
Tutorial 

Margin Testing of Digital Videotape Recorders 
By Richard D. Petit 

The recently emerging use of digital recording techniques in the video field 
has bridged the gap between broadcast and instrumentation applications of 
magnetic storage. The differing demands of data and video storage require 
specific error-correction and testing strategies. This article presents a 
historical perspective of testing in the instrumentation and computer stor- 
age fields. The increase in recording densities with the attendant need for 
margin testing is discussed. Margin testing is defined and the application of 
margin-testing techniques for the DVTR is proposed. 

agnetic storage system test M techniques have evolved with 
the advancing technology of record- 
ing itself. Prior to the emergence of 
digital, and later wideband, applica- 
tions, flutter and signal-to-noise ratio 
measurements were generally suffi- 
cient. With the advent of early data 
processing recorders came jitter and 
bit-error rate measurements, while 
wideband recorders benefited from 
such sophistication as group delay 
measurements. Color video record- 
ing, with its dependence upon phase 
relationships, led to vectorscope 
phase measurements. 

Tests have emerged to fit the sensi- 
tivities of the end application of the 
recorder. Early audio recorders were 
tested to meet the needs of the human 
ear (a fairly discriminating sensor). 
Digital recorders had to withstand the 
rigors of the banking sector (also dis- 
criminating). The complexities of 
video recording notwithstanding, the 
most direct judge of performance is 
the human eye. Flutter measurements 
of an audio recorder relate directly to 
human perception, while phase rela- 
tionships in a video recorder are more 
arcane. To this end the results as ob- 
served on a video monitor have held 
importance in the video field. 

Recent developments in both the 
audio and video fields have tended to 
blur the distinctions between these 
and other previously diverse applica- 
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tions of recording technology. Not 
only have these two analog media 
yielded to digital encoding, computer 
data storage recorders, traditionally 
conservative, have given way to high- 
er recording densities. Powerful er- 
ror-detection and correction schemes 
(EDAC), as well as error conceal- 
ment, have evolved to enhance the 
performance of these recorders, but 
traditional recorder problems persist. 
The more these problems are under- 
stood and minimized, the more effec- 
tive the EDAC strategies will be. 

Digital Recording Considerations 
The relative immunity of digital re- 

cording to nonlinearities in the re- 
cord/reproduce process has led to 
higher accuracies, greater stability, 
and more dynamic range than FM 

and direct recording.’ This, coupled 
with ongoing advances in attainable 
digital recording densities, the chief 
distractor when compared with ana- 
log techniques, has led to its wide- 
spread application. However, with the 
exception of digital audio, most of the 
applications have involved high data 
rates, thereby renewing the impor- 
tance of such parameters as band- 
width, jitter, tape imperfections, and 
signal-to-noise ratio. 

Bandwidth considerations have led 
to a variety of digital recording for- 
mats. Upper band edge, DC content, 
and self-clocking capability have 
played competing roles in choosing 
the appropriate format. Bi-phase for- 
mats are self-clocking and do not re- 
quire any DC response but need an 
upper band equal to the data rate. The 
Miller format, also called MFM or 
delay modulation, reduces the band 
edge needs to one-half the data rate 
but requires data transition integrity 
to within 25% of a bit cell. Nonreturn- 
to-zero (NRZ) formats benefit from 
one-half data rate band edge and 50% 
bit cell transition integrity require- 
ments, but need DC response. Strate- 
gies to minimize the need for DC re- 
sponse such as randomizing and 

~~~~~ 

; 56s I 
....................................................................... 

p m v  1 
:........ 

..... ....... ....... ....... ...... I 2  ........I 

4 b- Eye Opening (Margin) 

Figure 1. Eye pattern. 
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group encoding exist, but one way or 
another, limiting recorder band- 
widths must be considered. 

Jitter, predominently caused by 
head-to-tape motion irregularities; 
tape imperfections, leading to drop- 
outs; and noise, in its many personifi- 
cations, all affect the integrity of digi- 
ta l  recording. These and other  
detractors all combine to impact error 
rate. Indeed, of all considerations, er- 
ror rate is the final judge of the perfor- 
mance of a digital recorder, yet it re- 
mains sudden and unpredictable. 
While the measurement of the indi- 
vidual detractors each yield insight to 
margin, an overall margin measure- 
ment would be useful. 

Margin Testing 
Historically, the need for margin 

testing has been partially fulfilled by 
the use of eye patterns. An eye pattern 
can be obtained on an oscilloscope by 
synchronizing to the data and display- 
ing several bit periods. Typically this 
is done by looking at a point in the 
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reproduction channel where the data 
is still analog in nature and yields a 
pattern similar to that shown in Fig. 1. 
Influences detracting from margin 
have the effect of blurring the pattern. 
Margin is inferred from the width of 
the openings in the eye patterns. 

While eye patterns reveal the cu- 
mulative effect of all error causes and 
are simple to create, they are difficult 
to quantify and subjective by their 
very n a t ~ r e . * ~ ~ ~ ~  In the disk drive in- 
dustry, which is faced with similar 
challenges to the tape arena, window 
~ l i d i n g ~ , ~  has long been in use as a test 
technique. This approach involves ar- 
tificially modifying the window of ac- 
ceptibility and measuring error rates. 
If a narrow window yields acceptable 
results, a degree of margin is inferred. 
More recently, the use of time interval 
analysis (TIA) has been advocat- 
ed.3.4.6.7 Time interval analysis evalu- 
ates the channel under test without 
modifying the expected performance 
characteristics of the channel. 

As a means of introduction to time 

Time 

interval analysis, consider the follow- 
ing. A square wave has a half period, 
T, as depicted in Fig. 2a. In the ab- 
sence of any abnormalities, each half 
period is exactly equal to Tin length. 
If many of these periods ( T )  were 
measured with the results stored in 
memory, a picture, or histogram, 
could be plotted against time. 

Figure 2b represents such a plot. In 
this case, since all measured intervals 
were exactly T,  the result is a straight 
line. The height of the line corre- 
sponds to the number of measure- 
ments (in this case about 30,000). The 
horizontal placement of the line cor- 
responds to the time between edges on 
the measured waveform. 

Figures 3a and 3b are the same as 
the two previous figures except that 
jitter has been added to the signal. 
The TIA plot reveals the presence of 
square wave jitter as a distribution of 
measured time intervals around the 
nominal expected period, T.  The 
width of the plot at the baseline is the 
magnitude of peak-to-peak jitter. 
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Figure 2. Square wave without jitter: (a)  scope; (b) time interval analysis (TIA). 
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Figure 3. Square wave with litter: (a) scope; (b) TIA. 
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Figure 4 illustrates this measure- 
ment technique applied to a Miller, or 
MFM, encoded digital signal. An 
ideal signal is shown. A salient char- 
acteristic of MFM is that the time 
between transitions is limited to one 
of three possibilities. These are shown 
in Fig. 4 as T1, T2, and T3. For ran- 
dom data content, the number of oc- 
currences at  each of these intervals 
should be nearly equal. Figure 4b de- 
picts this case from a measurement 
sample of 100,000 intervals. There 
are about 33,000 occurrences at  
precisely each of the three nominal 
periods. 

A realistic view of reproduced 
MFM data would yield TIA histo- 
grams similar to those shown in Fig. 5. 
Figure 5a shows the results of jitter, 
itself due, in part, to system noise and 

head-to-tape motion irregularities. 
Figure 5b depicts the added degrada- 
tion due to bit shift, in turn due to 
intersymbol interference. As dis- 
cussed earlier, these and other factors 
detract from margin in an additive 
way. 

The literature abounds with discus- 
sions of these problems as well as oth- 
ers and the relative merits of the vari- 
ous encoding schemes. Common to all 
the problems and the various solu- 
tions is the need for a consistent and 
quantitative technique for the mea- 
surement of margins. Figure 6, a 
Miller2 TIA histogram, illustrates 
how time interval analysis can com- 
bine the tests performed by eye pat- 
tern and sliding window analysis. The 
spacing between adjacent interval 
distributions, measured at the base- 

line, is equivalent to the opening in an 
eye pattern. The margin window, de- 
picted as a shaded bar under the ex- 
pected distribution of each of the five 
possible time intervals, is the equiva- 
lent of a sliding window. 

Analysis Requirements 
The application of time interval 

analysis to high density, high data 
rate recording systems requires con- 
sideration in several important areas: 

Convenience of presentation 
Resolution 
Accuracy 
Measurement speed 

Convenience of Presentation 
A data base of stored results is key 

to convenience. Many tests may be 
applied to the data base, with the re- 
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Figure 4. An Ideal MFM encoded signal: (a)  scope; (b) TIA. 
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sults presented in easy-to-interpret 
ways. The previous paragraph high- 
lighted some of these, such as histo- 
grams, margin windows, and movable 
cursors. Mathematical analysis over 
user-defined areas of data, such as 
statistical mean, standard deviation, 
and sum would be useful. Standard 
user interfaces to printers and con- 
trollers should be provided. Many 
other features can be imagined. 

Resolution 
As data rates climb, time interval 

measurement resolution require- 
ments get smaller and smaller. For 
single shot measurements, resolution 
can be no better than the uncertainty 
of the quantization process. Other 
measurement uncertainties could de- 
grade resolution. These uncertainties 
are discussed under accuracy consid- 
erations in Table 1. Counting cycles 
of a reference time base, between 
start and stop triggers, yields resolu- 
tion equal to the period of the time 
base. A 1-GHz reference would pro- 
vide 1 nsec of uncertainty. Better res- 
olution is needed, but higher frequen- 
cy time bases are limited by practical 
considerations such as expense and 
bandwidth. Interpolation techniques 
can be employed to obtain subnanose- 
cond resolution without the need for 
high-frequency time bases.R 

Accuracy 
Other factors affecting measure- 

ment accuracy must be considered. 
These, as well as quantization errors, 
are shown in Table 1 and can be clas- 
sified as systematic or random. Sys- 
tematic errors have the effect of bias- 
ing the results in one direction and 
may be removed by periodic calibra- 
tion. Random errors limit the accura- 
cy of a single shot measurement, but 
their effect can be reduced by averag- 
ing multiple measurements. Averag- 
ing can improve resolution by a factor 
of where n is the number of 
measurements. 

Input noise and trigger level errors 
are both inversely proportional to the 

Table 1 - Error Sources 

Random Errors Syrtomatlc Error8 

input nolse Trigger level 
Quantization Differential circuit 

Jitter (short term 
path delays 

Long term time 
time base stability) base stabiilty 

4 14- Margin Window 

Figure 6. A Miller histogram. 

slew rate of the input signal. As such, 
the user has some control over these 
uncertainties while the others are de- 
pendent upon instrument design. Jit- 
ter and long-term time base stability 
are a function of the time base oscilla- 
tor. Provisions for the use of an exter- 
nal oscillator would give user influ- 
ence to these factors. Quantization 
and differential delays are completely 
design-related and must be mini- 
mized by the instrument designers. 

Measurement Speed 
Many of the analysis approaches 

advocated above depend upon fast 
measurements. Accumulation of a 
large data base allows statistical anal- 
ysis, resolution improvement, and the 
use of histograms, to name a few. To 
make these techniques practical the 
data base must be acquired quickly. 
Sample sizes in the billions are not 
extraordinary when system error rate 
must be maintained at  1 in lo8 or 
better. Even with the high data rates 
in emerging DVTRs, and zero mea- 
surement processing time, over a min- 
ute can be consumed in gathering a 
billion measurements. Add to this the 
time to process or simply store a mea- 
surement, and the importance of 
speed becomes clear. 

Conclusion 
As digital recording gains accep- 

tance in the broadcast industry, suit- 
able techniques for measuring record- 
er performance become important. 
The use of powerful error-correction 
and error-concealment strategies has 
accompanied the application of digi- 
tal recording of video signals. These 
strategies compensate for recorder 
frailties but at the same time hide the 
sudden nature of errors. No indicator 

of impending breakdown of error cor- 
rection exists. Margin testing should 
become an adjunct to built-in error 
detection and correction in DVTRs. 

These tests should be quantitative, 
repeatable, easy to perform, and offer 
the precision needed to measure sig- 
nals in the 100 Mbit/sec range. Such 
tests would provide common assess- 
ment techniques between the develop- 
ment lab, quality control, receiving 
inspection, and end user. 

Margin testing as advocated here 
can be applied to DVTRs now. Test 
instruments meeting the require- 
ments discussed above are available 
from multiple sources. One such ex- 
ample is the Model 3 100 Time Inter- 
val Analyzer from the Kode Div. of 
Odetics. Test instruments of this type 
have a history of proven effectiveness 
in the recording industry. 
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