 5 _ ~~~~~S S5 5 5 5555 
~~~ ‘ ‘ ~~~~~~~~‘~~~~~

S GTI NT A .D 00 . 
5 ‘ - - - ‘ 5 -

5 ’ -  0T 2.*IHIGH,DFLOAT (NN_1) ‘ ° ‘S 5’ ‘ ‘ ‘‘ “ ‘  5 5 ’  5

“ ‘ “ 5 ’ T 0 D 01) - ‘S 555 5 _s55 ,SS 55 - ,S5_ 555 5 5 5 5 5 5  s 55.~5~5555~S55S-S555-~~5-5555 -

— Ti = 0 T/ 2. — .55— ‘~~~~~~~~~~~5- ”  ~~~~~~~~~~~~ ‘~~~~~~~~~~~~ ‘ ‘  ‘ ‘  _ S —. 5

C LOOP FOR THE EVALUATION OF’ THE DERIV. OF’ THE PHASE PSI (T ,A LPHA). 
55- D O h I h N

. . 5 ..STF ‘~NrLAc GT 
(
~ ) 0(1 40 O f SiSS,_SQ~~ _~~~L IU~~. ~~~~~~~~~~~~~~~~~~ —‘ S-S 5555-S

GTINT=GTINT .GT INT1 - . - 5 5  5 5 5 5  5 5 5 5 5 ’  5

Y=bICONST*f ,TDIT/GCONST - 5 - 5 5 5 5  - 5

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
J_ ’

-
’_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 5 5

S IF ( IFLAG.GT. 0) RETURN ‘
~~

- 
‘ . ‘  O4TA (N.1J XO 

~~~~~ T T I  - - 
‘ 

_ _ _  

~~~~~~~~~~~~~~~~~~ ~~~:TI T ’DT
- I CONTINUE S 

S S S -

- DO ~ I=l.~-I
PL=(DFLOAT(I)-0.5J~DTLC2. .THIGH j ...~.- 

- .- ‘~ ~~~~~~~~~
_ :  ‘.‘~ i.. ,_,_., ~~~~~S P~PL -P=DA TA (N . I)— R S S  

-X (1.N.I)~~CMPLx (P.0.o) 
S - .  - 5 5 5

,
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S S RFT(JRN S .S - -

- Q90 WPITE (3,3) - - -

,~~,3 FOPMAT (3X,51H AN INTEGRATION IN THE SUBROUTINE SAMPLE HAS FAILED --p 1 .1/)
5 554 RETURN -- - ‘  - - - S -

S ‘ 
. END S - S -

- 5 5

S 

. 
S S

- 

-

‘ 

23



— y  ‘~~~,““ ‘,r ’ 
~~~~~~~~~~ 5 5 5 5 ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5~,5,,_~~~ .~~r- --- s ,ss,__ _. _s. .s ,. s. s,. ,, - -.-_ . _~~~~~~~~ 555,~ S ~~~~~~~~~~~~~~~~~~~ 5 5 5 5

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

oooRLF ~PECISIQ~i 0.01 
-

DOU’~LF PRECISION AF,X0.GX0,GCONST.~CONST-
S •‘- ‘- ~~~~‘~~ DOU~1E PRECISION FXO.X1.6X1.XTOL,FTOL.V,OABS,DEPIV .DELTAX S

‘ COMMON DT . X C 2 .~~O4 M ) , 0 A T A ( 2A4& ) .TA (2O 4 8 ) ,A ( 1O1) , 8 ( 1O 1) , MFO Up ,MF
COMMON DAT ANL (~ 04~ ) ,OATAX (204~ )COMMO’I AF (10) .XO,GXO.C,CON$T.WCQNST,NFLAG,IFLAG,M,MM-- IFLAG =0 S S 

S S ~~~~~~~— ’-’ S _ _ 5 5 5  - S S S S - S 5  S 5 5 ’ S S s 5 5 ~~

‘- “-00 1 I= 1,NTO L5”” S’—’--’—_ S_ S - _ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S Fx 0=Gx 0—v ‘ S

IF (D APS (Fx0’.LT.FTOL) ~EFUPNCALL SELECT (NF,x0,DERIv) 55 * -- - - ~~~~~~~~~~~~~~~~~~~~ 
55 •~‘S55 ’-S 55

‘ 5555 5 5 S -J

~~

55 (OE~ TV.EC.O.D 00) GO TO 999 
“ ‘ ‘~~~~~~~~~~~~~~~~ ‘- ‘ -5 --— —- ‘ ‘

OELTAX=F*0/DERIv 5 
- -S -

XI XO 
_____X 0 X 0—D~LTA x - . s - .~s s s . s . . s s . , s ’ . - . s s , - _*,S s . _ .‘s , . . ,~~~~~~~~ 5555 ,5~~ 5~~ ,55 55’S

~
“5

~-S- . ’ .’CA LL TN~GRP1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
“~~~~~~~~~~‘.~~~~~~~~~5-” 55 — —.5. 

5

- 

S 

~~ 
(NFLA~ .C-T.0) ‘0 10 989 

‘S

S (iXO=GX0+ (3X1 ‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~ L
L5:..

• ‘ IF (OA PS( DELTAX ) .GT .XTO L ) GO TO 990 ‘ -

• PETUPN S - S S

‘.~~989 ’ WP ITE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S~~~~~S555 555~5 5SS S,
~~

S S - S S , S s S S S S _
~

5 5S,55-S S 5 555 ‘- S,——S- -- .’S ’- S -  55-S_~ -S55~~~~~55
S~ 55

~
‘
~~‘2 FORMAT C3X,49H THE’1N7EGPATIo~.r1N SuRROuTINE INVERT HAS5 FAILED ~~~~~~~~~~~~~~~~~~~

1 //) . 
-- - RETURN -  ~~s S S

~~~5
S999 WRITE (3,3 S 5 5 - S~~~~ *-S ’~~~~~S~~~~~~ •S 

•~~5 5 - S 5 5 5 5 S ~ - S 5 5  5 5 5 5 5 5 5  - 5 5 5  - -

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / /~~ 

“~~

990 WRITE (1. 4 )  
‘r — 4 FORMAT (3x,50H DELTAX IN SUBROUT INE INVEPT IS GREATER THAN XTOL 5-

4 1 .// ) ‘~~~~~~~~~~~~ ‘‘~~~~~~~~ ~~~~~~ s - s  .~~~
- ‘ IFLAG 1 S S 5 - -

S PETlJRr~ 
Ss 5 5  S 55 5 ,5 5 - S -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘
~~~~~~. .:, ‘,-‘,:: ~~~~~~~~ . .~:;:,

‘ T ’
~~~

~~~~

.
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• ~~~‘-~‘5-’55
S -S_S-S 55~~~~~~~~ S- 5 5 5 S 5

~~~~~TUNCT ON 5-TAPER (PNIT 
— S ~~~~~~~~~~~~ ‘

S ~~~~~~~~~~~ D Dl’ 
- S5 ’ 5 5

S ~~~~~~~ ~~~~ ~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~0 XP,TAPER,DC0S 5 S 5 .~~~~~~~~

’

~~~~~~~~ •~~~ 5 5 l 5 S S : 5 ~~~ -~~

S COVMO’l OT ,X (2 .2 (~4u) .0CTA (2048) ,TA (2O48 ),A(1O1) ,B (1OI),MFOUp,MFS 

~OMP ’O.J flATAI .jL (p 04~ ),f,AT A$ (2o4~ )cow~’oM AF (10) .XO .C~X 0,GC0P~~T.WCONST ,NFLAG ,IFLAG ,M ,MM ~~~~~~~~~~~~~~~~~~~~~ S •SS 5 5 5 - S5
D IMEP~Sl~ N Cx (IO) 55 5 5 .‘ ‘ - S 

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

P 12~~ .?$3I 85307L79 
5 5 S S

-S YZPJ?*Pe4 1 S

- Cxi=Dcocm 
~~~~~~~~~ .,

‘ i —  -

~ 

- -S

x (1) C ~ I 
5 5 5 S , S  - ‘~ 

_____________________________________ __________
55 CX (?) 2.*CXI*CX)_I. - 5 - ‘  

-
- 00 2 L~~ ,S S 5~~~~~~ S S S~~~~~~~~5 5 5 5 ~ 555 5 . ’  S .~~ S .5•5 S~~~~~~~~ s.5 5  5 5 .55 - 5 - ’ - ’  5 5 5 . 5

- ‘ CX (L) 2.*CX (L~ 1)*CXI_CX (L_ 2 ‘ ~~~~~ ~~~~~~~~~~ ~~~~‘ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
S2 CONTP’JIW S _ _ _  S 5 5 5 5~~~S ~~~‘- ‘ ____

7z1.D 00
S D O 3 L = I .~ 

S

ZZ Z.?.*A F ( L ) *C X ( L )  —  -

‘“3 ’CON T INU F - — ““‘- ‘“

S TAPER=Z -

RETURN S S S

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

1 - 5 - S

FA)Nc?ION ~eNC~ (TT - S _____________________

COMPL EX X .DATANL - 
S

DOUPLF P~ EC IsION .D,DT S

DOUBLE PRECISIOP4 AF ,XO,GXO ,GCONST,WCONST 55 — *_- 5 5 5 5  ~•*S

DOuBLE PRECISION T,SG IL - - - ‘ - ‘  ~“ ‘  “~ 5 -- “ ~~~~~~~~~~~~~~~

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~S :::.: :c~MMoN AF (10),.XO,~ XO,GCON5T,WCQNST,$FLA~~ IFLAG~M,MM 
S ’ -~~~~~~~

S NL -l.D 00- ‘ - RETURN - 
-

END - 5 
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The purpose of this work was to identify and study pulse coiçression techniques
useful in LPI (i.e., Low Probability of Intercept) applications. More specifically,
the technique proposed should be capable of compression ratios of from 128 to 1024
or higher , and Integrated sidelobes of -35 to -30 db throughout the compression
range; furthermore, It should be easy to mechanize , and should resul t in minimal
S/N loss . It was concluded that nonlinear FM Is the pulse—compression schema
capable of satisfying all these requirements, and existing technologies make its
mechanization feasible. S
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