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SUMMARY 

PRIVATE AND CONFIDENTIAL 

Technological Report No. T-142 

(1964/77 ) 

A STMPLE DROP-OUT COMPENSATOR 
FOR VIDEO TAPE RECORDERS 

A brief description is given of a simple device that considerably reduces 
the subjective impairment produced by 'drop-out' in video tape recording. Subjective 
tests ar€ described whose results indicate the degree of improvement to be expected 
from the use of such a device. 

1. INTRODUCTION 

During playback of video tape recordings momentary loss of the reproduced 
signal takes place, sporadically, as a result of microscopic blemishes on the tape; 
these blemishes may interrupt the recording process, the replay process, or both. 
'Drop-outs' are typically of some £i ve or ten microseconds' duration and occur at 
mean intervals of a few seconds. The effect of a drop-out on the output of the 
recorder depends on the particular circuit arrangements used for recovering the video 
information from the recorded frequency-modulated signal. In machines of the Ampex 
1000 series the drop-out appears as a peak-white fleck, whereas in R.C.A. and Ampex 
2000 series machines it produces a 'blacker-than-black' video signal, which can there
fore interfere with synchronization. 

The ill-effects of drop-outs can be mitigated by the use of some form of 
'compensator' which, during the occurrence of a drop-out, replaces the distorted 
video signal by a substitute signal. This substitute cannot, of course, restore 
the video information missing from the reproduced signal, but can render its loss 
less obvious. In the simplest form of compensator the missing video signal is re
placed by a constant, manually adjustable, level during all drop-outs; a compensator 
of this type is used in the Ampex 2000. Brief use of an experimental circuit utilizing 
this principle has revealed that, while some improvement is undoubtedly achieved with 
a carefully chosen level of substitute signal, drop-outs are still very noticeable 
in areas where the substituted level differs markedly from the correct level. 

A more sophisticated compensator has been investigated by the 1. R. T. at Munich, 1 
and one of similar type, developed independently, is marketed under the name 'Mincom' 
by the Minnesota Mining and Manufacturing Co., who are also important manufacturers 
of video tape. The compensator incorporates a video delay of one line~period, which 
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enables the video infonnation from the previous line to be substituted during dropo 
outs; in the case of the 'Mincom' equipment the bandwidth of the video delay is about 
1 Mc/ s. The perfonnance of the 'Mincom' compensator is stated, by BBC engineers who 
have seen it demonstrated, to be extremely good, but the unit cost is £1700. It has 
been pointed out, '" in connexion with the somewhat similar form of impairment that 
resul ts from so- call ed 'precipitation-static' interference, that where each impulse 
of interference extends for only one or two picture elements, a delay corresponding 
to two picture elements is as effective as a delay of one line-period in providing an 
effecti ve substi tute- signal. The equi val ence breaks down, however, when interference 
extends over many picture elements, as in the case of a drop-out. 

This report contains a brief description of a type of compensator*'" which is 
relati vely cheap and which, it is thought, may adequatel y meet the needs of operational 
sernce. An experimental model has been built, and assessed by means of simulated 
drop-outs; a second specimen, of similar design but fully developed for actuation by 
real drop-outs, is currently under construction by Operations and Maintenance Depart
ment for operational trials. 

2. DESCRIPTION OF mMPENSATOR 

Drop-outs are obvious in a displayed picture largely because of the difference 
between their luminance and the mean luminance of the surrounding picture area. A 
useful reduction in their visibility might thus be expected to result from any process 
tending to match their luminance to that of their surroundings. In the compensator 
to be described, the commencement of a drop-out causes the video output voltage to 
be maintained at the level that obtained immediately beforehand, until the instant at 
which an undistorted video signal can be restored. It should be noted that this 
type of compensator, unlike that employing a one-line delay, cannot restore the shape 
of a synchronizing pulse that has been marred by a drop-out. 

The compensator and its connexions to the recorder are shown schematicall y 
In Fig. 1. The compensator is inserted into the video signal path between the out-
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Fig. 1 - Block schematic diagram showing compensator connected to video tape recorder 

* by E.R. Rout 
** independently proposed by both G.D. Monteath and the writer 
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put of the discriminator and the input of the processor. The diode switch of the 
compensator normally conducts, and the shunt capacitor is of a value sufficiently low, 
in relation to the source impedance provided by the switch and the preceding ampli
fier, to allow transmission of the video signal with negligible distortion. The 
frequency-modulated signal from the output".of the head swi tcher in the recorder is 
monitored by the envelope detector and, whenever the amplitude of this signal falls 
below a predetermined level, the resultant change in the d.c. output of the detector 
causes the bistable circuit to change from one stable state to the other. Thi s 
renders the diode switch non-conducting and the capacitor can then discharge only 
through the high input impedance of the amplifier following it. The time constant is 
many times greater than the duration of a drop-out, thus the output signal is main
tained at an almost constant level until the frequency-modulated signal is restored 
and the diode swi tch reverts to its conducting state. 

The operation of the diode switch must be carefully timed with respect to 
the moments at which the level of the f.m. signal falls to a level that results in a 
drop-out, in order that the compensator shall cause the minimum loss of video infonna
tion consistent with removal of the drop-outs. Because of the delay present in the 
limiter and discriminator, a compensating delay (not shown in the figure) is used in 
the circuit coupling the envelope detector to the bistable circuit. This should 
correctly determine the start and finish of the non-conducting period of the switch; 
however, the characteristics of the limi ters, discriminator, and video de- emphasis 
circuits installed in the Ampex 1000 C recorder that was used in conjQ~ction with the 
experimental compensator were found to require that the compensator continue to operate 
for. an interval two to three micro-seconds longer than the duration of a drop-out. 
Although video information was absent only for a period equal to the duration of the 

drop-out, it was found necessary to delay the re-setting of the compensator because 
the video signal emerging after the end of each drop-out was badly distorted for an 

interval of two to three micro-seconds. It was therefore arranged that the interval 
between failure of the f.m. signal and open-circuiting of the diode switch was shorter 
than the interval between restoration of the signal and re~closure of the switch. 

As a consequence of this need to extend the duration of a compensated drop
out by two to three micro-seconds it has been found advisable to ensure that the 
compensator is not actuated by very short drop-outs, such as those resulting from 
scratched tape, or by the momentary discontinui ti es that accompany head switching. 

The experimental model that has been buil t uses thirteen transistors and 
seven diodes, and could be manufactured relatively cheaply. 

3. SUBJECTIVE ASSESSMENT OF THE COMPENSATOR 

Subjective tests, utilizing simulated drop-outs of known duration and repe
tition rate, were carried out in order to assess the benefit to be expected from use 
of the compensator. 

3.1. Experimental Arrangements 

Prior to display on a picture monitor, a video signal was passed either 
through the compensator or through a drop-out simulator; both circuits were actuated 
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by the same 'drop-out' pulse generator, which supplied pulses of known duration and 
repetition rate. In the compensator, these pulses were substituted for the output 
of its envelope detector and, therefore, caused the compensator to operate as though 
a drop-out had occurred. In the simulator, the video signal was replaced, during 
each pulse, by a constant voltage which could be set to black level or to a level 10% 
above white. Signals containing either black or white drop-outs could thus be com
pared with the output of the compensator, which is not affected by the type of drop-out. 

3.2. Experimental Procedure and Results 

A group of five observers, who were television engineers, watched 405-line 
pictures of sporting events displayed on a high-grade 21 in. monitor. The pictures, 
which were viewed from a distance of six times the picture height, had a peak-white 
luminance of 25 ft-L (268 a.s.b.) and the ambient illumination was such as to reflect 
a luminance of 0'5 ft-L (5'4 a.s.b.) from a white card alongside the display. In 
each test, of which there were eighteen in a session, simulated drop-outs having a 
chosen combination of duration and repetition rate were imposed for a period of one 
minute; tests involving black, white and compensated drop-outs were mixed in random 
sequence. The beginning and end of each test was identified by announcements super
imposed on the sound channel of the programme and at the end of each test the observers 
recorded, by means of a six-point grading scale, the extent to which their enjoyment 
of the programme had been impaired by drop-outs. The entire session was then repea
ted using different observers. Only nine different test conditions were used during 
each session; each was presented in two tests occurring several minutes apart in 
order to reduce the effect of picture content. 

The grading scale used was as follows: 

1. Imperceptible (No impairment) 

2. Just perceptible (Negligible impairment) 

3. Definitely perceptible but not disturbing (Slight impairment) 

4. Somewhat objectionable (Marked impairment) 

5. Defini tel y obj ectionable (Severe impairment) 

6. Unusable (Complete impairment) 

It will be seen that the usual BBC six-point scale has been modified by 
addition of the set of phrases in parentheses des,cribing degrees of impairment. 
It was found necessary to augment the scale in this way because observers found the 
usual scale confusing. They found, for example, that drop-outs recurring at long 
intervals were 'definitely perceptible' at their moments of occurrence yet, because 
of their infrequency, constituted too tri vial an impairment to meri t the compara
tively adverse assessment implied by a grading of '3'. 

The test conditions were chosen in order to allow the subjective effects of 
black, white and compensated drop-outs to be compared in two different ways. It was 
required to know, first, how the type of drop-out affected the impairment produced by 
a given combination of duration and repetition rate and, secondly, how it affected 
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the repetition rate necessary to produce a given impairment, assuming a constant value 
of drop-out duration. 

For the first comparison, drop-outs having a duration of about 10 J.1-S and a 
repetition rate of four per second were used. The mean gradings for the three types 
of drop-out were: 

White drop-outs 3'65 

Black drop-outs 2'45 

Compensated drop-outs 1·65 

Thus when the uncompensated drop-outs were white, compensation reduced the 
impairment by 2'0 grades, and when they were black, by 0'8 of a grade. In order to 
allow the second comparison to be made, white, black and compensated drop-outs were 
assessed for various combinations of duration and frequency, all chosen to produce 
impairment gradings between 1'5 and 2'5. It was found that, for a given duration of 
drop-out, very similar impairment gradings were obtained when the respecti ve repetition 
rates of white, black and compensated drop-outs were in the ratios 1 : 3 : 8. 

Thus, when the uncompensated drop-outs are white, the compensator produces 
the same improvement in subj ecti ve grading as reducing the mean frequency of occurrence 
to one eighth of its actual value; when the uncompensated drop-outs are black, using 
the compensator produces the same improvement as reducing the frequency to three 
eighths of its actual value. 

4. CONCLUSIONS 

At the present time many new tapes are rej ected because of impairment by 
drop-outs and the results obtained with the experimental compensator suggest that its 
use would allow many pf these tapes to be accepted and would render completely inno
cuous the drop-out activity of all tapes at present accepted. 

The method of compensation described is, of course, inherently inferior to 
that which uses a one-line delay. However, it is probable that any tape whose drop
out activity is too great for effective compensation by the simple compensator would 
in any case be unacceptable to Operations and Maintenance Department, because high 
drop-out content is often found to be associated with imperfect adhesion between the 
oxide surface and the tape backing. This may cause one or more heads to become 
fouled to such an extent as to render a recording quite unusable. 

The simple compensator described promises to offer a useful reduction in 
the subj ecti ve impairment produced by drop-outs. Final assessment of the device 
will be possible when it has been tested with real drop-outs rather than simulated ones. 
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