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•\ (
~ENE1tAL l’U RI’OSE MIN 1-COMPUTER BASED

lnGl T~~l Sl( NAL PROCESSING LABORATORY
Int roduc t ion

A d ig i t al  s i q i o l  process lug laboratory has recently begun operation

in t he  Electronics  Section , Space Technology branch , Space Systems

l iv i sios . Th i s  report detai ls  the genera l des ign  approach of hardware and

• ~f t war e  sys tems  and the present operat ing capabil i ty . Block d iagrams

uf t he  hardware and software systems are provided along with an example

ot o recent t a s k .
Hardware Systems Design

The digi tal  s ignal  processing laboratory (Fig . 1, 2 )  is buil t  around

a Var t an V—73 d i sk  based min i—compute r  sys tem. 1 This computer is a 16-Lit

• machine wi th  dual asynchronous Inpu t/ Outpu t  (I/O ) busses and dua l  ported

= 
i~ cri~ory . It has 1/0 data t ransfer  rates of up to 2 . 9  mil l ion word s p r  second .

Another  fea ture  of thi s machine  is a 512 64— h1 t word Writable Control Store

(WCS) .  The Disk has a 1.7 mi l l ion  16—bit  word capaci ty,  expand aLi i .~ tu  8

m il l ion  words.  The present computer memory size is 16K words .

Other k~-’=y e lements  of the  laboratory are: a 5 MHz 8—b it Con p = = t er  ] S

A—D/r ) —A converter s u b— s y s t e m , a phase-locked osci l la tor/ synthes isei

(b [ , ) / S Y N ) ,  a Tektron ix 4012 graphics  terminal , a Versatec 1600A l u g :  speed—

• l u i j  ri r esolut ion electrostatic s imul t aneous  printer/plotter , a Texas Iu ’ s t r u r i , u i ’u t s

• . h L : t  700 te rmina l , and a Remex hig h speed pa per tape reader .

T u e or i : j i r i a l  des ign  goal for t h i s  d ig  ito! s i g u a l  process i~ g y st - n u  w a s

0 -~ spectrum a n a ly s i s  on a c o n t i n u o u s  r e a l — t i m e  basis  of a 1.5 ~Y L  ‘- receiver

~ w i t s  a Fas t  Fourier  T r a n s f o r m  (FF 1) f i l t e r  f requency resol t i o s  of 300

- 400 l i z .  The f i r s t  des ign  therefore  included a H a r d w i r r d a r ray  prc c. ssor

~ i t h  a 1 .5 mi l l i on  word t h r o u g h p u t  rate . Sponsor i nduced  pro gr il ir  s w u g e s

1 it t e r  U I 2  computer  port ion of t h i s  sys tem was purchased  n eces sit o  s yst c s •

1 esiçj r i  to a m u l t i — p u r p o s e  s igna l  proces s ing  lab ora tory .

The pr sent  sys tem wil l  dig i t izc  ar ilog data of l a n lw i d t h s  of up to

i f i l i  K I i z .  The sys tem has  three phases , a c q u i s i t i o n , pu l se  a n a l y s i s  oid

: h - t L i n q .  In  t h e  a cqu i s i t i on  pha.~e t H e  syst e i i  d i = u t l z - s  a n a l og  data , t~~cks

t ’ , I aLi sumpl e s  into computer  words , reads th e  du t u  iu ’,t o c o n g - - t

ml r sI)ry , u n p a c k s  the  data and places the  data  on d i s k  F iR mer ’ ’  - I g r i n  t h l

NIh , . M , n u s c r i i t t  sIihrnit t ( d April 2~~, I ¶1 77
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~r se analysis  phase the data is recalled from disk as needed and analy zed
‘;ia software FFT algorithms . These transforms are displayed as power
versus frequency plots on the graphics terminal and also stored in disk
memory if desired . In the final phase the transforms are plotted .

Hardware Design
A . Analog-to-Digital Controller

The maj or in—house hardware design effort has been the design of the
Ana log—to—D igital controller interface circuits (FIg . 3).  This interface unit
conta ins the logic for controlling the A—D converter clock , buffering the

-bit byte data from the A-D converter , generating a byte parity bit , and
packing the 8—bit byte data sample into a 16—b it computer word plus byte
parity . The interface unit then sends a request to send to the computer .

The process starts with an end of conversion or Data Ready pulse from
the A—D converter . This Data Ready pulse is reshaped by Schmitt trigger and
one—shot circuit s and is used to drive a toggle flip—flop . The outputs of th i s
flip— flop are Anded with the Data Ready pulse to provide a shif t—in pulse tc
each First rn—F irs t Out Buffer (FIFO) in turn , starting with the low byte FIFO .
The 8—bit data sample from the A—D converter is sent to a parity generator
and to both FIFO buffer inputs . A parity b it is added to the data sample by
the parity generator and the selected FIFO buffer is pulsed to gate the data
sampl e and parity bit s in. The FIFO buffers are 9-bits wide and 32 word s deep.
Two of these units are paralleled to form the computer word . Data gated L’~to?ither FIFO buffer ripples through to the output register of the FIFO and sets
the output ready line high.  This output ready line is Anded with the output
ready line of FIFO-2 so that as soon as a word is formed by the FIFO’s a re-
quest to send is sent to the CPU . After acknowledging the request the CPU
clocks the data Into computer memory .

To output data to the interface , the CPU tests the state of the Output
Buffer ready line; if the line is true (meaning the buffer is empty ) the data
is clocked into the data out FIFO 1s. The Input ready lines of these FIFO ’ s
~re Anded and the output  of the And gate tied to the above sense l ine .  The
data again ripples throuch both FIFO ’s and is clocked out to the D-A convert s
zv an external clock. Data can thus  be readout  at any convenient rate .
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FIFO buffers used at present have a 500K—word minimum thru—put rate,
so that the maximum A—D conversion rate is 1 mega—samples  per second .
We plan to replace these FIFO ’ s with 1—mega —word—rate units , and thereb~’
increase the A-D conversion rate to 2—mega— sample s per second . The
present design uses a Non—Direct Memory Access (DMA) controller and is
li mited to the Non—DMA word rate of 225K-samples per second . However ,
line termination problems in the breadboard prot o—type interface now in
use has limited the present usable A—D conversion rate to about half this
value .
B . Triggerable Digital Delay—L ine

The Triggerable Digital Delay—Line (TDDL) is a pulse triggered clock
frequency d ivider with a delay range fro m 1 milli—second to 99.999 seconds ,
and with start—stop outputs to drive a time interval counter (Fig . 4) .  The
stop output also starts the A-D converter clock . The input clock frequency
can by varied from 1 MHZ (tape reference frequency at 120 IFS) to 125 KHz
(tape refe rence frequency at 15 IFS). Lower clock frequencies (tape speed s
fro m 7~ IFS to 1 3/4 IPS) can be used by multiplying the TDDL dial settings
by the factor of tape speed slowdown less than 15 IFS - Delay times are
synchronized with tape speed variation s - This is most important since it
allows the digiti zer to be started at the same event on tape regardless of
tape speed .
TDDL Circuit Description

A trigger pulse from the 1 PPS output of a time—code reader is applied
to the trigger input circuits where it is reshaped and sent to the set input
of a trigger start—stop latching flip—flops.  The Q output of this latch is
Anded with the clock signal. The output this And gate is sent to the set

-
. 

- input of the clock start latch whose function is to allow only the first
clock pulse after triggering to be sent to the time interval start one-shot .
Next , a bin ary counter rece ive s the clock pulse. The counter ’ s output s
are each sent to an And Gate . The other input of each Gate is tied to
a f ront pari ei switch which allows one to select the proper counter out p ut
for a 125 KHz clock output signal . This clock signal is divided by 125 to
gi ve a 1000 pps signal.  The 1000 pps signal is routed to the next divider

6
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I

and to one input  of ar’ 8—input  Nand Gate.  Four of the other inputs  are
from later stages in the divider chain . The sixth input is the output of
a SN7442 decimal decoder. These five inputs are normally high (at a logic c-~~~,
so that the output of the Nand Gate is the 1000 pps signal , which is sent
to a 7490 decade counter. The decade counter outputs  are decoded and
sent to a front panel switch . This switch selects the appropriate decoder
output for the desired milli—second count. The switch output is sent
to the above mentioned Nand Gate , inverted and sent to another Narid
Gate . The second Nand Gates output is sent to the t ime interval stop
one—sh ot . The stop one—shot stops the time interval counter , starts the
A-D converter clock ,resets the counter/divider chains , and resets the
trigger start latch which stops the clock . The other circuits are identica l
and give selectable counts of 10 and 100 milli—seconds , and Counts of 1 and
10 second steps . The entire process is repeated at the next trigger pulse .Normal Operations (acquisition)

This section describes procedures to scan , locate and digitize
tap ed analog s ignals . The analog tapes used are presumably recorded at120 ips with bandwidths of up to 2 MHz . Time codes and a reference
frequency of 1 MHz are normally recorded at the same time as the date . Thetape track of interest is up—Converted to 10 MHz and applied to a bank of100 analog filters . The output s of each filter is detected and sampled , withthe sampled output displayed on an oscilloscope . The times and types ofspectral occurances are then recorded. The exact time s of spectral occurancesare found by recording the sampled output and the time code on separate
channels of a Bill—Howell Strip—recor der . A 100 Hz pulse tra in is recorded
on another channel at the same time . Bandwidths and t ime duration ofspectra observed is noted and a decision is made as to the bandwidth to
be used for digitizing . Determining factors in the choice of the bandwidth
to be digitized are : spectra bandwidth and t ime duration , In itial SNR ,translator bandwidth (40 KHz at present), and ava ilable computer memory .If  one assumes that  the spectra of interest is Centered in the trans-lator passband the output  of the translator at the 40KH z 6W setting isa signal with a zandb .vldth of from 4 to 44 KHz . This signal is low—pas sedat 44 ~~z and a pplied to the A-D converter . At the same t ime , the ti mecode signal from the tape recorder IS FM—D emodulated and sent to a t imecode reader. The 1 FPS outpu t  of thi s  reader is used to trigcer the TD~~ -
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The reference signal from the tape is filtered and sent to a phase—locked
oscillator synthesizer (PLO—SYN) and to the TDDL clock input .  The Output
of the PLO—SY N is the A—D converter clock , while outputs  from the TD DL
start and stop a Hewl ett—Pack ard Tim e—tnternal  counter and ti igger the
gated A-D converter clock circuit .

Once the appropriate delay is decided upon , the TDDL is set , the
acquisition program is loaded into the computer , and the analog tape
recorder is started . The tape recorder is normally operated at a 8:1 speed
reduction (15 IFS) and one has time to arm the A—D converter interface so
th at the next pulse from the 1PPS time code reader output will trigger the
TDDL which , in tur n , will start the A—D converter at the proper time interval.
The A—D converter interface packs the 8-bit data samples into 16—b it word s ,
adds the byte pari ty bits and s ignals the computer to receive the data samples.
After the computer memo~~ block is filled , or the number of data sam ples
desired taken , the computer will either stop the A-D converter clock or
ignore further requests to send data fro m the A—D converter interface.

The tape recorder is then stopped and the graphics terminal can be
observed to see if the spectra of interest was digitized . If desired the
entire process can be repeated . Normally the TDDL settings would be
adjust ed so as to move the dig itizer time window to an adjacent t ime slot .
With repeated passes one can slide the digitizer time window through the
ti me duration of the s ignal of interest.

Alternate means of data acquisition are putt ing the signal of interest
on a video disk and using the disk sync pulse to trigger the TDDL or if
the conversion rate is low enough , continuous digit izing with the computer
transferring data from main memory to disc memory and to magnetic tape .

Software & Programming Consideration s
The Varian V-73 mini—computer system (Fig . 5) utilizes a batch

processing operating system (MØS -version K) with a Fortra n compiler ,
a DAS assempler , a text editor , and a file system. We have expanded

I the operating system to include the Tektronix Pl ot— lO software package ,
and a iJ .S. I . rrc dif i ed version of Versatec ’ s plotting software . 2

Instal lation of vendor supplied software and the subsequ ent geri-
eration of routines particularly suited to our signal proces sing appl ication

9 
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was made unduly diff icult  by the lack of a single vendor for the entire
syste m. Individual software packages had to be integrated into the
Varian operating system . In particular the very sophisticated Versatec
plotting software had to be hand tailored for the Varian , necessitating a
time consuming process of code translation , a muli tude of Fortran
modifications & careful checking of test routines . Lengthy negotiations
with Versatec resulted in the acquisition of a Varian compatible version
of the Universal Vesatec Software prepared by Underwater Systems , Inc.

At the initial stages of the operation it was necessary to generate
asse mbly language code to select an input gate in the b uffered 1/0 Con-
troller and sense the state of the output control pulse . A ready state re-
sult ed in the input buffer of the controller being read into memory . The
debugging of this buffe red driver occurred simultaneously with the check
out of the hardware A—D controller interface circuits . Signal transmission
into the Varian via the A—D , and back out via the D—A was monitored with
an oscilloscope to test the accuracy of this dual hardware/software effort .

All of the processing was completed under the restra int of limited
centra l memory; the operating system generally left not more than 12 k of
core for programs and data . Therefore , another time consuming phase of
the signal processing effort was the efficient use of the disk for storage
of interm ediate results.  Numerous utility programs were written yielding
various methods of storing and retrieving the data , and displaying results
alternately on the graphics terminal or the line printer .

A re cent task designed to demonstrate the capabilities of this signal
processing laboratory entailed the acceptance of data from an analog tape
and subsequent analysis and display . The limited amount of central mern-
ory available , and the desire to process long strings of data , necessit ated
a three phase operation , with the data being stored on disk in the interim .

Phase I (TEKT RAN) consists of accepting the incoming digit ized
signals , unpacking the data ari d storing the raw data on d isk .  If desired ,
th e data , at this point , can be biased and displayed on the  graphics terminal .
During this phase the Fourier Transform of the signal is computed a~ d also
stored on d isk .  The option of displaying the transform on the graphics  term
inal is also available . (Fig . 6)

11
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Phase II (EIGTRAN ) consists of reading sequential files from disk
(each data file being followed by its transform) and creating a plot file

for each data f i le . Storage l imi ta t ions  require the  successive readings

of small amounts of data , until the entire data set is scanned , com-
puti ng a scaling factor , and the n repeating the entire process us ing  the
computed scaling factor to generate a plot file for each data file (Fig . 7 ) .

The final phase involves the execution of VPLOT (a modified Versatec
routine incorporated into the MOS operating system) to convert the pen
movements delineated in the plot file to the ordered raster output which
is necessary for the electrostatic plotter . The plots can be generated
im mediately or stored for output at a later time (Fig . 8) .

Conclusions

A mini— computer based digital signal processing laboratory was
discussed in terms of hardware interface design . Pertinent hardware
and sofware design and performance details were noted and a brief
description of normal operations given . While the present signal pro-
cessing capability is lirr~ited to signals of 100 KHz 6W or less , the
system can be easily expanded by the addition of DM 1 interface cards
to process s ignals with bandwidths of up to 2 MHz.

H ! Varian V—73 System Handbook . Var ian Data Machines , Irvine , CA.

2 Versaplot Adaptation to VDM , Underwater System , Inc .
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Program Listings

P A C E I

~ 
TE I’RAN

3 R E V I S I O N  I - VARYING TIlE RESOLUTION OF THE DATA AND THE
4 Ic TRANS FORM
5
# P ROGRA M ACCEPTS DATA FROM A- I) CONVERTER -- 1024 P1’S PER PASS
7 ir IJ NP-~.CKS THE DATA
8 r DI SPLAY S THE DATA ON THE TEKTRONIX
9 - ‘

~ STORES TIlE DATA ON DISK L . I J . 4
In * COMP u TES TRANSFORIi
i i  STO RES TR ANSFOR M ON DISK L . I J . 1 4

13 ~Ic

14
IS  EXTERN AL I N . D A . D I S P L A
It I NTEGER DATA2
17 COMMON DATA2( 1024)
18 REW IND 14
19 I’.TIITE(3.88)
20 88 FORMAT ( 5411 Th I S PROCRM I WILL ACCEPT DATA FROM TIlE A-D CONVERTER,
21 1’.56H COMP UTE TRANSFORM , AND STORE DATA AND TRANSFORM ON DISK’)

28 zIc :~ Ic****~ EXTfl ACT S N POINTS ( POWE R OF TWO ) FRO M DATA SET **~ ******~r24 *25 10 WR I TE(3.87 )
26 87 FO RMA T( 53[( ENTER NUMM ER OF DATA PO I NTS TO TRANSFORi’I ( 1 5  FO RM AT) ’27 X)
28 R E A D ( 3 , 8 9 ) N
29 89 FORNAT 15)
30 I F ( N . E O . 0 )  GO TO 1000
31 VR I TE(3.84 )
32 84 FORNAT (66ff IF LINE PRINTER OUTPUT OF DATA IS DESIRED. TYP E I . 1F
33 X NOT , TYPE 0)
34 READ~3,85) LPFLAG
35 85 FORHAT( 11 )
36 WEETE (3 ,83)
37 83 FORMAT (5411 IF TEKTRONIX OUTP UT IS DES IRED TYPE 1, IF NOT , TYPE 0
38 X)
39 RFAD 3.85) ITE~~~L
40 C ALL I N
41  CALL D~42 IF ( !TEIOL .EQ ..n GO TO 92

18
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P AGE 2

43 92 I F A C r 1024/N
44 DO 101) JJ~~1.1024
45 jKr .JJ :IclF ,~C~ IFAC+ I
4~ 100 [)-~TA2~ . J J . ~ ~DAT.~2( JK )
47 CALL D I S P L A  N)
48 D~ 20 l r I . N
49 24) DAT ,-~2( 1)  DATA2 ( 1)  *8
50 I F ( LPFL AG . E Q . 0)  CO TO 101
51  b RI TE ( 5 , 90) N
52 90 }ORMAT ( 1111 .411 N . 15’/)
53 WRI TE(5 ,9 I) (DATA2 (K).K :l.N)
54 9 1  FO aMA TI 10 18)
55 101  WRI TEt 14) DATA2 ( K) . K = 1 , N )

END rILE 14
57 C ALL F TRA ( N.  DATA2)
58 1 F ( L P F L A C . E I ~ .0 )  CO TO 102
59 W R I T E i S . 90) N
60 W R ITE I5 ,9I) (DATA2 (Kl .K:I .N)
61 102 WRI TE t  14) i DATA2i K) ,K=1 .N ’
62 E ND F I LE 14
1,3 CALL SCANt DATA2 .DA-rA2 , --N .ss o)
64 CALL M ODE (-8 .~~~1 I N . D X . X O RG )
65 CALL NI~QE ( -9 , Y M I N .  DY. YO RG
66 WR1T E( 8 .78)  ~~I 1N . Y H 1 N .  DY . YORC
67 78 FORM AT ’ 2F 30 . 4 . / ,2 F 30 .4 )
60 I DY= DY
69 1F (  I D Y .  E0. 0 CO TO 10
70 J M I N :Y N I N
71 IRX t~’~z l D Y + J M l N
72 1DY : ( HA X—J MI N ) ’7 9 0
73 flu 30 I~~I . N
74 30 D-~TA2( 1) ~~’ DATA2( 1 , — J M I N ) ’ I D Y
75 I F ( LPF LAC. E t~.0)  CO TO 103
76 ~R 1T E t 5 . 9 4 ) )  N
77 WIl I TF .( 5 . 9 ! )  ( 1)A TA2( K ) .K r I . N)

78 103 DO 31 1: I .N
79 :31  D~~TA2 4. I ) ~~DATA2 ( 1 —390
80 1 [ - (  1 1’EK F L. EIL 0 GO TO 10
8 1 CAL l. D t S P L A ~~N)
82 CI) TO 10
o3 1004) —TO P
84

19
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L ~~~~ I

1 * SUB ROUTINES IN , DA , D ISP LA

3 R E V I S I O N  I - VA RIABLE GRAPHIC OUTPUT
4 ) c
5 *
4> • IN ’ ACCEPTS DA TA
7 ‘ D A ’  UNPACKS DATAa * ‘D I S P L A  YIELDS G R A P H I C  OUTPUT ON TEKTR O N I X
9 *

10 EXT TPLO .CHOU ,8SE
11 NAME DA
12 NAME IN
13 NAME DISPLA

000000 C (4 I1ATA2 COMN 1024
000000 000004) ~ 15 IN E~ 1R
1 4 0 1 ) 1 1 . 4  1 I 004160 -\ 

1 6  EXC 0060
410044.42 04)64484 )  A IT LDX I —512
‘ii l0.~ i)3 I 774)04) A
4 4 4 , 4 4 4 , 4 1.,I06i ) 

~. 18 LOOP SEN 0060.*+5
4 ) 4 4 40)4 .5  4) 00011 R
.).010.6 1.05000 -\ 19 NOP
040)4)07 00 I 4)410 A 2.’ JMP
4) 0044 I 0 004)004 R
041041 ( 1 102064) .\ 21 1 ME 060, TE~~4)04)4) 12 0003412 11
0004.13 006027 A 22 LDBE TEME
44 04 )4 ) 14 4)04)302 R
000015 00601,5 A 23 STBE DA TA+ 5 12 ,  I
11004) 16 001304 R
4,0 4)4 ’ (7 4)4)5 144 3 24 I ~~~114104)2 0 00 1 046 A 25 J~~~Z LOOP
• 0u02 I 0o0004 R
4)00022 00 14)00 A 26 RETIJ* IN
000023 100000 It
4)4)04)24 0.444000 -\ 27 DA ENTR
*100025 0064)30 -‘ 28 LDXI —512
000026 177000 -‘0004)27 0064120 A 20 LDR 1 —1024
00041:10 17604)0 A
0041 1,3 I 00740 I 3 3.) SOF
4)4)0082 i 0 i #~~*~ I S  ~ 3 1  BACK LIME DATA+5 12. 1
1,.)s,4. ~ 3 ‘‘4’1304 R
0000:34 •.01411~ I -‘ 32 JOF R I GHT

20
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P \CE 2

04)04)35 04.005 I R
4)004436 OOo 157 3 33 LEFT AN AE MASKE
410414487 4)4 ) 1804 H
4)4)04)40 004350 -‘ 34 LSRA 0 It )
4 4 4 4 4 4 4 ) 4  I 4)4)6056 -~ 35 STAE DATA2 + 1024 , 2
4 ,04 ,4 )42 4)02000 C
4)4)004 8 003 122 -‘ 36 [BR
4 )4)4)044 1) 05144 -\ 37
04) 414)43 00 1046 3 38 JXN Z DA+5
4)00046 1)41003 I H
4)00047 nO 1 000 A 30 JMP OUTPUT
000034) 000060 H
000415 1 0446 15 7 A 40 RIGHT ANAE NASl~~00005 2 414) 130 3 R
000053 4)064)50 A 4 1  STAE DATA2+1024 . 2
4)00*154 4)0204 10 C
04)4)4)55 005 122 A 42 IBR
4) 1) 04)56 00 ( Ot) O A 43 J MP RACK
000057 4)4,4)4)32 R
4) t ) * ) 4 ) * , t )  4)06080 A 44 OUTPUT LDX I —1024
4)4)04)6 1 1760u0 A

45 * DAT/I HAS BEEN UNPACKED TIllS SECTION MASKS OUT SIGN
BIT ANDSHIFTS IT.

46 * SETS UP IX AND [V ADDS B iA S TO IY THEN CALLS TPLO.
0004)62 4)060 I S  A 47 LDAE DAT~ 2÷ 1024 , I
1,410063 002000 C
4) 4)4 ) 4) ( ~4 4 1 4 ) 6 ( 5 4 )  3 48 ANAl MAS KS
000063 4)4402410 3
4)04)4)61 , 44 4 14254 ) 1 40 LRLA 8 MOVE SIGN BIT INTO PLACE
04)04)6 7 1)4)1010 3 50 JAZ
4)04)4 .70 4 ) 4 ,4)4)77 R
41004)7 I 40 )64)  I S 3 5 1 IDlE DATA2+ 1024 ,
4)4)4)4472 4,4)2 144)4) C
4)004)73 4) 1 ,6 1 10 \ 32 ORA l 0177400
4)00 )74 177404) -‘
4)4 )4 )4475  0441 ,4)33  \ 5;~3 STAE DAT 32+1024 , 1
4)4) 4)4476 4,4,2004) C
4) 4) 04) 77 4 4 4 ) 5 ( 4 4 .1 54 IXR
4 4 4 10 j I l l )  0 , 4 , 1 0 4 4 ,  \ 55 J XN Z OUTFUT+2

I . .  4 4 , 4 . 0 , 1 6 2  R
4 ) 4 4 4 )  I I I ) )  04 ) 4 4  \ 56 RETIJ * DA

I - :~ 4 l ’ 0 4 4 4 2 —  ii
41 . ; ))  ~.4 4 ) , ’ : ’ 0 ) 4 )  ‘

~ 3 ’  D Y SP L A  F~ITR
0 4 ) 4 4 1 . 1 5  os~.~u41’. CALL SSE

21
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P ACE 3
4)04) 14)6 4100000 E
004) 107 4 0 4 4 . 4 4 1 4 1  1 59 DATA 1
4) 0 1) 1 I I )  4 .4 )  NP BSS 1
0044 1 I I 4) 4) 64) II )  .\ 6 I LDA 1 1024
4)4 )4 ) I I 2  04)2000 -‘
4)4) 0 1 1 3  14701)1) 1 o2 SUB I NP ) *
444)4) 1 1 4  4)54166 A 63 STA
4 ) 0 ) 1 ) 1 1 3  04)6030 -\ 64 LDX I —10 24
4 ) 4 ) 4 ) 1 1 6  1 7604)4) ‘~4) 0 4) 11 7 006020 3 63 LOOP2 LDB 1 0
4)00120 1)4)1)000 .1

66 * CLEAR SCREEN . SET I TYPE=0
000 121 04)60 10 A 07 ID/Il  27
4 )04 )122  4)00033 A
000123 054136 -1 68 STA TEMP
4)4) 4) 1 24 002000 3 69 CALL CHOIJ . TEMP
004) I 25 (44) 0 4, 00 E
04)4) (26 i)O~ 3O2 II
414)0 127 40 ) 041 11) A 70 LDA I 12
4) 04) 134) 4)01) 1)14 A
000 13 1  4) 54 13 0  1 7 1 STA TEMP
000132 002000 3 72 C/ILL C IIOU. TE MP
000 188 4)04) I 25 E
4)1)4) I :34 4)4)0302 R
04)0135 4) 4 ) 64 ) 14 ) A 73 LDAI 4
4)4) 0 136 4)04)004 3
0001 :37 054142  3 74 ST/I TEMP
1,00 I 44) 4)4 )24 )4 )4) A 73 CALL DELAY. TEMP
00014 1 414,025 1 H
001) 1 42 4400302 H
000 ( 48 4)4)500 1 3 71, 57/I
4)00 144 44 1) 60 57 3 77 STAE I TYP E
000145 4)4 ) 134)6 H
000 1 46 041504 1 .-\ 78 TX/I
0014 147 124 188 ‘~ 79 ADO TENP 2
4)01)150 4)0 1 4)02 \ 80 .JAP H
004) 131 1,410) 21 5
00 0(32  4 . 4 , b 0 I 5 ~~~ Il l LOOP I LIM E DAT.\2+ 10 2 4. 1
000133 .,),2 ~ ; 4 ) 4 ,  C
4)1) 0) 13 4 006(20  -‘ 82 ADD ! B I t S
000 I 3 3  1,4)064)6
1104) 150 4)06057 1 83 ST\E I Y

— 
, )o ) 0 I57  0 0 1 3 1 2  11

22
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P ACT: -~

000 1 6 4 4  4) 4) 6067 3 84 STBE I X
1) 4) 4) 16 I I n ’  1 : 3 1 1  ii
4 0 4 4 ) 1 6 2  Oi ’502 I 3 83 TB/I
044 ) 4 ) 14 .3  000 1 4 4 4  \ 86 SUB 1 1023
0 ) 4 ) 4 )  4 4 , 4  00 1 777 3
444)4 ) 165 400002 -‘ 87 JA P COPY
4)414) 14 ,4. 4) 4) 4)2  I ?  H
4,4)0167 4)4)201)0 1 88 PLOT CALL TPLO. I TYP E. IX .  IY
4)4)0 174) 04)004)41 E
4) 0017 1 001306 H
4)00172 001311 H
000 173 001312 H
04)0 174 005 144 3 8’) I1~~4)4)0 175 00504 1 A 90 TXA
4)1)0 176 124 1 04 A 9 1 ADD TEMP2
~$0) (77 On 1002 3 ~2 J A P COPY
4) 4 ) 4 ) 24)4) 1)00217 R

- . V 
0.)02n I 4)4)302 1 3 93 T B/ I3 04)4)24)2 u06 120 3 94 ADD I 1
1)4)1121)3 (10000 1 A
4) 4)02 0)4 005012  A 03 TAB
4)u024 )5 OOSOO I A 96
000206 005 ( 1 1  A 97 I AR
04)02o,7 0u6057 3 98 STAE ITYP E
4) 002 (0  0(4 (306 H

_
4 - 0002 11 00 1 046 A 9’) J~~~Z LOOP I

4 ,00212 000(52 8
• 4)0021:1 00 1 000 A 100 J MP COPY

n00214 o002 17 8
4) 1)02 15 4)01000 3 101 R RETIJ * D [SP LA
4)00216 100 (04 H
4)002 17 006010 3 102 COPY LDA I 105
00f1220 000151 3
04)022 I 054060 A 103 ST/I TEMP
000222 002000 3 [04 CALL DEL /IY . TEMP
04)4)22 3 004)25 I [I
i)a)0224 0s)1)302 H

I

. 4)4)0225 0.16010 1 141 3 LOll 27
1)1)0226 4)00033 3
04)4)227 4)54052 A 1 416 STA TE MP
4)4)02 :141 1)02001, .3 107 CALL CHOU . TEMP
00023 1 004) I .33 H
4)04)232 Oo.o)31,2 H

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



P AGE 5
4)002: 13 4) 060 14 0  \ 108 LDA I 23
004)234 1)1)0 4(127 1
4)04)233 054044 ‘, 14 ) ’ )  ST/I TE MP
0002:46 4) 4121 ) 411 ) . 1 114) C/I LL Clf0 !J , TEMP
04)0237 4401)2:3 1 H
4) 4) o244) 4)6 )4 )3 02 II
00I12-I I 4)4 )60 10 3 [ I  1 LU/Il  105
4) 4)4)242 4)1)4) 13 I -‘4) 4)4)248 1)54036 A 1 1 2  ST/I TEMP
4)0 4)244 4)4,2000 -‘ 113 CALL DELAY , TEMP
4)o)0245 4 ) 4 4 4 ) 2 5  I H
.).~4)246 1)44:1802 H
4) 4) 0)24 7 00 I 4) 01,  A 114 JMP LOOP2
4) 4 ) 4)~~~ 4) 04) 1) 1 1 7  8
4)4 ) 4,25 I 4)4 )4 )006) -‘ 1 1 3  DELAY ENTR
4i41O25~ 4)02 00,, 3 11 6 CALL SSE. 1
4)04)25:3 4 ) 4 , t )  106 E
4 4)4)254 0)4) 1)04 ) I \

I I ?  TIME BSS 1
0o)4)256 077414)0 I 118 STX SAVX
4)04)237 6) 67000 1 1 1 9  STB SAVB
4)4)0260 414.4,0 :37 .1 120 LUKE TI ffl ~) *
4)04)24 , I (114,253 R

• 4 1’)4)2~.2 0 6 ) 6 4 ) 4 0  1 ( 2 1  L U/I I 077777
,) 64)2n3 077777 3
4) 4) 4) 2 4 , 4  4)4 )33 11 A 122 DAR
4) i)02n5 4)03000 A 123 NOP
4)4)02 66 0 1) 14) 1 1) A 124 J AZ COUNT
O04 )2o ~7 0u0272 H
4)4)0270 001000 A 125 J tW
0 0 4 )27 4  4 ) 0 4 )2 6 4  R

4)00272 005844 1 126 COUNT DKE
4)4)0273 (101046 A 127 J~~~Z ~r-—9
4)4)0274 01)0262 8
000275 4137000 I 128 LDX S/IVX
4)00276 4127000 I 129 LDB SA VB
4)00277 01) 14)4)0 1 186) RETU* DEL AY
04) 4)8 4)4) 10023 1 8
4)003 0 1  0 w777 .1 131 X HIT 0777

4)00606 3 132 BIAS E4)U 390
04)021)4) .1 133 MASKS HO!) (28
001)177 1 134 NASI~~ EQU 127

000302 133 TEMP BSS I

I

‘
I
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P.14;E 4,

04)6)84)3 186 TEMP2 855
(37 [I tT/I B~~ 312

04) 134 14 17744) 0 1 138 f tt StL  f l V~ A 0177400
Oo 1:14,5 O4 ,n:377 .1 I 3~) NA~~ Jt [I V F t  4)377
l)0 1:luo 1444 I TYP E BSS
4)01307 14 1 S/IVX 855
1)41 13 10 142 SAVR 855
00 1311 143 IX BSS I
0013 12 144 IV  855

143 END
ENT RY NAMES

4)00024 8 Dl 000104 H D I S P L A  000000 H I N- - EXTERN AL NAMES
000253 E ~ SE 000237 E CIIOU 000 ( 70 E TPLO

SYPifiOLS
000253 E ~ SE 000032 H BACK 000606 A BIAS 000227 E CUOU
000217 8 COPY 000272 H COUN T 004)024 8 [IA 000304 a DATA
000000 C DATA2 00025 1 H DELAY 000104 8 DI SPLA 000000 ft IN
001306 8 ITYP E 4 ) 0 13 1 1  R IX 0013(2  R I Y 000036 H LEFT - R 1.001’ 0 5 5 4 32  II LOOP ! ( 103117 11. LO OP 2 000 1 77 A ~t~SKD
401 1 3 . ; -~ 1! ft1S~~ _ on :103 8 M1~~1(R 04) 021114 t r ’R5}~~ 4 ) 1 4 ( 4 ( 1 0  8 NP
0004)4,4) 8 OUTPUT 4 ) 0 4 ) 1 6 7  8 PLOT 4) 0 1) 2 (5 [1 1). 4) 4)4) 03 1 H H IGII T

• 0 0 ( 3 4 6  8 S \ V B  1)0 . 307 H SAVX 000802 R TEMP 4)4)0303 R TE~-T2
000233 II I I i-~~ 0Ou I 7() E TPLO 4i4) n30 1 H X

0 H1LRO R~ ASSET -IDLY CO MP LETE

-1’.
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4
1 1-G E 1

I * BICTRAN
2 *
3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4 * H E / I D  FR4) !’1 D I S K
5 AND P LOT F ROM A F I L E  — Ils i N o ;  SF .C1WNTS

6 F II . E S ARE OF V A R Y I N G  LEN4 ;T us . N I T U  TIl E FIRS T F I L E  CO NT ’t I  N IN C
7 3 F! JN CT I ON OR DAT A . AND l If E F I L E  I ~ThWD I ATELY F0LLO ~ I N C  CONT-\ I N  I N C
8 ~ ITS F O U R I E R  TRANSFOR M
9

(0 *
I I  *
12 ~ VA R I A B L E  LE NGTH PL OTS
13
14 * R E V I S I O N  I :  FRE QUENCY SCALE
I S *

14’ **** ‘4* *-i~-..’4 * ***** 4-~~~’4**’~~~~~~~*’4******’4 r. ’4’4***’4*’4**~~~~~** **r.4 .

18 
- 

I NTE G ER RUF
I ’) D I r - E E NSI ON B U F ( 6 0 )  .X ( 60) . I ’ I L F I ( 8) . I - t LF 3 (7) , I A L F 4 ( 5 )
24) OtT - I SAME /9999 . / (AL F2/2I1 Y / . I ALF O ’2 HX /
2 1  D~~T-t ( I ALF U 1  1 1 .0)  /2111-St . 2}{EQ 2IHJE . 2IINC . 211Y . 211( K. 211HZ. 2H )
22 DATA I I ALF 3 ( I )  • I~ 1 .7~ /2 1I4 )R . 2111G . 2 I 1 1 N . 2 H A L .  211 D. 2I13 T. 2113 /
23 DA TA 4 1  ALF4 ( I )  . I 1 . 3 )  ‘211TH. 211/IN . 2115F .2 110R. 2I [N /
24 IP LOT 1
23 R E ! > I N D  14
26 ! IRI TE (3 . 88)
27 88 F ORNA T ( 55H PRO CII./I M PLOTS F u NCTION I ND TR AN SFORM STORED ON L. U. 1
28 X4/)
29 3410 ) R 1 T E 3 ,86 )
34) 84, F O R N A T I S I N  TYP E PS’S. I N F I L E ,  SA M P L I N G  FREQUE NCY ( 1 5 . F l O . 0 )
31 R C A D o 3 . 8 9 ) N . S A N F R
32 8’) FOREIA T( 1 3 , F I O . 0 )
33 I F  N r O . NO MORE PLOTS ARE DES I RED
34 Iil . N.EQO) GO TO 700
35 1~1l lTE(3 .84)
36 84 F4)IlftiT( 63}I IF  L I N E  P R I N T E R  OUTPTJT OF DATA IS DES I RED TYPE I .  IF

- - 37 XNO T . TYPE: 41)
38 IW S [0 :3 .83 ) LPFL AG
39 85 FOI1N .\T4 l I ~40 ‘4 ~ !IFTl TI lE DAT/I AND fll :\NSFOR M 1RE STOR ED ON D I S K  TI lE SYSTEM
4 1 o rl ~TFS 64) I~0RD Rio 4)R DS — F I l  1 - U T  L Ol Irl G 4~O T 1INL DLTE RNIN E S
42 -~ TI ! !.  NUIR1E R OF RECORD S NRE C CREA TEI)

I

26
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4
P- ~CE 2

43 NI J l~1r N/60
44 1IN~ N— I - !  (111*60
43 M r OO— MN
-14-i IF ’ 4 N) 1 1)0 , 101 • 100
47 100 NUll :  N U F I + I
48 10 1  N 8EC~ N U N
4’) LL!~~ N- ’50+ I
50 FLEN ~ LEN -

S I  I F ( N . L E . 3 5 0 )  FLE N :7.
12 CALL NODE( 2 , FLEN .SANE.SAN E )
33 - ‘ FRE QUENCY RAN GE FOR TRANSFORM EQUALS ONE HALF TIlE SAMPLING
34 * FIIEO UENCY OR ‘ FOLDING FRE Q UENCY ’
55 F0I .DF : . 5*S /INF R
36 F I N P P T ~ FLEN/FLOAT( N — 1 )
37 JK ~~I IM P L I E S  PLOT OF FUNCTION
38 J K : 2 I M P L I E S  PLOT OF TRt NSFOR N

[10 600 JK Z 1 .2
4,4) I F ( J K .  EQ. 1) DELTAXrFLOAT( N — I ) / F L E N
6 1  I F ( J K . E Q . 2 )  DELT AXr FOLDF / FLEN
62 * J~~1 ,  SC/ INNING O F DAT A FOR SCAL I NG
63 * J = 2 ,  PLO 11’ING OF SECI ~~NTS
64 DO 504) J 1 . 2
65 I FL AG : J — l
66 I F ( L P FL AG . E Q .0)  CO TO (79

I4SII TE 5. 9 0 ) N . J , JK
68 90 FORNAT( 111 1 .4 11N = . 1 5 , 5 1 1  .1 = . 1 2 , 611 JK = . 12 , / )
69 179 NFS :IPLOT_ l
70 I F ( N F S . E Q . 0 )  CO TO 181
71 DO 180 J F = l . N F S
72 180 CALL S K I P
73 * LOCATES DATA FOR NEXT SEQUENTIAL PLOT
74 181 F K 1 : 0 .
75 KN=60
76 DO 200 j =  1. NRE C
77 I F (  I .E Q .N JI EC )  KN =—M M
78 REA D( I 4 ) ( B U F ( K )  . Kr 1 , 6 0 )- - 79 I F ( L P F L A C . E Q .Oi  Cl) TO 194
80 WR I T E ( 3 . 9 1)  ( B U F ( K ) . K : 1 , 6 0 )

• 81 9 1  F ORftA T( 1 0( 8 )
82 194 00 199 1 1 : 1 . 6 4 )
83 X ( 1 l , = F K I ’ 4 F I N P P T
84 FKI :FKI +1 .

I
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85 199 CONTINUE
86 IF ’ IFLAG ) 198.197 , 198
87 1 ‘7 4:11.1. NODE( 7, FLEN . SAME . SANE )
13(1 C/I LL SCAN( X. BUF ,KN . O5 O )
(1’) ‘4 T il lS CALL SEQUENT I ALLY SCANS BLOCKS OF DATA -—
‘)4)  ‘4 AFTER LOOKING 3T LAST BLOCK. SCALING FACTO RS ARE DETERMINED.
9 1  CO TO 200
92 (98 C \LL NODE(8 .O. .DE L TAX. SAME )
93 IF’ l 1.EO.NREC) CO TO 196
94 I F I  1 . E Q .  I ) G O  TO 195
95 G ILL DI1AW( X, BUF , 60.059)
96 GO TO 200
‘-) 7 * I N  ORDER TI) E L I M I N A T E  A CAP BETWEEN PLOT SEGMENTS
98 ‘4 SU BSEQUENT CALLS TO DRA W ARE WITH THE PEN DOWN
9’) 193 C ILL DRAW ( X. B U F . 6 0 . 05 1)

1 1) 4) * TI l l S  CALL SE QUENTI ALLY PLOTS BLOCKS OF DATA
14 ) 1 Go) TI) 204)
(4)2 ‘ 6  C \ I . I .  DR AW l X. BUF , MM . 059)
1u3 2t 44 ) Cu ll T I N IJ E
1 4)4 RL-:!--IN [) 14

- 0 ( 4 ) 3  500 4:ON T UNITE
14)6 I F ’ . I K . E Q . I )  CALL A X E S o 2 . 1 . I A L F O .2 . ’ . I A L F 2 )
(4) 7 I F o J K . E Q . 2 )  CALL 3KES~ 16 . 3 .  I A L F I . 2 . 1 . I A L F 2 )
14)8 4: /I LL M O D E ( 6 . 4 . S A M E . S A t - T Ei
109 C ILL NODE 4 . . 2 , . 1 5 . 5 3 1 1 E
110 I F & J K . E Q . 2 1  CO TO 302
I l l  CALL N O T E ( l . 7 5 . 8 . 0 , I A L F 3 , 14)
1 1 2  GO TO 5O3
1 (3 302 C/ILL NOTE ( 2. 1.8.0 , I ALF4 , (0)
11 4 54)3 CALL DRAW (0 . .0. .1 . 9006))
115 TI! IS CALL ENDS A PARTICULAR PLOT

• 1 1 6  !R I T E ( 3 . 8 7 ) IPL O T
l I T  87 FORM/Ill lO ll PLOT NO. . 1 5 . 911 COMPLETE )
1 18  I PLOT: I PLOT+ I
L I ’ )  1 , 4 )4 )  REV ( ND 14
121, Ci) TO 300
12 I Ton CU R T tR UE
122 CA LL D R A W ( O , O , 0 , 9 9 9 )
123 TillS CALL INDICATES 111/IT ALL PLOT’I’ING IS CO MP LETED !
124 STOP
123 END
EN TRY o;oiil iON BL , :CK N I N ES
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