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ABSTRACT

This paper tabulates the results of initial tests conducted
to determine the data reliability of three methods of record-
ing Bell Al digital datz on magnetic tape: 1.) the Wollensak
Recorder/Reproducer, 2.) an Ampex FR 114B Transport with
Ampex FM electronics and "anti- jitter logic," and 3.) en
Ampex FR 114B Trensport with Ampex FM electronics and Bell

Al DDR/DDT as logic.

The tests were designed only to find an approximate figure
for error rate in that the following parameters were held
constant: 1.) type tape, 2.) tape age, 3.) position of
information across tape (channel effects), 4.) position of
information along tape (reel effects), and 5.) word length.

More tests are necessary to determine the effect of these
parameters on error rate.

The results show that the three recording systems tested are
adequate for their epplication. The average time between
errors was found to be 6 minutes for the Wollensak, 16 min-
utes for the Ampex/Jitter Logic, and 20 minutes for the
Ampex DDR/DDT.
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DATA RELIABILITY OF THREE BELL Al MAGNETIC TAPE RECORDING SYSTEMS

SECTION I

INTRODUCTION

This report lists the results of tests conducted to determine the
data religbility of three systems for recording and reproducing in real
time Bell Al digital data.

The tests were necessary as a check on datz reliability. The infor-
mation about data reliability acquired in this study will prove useful in
relation to studies regarding the epplication of error correcting codes
to digital recordirg techniques, and will slso be of interest to system

test engineers.
The three methods of recording tested were:

1) the Wollensak Tape Recorder/Reproducer,

2) +the Ampex FR-100B Tape Transport with Ampex FM electronics
and "anti-jitter logic," and

3) the Ampex FR-100B Tzpe Transport with Ampex FM electronics
and Bell Al DDR/DDT as logic.

It should be emphasized that this report ettempts only to present
a "ball park" figure on error rete. The tests were conducted for & per-
ticuler set of conditions only, and thus eech result might not represent

the best possible error rate.

The results show thet the everege time between errors is ebout 6
minutes for the Wollensek, 16 minutes for the Ampex/Jitter Logic, end 20
minutes for the Ampex - DDR/DDT.

It would be expedient to review the Bell Al Digitel Dete Trensmission
System as used in the SAGE Dete Transmission Systems. The Bell AL Digitel
Data Transmission System (Figure One), designed by Bell Telephone Lsbo-
ratory for phone line transmission, consists of three basic parts: the
Digital Deta Transmitter (DDT), the phone line, the Digitsl Deta Receiver
(DDR). SAGE deste sources designed for use with Bell Al equipment put out
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the dipulse format of three separate signals: Sync, Daeta and Timing.
Bell Al dete sinks receive this three-signal dipulse formst. In order
to conserve channels, the DDT converts the three-signel dipulse format
to a one-~signal composite format. One phone line transmits this com-
posite format to the DDR, which serves to convert the composite formet

back to the three-signal dipulse format.

A typical 16-bit word is illustrated in Figure Two. A "one" on the
data line is represented by one full cycle of the 1300~cycle timing
wave. Each bipolar pulse is called & dipulse. A "one" in the emplitude-
moduleaeted 1950-cycle cerrier composite wave 1s represented by a depression

in the envelope.
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SECTION II

TEST METHODS AND RESULTS

2.1 The Checking Scheme

The same basic checking scheme was used on gll three tests.
The dipulse output of the recorder was played into pre-progrsmmed
checking logic. The checking logic wes designed to generete z dats
reference signal from timing end sync signals, end to compsre the dats
reference signal to the incoming data signsl. Errors stopped z Time
Interval Meter, which then printed cut the elepsed time since the least
error. Errors occurring during the print-cut time of the printer, thst
is, within 0.9 second after an errcr thet stcpped the timer, were noct
recorded. A disgram of z typicel checking logic hockup is shewn in

Figure Three.

2.2 The Wollensek Test

The Wollensek Tepe Reccrder unit is designed tc¢ reccrd end re-
produce Bell Al dipulse dete tc meet the specificstions cf MITRE TM-2735,
except for jitter. It is thus suiteble for use with dets-using equipment
which has an input memory buffer tc retime the desta, such es the XD-1
computer or en RD-II displey ccnsole. Hecwever, it is & cne dete-chennel

recorder, and it has no speed contrcl servc system.

Tests were conducted tc determine the epprcximste dete reliebility

of the mechine when tested under the ccnditicns listed in Tetle One.

The test wes conducted es fcllows: A prechcsen 15-bit word wes
set up on e Bell Al Word Generstcr. The test tepe wes then reccrded,

and the errcrs were found ty pleying the tepe beck thrcugh the checking

21

logic. The tepe wgs reccrded with & few seccnds ¢ deliverete errcrs et

the beginning of the tepe. The stert cf errcr-free reprcducticrn the

served es & reference fcr time ccrreletions

]
+

A totel of six runs wWere mede efter the {epe wes reccrded. The
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TABLE ONE

Y- 52

WOLLENSAK TEST RESULTS

TIME

RUN No.

TOTAL

2

3

4 5 6 | ACROSS

101
184
226
301
572
807
912

107 4
1207
1428
1552
1577
1662
1663
1669
1677
1703
2167
2222
3061
3173
3208

3418

3494

3507

3513

3540
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3600

TOTALS
OOWN

10

AVERAGE TIME BETWEEN ERRORS —6MINUTES
CONDITIONS OF TEST:

TAPE

7172 IPS

. NEW SCOTCH 200
SPEED

WORD : 16 BIT HALF "ONES"
INPUT SIGNAL | NOMINAL LEVEL
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The errors have two components: fixed end rendom. The rendom
errors are probebly due to dust particles or some other random defect,
whereas the fixed errors are probebly due to errors written on the tape,

or to some permanent tepe defect such as dropouts.

Teble One lists the results of the six runs. The "time" column
gives the elepsed time in seconds from the time-reference st which an
error occurred cn one or more of the runs. An "X" in e run column indi-
cates thet en error did occur et the corresponding time orn that run.
Absence of en "X" indicates no detected error et the corresponding time.

2.3 The Ampex Tests

2.3.1 Genersl

The Ampex trensport FR 114B has & lh-chennel cepsbility

and & servo-controlled ~peed system.

Coupled with its FM electronics, the Ampex wes tested
with two methods of recording end reproducing Bell Al dipulse type date.
The two methods tested were the following:

1) the "anti-jitter" system of Velentine end Tenner, end

2) the use of Bell System DDTs and DDRs es encoders end
decoders to convert tc end from the three-line éipulse
formet to the one-line composite signel (reccrding the
Bell Compcsite signsl).

It should be emphesizsd thet the test ettempted cnly to
determine en epproximete figure for dets reliebility. The testing wes
not extensive, end many questions sre unanswered. Other tests that
should be run include determining the errcr rate &s & functicn cf the
following veriables:

1) position ecross tepe (chennele-tc-chennel),
2) position along tape (reel effects),

3) type of tape,

L) tape wear,
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5) input signel et tolerence limits, end

6) word length (sync errors).

2.3.2 Ampex/Jitter Logic Test

Besicelly, the enti-jitter system is & method of retiming
the dete to eliminste short-term instebility. Two-channels sre required
on the tape to represent cne chennel of informetion: one chennel for
the dipulse timing signel which elso serves &s the comtrol treck for the
tepe speed-control servo, end enother channel which carries the sync end
deta composite signsals.

It should be remerked thet this methcd hes the msjor
limitetion thet only signels with & common 1300-cycle timing wave can
be played back simulteneously. This is beceuse the tepe reccrder rmust
spew out dete in step with the retiming oscilletor which elsc serves es

the servo reference signel.

The "compcsite enccder" circuit, which mekes the sync eand
dete composite signel, hed & history of being sensitive to bursts cf dete
ones. The circult was redesigned to ccrrect this prctlem end. es part of

this test. the old enccder and new enccder were ccmpered.

The composite signel of the "0ld" enccder was reccrded cn
channel 5, the composite signel of the "new" enccder cn chemnel G, and
the common timing signel cn channel 7. Results shoved the "new" enccder
to be superior tc the "old" enccder. The sverage time between errcrs wes
6 minutes for the old enccders end 16 minutes Zor the new enccder.

The sctuel results cf the tests ere tetuleted ir Tetle Twe.
The time coclumm gives the elepsed time in secconds from g reference -2
deliberate errors et the beginning cf the tepe. Az "X" iz & run cclumn
indicates that an error &idé cccur st the ccorresponding time cn thet run.
Absence of an "X" indicates nc detected errcr et the ccrresprnding time.

2.3.3 Bell Al Azpex DDR/DDT Tests

The Ampex FR-1142 tape trenspcr:, with Ampex FM elecircanics
end 60-cycle servc speed-ccntrel system, wes tested using the hoe
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TABLE TWO

AMPEX Z7JITTER LOGIC TEST RESULTS

CHANNEL A ( OLD ENCODER ) CHANNEL B ( NEW ENCODER )
TIME OF RUN No. TOTAL TIME OF RUN No. TOTAL
ERROR(SEC) || |2 |3 |4 |5 JACROSS ERROR(SEC)| | |2 ]3 |4 |5 | 6 |ACROSS

392 X I 102 X I

€56 X X 2 504 X I

93 x| xIx|[x|x| s 735 X |

121 x[x |x |x 4 12a X X 2

125 X|x{xi{x x| & 1130 X X X 4

132 X{xIx{x|x]| s 1206 X |x|x|x 4

1350 X [ 1586 X [

1690 X ! 1780 X|xix|x | s

1773 X | 1865 !

1978 X | x 2 1970 |

2084 x| | 2055 X I

2317 X | x 2 2062 X l

2482 x|x|x 3 3263 X I

2837 x| | 3911 X |

3248 X X x{ 5 4120 x|

3832 3 4247 p I

4237 X | 4514 X i

4296 x| 1 457 x| x|x|x|x{x]| 6

4510 Xix|X|x|x]| 8 5645 END OF TAPE

4582 x[x |x| |x| 4 TotaLs bown{ 6 [8 [7 |5 |5 [3 [34

4588 X !

4605 X I

4640 X ! AVERAGE TIME BETWEEN ERRORS!

4667 X ! CHANNEL A —— 6 MINUTES

4739 X ! CHANNEL B8 —— I6 MINUTES

4782 X |

5143 x [x| 2

5193 X X XX XS5 CONDITIONS OF TEST:

5463 X x| 2 TAPE TYPE . AMPEX MI, AGE UNKNOWN

5583 X 1X) 2 TAPE SPEED . 7—~1/2 IPS

5640 XX X (X [X{ S WORD 16 BIT HALF ONES

5647 END OF TAPE INPUT SIGNAL ' NOMINAL LEVEL
TOTALS DOWN| |5m IELE] 14| 75
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shown in Figure Four. The Bell Al DDT end DDR cen be thought of ss en-
coders and decoders fcr the Lepe system, converting the three-signal
dipulse informetion to & composite signel recorded on one channel on the
tepe, end for regenerasting the Bell Al three-signel dipulse formet when
the tepe 1s pleyed beck.

The Bell Al DDT end DDR were rented frem NET&T Co., and
were physicelly loceted in the ESS freme room. Interconnections to the
Word Generstor, the Tepe Electronics, and the Error Counting Logic were
made vie Telco phone lines from ESS freme rcum to Lincoln Room B-209.

When the telephone lines were installed, they were tested
"back to beck;" thet is, the tape mechine in Figure One wes replsced by
a8 short circuit. After the initiel sdjustments were mede, it wes noted
that the lines were subject to bursts of errcrs. The esversge errcr rate
was sbout one error every twc minutes. It wes ncticed thet these errcrs
were a function of the time of day, being less severe during the night
hours end more severe during working hours. Thus it wes decided tc re-
cord a tepe during the quiet hours tc minimize the rn.mber cf errors.
The results are described by Teble Three.

TAELE THREE

AMPEX DDR/DDT TEST RESULTS

—— — —

Time of Error Run #1 Run #2 Run #3
(sec) Nighttime Deytime Deytime
k758 3572 1c2
(5524 end) 375% 1602
ST57 3373
5503 | 3s36
(5524 end) i 3487
f 3597
, <265
! b st
i i ; (5525 end)

9 |

g
| &
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The conditions of the test were gs listed in Teble Two,
except that the tape was recorded end pleyed beck simulteneously on Run
#1, after working hours. It sppesrs thst st 4758 an error occurred.
This could have been e feult in the encoder (DDT), or it could have been
an sctual defect on the tepe-dropout, s dustperticle, etc. The two day-
time re-runs are unique in the fect that none of the new error times
;foss-correlate with themselves. The sdded errors ere random in time,
which leads to the probeble conclusion that e good percentege of them
are due to the long phone lines interconnecting the recorder with the
DDR/DDT. Thus the sverege error rate for this type of recording, essum-
ing error-free phone lines, is very good (in this case one per 5525 seconds).

If the random errors are 8ll ccnsidered the feult of the
tape machine (worst case) the average error-rate i1s cne per 20 minutes.

This test had to be discontinued after three runs becsuse
of & high priority demand for the use of the test equipment.
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SECTION III

CONCLUSIONS

The tests conducted were successful in that they provided en spproxi-
mate figure for error rete.

When the Wollensek tepe machine was designed it was conceded that
an error rete on the order of one word in error per mirute would be sat-
isfectory for the checkout of RD-II consoles. The Wollensek amply meets
this requirement.

The Ampex dipulses logic system is currently in use in ESS. At
times its dete reiiebility hes been questioned, end no evidence has been
aveileble to show thet it is & workeble systeﬁ. These tests have shown
the dipulse logic system tc have an errcr rete of one per six minutes
with the old encoder, and cne per 1€ minutes with the new encoder. The
new encoder seems tc improve the dats relistility encugh to warrent

recommending that it replece &ll cld enccders sz soon &8s possible.

The Ampex and DDR/DDT system ceem:z to oo ti.e most promising. In
terms of dets reliability, the system is better than the jitter logic.
If the probeble conclusion thet e large percentasge ¢f the randcm errcrs
were due to phone line disturbences is correct, then the error rete for
this system may epproech cne per hcur or tetter. Alsc, this is the test
system in terms of economy of tepe ~hannels &s only one tepe cheunel is
required to record one deste chennel. Furthermore, there is no prcblem
in recording asynchronous dete since esch chennel cerries its cwn timing.
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