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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



The Trend math function visualizes the evolution of a paraneter over tine
in the formof a line graph. The graph's vertical axis is the value of the
par amet erwoOioR®IMB 02/ 097373 PCT/ US02/ 16367 2 hori zontal &kiraSohies3er der in
whi ch val ues were acquired. Alternately, the horizontal axis can be in
units of tinme, as is done in the Jitter &Timng Analysis Package. OBJECTS
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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



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 hwoiozesm3ai slice of the surface nmap at a desired PCoA®DY/OMB6T her eof
in accordance with the invention; Figure 5 is a surface map displ ay
including a latest FFT acquisition; and W3 02/097373 PCT/ US02/ 16367 3
Figure 6 is a surface map of disk drive sector data shovm' ng variations in

dat field. DETAI CRI PT] ON OF THE PREFE f
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viewi ng of t hqﬁevﬂaﬁslyvaﬁaﬁﬁmrttw arsd Hasﬂimmud:d pffa(bderdreﬁleeﬁedib)g the enfleefafdhe t hem
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a | t he. same data . s e S rface
Map" 135 in aclaatﬁaalneﬁlwr@ﬁ tﬁét g ﬁwé%&e. 1§rSCarp aPslmagg E&ﬁ‘h E?r"nﬁ
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Z axis 145 (whlc seen as a color or greyscale proportlonal to the
anpl i t ude of tmethmm&erqﬁthﬁz surfweg,anbn examiled. ThenYuppei sﬂQdoﬁcﬁlﬁguml,%O is
incremented after t

al so, but not %epﬁ%‘)g%ﬁquﬁ(ﬁgf or %g @Pretﬁgtgeéitw fiEfO d%tfsent)l ¢ Hne
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invention, if there are nore data points in the waveformthan pi xel s
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Thus, eVery nt n \pe(%loﬁ]ﬁs 1|sS EHCHR e %scemmg tfnliS from them is impossible. 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
20  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. \
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,
25 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
30  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



determ ned by total # of points/# of pixels in the grid. Alternatively, a
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to measure tinme fromthe first segnment. As shown In figure 2, the trigger
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6.978279 ns in o

r exanple. Additijonall the trace 1D, the se nt .15
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2l 50 bo audi | 451 A D St By B et MRl et U abi 1 ¢ies. 1n
addi tion to mappi N@rReGutl adkweRte mdpThackendsoeal, W tdutra aldpisr shyehiodi arnt
of the invention, a surface map can be plotted after it has been proqcessed.
For 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 pulse, 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



exanpl e, such a surface map may be filtered, transformed to the frequency
domain, nultiplied by another trace, etc. Figure 3 shows a surface map
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applied. Furthernore, in accordance with the invention, it is useful to
create a trend of n parameter values andsthen conpare it to subsequent
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performed on the PerHi st trace.. The inplenentation of the invention allows
the user to cﬁ’ggfgo%eqs%éﬁgﬁﬁ'gﬁttmcgurface map for each channel and
processed trace inheR@Plendentation d tHedihl @fiof QMbHS khe &8O LrEdle b thdeBerident
provided to control the anplitude-to- color mappi n]SSWhI ch permts different

features of i sudresgnan tor eady gunnetiaad pracassad eee ngePBOng al | ows a better

L o 2087 BB bR 3 T D D e PR 13,

saturation” debjodespbhig Wwhitepbalith diffeent fohiued’ oflinte@BItbichitd&S 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



20 will be violet. The saturation control allows the allocation of colors
to a segnent of the anplitude range in which interesting features can be
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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.



determ ne, by observation that the variation is exponential in nature. The
surface map in accordance with the invention features an ideal way to view
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| ow sat ur at i offISPEVEP 1oqbgPaFIRLm pn eﬁrqsfsgl’? ntS F4EHISkhi £ naqqy SqepIeH Slf’d‘es
will be violefyere Jﬂaqneewfhetgrﬁrbm@&lsﬁhyesﬁ 9«‘!"?10%8@ afdl b 36Rhin5m Qb pfRiRES to
a segnent of the anplitude "range in which interesting features can be

found. TheS5 sabealitar somifateble wewdig ¢fer windowsef segoentsrwitlen exnsmmmwyv@bm
different clu al.l,.owi ng.the user to e the three dlnen ew of
The i opl ay t Nred Ea BRI mER B B IR S PrBu g TSR PRuous
di spl ay of dyppskewupstbahd @R dnhkeedabm Bﬁeahgsmtoré&aﬂ@ebme rangi ng, | oad
variations, and imaging. An auto scal e button may al so be provi ded t hat

sets the saturati &nalnoneiegmeaied mpaded aach twace 1@@%&‘@@ Wet Wqwithia ggraip WO
02/ 097373 PCT/ U 2/ 1636 n d
R T S 9 U180, B i

node in accor&gﬁ

waveform i presei 86l ntma@neflthd pafdftrdche othdi &mhaqolared tpﬁ)(dlshﬁl thexgrivlof thenber
of segnments acquired. As segnents as_ there are |lines in the grid of

the display ci#plse. piVber dee P ASPTARsEea TPadh: the bore efcge 2ride the %@@ce map
cont or t abl e vigt 90 b1 i WaREOWHRS at?ﬁ&@‘ﬁﬂ&és f %mh@goﬁepﬁee v

More of the waveform nay - be stored an can e Vi ewe as note

above, this ahmmeMmeCmSmw@ﬂoMedlumbenmﬂhm inphe grid tape phbttadd
recal | ed. Inanon seglnented node, each trac plotted o ne line within
a group di spFEsFULss i BCluEmESaase @amst%reae.og.wenﬁ%s@é Jspladeddnay e 1o
be paint egsand, @4t here is no nmenory of the past traces other than col ored
pi xels in the grid of the display. Wen the filling processes reach the
bottom of the grl dln g 65 arsiisioes map of sit smries of @S&QccpiiSitimmm”rcﬂsk diihe sesdor] i est
i t.he nunber wavef.or ms

cor' espondi ng 8¢ it ABP b erecHi Tt Feescp AR e s REe picg dBepriom 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.



Features including storage or non-storage of wave traces not displayed may
be 15 provided. In Fig. 6, a surface map of a series of 250 acquisitions
of di sk dwpDwewns®Bcior data is displayed The data has beenPa®qisnz/ed6i n
sequence node for mninmumdead tine between acquisitions. Al 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 |ines. Because this datagis digital, the color variation
would be limted to two basic colors. Therefore, whether reading digital or
anal og dat a,wﬁﬂgﬁ%@gﬁﬁ-ﬂi:nensi onal surface map can be provided. It

w ll thus be ects set forth above, anong those nade
apparent from t he lpr ecedinplagdsahspiayionacqaired sfaf eformenfiby at dsailloscbpand,
because certain .25 changes may be made in carrying out the above nethod
and in the cGREPPEHEE ons set forth without departing fromthe spirit and
scope of the invenhikOfis mbaduferid 8BG8tBAHme AlringMlab§lisitiBAkAt&Hed i n the
above description and shown in the acconpanying “draw ngs shall be
interpretéd as il lagstiameesirement dosignaiing ong of mongjacpissizon tvoegahd97373

PCT/ US02/ 16367 8_ WHAT IS CLAIMED.IS:. 1. A di.spjay f.or displ.ayi acquired
Waver of ms {1 om an AP TERUA Agkging an grimifle B Bher ghE Ry Bhatithe

desi gnati ng inid¥e ofsHid RE Ui ALEAES; WheBinlshidGLaxis B iAdiYatdX by a ¥BRS Ur ement
designating one or nore acquisition traces; and a z-axi s neasurenent

desi gnat i ng dHfamc theerby displayingensgtfasp®apoi nt of one or nore of said
acquisition traces; wherein said z-axis is indicated by a color

di fference, thereby displaying a surface map. 10 2. The display of claim1,
wher ei n ¢ach acqui2si ti dhetdisptay dflabnslp whgesdn eachtaequisieion traté Brlisplayedhe

di spl ay of clgin11, wherein each acquisition trace is displayed after

bi nni ng the PHFUESTHeof . 15 4. The display of claim3, wherein a peak
val ue of said binned values is displayed.

3. The display of claim 1, wherein each acquisition trace is displayed

after binning the values thereof.

15
4. The display of claim 3, wherein a peak value of said binned values is
displayed.
5. The display of claim 3, wherein an average value of said binned

20  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.

25
7. The display of claim 1, wherein said surface map is processed before

being displayed.

8. The display of claim 1, wherein a trend of a predetermined number of
30  parameter values is created and compared to a subsequent trend created of the same

predetermined number of parameter values.



5. The display of claim3, wherein an average value of said binned 20

val ues is displayed. 6. The display of claim1, wherein a selected nunber
of acqui swDi01973t3 aces are di splayed out of a plurality ofPCaarpo?/si3s7 on
traces stored by said oscilloscope. 25 7. The display of claim1l1, wherein
said surface map is processed before beinmg displayed. 8. The display of
claim1, wherein a trend of a predeterm ned nunber of 30 paraneter val ues

is created and conpar ed #Qﬁ% t :
pr edet er m ned nurrbmegi of Tglgrdzsr?z er %&égﬁﬂ%{g%@?gg%gg%@#@%@%&%% 9 9.

The di spl ay ofsatatatiomctntrélutefinimg adapgipdteiatign amphtude atlue and e diew sdtpragian d
saturation contrgl defjning a hi saturatjon. anplitude value and a | ow
saturation aﬁ*ﬁﬁ’ﬁf‘lﬁl&éfa Ihﬁgw??é‘ﬁ?@gha Yagﬁ“gc@%%e@iﬁm olors are

di splayed. 5 10. The display of claim1l1l, wherein said surface map displays
voltage versus tinme waveforns. 11. The display of claim1l, wherein said
surface map di spl ayd. an TaeHispldyaaftcldimul, werdin said fanfage. mapodigplaysivokegdhiod f or
di spl ayi ng acg,ui re vvaveffr ns froman oscilloscope, conprising: displaying
an x-axi s neasHretBRe WeStYM4Eti ng tine during an acquisition trace; 15

di splaying a y-axi s neasurenent designating one or nore acquisition traces;
and di splaying a z-axis neasurenent designating an anplitude at at | east
one point of one dd. norlheskispdai of cdaniul, siherom said gerdace mpedisp!ayssal FF L - axi s
is indicated color difference, thereby displaying a surface map. 20
13. The met hoz%f)?fogp%ritﬁ%nfg’,m&her ein each acquisition trace is displayed

10

12. A method for displaying acquired waveforms from an oscilloscope,
comprising:
displaying an x-axis measurement designating time during an acquisition
trace;
15 displaying a y-axis measurement designating one 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.
20 )
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
25  traces are displayed out of a plurality ;)f acquisition traces stored by said

oscilloscope.

15.  The method of claim 12, wherein said surface map may be processed
before being displayed.
30
16.  The method of claim 12, wherein a trend of a predetermined number
of parameter values is created and compared to a subsequent trend created of the

same predetermined number of parameter values.



after decimation. 14. The nethod of claim 12, wherein a sel ected nunber of
acquisition 25 traces are displayed out of a plurality of acquisition
traces stwoadopp7sai d oscilloscope. 15. The nethod of cl @Cmusd/1686Er ei n
said surface map may be processed before being displayed. 30 16. The

met hod of claim 12, wherein a trend of a pyedeterm ned nunber of paraneter
val ues is created and conpared to a subsequent trend created of the sane
pr edet er mi ned nunber of paraneter values. WO 02/ 097373 PCT/ US02/ 16367 10
17. The method of claim 12, further conprising the step of providing a
saturation control 17sai (Thsamelhcaid)fmhain:n}ﬂ, ﬁﬂthedeémpﬁsiggﬁlerﬁtgmf saturation

val ue and a | ow saturat.i on val ue bet ch .all v bI e ol.ors are

di spl ayed. 18. The pﬁ‘é‘fl‘ﬁfBﬁ aéﬁmﬁartlgprﬁmfﬁ aérilli‘artlg%F i spl ays
vol tage ver sygntdidR WR¥AHEATSw sdiHlrakidn vme b@ﬁ&é@ﬁ%ﬁéh ﬂi @amaﬁaa colesgi n said
surface map displays an FFT (fast” fourier transform. 20. A surface map

di spl ayed on ail&pias'pday conprising: an x-axis rreasurerrent designating tine
during an acquisition trace froman 15 oscilloscope; a y-axis neasurenent
designating one or nore of said acquisition traces; and a z-axis

measur ement desi gnagi ng TR nddtRdd éflgmat2, &ﬂlef@tﬂﬁld@lﬂeac@%?dlﬁiﬂa}‘t‘s&o@a gone or
nore acqui sition traces; wherein said z-axis is indicat by a col or

di f ference. 20emus limsavaygformse map of claim20, wherein one or nore
predeterm ned neasurenents are made along a cut in said surface map. 22.
The surface map of claim 21, wherein said predeterm ned neasurenents
conpri se aoplitude.1925 The method of claim 12, wherein said surface map displays an FFT

(fast fourier transform).

20. A surface map displayed on a display, comprising:

an x-axis measurement designating time during an acquisition trace from an
15  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.

20 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.

25



