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1. INTRODUCTION

This report validates and documents the operation of

the Multi-Dopp4r Quadrature Correlator (MDQC). A previous

technical note
Vl 
described the analytic technique utilized in

- 
the development of the MDQC .

Section 2 of this report describes the method used
to validate the results obtained from the MDQC. Included in

this section are the expected theoretical values and a sunm~ary

V 
of the actual results. The computer program used in the

validation is found in Append ix A.

Appendices B, C, D, and E contain descriptions and V

program listings of the special TIMFAX Black Boxes required in
order to use the Multi-Doppler Quadrature Correlator.

- . ‘

~~~ TRACOR Document No. SD/69-008-U, “A Technique for a Multi-
Doppler Quadrature Correlation Processing Scheme,” 5 August 1969.
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2. VALIDATION OF THE MULTI-DOPPLER
QUADRATURE CORRELATOR (MDQC)

The operation of the Multi-Doppler Quadrature Correlator
was validated by using the MDQC routine to correlate a linear FM

slide. Because of the range-Doppler ambiguity of an LFM pulse,
V 

correlation peaks are obtained in all channels. The relative

delay, t~t,between adjacent channels depends on the bandwidth, B,
and pulse length, T, of the signal, and is given by

— ~f T/B , (1)

where af is the channel spacing. For the LFM up-slide, which was
used in the validation program , the peaks in the up-Doppler channels
will occur later than the ones in the zero-Doppler channel. The

peaks in the down-Doppler channels will occur earlier.
V 

Since ne ither the signal nor the reference have been
t ime-compressed, there is no dilation loss involved here . The
amplitude of the correlation peaks , relative to the zero Doppler
channel , is determined by the overlap loss , and is given by

= 1 - = 1 - . (2)

The validation program consists of the TIMFAX topology

shown in Figure 1. The Black Box, PGEN1, generates an LFM slide
from 100 to 200 Hz , sampled at 1000 Hz. The pulse is 1 second

long. CORGN1 and CORGN2 generate, respectively, s ine and cos ine
representations of the same LFM signal. The references from the

two uses of CORGN are each broken into 7 pieces by the two uses
of MSCAT. MSCAT also clips the references, and reformats them
into a form suitable for MDQC . The 7 output channels from MDQC
are processed through 7 uses of LOCAL and 7 uses of LOCPR to
extract and print the maximum value in each channel and the time
at which it occurred.

V 
V

MDQC1 uses an 8 point Fast Fourier Trans form to produce
7 Doppler channels. The spacing between the channels is thus 7/8

2

—.-
--

~~~~~~~~~~~~~ ~~~~~~~_~ r ~~~~~ 
_ _



2923 CANON STREET, SAN DIEGO, CAUFORNIA 92106

Hz. The effect of low-pass filtering prior to comb filtering
which is inherent in the design of MDQC is given in Equation 12
of Reference 1 as

w T
sin -—~~~

w0T

where is the Doppler offset (in radians/second), T is the pulse

• length in seconds and N is the number of pieces in the reference.
Since the channel spac ing is 7/8 Hz ,

w0 2rr~~~ n , (4 )

where n is the channel number, measured from the zero-Doppler
channel. The filter loss on the nth channel is thus

sin~~~
n lTfl

(Note that this factor can usually be ignored. However, the test
case violates the restriction given by Equation 1 of Reference 1,
resulting in higher than normal filter loss.)

The results of the validation program are predicted to

L be as follows:

(a) The amplitude of the zero Doppler channel for a
clipped reference will be equal to the average

absolute value of the input signal. Since PGEN1
produces a sinusoid with a peak amplitude of 1,

- - 
the peak in the zero-Doppler channel will be 2/ 1T

— .6366.

• (b) The amplitude of the nth channel will be modified

by Equations 2 and 5 and will be

1 3
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(6)

(c) The time of the peak in the nth channel will be

t
fl

] .+
~~ D7J ‘ 

(7)

where n > 0 represents the nth up-Doppler channel
and n < 0 represents the nth down-Doppler channel.

The results predicted by Equations 6.and 7 are tabulated -
V in TABLE I , together with the actual results obtained from exer-

cising the MDQC routine . The agreement is excellent.

TABLE I

COMPARISON OF THEORETICAL VALUE WITH
COMPUTED RESULTS FROM MDQC

Measured Theoretical Measured Theoretical
Channel Amplitude Amplitude Time Time

—3 .4868 .4861 ‘ . 973 . 9737
-2 

‘ .5619 .5631 .983 .9825
-1 .6171 .6149 .991 .9913
0 .6359 .6366 .999 1.0000
1 .6139 .6199 1.008 1.0088
2 .5690 .5631 1.016 1.0175

3 .4957 .4861 1.025 1.0263

— __________ •~~V —V —. - - -
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APPENDIX A -

VALIDATION COMPUTER PROGRAM
FOR NDQC
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APPENDIX A
V VALIDATION COMPUTER PROGRAM FOR MDQC

TIMFAX TOPOLOGY

1t~
• 

V 
V

•~iSCA 1.1. (.ORGIJi. V

crrR

~

n2 -

FFTi~dL.~ PC-~J~~ .A
~D~tC1’~~COEFGH r~SCAT 1,~ ;SCAT2 ,FFTI i’~~,PGEN1

V 

~~TIt~tJ1V~ 
-- .  LOCAL.~a 

~-c~~ LOC AL4 ~~~~~~~~
‘ LOCM~~.’

~_O CAL. o
0 tO C~1T ~ tYc~t.. -

Ii LOCi~ (i • 
LOCAL1A.L~ CAL1E~0) tOCPi~2 

-

LCCI’li LOCAL3A L(j CAL3o3
LQCFr~~ LOCAL ,L~~~i~L’4 U
LOCPr~b L Q C A L 5A . L O CA L 5 L 3  V

t~YCPi~o C7~1~~~~~~~ \t61i -

LOCPI(f LOCI¼L7A,L.OCAL7B
04 -

V : i ~~~~~~~~~~~~ i:. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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TIMFAX DATA CARDS

- PGENr~ T 0 ; ~~~~~j T., • , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~3.Uu.. 2UU.. .001. —1000.
loU., 200.. .Uul. — 11101.. p7_I,

MSCAT1~ 7. 1000. 3.
I, 1000. 1

FFTiH3.~ a V 

7, 7, .~ i rooUrio5 -

V LOc,\L1z ~j •, 9,
L~~

_
~~L2~ ~~~• ‘

V LQL/~L.5Z j,~~ 9,
.5., 9,

L~ C~4~~5 5,. 9. 
L Ut.. ~~~~~~~~~~~ .., . , ,

LU(.AL7~ 5., 9.
.~or;- o;.LuCP’~2~ .UU1. 0.. 1.

LOLi~~ 3-  •.U01. U.. I.
L0CPi<L~~ •UU1. 0.. 1.

~~~~~~~~~LOCPR6~ .001. O.~ 1. 
.U0XT~ 0~ ,t~t4 L) OF DA ’ IA.SE T 1

A-2 V

a - . - V V~~~~~ V ” V ’ ~~~~~ - •~~ -
- V ,~ —- — V— ‘V’V~ “V ‘ V ’ V~~~~~~~~~ V V V ~~~~~~~~~~~~ V • ~~ — ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ •~ V~~~ -~~ - ~~~ 

‘V
~~

’V A



_____ V - V  - -
V’

~~~~
• ______

TR4 CUR 2923 CANON STREET, SAN DIEGO, CALIFORNIA 92106

0 I V

Nj

1I I I

~~ w
<I  Li I

3~ U I I I
o
I- Q~If) I

1 1 <
U

)

~-i  0
<: i- I

—

tfl : O

I I )  I
,I

i I— — ~\J f~) ~~
• 

~
••i ‘~-~~ ~‘• ‘—4 C~ l~

•) 
‘~~

<
i I c~j

l

I I•~’-. I I I

~~ IUJ UIU~~. V L ~~ U LLJ ~~~~~~~~~~~~~~~$_‘ c.) L ) ’J U L J U U~) )O ,(J U L)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J~~JW ~~J LoJ II

I I-’4~~—~~P-4~~-S ~~0 ~~~~~~~~~~~~~~~~~~~~~ ‘_ a . b a ~~ . LLs

Ii I 
— i  I

—4~~— 4 — ~ ..i .—4~0 C .—* .-4 I .—~~ —~~.-4 ~~
~~ I I ~)I  

- I
II I! II II II If Iti —‘ II II I II II II ~I — -I

bI~~~(f1 I0J) VI~ J) If~ IJ )  ‘I/U/I ~I Lfl t/I LtUf ~ 
V

I I 
‘ VI—) 

~_ . I _ . __  I.L;•~~:. — .. .:. ••~~— U ~
I I I flI I I J

~~ If II 1 l:~ ;i u ii ii <~I % It I ti ll II II ~~~

~~~ LJ .J LJ J _J _J I . J JLJ .J J J L J..J LJ VJ~~

I I * - ’ ~~~I 

O i Z ~ \j~~~~ J C”J i ( r 4 ~~~I I

0 0 -J I

C o W ’  I
U ~~ II II II II II II i l l  < II I f  II II II If  ~

I Q I  1°V~~~~~~/ ) I  _ I _  — . I. ~~ — I .  ~ .1. I.. )~ ..

O L It ~~~~~~~~~~~I~~ ~~~~~~~~~~~~~~~~~~~~~~• ~~~~~~~~~~~~~~~~~~~ 
4
~~~ H~~~I I _ 4 1  I _ j

- 
~-4 II II ‘Ii II II II ‘II -~~ ‘ II II II II ‘II II ~I —i

, — . ~~~~~~~~~~ -~~~~ - -4 i V ~4~~~sJ ~~~~~~ J C’J~ \JN
.-i .-4 11.- -~~-~‘- )-- ‘)- t- -~~~~~~~~~-i--
L) V

~~~~ ’Z ‘C ~Z -~Z I - ~~ ~~~~~~~~ 
-
~~ r~~ ~~

~, ~~~J ~~~~~~~~~~~~~~~~~~~~~~~~ .) OULIL)  LI
~~~ JJ~~~~~~~~~) J) ~ / ) J) :J) J) I~~~~~~/) L,t Jl

•~ ~~z i ~~~~ ~

A-3

L _ _ _ _ _ _ _ _ _ _



F.- 

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

- 
-

4 W;IJf4’{i1L/~~ 2923 CANON STREET. SAN DIEGO. CAUFORNIA 92106

I I I I I I I ,
V , , —

Q~ a’ o’ r-~ ~‘o’ r’ :  .1. 
~~

~~~~~ r 1
~~~~’ N ( f l C~ I,fl D~~L(~~, .-~~‘UC, N C G I  N L f l~~O

~~~~~~~~~~~~ ‘O~ 3~~~ ’ 7’ ’-1 r4’) I 
~O O . - 4  ~oV p ~~~~’)

~~~~~~~~~~~ Ifl ~~..4C~J I  ‘O r’~~~4 ~~~~~~~~ O~~~ .-4 : .- ~ .-4 I
.~~~. • t . S .1 . 1 ,  • • 1 . ~~~1 .1. •I  • . •I  .1. ~I I I I I I I I I

I I I I I I I I
I I I I I I I

I I I I I I I I I

t i ll II Ii ~I Iii t i ll II li ii I I’  lI lt ,~ ~ I I :  If  II II
.:. .~~ .1. •~~ •~~~. • .~~~. •: .

~~~
. • :  . S S

~~ 
•~~~~S S

-~~~~~~~~~~I ~~~~~~~~~~ ‘
~~~~~I~~~~~~ ~~~~~~~ s~~~~~~ I ~~ ~~~I ~~~~•~~~~~~~~~~~~~~~~~~ I 

~~~~~~~~~~~~~~~ ~~~.a. ~~ 1Q~~ ~~~~~~~ Q. Q.~ o p ~~I V I I I I I I
• I — I • • — I — I. • • — • I — I • I — • • I ,.

nk~~~ ~~~~~ ~~~~~ c~~~~~i ~~~~~
~~~~~ ~~~~~ _3~~~~~~ ~~~~~ ~~~C’I0~~~~~ I r’~~ 1~~~~I -~ .-) N C”J P’)~~~ O’ .-4 0’ , O~~~~ NI O C’~~t~r)~~~)~~~~~’ N~~~~~~~~ ’ ~

•)
~~~~~~~ (*, J V ..Ni  r-~~~.o ’  - rNt o ’ u~~ c c ’. jj

~~~~~~ ~~~~~ O’U~U~
) 

~~~~~~~~~~~~~~~ ~O~~~) .-I i ~~
- .- ‘c \ .

‘~‘~‘~~H 
o~~ r- i  .-4 .-4 f’ . ~~~~~~~ ~ h”: ~~ c~~)

• , i • t • ‘ i ’ I I • , S I  1

~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~ 
-I- ~~.I  c~~ C N  V

.—I ,I —.4 : f 4 V 4 ._I : 1~~— .-~ ~~~~~ 
(
~.Ii l - . 4 — I — . - 4 l .-4

l
~~~~~

i
~~ ~~~~~ i i  I I~~ 1 1 1  

~~~~~~~~~~~~I I I I I I - I I I I
ll 7 I t I ~~ ~, I V _ t• ~~~~~ ~~~~~~~~ 

!lI
~i It : tI II iI~ U~~~

II!
I I ~~• •~

—— 
~~ 

- — —- I ~_ . I— — V I • --

~~. t’~~~~~~I ~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~ %.~~~~~~~~~~I ~~ ~~~~I ~~~~~~~~
~nv ~ ni ~~~~~~~ ~t v ~~a ~~~~~~ cn~.n~n~ ~f) t . :  Ij, j~I I I I I I I I

I — , I I _ I 1 I
I I I I I I

• !, 1 .1  • t  S I S  S I  • I~~ • I 5 5 .1 . 1 5  5

L) L)O {  UL~ U~ (J L) L) U L I O~ L)~~
_) U 1  LI )L ) ~ VJ~~~J U

W L ~J Li I i W U W  W UU J  W W L J i W~~ J U I  U IL! ’ L’J L.J W
J~~/ ) V~ ’ 4/)~JUi~ ’ ~~~ tJ~~f l j ~ Lfl~J) tf) ~~ ~/) f~~J~
~ Q ~~ I ~~~ t-) ‘~~ 

C~ ~~~ ~~~ ‘~~~ ~~ I ~~ l~~ C~ I .D ~~ I I ~~

~)V ) r”) 1 $ ) LO C ’.J ~~~~~~~~~ ~~~I ~~~~~~~~ ~O~~ ) C ’J ‘ f l ~~~~—
~~~~~~~~ ~~~~~ ~‘ ç ~~~O ~~~~ 4(’~$~ ~~~~~~~~~~~~ ~~ ~~~~

~‘p’~~ a’p’~~ ~~~~~~~~ ~‘p~~~ ~‘~~~
-
~~~ : o’~~- -~~ z - ’p c..

~~~I 
5 , ~ 1 • t~~~ i~~~ 

I •  • I  t I
C .-) .-I ~~~~ I 

~-l -4 t  
~~~~ ~~~~~~

I I I I I I I
I I I I I I I I I
I I I I I I I I I

• I I I ‘ I I I I I

II ii U II f II - Ii II II II II II If  f l  It (I I t  I t ~ f t
I I - I I I I

It.’ It.! U.! I _I ~J L~ Ii..! ~J W I.~ Li U.! U ~ ! ‘.1 U~ oJ L1 U!
— 

I I I 1 I
~VVV.4 V..4 —4 I V —~ ‘—4 —4 0—4 )-I V _4 •_4 ~~.4 ~~4 f r 4  h..1 4 4  I ‘-1 0-4 I h.4 t~ V4 —4

~— - ‘ - ~~ ~~
- 

~~~~~ 
-

~~~
-

~~
- 

~~~~~~~~~~~~~~~ 
—

~~~
-

~~~--~~ ~~
- 

~-: -i---
1 I 1 I  — _  ., .1. • I • ...I • I.

~~~~~~~~~ “ ) C C ~J~ 4~ C~~ 4 
~~~

-t
~~O~ 

C~ i O ± i  C !\j i .n Li -t
~~~N~~~~l -.~~~~‘ J ~~~ I Q~~1~~~C a~~r 4 N 1  ~~~~I~~~~~j I 74) I J t ~J~~~. 1

~ \ ~~~~I ~~~~~~ ~~‘~~~~‘~~~~~~I 3~~~~i C ~~ ~‘ C’~~ ~~~~~~~~~~
.4 r-~ 

- 
-~ k .- ~ ~~~ .-4 ~~~ h-I .—4 h-I . h-I — .-

I I I I I I I

L i i  .u~~~ L.~~. :  lu.i— ~~~ 
I I I I I I

~.J 
-~~~~~ I U I. J I

I LI Li I U I L) .)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~p - ~~~~~~~c~-t~~~~~r L I c~~~~~x~~~~~~~~~~~L) .
~~~~~~~~~~~~~~~~~~~~~~~~~~~0~~~~0~ 0 ‘.)~~ ~~~~~~ D~~~~~~’ ~‘O 0’  0~~)O i  0r’ -D

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~i~~~~~~~:j  ~~~~~~~~~~~~~~~~~~ - - - ~~ 
~~~~~~~~~~~

— ~ - - ‘ r- —~--- I —
~~
- -‘-- : ‘- ~-:

l - ~~~ ~r~’-~: ~~~ V

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

~~~ ~~: ~~~~~H ~~~t 1 t <~~~~~~~~~Z 1 ~~~~~~~~~~~ P~~~~~~~~~~~~~~~~~~ fl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Z
• - 1’~~ ~~~~ LtJ U~ f~~~ II~Jj j (~’ LJ tW U X toJ t~JL J ~L U,W LJ frx W 1LJ UI~X~~

’JJ I ,J ~-• -p - a~r~- ~~~~~~~~~
V U I I LI I LI i ~L)

P~ : P
I I I _ I I I I — I

A-4 
-

~~~~~~~~~~~~~~~~ V . V

.~~~~~~~~~~_ i__-
__

~~~~~~~~ 



_ _ _ _ _ _  -- ------ ---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ V • . • ’

____________ 
2923 CANON STREET. SAN DIEGO. CALIFORNIA 92106

~ ~

‘

APPENDIX B

MDQC BLACK BOX DESCRIPTION

I V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ •~~~~~~~~i.i~~~~



-

4 4 I1l.~~1 2933 CANON STREET. SAN DIEGO, CALIFORNIA 92106

APPENDIX B

MDQC BLACK BOX DESCRIPTION

PROGRAM NAME : MDQC
NATURE OF WORK : Black Box
PROGRA~~ ER ’s NAME: David Doan
DATE : October 25 , 1969
COMPUTER LANGUAGE: FORTRAN V

PROBLEM DEFINITION

MDQC is a Multi-Doppler Quadrature Correlator. The
V 

Cooley-Tuckey Fast Fourier Transform is used as a comb filter to
produce the effect of a number of frequency shifted channels .
The output of each filter is processed through an ideal envelope
detector .

OPERATING INSTRUCTIONS

1. Topology Card:

The topology card requires four input channels as
follows: V

MDQCI. MSCATJ ,MSCATk ,FFTIN4,, , SOURCEm
The first two fields must be produced by MSCAT; the first one is
the real part of the reference, and the second, the imaginary
part. The third field, which must be produced by FFTIN, contains
the cosine reference required by the Fast Fourier Trans form .
The t ime function, indicated above by SOURCEm, is the input
signal channel.

P 2. Data Input :

All P-array entries are fixed point unless noted.
P(1) Number of outputs (teeth) from comb filter -

- - P(2) - Number of output channels, ~ P(1)

• B— i 
V

~~~~~~ 

‘

~~~~~~~~~~~~~~~~~ i V . . :  • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ __ __ __ _



_ _ _ _ _  - V ~~~~~~~~~~~~~~ V - V  V’V V -V —

1~r:rii,id 2923 CANON STREET, SAN DIEGO, CAUFORNIA 92106

P(3) Size of Fast Fourier Transform,

~~P(l)

~ P(l)  of MSCAT

— P(1) of FFTIN

— apower of 2

P(4) — Output scale factor , SV — 1.0 (floating point)

P(5) — Estimated length of correlator reference �

ac tual length

V 
P(6) — Estimated input record length ~ ac tual record

length

P(7) — Number of pieces into which reference is broken.
SV provides automatic transfer of this value from

NSCAT. See Note below. Must equal P(l) of ?~~CAT.

P(8 ) — 0 for fixed po int t ime function input
I; 

— 1 for floating point t ime function input . 
V

SV provides automatic transfer of this value
from MSCAT . See Note below. Must equal P(3)
of NSCAT.

NOTE: If the fields from MSCAT are input directly to
MDQC , value for P(7) and P(8) need not be
supplie4. If the fields are being read from the
drum or tape , P(7) and P(8) must be supplied .

See Section 8, Program Conditions and limitations for
a further discussion of the P-array values required.

3. Inpu t Fields:

The input fields must be produced by the boxes shown
in (1) above. The topology for generation of the complex refer-
ences should be one or the other of the following to provide for
Doppler shift which increases with channel number. -

_  

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

-

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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If the references are directly generated, as for
instance with CORGN, then the topology should be

05 CORGN1 sine wave
NSCAT1 CORGN1
CORGN2 cosine wave
MSCAT2 CORGN2

03

NDQC1 MSCAT1,MSCAT2,FFTIN1, . .
If the references are to be obtained by quadrature V

heterodyning , the topology should be

1 3- - -  
-

PGEN1 -i cosine
PGEN2 s ine
TNUL1 PGEN1,SOURCEn
TMUL2 PGEN2 ,SOIJRCEn
FLTPL1 FSET1 , TMtJL1
FLTPL2 FSET1 ,TMIJL2
RFEXT1 FLTPL1B 

. 
-

RFEXT2 FLTPL2B -

- 05 MSCATI RFEXT1
MSCAT2 RFEXT2

L 0 3 - - -
I 

- - 
MDQC1 MSCAT1,MSCAT2 ,FFTIN1, .

4. Output Fields:

Channel A is used as a scratch field. It should not
be referenced by any other Box. It can be overlayed by fields
not used in the Section 3 containing MDQC.

5. Input Time Function :

The input time function may be either fixed or floating
point . The mode requested is determined by P(8) .

B-3 - 

- 

•

__s_e. ~~~~.- 
~~~~~~~~~~~~~~~~~~~~~~~ •__ — . V -  — —

L~ :—
~~~~~~~~~~ -V 
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6. Output Time Functions:

The output time functions are floating point. P(2)

channels are produced. If P(l) > P(2), the channels are block-

multiplexed in the following manner:

Channels 1 through P(2) - I are multiplexed by a factor
of

M1 = m t  [P(l) + P ( ~2) - 1]

Channel P(2) is multiplexed by a factor of

N2 = P(1) - (P(2) - I) . M1 -

Note that some combinations of P(1) and P(2) will cause M2 to

be zero. This situation should be avoided, since extra storage

is reserved which will not be used.

Block multiplexing means that a full record (equal in
length to the input record) is output for each multiplexed
channel, followed by a full record of the next multiplexed
channel. This is in contrast to the samp le by sample multiplexing

- - used by MPX and DEMPX. The block-multiplexed outpu t must be

• • 
demultiplexed by BDMPX.

- 
~~

- If the output is to be held in floating point, P(2)
must be less than or equal to 17.

The first time function output is on Channel B. The

• Doppler shift associated with each output from the filter is

. 2
P(1) r 

____

P(3)T L ~
where P (iJ is the P (1) input to MSCAT, f is the Doppler shift
in Hertz , T is the pulse length in seconds , and n is the “tooth”
number prior to multiplexing. P(3) in this expression will be a

power of 2. If P(l) is even, there will be one more up-Doppler

channels than there are down-Doppler channels.

B-4
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The format of the output time function is as follows :

Last
Channel B 

-__
Channel C Channel

tooth tooth tooth
1 M1 +l  P ( l ) — M 2 + l

tooth tooth
2 M1 + 2

tooth tooth
3 M 1 + 3

tooth
- 

• . P(l)— l

tooth
P(1) 

V

blank
tooth tooth

N1 2M1

7. Printer Output:
I 

, 
One line of print is always produced:

MDQCn PIECES STORED IN AJ 
—, Al -,----- SCRATCH

TOTAL PIECES = 
—, SCRATCH STORAGE =

This message indicates the allocation of temporary storage within
the Box.

V 

If P(3) is not a power of 2 , the message

MDQCn P (3) CHANGED TO 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

B~5
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will be produced , indicating that P(3) has to be set to the next
higher power of 2.

The following messages indicate fatal errors. The run
is aborted if any of them appear . V

MDQCn UNBALANCED REFERENCES

NO. OF PIECES j , k

T-F MODE l ,m

The number of pieces or the time function mode was not the same
for both references.

MDQCn UNBALANCED REFERENCES

SHORT REF LENGTH j , k
NO. LONG REFERENCES 1,m

The length of the two references was not the same.

MDQCn OVERFLOW IN STORAGE , PIECE ,j

LAST REQUEST Ic, 1 available

Probably caused by too small a value for P(6) , the estimated

- V 
record length.

MDQCn P(3) = IS ILLEGAL -

is produced if P(3) < P(l)

MDQCn INCREASE P(5) BY AT LEAST

P(5) is less than the total length of the reference supplied.

P ~~QCn PARAMETER ERROR -

EXPECTED PIECES = 
—, REAL = 

—, IMAG
EXPECTED MODE = 

—, REAL = 
—, IMAG —

P(7) is not equa l to P(l)  of MSCAT or
- 

- p(8) is not equa l to P(3) of MSCAT .

I
• __ V • - 
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MDQCn WRONG FFTIN FIELD
_____ EXPECTED, ____ SUPPLIED

P(3) does not agree with P(l) of FFTIN

THE FIELD FROM _____ OR _____ 
V

IS AN ILLEGAL INPUT TO NDQCn UNLESS P(7) AND
P(8) ARE MANUALLY SET.

If the references are recorded on tape or drum, the
parameters P(7) and P(8) must be supplied in the data input.
If they are not supplied, the first two input fields must be

- supplied directly from MSCAT.

The following diagnostics were included for check-out
- . purposes and should not occur: -

V 

MDQCn CORR RECORD TOO LONG, PIECE 
—

MDQCn REFERENCE ERROR, I = 
—

NRR = 
—

, REALF = 
—

NIR = , IMAGF =

ERROR, REFERENCE LENGTH SUPPLIED TO MDQCn IS SMALLER
THAN THE LENGTH OF THE REFERENCE SUPPLIED

8. Program Limitations or Conditions:

NDQC must be in Section 3.

V The parameters for MDQC and MSCAT are as follows:

- 
(P-array values are for MDQC, unless indicated byan over-score.

- 
Over-scored values are for MSCAT.)

- - a. Determine the maximum Doppler shift, fmax, from
other data known about the problem (relative

- 
V veloc ities, range of interest, etc.). This value

I may not exceed

1

L i  3-7 
V
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fmax ,1 = BT for 1 dB dilation loss, or (1)

fmax,,3 = for 3 dB dilation loss , (2)

where fo is the center frequency of the s ignal in
the water, B is the bandwidth, and T is the pulse
length.

b. The number of pieces is limited by

P(l) ~ 4 fmax T. (3)

c. The frequency resolution is given by

P(l)

P(3) T . (4)

To minimize splitting loss,

, or (5)

P(3) 2 P(l) - (6)

d. P(3) must be a power of 2.

e. Juggle P(t) and P(3) to satisfy Equations (3) and

V 
(6), and to provide a convenient value of i~f.

f. The total number of outputs teeth is then

P(l) = 
2 ~~ax T P(3) + 1 . (7 )

P(l) -

H I
It ~ 3-8
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The input references must be constructed in accordance
with the description in Section 3, above. Otherwise, the sign
of the Doppler shift may be changed.

WARNING: If P(l) and P(2) are such that the time function outputs

are multiplexed, the outputs must be demultiplexed by using
BDMPX before writing the output to tape or drum. This requirement

exists because the output record length from a tape - or drum -
read Box is not necessar ily ~1ie same as the record length at the
input to the tape - or drum - write Box. Under these conditions,
the subsequent demultiplex operation will be hopelessly confused.

9. Storage: V

27718 or 152910 words

10. Subroutines Referenced :

CORR2, CORR3, FIXTST, FLTTST, TWOPOW, BBNAME, PVAL,
CALSAL, CTFFT, EREXIT, NPRT$ , NIOl$ , NIO2$ , SQRT, NERR3$, CBNAME.

PROCESSING METHOD

NDQC is a digital simulation of the type of correlator

in which a comb filter follows the multiplier. The general

arrangement of such a correlator is shown in Figure 1.

Input compressor 
_ _ _ _ _  

fil ter 

j  

~~~~~~

H - reference
memory

Figure 1
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There are two problems in directly simulating the

simple method shown in Figure 1. The sampling rate at the input
to the comb filter, which is equal to the input sampling rate
times the time compression factor, is extremely high. This makes
simulation of the filter very time consuming. The method shown
is unable to distinguish between positive and negative Dopp ler,
since the pass band of an ordinary filter depends only on the

V absolute value of the frequency.

These problems are solved in the following way:

(1) The reference is replaced by a quadrature (complex)
- - reference.

(2) The multiplier is followed by an “integrate-and-
dump” low pass filter.

(3) The comb filter is simulated by using the Fast

Fourier Transform (FFT).

This arrangement is shown in Figure 2.

time Low Fast
Input compressor X Pass ___ Fourier Dopp ler

memory Trans form ____  

Outputs

V 

I 
________________ -

quadrature
reference
memory

Figure 2

I
: 
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The integrate-and-dump low pass fil ter greatly reduces
the sampling rate at the FFT (“comb filter”), thus reduc ing the

V running time. The use of a quadrature reference in combination

with the Fast Fourier Transform provices a method for retaining

Doppler sense.

Mathematically , the Multi-Doppler Quadrature Correlator
consists of the evaluation of the equations given below.

V 

The output of the low pass filter is given by

K(n+l)1
In(k) = ~~~~ rm (1)

- -  
m = w.

where N = the number of p ieces into which the reference is broken

K = the number of samples in the complete reference

Xk 
= the signal input (real)

- 

amd rm = the complex reference.

• - The output of the comb filter is given by

N0-l 2,~,n -

= 

0 

I~ (k)e
”
~ 

N 
, (2)

which is just the discrete Fourier Transform of I~ (k). N0 is a
- power of 2 , greater than or equal to N.

The parameter, k, is the sample number of the output

time function. The parameter,- 
~~~, is the Doppler parameter. It

is related to the Doppler shift at the center frequency by

L ~ -

I B-ll 
-
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f= ~~~o 
‘ (3)

where T is the length of the pulse, and .(. may be eLther positive
or negative.

The absolute value indicated in Equation (2) performs
the function of an ideal envelope detector. No further rectifica-
tion or averaging is required.

For a more complete mathematical treatment of this
process , see 0. B. Doan, “A Technique for a Multi-Doppler ,
Quadrature Correlation Processing Scheme,” TRACOR Document No.
SD/69-008-U, August 1969.
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APPENDIX C

MDQC PROGRAM LISTING

/

1.
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APPENDIX C

MDQC PROGRAM LISTING

SUI~ROU1V INE: ~1D(~C.0 ( N , P)
-‘V - 

D IM ENS IO N p ( 1 ) , R E A L F ( 1 ) , I M A G F ( L ) , A j ( I ) ,CO REF ( I~~,PC U~~,j O U T T ( 1 ) ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
KNAM E-C 2)

I MP L IC IT INTEGER ( A — Z )  
R L  ~ , A I , ,~ c , C O R ~~F , Z
PARM V ~L T~~R ~ T Q =~D_ INE~_Q(j L~rj I V± P TJ~ ~~~~~~~~~ 

C T M E  VA RI ABL I (RI) IS THAT PORT ION OF THE. P — A R R A Y  USt. C)
C FOft INTER NAL SCRATCH STORA GE

D 1 ~~E A A 1 ( I ) = A I ( I )
OF: F I t~E A A J  ( I )  ~ A J C )
IJE FINE PPC (1)= PC(I )

~~ u IV A L E N C E  ( NRR 1N A 1 E ( t ~~I, (N IR, t4A M E ( 2 ) )
V 

- EX IL RNAL C O M R 2 ,  C O RR 3
______ N=1 3 

________  _____  _____  _____________________

P(
~

$ )
~~~O O L ( 1 , 3 )  r~i ST u V A L U E  FOR SC ALE: FA CTC ~M

PC f l = — 1  r~ SV FOR AUTOMATIC
r~ sv PA RA M ET E R - T RA NSFER

RET u F~N
ENTRY HDQC I (P II NPF, 4PTIKtNPT, LAG ,t OUTF’,ISIZE ,1uUTT,lc OLflT,A ,~~)
CALL  F I X Y S T  ( P ( t ) , P ( 3 ) )
Cs~LL F L T TS T ( P ( ’ f ) , P ( ’ ~) )  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ NCT T.’i OPOiis ( P ( 3 ) , s 7 2 0 )  I~ 
P ( 3 )  A P O I ER OF 2

- IFr~C 1 • EQ . P 3 ) )  GO TO 5 ~ Y E S
- - 

CA LL I3O NA ME (NAME ) i~ N O , PR INT MS G AND SET T O t~.EX T hIGHER
FRI  ‘JT 1Or) ’4 , N A M E, NCT t~ PO W ER OF 2
P N C T

5 CALL C B N / ~ 1E (1, Jr4 A ME )
V C A LL CBNA II E ( 2 , l ( N A M E . )

IF’ (AMD (JWAM EI1 ) ..SHMSCAI, —6 3) .EQ, C) sAND.
- 

I ~~~~~~~~~~~~~~~~~~~ ,EQ. 
-

V IF ( f > ( 7 )  ,-G T. 0 ,AND. F (S) .GE. 0) GO TO 7 t& J~~MP IF NOT A U T O
C A LL BUNA ME C N A M F )

— 

- 
ItJ T 1O t ? , A M~~1 AM~~,NA~iE 

C AL L ER E XI T -

6 P (7) PV AL (l , 1 )  1& NO. PIECES FROM REAL REF N~..r~AT ONP ( A ) = PV A L ( I , 3 )  f~ T — F  MODE FROM REA L REF G E N E R A T O R
- 

IF( P(7) • NE. P V A L ( 2 , I ) )  GO TO 700 ~ E R R O R  IF  R EAL A ND I h A C ~
- 

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~ PIRAPIS NQ I I ~~~~~~~~
V 7 I F ( P ( 7 )  .GT .  PU) )  GO TO - 720 (~ FFT AR EA TOO St4~~LL

- p~fr f’~~3 -

I N P T  = I
- I( INPT ~~’(~3 )

- 
- L A G = P ( S )  •

C_i

- 
—V.— 

~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 
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_

I O U T F
V V

~~~~~~~~~~~
V

~~( 2 ) ~~i P ( 1 )  + P12 ) — l~~/ P ( 2 )  I~) O UT PIJ T PI PX FAC TO ,~
-

• P12) (~ PIECES APtI C H CA~i bE STORED IN A~
NS ~~2 . P ( 7 )  ~ TOT AL PIECES
LC P (S)/P(7) 0 F~~CDICTED SP4ORT Rk. ___________________________

LCC=tiOD (p(S). P7 )) ~ N O .  LONG REF’ S
J COUNT E R F OR PIECES IN A l 

~~ COU~~TE~ FO R A l  A R EA U SED

_____N IR=O r& CQUNTER FOR Al A R E A  A V A I L A B L E  
__________________________

00 10 ~~~~~~~ 
- r.~ LOOP TO A LL O CAT E STORA GE

IF (I .LE. 0(3)) GO TO 9 ~ JUMP I F  I N  A J
- NR R= N N R + P(6) 0 PU,) IS EST iMATED INPUT RECORLJ LEN GTH

IF (NR R .GT. N I R )  GO TO 15 0 JUMP If’ TOO MUCH
Q(” )=Q(~$ ) 1  0 COUNT PIECES IN A l

9 1FIAN L ) (I ,1 ) .NE. C)) GO T O I C  -

NIR NI R + LC 0 RELEASE A FTER EACH pA IR
I F ( ( I + l ) / 2  .LE. L C C )  N IR= N I R +j  0 INCR FOR LOI~G R~~’

10 CONT INUE o END ALLO CATION LOOP
1 5 NCT=NS Q (3) 0(’4) ~ PIECES L E FT  TO STORE 

1~~~-r;c~r, ~?~~o 
-

I SIZE P(7).108 + P(3).2 + NCT.P(6) 0 SCRAT CH FiELD

~ ( b ) I S l Z E  fo~ SIZE SCRAT CH FIELD -

CALL B8NAME ( MA r - I F )  
PRI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

+ Q (3) 0 TOTAL PIECES IN A l AN D AJ
100111 1)=P(2) 0 NO . OUPUT C~~AMNE LS
IO u T r ( 2 ) = 1  (

~ i- lAY BE U NB A LANC ED
K O u T T ~~1 

V

A Q
R E  TO
ENT RY M D Q C 2 ( P )  
(~~~I~~i~~~~~~~~~~~~~~~~~~~~~~~~~~~Ti~~~~~ 1O M FCA G  

—

R ETUR N
-
~ ENTRY ~lDQC3 (P ,KFL G,REA L F , IMAG F ,COR EF, TM , INPI s A l  ,LMG ,PC ,~~i1,

I IO UT T .A J , NO U T )
JM C = IM — LAG o NO. NE~ SA M P L E S
IF (J MC .GT. 0) GO TO 18

- - JML~~Q

GO TO ~~~11~ IFI ~~t 1 ) .t~E. 1) GO 
1(3 30 fo~ SK IP I N I T I A L I Z A T 1 U N  

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

I F ( R E r ~t , F ( 5 )  .NE. P18)) GO TO 760 0 PARAMET E R ERROR 

~rlIi-,~4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

____ 

IFu~~A ( , V c h )  .N E, P(3)) GO TO 760 r~ PARAM ET L~ E~~kOR ____

R E l-’ Lr 2-rTr4E. 111 A~~ri2T) G o~ ’ro 7~5rT4”t-R R OR Ij ~~~~~~~~~~~~I~iA
’VG

IFcRE ~.LF( 3) .ME . It1AG F(3 )) GO TO 701 0 REF Lc.Nc,THS ARE. NUT E~~U AL 
NcT~ cORErc-2 c~~Ecx 1 ENGT~~~or FFr~~Cr
I F ( P ( 3 1  .NE. NCT) GO TO 750 0 ABORT IF’ DOESN’T MATCH 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- -  
- NS ~~~2 . P ( 7 )  0 T O T A L  PIECE 5~~I N  ~ToTH RErs  -

NCT=O 0 p A R RAY POI N TER
N 7 1)-v - FE Rf NC r-A RRA rPO INTER

- 

V Z~~BOOL CP(~4 ))/FLOA T(REALF (61 )

• DD ~~ 2 O V I~~~T ’V,N S V  

PC (NC T+l )=aOO L (REA LY (2 )) 0 P C i )  FOR CORR , tli.F LENG Th 
Irc c r#U~/2.LE .REAL F c3 i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,11 ..ar~

G’
~- 

PC (NCT+2)=FLOAT(R EA L F (NR R+ 1 )).Z r~ P ( 2 )  FOR C~~kK.  S C A LE
- ~ C~T~T4 ~~~~~~~~~

3
~ )V ~~~~~~ VQ OtTpVTBT) ~ ~ ç 3’V) —ro t~O

’V
~ R , r-r 1cO 0

CALL CA LSAV (1,CORR2,PC (NCT+1)) ~ I N I T I A L I L E  C~~RR

20 NCT= ,~CT • 5’+ 0 INCR P ARR AY POINTER 
Q c 1 )=D ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V 30 LC=LA G — P (7).REALF’(2) — REALF (-3 ) ~ BASE LAG VAL UE
IFiLt .LT~~~~~~~~Go ro

- - M CT =l 0 OUTPUT STORAGE SW ITCH

- 
NCP~~I 

O’V P A R RA PUIN ’IER ’V’V - VV - 

V - NRR 7 1~
) R EAL REF POINTER

• - N rR= 7 (~3 I’VMAG REF P O FNTER
— NS=P(7) 0 NO, PIECES IN EACH REF~~R E N CE
- 1’ NO CT = 1 W~

AJ ’V S 1OR G E~~PO1 NT E R 
— V

,, NI C T= 1 0 A l STORA GE POINT ER 
r JScT ~~P / )~~~~i O 8 + L 0 P C  STORAG E PO INTER 

-

- - 00 100 I = L , NS 0 ~3CG1N CORRELA T! 0i~ L OOP
LCC=L C+I
LC=LC + R E A L F ( 2 )  0 ADD REF LENGTH TO LAG
I F(1 ,LE , REALF(3 )) LC=LC+ 1 0 INCR IF LONG R~~
JN JtI C + LC 0 TO TAL SAMPL ES T~ C OR R
LF(NCT.GT.~~13)) c,O TO ‘+0
C A LL CA LSA V (IL ,CORR3 ,PC (NCP) ,KFLG .KEA LF (NMR) s IN , 1 ,A I .LC,J MC ,1 p

- A JTNOcTT ,P~C) V

NOCT=NOCT + JMC ~ INC R AJ S T O R A G E PO I NTE 
— 

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

‘30 IF (NCT .GT. Q (4)) GO TO 50 
CA Lc-c A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- s i~1 ( N I C T )  ,NC )  
______________________________

N !CT=1T1 (T + JIIC f• I N C i S T O t~~OTrffE R
IF(~~TCT .(iT. LCd 1 GO TO 702 0 Al OV ER FLOW
GO TO 60

SO COiJ T I UUt .
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
s P C ( N S C T ) , NC )  

_ _ _ _ _  —_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

NS CT= r~S CT • J i- IC 0 INCR ~C S T O R A GE PO I N T E R
- IF’~~ISCT .GT. N (S) — 2’P(3) + I) GO TO 703 ~sI PC OVEKFLQs.

60 I~~CN C .GT. JMC ) GO TO 706 0 CORk OUTPUT RECORD TOO LUS~,V 
N r ~R = i ’~k R  E/u,.F(NRR) ~~~~~~~~~~~~~~~~ IF (NRR .GT. REAL FI !) + 2 )  ‘GO TO 7’4Q
NCT=~~CT + 1  0 INCR STORAG E SWITCH

~~ o INCR P A R R A Y  POINTER
If NCT •GT. 0(3)) GO TO 70

- ‘

L i  
•

C-3

~~~~~ 

—‘V —-V - — — —

~~~~~

•

~~~~~~~

•V V - - - - ‘V - — - - -

- - V~~~~~ - - - - 
~~~~~~~~~~~~~~~~~~~ — - — - V _ _  _ V -V ~~~~~~~~~~~~~

•V~~~V~~~~~~ V .V V - 
~~~~~~~~~~~~~~~ 

V
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CALL CA L sA v ’-(I1,CORU3 ~~PC (~~C ,(FLG I MAG F(Njb fl ,1N ,1,AI,LC,~~MC , ,
$ A J ( N O C T ) ,NC )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
GO TO 90 -

7 ~ TUNtT 7G T~~~~ T’ffl G
’VO T O 8C

C-ALL CA L SAV (11 ,CORR3 ,PC (NCP) ,KFLG . IM AGF (NIo (), 1 N , I .Ai ,LC ,-JMC ,l .
V - 

~i (r4jCT ),NC ) 
~~V V V V ’ V~~ VV V~~ 

N ZCT I.ICT + .JMC ~ I N CR A T STORAGE POINTER
IF (N ICT .GT. LCd GO TO 7O~~~1~~A I OVERFL OW 
GO 10 90 - •

ab Co~~T 1NU £
CALL CALSA V (11 ,CORR 3,PC (P4CP) ,K F L G ,I MA G F (NIR), 1 N ,1,A l,LC,JMC,1.

- pC (NsCt)~~r-JC )
NscT~~NScT • JMC 0 INCR i-’C STORA GE POINTER

— - 
IF(NSCT .GT. O 5 )  ~ 2 PC3) 1) GO TO 7OS~~~~~C UVE RFLO 

90 1F(NC ‘(aT’ JMC ) C30 TO 706 0 OUTPUT RECORD FROM COR$ TOO LONG
N fl~ NTR~~~~1MA (a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IF( N IR .GT. IMA G F ’(l ) 2) GO TO 7’40

• NCT NCT • 0 IN~~R ST O R A GE S.~ l T C H  
100 NCP=NCP • ~ INCR P .A R R A Y  POiNTER 

- - E~~D - OF C O R R E L A T I O N  LOO P - -  - 

NS~~2.P (7)—1 0 TOTAL PIECES MINUS I
- N S C I (

~ V

( 
SV

)
V _ _ _

2
V 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ F T W O R K F N G STO E
NV 1=NSCT .r 1 0 LIM ITS FOR CLEAR ING FF1 STORAGE /

- 

~F~~=(~ (5) ~~~~~~~~~~~ 

- -  ‘ V - - ’V V  - 

______NI CT = P (1 — 1 0 ~O. TEETH I N FILTER MINUS I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

NTR~ PTfl72~~YTh I~ J~’ SCY TOR N EG 1Vt QOE~~C1rS
DO i’e O I= l ,JMc 0 SAMPLE LOOP
DO 105 J NF1,NF2

105 PC (J) 0 ~ CLE A R FF1 ~O R K I N G ST O R A GE
~~~~~~NSC~~~~~~~L IT I LI~~~~~ FFT INP UT P O I NT E R
DO i - D O J 0 ,14S çE LOO P
NC T = N C T  + 1 0 I NC R f F T  INPUT pO I N T E R
If’ (J .GE, 0(3)) GO TO 110 -

PC(N CT )=AAJ (1+J .JM C ) o GET SAMPLE FROM AJ
GO 10 130

- 
- ~~~~~~~~~~~~~~~~~~~~~~~ PC (;4CT ) AAI (I+ (J—Q (3 ))~~JMC ) 0 GET SAMPLE FROM &I

V (aO TO 13Q - 

£ 2 0  P C ( N C T ) - = P P C ( I + ( J — Q ( ’ I ) ) . J M C + P C 7 ) * 1 O 8 )  0 GET SAM p L E F ROM PC
130 C O N T I N O L  

-

CALL CT FF’ T ( P C - ( N S C T + 1 ) ,  CO REf ’ ( -’+ ) ,P~~3) ,2 )  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

NOCT =J — NIR 0 I ND E X  O F F S E T  FOR N E GATI VE F~~E~~~~~CIES
IF( N O C T  .L1, 0)NOCT=NOCT + P13)

C c 1~ UIVIT P U T  LOO P
I’+ 5 M CT= IOU TI (i )

00 150 Ig2,NCT 0 SET NO. OUTPUT SAMPLES
150 N O U T C I — 1 ) D J M  -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- ~V •~~~V~_ ’VV 
_ _ _ _ _ _ _ _ _ _ _-

II
_ _ _ _ _  - - _ _ _ _ _ _—

-.V *.--. ~~~~~~~~~ V V - - V ‘ - - — — 
—--—- --- - V - V 

V 
~~~~~~~~~~~~~~~~~~~~~ - - - ‘ V  — - 

V
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NO UT (NCT )~~(P(1)R ET U R N
700 NCT ~~P V A L ( 2 , i)  V

N C P = P V A L ( 2 , 3 )
- 

P RI
V
~~ T 1 Q O V0 , Nfl, NCT , P(8), NCP 

GO TO 799 
_ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _

701 P R I N T  1001 , R E A L F ( 2 ) ,  I M A G F ( 2 ) ,  R E A L f ’ (~~) ,  I M A U F ( 3 )
GO TO 799

702 NOCT= ’L,HREA L 
-

GO TO 710

~~7Q3V NOC 1= ’3HREALJ 
Go TO 7 1 1

7O’~ N O C T~~~~1 iifl\ ,
GO TO 7 1r~V 

7~~5 NOCT ~~’3HI14A~ 
• - GO TO 7 1 1

706~~FRlNT’V 1UD3~, 
(30 TO 799

~~~ 11r
N-R R~ TcT CT— 1 ——

NIR =LC C — 1
- NI CT=2HA T

4 C,u TO 715
- - 7TFNi =~~

SCT ’V
~~~~1 

— 2.’P(3~
NI C T 2HP C

/15 PR INT 1002 , N ICT , NOCT , I, NRR , N IR
GO TO 199

723 P~ I NT 1 i.Job , VV VF VL~~~ I V s V _ ~~~~~(1VL - V - _  - - - ‘ V  

Y 3 u  NC T = 5 S  — LC

_________P Rjj

~

J T i U Q  6 NC T
TO 799

~ _2~ PYR L~
_) 007 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -

- - 
G O 10 7 99

750 P R I N T  10n9 , P ( 3 ) ,  M C I  
V

GO 10 799
760 PRINT 

~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V 

S I M A G F ( S )  V

~~~ ‘ V V : V V ’ V~~~~~~~~TP ’V  79~
79 9  C A L L  ~ E3I~ 4 1 E ( N A M E )  

- 
V

PRI N I i ’O LL ,  NA ME
CAL L ER EXI T 

V 

-

lx 
~~~~~~~~~~~~~~~~~~~~~~~~~~ sr~oDE’5X,2iS )1 001 F O R M AT ( I X  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- -  

~~ LO NG RE FS ’ ,’ 3X ,2 I S )
1032 F O R M A T  ( t X ,L 2 X ,’ O V E H~- LOV ;  IN ‘A3 ,’STORAGE , ‘A5 ,,P1ECL’ ,I~~/’ LAST RE

~~~~~~~ 0 UEs T~~~~T,T’1 ATL1BLE’)
1003 FORMA T (1 X ,12X , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IUO ’4 f ’ORM AT (1X,2A6 ,’P(3) CHANG E D TO ‘I’fl
1005 FO RMAT (~~X ,~~~x , s p(3)=s ,I’I, I I S TLLEG A L , FOR ‘I’$ .’P !~~~~S’) -

L ~~~~~~~~~~~~~~~~~~~
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1006 FO RMAT (Ix ,12~.,’I N cREAsc P (5) uY AT L EA S T  ‘ Is )
1007_FOI’~M AT (IX ,12* ,’REF ER ENCE ERROR , I~~’I 5/’ N~~Ka ’15 ,’, K E A L F ( I ) a ’ I b/ ’ .

— -  

s Ni~~~ ’i’~,’, I M A G v 1,~~’ Is)
103~+ FORMA T (IX ,2A 6 ,’PIECLS STORED IN Aj~~’I 5,’, ~~~~~~~~~~ SCRATC H* ’IS,’ V

~~~, T O T A L  P I E C C S = ’ iS , ’, S C R A T C H  S T O RA G E ~~’ t S )
1009 FOR MAT (IX ,12X ,’W RON G FF T IN FjELD, ’IS, ’ EX PECTFO ,’Ib ,’ SUPPLIED’)
1010 F U R M A T (L X , 1 2 X ,’F A RA M E T E R ERROR ’/’ EXPECTE D PIE~~E5~~’IS, ’. REAL ’IS ,

s ’, I M A G ’ I S / ’ E X P E C T E D  M O DE ~~~~~~~ R EA L st I~~,,, 1h AG~~’lb)
1011  F O R M A T  ( 1 N + , 2A 6 )  

V

V~~~~PU EP ~~~ V MV~~~V T . J’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 ‘ IS A N  ILLEGAL INPUT TO ‘A 6 ,A1,

- 
2 k fl~~~~~~~~~~P !  LA~J~~ YALk~~~[ _ 1 _ ~~~~~

_
~~~~~~~~~~END

‘ V .

I-

II
I

I
C-6

L 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

- V V~/~~ V -~•
_ •~ ~~ 

- V —V—- -

•~~~~~~~~~~~~~~~~ i~~~~~~~~~~~i .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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APPENDIX D

MSCAT BLACK BOX DESCRIPTION

PROGRAM NAME: MSCAT
NATURE OF WORK : BLACK BOX
PROGRAMMER’S NAME: David Doan
DATE: August 25, 1969
COMPUTER LANGUAGE: FORTRAN V

PROBLEM DEFINITION

MSCAT produces a set of partial correlator references
- from a single input field for use with the Box, MDQC. The

technique used by the Black Box, SCAT , is used to provide very
V efficient clipped-reference correlation.
V 

OPERATING INSTRUCTIONS
- 1. Topology Card :

The topology card for MSCAT requires one floating -

point field such as that provided by CORGN or RFEXT.

2. Data Input:

All P-array entries are fixed point.

P(1) = number of pieces into which the reference is
to be broken. See Section 8 of the NDQC write-up.

P(2) = length of output field. Initially, P(2) should
be equal to the length of the input field. It
may be possible to reduce this value to conserve
storage. See Sections 5 and 6.

P(3) = O(SV) for fixed point t ime function input to MDQC .
= 1 for floating point input to MDQC.

- [ 3. Input Fields:

The input field must contain a floating point correlator
I reference in the format produced by Boxes such as RFEXT or CORGN .

I
___ - - ---- - -- ~~~~~. V V -• - _ - V——.~~- — - V - - - V -- 

- 
V-

V
—,~ -- 

V?V .-V ~- - _--- - ——--~~~~~~~ --—~~~~—-—--~ —---—-.‘—— _ _ _ _ _
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4. Output Field :

The output field contains the count word , and five
constants , followed by P(1) subfields, each having the format
of the field generated by SCAT. The field is shown below:

word i : N V

word 2 : length of short reference

word 3 : number of long references

word 4 : P(l)
word 5 : P(3) V

word 6 : total reference length

word 7 : N1
word 8 :.

~ constants and machine instructionsas generated by SCAT for piece 1
word N1 + 7  :)

- word N1 + 8  : N2
word N1 + 9 :~ constants and machine instructionsas generated by SCAT for p iece 2 V

word + N2 + 8 :)
V 

etc .

V 
5. Printer Output:

One line is printed for each piece of the reference.[ The format of the line is • 

V

- 
MSCATX N = •

, K , L = 
—, S = 

—, PIECE y

I . where x is the use number, N is the number of samples in this
• - partial reference , K, L, and S are parameters indicating the
1 

- 
operating of SCAT (See SCAT write-up and SCAT/CORR process
description), and y is the number of the partial reference.

- 

Following the above is a line with the following format:

MSCATX FIELD STORAGE AVAILABLE = 
—, USED = 

—

The storage available is P(2) + 5. The storage used is the total
number of words in the output field including the count word .
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— 
6. Program Limitations and Conditions :

a. Each piece must contain at least 2 samples. V

V b . An error message is produced if the output field
is too small and the run is aborted.

7. Storage Requirements: V

4475 or 29S~~ words.

8. Subroutines Referenced :

SCAT3 , FIXTST, CALSAV , BBNAME, EREXIT , NPRT$ , NIO1$ ,
- 

- 

N102$ , NERR3$ .
- PROCESSING METHOD

MSCAT breaks the reference supplied in the input field
into P(1) pieces. If the input field contains N samples , then
there are

n N m o d P(l )
long pieces and N-n short pieces.

The first n pieces have a length
V 

= m t  (N/P(l)) +1,
and the remaining N-n pieces have a length

= m t  (N/P(l)).-
Each piece is converted to a series of add-subtract

commands by SCAT3 (part of the Black Box, SCAT) . The outputs
from SCAT3 are stored in the output field .

D-3

1

-

V VV ‘V — - _ _ _  -
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APPENDIX E
MSCAT PROGRAM LISTINGS

S U O R C U T I N E  M S C A T O  ( N , P )
O I M E ~.S I O N  P ( 1 ) ,  R E F ( 1 ) ,  O U T C I ) , NA ~I E ( 2 )
E~~U IV A L E N C E  INS ,NAM EI 1 )), IOCT ,NA IE (2)
! ; t P L IC I I  I N T EG E R  ( A — L )
R L A L  EF . S A V E

- - 
E~~T E R ~~A L  SCA T3
N~~6 

- 

p
~V~ 3)-O~~~~r I X E D T F i S STANDAR D

_______ _____ _____ _____ 
- ________ _______

V E T h Y f tScA 1 1 (P ,~~’I , I T~TN
’V
~TTL A IOU T F , I~~i L 

~~~, ~ u o IT J L 1 T  , A ,
I NP F= t

- l i JuTF 1
ISI ZE =P C? ) + ~

— 
- C A L L  - Fl A I S T  ( P C  ,P•( 3 ) )  ~~~‘V

- R E T u f ~N
E N TR Y M SCA T 2 C P )
RE TURN 

—

N CT = RE F (1 ) •o) LE ~4 C TH OF R E F  S U P P L I E[V)
O~~ T (  2 )  C T P I )  L G TH OF SH~~~T~~~EF

_ _ _ _ _

OU T ( 3 ) i- 1 00 (N CT ,P ( 1 ) ) _ f

~ 

NO. OF LONG REFS 
_ _ _ _ _ _ _ _ _ _

V 
UUT~~~4 1 P ( 1~~ NO. OF PIECES

I 00T (b) P (3) T— F MODE
OuT (6)=r~CT i~ TOTAL REFERENCE LEN GTH

• .- 
- 

P(~~~~P ) ( j sC L~~~~~~~~~~~~EF 
- P S ~~~1 ~ P~~2) FOR SCAT , FLOATI N G POINT FIELo FLAG

______

P(
~

,) = P ( 3 )  ~ p(3) FOR SCAT , T— F FL AG
- NC T = 1  ~ IN PUT FIELD  P O I N T E R

I IICT 7 11’ O U T P U T  F IELD  P O I N T E R
NS = P - ( 1 )  c,i NO . OF P I E C E S
00 IC I~~1,NS

V -. OCT=OUT (2 ) ~ LENGTH OF SHORT REF
V 

IF( I .LE. OUT (3)) OCT =O C T+ 1 ,J INCR FOR LO N G  R E F 
__________

SAv E~~~1F(NCT) i~ SA VE ORI G CONTENTS OF INPUT FIELD
f~E F( NCT )~~OCT i~ SET R E F  LENGTH IN FIELD FOR PA R T IA L  r~EF

- C A LL CA L SAV C’I,SCAT3,P (’4),KFLG ,REF (NCT), OUT -(MCT I)
P~~Iti T 100C , I I~ AD D P I ECE NO , TO SCAT MSG

V 

R~~ (NCT ) SA V E ~ REST ORE INPUT FIELD
i~’CT NCT • OCT t~ INCR INPUI P O i N T E R

L
- - E-1

V

~ 

- ~~~~~~~~~~~~~~~~ ~ V V _ _ - V V
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~~i MCT t-~CT • O UT CM CT ) + 1 ~ INC H - OUTPUT POINT ..k
- I F ( .~~C T — 6  .GT . P ( 2 ) )  GO TO 30 ~ OUT p UT F i E L D  TD r~ S M A L L - , ~,rckOh
• O U T ( 1 ) = M C 1  — 2 i~ SET LENGTH OF OUTPUT FIELD

20 NCT~~P(2) + ~ r0) S T O R A G E  A V A I L A ( 3 L E
M C T ~~ 1C T  — 1 ~0) STORAGE USED

- C A L L  1V~~~N A M C  ( N A M E )  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

P R I N T  100 1,  NAME , NCT , MCT
I IF(O U T (1) •LT. 0) CALL E R EXI T (~ ABORT RUN

V RL IU RN 
V ~~~~~~~~~~~~~~~~~ ‘ V ’ V V V~~~~~ _ V~~~VV V V V ’ V V  

30 P R I N T  1002
V Ou T ’V (

~
’V V

~~~~~
’V ’V

~~~
’V

~~ T R k ~ 
A

GV

GO TO 20
- T~ U~i F O R HA ’VT T 1 + , ’sx , iPI~~CE ’~T’f)

lt.iOl Fflr~MA T  L I X ,2A6 ,’FIELD STORAGE A VA ILA 8LE a ,~~~,- . USED=’ ,lb)
1_O O~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . V~~EkROR ~~** ‘  ) 

- 

~ N0 - 

E-2 .

• 

-
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