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(57) ABSTRACT 

A System for measuring a length of tape available for a 
record operation has both a tape Supply reel which rotates as 
a tape leaves the Supply reel during a tape transfer process, 
and a tape take-up reel which receives tape from the Supply 
reel, and the tape take-up reel also rotates as it receives the 
tape during the tape transfer process. There are provided an 
encoder responsive to movement of the tape, a first angular 
position transducer to measure an angular position of the 
tape Supply reel, a Second angular position transducer to 
measure an angular position of the tape take-up reel, and a 
third transducer responsive to the encoder. A Kalman filter, 
responsive to an angular position measurement by the first 
angular position transducer, the Second angular position 
transducer, and also the third angular position transducer, 
calculates the length of tape available for a record operation. 
The Kalman filter also calculates the radius of the tape pack 
on the Supply reel, and the radius of the tape pack on the 
take-up reel. 
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ESTIMATING TAPE PACK RADIUS USINGA 
KALMAN FILTER 

FIELD OF THE INVENTION 

0001. The invention relates to tape systems, and in par 
ticular, to Systems for determining the tape pack radius of 
Supply and/or take-up reels. 

BACKGROUND OF THE INVENTION 

0002 Tape systems generally have two reels for storing 
tape, namely, a Supply reel and a take-up reel, a capstan for 
moving the tape from reel to reel and tension arms for 
regulating the tape tension. High-performance tape Systems 
also include Servo Systems, which regulate tape position and 
Velocity. The Servo Systems rely on estimates of the tape 
pack radii to determine how to control the rotational Speeds 
of the reels to achieve the desired tape Velocity and position. 
The more accurate the estimates, the more precisely the 
Servo System can control the movement of the tape. 
0.003 Good estimates of the tape pack radii are funda 
mentally important in controlling all aspects of the System 
operations. For example, good estimates are important in 
determining from which reel to draw the tape to wrap around 
a Scanner. An inaccurate estimate could result in an over 
rotation of the Selected reel. Further, good estimates are 
important to determining when to decelerate a high-speed 
rewind operation, again to avoid over-rotation of one of the 
reels that may result in the breaking of the tape of the 
detatchment of the tape from the reel. Also, good estimates 
are important to determine if there is Sufficient tape available 
on the Supply reel to complete a record operation. Inaccurate 
estimates of the reel pack radii can result in incomplete 
record operations, if the System Sufficiently under estimates 
the tape position. 
0004. In prior known systems the tape pack radius is 
calculated from measurements of the angular positions of 
the reels and the capstan. The position measurements are 
made by, for example, optical encoders that count the 
number of slots that pass between a photo detector and a 
light Source as the reel rotates. The calculations produce 
results that are at best as accurate as the position measure 
ments, which tend to be “noisy.” With optical encoders, for 
example, the measurement noise is due in large part to 
quantitization errors. At Slow speeds these Systems tend to 
produce relatively inaccurate results because the position 
measurements are comparable to the quantitization errors. 
0005 Certain prior systems have processed the noisy 
measurement using low-pass filters, in order to Smooth 
them. However, this approach has two significant problems. 
First, the Signals produced by these filters always lag behind 
the true tape pack radii, or in other words, the estimates are 
biased. Second, these filters are slow to converge. Moreover, 
there is an intrinsic tradeoff-the more the filter Smooths the 
output signals, i.e., the estimates of the tape pack radii, the 
more lag is introduced into the System and the slower the 
convergence. 

SUMMARY OF INVENTION 

0006 The invention is a tape system that uses a Kalman 
filter to produce both an estimate of the tape pack radius and 
an estimate of the associated estimation error variance. The 
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Kalman filter produces the estimates based on current and 
prior angular estimation position measurements of the reel, 
capstan, and tension arm, and the prior estimates of both the 
tape pack radius and the estimation error variance. The filter 
gain is based on the prior estimation error variance and a 
calculated measurement error variance, which is a function 
of the current and prior measurements. Preferably, the 
System uses two Kalman filters, one to produce the estimates 
for the Supply reel and one or produce the estimates for the 
take-up reel. 
0007 More specifically, the Kalman filter includes a 
model of the dynamics of the System that it uses to predict 
what the tape pack radius and estimation error variance will 
be at the time of a new measurement. The Kalman filter then 
updates the estimate of the tape pack radius when a new 
measurement is made, based on this predicted radius and a 
correction factor that is the weighted difference between a 
“measured’ reel pack radius (calculated from reel, capstan, 
and tension arm measurements) and the predicted radius. 
This weight, which is Kalman filter gain, is a function of the 
estimation error variance and a measurement noise, or error 
variance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The above and further advantages of the invention 
may be better understood by referring to the following 
description in conjunction with the accompanying drawings, 
in which: 

0009 FIG. 1 is a functional block diagram of a system 
constructed in accordance with the invention; 
0010 FIG. 2 is a flowchart of the operations of the 
system of FIG. 1; and 
0011 FIG. 3 is a flowchart of the operations of the 
System of FIG. 1 when the System is operating in a coasting 
mode. 

DETAILED DESCRIPTION 

0012) 1. The System 
0013 Referring to FIG. 1, a tape system includes a 
capstan 14 that transfers tape 12 between a supply reel 10 
and a take-up reel 16. When the reels rotate clockwise, as 
depicted by the arrows, tape is wound off of the Supply reel 
and onto the take-up reel and, thus, the tape pack radius of 
the Supply reel decreases as the tape pack radius of the 
take-up reel increases. 
0014 Angular position transducers 21-25, which may be, 
for example, optical encoders, are attached to the shafts (not 
shown) of the capstan 14, the two reels 10 and 16, and the 
tension arms 18 and 20. The transducers operate in a 
conventional manner to measure, respectively, the angular 
positions of the capstan, the reels and the tension arms. 
0015. A supply Kalman filter 26a receives measurements 
from transducers 21, 22 and 24, and a take-up Kalman filter 
26b receives measurements from transducers 23, 22, and 25. 
These measurements are used by the filters to produce 
estimates of the tape pack radii and estimates of associated 
estimation error variances, which provide a confidence inter 
Val around each tape pack radius estimate. The operations of 
the filters 26a and 26b are discussed in more detail with 
reference to FIG. 2 below. Also as discussed in more detail 
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below, the estimates produced by the filters are used by a 
servo system 28 that controls the motion of and the tension 
in the tape 12, and by a tape length estimator 30 that 
determines how much tape is available for a record opera 
tion. 

0016. The tape system includes other well-known ele 
ments Such as additional tape guides, Scanners, longitudinal 
heads, and So forth, none of which are shown in the drawing. 
AS long as these elements are fixed in position So that they 
do not cause the tape path to vary, their presence is imma 
terial to the operations of the Kalman filters 26a and 26b. 
The effects on the operations of the filters of a change in the 
tape path length, for example, by means of movable guides, 
is discussed below with reference to FIG. 4. 

0017 2. The Theory 
0.018 We can look at the system as two subsystems, 
namely, a Supply Subsystem that includes the Supply reel 10, 
the Supply tension arm 18 and the capstan 14, and a take-up 
Subsystem that includes the take-up reel 16, the take-up 
tension arm 20 and the capstan 14. The two subsystems have 
identical theories of operation, and we discuss herein the 
theory of operation of the take-up Subsystem. 
0.019 Let us consider the case when position measure 
ments are made at regular short intervals of, for example, 20 
milliseconds. If the tape is moving, the length of tape that is 
wound onto the take-up reel 16 must travel past the capstan 
14, and we can State that, to a high degree of accuracy, 

0020 where r is the radius of the take-up reel tape pack, 
A0 is the change in angular position of the take-up reel 16 
from the previous Sample time to the current Sample time, 
A0 is the change in angular position of the capstan, u is a 
gain determined by the geometry of the tape path and the 
nominal position of the take-up tension arm 20, and A0 is 
the change in angular position of the arm. The radius of the 
take-up reel is thus: 

reA6 - la A6, eqn. 1 
A6, 

0021. If the tape is moving relatively slowly the “deltas,” 
that is, the changes in the angular positions are comparable 
in magnitude to the position measurement errors. If the 
System relies Solely on these measurements to determine 
tape pack radius and ignores both past measurements and the 
dynamics of the System, errors in position measurements 
translate directly to inaccuracies in the determination of the 
tape pack radius. The prior Systems discussed above in the 
Background section all suffer from this problem. 
0022. Our system circumvents those problems through 
the use of a Kalman filter, which has as an input Signal a 
“measured radius r, that is calculated using equation 10. 
The Kalman filter incorporates a model of how the tape pack 
radius changes as a function of reel position to predict an 
estimated tape pack radius. The filter then uses the measured 
radius to correct this prediction. The derivation of the 
predictive model is considered here. 
0023 Consider the tape pack as a hollow, circular cylin 
drical mass with width “w”, and a uniform density “d,” i.e. 
mass per unit Volume, where d is the density of the tape 
itself. If a length of tape “1” units long, with width w and 
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thickness “6” is wound onto the reel, the mass of the tape 
pack increases by the mass of that length of tape, and the 
radius of the tape pack increases accordingly. 
0024. The mass of the tape pack before the length of tape 
is wound on is: 

0025 where r is the outer radius of the tape pack and ro 
is the inner radius of the tape pack, i.e., the radius of the reel 
hub. Suppose that the radius of the pack increases to r- when 
the length of tape is wound onto the tape pack. The mass of 
the tape pack thus increases to: 

dwTr’-dwTo. eqn. 2 

0026. The increase in the mass of the tape pack due to the 
tape being wound onto the reel is dwlö, which is the mass 
of the additional tape, hence: 

0027 Solving for r, we have: 

r = r l : eqn. 3 
2 = | r + lo 

0028. Given an initial reel radius r, this equation enables 
us to approximately predict what the radius will be after we 
wind on the additional tape of length 1. What we are really 
interested in, however, is an equation that allows us to 
predict what the radius will be given an initial reel radius and 
an amount by which the reel rotates. If the reel rotates in the 
clockwise direction by a Small amount A0, and the reel 
radius is initially r, a length of tape equal to ra0 is wound 
onto the tape pack and the tape pack radius increases by Ar, 
which according to eqn. 3 Satisfies: 

eqn. 4 : 1 
r+ Ar = (? -- irA.) 

hence 

A6d 
Ar = 27tr 

and, in the limit 

i = -0. 

0029. The desired predictive equation is the integral of 
eqn. 4, from an initial time to to the time t for which the 
prediction is required: 

c 
r(tf) - r(to) = 2 0.(tf) - 0.(to) 

0030 where r(t) is the tape pack radius at time t, and 
0.(t) is the angular position of the take-up reel at time t. 
Thus: 
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eqn. 5 
r(tf) = r(to) + :04, - 6 (to) 

0.031 Inaccuracies in this model are accounted for in the 
Kalman filter by an estimate of “noise” applied to the 
System-that is, by quantifying as applied noise essentially 
unmeasurable attributes of the System dynamics. The 
applied noise is one of the factors that is used in determining 
the Kalman filter gain, k, as discussed below with reference 
to FIGS. 2 and 3. 

0.032 To determine the filter gain, the system also 
requires an estimate of the measurement noise, or error, 
variance. The System implicitly assumes that the errors in 
the various position measurements can be represented by 
independent, Zero-mean random variables ei, which each 
have “small” variances. We know that for a smooth (differ 
entiable) function g that maps “n” real numbers to one real 
number, we have: 

0033) 

(i. covate) -- ... +( covario, 

0034. From this relation we obtain the approximate mea 
Surement noise variance. Based on equation 1, we define the 
function g as: 

r (6 - 6 ) - it (6 - 6 ) 
g(6, 6-, 6a, 6-, 6-, 6-) = 6 - 6 

0035) where 0 is the position of the capstan at the current 
Sample time, 0 is the position of the capstan at the previous 
Sample time, 0, and 0 are the positions of the tension arm 
at the current and previous Sample times, and 0 and 0- are 
the positions of the take-up reel at the current and previous 
Sample times. If these quantities are perturbed, respectively, 
by independent, Zero-mean random variables e, e, and e, 
the approximate measurement error variance O, is: 

2 2 .2 2 2 O r var(s) + i var(e) + g(0, 6, 6, 6-, 6, 6- ) var(e) m a.o. 

0036) The variances var(e), var (e) and var (e) are 
computed by assuming that the quantitization error is a 
random variable with Zero mean that is uniformly distributed 
over an interval of size 
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0037 radians, where N is the number of encoder counts 
per revolution. 
0038. The system ignores measurements that it deter 
mines to be unreasonable. As discussed below with refer 
ence to FIG. 3, the system considers a measurement to be 
unreasonable if the associated measurement error variance, 
O, , is greater than the maximum variance O., or if the lax 

three-Sigma measurement interval around the calculated 
measured radius r, as determined by the measurement 
model, is not at least partially included within the interval 
from the minimum tape pack radius, r, to the maximum 
tape pack radius, ra. Ignoring the unreasonable measure 
ments greatly improves the robustness of the Kalman filter 
to capStan Slip. 

0039 The Kalman filters use equations 1 and 6 to pro 
duce estimates of the tape pack radii and the associated 
measurement error variances, respectively, as discussed 
below. 

0040. 3. System Operation 

0041) Referring now to FIGS. 1 and 2, when a tape, for 
example, a cassette tape, that is wound on the Supply and 
take-up reels 10 and 16, is loaded into the System, the System 
has no indication of the tape pack radii. Accordingly, the 
tape pack radii processor 26 in step 300 must initialize the 
Kalman filter with (1) an initial tape pack radius estimate, 
(2) an initial estimation error variance and (3) initial position 
measurements of the capstan, the tension arm, and the reel, 
that is, 0, 0, and 0, where 0, is the angular position of the 
tape reel under consideration, for example, the take-up reel. 
We discuss below the operations of the system in determin 
ing the tape pack radius of the take-up reel 16. The System 
performs the same operations to produce estimates of the 
tape pack radius of the Supply reel 10 and the associated 
estimation error variance. 

0042. The processor 26 uses as the initial estimate of the 
tape pack radius: 

0043 which is the radius when one-half of the tape is 
wound on the reel, and uses as an estimate of the initial 
estimation error variance: 

eqn. 6 

2 (max min) 
12 

0044) which is the variance of a uniformly distributed 
variable over the interval ri to ra. This initial estimate of 
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the error variance is relatively large and indicates that the 
initial estimate of the tape pack radius is very likely to be 
inaccurate. 

004.5 The processor 26 takes a next set of position 
measurements 0, 0, and 0, and calculates A0, A0, and 
A0, using the initial Set of measurements as the measure 
ments of the previous Sample time, namely, 0, 0, and 0. 
(step 302). 

0046. Using these delta values, the processor, in step 304, 
calculates a “measured' radius, r. 

reA6 - la A6, 
A6, in F 

0047 The processor, in step 306, next determines if the 
calculated radius falls outside of the interval of possible 
radii, namely, the interval ri to r If So, the processor 
Sets the calculated r, to rain if r is less than rin, or to ra. 
if r is greater than ra (step 308). 

lax 

min 

0.048. The system then in step 310 calculates a measure 
ment error variance O, , using the measured A0, and the 
calculated radius r: 

Of = s rvar(e) + uvar(s) + rvar(e) 

0049. If the calculated measurement error variance is 
larger than the maximum estimation error variance, which is 
determined by equation 7, the processor determines that the 
angular position measurements are unreasonable (Steps 312, 
314). 
0050 Assuming the calculated measurement error vari 
ance is not greater than the maximum estimation error 
variance, the processor further tests the reasonableness of 
the measurements by determining if at least a portion of the 
three Sigma interval around r is within the interval of r 
to ra (Step 316). If So, the processor determines that the 
measurements are reasonable, and uses the calculated radius 
r, and measurement error variance Om, in the Kalman 
filter to determine estimates of the tape pack radius and the 
estimation error variance. Otherwise, the System determines 
that the measurements are unreasonable and, as discussed 
below, uses predicted values for the estimates. 

0051) If the measurements are reasonable, the processor, 
in Step 318, calculates the Kalman filter gain, k, as: 

0.052 where v is the estimation error variance extrapo 
lated from the previous Sample time. The processor next, in 
Step 320, updates the estimate of the tape pack radius as: 
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0053 and updates the estimation error variance as: 

0054 These updated estimates are the output signals of 
the filter. The servo controller 28 and a tape length counter 
(not shown) then use these estimates to determine how to 
control the tape System, as discussed below. Next, the tape 
pack radius and estimation error variance are propagated to 
the next Sample time. The radius estimate is propagated 
according to the predictive equation: 

0055 which comes from equation 5, and the estimation 
error variance is propagated according to the equation: 

0056 where of is a constant that represents the inaccu 
racies of, or the noise applied to, the predictive model. 
0057 The servo controller 28 uses the estimated tape 
pack radii in conventional feedback and feed-forward loops 
that control the rotational Speeds of the reels and move the 
tape at a desired Velocity. The tape length estimator 30, 
which determines how much tape is available for record 
operations, uses as a lower bound for the tape pack radii: 

0058. This is a conservative estimate, which prevents the 
tape length estimator from over estimating the length of the 
tape available for a given record operation. 
0059. If the processor 26 determines that the measure 
ments are unreasonable, it does not update the filter gain. 
Further, it does not calculate the updated estimates. Instead, 
it predicts what the estimates should be based solely on the 

--=r- previous estimates. The processor, in Step 315, Sets r and 
v'=v and predicts an estimate of the tape pack radius r as: 

0060 and the error variance v as: 

0061 The processor then sets the measured values 0, 0, 
and 0, as the prior values 0, 0, and 0 , respectively, and 
repeats steps 302-320 to calculate updated estimates for the 
next Sample time. 

0062) The system continues to determine and, as appro 
priate, predict estimates for the tape pack radii and the 
asSociated error variances as long as estimates are required, 
that is, as long as the reels continue to rotate. 
0063 Referring now to FIG. 4, the processor operates in 
a “coasting” mode when the tape path length is altered by 
anything but the tension arm. For example, the System 
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operates in the coasting mode when the tape is being 
unwound from one reel and wrapped around the Scanner (not 
shown). The System also operates in a coasting mode when 
the tape is being withdrawn from the Scanner. These opera 
tions, which Significantly change the length of the tape path, 
are not included in the underlying assumptions upon which 
the measurement model in the Kalman filter is based. 
Accordingly, the measured radius r produced by that model 
cannot be used to determine the estimates of the tape pack 
radius and the error variance when the path length is So 
altered. The estimates are instead produced using the pre 
dictive model. 

0064. The system thus extrapolates from the current 
estimates of tape pack radius and estimation error variance 
to the next Sample time by taking a next set of position 
measurements (step 402), determining A0, A0, and A0. 
(step 404) and estimating the tape pack radius by: 

0065 and the error variance by 

0.066 where of is a constant that represents the inaccu 
racies in the predictive model (step 406). It next, in step 408, 
sets 0, 0, and O, equal to the measured values and f"= 
r and v'=v, and at the next sample time again begins the 
process of predicting the estimates. The System thus returns 
to step 402. 

0067. The processor continues operating in the coasting 
mode while the System is varying the tape path length. Once 
the tape path length is held constant, the processor again 
utilizes the filter gain, and operates as discussed above with 
reference to FIG. 3. 

0068 Generally, the system operates in the coasting 
mode for only a Small number of consecutive Sample times. 
By predicting new radii and estimation error variance values 
during the coasting operations, the processor can determine 
at the end of these operations reliable updated estimates for 
the tape pack radii and error variance, as well as a reliable 
filter gain, which is based in part on these estimates. 

0069. While the measurement model could be revised to 
include the System operations in which the path length is 
varied, it is not necessary Since the time the System spends 
So little time performing these operations. Thus, the trade off 
of increased complexity in the model for more accuracy 
during these limited path-varying operations Seems unwar 
ranted. Further, Since the estimateS produced by the Kalman 
filter converge rapidly, the accuracy of the System is only 
minimally reduced by not including in the model the path 
varying operations. 

0070 The foregoing description has been limited to a 
Specific embodiment of this invention. It will be apparent, 
however, that variations and modifications may be made to 
the invention, with the attainment of Some or all of its 
advantages. Therefore, it is the object of the appended 
claims to cover all Such variations and modifications as 
come within the true Spirit and Scope of the invention. 
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What is claimed is: 
1. A System for measuring tape pack radii, comprising: 
a tape Supply reel, Said tape Supply reel rotating as a tape 

leaves Said tape Supply reel during a tape transfer 
proceSS, 

a tape take-up reel for receiving tape from Said tape 
Supply reel, Said tape take-up reel rotating as it receives 
Said tape during Said tape transfer process, 

an at least one encoder responsive to movement of Said 
tape, 

a first angular position transducer to measure an angular 
position of Said tape Supply reel; 

a Second angular position transducer to measure an angu 
lar position of Said tape take-up reel; 

a third transducer responsive to Said at least one encoder; 
a Kalman filter, responsive to one or both of an angular 

position measurement by Said first angular position 
transducer and an angular position measurement by 
Said Second angular position transducer and also 
responsive to an angular position measurement by Said 
third angular position transducer, to calculate an 
updated estimate of one or both of a Supply radius of a 
tape pack on Said tape Supply reel and a take-up radius 
of a tape pack on Said tape take-up reel; 

a Servo-controller, responsive to one or both of Said 
Supply radius and Said take-up radius, to control rota 
tion of Said tape Supply reel and Said tape take-up reel. 

2. The apparatus as in claim 1, wherein Said Kalman filter 
further comprises: 

a Supply Kalman filter responsive to Said first angular 
position transducer and Said third angular position 
transducer, 

a take-up Kalman filter responsive to Said Second angular 
position transducer and Said third angular position 
transducer. 

3. The apparatus as in claim 1 wherein Said at least one 
encoder further comprises: 

a first encoder responsive to an angular position of a 
Supply reel tension arm; 

a Second encoder responsive to an angular position of a 
take-up reel tension arm. 

4. The apparatus as in claim 1, further comprising: 
a capstan, Said tape contacting Said capstan and Said 

capstan rotating as Said tape transferS from Said tape 
Supply reel to Said tape take-up reel. 

5. The apparatus as in claim 3 wherein Said at least one 
encoder further comprises: 

a third encoder responsive to an angular position of a 
capStan. 

6. The apparatus as in claim 1 further comprising: 
a tape length estimator responsive to Said Kalman filter to 

determine the amount of tape available for a record 
operation. 

7. A System for measuring a length of tape available for 
a record operation, comprising: 
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a tape Supply reel, Said tape Supply reel rotating as a tape 
leaves Said tape Supply reel during a tape transfer 
proceSS, 

a tape take-up reel for receiving tape from Said tape 
Supply reel, Said tape take-up reel rotating as it receives 
Said tape during Said tape transfer process, 

an at least one encoder responsive to movement of Said 
tape, 

a first angular position transducer to measure an angular 
position of Said tape Supply reel; 

a Second angular position transducer to measure an angu 
lar position of Said tape take-up reel; 

a third transducer responsive to Said at least one encoder; 
a Kalman filter, responsive to one or both of an angular 

position measurement by Said first angular position 
transducer and an angular position measurement by 
Said Second angular position transducer and also 
responsive to an angular position measurement by Said 
third angular position transducer, to calculate Said 
length of tape available for a record operation. 

8. A method for estimating a radius of a tape on a Supply 
reel and on a take-up reel, comprising: 

measuring a first angular position of a tape Supply reel; 
measuring a Second angular position of a tape take-up 

reel; 
measuring a third angular position responsive to move 
ment of a tape, and, 

estimating by a Kalman filter a radius of a tape pack on 
Said Supply reel and a radius of a tape pack on Said 
take-up reel, in response to Said first angular position of 
Said tape Supply reel, Said Second angular position of 
Said tape take up reel, and Said third angular position 
responsive to movement of Said tape. 

9. The method as in claim 8 wherein said estimating step 
by said Kalman filter further comprises: 
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responding to an initial estimate of Said radius of a tape 
pack on Said Supply reel; 

responding to an initial estimate of a radius of tape pack 
on Said take-up reel; and, 

responding to Said first angular position measurement, 
Said Second angular position measurement, and Said 
third angular position measurement to compute Said 
radius of Said tape pack on Said Supply reel and Said 
radius of Said tape pack on Said take-up reel. 

10. The method of claim 8 further comprising: 
making Said first angular measurement at a first regular 

time interval; 
making Said Second angular measurement at a Second 

regular time interval; 
making Said third angular measurement at a third regular 

time interval. 
11. The method of claim 10 further comprising: 
choosing Said first regular time interval, Said Second 

regular time interval and Said third regular time interval 
each to be approximately 20 milliseconds. 

12. A method for estimating a length of tape available for 
a record operation, comprising: 

measuring a first angular position of a tape Supply reel; 
measuring a Second angular position of a tape take-up 

reel; 
measuring a third angular position responsive to move 

ment of a tape, and, 
estimating by a Kalman filter Said length of tape available 

for a record operation, in response to Said first angular 
position of Said tape Supply reel, Said Second angular 
position of Said tape take up reel, and Said third angular 
position responsive to movement f Said tape. 


