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USING AN LSI-11/23 AND RT-11
TO DIGITIZE ANALOG TAPES

John K. Stewart
Los Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

I describe in this paper the design and implementation of
a aystem on an LSI-11/23 under RT-11 that digitizes
l4-channel analog tapes at given i{ntervals and writea the
digitizcd dats to a magnetic tape. The analog tapes
contain 13 channels of data and one channel of IRIG-B time
code. A given irnterval ia melected by entering a time and
an interval. The IRIG-B time code is read from the analog
tapes and ueed to start the digitizing. A programmable
clock board is used to control the digiticer and to count
the interval length. In order to achieve the through-put
rates needed, I wrote the coda in MACRO and addresssd the
msgnetic tape controller diractly inatead of  using
programmed requests.

THE PROJECT aviteh buffera and atart the write tape procens
vhen a buffer filled.

Thia project atarted in the apring of 1984 when 1

was nskad 1f thare were any codes to digitize Thare ware no apparent problems with memory. The
J4-track nanmlog tapas. My reply was that thare code would use two out,ul buffers, each big enough
warn none, but that I coula probably vrite one {f to hold one sscond of data, which would give me
they ware not in a big hurry. I had seveial ISI planty of time to write a buffer to magnetic tape
aystemn digitieing 24 houra a day and storing the ';‘“" r"""“"“hd“r" into the M(;‘(:Or b“”""(' m
data on magnetic tape, a0 I was familinr with the nire of aeach buffer would be 7 vords (14,

aquipment and could program it. I askad a few bytea), alightly large for a atandard magnatic

quentions to pinpoint exactly what was wanted. tape record but scceptabls.

Ennentially, there were neveral 1l4-track analog

data tapna containing nelamic events at varioun [ 41d not aee any problems writing the magnatic
timen. Of the 14 trackm, 13 were data and 1 wnan tape. The tape uni't had a denaity of 1600 hytes
IRIG-R time code The time and leangth of the per inch and moved at 75 {nches per necond. The
avanln vern k‘novn. The denired digitising rate code ahould be able to eanily write 14,000 hytan
wan 500 mamplea per mecond par channal. The in laan than a ascond.

Atgltized data would be written to magnatic Lape. THE FIRST PRORLEN

The aquipmont  altustion looked good. T had ™ \ .
another L31 system running RT-11 (5J) which wans o only analog tapa playback unit that could bhe
uned  for development work and almso  included a fonad foveed playback at twice real time which
magnatic tape unit, a digitiear boant, and

programaable  clock  bhoard, Thare wan an  IRIG-N

time codla reader available, and an annlog tape
playback unit coild ba found. Figuvre 1 ahown how
the ayatem looked. I decided to write the aofi-
ware In MARCO to  gain speed,  aimplicity, nand
moamory over writing (4 in a high laval laigunge.

The 1h-channel digitirer that would be ussd could
Wandla ¢/ 10 volta, *+/-% voltn, O-10 volin, or O.4
volttn, Tt could do a digttteation (n ' micro
macondn and had an automatic channel nequen ar, 1
foalt the actual digittrer loop in the code would
take lenn than 100 micromaronda whioh would allow
A digitising rate of bHetter than 10,000 asmplan

par aacond. Jince T only neadad H00 namplan pac
ascond per channel for 14 ahannelws or P, 000
anmplan per second 1 Asemed in good nhape, 1
wotilil hava the amnde Algitize the melectad channeia
of Aata an quickly as poanible and then watt for
the noxt clook interrupt vather than dolug  an
aqual  Interval  type of digliteing. Thin  wonld

Tigure 1. The Rquipwent.

provide anocugh time hetlwean sampling intervvaln o



neant the tode had to digitize at twice the awiteh butffara ant atart the type writing hetweasn

inaired rate or 1000 samplea per sacond par aampling intervaln.
cthannel.  That is = total of 14,000 samplas per
ancand 10K, 000 byte:)). Thia meant the digitizer TR UMK ONDE wEADER
nad te take a aample in leasa than 71 microseconds
«n! alno maxe Aavailabla an extra alot of time Tha naxt conailaration was how to start 4igit: s1ng.
every naecon! to wawvitch buffera and start writiag AL firat 1 hai planned te take the ensy way out.
out tha onld buffer to magnetic tape. Again, 1 would have the user position the analog tnape
cona:daring the 25 micronecond digitizer con- close to the deairad time by looking at the IRIG-B
versicn cycla and needing only a few inatructions time rode reader Af{aplay, ani then have tha user
to digitize a channal, I felt the speed up could start the analog tape reading and prens a key on
be handled. the input tarminal to aignal the codm to atart
digitizing. The IRIG-B time channel could he
The amount of memory for the two 1 mecond buffers digitized to enable the user fin{ the real time
wonld double to 28,000 words (56,000 bytea). This when the digital tape was proceuaned. Por one or
would not leave anough memory for the code even tvo evanta this would do, dbut not for hundreda of
thouga T would be programming in MACRO. I needed events. I remembersd someone naying thare waan
to go to amnller buffers and, hence, records; but BCD output on the time code readar. 1 checkel the
I di4 not know the amount of time the tape unit manual and found that the tima code readar had a
used  to atart and stop when writing a record ACD tima output of 2 bhita giving seconds threugh
"racord overhoad time). I was also starting to days. T only had one 1lh-bit parallel 1intarface
worry about the volume of data the tape unit could board an nattled for 7 bita of aeconds, 7 bhita of
handle in one ascond. [ nearched through tha tape minutas, and 2 bita of hours. The lh-hit HCD time
manual x4 found the intormation as shown {in cole {n ahown hare:
Table 1.
HOURS MINUTES SECONDS
TARLE 1 sm meXX XXX XXKX O XXX XXXX
TAPE TIMING {for 9 track, % IPS tapa) whera x reprasents 1 hit,
Ruop time For example: time 16H:58:71 would he venpve! an
feettne up Lo apent) - 5,000 milliaeconda the follewing 1hH hitn
drita gap lolny - 1,000 millinecond 10 101 1000 010 000 ]
(G 4 ] » 1,
Fnd oo rocorpd
T blank framen, CRO, ' Allowing oaly 0 bita for hearn mannt  the uaer
Chlank feameaa, LLPCO) - L0677 milliancontna would have to keep track of the hours, Tubla 2
ghown  the covrenpondencae batwenn the 2 bit hour
Write atop lelay - L300 millinacondn and the actaal hour.
fHamp time
Talowing e o atop) - H.000 milltascondn TANLE
Hovcor b overhoaad timn = 11,567 milltnecondn X .
HOtR nirn 00 o) 10 1]
Uime to write . . A .
Vo0 by ton U1 dneh) = 13.5%%% millimncondn 3 1 o !
TR 4 .\ . ,
e tara, o OO hiyte (] ancond)  recopd would n ]
T conLn 10 1l 1 [
14 1 tr I
I e R T O N I 170 A R DA K SRR B R T e 11 19
AR R RN I N RO VITENEY I 1 RIS R " v v
ool theaght o that tape  oparationn  wers  much
towes el e T owner plemanntly surprinsed with the SHnes the cedo wonld row have accoana to dape time,
abayvae ambiesr a, With thne record avarhand time I doctdal te have the aer aot npoa it o avent
hafng oo nhort, | conlt go to A more raanonabln Limon, The cade wonld compare the esvent bime with
tocord aien of approximataly 4000 bytan and the the annlog tape tine and, whion Cound emqunl . wond !
atters wonld  only  total Lo approrimataely 00 wiart dipttiring. Towontd hinve the code conve et
[ERCH TR Thyn would aolve the memory problem the Inpattead tima fron ABCTL 60 a0 NOD A fme a0 iy
one Lant need ol too he dAone ton clve k o {he
A o) hyvta racanl wonld tave 44,7 millineconds to corrreci L lma,
PR I dnectdad 1o have the volde caledliate o
tocart wt e hanael opn tha Mglitatig rate much that Anothar protlem ocenrrad An that 10 the ode wnn
the tovornd) would contatn more than 10 wall olock cont.onnounly tooking for a time whan tha gany; wan
mtt)taweonds ot dntna, Thim would allow time Lo postitionting thae analog tapa, n “alne tims mat.h

vould  occur whan changing analog tape  apand to



fast forward and back to regular spsed. To get
arouni thia T added a flag to each event time that
i ant tu "P" would cause the program to pause
wntil 4 chardcter was enteied at the terminal,
otherwine the code would continue checking for the
next time. This wo:ld allow the user to manipi-
late the analog tape without wo.rying about
cansing false time wmatches.

PUTTING IT TOGETHER

Having thought the project through, it was time to
put the cole together. The code was npamed FASDIGC
for the ohbvious reason that the code would bhe
digitizing much faster than any of the other
codes. What follows moatly reflects the existing
state of FASDIG,

¥YASDIG uses the .GTLIN programmed request to read
the input fila. This was the only routine I could
find to read a line of ASCII characters from a
fila. Therefore, the user is forced to run PASDIC
from an indirect command file. The first line of
the input file has to be "RUN PASDIG". The input
data follows that. The first line of data con-
tains 4 numbers: the number of channela, the
number of .1 milliseconds (wall clock) per
digitizing {nterval, the numerator and thae
denominator of the ratio of wall clock time to
data tnpa time. Following that are up to =aeven-
teen 6H0-charactar linea for describing the tapae
and  saach of the channalas being digitized. Than
there {3 one line for each avent connisting of thae
atarting ayv, hour, minute, second of the avent,
nunbtier of  aeconis to keap, and the paune flag.
The event tima in in terms of analog tapa time,
the nambar of aaconda to keap ia in tarma of wnll
clock yvime. I did not like mixing time bases but
did not want to convart numbear of necondn from
analog tapn time to wnll clock time which wan
neadoed for the digitizar. An axample of an input
il follows:

RUN FAUDIG
4,010,010, ACHAN, 1OO0S /SEC, RAT IO =2
LXPERIMENT #0080 54 MEGA PUMPE

CHL MK ) VERT (AV) PRECAMBRIAN
CH.Y = ol {4Y)  PHECAMBHIAN
- BANC (4v)  SURPACE
(HA - LARX (AV)  SURPACK

ML,04, 04, %, 10, P,
ML R0,
AT IR K I T IS R A T LN

The “yeat nction of PASDIO tn ta axscntlas (he SLTHD
ventins,  Tha roatine printa a ntartup manange nn
tollows:

MULET RCING FHOM ENDTRECT PILE.  WANT BXAMPLE (Y N)

It the annwar in n Y the voutine than printn the
ataptup medage an ahown in Flgure .

Attor the atarvtup memaage the routine calculatan
tha atdrenn ot the ancond buffar by adding halt ot
the availabhle meamory to the lirat Huffar addrana,
Gt An takan to kaap  tha address at a  word

bovandnry .

The fleat datn 1ine in  read in. Uatng tha
Mgtttz tng 1ate apd tha npumbar of  ochanneln, 1

record size i3 cal.ulated auel that it centains
more than 1M millineconda of qata ani tin aize is
about ANDO bytes and laan than the hyffer ajaae.
Por 1009 wamplen par sacen! and 1% channala of
data the afze comsra out as ADPH bhytaa an? 147
milliseconds, Fach racori contnina an 11 wnrd
header and each sampling interval containa the
16-bit BCD time from the time rode reader at the
start of thie numpling interval in addition te the
digitized data.

Various other quantities a:e calculated such as
sanple {ntervals per record ani time per record.
The number of .1 millisecond ticks per aampling
inte -val {a put into the clock buffer. When the
clock 1is atarted, an interrupt will occur after
that many ticks. Next, the comment or ID linas
are read into a temporary array. The array will
be part of the file header.

Pinally, the event time linas are read and put
into four arrays for the digitizing part of the
code. Array 1 containa the 5011 day, hour,
minute, and saecond for each avent (o search for.
This ASCIT time is put into the headar of each
event of the data output tape. Array ? contains
the BCD timn to look for, converted from tha times
in Array 1. Array 3 containa  the numbar of
racords to form and write for esach avant. Thin
number (s formed from the cnlculated racord afre
and tha numbar of neconda danired for an nvent.
Whan digitizing, it ia Lhia numbar which in uand
to deatarmine the and of an avent rather than
Aactually counting the necondn. Array 4 contatnna
the paune flag: O for no paune or 1 to pauna.

Once  the tnput file has bean complately read, n
VPPTTT octal da placed in the WD array after the
Iant time. Tha SETHP routine then calla a tapa
fnltializing routine. Thin routine bringa in the
hardware tape Arivar an! askt if tha tape in a now
or old tape. Tt in an old tnpa, the routine
will wenrvch for a double wnd-of - f{ln and poaition
the Lapn botweon the end-of Cilea;  otherwine, ft
will vewind the tape.  Than, {t will write ont thae
filn hendnr precord, Noat, the  SHETHE rontine
printa THEADY TOODIGITIOE.  BTART ANALDYG.  ENTER
LETTHER,CR ' ang now we return to the matn program,
A flow dageram of  the SEPMP prontine in thown in
Fignre 3.

The raat of the codo connfaty of 4 panted loopn an
followa:

Leop 1 daneroment = digitire adl channela,

Doop e = oo pumber of anample inteeyala
tn n o recort,

Loop S next - A namhe e of recocly i oan
svoant .

Loop A onter moal < Ao nvanta uantt ] NCD 4 fme word

v TP etal,

At the tart of loop 4 the code cotinuoaa'y ponda
the 160 DL paral el intertaca bhoaed  for the Wb
Analoge  taps time and comparan (L wlth Athe D

avant {ime, Whan a mat h ceenes tha clock, Toopn
1, ' ant Y oand the Hipgtti-ar ara ptartal and tha
e loek fataveaplt  Clapg chack 1o wkipped., Tharn
altar, batore ntacting losp | Vhe clork intaveapd
tlag tn cherkel T 1t tm nat, then the coda In

too nlow for A%ta digitl-tng 1atn and the codn

nlopa:  ocrthowian, tha cote wallta g the o lack



USING AN EDITOR BUILD A PILE, PILKNAME.COM AS FOLLOWS:

1."RUN PASDIG" (DONOT INCLUDE ")

2.NUMBER CHANNELS,NUMBER .1MILLISEC/SAMPLE,NUMERATOR,DEROMINATOR OF RATIO
WHERE RATTO=PLAYBACK SPEED TO RLCORD SPEED

3.UP T0 17 LINES OF ID (60 CHAR EACH) IP < 17 LINES, END WITH CR ONLY LINE.
LINE 1=GENERAL 1NPO, THEN ONE/CHAN WHERE-1ST NONBLANK CHAR
APTER = SICN I3 CHAN ID

4.UP T0 100 PICK TIME LINES (DAY,HR,MIN,SEC,# SEC TO KEEP, P OR ROTHING)
NOTE: P IS POR PAUSE AT END OF THIS EVENT
NOTE: SEC TO KEEP ARE WALL CLOCK SECONDS.

S.END PILE WITH A CR ONLY LINE

TO RUN CODE - ENTER "@FILENAME™ (DO NOT INCLUDE ")

DO YOU WANT TO CONTINUE (Y,N) ?

Figure 2. Startup Message

SETUP SUBROUTINT: ':

grpi) LINITIALIZE DIGITIZER, CLOCK'
ENTER) 1 AND PARALLEL INTERFACE

4
\'I’RINT STARTUP MESHAGE!
| AND WAIT FOR ANSWER '

t
[CALCULATE MAX SIZE AND
l ADDRESSES OF BUFFERS |

[READ "NCHAN.TICKS RATIO NUMERDENOM"|
NUMBER OF TICKS/SAMPLE TO CLGCK ¢
CALCULATE VARIOUS QUANTITIES i

i
| READ 1D LINKS
\m' TC 17 OR DLANK LINE

t
' ~[READ A TIME LINE] |

t .
) ( DLANK LINE 03 VIS . !

' ‘ NO ! V
ASCIE TIME INTO ARRAY ! ; [
[CONVERT TIME TO BCD, INTO 16 RIT 1CD ARRAY i
|| NUMIER OF SECONDS TO KEEP INTO SRRAY i i
‘ , PUT A 0 INTO PAUSE ARRAY ] ‘ |
t St
\ pavk A e 0 YRR Lpur a Nt
{ { NU PAUSE ARHAY
NO " b
C HAVE 100 TIMES * =
¢ Yk \
}l'nrr{‘((x'm.) INTO 16 3HIT D ARRAY!
EUUNETUR TAPE HARDWARE DRIVER . !
- 1 ‘ ‘
YRt Ak - N0
] I ' 1
POSITION TAPE BETWEEN . . o
DOUNLL END OF FLLE | THEWIND TARE

IWRITE FILE HEADER NICORD G

t
PRINT SREADY TO DI

1T srany
ANALOG ENTER TETTERCE
WALL PO A LETTIR
'
URIRI

Flgure 3. Flow Dliagram of NETUP.



iaterrupt and then starts loop 1. After loop 1l
finishes a check is made to determine 1if the
buffer (record) full flag is set. If so, a write
of buf’er 2 to tape is started and the flag
cleared. Loop 2 ocontimues until the ocorrect
nuaber of sampling intervals to mske a record are
in the buffer. After locp 2 rfinishes the buffer
addresses are swiiched and the buffer full flag is
set. Loop 3 continues until the desired number of
records have been digitized. After the end of
loop 3 “he ocodo stcps the clock, writes the last
record %o tape, writes an end-of-file, and bdack-
spaces over the end-of-file. Next the code checks
the pause flag. If the flag is met, the ocomment
"AM IX PAUSE. ENTER LETTBE,CR 'TO CONTINUE.” is
printed and the code waits for input from the
terminal. If the flag is not aset or input RJas
been received,
event time equal to 177777 (octal) is found which
ends loop 4. The code does a 1ittle clean up and
finishes. Pigure 4 shows a flow diagram of PFASDIG.

The clock interrupt handling routine decrements

then 1loop 4 continues until an -

-

-

occurred since the last time the flag was rosetl. .

Although not mentionsd previougly . the clock
interrupt flag is checke’ for +, O, and -.
g
MORE PROBLENS
After putting the above code together and

debugging it, I started to run the real case of
1000 sampling intervals per second (1.e. 10 ticks
or ten .l milliseconds per sampling interval). Lo
and behtlM" I got the mesaage "CODE IS TOO SLOW."
I tried several other values and found the code
would digitige at 20 ticks but not at 18 ticks. I
studied the listing of the code and squeezed out
every unnecessary instruction I could find in the
inner loops. I also rearranged the order of some
instructions. I did- everything imaginable ' to
speed up the code, but to no avail.

At that time ,I was “waing the .WRITE programmed
reyuesfy to write the data out to tape. Since
dothing elme I had done speeded up the code, I
decided to look at the tape cortroller menual to

the clock interrupt flag, clears the interrupt find out how easy it would be to control jhe tape
bit, and returns from interrupt. The flag 1is unit directl}y “instead of using the .WRITE pro-
reset by setting it to a 1. If the flag is ever grammed request. I fourd that the tape controller
negative, then more +than one interrupt has had wseveral registers and only the command,
FASDIG PROGRAM
TURN 0|
- WRITE mr ON TAPE
.{ BACKSPACE TAPA{ ] ’(ﬁ@
[ - T 1
R W
--NOCar TidE WANTED *)
- CLOCK | mc oN ) VB o PRINT "CODE T0O S10W"
NQ\chcx. mc ON 7))
{Yes
START DIGITIZER
[lerr cLoCK n.A(ZI

N pigimizer FINISHED » )
YH

l
I
! STORE PO
[ | START IO ITIZER

NO ( DONE ALl CLUIANNELS * )

‘ ( WRITE FLAG ON ) '

NO
NO ( muFFER FULL »
YR

wu’ nurn‘n ADDRESNEX
WRITE FLAG

NO ¢ poNr ALt rEcORDS »
'R

K
LAST BUFFER TO TAPE
ROF TO TAPE, BACKSI'ACE

i
i {
) i

. ‘ ] <
i ' (13 PAUSE M7 ) Y
) NO

Flgure 4.

Y

[PRINT “TAPE TOO SLOW"}

NO
o TAPE UNIT IDLE * )
| Y

START BUFFERZ TO TAPE
CLIAR WRITE FLAG

I'NINT “AM IN PAUSE ENTER
LETTER CR TU CONTINUE"

)
| RICEIVED LTTeR o § NG

Flow Diagram of VANDIG,



sdiress. ani buffer scunt registers needed to Lo
accessed in order to check activity on the tape
4rive azi ts> have the controller start vwriting
Zata t> the tape- It seemed simple enough, so I
repiazed trhe followving piece of 3cding

.ANRITE  #AREA.#1,0F3UP2, @DPREC
BZC 578
.PRINT INTAIL
JuP BXIT
578: Resst write flag
with
TSTB @FNTCHD
BMI 578
.PFINT #MOCTRL
hy 2 £xIT R
57%: MOV OFRUP 2, QMTAIR -
NOV OFAEGBYT, &fMTHRC
MOVE 5, 8fXTCHD .
Reset write flag ' “"

vhere BUP2 contains the address of the data butﬂr
to write out, VDPERC is the number of words %o -
write out, NEGBYT i3 the negative numder of bytes
te vrite out, and NTCND, NTAPR, and NTBRC are the
msgneti= tare sontroller Tregisters: commani,
address. and burfer count. WPAIL and WOCTRL point
to tws error zomments- Thus, the .WRITE programmed
rej:est is reoplaced ty three MZVE ocomamands: two
t> 121l wvhat 4ata to =se and one to signal the
2ontralier to atart writing. The erro. checking
1s sijgktiy Jifferect in the tw: cases; in the old

" shows’a a-ph-—ut_th-‘lh‘h that was amum

ﬂth t\lﬁ‘

_“the ays guu take. llmvn.—Y
mothod I us

_ - Wy first o
_before yon try._

case the ocarry bdit was set to denote that the
WRITE was unable t¢ Qqueus the write requast, in
the nev case the byte saign bdit of the crmmand
register is clearsd vhen the acortroller is busy.
In either case, if the carry is aet or the sign
tit is cleared, the *ape can not be written and
the code is stopped. Vith thie new ochange, tho
code had no trouble digitising.at a_iotal ra -
13,000 samplem per. seachd- snd’ mnu the-
byte tape records svery. 143 nillieeo H.u'p’

RS -;:" S T B )

In. cu_.&_' “1- n-o-! a1da't tq )
-otbo&i-‘o " JWRITE Tesmed : reqUest. *

work with very<1i
lon 1s, therefore. do

Suondly. I nnt to poin' out thlt ﬂl' e
vhich this ochange was made was largely do “to
running under the RT-11 operating sysiem. I-_hsve:
tried to do similar projects under PSX-11X “amd
usually have to spend months reading up on -hat -
iata bases and packets aust be built to eccompliish”’
wvhat I want. Bven then I would guass that the _
system will have a fev “gotchas™ that I overlooked.
The simplicity of running under RT-1) is wonderful.




