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A TRANSITION DENSITY ANALYZER
FOR HIGH DENSITY DIGITAL CODES

R. D. Petit
Odetics Incorporated

1859 South Manchester Avenue
Anaheim, California

ABSTRACT

A portable test instrument useful in optimizing the performance of high density digital
recorders is described in this paper. The instrument, a transition density analyzer, provides
a graphic display of the distribution of transitions with respect to time for a variety of PCM
digital data formats.

The concept of a transition density analyzer as an improvement upon eye pattern
assessment techniques was presented at the 1976 International Telemetering Conference 
by Mr. J. P. Lerma of Odetics, Inc., Anaheim, California. Mr. Lerma’s paper emphasized
the mathematical modeling of probability density functions and the synthesis of these
models by a density analyzer.

Mr. Lerma’s concept has since been reduced to a working prototype which is currently
under evaluation at Odetics. Discussed in this paper are the operational characteristics of
the instrument as well as applications and the results of its usage on some high density
digital recorders.

INTRODUCTION

A need common to the wide variety of digital magnetic tape recording techniques is a
means of accessing margin. Although tape recorders tend to be judged by their bit error
rate performance, error rate in itself does not identify margin.

A number of traditional techniques such as the measurement of signal-to-noise ratio,
flutter, amplitude modulation levels, etc., are helpful in predicting margin. Ultimately,
however, the cumulative effect of all system disturbances is what gives rise to errors.
These effects combine to cause data transitions to fall beyond the boundaries of
unambiguous data decoding.



Figure 1 represents two graphical techniques for accessing the quality of data transitions.
Figure 1a is the familiar “eye” pattern while Figure 1b, a TDA pattern, is the subject of
this paper.

OPERATIONAL CHARACTERISTICS

The fundamental concept of the TDA is to measure the time between two successive
transitions in a data stream over a period of many transitions, store the individual results,
and display the cumulative results at the end of the measurement period.

For a perfect square wave, the resultant display would be one vertical line, the height of
which would equal the number of total transitions counted. The horizontal location of the
line would be related to the ratio of the data frequency to the TDA sampling frequency,
which is discussed further below.

Figure 2 illustrates how a nonperfect square wave would appear on the display. The effects
of jitter, for example, would cause the time between transitions to vary plus and minus
about the nominal period, yielding the TDA pattern shown in Figure 2. Figure 1b illustrates
the pattern associated with nonperfect delay modulation data.

The primary usefulness of the TDA is in providing an accurate, unambiguous display of
how many transitions occur where they are not supposed to. Definition of that area over
which transitions should not occur is left to the user but may be no smaller than the period
of one sampling clock. The TDA is intended to use a 24X sampling clock for up to 5 Mbps
data, however, the 120 MHz sampling clock may be applied to lower frequency data,
increasing the resolution.

Figure 3 is a simplified block diagram of the TDA and should be referred to in the
following discussion. Two identical high speed count and store circuits operate in parallel
to measure the time between transitions. One circuit services leading-to-trailing edge
periods while the other circuit services trailing-to-leading edge periods. The first edge to
be detected will reset its associated eight-bit counter to zero. The sampling clock will then
exercise the counter through its binary sequence of states until an opposite polarity edge is
detected. At this time, the counter is stopped and used to address a 256 X 16 bit RAM.
The address of the RAM corresponds to the time between the previous two transitions.
The contents of the RAM at that address equal the number of times previous
measurements have been the same. Thus, to update that location of RAM, a count of one is
added to the present count by the adder circuit.

This process continues until the CPU senses that the total number of transitions processed
is equal to the front panel selected amount. The CPU then sequentially reads the contents



of each location of both RAMs. It adds the two RAM values, obtains the base 10
logarithm, and stores the result in the CRT controller for interface to the display.

It is beyond the scope of this paper to discuss the detail performance characteristics, but
Figure 2 is helpful in highlighting some of the more important characteristics. They are:

1. A logarithmic display covering 4.5 decades.

2. A selectable display width of 51, 102, or 204 segments.

3. A selectable sample size of 104, 105, 106, or 107 transitions.

4. A movable curser which is associated with a digital sample count read-out which can
be any odd number of segments for 1 to 15 in width.

5. Three modes of operation: store, update, store and update.

CONCLUSIONS

Odetics has been using transition density analysis on its product line of high density digital
recorders for several years. Previous models of the TDA lacked the sophistication and
automation of the unit discussed in this paper but were invaluable nevertheless in
decreasing test time.

Concrete transition count numbers as opposed to subjective evaluation of the width of an
eye pattern have increased the margins in Odetics’ recorders.

EYE PATTERN
FIGURE 1A



TDA PATTERN
FIGURE 1B

PATTERN COMPARISON

TOTAL TRANSITIONS IN WINDOW
SAMPLE:3942 UPDATE:3927

DISPLAY CHARACTERISTICS
FIGURE 2



 


