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USING AN L!;I-11/23 AND RT-11

TO DICITIZE ANALKN TAPES

John M. Stewqrt

Los Alnmos Nntionnl Lahorator,v

!,OB Alamo-, NU ft7545

AIHTRACT

I describe in this paper t-ho design and implnmentntion of
n system on an LSI-11/.?3 under RT-11 thnt digitizes

14-channel analog tapes et given intervala nnd writes the

digitized data to a magnetic tape, The annlog tnpas

contain 13 channels of dntm and one channel of IRIC-B time
Lode. A given ir, terval is aelncted by entering a time nnd

no interval. The IRIG-B time code is road from the analog

tapes and ueed to at.art the digitizing. A programmable

clock board la uead to control the digititer nnd to count

thn interval length. In order to ●chievn tho through-put
ratea needed, I wrote the code in MACRO and addrenseri the

magnetic tape controller

programmed requeatm.

directly Inmtand of u81ng

THE PROJHCT

This projoct ntmrted in the spring of 19A4 when I

wn3 ti~knd Lf there wern any codes to digitize

14-trnek nnslog tapes. My reply unn that thero
worn none, h,)t thnt I CO,JIU prohnbly write ono if

thpy wore not in n big hurry. I had neve~ml 1S1

nY3t*0n {iif,itiC.inR ?4 bourn a dny m,! storing tIIe

dntn on magnetic tape, no I wns famillnr with the

oqu{ pmnnt rind could progrnm it. I nnknd n few
quentlonn to pinpo{nt nxnrtly what Wne wnn ted .

E!!nerltinlly, there were several 14-trnck nnnloK

,Anta tapnn contnininR neinmic eventm nt vnrloun
timen. Of the 14 trnckn, 13 were dnta And 1 wnn

IN IG-fl t)me code. The tima and length of thn

mventrl va ra known. The daelred dfgltifiing rmtn

wn n ’00 mmmplan par mecond pnr ,-hnnnnl . T)tn

diglti7fd dntn would he wrlttnn to mn~nmtlc 16P*.

Thn n,ltil pmv, nt nitlnlt ion looked good” . 1 )ln[\

nl]othmr 1,::1 nyntam runniw KT-11 (:; .1) whl(!h wnn

Ilnntl for development wnrk m!) d n 1 mI tnr Illdnl! n

mn~nnt.11. t.lpa Illllt, n ,Ilgltlr,nr I)na 11! , nnIl n

[) l.<)ul.fllnanh 10 <- 1,)(, k hon r(l . Thnrn wnn n 11 ll{l(; ..1!

timn (.,> Ill r*mdt, r nvnl Inh ia, nliil -II nnn log tnpll

pln,yhmrk Il,llt co 11,! 1141 fol]n(f . Piuul’n I lihl)wn )l{IW

the ~,y~t.nm I(w)ka,’, . 1 ,Inridrnl to url t* the nt,f’!.
wn r- I !) hAN(:l) I (~ ~nl n mprwd , nlmpll,, it,, y, ?lI,,t

mnm[)t.v II VNI. wrl.fl,lg it !ii n !:i~h !* ’Val )R(L(t!, mK_.

nwitth huffer:~ mnd ntnrt tho write tripe procn!13

when n buffer filled.

Tharri warn no npparent prohlmm~ with memory. Tho
code wotlld line two out, ,u: huffern, eech bi,q enough

to hold ono sncond of dntn, which would give me
plnnty of time to write n buffer to ua~netic t.spe

whiln pUttinR datn into the other buffer. T’IU

nir,m of nnch huf’fer would he 7,(3OO word.! (14,000

hyten) , nlightl,y lnr~e for n stnndnrd mn~nntic

tnpa rncord hut scceptnhla.

“i did not mna nny prohlnmm writing the mngnntlc

tnpn. The tnpo uni*, hnd n dnnqity of 1600 hytnn

pmr inch nn(l mnvn,l nt ‘?’i inrhan pnr nnrond. The

,.o,1o nholild he nhln to nnnll,y write 14,()~~ tl~tnn

in Innn thnn a mmoond.

TI{H PI f?!lT PRORI, KM

‘Thn only nr)nlog tape plnyhnck unit thnt roIIl(! hn

fOIIOd for(, n(l playbnck @t tulce ranl timn whl(. h



?ntiri 1 L!l,,.(WIC9 had to digitize at twice the

!,.qlr,.i Y,I..,: or 10(XJ ssmples per nacond po r

,;), }1, )!,,.! . T!l Ht 1s t total of 1$, (XX3 Samplms p~r

,,,. ,”oq \ ::~~;,O(M h,vte:]). This mennt the flig~ti:<t.r

?,,1 t,’ LJIL. 1 !Immpll? in less thn 71 mlcronornn!g

‘in ! ,,! .10 I!.lk H nv*Ilmhln nn ertrn U:ot or Llmle

PvP 1-y ,Ie- (,,) I to switch buffers and start wrilllg

out ,. !, ,, nld hurfer to mngnet!c tnpel. Again,

cons: dorin~ the ?5 microsecond digitizer con-

version cycln nnd needir~ only n few instructions

to d!~!t]:eR chann~l, I felt the speed up could

he hnndle+.

The nmount of memory for the two I necond buffers

WOUld double to 28,000 wOlli!! (56, ooo bytes). This

would not lonve enough ❑emery for the code even

thou~, 1 would he programming in NACRO. I needed

to t:o to :Jmfllltir huffern rend, hence, recordm; hut

I dld not know the nmount of time the. tripe unit

!1s0!1 L ,0 .lLmrt nnd -top when writlnu n record
/

recorl ovorhf!nd time) . I wan also stnrti~ to

worry qt~o!it the volume or data the tape unit could

hnnd 1P In on+. 3nc0nt. I nonrched through tho tripe

mnnlln 1 },? i ~ounrl tile int’ormntion IIS shown in
~q})],. ).

TA}il,P 1

:(!!.11, t Ire,,

/,: (,,,:,, ,: Ill) ( <) .,, ).*,! I ) . ‘).(x)() ml IItnf!, (),, (!s

irl l!) ,,,II! !!>lflv . I. (l(M) mill lnoroml

l’!, I ,! :.1, !’!1!

! ‘ I’ln,lk frum+q!lo (’1{ 1’,

~ “1,1. IL. !’Iwlo.,, 1,1,1’(’(: ) . .Ot,’l mi I lt3nr, II1l. I

1,,, I t l)<,,,~l,t 11, nt I ,1Ill, ,,, >,, ,.nl I ,$,, ” “,,,.11 m,l,.11

,!, ,W, . . ,,,1 I ,,~ I W!8.I Illt, n.lnltt Iy ,Illl))!ltll$<l Ml t)l t )1,!

.,1 >,,,,,. ,1111!! 1,!,, !, with inn ,,lm~,> !.!! ,,””,.l, ”n,l t I !n,+

1!!!1 ,,,. *, .$l, <,, ( , I “,,111 I M(, t,I n m<,lm rn, tn<>:, nl,l”

,, s<,!, I ,, I ,. ,! ,,f Itllll!<, s 1,.,,,1”1 “ 4000 I!vt*n “11, ! t III*

1,1 !,.,! W!)!, !<l ,,,, IV 18, !QI i<, ni!l!rf’pimn~oh !I(l(n)

1,, (,.,, 1’111,1 wI)lll,l .,,,1 L*9 tlIti mcmt,,y 1*2.,bl,lam

‘!’h@ r),lct :PnYI !+~rqt l,>n w!3,+ I:PW to :~tnrt 4ifl\ t.: .l?K.

At first i hnl plqnn*t tc ttike the nnsy way out.

I wotld have the u~er pc~itlon the nnmlou ttipe

close to the d*sir@d tire* h,y look!ng at the I!l IC. F!

time “ode render 4isplay, anl thmn have the ,j,qer

start tne nnn leg tripe reading an,l press n k~y on

the inp,lt terminal to signnl the code to stmrt

digitizing. The TRIG-H t.imo rhnnnel ,:ou]d hm

digitized to nnahle the user finl the re,l t lme

when the digital t~pe wna prorn,,:!e,!. ‘or on* or

two ev$nts tt, is would do, hut not for hundrds or

even t-. I remernher,yi someone :~nyin~ there we~ H

FICl) OU! p!]t nn tho time cofln rend~r. 1 checke,i thm

manufil nnd found thnt the time code render hm,i n

itCD timn olltput of T? hits KivlnK seconds through

dnys. 1 only hnd orIe 16-hit parnllel intnrfmre

honnl s, n6ttl*4 for 7 hitn of vmeonrln, 7 hits of

mlnl]tnsq nn,l 7 hitn of ho,lrs. Tho l(i-hit WII time

co,tn i?! ~hown hn r*:

I[f)l: q:; M I NLI?HG :iH(;nNr~s

. --xx xxx KKK* YKK XXIX

where x r+. prn,s,. nt:, I hit .

For C! Xn”p l,,: time lh:{~l!:?] W,III I I hn 11.Iv f*! II*Q

thn rllllcwltl#: If! hit!l

All(>ulnR ,>>Iv ,’ hil~ f-<, !. tl(,’1 let rnnnnt thn 11,!1,1.

WTIII, I hnvn t<, ko,.11 t.r!!l.k or III+* )10111’A. ‘T,, hi,, :)

!41111W.1 ttl,l (,01. l,!l.l, )(1,1 !lO,, ,.,? I,l$twllfl!l thl$ .’ tilt h,>\!r

rlllf! t,hn n<. t.(lnl Il,lllr.

‘:lrl<, t* ttlv $., It, W,llll!l I ,,” Ilt, v,. ?U.,,olrlt t (~ :?,, ),, I (,,,0,

I ,1,1! .1!1.!! t, 1,,, ”,. It,,, ,,., ”! .,,, t ,,, ! ,, I 1,, ! !!f ,9,.,1,, !

IInltvtl. ‘PI)!. !,,, 1!. W<llllc! s,(ltnpfltn tlltl Ovf.llt II (II,. W!tt,

Ill- n!lnll, < 11]1?1 I\!l,’* !,,,!, WI, ”,, f’, )\,, \I **,, ,,,1 , “c$\!l !

!,!”,. ( ,! I*.11 17 [!,/.., I ,,(>,11(1 1,0”, $ !),,3 !! ,1,. ,%,,,. ,.,!

II I,* III II II I!O, I t lmn f I<WI A, II’11 I . Ilf’lh t !.1,,. .,4! ,%8,1”

,,, ,” t,,,, t ,,, ”,!01 ! <, ),,7 ,!4, !!” !,$ (.l,,. (l 1,>, ! II!*

c, ,Ita,.t I I!nm.



-. .,... .. .

t-ast fnrwHrII end bsck to regular speed. To get

tiroljnl this I added a flag to each event time that

i? n..!. to “’F’” would ce,lne the program to pau.=Ie

,jntil q chNrHcter Wn.e entl?ielat the terminal,

rItherw:3n the Ctie WOU~d cOntinu8 checktnR for t,he

next time. This NO lld allow the user to mnnipj-

lM te the annl OR tap~ without wo ,rying .ahoct

cnl]sinR false time ❑atches.

Pf.fTTIlfG IT TOCWTHER

Having thouRht the project through, lt woe time to

put the COIIX together. The code was named FASDIC

for the ohvioun renson that the code would be

i~gitl~,lng much faster than nny Of the other

Codeq. What follows mostl,y reflects the existing

st,qte of FASDIC.

?ASDIC uses the .C’tLIN programmed requeet to read

the inp,lt file. This wns the only routlna I could

find to rend a lina J: ASCII chatactare from a

film. There fo~e, the user in forced to run FASI)IC

from an indirect command fila. Tha first line of

the input file hns to be ‘RUR FASDIC”. The input

dmtn follows that. The first line of data con-

tnins 4 n\ Lmbers: the number of channels, the

number of .1 milliseconds (wall clock) pnr

digit~z~r~ Into rvnl, the numerator find t)ln

,innominntor of the rntio of wall clock time to

,Ifltn tripe Lime. Following that nro up to sevnn -

ttlen l,()-c),,, r& Ttfll- lines for dencrlblnR thn t~po

nnt! ,?nch of thr, chnnnnla being diRitizmi. Th~~n

ther.. II <,n~ l]nn for onoh avqnt conninting of thn
~tnt-ting ,I*IV, ho,i r, ml rlllte, nocond of thn ove:lt,

,\\llnt l+* 1’ ,}f 1,><:011!,3 to krwxp, IInd thn Pnllflfl f!n~.

T! I,! r.”, !!, f. l.lme in in t.onnn of nnnloR kmpn t]mn,

LI,,I ,, j~l),, ,. ,,f’ !,”,. ,,,,, j.l to k,iop in in tnrms of unll

,, I,)(. I( Lim-. I di,i not likn mixing time bmses tlllt

CIi(f Ill, t wnnt tn convert nllmhnr of na(. ondn rrom

mnmlc,fl tItlIII tlmf? to wnll nlock titnn whtrh wno

flw’1!.1 fnr thn dl#!ltl 7,nr. An exnmpln of an Inp,]t

!’1 1!* ff)ll,lw,l:

NIIN ~A}:l)l I;
4,10,,’ ,1, 4(”IIAN, I(M)():; /:: KI:, }{AT I()-;~

,:x!,l,:,,[y~y], # ,)() $,) ::’) tfK(:A I’llM}’

f’11 I !1: 1 VKIH’ (4V) I’I(KCA}lIIN 1 AN

(’1(,’- ($1’:111’ (,fv) l’NK(; AM!lN IAN

(+1[ !- llANf ’ (.4V) :; III{ FA(’E

[Ill- I,AFX (4V) :;lJltVA~:K

!,l}, ()~, , ,4, ”!/,, 1 [),],,

“41, M, “$~, “,l f), ,

‘If 1, ’21, V,’if), 10,1!,

Mll::,l, I{IN ftN(l N INI)IIIE[, T F[[,ti, WANT KXAf41)l,K (Y. N) “

Varioua other quantities o:e cnlculnted s,jch as

snmpla intervals per record nnl, time per record.

The number of ,1 millisecond ticks per snmplinR

intewml is pllt into the clock buffar. When the

clock is startetl, nn interrupt will occkr after

that many ticks. Next, the comment or ID lineo

are rend into n tempo rnry nrrny, I’he nrrn,y will

be p~rt of tbe file bender.

Finally, the event time line:! nre read nnfi p,lt

into four nrr}iys for the digitizing pnrt of the

code. A rrny 1 contnin9 the ASCII IfRv, hour.

minute, nnd ~ecend for ench nvmnt to sonrch fer.

T}, in AS(TII timo is put into tf,e hnnder or ench

event of thn dntm output tHpo. A rrflv ? contq ins

the RCD timn to look for, conv,. rt,, f! fr*m t}l~ time”

in Army 1, A rrny 3 contninq the nl!mhnr of

rocnr,l:! to form mnci writo for ,I,ach wv,f,,t. Thin

n,umber {:+ fonn,vi from the cnlrulntnd rerorf ni:~,~

nnd th* n!]mhor of’ naronds ,! US II-O,! for n,, ,Jv,. nt.

When ,il Riti7, ing, it 1> thl$! nl!ml>or whir? i:! ut:tni

t o ,!nlerm inn 1}10 nntl [) f II n nvn!lt rnt!)nr t Iltl 11

nut\] nlly Cnltntinu thn ,If?(. on,ln. Arrn,v ( ront~in?

the pntb5n fln R: 0 for TIC> pnu:~n (,r 1 to pn,,!,m.



USING AH EDITORBUILD A FILE, FILKfNANE.COXlAS FOLLOWS:
l.-RUN PASDIC” (DOITOYINCLUDE“)
2. NUKBERCHANRllLS,lOJHBBR.lIIILLIS!lC/SMP7,E, NU’MENATOR,DENOMINATOROF RATIO

WERE RATTO-PLAY’BACKSPESD TO RLCORD SPEED
3.UP TO 17 LIHES OF ID (60 CHAR EACH) IF ‘ 17 LImS, END WITKCR OHLYLIm.

LIKE I-W!N’SRALlR’FO, THENONE/CHM ~ERl$-lST HOITBLANKCHAR
AFTER = SIGN IS CHAN ID

4.UP TO 100 PICK TIME LIKES (DAY,HR,141N,SEC,# WC TO KREP, P OR NOTIIINC)
NOTE: P IS FOR PAUSE AT ENDOF THIS EVENT
NOTE: sEC TO KEEP AREWALLCLOCKSECONDS.

5.END FILE WITHA CR ONLY LINE

TO RUN CODE- ENTER“@FILE#Ai4E”~0 NOT INCLUDE“)

DO YOUVANTTO CONTIWJE(Y,N) ?

Figure ?. Startup Mes9nKII

LNTttf)

‘RKAII “NcNAN,TICKS,RATIO NUMWDF2W.’)

;
NIIURER 0S’ TICKS SAUI>I,K TU (’l,CX’ti

(’Al,CUl.ATt VAl?OUS QUANTITI}X ,

+tttAIJ A $Mt lJNt]

~N()

A~’11 TIMC INTY) AUttAY
~(’ONVElrT TIM}. ‘TO IK’1) lNIY) ltl NIT IM’11 ANNA})

N(l Mlltll (M’ S} XIINIH ‘N) Ktl:l, INT() LNNAY
I$IIT A O INHI I’A(I!:K AM NAY I

i
dtt, wINl) rA181

lwltllt’ Ill t II IA IIII1 NI{,l NI)P

t
I’NIN1 ltl Alll 1(1 111,,111/1 .IAI{I

AN AI (N, IN IIN ltTl}N(ll -
WAII 11111 A 111111{

t

1{1 llll\



iatewupt &nd %haa start8 100p 1. A?tor loop 1

finishes a ~hwolr is made +JO dmtemlaa If tho
buffer (wood) full flag lo *at. If no, ● write
of buf?er 2 to tape la mtartad and the fla6
cleared. Loop 2 oontinuao until the oorrect
ntiber of ~pling intexvale to mmke a reoord are
ia the buffer. After 10Cp 2 finlahea thd buffer
aridreaaoa am mwitohod and tho buffer full flag ie
aet. Loop 3 oontinuoe until the,doeirad number of
rwoomls have bwen digitised. After the end of
loop 3 the oodo etrps the olook, vritoe the last
reooni to tape, writes an end-of-file, and beck-
opaoes over the end-of-f Ilo. Bert the ooda chaeke
the pauee flag. If the flag is oat, the ocmment
“AX IK PAUSE. ~l%R IIFTTBR, CR TO C(XWHIUE.” is

prlntad and the code waits for input from the
terminal. If the flag ie not eet or input ~
been received, then loop 4 oontinuea until an ““
event tirn equml to 177777 ( oottil ) ia f ol.tad uhl ch
ends loop 4. The aode does a little olean up and
finishes. Pigure 4 shows a flow diagram of FASDIG.

The c lock Inte rxupt hand ling routino daoreaente
the clock interrupt flag, oleara the interrupt
bit, and returns f rm InternApt. The flag iS
roeet by netting it to a 1. If the flag 1S ever
negative, then mora than one interrupt ham

ooourred oboe the laet time the flag waa rese~. .
Although nut mentiond previously . the O lock
interrupt flag 10 oheo&6?~or +, 0, &d -.

A
KORE PROBIJW4

After puttiog the above oode together and
debugging it, I atart,ad to rwi the real case of
1000 aaBpling inter(ala per second (i.e. 10 tioko
or ten .1 milliaeconda per sampling interval). Lo
and beh81d- I got the moaaage “CODE IS TOO SLOW.”
I triad eeveral other values and found the code
would digi~ at 20 tioka but not at 18 ticks. I
studied the listing of the code and equeesed out
every Unnecaaeary inetmction I could find in the
inner 100pa. I also rearranged the order of some
Inatructione. I did &e@hin6 imneinnble ‘ to
speed up the code, but to no avail.

At thet time ,1 wae~uing the .URITE programmed
rwqw.a$ to write the data out to tape. Sinoe
tiothing else I had done epeeded up the code, I
Jecidei to look at the tape controller mmual to
find out how easy it would be to control ;he tape
unit direct~ \inatead of using the .WRITE pro-
grammed request. I found that the tape controller
had several -giatera and

. ——, ---- - . ..-. .—..__.—...—— _ .. . u: —-.— ---_-, -— n

I FASDIC

@

&

I

(

I

PROCRAM

...._

1-0o~p~idk
E TAPE ._

7
1

mo slow-]

only the command,

?lguro 4. Flow l)in~rnm of I’A:1OI(1.

\



..,.
Addrass, and buffer ao&t ro@Btora needed % ba
accessed in ordar to ohook ●otivity cm tb *PO
drl.~a azi t~ have tha oontrollar ●tart writing
?mts t? the tape. It sewed simple ●nough. so I
reFi.9:5~ CM followxag p1008 of soding

.W.ITX #ARBA. h .@!3W2 .~DPRBC
w: 57$

.PEIWT #WASL
JnP EXIT -

57$x Reset write flag

with

TSTB U#tll
~~

. PFIKT mW’TxL
JMF BXIT

57$: FW UBU-Y?.UNTADR . . ...
npv ~OBYT.mC .-+.:=--’=..-
XOE fi,um’fm
Raaat write flag :

. -.~ :.=.=-:
vhe re BIJF2 contd M the add rose of the data buff~?:-
to write out, VD~C. 1. the mmber of words M -
write out. llEOBTTia the negative aumber of bytoa
KC write out. and RNX’D. HTAPR. mad -C are tho
megneti= tllpe ~ontrollar regiatenz Ooman!l ,
addreaa. and baffcr count. MFAIL end IOCTtlL point

to twc orr31_ SOmabnts. Th-ua. the .MITE programse3
raqiwt is raFlace3 ty thrae I!5W3 oommands: t Wo

t: tail what Ista to =se and ono to ●ignel the
:cntrc.lhr to start writing. Tne ●rro: ohaoking
IS siightiy fllffcrect In the tv caaam; in the old

.—. .—

omae the oarry bit -8 ●ot ~o deaotm that tl&
.VRITB was unable to queue the write requeot, in
the new caao t% byte sign bit o? the n-ad
regi~ter ia cleerad when the oortroller is buoy.
In either caae, if tho oarry la aet or the reign
bit 10 ol.ared, the tmpe omn aot be written and
tha cda ic ●topp~. With thio new ohmqe. the
oode hd q ~~ble ULUa~ .ak ●...lotal m “ ‘---

-

13,m0 tilom pm. MOM- -ind- “tifigg t~:
byte tape rS00ti8 ..V.~z..143•*111800*-m~ .M@@@. ?{

tioq:a aql+:~t tW?@iii that tis- “d~tid .-:: - ;==--
. “-. ~i+y>>+yy~ ~.-:.”-:?::. . .

. -.
----- =: ..@ymIO~ ‘“:

whioh thla oh-e *U mad. -- laruely do - to
runningunder tbe M-U Opemtiv ay.:em. r..&v-
t red to do ●i.mlbr- pro~eata undsr P8X-llX” ‘ad

tiexally have to spend wnths readiag up on hat
3ata basea and peoketa suet be built to ●oompmh” --
what I vant. 6vwt then I would guase tha8 the .
system d 11 havo ● few ‘gotohaa- that I overlooked. ;
Tho ●implioit~ of MIW nader RT-11 ia wonderful.
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