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[56]

ABSTRACT: A data acquisition system effects readout by
clocking data from a tape into a storage register under control
of a tape shift register. Data is clocked out of the data storage
register by a clock shift register. A system clock drives a shift
register and divide by 10 circuit which both regulates the
translation of the data clocked out of the storage register from
a parallel to a precise serial format, and alse drives the clock
shift register. OQutput signals from the tape shift register and
from the clock shift register drive a digital servocontrol circuit
to regulate the speed of the motor which drives the tape trans-
port, to insure the data storage register neither “overflows”
nor “‘runs dry.”

//-122

Tape Recorder

8
N

~DATA T
RATE

TIMING DATA IN
‘P |

DATA IN—~

Storage

28—

Control
Circuit
23

i

)

20] DATA OQUT

27\

> Register
921

RATE—\-——% T T2
™\

o5L-DATA OUT
TIMING;/—\
DATA OU Readout
Unit
24




3,571,801

1

DATA TRANSFER SYSTEM
BACKGROUND OF THE INVENTION

In certain data acquisition systems, such as a tape recorder
it provided on beard a satellite, rocket or other unit which
er gamevs external information or whose internal per-
rmance is monitored, data is frequently recorded as pulses

or bits on a magnetic tape. This technique is conventionally
tegmea Pulse Code Modulation (PCM) recording. Because of
aberrations in the drive system, when the recorded data is read
out, or passed to a telemetry system for transmission and sub-
sequent acguisition, the data pulses removed from the mag-
netic tape “jitter.” That is, there is a difference in time
between the instant at which the data pulse actually occurs as
it is read out of the tape recorder and the instant at which the
data pulse would occur if the data rate were steady and not
@mje«,ﬁ:ed to time variations caused by imperfect operation of
components such as mechanical components in the tape
recorder.

The Standards for Telemetry promulgated by the IRIG
(Inter-Range Instrumentation Group) specify that for satisfac-
tory data transmission the allowable bit jitter, over a time
period which is 10 times the period of 2 positive data transfer
or bit period, is plus or minus 10 percent of a bit period. No
magnetic tape transport now available can satisfy this strin-
zent requirement at normal bit or data rates because of funda-
mental limitations in the mechanical construction and as-
sembly methods of these transports. It is to obviate the jitter or
error consequent upon these basic limitations of magnetic
tape recorders in PCM data acquisition systems that the
present invention has been provided.

SUMMARY OF THE INVENTION

The present invention finds utility in a data transfer system
which includes a tape transport and a magnetic tape medium
for storing both data information and timing information on
the tape. A motor in the recorder operates to drive the mag-
netic tape tramsport. In a preferred embodiment the present
invention comprises a storage register for accepting the “jit-
tery” data information from the tape recorder, the data being
gated in with receipt of the timing information from the same
recorder. A readout unit is provided both for applying precise

timing signals to the storage register to regulate read out of the
jitter-free data information from the storage register, and for
receiving the data information as it is read out. In a preferred
diment a parallel-to-serial converter and temporary
storage unit were used to apply the precise timing
ignals and read out the data in serial format but of course
r eguipment can be utilized in place of this converter
when a parallel-to-serial conversion is not required.

A control circuit is also provided, and is coupled to the
motor in the tape recorder for regulating the speed of this mo-
tor. This control circuit has a first input connection for receiv-
ing a first set of timing signals indicating the rate at which data.
is transferred from the tape recorder into the storage register,
and a second input connection for receiving a second set of
timing signals indicating the rate at which data is transferred
from the storage register into the parallel-to-serial converter
or other readout unit. In accordance with the inventive
teaching, the control circuit drives the motor at a speed such
that the storage register always has data stored therein, and
the register neither overflows nor runs dry. This system
pmduces an output signal in which the data signals occur with
a precision equal to that of the precise timing signals supplied
by the master clock, and the data output signals are thus
completely free of the errors caused by the imperfections in-
herent in the tape transport system.
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THE DRAWINGS

Now in order to acquaint those skilled in the art with the
best mode contemplated for making and using the invention, a
preferred embodiment thereof will be described in connection
with the accompanying drawings, in the several FIGS. of
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2

which like reference numerals identify like clements,
which:

FIG. 1 is a block diagram of a data transfer system usefu! in
explaining the inventive principles;

FIG. 2 is 2 block diagram illustrating portions of
register and the readout unit in more detail;

FIGS. 3A and 3B together comprise a schematic o
lustrating in detail the circuits of the units enclosed w
broken lines in FIG. 2;

FIGS. 4 and 5 are partial schematic disgrams, enlarged with
respect to FIGS. 34 and 3B, useful in explaining the operation
of the stages shown in FIGS. 3A and 3B; and

FIG. 6 is a block diagram of a dxgam servocontrol circuit
useful in the inventive system.

and in

the storage

ram i-
hin the

GENERAL SYSTEM CONSIDERATIONS

FIG. 1 shows a tape recorder 10, which includes 2 motor 1
counnected to drive a tape transport 12, shown comprising a
pair of reels 13, 14 for supplying and taking up & magnetic
tape 15 as the tape passes adjacent heads 16, 17 1o provide
electrical output signals over conductors 18, 2. Any system
can be utilized to supply timing data signals over conductor 18
to storage register 21 in timed relation with the passage of date
signals over conductor 20 to the storage register to load the
data into this register to load the data into this register.
Another timing signal, signifying the rate at which data is
loaded into the storage register 21, is passed over conductor
22 and applied to one of the input connections of control ¢ir-
cuit 23.

A readout unit 24 is also provided, and this unit applies
precise timing signals over conductor 25 to the storage re-

gister to gate out or unload the data which the register had
pxewousiy received over conductor 20 from the mw recorder.
It is emphasized that the stability (freedom from w;viw) r:’}
data read out of the storage register is determin
the characteristics of the precise timing signals or *hﬂ pr nCise
timing reference unit; such unit may be cry
provide very high stability. Under all conditions ¢
the data read out is independent of the errors in
in direct readout from the driven tape transport. T}
read out of storage register 21 is passed over con
readout unit 24, for utilization by a computer, print out unit,
or other associated equipment which can be &rmédemu a8
within unit 24 or as a separate component, the illustration of
which would not be helpful to a complete understanding of the
invention.

The rate at which data is read out of storage register 21 is
represented by another signal passed over conductor 27 to the
other input connection of control circuit 23. This control cir-
cuit 23 may comprise a digital servocontrol arrangement for
providing a control signal over conductor 28 to motor 11 to
regulate the speed of motor 13 as a function of the time rela-
Uonshxp between the input signals which control chw ?%
receives over conductors 22 and 27. RUM ise 1
signals represent the rates at which data is passed :
removed from storage register 21, the data c»&i ww&m Eha re-
gister is maintained within appropriate limits to re there is
neither an excess nora shortage of data in the storage register
during system operation.

SYSTEM BLOCK DIAGRAM

FIG. 2 shows the storage register and mwdw
somewhat more detailed form. That is, the storage r
dicated by a single block 21 in FIG. 1 &
data storage register 35, a tape shift m,emu 36
shift register 37. Data storage register 35 1
stages ndc;.uxﬁee by the numerals 40-—43,
—’?:\, and 8083, As will be de&wnbec*
sequently, each unit or block within data
a magnetic chift register stage with an i
receiving tape data signals over one of the
9¢—94, an ountput winding for passing an o

-y
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tput conductors 100104, a first shift winding
ing data in responsive to receipt of a shift-in signal
ne @*” conduciors 110—113, and a second shift winding
ling data responsive to a shift-out signal received
f conds actors 120—123.
ivers or amplifiers 130—134 are respective-
between the conductors 100—104, which
© Mta in paralle! format from the storage register
. conductors 140—144, which output con-
aded data tc a temporary buffer storage
ey 150—154.
§ 36 comprises four stages 45—48. A re-
is coupled between conductor 18 and another
h provides timing input signals to tape shift
ect the sequential loading of the paraliel data
t on conductors 90--94 into data storage re-
the other drivers shown in FIG. 2, stage 44 isan
‘ d 1o increase the level of the signal received
uctor 18 and enhance the accuracy of system opera-
ivers are not necessary to the basic interconnec-

driver 54 is shown connected between a precision
clock JEL an a the first stage of assembly 55, whxch is

ﬁscmssive clock pulses are received from

of stage 161 is changed from @ to 1, and as
ulse is received from driver 54, stage 162 is
waem state (from 0 to 1) as stage 161 is
d to its initial stage (0). In its operation stage 161 both
ons stage 162 for subsequent operation and applies 2
or interrogation pulse over conductor 180 to stage
temporary buffer storage array 38, gating out the
ored in stage 158 for passage over conduc-
associated equipment. Likewise when the third
received stage 163 will be switched, stage 164
ned and 2 gating or readout pulse will be
ctor 181 to stage 151 over conductor 33 to
iated equipment. Similarly the fifth, seventh and
s received from clock 31 and driver 54 sequentially
s data from stages 152, 153 and 154 and the un-
s are passed in serial format over conductor 33 to
! 'p‘*wm As stage 168 is operated from the §
e and stage 169 is conditioned for operation, a timing
rovided over conductor 25 to ancther register driver
turn provides a timing signal at a precise frequen-
er conductor 57 to stage 68 of clock shift register 37.
timing pul Ise to the clock shift register will provide a
ut signal from the appropriate one of stages 65—68 and
e associated one of conductors 120—123 to one column of
the stages within data storage register 35 and thus shift out
another ;:a allel set of data bits over conductors 100—104,
drivers 130—134, and conductors 140—144 into stages 150-
5 emporary buffer storage array 38. These data
in parallel format will thereafter be unloaded
f information bits as the next 10 timing pulses
clock 31 and driver 54 to drive circuit 55
ey wmpﬂeie cycle and sequentially unload the
semporary buffer storage unit 38. With this ini-
e of the inventive arrangement, a more detailed
vill now be provided.

8f

DETAILED DESCRIPTION OF THE INVENTION

Considering FIG. 3A, at the upper right-hand corner a pair
tors 49a and 496 are shown. Over these con-
tors timing signals are received to load the input data
on conductors 90—94 into one column of stages in
register 38, It is assumed that as the system is ini-
conditioning signal is applied over ring set

tors 74, 75 (see FIG. 4) to set winding 76 on core 77 of
48. On this same core are a transfer winding 78, a
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switching or base winding 84, a feedback winding 885 and a
drive winding 86. Transfer winding 78 is coupled betwean
conductors 49¢ and 87. One end of base winding 84 is coupled
to the common connection between diode 95 and the base 965
of an NPN type transistor 96, which also has an emitter 96e
and a collector 96¢. The same common connection is also
coupled to timing signal output conductor 22.

The anode of diode 35 is coupled to conductor 97, and
emitter 96¢ is coupled to conductor 98. Collector 96c¢ is cou-
pled to one end of feedback winding 85, and the other side of
this winding is coupled through a diode 105 to conductor 106.
One end of drive winding 86 is coupled to a conductor 107,
and the other end of this winding is coupled over conductor
118 to one end of shift-in drive winding 114 of core 11§ in
stage 40. The other end of winding 114 is coupled over con-
ductor 116 in series with the shift-in drive windings of each of
stages 50, 68, 70 and 80 (not visible in FIG. 4). The shift-out
drive winding 117 of stage 40 is coupled between conductors
120 and 124, and conductor 124 is coupled through a diode
127 to conductor 90 and the other side of winding 126 is cou-
pled to conductor 128; one end of read-out winding 135 is also
coupled to common cornductor 128. The other end of winding
135 is coupled through a diode 136 to conductor 100. With
this identification of the windings and control connections of
the stages referred to the enlarged showing in FIG. 4, similar
terminology will be employed in a description of circuit opera-
tion in connection with FIG. 3A.

As there shown, after core 77 of stage 45 has been set as
described above, a first timing signal is received between con-
ductors 49a and 49c. This timing pulse switches the remanent
magnetic state of core 77 from the 1 condition back to @ and
induces signal voltages in the other windings. The voltage
developed across base winding 84 causes current to flow into
base 96b of transistor 96 and rapidly switches this transistor on
tc complete a path for current which flows from input conduc-
tor 149q, through the series-coupled shift-in drive windings of
stages 83, 73, 63, 53 and 43, over conductor 113, the drive
winding of stage 48 in the tape shift register, conductor 106,
diode 105, feedback winding 85 of stage 45, the collector-
emitter path of transistor 96, conductor 98 and diode 138 to
ground. Accordingly the parallel data bits then present on
conductors 90—94 are simultaneously shifted in over their
respective read-in windings and storea in the cores of stages
43,583,63,73 and 83.

Because stage 48 was conditioned for subsequent switching
as the data bits were loaded into stages 43, 53, 63, 73 and 83,
when the next tape timing pulse from driver 44 arrives over
conductors 49b, 494, stage 48 is switched and stage 47 is con-
ditioned. At the same time the data bits on conductors 90— 94
are loaded into stages 42, 52, 62, 72 and 82. As the next tim-
ing pulse is received, this time over conductors 49a and 49¢ to
alter the state of stage 47 and condition stage 46 for the next
switching operation, a shift-in pulse is applied to the shift-in
drive windings of each of stages 41, 51, 61, 71 and 81 in data
storage register 35. As the next timing pulse from register
driver 44 is applied over conductors 495, 49, the stage of
stage 46 is changed, stage 45 is conditioned, and a shift-in
pulse is applied over conductor 110 to the shift-in drive
windings of each of stages 40, 50, 60, 70 and 80 in storage re-
gister 35 to load in the data bits on conductors 90—94. As the
next timing pulse is received from driver 44 over conductors
49a, 49c¢, this pulse switches stage 45 and conditions stage 48
for operation as a shift-in pulse is applied over conductor 113
to the shift-in drive windings of each of stages 43, 83, 63, 73
and 83.

Each time stage 45 is switched, a single timing pulse is is-
sued from winding 84 over conductor 22 to indicate to the
digital servocontrol circuit 23 that tape shift register 36 had
just been cycled through one complete cycle of operation. In
this way the tape shift register 36 is continuously cycled with
successive changes in the state of each of stages 45—48 as the
tape data timing signals are applied over conductors 4%¢—49d
to the tape shift register. Register driver 44 can include a mul-
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brator circuit, or frequency divider circuit, or any other

well-known means for dividing the timing signals received
over 2 single conductor 18 for aliernate passage over conduc-
tors 4%a, 4%9cand 495, 49dto the tape shift register.

Of course if the tape shift register had been continuously cy-
cled as just described the continuous loading of the data bits
QVEr COm d”cm“ 20—94 into the data storage register would

¢ the regzsmr c@ @vorﬂow if the data had not bee“

To this cmd the clock s‘m ft regnstea' 3? is con-
the mec:ce timing pulaes supp? ied ’me re-

;md\ 50 fcm:h in a2 manner wh:ch WEZ be apparem from
me revious explanation in connection with tape shift register
6. Clock shift register 37 also has a pair of input conductors
245, 146 for applving 2 conditioning pulse to the set winding
of stage 63 when the system is initially energized. Register 37
provides output timing signals over conductor 27 to the digital
servocontrol circuit 23, one pulse being issued each time stage
65 is switched to indicate the clock shift register has been
driven through one complete cycle of operation.

A timing pulse on conductors 57q, §7¢ switches stage 65
and conditions stage 68 for operation, simultaneously apply-
ing a signal to the series-coupled shift-out drive windings of
stages 43, 53, 63, 73 and 83. The data bits are shifted out of
these stages over conductors 100—104, drivers 130—134,
and conductors 140—144 into stages 150— 154 of register 38.
These bits are serially unloaded from register 38, as will be ex-
plained hereinafter, before the next timing pulse is supplied by
register driver 56. This next pulse is applied over conductors
§7b, 574 to switch stage 68 from 1 to @, condition stage 67 by
switching it from @ to 1, and applying readout signals to the se-
ries-coupled shift-out drive windings of stages 42, 52, 62, 72
and 82. The operation of clock shift register 37 is identical to
that of tape shift register 36. :

It is noted that a pair of diedes 147, 148 are coupled in the
base return path of clock shift register 37, and one diode 158
is coupled in the emitter return path. These connections are
analogous to the connections of diodes 156, 157 in the base
return path of tape shift regks‘ier 36, and the single diode 138
in the emitter return path of this same register. The im-
portance of these diodes will now be described in connection

W

ircuit coupled to feedback winding 85 includes
£ resistance of the collector-emitter path of
tr &, and the resistances of diodes 105 and 138. How-

“vsen base winding 84 {or the base of transistor 96)
ind there is a resistance of three series-coupled diodes
157. Accordingly with the lower resistance con-
es both with the feedback winding of stage 45
drive winding of stage 48, a larger current flows
through to switch the core in stage 48 from 0 to 1 before
CUrT! z"t has ceased to flow in feedback winding 85 of stage 45,
that is, before stage 45 (more specifically, core 77) has been
switched from 1 back to 0. Another way of expressing this
operation is that the switching bit is “stuffed into” stage 48,
and this stuffing operation is completed, before the bit is
completely removed from stage 45. With receipt of the next
iming pulse over conductor 495, the core of stage 48 will be
switched bafc%r. from 1 to © after stage 47 is already “stuffed”
Wﬁ’lh bit or switched from @ to the 1 condition.
fs’c‘eymg now the operation of the system after five
parallel bits have been passed over conductors 148—144 into
the respective temporary buffer storage stages 150—154,
allel-to-serial converter 55 (FIG. 3B) operates sequentially
He] gz&e the data bits out of temporary baﬁ@r storage 38 over
iuctors 33¢, 336, 1t is assumed that as the equipment is ini-
rgized a signal is applied over c:umd“mm's 158,160 t0
g of stage ’56“3‘ which induces a signal in the base
g of this stage which gates its ciated transistor on to
complete a path for Cmf"(}”‘lt flow thr @v\gh; the feedback wind-
ing of stage 169 and the shift winding of stage 170, Thus as the
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first driving pulse is received from driver 84 g
between conductors 171, 172, current flows thro
173 and the series-coupled transfer windings of each of &
162, 164, 166, 168 and 170. The feedback wﬂnw;
179 is coupled over conductor 174 in series with
winding 175 of the first stage 161 of the shift r
vide by 10 circuit. Accordingly at this time only
the 1 condition so recsipt of the next precisely tim
from driver 54 will switch the core 176 of stage 161
the @ state.

Referring now to FIG. 5, the next clock pulse §
driver 54 is applied between conductors 1
current flow through diode 185 and the series-couple
transfer windings of each of stages 161, 163, 165, 167 and
169. Accordingly signal voltages are induced in bage wis
187 and feedback winding 188 of stage 161

At this time a suitable operating potential is also supplied
(or this potential can be maintained continucusly) to condug-
tor 190, which is coupled to the interrogation winding 191 of
stage 180 and also to the interrogation winding of each of the
other stages 151—154 in the temporary buffer storage register
38. Thus the signal induced in base winding 187 of stage 161
operates in a manner obvious from the previous @X‘}E&%&ﬁﬁﬂ
shift registers 36 and 37 to rapidly gate on transistor 192 an
complete the path for current flow through this Lm%ma
which path extends from ground over dzodc 193, conductor
194, diode 198, the emitter-collector path of transistor 192,
feedback winding 188 of stage 161, conductor 196, shift win
ing 197 of stage 162, conductor 180, and interrogation wind-
ing 191 of stage 150 to conductor I%0. This interrogation
operation effectively reads out any bit stored in stage 150 over
the output winding 200, diode 201, and output conductors
33a, 33b to associated equipment (not shown). The data bit
was previously shifted in over conductor 140 and input wind-
ing 202. The other input winding 203 represents an auxiliary
input connection over which data can be passed directly inte
the temporary buffer storage array 38 over wz‘véuc:om 204-
—208, with conductor 210 being the common condu

which the respective auxiliary winding o@
are connected. These auxiliary con

and enhanced utility to the inventive
bit data can-be accepted from other ec
receivers, teletype units, and so forth, and conver
al format in the units 38 and 58.

Upon application of the next clock timing pulse, which is
received over conductors 171, 172 from driver 54, the core of
smge 162 is switched from the 1 back to the © «Eaze? and st;
163 is switched from the 0 to the 1 state. Recei ueee
ing clock timing pulses drives the parallel to I conve
30 in a continuous operation in a manner manifest from f""a:
explanation in connection with FIG. §

It is apparent that with subsequent switching of stage 163
from 1 to & and conditioning of stage 164 by swit

0, the bit then stored in stage 181 will also
conductors 33a, 335. In the same ma
sequentially gated out of stages 1521
Eram of serial data pu}éoeq for use wz“h ass

;mm* and @x

[+ 23

ber

guipment.
r over condug-
tor 25 (for passage through the regésﬁe: r 56 a
tion of the clock shift register 37) is coupled o the tran
winding of stage 168. By selecting the appropr stage
sync connection a desired phase displacer between the
timing signals applied to digital servoconty
estabhshed Another adjustment of thig
also be effected by regulating the i:*me
units within the digital servocontrol ¢
from the fol Eewmg description.
FIG. 6 shows 2 schematic diagr
suitable for regulating th* spe
recorder at a rate which maintai
storage register betweer appropria
tor 22, which receives signals fro

ety
denoting the rate at which data i

and oper

23t

e
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‘ nrough a limiting amplifier stage 220 to a

i Sr Or square wave generator stage 221. A first
output connection from stage 221 is made over conductor 222
or set connection of 2 one shot {(OS) multivibra-
¢ 0 output terminal of which is coupled over con-

@:nri each of stages 223 and 225 were
3 operating time of 490 microseconds, so
wer M\sc two stages comprise (in effect) a 980
The 0 output terminal of stage 225 is
r 226 1o the set input connection of
rivibrator 227, and the same terminal
ver conductors 226, 228 to the upper
ip-flop stage 230. A third connection is
b wpw. termina! of stage 225 over conductor
nier input connection of a double AND gate 232.
1z time of stage 227 is selected to be short with
ges 223, 225. In a preferred embodiment
ating time of 40 microseconds. An out-
e from the 0 terminal of stage 227 over
¢ upper input terminal of gate 232. The
tion to double AND gate 232 is made over
: receives signals from Schmitt trigger

oy

aft

zrminal from gate 232 is coupled over
set input terminal of stage 236, which is
rator. In a preferred embodiment stage
ating time of 10 microseconds. The ¢ output
236 is coupled over conductor 237 to the
al of flip-flop 230, of which the 1 output
i d over conductor 238 to a pulse width
"smr 240. The circuitry within pulse modulator 240
well-known manner, such as by chargmg control
ated time period, to produce an output
1 of the time period that flip-flop 230
condition. For example, a pu!se can be
end of this period to apply a signal over con-
poer input terminal of flip-flop 242, the 0
is coupled over conductor 243 and a
ase of an NPN-type transistor 2485,
istor is coupled over conductor 28 to
1 other side of which a suitable posi-
is provided over conductor 246. A
d K,amiieﬁ with motor 11.

f FIG. 6 input conductor 27, which
als fmm the clock shift register 37 denoting
ata pulses are unloaded from the
Pl ed through a limiting amplifier 250 to
tage 251. One output signal from stage 251
uctor 252 and applied to the set input con-
ion of 2 one shot multvibrator 253, the 8 output connec-
of w oupled over a conductor 254 to the upper
n;:mm connection of a f
12 lower output connection from double AND gate 232 is
over a conductor 256 to the upper input connection
ip-flop stage 242. The same output connection of stage
also cou mee over conductor 257 to the lower input
op or multivibrator stage 2558, the 0 output

trigger s
Cont

connection o

comnsction of which is coupled over conductor 258 to the
uppe ¢ connection of an AND gate 260. Schmitt trigger
stage is coupled over conductor 261 to the other input

nnection of AND stage 260, and the output connection

rom gate 260 is coupled over conductor 262 to the lower

wput connection of flip-flop 242,

tion of the servocontrol circuit, precise signals in-
at V/mcn data is discharged from the storage

‘i:"ggmf stage 251, AND gate 260, ﬂlp—
- 244 to gate on transistor 245 and drive
ular timing signals denoting the rate at
gister is operated, and thus the rate at
ta is fed into the storage register, are received over
lied through amplifier 220 to Schmitt

20

25

30

35

40

45

55

60

65

70

75

8

trigger stage 221. The output on stage 221 is passed over con-
ductor 222 to initiate operation of the series-coupled one shot
multivibrator 223, 225. It is noted that by varying the total
time duration of this effective delay line (223, 228) another
measure of regulation of the phase control between signals ap-
pearing on conductors 22 and 27 can be effected.

The output signal from one shot multivibrator 225 is applied
to flip-flop stage 230, to another one shot multivibrator stage
227, and to an input connection of double AND gate 232. The
0 output terminal of one shot stage 227 is also coupled to
another input terminal of gate 232. With signals now present
on conductors 233 and 231, as the next Uming pulse is
received over conductor 22 and initiates operation of Schmitt
trigger 221, another pulse is applied over conductor 234 and
an output signal issues from gate 232 over conductor 238.
This output signal actuates one shot multivibrator 236, which
applies an output signal to the lower input connection of flip-
flop 230, returning stage 2380 to s normal condition. Ac-
cordingly this time period, between the operation of stage 228
to change the state of stage 230 and the reset of stage 230,
determines the time of operation of pulse width modulator
240 and thus the time at which an output pulse is issued over
conductor 241 to reset flip-flop 242 and deenergize driver
244. The voltage which the motor “sees” is essentially a
steady state voltage of a duration sufficient 1o maintain the
desired phase difference between the rate at which data is
clocked into the storage register and the rate at which the data
is read out. Should the load on the motor change because of
conditions in the tape transport, the servosystem auiomati-
cally compensates to provide accurate operation of the
complete system.

Any small changes in the rate at which data is fed into the
buffer storage register will effectively change the length of the
time period during which flip-flop 230 is actuated to cor-
respondingly change the time at which the output pulse issues
from modulator 240 to deenergize driver 244.

SUMMARY

The present invention provides an accurate, fast-operating
system for discharging data from a magnetic tape, which data
is subjected to jitter or time-displacement errors by reason of
the fundamental limitations of the mechanical tape transport.
However by utilizing the precise timing signals from the clock
shift register as a reference, to govern the rate at which data is
shifted out of the register, jitter-free output data is obtained
from the register at a very precise rate and completely free of
the errors which were present as the data was shifted into the
register. By correlating the speed of motor 11 as a function of
the time interval between receipt of one set of timing signals
over conductor 27 and another set of timing signals over con-
ductor 22, control circuit 23 automatically regulates motor 11
to drive the tape transport at the appropriate speed. In this
way the amount of data within register 35 is always regulated
within suitable limits to operate at the maximum speed possi-
ble without causing overflow of the register. Likewise the
under-speed condition is avoided and the storage register
never is permitted to run dry. With this system precise, jitter-
free data pulses are provided.

While only a particular embodiment of the present inven-
tion has been described, it is apparent that various modifica-
tions and alterations may be made therein. It is therefore the
intention in the appended claims to cover all such modifica-
tions and alterations as may fall within the true spirit and
scope of the invention.

We claim:

1. In a data transfer system including a mpe fransport,
magnetic tape medium for storing both data information dﬂd
timing information thereon, and a motor operative to drive the
tape transport:

a data storage register for accepting said data information

from the tape medium subject to jitter as the data is gated
in by said timing information and for discharging the data,



3,571,801

9

a tape shift register for receiving said timing information
from the magnetic tape medium to regulate the passage of
said data information from the magnetic tape medium
into sald data storage register, and for providing a first set
of timing signals in accordance with the cycling of said
tape shift register, a clock shift register for receiving
precise timing signals to regulate the read out of the data
information from the data storage register, and for
providing 2 second set of timing signals in accordance
with the cycling of said clock shift register;

a readout unit comprising a temporary buffer storage array
for re:?vw;;u data information read out of said data
storage register, and a shift register and divide by 10 cir-
cuit coupled to said temporary buffer storage array,
operative in accordance with rveceipt of precise timing
signals to sequendally gate the data information out of
said temporary buffer srzorage array and to provide
precise timing sigma‘ia to said storage register each time

said shift register and divide by 10 circuit is cycled; and
comLm circuit, having an cutput terminal coupled to said

rmotor, 2 first input connection for receiving said first set
of timing signals indicating the variable rate at which data

is transferred from the tape recorder into the data storage
register, and a second input connection for receiving said
second set of timing signals indicating the precise rate at
which data is transferred from the data storage register
into the temporary buffer storage array, said control cir-
cuit regulating energization of the motor at a speed such
that the data storage register always has data stored
therem and neither overflows nor runs dry.

a data reproducing system including a tape transport, a
ma@nemc tape for storing both data signals and timing signals
thercon, and a motor {'or driving the tape transport:

a storage register for accepting said data signals from the
magm?i(' tape as the data, then subjected to jitter-type er-

ror, is gated in in paraliel format by said timing signals;

a paraliel-to-serial converter including a temporary buffer
storage array for receiving the data signals in parallel for-
mat from said storage register, and a shift register and di-
vide by 10 circuit for receiving precise timing signals from
a master source and for gating the data signals out of said
temporary buffer storage array at a precise, jitter-free
rate in accordance with receipt of said precise timing

signals, and for passing a timing signal to said storage re-
gister each time said parallel-to- senal converter is cycled;
a.nd

a digital servocontrol circuit, coupled to said motor, having
a first input connection for receiving first timing signals
from said storage register connoting the rate at which
data is gated into said storage register, and a second input
connection for receiving second timing signals from said
storage register connoting the rate at which data is gated
out of said storage register, thereby to drive the motor at
a speed such that the storage register always has data
stored therein, and the register neither overflows nor runs

w
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dry.
3. A data reproducing system as claimed incla
said storage register includes a tape &
input circuit for receiving said timing &
netic tape and an output circuit for pa
sagnals to said dlgltal servocontrol circuit to ind
at which data is shifted into the storage register,
shift register having an input circuit for
signals fm'n the shift register and divide by 1@ c..xs
cutput circuit for passing the second timin
dj wta\E servocontrol circuit to indicate the rale
shifted out of the storage register.
4. A data reproducing system as claimed in
said storage register includes:
a data storage register including a pha
stages intercoupled in 2 matrix ha
rows and a second number of

number of input conductors correspe
number and respectively coupled te

stages for shifting data mgnaﬁs into &
gister in parallel format, and 2 nu
tors also corresponding to said £
tively coupled to the rows of stor:
data signals out of said storage re

a tape shift register comprising a nus

esponding to said second numbe
ductor for receiving the timing sign
tape, a plurality of output conduct
pled between said shift stages and the co
stages in said matrix for regulating the shi
signals over said data storage re
and another output conductor for
signals to the digital servocontroi circu
register is cycled; and

a clock shift register compri

also corresponding to said second numt
input conductor for receiving said timi
shift register and divide by 10 circuit, a plur
conductors respectively coupled betwees
in the clock shift register and the columns of stor
stages in said matrix for regulating the shifting Imz m da
signals over said data storage register output
and another output conductor for pass
timing signals to the digital servocontr
clock shift register is cycled.

5. A data reproducing system as claimed in claim 2 in whi
said digital servo control circuit comprises
which is changed from a first state to a
relation with receipt of said second
storage register and which is returned ¢
to smd first state in timed relation with re f
ing signals from the storage register, to ¢ mms en
said motor for the appropriate time inferval to r
level of data signals in said storage register botween mzsg er
levels so that the register neither overflows nor runs dry.
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