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A GENERAL PURPOSE INTERFACE FOR GOMPUTER
COMPATIBIE TAPE RECORDERS

A.D.Bobra, D.V.Subhedar and N.K.Modi -

Physical Research Taboratory
- Ahmedabad-380009 :

- Abstract

'Dlgltal magnetic. tape recorders now a daysvare
being used W1dely for on-line data acquisition in
ec1ent1f1c experiments. There are a varlety.of reoordere
available from foreign manufaoturere, but the interface
betﬁeen the scilentific instruments and digital tape
, recorders is to be developed by the user. This report
deeorlbes a- ‘general purpose 1nterface de31gned and .
developed at the Phy81oa1 Researoh Laboratory (PRL),
Ahmedabad, for PERTEC Digital Tape Reoorders. VA
progremme for computer read-out has been developed for
printing the digital tape data in ﬁexadeoimai characters.
A sample of data output ie-preeented to demonstrate
" working of the entire system} The interface‘hae been
successfully used for geﬁerating IBM 360/44 computer
compatible tdpes for a Varietybof,eoiehtifiovexperi—-

ments.
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1. Introductions

ln fhis computer eré,the_advantages of digital
data processing can hardly be oVer—emphasiZed. Strip
chart recorders Tost: thelr effectlve utlllty, except
for monitoring’ purposes, as the demand for recording of
fast time-varying phyeloal parameters started increasing.
Moreover, chart readlng 1s cumbersome and leads to-
subjective errors_aparﬁ-fpom the fact that computation
of theee data hae.again ﬁoibe done on a computer in
most of the oases, .Today_volumiﬁouswdata are recorded
Aduelmg en om—line oompuﬁeproompatlble tape recorder (CCT)

and-areAthen_prooessedawith the help of a computer.

The digital tape reoofaers ofesemtly available
in the market offer manyfmore'feoilities than What are
required by the 'éverage usger' . Normally, a large
number of control llnes ate prov1ded to the user for
maximum flexibility to sult to hls w1de—rang1ng require-
ments.  The 'general purpose 1ntelface to CCT' developed
~at PRL can be effeotlvely used for most'of the solemtlflc
applloatlonsg The user bminge hisxmeal %imé'of tmpe_
recorded (analog) data and quantlzes it by an 8~b1t
A/D converter at 'a maximum sampllng rate of 20 kHz
This A/D converter output is strobed into the 1nterfaoe

at the sampling rate and a 'digital tape' is generated



'Wthh can be dlrectly sent to a computer oentre for
furthew proceselng _ To oheck the quallty of the recorded
data a computer program is developed which glves the
hexadeolmal prlnt out of the recorded oharacter “.Th¢,
tape can aleo be read u31ng the same 1nterface into a
mloroplooessor, a dfgltal prlnter, a D/A oonverter orf
51m11ar other dev1ces hav1ng wide ranges of operatlng

1speeds

2 Principle .of operation and svstem degcriptions

The 8-bit data from the A/D oonverter is fed to
_the . buffered formatter via a write- buffer (Plg 1) In
most of the perlpheral dlgltal 1nstruments the 1nterface .
lines are low-true at the 1nterfaoe1r w1th the true f |
~-level of O volt and false level of-+3 Volts The Write—
-buffer, therefore inverts the output of the A/D oonverter
- to matoh with the negative 1oglo of the buffered formatter,
The erte buffer outputs are also 51mu1taneously fed +to
data dlsplay electronlos | Uhen u81ng the Buffered | |
Magnetic Tape Transport,(BMET) in 'read’ mode,,the data
thrbugh’a_read—buffer is fed to fhe data‘displéy elec—
tronics as well as to other equlpments like a digital "
printer, a D/A converter or a mloroprooessor The data
belng dlsplayed are controlledby erte/read mode 1

selection switch. The BMTT can be operated in two modes



namely (1) split buffer mode and (2) single buffer mode.
In thé split buffer mode, the total length of the buffer
is divided into two equal parts. When one buffer B
baocepts and stores data from the erte buffer asynchro~-
nously,lthe conteﬂts of the second buffer A are trans-
ferréd to the tape via the fofmatter éynChrondusly at
the maximum transfer rate, depending upon the épeed and
data,density of the tape transpért9 which in our.case:is
about 20 X bytes/sec. When the buffer B is full, the
data input is now switched to the buffer A and the
contents of the buffer B are transferred to the tape via
:fhéﬂfofmattern‘ Thus, the two buffers are switched alter—
vnately between the-Wrifé'buffer and the formatter. This
”enéﬁres continuous data recording without any loss.
Whereas in the éingleAbuffer mode ‘the input data are lost
.duriﬁg thé'transfef of the'buffer contents fO‘the:tépe
%iavfhe formatteru »This CCT interface offers'sbiif
-Buffer mode of operation. - It also providesg automatlo

- mode of operatlon in which.dats from buffer are trans— .
'ferred to the tape via the formatter automatlcally l.e.

Wlthout any external oommands from the CCT 1nterface,

Nume rous control linesz,are provided to make g °
BMTT flexible enough to meet the requlrements of various

appllcatlons From: our experlencernly the following



control lines are sufficient for data acquisitionﬁsystems

for SCiéﬂtific'applicétions; A controller generates the

necessary signals for thése lines._'mhe controls selected

ares

(4)

(B)

(D)

(E)

(F)

(&)

- HEN

WRT /READ

REV/FWD

eo) s

ANS STROBE:

WEM

. To select the record or play-

back maode .

Fot controlling the direction of

tape motion.

To initiate the operation of BMIT.
To latch the input data into the
buffers. - '

s To inhibit or enable the BMIT

operation.

: At the end of data acquisition,

this control writes a filemark

(13y) on the ftape which is a

ERASE

'must' for computer read outs.
This control helps in erasing-a

previously written filemark'or a

'number of reoords and helps in

reread ing of a record.

Status information during operation is very use-

ful for monitoring and assessing the performance of the

BMIT. Various status informations® are provided by the



| BMIT. system but- the following are the ones which are
;mosﬁ,usefulj,;They are described below and are displayed

on the CCT interface front panel.

(A)  BUFFER.A BUSY/BUFFER B BUSY': This signifies

that the relevant buffers are functioning.

(B) FORMATTER BUSY: -Displays the .formatter status
after the INITIATE - command.
(C) " DATA BUSY: This shows that the transport has
| féabhéﬁ\fhé'operating épéed'affer.initial start
up .
(D) FILE MARK: shows that the formatter has detected

a‘fiie mark during read operation.

(®) .-HARD‘ERROR; This displays that an uncorrectable
read error has been detected by the formatter;
corregponding to ﬁertical parity error on data
charactef,ALRCC-and«CRCC parity error, or
improper record:format.. This is useful parti-.
Jgularly When tapesmWrittenﬁbn other tranéports

are read.

S

The LRCC, CRCC, and parity bits are internally

‘generated by the formattex.



.Before the start of data acquisition and record-

" ing the performance of the'CLT 1nterface is checked u81ng

" the test-eirouit.; Thls .test clroult replaces the A/D

.._converter and prov1des ‘a known data sequence Eew
_reoords are Written and then read slowly" £ ascertaln

the performance of the system

3. Gontrolbsignéi generators

As.described earlier, this generates vérfoue
control signale (ng 2) for the “interface. A/D cenrerter
sampllng pulses are connected to one of the 1npute of a
2~input NAND gate. The seoond 1nput of NAND gate is ‘
‘from the MANUAL ANS STRORBE ew1tch via debounclng c1rcu1t
‘The output of thls NAND gate 1s connected to a monoshot
mu1t1v1brutor whlch dellvers pulseu to. the ANS STnOBE
line. B13- through an open collector buffered 1nverter
VThe MAN ANS SrROBES are sometlmee ueeful in READ mode .

’ A WRT/RLAD switch prov1dee uhe true/false conditions on-
the line A4 of +the buffered formatter through a. buffered
inverter. A REV/FWD gwitch deoldes direction.of tape .-
motion by placing true/false voltages through a buffered.

inverter on the line B4,

When all the d631red oontrols are selecfed from

front pqnel sw1tches (e.g. VRITE/READ;~FWD/REV; etcn) and



the FERTEC is in a position to receive commands from the
contréller, a GO puIée is issued from the GO switch to
start execution. This pulse 1s passed through a deboun01ng
CIrcult ménostable mult1v1brator and buffered 1nverter

t0 GO line, B3, of the buffered formatter | Any operatlon
can be terminated by-putting false leVelzonVA11 with the
help of the FEN switch, as 1t causes the Formatter to
revert to the qulescent state° |

7
3

At the end of a record or %Wplock:a file mark is
written by placing true level on 45 using the WFM switch
and a buffered inverterw; A separate GO command is e ssen—
tial for this operation. The ERASE switch can be USedvto
erase a file mark (in conjunction with the WFM,switch)A
of to erase a number of records by making A6 true.'Sinbe.
for most of the’applicétions a éﬁiif buffer and'aufomatio
mode of operations of the BMIT are eﬁvisaged here, pins
A19 and B9 are'permanently connected fo t#ue levels vis

buffered inverters.

4. Shatus Display:

. Status of BMIT system is displayed (Fig.3) on the
panel by various LED! s, ‘Ready or busy status 81gnals
for Buffers A and B, Formatter and Data are aVallable o

on buffered: formatter pin Nos. (of J 104) B25, A25, A23,



and A26 respectjvely Slnoe they are comlng from open |
'collector IO‘s of BMTT E termlnator resistance network
’Ele prov1ded for each of these llneg The elgnals are

then glven to LED lamps via a buffered drrvera‘ The LED‘S
are connected in a Way to match negatlvc logic outputs(
of BMTT° Tile Mark and Hurd Error status elgnalq are
available on pins A30 and A28 (ova 104) respectively.

A resistance network is provided before the .buffered
inverters. Both the puleee are'stretched by using mono-

shote‘for_operatorls easy perception. -

5. HEBAD/WRITE data display:

The data can be monitored.on the READ/WRITE data
disp lay as.ehown in Fig 4. 'Tne 8-bit A/D converter data
(bits O o7 are connected to the buffered formatter llnes
‘WB g-WB7 via open collector write buffer inverters, %o be
compatlble Wlth the. negative loglc of the BMTT system |
The outputs of the erte buffere are also connected to
data Display IED. drlvere through the gates controlled by )
a RDAD/WRI g mode select sw1tch The TED's also display
the'data in READ mode . The data llnee RD ﬁ RD7 and :
RDp (parlty blt), available at eocket J 104, are conne-
cted to data dleplay 18D drlvers through the. read B
buffers. They are also controlled by the READ/WRITD

mode selectsw1toh through gates As theee outpute-are
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rom open collector IC's, of BIMIT, resiStance'ferminafiéns
re provided for each of the lines. The read buffer-out-
ats (poéitiVe logic) can be connected to'any'df the
rocessing or hard Copy'equipmentsi In write modé the.

dd parity is internally generated by the formatter and
ence .not displayed pn’the panel. '
.‘Qgﬁt;di£§ii§z

T —

/

A test circuilt (FigoS)‘genérateg a sequence of
~bit dharaoters/gsing an 8-bit cOuntér which is iﬁcreé
ented at each ANS STROBiI, WE 555 timer 1c is used as
he basic clock generator. Iftopéréteé iﬁ'fast and slow
ode's sélectable by a switch. PFast mode is used for
riting the recdrds:Which;ban-be read conveniently in the
1ow mode. A registance R1 is a fine control for adjust-
.ng'thé ANS‘STROBE rate;"This is very much helpful while
eading the data byte by byteQ' The output of the clock
enerator is oonﬂected'aS'ANS'STROBES to the interface
ontrol and to a pair of 4-bit binary §ouhteTs'(7493)
50nﬂebte@'in'CaSCadeif This srrangement provides conti-
mous ANS STROEES in the read mode also. The 4-bit out-
yuts from the first counter aré'coﬁhected to the Hur
ines WBA-WBT WETasLﬁnkmdtMaM%ﬁ;&mmmsoffﬁé
jecond counfer are connected to the four lines WB f -

/B (WB @ as MSB) of the controller write buffer. One
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récord of'1K characters containé four cycles of this
| 8- blt oounter and henoe the startrng state of the counter
is not crucial. No reset pulse for oounters is prov1ded°
The test 01rcu1t is 'a plug-in module and can be ea31ly

1nserted at the 1nput of the CCT . 1nterface

T System;oberating procedure:

, FolloWihg is a typical sequence of operations to
prepare an IBM compatible tape on a PLRTUC BMIT system

using this interface.

1. Switch ON the BMIT. HIDEN and ON indicators
1ighro
2., By pressing the 'write rlng in the slot provided

on spool properly 1oad “the spool on the-transporf.

3. Press LOAD switch on the BMTT The tension arms
assume optimum p081t10n3 to prov1de enough
tension on the tape. If.the 'write ring' is

' properly pressed, the WRT EN indicator lights.
4, Press the LOAD switch once again.. The tape -
starts moving in forward directioh and stops-at . - :
TOT. At this point the LOAD indicator lights.
5. switch on the power'supﬁbf for CCT interface

and A/D_obgverter« Conform that the analog



10.

11.

12 s

voltage is properly fed to A/D converter input.

Select a proper sampling rate (uptdfzo kHz) .

Press RESET switch on the BUIT once .

velect write and forward tape motlon modes by
WRT/READ and REV/FWD switches, on the COT

Interface.

| Aetivate formatter by FEN switch provided on

the interface.

Press ON TINE gwitch on BMIT.. This indicator

- lights.

Give GO command The buffer B goes busy.

When the buffer is filled, the flrst record
is wrltten on the tape with an initial gap of

about 3975 inehesu The Buffer A goes busy.

The data are recorded on a tape in records
111 the data are over. lhe IRG is generated

1nternally,
Resef the formatter by IEN switch once.

Operate WEM sw1tch and 1ssue another GO oommand°

A file mark W111 be wrltten on the tape° About

.f.

3. 7) 1nches of tape w111 move fOrward
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15.  REWIND the tape and take it out from the BMIT,
o Now the fépe is ready for sending to the computer
centre or thé tape can be read via the CCT inter~

face by issuing slow ANs STROBES.

8. Cbmpuﬁer réédout;

The 'Digital tépe*,pfepared from analog data can:
be read in a computer and a printout of data in hexadeci-
.mal'charactefs can be obtained by using a programme shown
in Fig.6. Hexadecimal characters can.be easily converted
into binary bits énd the quality'of the analog datsa can
‘be assessed. bThe computer printout in numerals (0-255)
can also be obtained if the FORMAT 5tétement in the main
programme is modified% SETBUF is'a system subroutine and -
modifies the ”Standérd‘ buffer length when the tape is
read into the‘memory_of the computer. Thelvariable JK .
decides the number of records to be read for the printoﬁt;
Pig.7 shows g comﬁﬁter printout in hexadecimgl characters.
of the digital tape prepared on the CCT interface by using

the test circuit.

T

9. Conclusion:

This CCT intercace has been successfully used for
a variety of scientific éXperimentsu Following aré the

examples proving the veréatility of our (CT INTERFACE



which Was suocessfully used for reoordlngo

T

2.

':'14

SOLRAD 11 satelllte date from PCM decommutator

The PCM data for. the experimentfforatracking

rocket-released Lithium vapour clonds at Thumba.

Th2> AGC recording of the receilving set—up'féf“

| time standard signals transmitted by the

National Physical Taboratory(NPL), New Delni,
for tudylng the signal strength and fading rate

Pt

at Ahme dabad .

The phase delay data recelved from OMEGA trans-

missions durlng a balloon fllght over New Delhi.

_Data from convolutlonal encoder (Vlterbl) for

polyonomlal synthesis.
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FORMATTER BUSY N 7408
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DATA BUSY - sy |
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| FILE MARK sy %
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FIG. 3: STATUS DISPLAY
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