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Overview

A contour plot is a two-dimensional XY plot of a three-dimensional XYZ surface showing lines where the
surface intersects planes of constant elevation (Z).

One common example is a contour map of geographical terrain showing lines of constant altitude, but
contour plots are also used to show lines of constant density or brightness, such as in X-ray or CT images,
or to show lines of constant gravity or electric potential.
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Contour Data

The contour plot is appropriate for data sets of the form:

z=f(x,y)

meaning there is only one Z value for each XY pair. This rules out 3D shapes such as spheres, for example.

You can create contour plots from two kinds of data:
e gridded data stored in a matrix
* XYZ triplets

Gridded Data

Gridded data is stored in a 2D wave, or “matrix wave”. By itself, the matrix wave defines a regular XY grid.
The X and Y coordinates for the grid lines are set by the matrix wave’s row X scaling and column Y scaling.
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You can also provide optional 1D waves that specify coordinates for the X or Y grid lines, producing a non-
linear rectangular grid like the one shown here (the dots mark XY coordinates specified by the 1D waves).

Contouring gridded data is computationally much easier than XYZ triplets and consequently much faster.

XYZ Data

XYZ triplets may be stored in a matrix wave of three columns, or in three separate 1D waves each supplying
X, Y, or Z values. You must use this format if your Z data does not fall on a rectangular grid. For example,
you can use this format for data on a circular grid or for Z values at random X and Y locations.

For best results, you should avoid having multiple XYZ triplets with the same X and Y values. If the contour
data is stored in separate waves, the waves should be the same length.

If your data is in XYZ form and you want to convert it to gridded data, you can use the ContourZ function
on an XYZ contour plot of your data to produce a matrix wave. The AppendIlmageToContour procedure in
the WaveMetrics Procedures folder produces such a matrix wave, and appends it to the top graph as an
image. Also see the Voronoi parameter of the ImageInterpolate operation on page V-264 for generating an
interpolated matrix.

XYZ contouring involves the generation of a Delaunay Triangulation of your data, which takes more time
than is needed for gridded contouring. You can view the triangulation by selecting the Show Triangulation
checkbox in the Modify Contour Appearance dialog.

Creating a Contour Plot
The first step in creating a contour plot is to create or load the data to be contoured.

Gridded (matrix) data or a 3-column matrix of XYZ triples can be loaded using the Load Waves dialog by
selecting the “Load columns into matrix” checkbox.

Load Waves
Path File Type: [ Delimited Text |43
_none_ ] Make table @ Double precision
Igor Base name for matrix
"] Load from clipboard Base: wave

_| Overwrite existing waves

Loads multiple columns ™ Load columns into matrix
into one matrix wave I Read row labels _ Read column labels

"1 Read row positions _ Read column positions
Leave the “Load columns into matrix” checkbox deselected to load columns into separate XYZ waves. You
can also load X, Y, and Z waves separately from different files.

Contour plots are appended to ordinary graph windows. All the features of graphs apply to contour plots:
axes, line styles, drawing tools, controls, etc. See Chapter 1I-12, Graphs.

You can create a contour plot in a new graph window with the New Contour Plot dialog. This dialog creates
a blank graph to which the plot is appended. Add a contour plot to an existing graph with the Append
Contour Plot dialog.
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mm Layout Misc Misc Help
New Graph... Append Traces to Graph... L
New Table... Remove from Graph... ]
New Layout... L Append to Graph > Category Plot...
New » Notebook... Contour Plot...

Procedure... Modify Graph... 1 Plot

Close... EAT Panel Framea » Mmage ot
Control

Category Plot...

BT =

SEET e Image Plot... Appending a Contour Plot
Creating a New Contour Plot to an Existing Graph

You can also use the AppendMatrixContour (see page V-24) or AppendXYZContour (see page V-27)
operations:

Make/0O/D/N=(50,50) mat2d //make some data to plot
SetScale x,-3,3,mat2d
SetScale y,-3,3,mat2d

mat2d = 3*(1-y)*2 * exp(-((x*(x>0))"2.5) - (y+0.5)%2)

mat2d -= 8*(x/5 - x™3 - y*5) * exp(-x"2-y"2)

mat2d -= 1/4 * exp(-(x+.5)"2 - y*2)

Display;AppendMatrixContour mat2d //This creates the contour plot
AppendImage mat2d //Adds a sense of depth

AppendMatrixContour mat2d AppendMatrixContour mat2d
AppendImage mat2d

You can add a sense of depth to a matrix (gridded data) contour plot by using The Append Image Dialogs
to add an image plot to the same graph. If your data is in XYZ form, use the AppendlmageToContour pro-
cedure (in the WaveMetrics Procedures folder) to create and append an image. For more on image plots,
see Chapter 1I-15, Image Plots.
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The Contour Plot Dialogs

Choose New Contour Plot from the Windows menu to bring up the New Contour Plot dialog.

Choose the type of data you want to contour. Y values will be calculated from the matrix column scaling.

New Contour Plot

Contour Data: | Matrix of Z Values - !

1 Only Waves from Target

Z Wave X Wave Y Wave
Only waves of the selected (root ™ ] (root ] ;] (root ™ ]
Efri(;’;:lsh e\‘[;ﬁl T;gtﬁ:tls dfor _‘% PR i _caleulated_ _calculated_
here g, . horl;;ntalﬂlﬁbs m @ xgrid vorid
) ER at > B Packages b ] Packages
@ RealisticData
Al RaalisticNatalmea i
v« > 3 ) > M3 ) >
Click here to modify the
contour’s initial appearance
— f‘—h\ les f . les f -
(contour levels, colors, Appearance... X Axis: | bottom o)y axis: [left =)
labels, etc.). Title:

\ Style: | _none_ | -

Display; Appendiiatr i xContour mat2d

The Display; command

creates a blank graph to @Boied) ( o cmd Line To Clip Help ) (Cancel) |
append the contour to. Enter a title for the graph here. If you leave it blank, Igor will generate a default title.

The Title, Style, X Axis and Y Axis items work the same as in the New Graph dialog (see Creating Graphs
on page I1-237). You can specify a new title for the graph and select or create the axes used in the contour
plot. Use the Style pop-up menu to apply a style macro to the newly created graph window.

The Append Contour Plot dialog is similar, except that the Only Waves from Target, Title, and Style items
are missing.

Contour Data Pop-Up Menu

The first thing you should do when using this dialog is to choose the type of data you want to contour using
the Contour Data pop-up menu:

New Contour Plot

Contour Data: A R R A =
Matrix of X, ¥, Z Columns
7 Wave X, Y, and Z Waves ¥ Wave
" root ‘:! “root |:] | root ':!
. expmat A _calculated_ _calculated_

This limits the waves displayed in the Z Wave list to that particular kind of data. The pop-up menu also
determines whether the AppendMatrixContour or AppendXYZContour operation is used to generate the
final command.Select the Only Waves from Target checkbox to show only the waves in the target window
(most useful when the target window is a table).

X, Y, and Z Wave Lists

The second thing you should do is choose from the Z Wave list the data you want to contour. This limits
the choices shown in the X Wave and Y Wave lists to those which can be combined with that Z wave and
the selected contour operation.

When “Matrix of Z Values” is chosen from the Contour Data pop-up menu, choosing _calculated_ from the
X Wave list generates X coordinates from the row X scaling of the matrix selected in the Z Wave list. Choos-
ing _calculated_ from the Y Wave list uses the column Y scaling to provide Y coordinates.
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You can also select a 1D wave to provide the X or Y coordinates for a matrix of Z values; only those waves
with the proper length for the selected Z Wave are shown in the X Wave and Y Wave lists. For details, see
the AppendMatrixContour operation on page V-24 and AppendXYZContour operation on page V-27.

When “Matrix of X, Y, Z Columns” is chosen from the Contour Data pop-up menu, the X Wave and Y Wave
lists aren’t necessary and are hidden. Igor expects the matrix selected in the Z Wave list to have X coordi-
nates in the first column, Y in the second, and Z in the third.

When “X, Y, and Z Waves” is selected, the X Wave and Y Wave lists are updated whenever a new Z wave
is selected so that only waves with matching lengths are shown.

Modifying a Contour Plot

You can change the appearance of the contour plot using the Modify Contour Appearance dialog. This
dialog is also available as a subdialog of the New Contour Plot dialog.

Misc Help

Append Traces to Graph...
Remove from Graph...
Append to Graph »

Modify Craph...

Frame >
Modify Trace Appearance...
Reorder Traces...

Modify Contour Appearance...

Tip #1  You can open the Modify Contour Appearance dialog by Shift-double-clicking the plot area of a
graph. The graph must contain a contour plot for this to work.

Tip #2  Use the preferences to change the default contour appearance, so you won’t be making the same
changes over and over. See Contour Preferences on page II-338.

Another way to open the dialog is by Control-clicking (Macintosh) or right-clicking (Windows) in
the plot area and choosing Modify Contour from the resulting pop-up menu.

Modify Contour Appearance Dialog

The Z wave or matrix wave of the contour plot being modified. Turns labels off, or controls when they are updated.

Modify Contour Appearance

Contour lines are drawn at these

Z levels. \Cclmaur Data: [ X¥Z3Col = ] Data Format: XYZ Columns

Levels — Labels -
) "auto = 1 levels | "none B
Range of automatic levels normally | |
= T ————
spans the range of Z values, but can Level Min Level Max | Label Tweaks...
be changed by entering number(s Auto | ® Auto ' ——
here ged by 9 (s) i ? 013935 | ? 526502 Line Colors... Sets colors of
’ ~ = (7 show Boundary contour lines.
1 More Levels... [ Show XY Markers
If updating your contour lines takes L Show Triangulation

a long time, you might want to
change this.

Update Contours: | always 5 ] Interpolation: | Linear = ]

Modi fuContour XYZ23Col labels=8

€ boir ) ( TocCmd Line To Clip Help Cancel

Contour Data Pop-Up Menu

The Contour Data pop-up menu shows the “contour instance name” of the contour plot being modified.
The name of the contour plot is the same as the name of the Z wave containing the contour data.
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If the graph contains more than one contour plot, you can use this pop-up menu to change all contour plots
in the target graph.

If the graph contains two contour plots using the same Z wave name, an instance number is appended to those
Z wave names in this pop-up menu. See Instance Notation on page IV-16, and Contour Instance Names
on page 1I-334.

Levels Levels
Each contour trace draws lines at one constant Z level. The Z levels are ¥=aulD: | 11 flevels
assigned automatically or manually as specified in this part of the dialog. S Level Max

from wave
@ Auto

o=

Igor computes automatic levels by subdividing the range of Z values into O 0139335 | O 2.26502
approximately the number of requested levels. You can instruct Igor to
compute the Z range automatically from the minimum and maximum of the
Z data, or to use a range that you specify in the dialog. Igor attempts to
choose “nice” contour levels that minimize the number of significant digits in the contour labels. To achieve
this, Igor may create more or fewer levels than you requested.

] More Levels...

You can specify manual levels directly in the dialog in several ways:

¢ Linearly spaced levels (constant increment) starting with a first level and incrementing by a speci-
fied amount.

e A list of arbitrary levels stored in a wave you choose from a pop-up Wave Browser.

¢ Alist of arbitrary levels you enter in the dialog that appears when you select the More Levels check-
box. These levels are in addition to automatic, manual, or from-wave levels.

The More Levels dialog can be used for different purposes:

e Toadd a contour level to those already defined by the automatic, manual, or from-wave levels. You
might do this to indicate a special feature of the data.

¢ As the only source of arbitrary contour levels, for complete control of the levels. You might do this
to slightly change a contour level to avoid problems (see Contouring Pitfalls on page 1I-337). Dis-
able the auto or manual levels by entering 0 for the number of levels. The only contour levels in effect
will be those entered in the More Levels dialog.

In the future, we may add a button in the More Levels dialog to copy the automatic or manual levels into the
More Levels dialog and automatically disable the automatic or manual levels. The Contour Levels WaveMet-
rics procedures will currently help in this regard (look in the WM Procedures Index help file for details).

Update Contours Pop-Up Menu

Igor normally recalculates and redraws the contour plot whenever any i off =
change occurs that might alter its appearance. This includes changes to any  update Contours:
data waves and the wave supplying contour levels, if any. Since calculating e womw  always =

the contour lines can take a long time, you may want to disable this automatic update with the Update Con-
tours pop-up menu.

“Oft” completely disables updating of the contours for any reason. Choose “once, now” to update the
contour when you click the Do It button. “Always” selects the default behavior of updating whenever the
contour levels change.

Labels Pop-Up Menu

Igor normally adds labels to the contour lines, and ~ Labels : —

updates them whenever the contour lines change | [if contours change %) = don't update any more
(see Update Contours Pop-Up Menu on page (Label Tweaks... ) | update now, once
11-326). Since updating plots with many labels can '

. . always update
take a long time, you may want to disable or e

modify this automatic update with the Labels pop-up menu.

“None” removes any existing contour labels, and prevents any more from being generated.
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“Don’t update any more” keeps any existing labels, and prevents any more updates. This is useful if you
have moved, removed, or modified some labels and you want to keep them that way.

“Update now, once” will update the labels when you click the Do It button, then prevents any more
updates. Use this if updating the labels takes too long for you to put up with automatic updates.

“If contours change”, the default, updates the labels whenever Igor recalculates the contour lines.

“Always update” is the most aggressive setting. It updates the labels if the graph is modified in almost any
way, such as changing the size of the graph or adjusting an axis. You might use this setting temporarily
while making adjustments that might otherwise cause the labels to overlap or be too sparse.

Click Label Tweaks to change the number format and appearance of the contour labels with the Contour
Labels dialog. See Modifying Labels on page II-336.

For more than you ever wanted to know about contour labels, see Contour Labels on page II-335.

Line Colors Button

Click the Line Colors button to assign colors to the contour lines according to their Z level, or to make them
all the same color:

i Line Colors " The 3 columns in this matrix wave
should contain red, green, and blue
) All Same Color: E values. The color for a contour line at
The default color setting level = Z comes from the row whose X
is the Rainbow color table O Color Index Wave: |MyColorwave v scaling most closely matches Z.

with autoscaled color

mapping @ Color Table: | Rainbow [ _v|
\ 1 Reverse Colors

First Color at Z= Last Color at Z= Rainbow colors normally start with red
© Auto ® Auto and end with violet. Click here to start
Olo Olo with violet and end with red.

€ Help ) ( cancel )

o)

Enter numbers here to map the first and last colors to specific Z

Autoscaled color mapping assigns the first color in a color table to the minimum Z value of the contour data
(not to the minimum contour level), and the last color to the maximum Z value.

For details about the color index wave, see The Color of Contour Traces on page II-329.

You can override the color set by this dialog with the Modify Trace Appearance Dialog. Also see Overrid-
ing the Color of Contour Traces on page 11-332.

Show Boundary Checkbox

Click this to generate a trace along the perimeter of the contour data in the XY plane. For a matrix contour, the
perimeter is simply a rectangle enclosing the minimum and maximum X and Y. The perimeter of XYZ triplet
contours connects the outermost XY points. This trace is updated at the same time as the contour level traces.

Show XY Markers Checkbox

Click this to generate a trace that shows the XY locations of the contour data. For a matrix contour, the loca-
tions are by default marked with dots; for XYZ triplet contours they are shown using markers. As with any
other contour trace, you can change the mode and marker of this trace with the Modify Trace Appearance
dialog. This trace is updated at the same time as the contour level traces.

Show Triangulation Checkbox

Click this to generate a trace that shows the Delaunay triangulation of the contour data. This is available for
only XYZ triplet contours. This trace is updated at the same time as the contour level traces.
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Interpolation Pop-Up Menu

XYZ triplet contours can be interpolated to increase the apparent resolution, resulting in smoother contour
lines. The interpolation uses the original Delaunay triangulation. Increasing the resolution requires more
time and memory; settings higher than x16 are recommended only to the very patient.

All About Contour Traces

Igor Pro creates XY pairs of double-precision waves to contain the contour trace data, and displays them as
ordinary graph traces. Each trace draws all the curves for one Z level. If a single Z level generates more than
one contour line, Igor uses a blank (NaN) at the end of each contour line to create a gap between it and the
following line.

The same method is used to display markers at the data’s XY coordinates, the XY domain’s boundary, and
(for XYZ triplet contours only) the Delaunay triangulation.

The names of these traces are fabricated from the name of the Z data wave or matrix. See Contour Trace
Names on page 11-328.

One important special property of these waves is that they are private to the graph. These waves will not
show up in any other dialog and are not accessible from the command line. There is a trick you can use to
copy these waves, however. See Extracting Contour Trace Data on page 11-334.

The contour traces (which are the visible manifestation of these waves), do show up in the Modify Trace
Appearance dialog, and can be named in commands just like other traces.

There is often no need to bother with the individual traces of a contour plot because the Modify Contour Appear-
ance dialog provides adequate control over the traces for most purposes. However, if you want to distinguish
one or more contour levels (to make them dashed lines, for example) you can do this by modifying the traces
using the Modify Trace Appearance dialog. Also see Overriding the Color of Contour Traces on page II-332.

Contour Trace Names

The name of a contour trace is usually something like “zwave=2.5", indicating that the trace is the contour
of the z data set “zwave” at the z=2.5 level. A name like this must be enclosed in single, noncurly quotes
when used in a command:

ModifyGraph mode ('zwave=2.5") =2
This trace naming convention is the default, but you can create a different naming convention when you

first append a contour to a graph by adding the proper /F parameters to AppendMatrixContour or
AppendXYZContour commands.

The contour dialogs do not generate these /F commands, but you can add them to commands the dialogs
generate by using the To Cmd Line button instead of the Do It button.

See the AppendMatrixContour operation on page V-24 and the AppendXYZContour operation on page
V-27 for a more thorough discussion of /F.

Example: Contour Legend with Numeric Trace Names

To make a legend contain slightly nicer wording you can omit the “zwave=" portion from trace names with
/ F="% g ".

AppendMatrixContour/F="%g" zw // trace names become just numbers
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----- 'zw=-2' mmmee 2
— zw=-1' —_—
----- 'zZw=0' ====='0'
— 'zw=1' —_

----- 'zw=2' ==-e= 2

— 'zw=3' — 3
----- 'zw=4' ===== 4!
— 'zZw=5' —'5

----- 'zZw=6' ===== 6
— 'zw=7' —_7
----- 'zw=8' ==---'8

— 'zw=9' —'9'

/F="%s=%g" (default) /F="%g"
Note: You can manually edit the legend text to remove the single quotes around the trace names.

Double-click the legend to bring up the Modify Annotation dialog.

For details on creating contour plot legends, see Legends on page II-335.

Programming Notes
The TraceNameList function returns a string which contains a list of the names of contour traces in a graph.

You can use the name of the trace to retrieve a “wave reference” to the values in the trace with the Trace-
NameToWaveRef (see page V-711) . See also Extracting Contour Trace Data on page 11-334.

If a graph happens to contain two traces with the same name, “instance notation” uniquely identifies them.
For example, two traces named “2.5” would show up in the Modify Trace Appearance dialog as “2.5” and
“2.5#1”. On the command line, you would use something like:

ModifyGraph mode('2.5"'#1)=2
Notice how the instance notation (the “#1” part) is outside the single quotes. This instance notation is

needed when the graph contains two contour plots that generate identically named traces, usually when
they use the same /F parameters and draw a contour line at the same level (z=2.5).

See Instance Notation on page IV-16. Also see Contour Instance Names on page 11-334.

The Color of Contour Traces

By default, contour traces are assigned a color from the Rainbow color table based on the contour trace’s Z
level. You can choose different colors in the Line Colors subdialog of the Modify Contour Appearance dialog.

The Line Colors dialog provides three choices for setting the contour trace colors:

1. All contour traces can be set to the same color.

2. The color for a trace can be selected from a “color index wave” (that you must create) by matching
the trace’s Z level with the color index wave X index.

3. The color for a trace can be computed from a chosen built-in color table by matching the trace’s Z
level with the range of available colors.

Color Tables

When you use a built-in color table to supply colors, Igor maps the Z level to an entry in the color table. By
default, Igor linearly maps the entire range of Z levels to the range of colors in the table by assigning the
minimum Z value of the contour data to the first color in the table, and the maximum Z value to the last
color:
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Range Rainbow
ofZ Color
data Table

Minimum Z Red First Color
Orange

K Yellow K

¢ Green ¢

Example Z Level — — -Cyan—- — — - Example Color

Blue

Maximum Z Violet Last Color

Automatic Mode Color Table Mapping

With the Modify Contour Appearance Dialog, you can assign a specific Z value to the color table’s first and
last colors. For example, you can use the first half of the color table by leaving First Color on Auto, and
typing a larger number (2* Z Max -Z Min, actually) for the Last Color.

Modify Co————*————

Line Colors

Contour Data: XYZ3Col

Levels 1 () All same Color: EI

auto v 11 ey
() Color Index Wave: | MyColorWave v
Level Min Level Max
> Auto > Auto 1 @ Color Table: | Rainbow [l _v|
0 3 1 Reverse Colors
" More Levels. /. First Color at 2= Last Color at Z=
® Auto ) Auto
Update Cohtours: = always | O|o ® 4
Do It \ To Cmg Line ( Help ) ( Cancel )
\ /

Auto Levels mode shows the minimum and Enter 2 * maximum Z - minimum Z to use only the first half of the color table.
maximum Z values of the contour data here.

Using the First Half of a Color Table

Color Index Wave

You can create your own range of colors by creating a color index wave. The wave must be a 2D wave with
three columns containing red, green, and blue values that range from 0 (zero intensity) to 65535 (full inten-
sity), and a row for each color. Igor finds the color for a particular Z level by choosing the row in the color
index wave whose X index most closely matches the Z level:

o806 Table0:MyColorWave.xd
Rizco | | | | =2
Row MyColorwavesx  iMyColorwave[1[0].d iMyColorwave[101].d {MyColorwave[1[2]d
X y a 1 2
30 0458623 5535 90630 90838 -
. 40 0470588 65535 102398 102398
) X scaling 41 0457353 65535 inang g 10495 & m
index closest ———2| 0494117 <fEEag 10751.8 107518 >—— red= 65535,
43 0505062 5535 10070 T1007.6 _
t00.5 44 0517647 5535 112638 ii3655 a green=10751.8,
45 0523411 65535 115198 11513 7, blue=10751.8
L | | | pils
X Column 0 Column 1 Column 2
index Red Green Blue

Choosing a color for Z contour level = 0.5
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To choose the row, Igor converts the Z level into a row number as if executing:

colorIndexWaveRow= x2pnt (colorIndexWave, Z)
which rounds to the nearest row and limits the result to the rows in the color index wave.

When the color index wave has default X scaling (the X index is equal to row number), then row 0 contains
the color for z=0, row 1 contains the color for z=1, etc. By setting the X scaling of the wave (Change Wave
Scaling dialog), you can control how Igor maps Z level to color. This is similar to setting the First Color and
Last Color values for a color table.

Color Index Wave Programming Notes
Looking up a color in a color index wave can be expressed programmatically as:

reds= colorIndexWave (Z level) [0]
green= colorIndexWave (Z level) [1]
blue= colorIndexWave (Z level) [2]

where () indexes into rows using X scaling, and [ ] selects a column using Y point number (column number).

Here is a code fragment that creates a color index wave that varies from blue to red:

Function BlueRedColorIndexWave (numberOfColors, zMin, zMax)
Variable numberOfColors
Variable zMin, zMax // from min, max of contour or image data

Make/O/N= (numberOfColors,3) myColors
Variable white=65535 // black is zero
Variable colorStep= white/ (numberOfColors-1)

myColors[] [0]= colorStep*p // red increases with row number,
myColors[] [1]= 0O // no green
myColors[] [2] = colorStep* (numberOfColors-1-p) // blue decreases

SetScale/I x,zMin, zMax,myColors // Match X scaling to Z range
End

Log Color for Contour Traces

In Igor Pro 6.22, the ability to map the color table and color index colors in a logarithmic fashion was added
with the ModifyContour logLines=1 command, which is controlled by the Log Color checkbox in the
Line Colors dialog. When checked, the colors change more rapidly at smaller contour z level values than at
larger values.

For a color index wave, the colors are mapped using the log(color index wave's x scaling) and log(contour
z level) values this way:

colorIndexWaveRow = (nRows-1)* (log(Z)-log(xMin) )/ (log(xmax)-log(xMin))
where,

nRows = DimSize (colorIndexWave, 0)
xMin = DimOffset (colorIndexWave, 0)
xMax = xMin + (nRows-1) * DimDelta (colorIndexWave, 0)

The colorIndexWaveRow value is rounded before it is used to select a color from the color index wave.

A similar mapping is performed with color tables, where the xMin and xMax are replaced with the auto-
matically determined or manually provided zMin and zMax values.
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Overriding the Color of Contour Traces

You can override the color set by the Line Color subdialog by using the Modify Trace Appearance dialog,
the ModifyGraph command, or by Control-clicking (Macintosh) or right-clicking (Windows) in the graph’s
plot area to pop up the Trace Pop-Up Menu. The color you choose will continue to be used until either:

1. The trace is removed when the contours are updated (because the levels changed, for instance),
2. Or you choose a new setting in the Line Color subdialog.

Removing Contour Traces from a Graph

Removing traces from a contour plot with the RemoveFromGraph operation or the Remove from Graph dialog
will work only temporarily. As soon as Igor updates the contour traces, any removed traces may be replaced.

You can prevent this replacement by disabling contour updates with the Modify Contour Appearance
dialog. It is better, however, to use the Modify Contour Appearance dialog to control which traces are
drawn in the first place.

To permanently remove a particular automatic or manual contour level, you are better off not using manual
levels or automatic levels at all. Use the More Levels dialog to explicitly enter all the levels, and enter zero
for the number of manual or automatic levels.

Tip: Make a legend in the graph to list the contour traces. The trace names normally contain the
contour levels. To do this, select the command window, type Legend, and press Return or Enter.

Similarly, if you don’t want the triangulation or XY marker traces to be drawn, use the Modify Contour

Appearance dialog to turn them off, rather than removing them with the Remove from Graph dialog.

Cursors on Contour Traces

You can attach cursors to a contour trace. Just like any other trace, the X and Y values are shown in the graph
info panel (choose Show Info from the Graph menu). When the cursor is attached to a contour line the Z
value (contour level) of the trace is also shown in the info panel:

Cursors B and A attached to contour traces.

| 54\ -1
2 3
32 &

Contour Label a o A 0 i 2
shows contour | | Z
A w=0" pnt: 72 ®:-0.84 Yo -2.2848 Z2:0 AR =192 A2 2
level (Z Value)- gs: W=z’ | ol Epnt: 13 #i-2.76 ¥:-2.1427 T2 | & 0.14208 |
Contour trace names indicate contour level. Z value of contour lines. AZ

There are several additional methods for displaying the Z value of a contour trace:

e The zcsr function returns the Z value of the trace the cursor is attached to. Zcsr returns a NaN if the
cursor is attached to a noncontour trace. You can use this in a macro, or print the result on the com-
mand line using: Print zcsr (A).

¢ Ifyouadd animage behind the contour, you can use cursors to display the X, Y, and Z values at any point.

® The name of the trace the cursor is attached to shows up in the info panel, and the name usually con-
tains the Z value.

¢ Contour labels show the Z value. Contour labels are tags that contain the \ OZ escape code or TagVal(3).
See Contour Labels on page II-335. You can drag these labels around by holding down Option (Macin-
tosh) or Alt (Windows) to change the tag attachment point. See Changing a Tag’s Attachment Point on
page III-57.

Contour Trace Updates

Igor normally updates the contour traces whenever the contour data (matrix or XYZ triplets) changes or
whenever the contour levels change. Because creating the contour traces can be a lengthy process, you can
prevent these automatic updates through a pop-up menu item in the Modify Contour Appearance dialog.
See Update Contours Pop-Up Menu on page II-326.
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Preventing automatic updates can be useful when you are repeatedly editing the contour data in a table or
from a procedure. Use the “once, now” pop-up item to manually update the traces.

Programming Note

Programmers should be aware of another update issue: contour traces are created in two steps. To under-
stand this, look at this graph recreation macro that appends a contour to a graph and then defines the
contour levels, styles and labels:

Window Graphl () : Graph
PauseUpdate; Silent 1 // building window. ..
Display /W=(11,42,484,303)
AppendMatrixContour zw
ModifyContour zw autoLevels={*,*,5}, moreLevels={0.5}
ModifyContour zw rgbLines=(65535,0,26214)
ModifyContour zw labels=0
ModifyGraph 1Size('zw=0"')=
ModifyGraph 1Style('zw=0"')=3
ModifyGraph rgb('zw=0')=(0,0,65535)
ModifyGraph mirror=2

EndMacro

3

First, the AppendMatrixContour operation runs and creates stub traces consisting of zero points. The Mod-
ifyContour and ModifyGraph operations that follow act on the stub traces. Finally, after all of the com-
mands that define the graph have executed, Igor does an update of the entire graph (the effect of the
PauseUpdate operation expires when the window macro finishes). This is the time when Igor does the
actual contour computations which convert the stub traces into fully-formed contour traces.

This delayed computation prevents unnecessary computations from occurring when ModifyContour com-
mands execute in a macro or function. The ModifyContour command often changes default contour level
settings, rendering any preceding computations obsolete. For the same reason, the New Contour Plot
dialog appends “;DelayUpdate” to the Append Contour commands when a ModifyContour command is
also generated.

The DoUpdate operation updates graphs and objects. You can call DoUpdate from a macro or function to
force the contouring computations to be done at the desired time.

Drawing Order of Contour Traces
The contour traces are drawn in a fixed order. From back-to-front, that order is:

1. triangulation (Delaunay Triangulation trace, only for XYZ contours),
2. boundary,

3. XY markers,

4. contour trace of lowest Z level,

... intervening contour traces are in order from low-to-high Z level...

N. contour of highest Z level.

You can temporarily override the drawing order with the Reorder Traces Dialog, the Trace Pop-Up Menu,
or the ReorderTraces operation. The order you choose will be used until the contour traces are updated.
See Contour Trace Updates on page 11-332.

Note: The order of a contour plot’s traces relative to any other traces (the traces belonging to another
contour plot for instance) is not preserved by the graph’s window recreation macro.

Any contour trace reordering is lost when the experiment is closed.
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Extracting Contour Trace Data

Advanced users may want to create a copy of a private XY wave pair that describes a contour trace. You
might do this to extract the Delaunay triangulation, or simply to inspect the X and Y values in a table, for
example. To extract contour wave pair(s), include the Extract Contours As Waves procedure file:

#include <Extract Contours As Waves>
which adds “Extract One Contour Trace” and “Extract All Contour Traces” menu items to the Graph menu.

Another way to copy the traces into a normal wave is to use the Data Browser to browse the saved experiment;
the contour traces are saved as waves in a temporary data folder whose name begins with “WM_CTraces_” and
ends with the contour’s “contour instance name”. See Chapter 1I-8, Data Folders, for more about data folders.

Contour Instance Names

Igor identifies a contour plot by the name of the wave providing Z values (the matrix wave or the Z wave).
This “contour instance name” is used in commands that modify the contour plot.

Note: Contour instance names are not the same as contour trace instance names: contour instance names refer
to the data from which the contour traces are derived. See Contour Trace Names on page 11-328.

The Modify Contour Appearance dialog generates the correct contour instance name automatically.

Contour instance names work much the same way wave instance names for traces in a graph do. See
Instance Notation on page IV-16.

Examples
In the first example the contour instance name is “zw”:
Display; AppendMatrixContour zw // new contour plot

ModifyContour zw ctabLines={*,*,BlueHot} // change color table

In the unusual case that a graph contains two contour plots of the same data, an instance number must be
appended to the name to modify the second plot: zw#1 is the contour instance name of the second contour plot:

Display

AppendMatrixContour zw; AppendMatrixContour zw //two contour plots
ModifyContour zw ctabLines={*,*,RedWhiteBlue} //change first plot
ModifyContour zw#l ctabLines:{*,*,BlueHot} //change second plot

You might have two contour plots of the same data to show different subranges of the data side-by-side
(this example uses separate axes for each plot):

GraphQ:zw,zw

2]

. _1E . = © Tfy Contour Appearance
Contour Data: @43 B Data Format: Z Matrix
v _é:%g : Levels —— = Labels |
g == auto e ] 11 levels | _if contours change & ]
-1 > | |
-3 | f L) |
— ;=== | Level Min Level Max | . Label Tweaks... |
— = : |
2 :gﬁ @® Auto | @ Auto T ——
= 1 — == Line Colors...
1 1 ) -2.027618 | () 39.316004 — e
__ Show Boundary
-3 A I More Levels... I Show XY Markers

b zw=t Update Contours: ' always =% ]
E: 'zw*1=2"
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Programming Note

The ContourNameList function returns a string containing a list of contour instance names. Each name cor-
responds to one contour plot in the graph. ContourInfo (see page V-60) returns information about a par-
ticular named contour plot.

Legends

You can create two kinds of legends appropriate for contour plots using the Add Annotation dialog: a
Legend or a ColorScale. For more details about the Add Annotation dialog and creating legends, see
Chapter III-2, Annotations, and the Legends (see page III-52) and Color Scales (see page III-59) sections.

A Legend annotation will display the contour traces with their associated color. A ColorScale will display the
entire color range as a color bar with an axis that spans the range of colors associated with the contour data.

— 'mat2d=-2"'
‘mat2d=-1"
‘mat2d=0"
‘mat2d=1"
‘mat2d=2"
‘mat2d=3"
‘mat2d=4'

— 'mat2d=5"

— 'mat2d=4"

— 'mat2d=7"

Color Scale

Contour Labels

Igor uses specialized tags to create the numerical labels for contour plots. Igor puts one label on every
contour curve. Usually there are several contour curves drawn by one contour trace. The tag uses the \OZ
escape code or the TagVal(3) function to print the contour level value in the tag instead of printing the literal
value. See Text Content on page I1I-43 for more about escape codes and tags.

You can select the rotation of contour labels using the Label Tweaks subdialog of the Modify Contour
Appearance Dialog. You can request tangent, horizontal, vertical or both orientations. If permitted, Igor
will prefer horizontal labels. The "Snap to" alternatives convert horizontal or vertical labels within 2 degrees
of horizontal or vertical to exactly horizontal or vertical.

Igor will position the labels so that they don't overlap other annotations and aren't outside the graph's plot
area. Contour labels are slightly special in that they are always drawn below all other annotations, so that
they will never show up on top of a legend or axis label. Igor chooses label locations and tangent label ori-
entations based on the slope of the contour trace on the screen.

Controlling Label Updates

By default, Igor automatically relabels the graph only when the contour data or contour levels change, but you
can control when labels update with the Labels pop-up menu in the Modify Contour Appearance dialog. See
Labels Pop-Up Menu on page 1I-326. Be aware that updating a graph containing many labels can be slow.

Repositioning and Removing Contour Labels

Contour labels are “frozen” so that they can’t be dragged, but since they are tags, you can Option-drag (Mac-
intosh) or Alt-drag (Windows) them to a new attachment point. See Changing a Tag’s Attachment Point on
page I1I-57. The labels are frozen to make them harder to accidentally move.

You can reposition contour labels, but they will be moved back, moved to a completely new position, or
deleted when labels are updated. You should turn off label updating before that happens. See Controlling
Label Updates on page 11-335.
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Here’s a recommended strategy for creating contour labels to your liking:

1. Create the contour plot and set the graph window to the desired size.

2. Choose Modify Contour Appearance (or Shift-double-click the plot area), and click the Label
Tweaks button and choose the rotation for labels, and any other label formatting options you want.

3. Choose “update now, once” from the Labels pop-up menu, and then the Do It button.
4. Option-drag or Alt-drag any labels you don’t want completely off the graph.

5. Option-drag or Alt-drag any labels that are in the wrong place to another attachment point. You can drag
them to a completely different trace, and the value printed in the label will change to the correct value.

To drag a label away from its attachment point, you must first unfreeze it with Position pop-up menu in the
Annotation Tweaks dialog. See Overriding the Contour Labels on page I1-336.

Adding Contour Labels

You can add a contour label with a Tag command like:
Tag/Q=ZW#1/F=0/Z=1/B=2/I=1/X=0/Y=0/L=1 'zw#l=2', 0 , "\\OZ"

or (if you are sane) use the Modify Annotation dialog to duplicate the annotation and then drag it to a new
location.

Modifying Labels

You can change the label font, font size, style, color, (e ou e
and rotation of all labels for a contour plot by click-
ing Label Tweaks in the Modify Contour Appear- woizter: (CTES|  Beon: | EEICT

ance dialog. This brings up the Contour Labels

Label Text

ialog.
Subdla Og Font: m Mumber Format: m
You can choose the rotation of contour labels from see [ SignificaniDigs: [§ =]
tangent, horizontal, vertical or both orientations. If .
both vertical and horizontal labels are permitted, = ol |-
Igor will choose vertical or horizontal with a prefer- =

ence for horizontal labels. Selecting one of the
Tangent choices creates labels that are rotated to
follow the contour line. The "Snap to" alternatives convert labels within 2 degrees of horizontal or vertical
to exactly horizontal or vertical.

You can choose a specific font, size, and style. The “default” font is the graph’s default font, as set by the
Modify Graph dialog.

The background color of contour labels is normally the same as the graph plot color (usually white). With
the Background pop-up menu, you can select a specific background color for the labels, or choose the
window background color or the transparent mode.

You can choose among general, scientific, fixed-point, and integer formats for the contour labels. These corre-
spond to printf conversion specifications, “%g”, “%e”, “%{”, and “%d”, respectively (see the printf operation on
page V-499). These specifications are combined with TagVal(3) into a dynamic text string that is used in each tag.

For example, choosing a Number Format of “###0.0...0” with 3 Digits after Decimal Point in the Contour-
Labels dialog results in the contour tags having this as their text: \ {"%.3£", tagVal (3) }. This format will
create contour labels such as “12.345”.

Overriding the Contour Labels
Since Igor implements contour labels using standard tags, you can adjust labels individually by simply
double-clicking the label to bring up the Modify Annotation dialog.

However, once you modify a label, Igor no longer considers it a contour label and will not automatically
update it any more. When the labels are updated, the modified label will be ignored, which may result in
two labels on a contour curve.
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You may want to take complete, manual control of contour labels. In this case, set the Labels pop-up menu
in the Modify Contour Appearance dialog to “no more updates” so that Igor will no longer update them.
You can then make any desired changes without fear that Igor will undo them.

Contour labels are distinguished from other tags by means of the /Q flag. Tag/Q=contourlnstanceName
assigns the tag to the named contour. Igor uses the /Q flag in recreation macros to assign tags to a particular
contour plot.

When you edit a contour label with the Modify Annotation dialog, the dialog adds a plain /Q flag (with no
=contourInstanceName following it) to the Tag command to divorce the annotation from its contour plot.

Add the /Q=ContourInstanceName to Tag commands to temporarily assign ownership of the annota-
tion to the contour so that it is deleted when the contour labels are updated.

Labels and Drawing Tools

One problem with Igor’s use of annotations as contour labels is that there isn’t any drawing layer above
them. If you use the drawing tools to create a rectangle in the same location as some contour labels, you will
encounter something like the following window.

E& Graph1:mat2d Q@

window background 4

ProgBack. __/i_‘)
UserBack P 7

anes
Proghxes -1
UserAxes
traces e
FrogFront
v Userfront I I I I
annotations -1 0 1 2

You will need to remove the offending labels by Option-dragging (Macintosh) or Alt-dragging (Windows)
them elsewhere or entirely off the graph (see Repositioning and Removing Contour Labels on page
II-335). Do this after you have disabled label updates (see Update Contours Pop-Up Menu on page 11-326).

Contouring Pitfalls

You may encounter situations in which the contour plot doesn’t look as you expect.

Insufficient Resolution

Contour curves are generally closed curves, or they intersect the data boundary. Under certain conditions, typ-
ically when using XYZ triplet data, the contouring algorithm may generate what appears to be an open curve (a
line rather than a closed shape). This open curve typically corresponds to a peak ridge or a valley trough in the
surface. At times, an open curve may also correspond to a line that intersects a nonobvious boundary.

The line may actually be a very narrow closed curve: zoom in by dragging out a marquee, click inside and
choose “expand” from the pop-up menu.

If it really is a line, increasing the resolution of the data in that region (by adding more X, Y, Z triplets) may
result in a closed curve. Selecting higher interpolation settings with the Interpolation Pop-Up may help.

Another solution is to shift the contour level slightly down from a peak or up from a valley. Or you could
choose a new set of levels that don’t include the level exhibiting the problem. See Levels on page 11-326.
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Crossing Contour Lines

Contour lines corresponding to different levels will not cross each other, but contour lines of the same level
may appear to intersect. This typically happens when a contour level is equal to a “saddle point” of the sur-
face. An example of this is a contour level of zero for the function:

z= sinc(x) - sinc(y)

z= sinc(x) - sinc(y)

. \\o/ /

a-// Ms

You should shift the contour level away from the level of the saddle point. See Levels on page II-326.

Flat Areas in the Contour Data

Patches of constant Z values in XYZ triplet data don’t contour well at those levels. If the data has flat areas
equal to 2.0, for example, a contour level at Z=2.0 may produce ambiguous results. Gridded contour data
does not suffer from this problem.

You should shift the contour level above or below the level of the flat area. See Levels on page 11-326.

Contour Preferences

You can change the default appearance of contour plots by “capturing” preferences from a “prototype”
graph containing contour plots.

Create a graph containing a contour plot (or plots) having the settings you use most often. Then choose
Capture Graph Prefs from the Graph menu. Select the Contour Plots category, and click Capture Prefs.

Capture Graph Preferences

The factory default settings

for the Contour Plot category default [ Window Position and Size

are currently in effect. —————— default : Page Setup
default |__ ShowTools, Showlnfo, and Cursors
default "I Margins, Height and Width Modes
default "1 Background and Graph Colors
default "] Font, Font Size, and Font Style
default "1 XY Plots: Axes and Axis Labels

The Contour Appearance default [ XY Plots: Wave Styles (lines, markers, colors, ...}

settings and the axis settings default "] Category Plots: Axes and Axis Labels

used for the contour plot in the default : Category Plots: Wave Styles

target Graph will be captured default [l Image Plots: Axes and Colors

default E Contour Plots: Axes, Levels, Colors, Labels, Updates...

Capture Prefs Revert to Defaults € Help Y ( Cancel )

as the new preferred settings.

Preferences are normally in effect only for manual operations, not for automatic operations from Igor pro-
cedures. This is discussed in more detail in Chapter I1I-17, Preferences.

The Contour Plots category includes both Contour Appearance settings and axis settings.
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Contour Appearance Preferences

The captured Contour Appearance settings are automatically applied to a contour plot when it is first
created (provided preferences are turned on). They are also used to preset the Modify Contour Appearance
dialog (which is also a subdialog of the New Contour Plot dialog).

If you capture the Contour Plot preferences from a graph with more than one contour plot, the first contour
plot appended to a graph gets the settings from the contour first appended to the prototype graph. The
second contour plot appended to a graph gets the settings from the second contour plot appended to the
prototype graph, etc. This is similar to the way XY plot wave styles work.

Contour Axis Preferences

Only axis settings used by the contour plot are captured. Axes used solely for an XY, category, or image plot
are not captured when the Contour Plots category is selected.

The contour axis preferences are applied only when axes having the same name as the captured axis are
created by AppendMatrixContour or AppendXYZContour commands. If the axes existed before those com-
mands are executed, they will not be affected by the axis preferences. The names of captured contour axes
are listed in the X Axis and Y Axis pop-up menus of the New Contour Plot and Append Contour Plot dia-
logs. This is similar to the way XY plot axis preferences work.

You can capture contour axis settings for the standard left and bottom axes, and Igor will save these sepa-
rately from left and bottom axis preferences captured for XY, category, and image plots. Igor will use the
contour axis settings for AppendMatrixContour or AppendXYZContour commands only.

How to Use Contour Plot Preferences
Here is our recommended strategy for using contour preferences:

1. Create anew graph containing a single contour plot (if you want to capture the Show Triangulation
and Interpolation settings, you must make an XYZ contour plot). Use the axes you will want for a
contour plot.

2. Use the Modify Contour Appearance dialog and the Modify Axis dialog to make the contour plot
appear as you prefer.

3. Choose Graph—Capture Graph Prefs, select the Contour Plots category, and click Capture Prefs.

References

Watson, David F., Contouring: A Guide to the Analysis and Display of Spatial Data, 340 pp., Pergamon Press,
New York, 1992.
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Contour Plot Shortcuts

Because contour plots are drawn in a normal graph, all of the Graph Shortcuts (see page II-306) apply. Here
we list those which apply specifically to contour plots.

Action

Shortcut (Macintosh)

Shortcut (Windows)

To modify the
appearance of the
contour plot as a
whole

To modify a
contour label

To remove a
contour label

Tomove a contour
label to another
contour trace

To duplicate a
contour label

To modify the
appearance or
front-to-back
drawing order of a
contour trace

Control-click and choose Modify Contour
from the pop-up menu or

Right-click and choose Modify Contour
from the pop-up menu or

Press Shift and double-click the plot area of Press Shift and double-click the plot area of

the graph, away from any labels or traces.
This brings up the Modify Contour
Appearance dialog.

Press Shift and double-click the plot area, and
click Label Tweaks in the Modify Contour
Appearance dialog.

the graph, away from any labels or traces.
This brings up the Modify Contour
Appearance dialog.

Press Shift and double-click the plot area, and
click Label Tweaks in the Modify Contour
Appearance dialog.

Don’t double-click the label to use the Modify Don’t double-click the label to use the Modify

Annotation dialog unless you intend to
maintain the label yourself. See Overriding
the Contour Labels on page 11-336.

Press Option, click in the label, and drag it
completely off the graph.

Press Option, click in the label and drag it
to another contour trace.

Double-click any label, click the Duplicate
button, and click the Do It button.

Press Control and click the trace to get a
pop-up menu.

Press Command-Shift to modify all traces.

Double-click the trace to summon the
Modify Trace Appearance dialog.

Also see Overriding the Color of Contour
Traces on page 11-332 and Drawing Order
of Contour Traces on page II-333.

Annotation dialog unless you intend to
maintain the label yourself. See Overriding
the Contour Labels on page I1-336.

Press Alt, click in the label, and drag it
completely off the graph.

Press Alt, click in the label and drag it to
another contour trace.

Double-click any label, click the Duplicate
button, and click the Do It button.

Right-click the trace to get a contextual
menu.

Press Shift while right-clicking to modify
all traces.

Double-click the trace to summon the
Modify Trace Appearance dialog.

Also see Overriding the Color of Contour
Traces on page 1I-332 and Drawing Order
of Contour Traces on page 11-333.
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