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(54) Building sample rate independent timing diagrams using digital edge averaging

(57) A method can include receiving an input signal
having multiple signal edges, performing an initial scan
of the input signal to identify peaks corresponding to the
signal edges, and determining whether each peak is a
Uniformly Synchronous (US) edge or a Quasi-Synchro-
nous (QS) edge. The method can also include generating
a final waveform and displaying the final waveform on a
display device.
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Description

[0001] Digital acquisition devices, such as the Tektro-
nix TLA7000 Logic Analyzer, enable electrical engineers
to measure the signals produced by the digital systems
that they design. Research labs use digital acquisition
devices to observe correctness of timing and intensity of
signals in microprocessors, memory, buses, and other
components of digital systems. Acquisition devices play
a major role in the development of the continually ad-
vancing electronics industry.
[0002] A digital acquisition device will typically display
a sensed signal as a sharply elevated or descending step.
The rise from "off" to "on" and the descent from "on" to
"off" is usually synchronized with the period of a clock in
the system under test, and the transition from one state
to the other is represented visually as a vertical edge. It
is useful to distinguish the clock of a system under test
from a clock of a digital acquisition device.
[0003] In order to provide high resolution on the signal
under test, the sample clock of the digital acquisition de-
vice must pulse, and therefore sample the signal under
test, at a frequency higher than the frequency of the test-
ed system’s clock. This yields meaningful measurements
to engineers using the acquisition device. The distance
between two consecutive pulses of the clock for the digital
acquisition device may be referred to as a sampling bin,
and the pulse itself is the sampling bin boundary. A rising
or falling edge in an ideal scenario will consistently land
within a single sample bin and, therefore, will be consist-
ently associated with a single sample clock edge.
[0004] When testing a particular design, engineers
sometimes measure a signal occurring in a repeated pat-
tern. The acquisition device may be programmed to begin
data acquisition with a trigger, which can itself be a rising
or a falling edge. By supplying a repeating input, engi-
neers can observe whether an input predictably and re-
liably generates a consistent output. Under ideal circum-
stances, the output is displayed as a static series of steps
if the device is working as expected. Circumstances,
however, are not always ideal.
[0005] Use of Digital Edge Averaging (DEA) on a set
of digital signals can eliminate jitter-related chatter while
simultaneously increasing the timing accuracy of the edg-
es beyond the abilities of the base acquisition system.
Digital Edge Averaging refers to the application of "edge
averaging" or "signal averaging" techniques, as used on
analog channels, to digital signals. However, DEA alone
requires that all edges on all digital signals be Uniformly
Synchronous (US) to the trigger event. That is, a DEA
representation of any single transition can only be calcu-
lated if that edge occurs within a DEA aperture in every
repeated acquisition.
[0006] Accordingly, there remains a need for improved
methods for presenting a waveform on a digital acquisi-
tion device.

Summary

[0007] Embodiments of the disclosed technology gen-
erally include application of Digital Edge Averaging
(DEA) techniques to reliably acquire complex digital sig-
nal edge relationships to create a digital display that is
independent of the base sample rate. Such embodiments
generally gain timing accuracy of edge placement be-
yond that of the base sampling system, recover signals
that would otherwise be obscured by jitter effects, and
recover edges that would otherwise be obscured by com-
plex relationships to the trigger event.
[0008] Embodiments include, a method comprising:
receiving an input signal having multiple signal edges;
performing an initial scan of the input signal to identify
each of a plurality of peaks corresponding to the multiple
signal edges in the input signal; determining whether
each of the plurality of signal peaks is a Uniformly Syn-
chronous (US) edge or a Quasi-Synchronous (QS) edge;
generating a final waveform based on the determining;
and displaying the final waveform on a display device.
[0009] The determining may comprise comparing a
first one of the plurality of signal peaks to a corresponding
number of acquisitions in the initial scan.
[0010] The determining may further comprise desig-
nating the first one of the plurality of signal peaks as a
US edge responsive to the first one of the plurality of
signal peaks being equal to said corresponding number
of acquisitions.
[0011] The determining may further comprise desig-
nating the first one of the plurality of signal peaks as a
QS edge responsive to the first one of the plurality of
signal peaks not being equal to said corresponding
number of acquisitions.
[0012] Embodiment also include a method comprising:
receiving an input signal having multiple signal edges;
performing an initial Digital Edge Averaging (DEA) scan
of the input signal; iterating DEA operations on the input
signal; applying at least one reconciliation process to the
input signal; generating a final waveform based on the
iterating and applying; and displaying the final waveform
on a display device.
[0013] The iterating may comprise determining a listing
of Quasi-Synchronous (QS) edges within the input signal.
[0014] The iterating may further comprise going
through the listing of QS edges and checking to see
whether each edge count is less than a requested
number of acquisitions to average across.
[0015] The iterating may continue until all QS edge
counts are equal to or greater than the requested number
of acquisitions to average across.
[0016] The at least one reconciliation process may
comprise determining whether any gaps are present in
said final waveform.
[0017] The at least one reconciliation process may fur-
ther comprise, for a first identified gap, determining a
logic value to fill said first gap.
[0018] The at least one reconciliation process may fur-
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ther comprise writing a logic high value in said first gap
responsive to an identification of a matched pair of dan-
gling logic high values across said first gap.
[0019] The at least one reconciliation process may fur-
ther comprise writing a logic low value in said first gap
responsive to an identification of a matched pair of dan-
gling logic low values across said first gap.

Brief Description of the Drawings

[0020] FIGURE 1 illustrates an example of a first Digital
Edge Mapping (DEM) process in accordance with certain
embodiments of the disclosed technology.
[0021] FIGURE 2 illustrates an example of a Digital
Edge Averaging (DEA) process that may be used to de-
termine US edge locations in accordance with certain
embodiments of the disclosed technology.
[0022] FIGURE 3 illustrates an example of a second
DEM process in accordance with certain embodiments
of the disclosed technology.
[0023] FIGURE 4 illustrates an example of waveforms
corresponding to an application of the DEM process of
FIGURE 3 in accordance with certain embodiments of
the disclosed technology.

Detailed Description

[0024] In current systems, a Digital Edge Averaging
(DEA) representation of any single transition can only be
calculated if that edge occurs within a DEA aperture in
every repeated acquisition. There are many opportuni-
ties for signals under test to be synchronous by the con-
ventional description but not be Uniformly Synchronous
(US). This requires the concept of a Quasi-Synchronous
(QS) edge type, which is described below.
[0025] As used herein, a QS edge generally refers to
an edge that occurs within a DEA aperture but does not
occur in every repeated acquisition. Data buses, strobes
whose width can be a varying number of clocks, and edg-
es that occur a varying number of clocks from the trigger
event are all examples of edge events that are conven-
tionally synchronous to the trigger event (e.g., they may
all be based on the same system clock) but are only QS
in a DEA sense.
[0026] Digital Edge Mapping (DEM) generally utilizes
repeated and targeted DEA operations to resolve the QS
edges and create a timing diagram that displays all US
and QS edges with timing accuracy of edge placement
beyond that of the base sampling system. The underlying
DEA operations also recover signals that would other-
wise be obscured by jitter effects.
[0027] FIGURE 1 illustrates an example of a Digital
Edge Mapping (DEM) process 100 in accordance with
certain embodiments of the disclosed technology. The
example process 100 begins with a single DEA operation
as an initial "scan" for edges, as indicated by 102. The
Running Sums from this initial scan, which will be referred
to herein as RS-R and RS-F, may be retained for use in

determining which edges may require elaboration, as in-
dicated by 104.
[0028] Each RS may be scanned for peaks, as indicat-
ed by 106. While valleys in the RS distributions will gen-
erally be 0, as indicated by 108, peaks may or may not
equal the number of acquisitions used in the DEA oper-
ation.
[0029] Each peak in the RS distribution generally rep-
resents an edge. Peaks that are equal to the number of
acquisitions performed in the DEA operation generally
indicate US edges and peaks that are less than the
number of acquisitions performed in the DEA operation
generally indicate QS edges. Accordingly, each peak is
compared to the number of acquisitions, as indicated at
110, and a determination is made at 112 that is based
on the results of the comparing performed at 110.
[0030] Responsive to a determination at 112 that the
peak is equal to the number of acquisitions performed in
the DEA operation, the peak may be designated a US
edge, as indicated by 114. Responsive to a determination
at 112 that the peak is not equal to, e.g., less than or
more than, the number of acquisitions performed in the
DEA operation, the peak may be designated a QS edge,
as indicated by 116.
[0031] US edges may be fully elaborated from the initial
DEA operation. FIGURE 2 illustrates an example of a
Digital Edge Averaging (DEA) process 200 that may be
used to determine US edge locations in accordance with
certain embodiments of the disclosed technology. In the
example, a DEA display presents three averaged wave-
forms 240a-c that are superimposed over the corre-
sponding conventionally-sampled acquisitions, e.g.,
having falling/rising edges 220a-c and 230a-c. The jitter
of the conventional waveform, as would be found in sam-
pling bins 205a and 205b, is depicted by dotted lines.
[0032] The DEA operations applied here generally re-
sult in a waveform that may be considered super-sam-
pled, e.g., for purposes relating to storage and display.
Such a waveform is generally considered as having been
sampled at a rate equal to the base sample rate times
the number of acquisitions used.
[0033] FIGURE 3 illustrates an example of a second
DEM process 300 in accordance with certain embodi-
ments of the disclosed technology and FIGURE 4 illus-
trates an example of waveforms corresponding to appli-
cation of such a DEM process. In the example, US edge
locations may be written in a final waveform with one
dangling logic state on each side, e.g., one for incoming
and another for outgoing. These may be assigned 0/1
for rising and 1/0 for falling and are presented in the wave-
form labeled WFM A in the example illustrated by FIG-
URE 4.
[0034] The DEM process 300 may include storing the
initial and final "bookend" samples from the initial DEA
scan as 1, 0, or x, as indicated by 302. These samples
may be considered dangling logic states. In situations
where all of the first samples from the initial scan are 1,
the starting bookend may be stored as 1. Also, samples
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that are 0 may be stored as 0 and mixed samples may
be stored as x. Such designations may facilitate final rec-
onciliation of dangling logic states. Such dangling logic
states may then be written into the final waveform, e.g.,
as presented in the waveform labeled WFM A in the ex-
ample illustrated by FIGURE 4.
[0035] In the example, the DEM process 300 includes
creating a static value distribution by parsing the initial
DEA scan, as indicated by 304. This may be written di-
rectly into the final waveform. An example of such static
values is illustrated by the waveform labeled WFM A in
FIGURE 4. For each DEA sample location, if every ac-
quisition in the initial scan contains a 1, all of the corre-
sponding super-sample locations in the final waveform
may be set to 1. Conversely, if every acquisition in the
initial scan contains a 0, all of the corresponding super-
sample locations in the final waveform may be set to 0.
[0036] In situations where a sample location changes
in the initial DEA acquisition set, nothing may be written
into the corresponding super-sample locations. Results
of such operations are presented in the waveform labeled
WFM A in the example illustrated by FIGURE 4. Super-
sample locations may be extrapolated during a reconcil-
iation process, such as that described below.
[0037] Until final reconciliation of dangling logic states,
the final waveform WFM A’ will generally be a scattering
of edges, static values, and bookend values. US edges
will generally dictate only one dangling logic state on each
side, e.g., incoming and outgoing, and rising/falling iden-
tification and dangling logic states will generally be pre-
served for QS edges.
[0038] Once all edges are elaborated, a software ap-
plication may reconcile all of these waveform events, as
indicated by 306, by connecting dangling logic states,
e.g., outgoing to incoming of the same logic level, and
extrapolating orphaned dangling logic states to complete
waveform, for example.
[0039] The DEM process 300 may continue to iterate
DEA operations, as indicated by 308. For each iteration,
the DEM process may include going through the list of
QS edges and checking to see whether each edge count
is less than the requested number of acquisitions to av-
erage across. The DEM process may then repeat DEA
iterations until all QS edge counts are equal to or greater
than the requested number of acquisitions to average
across. This advantageously allows for full elaboration
of each QS edge.
[0040] The QS edge locations may then be calculated
and represented in the final waveform WFM A’ with dan-
gling logic values in a manner similar to that of the US
edges as described above. Such QS edge locations are
presented as bolded portions of the waveform labeled
WFM B in the example illustrated by FIGURE 4.
[0041] In certain embodiments, QS pulses that are less
than the base sample rate need not be considered or
evaluated. The inclusion of Sullivan codes effectively in-
sures that both rising and falling edges of such pulses
are fully deterministic in a DEA sense and, therefore, are

recoverable in a DEM sense.
[0042] In certain embodiments, edges may have ac-
quisitions thrown out due to Fit For Use (FFU) flags in
the initial DEA scan. Such edges may be considered QS
and elaborated in the same way as other QS edges.
These edges are typically US edges that fall into the QS
category because of FFU flags and are referred to herein
as Disqualified Uniformly Synchronous (DUS) edges.
[0043] When performing DEM operations, DUS edges
may be flagged and handled differently, as indicated by
310, because the timing data lost to FFU-discarded ac-
quisitions generally cannot be recovered and the DEM
representation will usually be incorrect, e.g., the two DUS
edges may be skewed further apart from each other than
they actually are.
[0044] The DEM process 300 generally includes a rec-
onciliation of dangling logic states, as indicated by 312.
This processing typically proceeds from left to right on
each channel. Going super-sample by super-sample, the
reconciliation process generally includes an evaluation
as to whether any sequence of locations remains unas-
signed. Each gap found may then be evaluated so as to
determine what logic value(s) to fill in. These gaps gen-
erally represent either a single boundary between an ap-
erture and a dwell time or envelope multiple aperture/
dwell times.
[0045] In situations where the width of an identified gap
is less than an aperture time, a short reconciliation is
usually done. If there is a matched pair of dangling logic
high values across the gap, logic high values may be
written into the super-sample locations for that gap. If
there is a matched pair of dangling logic low values
across the gap, logic low values may be written into the
super-sample locations for that gap. There are typically
no orphaned dangling logic levels for short gaps. Such
gap fills are presented as bolded portions of the waveform
labeled WFM C in the example illustrated by FIGURE 4.
[0046] In situations where the width of the gap is more
than or equal to an aperture time, a long reconciliation is
usually done. In these situations, it is know that there are
both logic states occurring in the dwell times in the gap.
Consequently, both logic states may be drawn across
the gap. If one or both of the ends of the gap only has
one dangling logic state, the opposite logic state may be
drawn in all the way to the corresponding edge. Such
gap fills are presented as bolded portions of the waveform
labeled WFM D in the example illustrated by FIGURE 4.
[0047] The resulting waveform WFM A’ may be visually
presented to a user, e.g., displayed on a screen, as in-
dicated by 314.
[0048] One having ordinary skill in the art will recognize
that logic-high and logic-low values are generally not mu-
tually exclusive in the final waveform. Indeed, the final
waveform, e.g., WFM A’ in FIGURE 4, will typically have
the capability of representing points on the channel
where the logic level is either high OR low. This advan-
tageously allows for the final waveform to look much more
like a timing diagram than a scope acquisition.
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[0049] The DEM techniques described herein may fur-
ther identify rise/fall time differences for QS edges, e.g.,
as demonstrated by the last few transitions in the final
waveform WFM A’ in the example illustrated by FIGURE
4. Because rising/filling edges are generally segregated
throughout the entire DEA/DEM processing, the corre-
sponding rise/fall differences may be maintained and can
be observed and measured by the user.
[0050] Certain implementations of the disclosed tech-
nology include an on-screen indicator that indicates how
long a particular DEM process is expected to take. For
example, a software application may estimate statistical-
ly from the initial scan how many DEA iterations will need
to take place in order to fully elaborate all edges. The
application may also determine how long a single DEA
operation typically takes so as to prepare an estimate as
to how long the entire DEM process is expected to take.
[0051] Having described and illustrated the principles
of the invention with reference to illustrated embodi-
ments, it will be recognized that the illustrated embodi-
ments may be modified in arrangement and detail without
departing from such principles, and may be combined in
any desired manner. And although the foregoing discus-
sion has focused on particular embodiments, other con-
figurations are contemplated.
[0052] In particular, even though expressions such as
"according to an embodiment of the invention" or the like
are used herein, these phrases are meant to generally
reference embodiment possibilities, and are not intended
to limit the invention to particular embodiment configura-
tions. As used herein, these terms may reference the
same or different embodiments that are combinable into
other embodiments.
[0053] Consequently, in view of the wide variety of per-
mutations to the embodiments described herein, this de-
tailed description and accompanying material is intended
to be illustrative only, and should not be taken as limiting
the scope of the invention. What is claimed as the inven-
tion, therefore, is all such modifications as may come
within the scope and spirit of the following claims and
equivalents thereto.

Claims

1. A method, comprising:

receiving an input signal having multiple signal
edges;
performing an initial scan of the input signal to
identify each of a plurality of peaks correspond-
ing to the multiple signal edges in the input sig-
nal;
determining whether each of the plurality of sig-
nal peaks is a Uniformly Synchronous (US) edge
or a Quasi-Synchronous (QS) edge;
generating a final waveform based on the deter-
mining; and

displaying the final waveform on a display de-
vice.

2. The method of claim 1, wherein said determining
comprises comparing a first one of the plurality of
signal peaks to a corresponding number of acquisi-
tions in the initial scan, and:

designating the first one of the plurality of signal
peaks as a US edge responsive to the first one
of the plurality of signal peaks being equal to
said corresponding number of acquisitions; and
designating the first one of the plurality of signal
peaks as a QS edge responsive to the first one
of the plurality of signal peaks not being equal
to said corresponding number of acquisitions.

3. The method of claim 1 or 2, further comprising storing
a plurality of running sums from the initial scan.

4. The method of claim 3, further comprising scanning
each of the plurality of running sums for said plurality
of signal peaks.

5. The method of any preceding claim, further compris-
ing identifying a plurality of signal valleys in the input
signal.

6. The method of claim 5, further comprising setting
each of said plurality of signal valleys in the input
signal to zero.

7. The method of any preceding claim, further compris-
ing storing said final waveform.

8. A method, comprising:

receiving an input signal having multiple signal
edges;
performing an initial Digital Edge Averaging
(DEA) scan of the input signal;
iterating DEA operations on the input signal;
applying at least one reconciliation process to
the input signal;
generating a final waveform based on the iter-
ating and applying; and
displaying the final waveform on a display de-
vice.

9. The method of claim 8, further comprising identifying
and storing bookend samples from the initial DEA
scan.

10. The method of claim 8 or 9, further comprising pars-
ing said initial DEA scan.

11. The method of any of claims 8 to 10, wherein said
at least one reconciliation process comprises iden-
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tifying and connecting multiple dangling logic states.

12. The method of any of claims 8 to 11, wherein said
at least one reconciliation process comprises extrap-
olating orphaned dangling logic states to complete
said final waveform.

13. The method of any of claims 8 to12, wherein said
iterating comprises determining a listing of Quasi-
Synchronous (QS) edges within the input signal,
wherein said iterating further comprises going
through the listing of QS edges and checking to see
whether each edge count is less than a requested
number of acquisitions to average across, and
wherein said iterating continues until all QS edge
counts are equal to or greater than the requested
number of acquisitions to average across.

14. The method of any of claims 8 to 13, wherein said
at least one reconciliation process comprises deter-
mining whether any gaps are present in said final
waveform,
wherein said at least one reconciliation process fur-
ther comprises, for a first identified gap, determining
a logic value to fill said first gap,
wherein said at least one reconciliation process fur-
ther comprises writing a logic high value in said first
gap responsive to an identification of a matched pair
of dangling logic high values across said first gap,
and
wherein said at least one reconciliation process fur-
ther comprises writing a logic low value in said first
gap responsive to an identification of a matched pair
of dangling logic low values across said first gap.

15. Apparatus for carrying out a method as claimed in
any preceding claim.
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