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the area of the
to analyze a large number of features and/or waveforms, this simple display scheme

is inapplicable. Additional tools were needed. To provide this additional analysis
capability histogram and trend functions were added to oscilloscopes.

20 The histogram math function enhances understanding of the distribution of
measured parameters, visually and graphically. A histogram can identify the type of
statistical distribution in the waveform, helping to establish whether signal behavior
is as expected or not. Distribution tails or extreme values related to noise, or other
infrequent, non-repetitive sources, can also be observed. Revealed, too, by

25  histograms are frequencies or amplitudes that help in identifying and quantifying
jitter and noise so that it can be removed.

Histograms graph the statistical distribution of a parameter’s set of values. A
histogram bar chart is divided into intervals, or bins. The height of each bar in the
chart is proportional to the number of data points contained in each of its bins: the

30  higher the bar, the more points there are in those bins and in the area of the
waveform they represent.

The Trend math function visualizes the evolution of a parameter over time in

the form of a line graph. The graph’s vertical axis is the value of the parameter; its
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wavef orm they represent. The Trend math function visualizes the evol ution of
a paraneter over tine in the formof a line graph. The graph's verti cal

axis is the value of the paraneter; its 2 5 JAN 2007 WD 02/097373 73 JAN 2007
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i n accordance weach acquasifiony eFld mesult is a waveform of data points that can be used the same
way as any other waveform. Other parameters can be calculated on it. And it can be
15  zoomed, serve as the x or y trace in an XY plot, or used in cursor measurements.
Therefore, in accordance with the invention a user can more easily view
trends presented by a sequence of acquired measurements.
The invention accordingly comprises the several steps and the relation of one
or more of such steps with respect to each of the others, and the apparatus
20  embodying features of construction, combinations of elements and arrangement of
parts that are adapted to effect such steps, all as exemplified in the following
detailed disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the invention, reference is made to the
25  following description and accompanying drawings, in which:
Figure 1 is a surface map in accordance with the invention;
Figure 2 is a surface map employing a segmented mode in accordance with
the invention,;
Figure 3 is a surface map after a disk drive filter has been applied to an
30 acquired signal, in accordance with the invention,
Figure 4 is a surface map and horizontal slice of the surface map at a desired
location thereof, in accordance with the invention;

Figure 5 is a surface map display including a latest FFT acquisition; and
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RB SR axis 2O vaing persistergeemode commonly found in DSO’s.  Thus, these
waveforms are overlaid on top of each other. As is shown, viewing of these
waveforms is difficult, and discerning trends from them is ﬁnpossible. In a lower
grid 130, the same data is plotted as a “Surface Map” 135 in accordance with the
invention. That is, as each waveform is acquired it is plotted with time on an X axis
140, an the amplitude in the Z axis 145 (which can be seen as a color or greyscale
proportional to the amplitude of the waveform at the given time). The Y axis
position 150 is incremented after the waveform is drawn and therefore represents
time also, but not time during a particular trace, but rather time between consecutive
traces. 5

In accordance with an alternative embodiment of the invention, if there are
more data points in the waveform than pixels across the horizontal axis of the grid,
the waveform is decimated. Thus, every nth point is displayed where n is
determined by total # of points/# of pixels in the grid. Alternatively, a number of
associated data can be binned and the peak or average value of the pixels contained
in the bin can be used to determine the intensity to be displayed for the number of
associated pixels. When the display line with lowest Y value in the grid is filled, the
oldest waveform is discarded and others shifted up (y incremented by 1) to allow the
newest waveform to be drawn at y=0.

Referring next to figure 2, in accordance with an additional embodiment of

the invention, for applications where the viewing of more data is desired, a sequence

during a particular trace,

but
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display allows for quantitative measurement of the amplitude or other values of the

surface map. Thus, for example, a cut across acquisitions would give measurements

of a cross-section of the object being viewed. Other cuts may also be available, and
20 would provide similar measurement abilities.

In addition to mapping acquired data, in accordance with a third embodiment
of the invention, a surface map can be plotted after it has been processed. For
example, such a surface map may be filtered, transformed to the frequency domain,
multiplied by another trace, etc. Figure 3 shows a surface map after a disk drive

25  filter (Lecroy’s DDFilt, for example) has been applied.

Furthermore, in accordance with the invention, it is useful to create a trend of
n parameter values and then compare it to subsequent trends of the same parameters
in order to analyze large amounts of data for patterns, infrequent changes or errors or
to generate a “picture” of a physical item. For example, it might be useful to look

30 for variations in the jitter of the edges in a repeated data packet, changes in the echo
of radar or ultrasonic puise, or changes in pulse width of data bits within a sector or
between tracks of a disk drive. To simplify this analysis, the parameter of interest
can be shown in 3D by plotting the trend of the parameter as a surface map in
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the invention allows the user to create an i ndependent surface map for each
channel andlprocessed sammation iconteol,38GWn in fig. 3 is provided to control the amplitude-to-
' color mapping which permits different features of interest to emerge. The saturation
setting allows a better view of all, or only a portion of the data. The “High
saturation” defines the threshold above which all amplitudes will be red.

Conversely, the “Low saturation” defines the threshold under which all amplitudes

20  will be violet. The saturation control allows the allocation of colors to a segment of
the amplitude range in which interesting features can be found, therefore allowing
for a more detailed view of the values falling within a particular range. The same
data viewed at different saturations, can yield different clues. As is shown in figure
4, the % saturation refers to the 16 bit full range of the ADC, 0 to 65536. A high

25  saturation of 62.3% means that all amplitude values about 40829 will map to the red
color. Conversely, a low saturation value of 22.9% means that all amplitude values
below 15007 will map to the violet color. In an additional embodiment of the
invention, saturation may be displayed as a range of the physical units of the source
trace.

30 In accordance with the invention, an example of an oscilloscope constructed
in accordance with the invention includes, by way of example only, the following
features. A three-dimensional display of up to 6,000 acquisitions for the analysis of
time varying data. Amplitude (Z-axis) mapping using up to 64 color levels between
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determine, by observation that the variation is exponential in nature. The surface
map in accordance with the invention features an ideal way to view signal variations
in applications such as echo ranging (radar, sonar, lidar, ultrasound), packetized
20  serial data streams (magnetic storage and network communications), and control
system dynamics (power supplies, automatic gain and frequency controls, phase
lock loops). It can be used with time domain, frequency domain or jitter functions.
Each surface map application includes a saturation feature allowing for better
control of color amplitude mapping, as noted above. A high saturation level
25  identifies the threshold above which all amplitudes will be red, while a low
saturation level identifies the threshold under which all amplitudes will be violet.
The saturation control allows the allocation of colors to a segment of the amplitude
range in which interesting features can be found. The same data viewed at different
saturation levels can yield different clues, allowing the user to see the three-
30 dimensional view of the display traces over time. Engineers benefit from viewing a
continuous display of dynamic variations like data patterns, reflective ranging, load
variations, and imaging. An auto scale button may also be provided that sets the

saturation levels for the data set observed within the grid.
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whi ch interesting feRtARWsscgRRIE e Siested Anonf infeHithip 2/ PRy ent

saturation | evedislHaprid. Habh disb@lefNhcq@lsHRE, catdes NS AktUIDR tHIR! pditeF R t he
three 30 di nensional view of the display traces over tinme. Engineers benefit

from vi ewi n a thetsris naweemsory i of gheapast traepp rdlr dhapaealered pivesly inkibe gzid 1|3k t er ns,
reflective rangg I hati | ' A na Y n may
al so be provi dg%gtgﬂ’ét ﬁ?g{léﬂ?ﬁgﬁggg%?sg ?éc%(r:\111 FI%\?Aeﬂ%gmf or t@ eadgltgghlg%%%é%ger ved
within the gri cstars tb sdraN wpoGrds. ViheO2119(713eS seXGI/of6Mh2/tdpl 86the 7gridl nOaly slegnent ed

node, which is th referred node in,accor,dance w the . i nventi each
Segnent of "t he THERT PEXSHHUSIUR oA RE SO ALt BhEntsAchoFIq s MRty ay up
to the maxi mum Fe4fl& inefud5RIFBAES oR GEktslofite dFSwaRMades HEE Wispla3ed mdyehee ar e
lines in the grid of the display can be plotted and a nechanismis provided

5 to all ow BonfReYided- e viewing of a window of segments within an entire

waveform  More of tieyey of QFRJTY, Bfa Sirfds ©F 256 3BfidfoR % dik Whtbe THYS, as

not ed above, this
data is displayed The data has been acquired in sequence mode for minimum dead

time between acquisitions. All fields of the sensor data are held constant except for
the data field. Vertical lines in the surface map indicate no change in data. Changes
20 show up as broken vertical lines. Because this data is digital, the color variation
would be limited to two basic colors. Therefore, whether reading digital or analog
data, a proper three-dimensional surface map can be provided.
It will thus be seen that the objects set forth above, among those made
apparent from the preceding description, are efficiently attained and, because certain
25 changes may be made in carrying out the above method and in the constructions set
forth without departing from the spirit and scope of the invention, it is intended that
all matter contained in the above description and shown in the accompanying

drawings shall be interpreted as illustrative and not in a limiting sense.



al l ows waveforns to be anal yzed, conputed upon, stored and recalled. In a
non- segnent ed node, each trace is plotted on one line within a group?y jay 2007
di splay grid. Each subsequent. acquisition causes the next line to be
painted and 10 there is no nenory of the past traces other than col ored
pixels in the grid of the display. Wiemthe filling processes reach the

bott om of m&@&@g&ace map starts to scroll upwards. The earli est

| i nes scr ‘the grid. Only the nunber of waveforns
corresponding to the nunber of lines in the grid are plotted. Features

i ncludi ng storage or non-storage of wave traces not displayed may be 15
provi ded. 1-n Fi4displaydosdisplayiag segrisstl wavetorme &rogt apswillaseenes Fompnsngt di sk

arive seetor Satept s gS LA TG R Aol B BB o2 duence rode

are hel d const any-agix@epburtMent designaidigioriel 2 Infbre Yequidition trhéedeand n t he surface
map i ndicate no change in data. Changes 20 show up as broken vertical |ines.
Because this da& &aKis measprement designaging anamnliedeost atvigast @ne oint & 088 oF o t wo
basi c col os r [ i gi t.al : roper

t hr ee-di rreor%lgrleo(g%%fss%C%Pgsété%%‘gg’awﬁﬁgﬁp%%v? 8% d .‘9=“%‘9‘5&“?3‘m( %8:3 kgg&lgggﬁ‘:ét?hat t he
obj ect s sethereby tisplapiag @, susfaeewap.nose nade apparent from the preceding
description, are efficiently attained and, because certain 25 changes nmaybe
made in carrying out the above nethod and in the constructions set forth

w t hout departi t bor it : : [ : d Ived | Shele Nt ended
that a1 Fatt o canPanan o I, vSEIR SRR hublfon! BUETK Shpibkd ik
acconpanyidegimatioawi ngs shall be interpreted as illustrative and not in a
limting sense. 25JAN2007 8 WHAT IS CLAIMED IS: 1. A display for displaying
acqui red waveforns froman oscilloscope, conprising: an x-axis measurenent
designating ti menOuEpIRoPElafe A WAsEinQAch h@fuitiéh Hac®is AisphIed hREEBIAning
designating one or nore acquisition traces; and a z-axi s nmeasurenent

desi gnat i n¢pleas of thel amplitedesthergpf.| east one point of one or nore of said
acquisition traces; wherein said z-axis is indicated by a color difference,

t hereby di splaying a surface map. 2. The display of claim1l, wherein each

acqui sition trare displsh shdlanes, vilidréih a peak value of said binned values is displayed.

5. The display of claim 3, wherein an average value of said binned values is
displayed.
6. The display of claim 1, wherein a selected number of acquisition traces are

displayed out of a plurality of acquisition traces stored by said oscilloscope.

7. The display of claim 1, wherein each of said one or more acquisition traces is

processed before being added to the surface map and being displayed.

8. The display of claim 1, wherein a trend of a predetermined number of parameter
values is created and displayed on the surface map and may be visually compared to a
subsequent trend created and displayed on the surface map of the same predetermined

number of parameter values.



decimation. 3. The display of claim1l, wherein each acquisition trace is

di spl ayed after binning values of the anplitude thereof. 4. The dilspliky200F
claim 3, wherein a peak value of said binned values is displayed. 5. The
di splay of claim 3, wherein an average val ue of said binned values is

di spl ayed. 6. The display of claim1, Vherein a selected nunber of

acquisitl s,.are yed out of .a Iur | it u15| ion traces

st or ed by sali da@?cqlfﬂl%f? ﬁl@ﬁn? T §PUBPE &Sa&r%ﬁ% F]éil %%lgﬁté(ﬁl of said

one or NOIBn@sIEfirdg PRigh rsmmh%mpﬂmﬁ%ﬁe%aeﬁ@weah@atw agsiradd wlade

surface map and beugahglspla yed. 8. The display of claim1l, wherein a trend
egila

of a preddetyaeniyduc ble oplorsaretdésplayedl ues is created and displ ayed on
the surface map and may be visually conpared to a subsequent trend created
and di spl ayed on the surface map of the same predeterm ned nunber of

par anet er 10al uekhe displayd S0\cIZRR 1, wheRin Jdié sdifsdel Ay displayaivoitage viersus hise
conprising a saturation control, said saturation control defining a high
sat ur at i oYM ude val ue and a | ow saturation anplitude val ue between
whi ch all available colors are displayed. 10. The display of claim1,
wherein said surface map di splays voltage versus tinme waveforns. 11. The
di spl ay ofllcl aiTheldisphineoclainsdj dhereirf said surfgre dhagpdisylaysaam FFT ({abafturitour i er
transform. 12 nmet hod for displaying acquired waveforns from an
OSC|IIosc65@SOEB rising: displaying an x-axis measurement designating tine
during an acquisition trace; displaying a y-axis neasurenent designating
one or nore acquisition traces; and displaying a z-axis nmeasurenent

desi gnat i Ng@. an Aamsthadfdediaplaging heqsted oveyefooms fromodn oscdloscopepcamprisisgi d
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acqui si tion tragpldyinghSphay efeashrefient deGiihs Uhe or more acquisition traces;
and

displaying a z-axis measurement designating an amplitude at at least one point

of one or more of said acquisition traces; wherein said z-axis is indicated by a color

difference, thereby displaying a surface map.

13.  The method of claim 12, wherein each acquisition trace is displayed after

decimation.

14.  The method of claim 12, wherein a selected number of acquisition traces are

displayed out of a plurality of acquisition traces stored by said oscilloscope.

15.  The method of claim 12, wherein each of said one or more acquisition traces is

processed before being added to the surface map and being displayed.

16.  The method of claim 12, wherein a trend of a predetermined number of
parameter values is created and displayed on the surface map and may be visually
compared to a subsequent trend created and displayed on the surface map of the same

predetermined number of parameter values.

17.  The method of claim 12, further comprising the step of:



14. The method of claim 12, wherein a selected nunber of acquisition traces
are displayed out of a plurality of acquisition traces stored by sa SIJANZ[][W
oscill oscope. 15. The nmethod of claim 12, wherein each of said one or nore
acquisition traces is processed before being added to the surface nap and
bei ng di splayed. 16. The nmethod of clal®n 12, wherein a trend of a

predet er m ned nunber of ramet er. val.ues is creat nd displ ayed.on the
surface map and " NayBé %?Fgﬁéﬂnl ‘i?n%(%ﬁﬁlgrs ﬁ“?tbonacogﬁfﬁgﬁaﬁg?ﬁ ah@hst?}/lg?té% ed and
di spl ayed valetahié a 36w saaitisRRaRkt beheefi avfiich 411 SEEhBleRbIdeSlare didpiye@f par amet er
val ues. 17. The nethod of claim 12, further conprising the step of: 2 5
JAN2007 10 providing a saturation control, said saturation control defining
a high satyrati I t I Vi i

v [abt o Hor ord s S ash o, if-SifHie b i WEpREL VBB B e,
surface magavefosmbays vol tage versus tinme waveforns. 19. The nethod of claim
12, wherein said surface map di splays an FFT (fast fourier transform. 20.
A surface nmap di splayed on a display, conprising: an x-axi s measurenent

desi gnat i ng, {i M GhihQoAaiBf ! hebdiRNait! A Bod MATURBIaO8E FEL QREPRGrGR Y- XIS
measur enent designating one or nore of saird acqui si 1°gn traces; anof a z-axis
measur enemtansfesngnati ng an anplitude at at |east one point of said one or
nore acquisition traces; wherein said z-axis is indicated by a col or
difference. 21. The surface map of claim 20, wherein one or nore

pr edet er mpped m%é%%%lﬁgomﬁsﬂ}@e&nﬁﬁﬁﬂéz in said surface map. 22.
The surface map of claim2l, "wherein'said predelerm ned neasurenents

conpri se anpl i andeaxis measurement designating time during an acquisition trace from an

oscilloscope;
a y-axis measurement designating one or more of said acquisition traces; and
a z-axis measurement designating an amplitude at at least one point of said one

or more acquisition traces; wherein said z-axis is indicated by a color difference.

21. The surface map of claim 20, wherein one or more predetermined

measurements are made along a cut in said surface map.

22.  The surface map of claim 21, wherein said predetermined measurements

comprise amplitude.



