MATLAB®
Graphics

R2011b

MATLAB’




LN N

How to Contact MathWorks

www . mathworks.com Web

comp.soft-sys.matlab Newsgroup

www . mathworks.com/contact_TS.html Technical Support
suggest@mathworks.com Product enhancement suggestions
bugs@mathworks.com Bug reports

doc@mathworks.com Documentation error reports
service@mathworks.com Order status, license renewals, passcodes
info@mathworks.com Sales, pricing, and general information

508-647-7000 (Phone)
508-647-7001 (Fax)

The MathWorks, Inc.
3 Apple Hill Drive
Natick, MA 01760-2098

For contact information about worldwide offices, see the MathWorks Web site.
MATLAB® Graphics
© COPYRIGHT 1984-2011 by The MathWorks, Inc.

The software described in this document is furnished under a license agreement. The software may be used
or copied only under the terms of the license agreement. No part of this manual may be photocopied or
reproduced in any form without prior written consent from The MathWorks, Inc.

FEDERAL ACQUISITION: This provision applies to all acquisitions of the Program and Documentation
by, for, or through the federal government of the United States. By accepting delivery of the Program

or Documentation, the government hereby agrees that this software or documentation qualifies as
commercial computer software or commercial computer software documentation as such terms are used

or defined in FAR 12.212, DFARS Part 227.72, and DFARS 252.227-7014. Accordingly, the terms and
conditions of this Agreement and only those rights specified in this Agreement, shall pertain to and govern
the use, modification, reproduction, release, performance, display, and disclosure of the Program and
Documentation by the federal government (or other entity acquiring for or through the federal government)
and shall supersede any conflicting contractual terms or conditions. If this License fails to meet the
government’s needs or is inconsistent in any respect with federal procurement law, the government agrees
to return the Program and Documentation, unused, to The MathWorks, Inc.

Trademarks

MATLAB and Simulink are registered trademarks of The MathWorks, Inc. See

www . mathworks.com/trademarks for a list of additional trademarks. Other product or brand
names may be trademarks or registered trademarks of their respective holders.

Patents

MathWorks products are protected by one or more U.S. patents. Please see
www.mathworks.com/patents for more information.


http://www.mathworks.com/trademarks
http://www.mathworks.com/patents

Revision History

March 2006
September 2006
March 2007
September 2007
March 2008

October 2008
March 2009
September 2009
March 2010
September 2010
April 2011
September 2011

Online only
Online only
Online only
Online only
Online only

Online only
Online only
Online only
Online only
Online only
Online only
Online only

New for MATLAB 7.2 (Release 2006a)
Revised for MATLAB 7.3 (Release 2006b)
Revised for MATLAB 7.4 (Release 2007a)
Revised for MATLAB 7.5 (Release 2007b)
Revised for MATLAB 7.6 (Release 2008a)
This publication was previously part of the Using
MATLAB® Graphics User Guide.

Revised for MATLAB 7.7 (Release 2008b)
Revised for MATLAB 7.8 (Release 2009a)
Revised for MATLAB 7.9 (Release 2009b)
Revised for MATLAB 7.10 (Release 2010a)
Revised for MATLAB 7.11 (Release 2010b)
Revised for MATLAB 7.12 (Release 2011a)
Revised for MATLAB 7.13 (Release 2011b)






Plots and Plotting Tools

Figures, Plots, and Graphs ......................... 1-2
What Is a MATLAB Graph? .............. oo, 1-2
AnatomyofaGraph ............. ... ... i, 1-3
Figure Toolbars .......... .. i, 1-5
Types of MATLAB Plots ............ ..., 1-6

Plotting Tools — Interactive Plotting ................ 1-11
What Are Plotting Tools? .......... ..., 1-11
Plotting Tools Interface Overview .................... 1-12
The Figure Palette ............... ... ... ... ... ...... 1-19
The Plot Browser ..........coiiiiiiiiieennnnnnnn. 1-24
The Property Editor .............. ... .. ... ... ...... 1-29

Accessing Object Properties with the Property Inspector .. 1-30

Example — Plotting Workspace Variables ............ 1-36
Identifying Workspace DatatoPlot ................... 1-36
Addinga Subplot .......... . ... e 1-39

Example — Choosing a Graph Type ................. 1-44
Selecting a Graph from the Plot Catalog ............... 1-44
Plotting Expressions ..........ccuuiiiiiiinnnnnn. 1-48

Example — Specifying a Data Source ................ 1-52
Creatingthe Graph ........... ... ... . ... 1-52
Varying the Data Source ............. ... .. ... 1-52
Data Sources for Multiobject Graphs .................. 1-54

Example — Generating MATLAB Code to Reproduce a

Graph ........ . . . 1-56
Create a Stem Plot and Generate Codefor It ........... 1-56
Data Arguments .............. .. 1-58

Limitations . ... ot e 1-568




vi

Contents

2

Editing Plots ......... ... .. 1-59
Why Edit Plots? ...... ... ... ... 1-59
Interactive Plot Editing ............................ 1-59
Using Functions to Edit Graphs ...................... 1-59

Working in Plot Edit Mode ......................... 1-61
Figure Windows in Plot Edit Mode ................... 1-61
Starting Plot Edit Mode ................cc ... 1-62
Exiting Plot Edit Mode ........... ..., 1-63
Selecting Objectsina Graph ........................ 1-63
Cutting, Copying, and Pasting Plot Objects ............ 1-64
Moving and Resizing Objects ............ ..., 1-67
Setting Object Properties ..........cciiiiiieneeeo... 1-68
Undo/Redo — Eliminating Mistakes .................. 1-68

Saving YourWork ................ ... ... . ... ..., 1-70
Saving a Graph in FIG-File Format ................... 1-70
Saving to a Different Format — Exporting Figures ...... 1-71
Printing Figures ........ ... ... i, 1-72
Generating a MATLAB File to Recreate a Graph ........ 1-73

Data Exploration Tools

Ways to Explore Graphical Data .................... 2-2
Introduction .......... ... .. i 2-2
Types of Tools ... e 2-2
Customizing Data Exploration Tools .................. 2-3

Data Cursor — Displaying Data Values Interactively .. 2-10
What Is a Data Cursor? ............. ... 2-10
Enabling Data CursorMode ......................... 2-11
Display Style — Datatip or Cursor Window ............ 2-20
Selection Style — Select Data Points or Interpolate Points

onGraph ........ . 2-21
Exporting Data Value to Workspace Variable ........... 2-22

Enlargingthe View ............... ... ... .......... 2-25

Zoomingin2-Dand3-D ............... .. . . .. 2-25



Zooming in 2-D VIews . .......iiiiiiiineeennnnnnnnn

Panning — Shifting Your View of the Graph .........

Rotate 3D — Interactive Rotation of 3-D Views .......
Enabling 3-D Rotation ............... .. ... ..
Selecting Predefined Views .........................
Rotation Style for Complex Graphs ...................
Undo/Redo — Eliminating Mistakes ..................

Annotating Graphs

3

How to Annotate Graphs ...........................
Graph Annotation Features .........................
Enclosing Regions of a Graph in a Rectangle or an

Ellipse .. ... e
Textbox Annotations ...........c.ouviiuneeennnnnnnnn
Annotation Lines and Arrows ........... ..o,
Adding a Colorbartoa Graph .......................
Adding a Legendtoa Graph .........................
Pinning — Attaching to a Point in the Graph ...........

Alignment Tool — Aligning and Distributing Objects ..
Alignment Tool Functionality .......................
Example — Vertical Distribute, Horizontal Align .......
Align/Distribute Menu Options ......................
Snap to Grid — Aligning Objectsona Grid .............

Adding Titlesto Graphs ............................
What Isa Title? ......... . i,
Using the Title Option on the Insert Menu .............
Using the Property Editor to Add a Title ...............
Using the title Function ............................

Adding Axis Labels to Graphs .......................
What Are Axis Labels? ........ ... ... ...
Using the Label Options on the Insert Menu ...........

3-2
3-2

3-6
3-8
3-12
3-15
3-19
3-22

3-24
3-24
3-25
3-28
3-30

3-33
3-33
3-34
3-34
3-35

3-38
3-38
3-40

vii



viii

Contents

Using the Property Editor to Add Axis Labels .......... 3-40

Using Axis-Label Commands ........................ 3-42
Adding Text Annotations to Graphs ................. 3-45
What Are Text Annotations? ................cccvvu... 3-45
Creating Text Annotations with the text or gtext
Function .......... . i i 3-46
Text Alignment ..........iiiiiiinennnnn. 3-51
Example — Aligning Text ......... ..., 3-52
Editing Text Objects . ..., 3-54
Mathematical Symbols, Greek Letters, and TeX
Characters ........c.uiiiiinniiiii e, 3-54
Using Character and Numeric Variables in Text ........ 3-58
Example — Multiline Text .......................... 3-59
Example — Using LaTeX to Format Math Equations .... 3-60
Drawing TextinaBox ............ ... ... 3-64
Adding Arrows and Lines to Graphs ................. 3-66
Creating Arrows and Lines in Plot Editing Mode ........ 3-66
Editing Arrows and Line Annotations ................. 3-67
Positioning Annotations in Data Space .............. 3-69
Example — Pinning Text Arrows and Ellipses .......... 3-69

Basic Plotting Commands

q

Setting Up Figures ................ ... 4-2
Creating Figure Windows ................ .. ... ...... 4-2
Displaying Multiple Plots per Figure .................. 4-2
Specifying the Target Axes .........cciiiiiii... 4-5
Default Color Scheme ................ ..., 4-5

Using High-Level Plotting Functions ................ 4-7
Functions for Plotting Line Graphs ................... 4-7
Programmatic Plotting ............................. 4-8
Creating Line Plots ........... ..., 4-9
Specifying Line Style ......... ... ..., 4-11
Colors, Line Styles, and Markers ..................... 4-12



Specifying the Color and Size of Lines ................. 4-13

Adding Plots to an Existing Graph ................... 4-14
Plotting Only the Data Points ....................... 4-16
Plotting Markers and Lines . ........................ 4-16
Line Styles for Black and White Output ............... 4-17
Setting Default Line Styles ................ ... ...... 4-18
Line Plots of MatrixData ........................... 4-20
Plotting Imaginary and Complex Data ............... 4-23
Plotting with Two Y-Axes .............. ..., 4-25
Introduction .......... ... .. i i 4-25
Combining Linear and Logarithmic Axes .............. 4-26
Setting Axis Parameters ............................ 4-29
Axis Scalingand Ticks ........... ... ... 4-29
Axis Limitsand Ticks ............ ... ... 4-29
Example — Specifying Ticks and Tick Labels ........... 4-32
Setting Aspect Ratio .......... ... ... . . .. 4-34

Bar and Area Graphs .............................. 5-2
Types of Bar Graphs ............. ... . ... 5-2
Coloring 2-D Bars According to Height ................ 5-6
Coloring 3-D Bars According to Height ................ 5-10
Stacked Bar Graphs to Show Contributing Amounts ..... 5-12
Specifying X-AxisData .......... ... 5-14
Overlaying Bar Graphs ......... ..., 5-16
Overlaying Other Plots on Bar Graphs ................ 5-17
Area Graphs ........ .. . . e 5-21
Comparing Data Sets with Area Graphs ............... 5-24

PieCharts .......... ..., 5-28
CreatingaPieChart ......... ... ... 5-28
Labeling the PieChart ............................. 5-29

ix



Removing a Piece from a Pie Chart ................... 5-31

Histograms .............c.iiiiiine 5-33
Functions for Creating Histograms ................... 5-33
Histograms in Cartesian Coordinates ................. 5-33
Histograms in Polar Coordinates ..................... 5-35
Specifying Numberof Bins . ......................... 5-36
Using Data Cursors with Histograms ................. 5-38

Discrete Data Graphs .............................. 5-40
Functions for Creating Graphs of Discrete Data ......... 5-40
Two-Dimensional Stem Plots ........................ 5-40
Combining Stem Plots with Line Plots ................ 5-44
Three-Dimensional Stem Plots ....................... 5-45
Stairstep Plots . ....... ... i 5-48

Direction and Velocity Vector Graphs ............... 5-51
Functions for Graphing Vector Quantities ............. 5-51
Compass Plots ......... i, 5-52
Feather Plots ......... ... i, 5-53
Two-Dimensional Quiver Plots ....................... 5-55
Three-Dimensional Quiver Plots ..................... 5-57

Contour Plots .......... ... i, 5-60
Functions for Creating Contour Displays .............. 5-60
Creating Simple Contour Plots ...................... 5-61
Labeling Contours .........ccoiuiiiiieiennnnnn. 5-63
Filled Contours ............iiiiiinnn. 5-65
Specifying Contour Levels . ......................... 5-66
Index Contours .........ciiiiiiii i, 5-70
The Contouring Algorithm .......................... 5-73
Changing the Offset of a Contour ..................... 5-76
Displaying Contours in Polar Coordinates ............. 5-77
Preparing Data for Contouring ...................... 5-80

Interactive Plotting ................... ... ... ....... 5-84

Example — Selecting Plotting Points from the Screen .... 5-84

Animation ............ . . ... e 5-86
Ways to Animate Plots ............ ... ... .. ..., 5-86
MoOVies .o e 5-87

X Contents



Example — Visualizing an FFT as a Movie ............
Updating Plot Object Axis and Color Data .............

Displaying Bit-Mapped Images

Working with Images in MATLAB Graphics ..........

What Is Image Data? ........... ... .. ...,
Supported Image Formats ..........................
Functions for Reading, Writing, and Displaying Images

Image Types .......ciiiii i

IndexedImages ....... ...
Intensity Images ..............c i
RGB (Truecolor) Images ..............cciiiinnn..

Working with 8-Bit and 16-Bit Images ...............

8-Bit and 16-Bit Indexed Images .....................
8-Bit and 16-Bit Intensity Images ....................
8-Bit and 16-Bit RGBImages ........................
Mathematical Operations Support for uint8 and uint16 ..
Other 8-Bit and 16-Bit Array Support .................
Converting an 8-Bit RGB Image to Grayscale ...........
Summary of Image Types and Numeric Classes .........

Reading, Writing, and Querying Graphics Image

Files ... .o
Working with Image Formats .......................
Reading a GraphicsImage ..........................
Writing a Graphics Image ................. .. .. .....
Subsetting a Graphics Image (Cropping) ...............
Obtaining Information About Graphics Files ...........

Displaying Graphics Images ........................

Image Types and Display Methods ...................
Controlling Aspect Ratio and Display Size .............

The Image Object and Its Properties ................

6-2
6-2

6-4

6-5

6-7
6-8

6-10
6-10
6-11
6-11
6-12
6-13
6-13
6-17

6-18
6-18
6-19
6-19
6-20
6-21

6-22
6-22
6-24

6-27

xi



xii

Contents

ImageCData ........ ... 6-27

Image CDataMapping . .......ccuuuiiieeeeennnnnnnnn. 6-28
XDataand YData .......... ... iiiiiiiiiinnnnn. 6-28
Adding Text toImages ........ ..., 6-32
Additional Techniques for Fast Image Updating ........ 6-34
Printing Images ................ .. . i, 6-36
Converting the Data or Graphic Type of Images ...... 6-37

Printing and Exporting

7

Overview of Printing and Exporting ................. 7-2
Print and Export Operations ........................ 7-2
Graphical User Interfaces ............ccovvii... 7-2
Command Line Interface ........................... 7-3
Specifying Parameters and Options . .................. 7-5
Default Settings and How to Change Them ............ 7-7

How to Printor Export ............................. 7-10
Using Print Preview .............. ... ... ..., 7-10
Printinga Figure ............ ... .. .. . i, 7-13
PrintingtoaFile ....... ... ... .. . . . . 7-18
ExportingtoaFile ........ ... ... . . . . . . . . . .. 7-20
Exporting to the Windows or Macintosh Clipboard ...... 7-32

Examples of Printing and Exporting ................ 7-37
Printing a Figure at Screen Size ..................... 7-37
Printing with a Specific Paper Size ................... 7-38
Printing a Centered Figure ......................... 7-38
Exporting in a Specific Graphics Format ............... 7-40
Exporting in EPS Format with a TIFF Preview ......... 7-41
Exporting a Figure to the Clipboard .................. 7-41

Changing a Figure’s Settings ....................... 7-44
Parameters that Affect Printing ...................... 7-44
Selecting the Figure .......... ... ... . .. ... 7-46



Selecting the Printer ............. ... ...
Setting the Figure Size and Position ..................
Setting the Paper Sizeor Type .......................
Setting the Paper Orientation .......................
Selectinga Renderer ........... ... i,
Setting the Resolution .............................
Setting the Axes Ticks and Limits ....................
Setting the Background Color .......................
Setting Line and Text Characteristics .................
Setting the Line and Text Color ......................
Specifying a Colorspace for Printing and Exporting ......
Excluding User Interface Controls form Printed Output ..
Producing Uncropped Figures .......................

Choosing a Graphics Format .......................
What Are Graphic Formats? .........................
Frequently Used Graphics Formats ...................
Factors to Consider in Choosing a Format .............
Properties Affected by Choice of Format ...............
Impact of Rendering Method on the Output ............
Description of Selected Graphics Formats ..............
How to Specify a Format for Exporting ................

Choosing a Printer Driver ..........................
What Are Printer Drivers? ............. ...,
Factors to Consider in Choosing a Driver ..............
Driver-Specific Information .........................
How to Specify the Printer Driverto Use ..............

Troubleshooting .................. ... ... ... ...,
Introduction ......... ... ..
Common Problems ........... ...
Printing Problems .............. .. . i
Exporting Problems .......... ... ... . . . ... .. .. . .. ...
General Problems ............ ... . . . ...

xiii



xiv

Contents

Handle Graphics Objects

8

Organization of Graphics Objects ................... 8-3
Types of Graphics Objects .......................... 8-4
Introduction ......... ... ... 8-4
Information on Specific Graphics Objects .............. 8-4
Graphics Windows — the Figure .................... 8-6
Introduction ......... ... ... 8-6
Figures Used for Graphing Data ..................... 8-7
Figures Used for GUIs .......... ... oiiiiineinn... 8-8
Root Object — The Figure Parent .................... 8-9
More Information on Figures ........................ 8-9
Core Graphics Objects ................ ..., 8-10
Introduction ......... ... ... 8-10
Core Graphics Objects ........ .o, 8-13
Example — Creating Core Graphics Objects ............ 8-14
Parenting ......... ... . ... 8-16
High-Level Versus Low-Level Functions ............... 8-17
Simplified Calling Syntax ............c.ccoiiiiueenn... 8-17
Plot Objects .........cuiiiiiiniiiiii i 8-19
Introduction ......... ... . 8-19
Creating a Plot Object ........... ... i, 8-20
Identifying Plot Objects Programmatically ............. 8-21
Plot Objects and Backward Compatibility .............. 8-22

Linking Graphs to Variables — Data Source

Properties .......... ... ... 8-23
Introduction .......... ... 8-23
Data Source Example .............. ... ... .. ... 8-23
Changing the Size of Data Variables .................. 8-24
Annotation Objects .............. ... . . i, 8-25
Introduction .......... ... . 8-25
Annotation Object Properties ........................ 8-25
Annotation Layer ............. ... ... 8-26



Example — Enclosing Subplots with an Annotation

Rectangle ....... ... . i 8-27
Group Objects ..........c i 8-30
Introduction ......... ... .. 8-30
Creating a Group . .... vttt ittt 8-30
Transforming Objects . .........ccuviiiiiinnnn. 8-31
Example — Transforming a Hierarchy of Objects ..... 8-39
Object Properties .......... ... 8-44
Introduction ......... ... .. 8-44
Storing Object Information .......................... 8-44
Changing Values .......... .. i, 8-45
Order Dependence of Setting Property Values .......... 8-45
Default Values ....... ..., 8-46
Properties Common to All Objects .................... 8-46
Setting and Querying Property Values .............. 8-48
Usingsetandget ........coiiiiiiinnnn. 8-48
Setting Property Values .............. .. ... ... ..... 8-48
Querying Property Values .......................... 8-50
Factory-Defined Property Values ................... 8-53
Setting Default Property Values .................... 8-54
Factory- and User-Defined Values .................... 8-54
How MATLAB Searches for Default Values ............ 8-54
Defining Default Values ............................ 8-56
Examples — Setting Default Line Styles .............. 8-57
Accessing Object Handles .......................... 8-61
Introduction ......... ... .. 8-61
Special Object Handles ............... .. ... ... .. ... 8-61
The Current Figure, Axes, and Object ................. 8-62
Searching for Objects by Property Values — findobj ..... 8-63
CopyIng ObJects ... v vttt e 8-68
Deleting Objects . ...ttt 8-70
Controlling Graphics Output ....................... 8-72

XV



xvi

Contents

Figure Targets ........ ... 8-72

Specifying the Target for Graphics Output ............. 8-72
Preparing Figures and Axes for Graphics .............. 8-74
Targeting Graphics Output with newplot .............. 8-75
Example — Usingnewplot .......................... 8-77
Testing for Hold State ................ ... ... ........ 8-79
Protecting Figuresand Axes ........................ 8-80
The Figure Close Request Function ................. 8-83
Introduction ......... ... .. 8-83
Quitting the MATLAB Environment .................. 8-84
Errors in the Close Request Function ................. 8-84
Overriding the Close Request Function ................ 8-85
Redefining the CloseRequestFen ..................... 8-85
Saving Handlesin Files ............................ 8-87
About Saving Handles ................. ... ......... 8-87
Save Information First ........... ... .. ... ... ...... 8-87
Properties Changed by Built-In Functions ........... 8-89
Objects That Can Contain Other Objects ............. 8-92
Using Panel Containers in Figures — Uipanels ....... 8-93
Introduction ......... ... .. 8-93
Figure Resize Functions .............. ... .. ... ...... 8-93
Example — Using Figure Panels ..................... 8-94
Grouping Objects Within Axes — hgtransform ....... 8-99
Introduction ......... ... .. 8-99
Example — Translating Grouped Objects .............. 8-99
Controlling Legends .................. ..., 8-103
Legend Control Options ............... ... 8-103
Properties for Controlling Legend Content ............. 8-103
UpdatingaLegend .................0iiiiinnn.. 8-104
Example — Excluding a Particular Object From a
Legend ....... .. i 8-105

Example — One Legend Entry for a Group of Objects .... 8-106
Example — Showing Children of Group Objects in
Legend ....... .. i 8-107



Example — Grouping Objects to Reduce the Legend

92

Entries ........ . e 8-109
Callback Properties for Graphics Objects ............ 8-111
Whatis a Callback? ........... ... ..., 8-111
Graphics Object Callbacks ............ ... .. ..., 8-111
User Interface Object Callbacks ...................... 8-112
Figure Callbacks ...........ciiiiiin. 8-112
Function Handle Callbacks ......................... 8-113
Introduction ......... .. ... 8-113
Function Handle Syntax .................. ... 8-114
Why Use Function Handle Callbacks ................. 8-115
Example — Using Function Handlesin GUIs ........... 8-117
Optimizing Graphics Performance .................. 8-122
Introduction ......... ... .. 8-122
General Performance Guidelines ..................... 8-122
Disabling Automatic Modes ......................... 8-123
Changing Graph Data Rapidly ....................... 8-125
Specify Axes with Plotting Function for Better
Performance ........... ... . . . . . . . . .. 8-128
Performance of Bit-Mapped Images ................... 8-129
Performance of Patch Objects ........................ 8-130
Performance of Surface Objects ...................... 8-131
Using Figure Properties
Figure Objects ........ ... i 9-2
Related Information About Figures ................... 9-2
Docking Figures in the Desktop ..................... 9-3
Introduction ......... ... .. 9-3
Figure Properties That Affect Docking ................ 9-4
Creating a Nondockable Figure ...................... 9-5
Positioning Figures .................. ... ... ........ 9-6

xXvii



xviii

Introduction ......... .. .00 9-6

The Position Vector ...........ccoiiiiiiiinnnnnn. 9-6
Example — Specifying Figure Position ................ 9-9
Figure Colormaps — The Colormap Property ........ 9-12
Introduction ......... ... .. i 9-12
Specifying the Figure Colormap ...................... 9-12
Selecting Drawing Methods ........................ 9-14
Double Buffering ............cc0 i, 9-14
Selectinga Renderer ............ ..., 9-14
Specifying the Figure Pointer ...................... 9-17
Predefined Figure Pointer Symbols ................... 9-17
Defining Custom Pointers .................. ... ..... 9-18

Using Axes Properties

10

Axes Objects — Defining Coordinate Systems for

Graphs ... . . e 10-2
Labeling and Appearance Properties ................ 10-3
Introduction ......... ... ... i i 10-3
Creating Axes with Specific Characteristics ............ 10-3
AxisLabels ... ... . e 10-4
Positioning Axes ..........c0 it 10-6
Introduction ......... ... . i 10-6
The Position Vector ...........coiiiiiiiinnnnnnn. 10-6
Position Units ... e 10-8
Automatic Axes Resize ............................. 10-9
Properties Controlling Axes Size ............. ... 10-9
Using OuterPosition as the ActivePositionProperty ...... 10-11
ActivePositionProperty = OuterPosition ............... 10-12
ActivePositionProperty = Position .................... 10-12
Axes Resizing in Subplots ......... ... ... . .. 10-13

Contents



Multiple Axes per Figure ........................... 10-15

Introduction ......... ... .. i 10-15
Placing Text Outsidethe Axes .............. ... ..., 10-15
Multiple Axes for Different Scaling ................... 10-16
Individual Axis Control ............................ 10-18
Properties Controlling Axis Limits ................... 10-18
Setting Axis Limits ........... .. 10-19
Setting Tick Mark Locations ........................ 10-20
Changing Axis Direction ............cciiiiiuneeeno... 10-22
Using Multiple X-and Y-Axes ....................... 10-25
Introduction ......... ... ... i 10-25
Example — Double Axis Graphs ..................... 10-25
Automatic-Mode Properties ........................ 10-29
Colors Controlled by Axes ..............ccuvvvo... 10-32
Introduction ......... ... ... i i 10-32
Specifying Axes Colors ....... ..., 10-32
Axes Color Limits — the CLim Property ............. 10-36
Introduction ......... ... ... i i 10-36
Simulating Multiple Colormaps in a Figure ............ 10-37
Complete Example Code .......... ..., 10-37
Calculating Color Limits .......... ..., 10-38
Defining the Color of Lines for Plotting .............. 10-41
Introduction .......... ... i i 10-41
Defining Your Own ColorOrder ...................... 10-41
Line Styles Used for Plotting — LineStyleOrder ........ 10-43
Index

xix



XX Contents



Plots and Plotting Tools

If you are viewing this document in the MATLAB® Help browser, watch the
Interactive Plot Creation with the Plot Tools video demo for an overview

of the major functionality. It covers much of the material presented in the
following sections:

“Figures, Plots, and Graphs” on page 1-2

“Plotting Tools — Interactive Plotting” on page 1-11
“Example — Plotting Workspace Variables” on page 1-36
“Example — Choosing a Graph Type” on page 1-44
“Example — Specifying a Data Source” on page 1-52

“Example — Generating MATLAB Code to Reproduce a Graph” on page
1-56

“Editing Plots” on page 1-59
“Working in Plot Edit Mode” on page 1-61
“Saving Your Work” on page 1-70



1 Plots and Plotting Tools

Figures, Plots, and Graphs

In this section...

“What Is a MATLAB Graph?” on page 1-2
“Anatomy of a Graph” on page 1-3
“Figure Toolbars” on page 1-5

“Types of MATLAB Plots” on page 1-6

What Is a MATLAB Graph?

The MATLAB environment offers a variety of data plotting functions plus a
set of GUI tools to create, and modify graphic displays. The GUI tools afford
most of the control over graphic properties and options that typed commands
such as annotate, get, and set provide.

A figure is a MATLAB window that contains graphic displays (usually data
plots) and UI components. You create figures explicitly with the figure
function, and implicitly whenever you plot graphics and no figure is active.
By default, figure windows are resizable and include pull-down menus and
toolbars.

A plot is any graphic display you can create within a figure window. Plots
can display tabular data, geometric objects, surface and image objects, and
annotations such as titles, legends, and colorbars. Figures can contain any
number of plots. Each plot is created within a 2-D or a 3-D data space called
an axes. You can explicitly create axes with the axes or subplot functions.

A graph is a plot of data within a 2-D or 3-D axes. Most plots made with
MATLAB functions and GUIs are therefore graphs. When you graph a
one-dimensional variable (e.g., rand (100, 1)), the indices of the data vector
(in this case 1:100) become assigned as x values, and plots the data vector
as y values. Some types of graphs can display more than one variable at a
time, others cannot.

The contents and varieties of figures, plots and graphs that MATLAB can
make are explained in the following sections.



Figures, Plots, and Graphs

Note All the figures are generated on a Windows® system, the placement of
the toolbar and menu options can vary for other operating systems.

Anatomy of a Graph

MATLAB plotting functions and tools direct their output to a figure window.
Each figure is a separate window that you can dock in the desktop, and
collect together with other plots in a Figure Group. To illustrate the basic
components of a graph, execute the following code to create a plot of a family
of sine curves:

X = 0:.2:20;

y sin(x)./sqrt(x+1);

y(2,:) = sin(x/2)./sqrt(x+1);
y(3,:) = sin(x/3)./sqrt(x+1);
plot(x,y)

The resulting figure contains a 2-D set of axes. This graphic identifies the
components and tools of a figure window.
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One of the figure MATLAB Dock figure in
toolbars figure window MATLAB desktop

Fild Edit View Insert Tools Deskbop Window Help N
NEde KRR ODEL-E|0EaD

08 T T T T T T T T T

0E

0.4

AU
Axes in which Line plots
MATLAB plots data representing data

The plot function uses a default line style and color to distinguish the data
sets plotted in the graph. You can change the appearance of these graphic
components or add annotations to the graph to present your data in a
particular way.



Figures, Plots, and Graphs

Figure Toolbars

Figure toolbars provide shortcuts to access commonly used features. These
include operations such as saving and printing, plus tools for interactive
zooming, panning, rotating, querying, and editing plots. The following picture
shows the features available from this toolbar.

Enable plot Zoom Insert Insert

edit mode \ iJn/Ollt color t<i / legend
i
A

EE INEESE P RERLEE
S 7 1T N N I

Pan  Rotate Data Data Data Hide/display
3-D  cursor brush link plot tools

-

You can enable two other toolbars from the View menu:

e Camera Toolbar — Use for manipulating 3-D views. See “View Control with
the Camera Toolbar” in the MATLAB 3-D Visualization documentation
for more information.

Camera Motion Principal Axis ~ Scene Projection Reset and
Controls Selector Light Type Stop

— —~c
ST AadEE LD %O

¢ Plot Edit Toolbar — Use for annotation and setting object properties.
See “Annotation Tools on the Plot Edit Toolbar” on page 3-3 for more
information.
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Click this button to enable property Pin object to Display the object
editing of graphic objects. data point alignment tool

REEEIN RN AR EE
% ¢|AA|BT| FINNRNTOOM M &

- o o

Fill color Text color, font,  Align text Insert lines Insert textarrow,
and line/ bold or italics and arrows text, rectangle
edge color

and ellipse

#

Types of MATLAB Plots

You can construct a wide variety of 2-D and 3-D MATLAB plots with very
little, if any, programming required on your part. The following two tables
classify and illustrate most of the kinds of plots you can create. They include
line, bar, area, direction and vector field, radial, and scatter graphs. They
also include 2-D and 3-D functions that generate and plot geometric shapes
and objects. Most 2-D plots have 3-D analogs, and there are a variety of
volumetric displays for 3-D solids and vector fields. Plot types that begin

with “ez” (such as ezsurf) are convenience functions that can plot arguments
given as functions.

Two-Dimensional Plotting Functions

The table below shows all available MATLAB 2-D plot functions. If you are
reading this online, you can click any icon to see the documentation for that

function. Techniques for using many of the functions are also discussed in
later sections of this document.
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Direction
Graphs

Area
Graphs

Three-Dimensional Plotting Functions

The table below shows all available MATLAB 3-D and volumetric plot
functions. It includes functions that generate 3-D data (cylinder, ellipsoid,
sphere), but most plot either arrays of data or functions. If you are reading
this online, you can click any picture in the table to see the documentation
for that function. For information about and examples of using 3-D plotting
functions, see “Creating 3-D Graphs” in the 3-D Visualization documentation.
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Line Mesh Area Surface Direction Volumetric

Graphs  Graphs Graphs  Graphs Graphs  Graphs

and Bar and

Graphs Constructive

Objects

ezplot3 ezmesh cylinder ezsurf streamribbon
= <y Gl =
waterfall stem3 ellipsoid ezsurfc streamtube
| Lall] ezt Y | =
e il &S |4 o
e R e e

bar3 sphere

bar3h

Choosing a Plot Type Interactively

You can interactively generate any of the plotting functions shown in the
previous tables using the Plot Selector and Plot Catalog tools:

1 Select one or more numeric workspace variables in the Workspace Browser,
the Variable Editor or the plotting tools Figure Palette.

2 Open the Plot Selector or Plot Catalog tool and scroll to the name or icon of
the type of graph you want to create. Alternatively, right-click a selected
variable and choose Plot Catalog from the context menu. You can enter
a search term in either tool to locate a graph by function name or other
identifying information.
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3 Click the icon to plot the selected variables.

The graph displays in the current figure, and the command that generated it
displays in the Command Window.

You can choose any type of MATLAB plot and plots from several toolboxes.
You need a license for a toolbox in order for its plot types to display in the
tools. If you select a graphics function that is not able to plot the selected

variables, the entry for that plot type turns gray and a diagnostic message
pops up when you hover over it.

For more information, see , , “Creating Plots from the Workspace Browser”,
and “Plotting Workspace Variables” on page 1-20.
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Plotting Tools — Interactive Plotting

In this section...
“What Are Plotting Tools?” on page 1-11

“Plotting Tools Interface Overview” on page 1-12

“The Figure Palette” on page 1-19

“The Plot Browser” on page 1-24

“The Property Editor” on page 1-29

“Accessing Object Properties with the Property Inspector” on page 1-30

What Are Plotting Tools?

The modular, interactive plotting environment called plotting tools enables
you to

¢ (Create various type of graphs

e Select variables to plot directly from a workspace browser

¢ Easily create and manipulate subplots in the figure

e Add annotations such as arrows, lines, and text

® Set properties on graphics objects

You can open and configure plotting tools in many ways. To create a figure

with the plotting tools attached, use the plottools command. You can also
start the plotting tools from the figure toolbar by clicking the Show Plot

@ .

Tools icon

Remove the plotting tools from a figure using the Hide Plot Tools icon

You can display the three basic plotting tools from the View menu by
selecting Figure Palette, Plot Browser, or Property Editor .

The next section describes the individual components making up the plotting
tools.

1-11
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Plotting Tools Interface Overview

The Plotting Tools interface includes three panels that are associated with
a figure.

Figure Palette — Use to create and arrange subplot axes, view and plot
workspace variables, and add annotations. Display the Figure Palette
using the figurepalette command.

Plot Browser — Use to select and control the visibility of the axes or
graphic objects plotted in the figure. You can also add data to any selected
axes by clicking the Add Data button. Display the Plot Browser using
the plotbrowser command.

Property Editor — Use to set common properties of the selected object. You
can also open the Property Editor using the propertyeditor command. In
the Property Editor you can click the More Properties button to display
the Property Inspector, a GUI that displays most object properties and
allows you to change any property’s value (unless it is read-only). See
“Accessing Object Properties with the Property Inspector” on page 1-30 for
details.
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Activating Plotting Tools

The following example shows the plotting tools attached to a figure containing
two subplots of lineseries data. The code to produce the graphs is

% First subplot
X = 0:pi/100:2*pi;

y1 = sin(x);
y2 = sin(x+.25);
y3 = sin(x+.5);

subplot(2,1,1);
plot(x,y1,x,y2,x,y3);
axis tight;

% Second sublot

wil = COS(X);

w2 COS(x+.25);

w3 COS(X+.5);
subplot(2,1,2);
plot(x,wl,x,w2,x,w3);
axis tight;

You summon the plotting tools, either by selecting Figure Palette, Plot
Browser, and Property Editor from the figure’s View menu, or by typing

plottools

in the Command Window. Typing plottools or plottools on restores the
configuration of tools the last time you were using them; use the View menu
to show the ones you need and hide the ones you do not, and the mouse to
dock and undock them. The default configuration of plotting tools is shown
below. MATLAB preferences remember the current arrangement of plot tools
— whether they are visible or not — each time you exit; if you want to revert
to the default configuration you need to restore the arrangement shown
below manually.

1-13
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Managing Plotting Tools

Each of the plotting tools shown above can be docked or undocked from its
figure, or dismissed by clicking the x at the right end of its titlebar. If you
dismiss a tool and want it back again, you can raise it from the View menu or
by typing one of several commands. For instance, if you had undocked, and
then dismissed the figure palette, you could type either

plottools('on','figurepalette')

or
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figurepalette
Your desktop configuration might then

) Figures - Figure 1
File Edit View Insert Tools Debug Desktop Window Help

look like this:

I[=] E3

3| A x

NERBS|[H|RXTDE L -

SRl
|| E

Axes (no title)

AXTX

A|0E|o@m BDBE &0

Add Data... |

02 x

y

Figures Groups. When you activate any plot tool for a figure (or dock the
figure in the desktop), the figure becomes part of a Figures group. Figures

groups are desktop containers that you

can dock in your desktop. Individual

figures are not dockable except within the Figures group container. If you
create subsequent figures, they will also dock in the Figures group, where
they can be panelled or overlapped for viewing. A row of tabs appears along
the bottom, one for each figure in the group.

When you dock a plot tool in a figure group and then dock the figure group

in the desktop, the tool is included in t
as the following illustration shows:

hat section of the desktop as well,
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Working with Multiple

Figures. When you create a new figure and plot

into it, It is created without plotting tools enabled, even if another figure

already has them open:

figure
plot(y1,wl)

This generates a freestanding plot, like this:
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) Figure 2 _ (O] x|

File Edit View Insert Tools Desktop Window Help |

NEHde|R|[RAODPEL-2|0H|aD

If you then open the plotting tools for the figure by clicking the Open Plotting

1

Tools icon , the figure docks in the figure window:
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The new figure might seem to disappear if the Figures window is hidden, but
it will overlay the existing plot within that window (it does not replace it).
You can switch between the two figures by clicking the tabs at the bottom of
the figure area. Be aware that clicking the x on the right side of a figure’s tab
deletes that figure entirely, without asking for confirmation.

If you want to see both figures at once, use the Tiling Palette

HIHE S |E at the upper right corner of the Figures window to arrange
the figures. For example, clicking the Left/Right tiling tool lays out the two
figures side by side:
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As the above illustrations shows, plot objects can be selected in both figures,
but only one figure has focus at a time.

The Figure Palette

The Figure Palette contains three panels. Select the panel you want to view
by clicking the respective button, which twists down the panel and exposes
its contents.

The Figure Palette enables you to perform the following tasks with these
panels:

¢ New Subplots — Add 2-D or 3-D axes to the figure.
® Variables — Browse and plot workspace variables.

®* Annotations — Add annotations to graphs.
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Adding Subplot Axes

The New Subplots panel enables you to create a grid of either 2-D or 3-D
axes. To display the selector, click the grid icon next to the axes type. A
subplot selector grid appears.

As you move the cursor, squares darken to indicate the layout of axes that
will be created if you release the mouse button. Click Cancel at the bottom of
the grid to leave the figure unchanged.

) Figures - Figure 1
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]\,- 30 Axes E .!|
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B« 13101
Hv 3x101

w Annaotations
Cancel
\ Line

N =N

The picture above shows the New Subplots panel selected to display
four equally sized axes in the figure. Existing axes resize as required to
accommodate the new layout.

Plotting Workspace Variables

The Variables panel displays current workspace variables. Double-clicking
a variable in this panel opens that variable in the Variable Editor. If you
select a variable and right-click to display the context menu, you can select a
graphics function to plot the variable.
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For example, the following picture illustrates how to plot the columns of
variable Z. This is equivalent to passing a matrix to the plot function.
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The context menu contains a list of possible plot types based on the variable
you select and also enables you to perform certain operation on the variable,
such as opening it in the Variable Editor, saving, copying, and so on.

The context menu items may change when you select different variables
because a particular variable might be incompatible some of the plot types.
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Drag and Drop Plotting

You can also drag the variable directly into an axes, in which case MATLAB
selects the first appropriate plot type for that variable. If there are multiple
axes, you must first select the one you want to plot in and then drag the
variable to that axes.

In the previous example, the variable Z would be plotted using the plot
function if you were to drag it into an axes.

If the desired plotting function is not available from the context menu, you
can select the Plot Catalog item to open the Plot Catalog tool. You can also
use the Plot Selector from the Workspace Browser to create different types
of plots of selected variables.

The Plot Catalog Tool

The Plot Catalog makes using MATLAB and toolbox plotting functions easy
by eliminating the need to type their commands. You can select workspace
variables or type their names (as well as MATLAB expressions) in the
Plotted Variables text field. The tool then passes the contents of the field
as arguments to the plotting function you select. You can also enter function
handles to pass to one of the “ez...” family of plotting functions from the
Analytic Plots category.



Plotting Tools — Interactive Pl

otting

The following picture shows the Plot Catalog tool with the polar graphing
function selected to display the expression t,exp(-alpha*t).*sin(.5*t).

4\ Plot Catalog

Search for all plots
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Line Plots

Stem and Stair Plots

Bar Plots

Scatter Plots
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Histograms

Polar Plots

Contour Plots
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Control Toolbox Plots
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Mapping Toolbox: Projecte
Mapping Toolbox: Geograg
Signal Processing Toolbox

Signal Processing Toolbox
Statistics Toolbox Plots
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Signal Processing Toolboe —

Systern ID: Parametric Mod =

4

=8 Bl 5

| Plotted Variables: |t exp(-alpha™t).*sin{.5"t)

polar{t,exp(-alpha*t).*sin(..

Polar coordinate plot ,h

rose(t.exp(-alpha™t)."sin(.3
Angle histogram plot

compass{t.exp(-alpha™t)."s
Compass plot

[Tl | 3

Ivbore Help...

polar

Folar coordinate plot

The polar function accepts polar coordinates, plots them in a
Cartesian plane, and draws the polar grid an the plane.

polar (theta,rho) creates a polar coordinate plot of the
angle theta versus the radius rho. theta is the angle from
the xaxis to the radius vector specified in radians; cho is the
length of the radius vector specified in dataspace units.

polar (theta,rho,LineSpec) LineSpec specifies the
line type, plot symbol, and color for the lines drawn in the polar
plat.

polar (axes_handle, ...} plots into the axes with the
handle axes_handle instead of into the current axes (gca).

h = polar(...) retuns the handle of a line object in h.

Plot ][ Plot in New Figure ][ Close

The Plot Catalog has three vertical panes. Use the left pane to select a
category of plots. The middle pane shows thumbnail plots and descriptions of
all functions in the category. Functions that MATLAB determines are unable
to plot the data display in grey and cannot be chosen. The right pane presents
the syntax description of the plotting function you choose from its function
reference page. You see the entire reference page in the Help browser, click
More Help... at the top right.

To generate a plot, click its icon on the middle pane, or click Plot or Plot in
New Figure below the right pane. The Plot Catalog assesses the arguments
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you provide before calling the graphics function to determine if their number,
class, and size match any of the function signatures. When it detects a
mismatch, it displays diagnostics in the right pane to help you proceed.

Tip The Plot Catalog and Plot Selector can fail to diagnose some deficiencies
that prevent a graphics function from being able to plot variables or
expressions. If no plot displays, or if a plot seems to be incorrect after you
click for one, check the Command Window for warning and error messages.

The Plot Catalog has all the capabilities of the Plot Selector. To learn more
about how you can use these tools, see “Creating Plots from the Workspace
Browser”.

Adding Annotations to Graphs

The Annotations panel enables you to insert annotation objects into a plot.
To add an object, first select the object you want to add, and then click and
drag the mouse to position and size the object.

See “How to Annotate Graphs” on page 3-2 for more information about the
various types of annotation objects.

The Plot Browser

The Plot Browser provides a legend of all the graphs in the figure. It lists each
axes and the objects (lines, surfaces, etc.) used to create the graph.

For example, suppose you plot an 11-by-11 matrix z. The plot function
creates one line for each column in z.

plot(z, 'DisplayName', 'z")
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When you set the DisplayName property, the Plot Browser indicates which

line corresponds to which column.
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If you want to set the properties of an individual line, double-click on the
line in the Plot Browser. Its properties are displayed in the Property Editor,
which opens on the bottom of the figure.

You can select a line in the graph, and the corresponding entry in the Plot
Browser is highlighted, enabling you to see which column in the variable
produced the line.

Controlling Object Visibility

The check box next to each item in the Plot Browser controls the object’s
visibility. For example, suppose you want to plot only certain columns of data
in z, perhaps the positive values. You can deselect the columns you do not
want to display. The graph updates as you deselect each box and rescales
the axes as required.
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Deleting Objects

You can delete any selected item in the Plot Browser by selecting Delete
from the right-click context menu.

Adding Data to Axes

The Plot Browser provides the mechanism by which you add data to axes.
The procedure is as follows:
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1 Select a 2-D or 3-D axes from the New Subplots subpanel.

2 After creating the axes, select it in the Plot Browser panel to enable the
Add Data button at the bottom of the panel.

3 Click the Add Data button to display the Add Data to Axes dialog.

The Add Data to Axes dialog enables you to select a plot type and specify the
workspace variables to pass to the plotting function. You can also specify a
MATLAB expression, which is evaluated to produce the data to plot.

Selecting Workspace Variables to Create a Graph. Suppose you want
to create a surface graph from three workspace variables defining the XData,
YData, and ZData (see the surf function for more information on this type of

graph).

In the workspace you have defined three variables, x, y, and z. To create
the graph, configure the Add Data to Axes dialog as shown in the following
picture.

<} Add Data to Axes x|

2

Plat Type:

X Data Source: I x LI
Optional

Y Drata Source: I Y LI
Optional

Z Data Source: I I LI
Select @ vanable, or type an expression

Calot: I LI
Optional

Cancel |
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Using a MATLAB Expression to Create a Graph. The following picture
shows the Add Data to Axes dialog specifying a workspace variable x for the
plot’s x data and a MATLAB expression (x."2 + 3*x + 5) for the y data.

<) Add Data to Axes x|

Plct Type: f\ /\J plat j
X Data Source: I k LI
Optional
Y Data Source: I A2+ TN+ D LI

Select a varable, or type an expression

Cancel |

You can use the default X Data value of index if you do not want to specify x
data. In this case, the y data versus the index of the y data values are plotted,
which is equivalent to calling the plot command with only one argument.

The Property Editor

The Property Editor enables you to access a subset of the selected object’s
properties. When no object is selected, the Property Editor displays the
figure’s properties.

Ways to Display the Property Editor
There are a variety of ways to display the Property Editor:

Double-click an object when plot edit mode is enabled.

Select an object and right-click to display its context menu, then select
Properties.

Select Property Editor from the View menu.

Use the propertyeditor command.
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1-30

Changing Plot Types

You can use the property editor to change the type of plot used to display
data. For example, you can change the following line graph to a stem, stairs,
area, or bar graph by changing the Plot Type field.

) Figures - Figure 1 Hi=] E3
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X Data Source: ZI Line: ﬁm Bar 5 - i'

¥ Data Source: = E Area
:[ Marker: E Stairs 0 vI é.' | é’l.
Z Data Source: ﬂ EI Stem

Accessing Object Properties with the Property
Inspector

The Property Editor enables you to change the most commonly used object
properties. To access more object properties, use the Property Inspector.
Open the Property Inspector by clicking the More Properties button on the
Property Editor or by typing inspect in the Command Window. The following
picture shows the Property Inspector displaying the properties of the same
lineseries object as that in the previous picture.
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E# Inspector: graph2d.lineseries O] x|
4] = =
BeingDeleted off 1=
BusyAction queLE -
ButtonDaownFen &
Clipping an -

Colar ﬂ I
CreateFcn &
DeleteFon &
DisplayMarne rll &
ErasaMode niarmal -
Handlevisibility an -
HitTesk an -
Inkerruptible an -
Lineskyle - -
LineWidth 0.5 &
Marker nione * |

MarkerEdgeColor ﬂ =] auto

MarkerFaceColor ﬂ none
MatkerSize 6.0 &
SelectionHighlight an -
Tag &
IConkextMenu -

ol . R - bl

The default view of properties is an alphabetic list; you can change to a tree
view by clicking the icon in the upper left corner containing plus marks. Click
the “AZ” icon to its right to return to an alphabetized list view. Properties
that contain fields, such as RGB color components, have a plus mark to
their left you can click to expose the individual values. You can change
properties that have enumerated values, such as Marker, via drop-down lists
(downward-pointing triangles on the right edge of the inspector window). The
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following figure shows the Marker property being set to diamond using the
Property Inspector (note the tree view in which other groups of properties
have been collapsed):

Es Inspector: graph2d.ineseries - 10| x|
|8 | =l

Base Properties

Miscellaneous

= stylejappearance

Colar &y
EraseMode niormal -
Lineskyle - -
LineWidth 0.5 &
Matker narne -
MarkerEdgeColor +
MarkerFaceColar
MarkerSize
%
square
W-ml
-
=
<
pentagram
hiexagram
nione

There are a few properties of objects that the Property Inspector does not
show, for example Parent and Children. For complete descriptions of the
properties of graphics objects, use the Handle Graphics Property Browser.
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Getting Help for Object Properties

If you are not sure what a property does or what values it can take on, you
can get a description of it from the Property Inspector. To do so, right-click
on the name or values of a property and select What’s This from the popup
menu; a Help window opens displaying the property reference page for the
current object, scrolled to the property you clicked. The following picture
shows how this works:
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| Right-click properties to
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Color ;I

ColorSpec

Color of the object. A three-element I
RGB vector or one of the MATLAB
predefined names, specifying the

ohject’s color.

See the ColorSpec reference page
for more information on specifying
calor.

CreateFcn
string or function handle

Callback routine executed during

object creation. This property defines _|;|
1| | ’
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Accessing Objects You Cannot Click

If you want to access the properties of light or uicontextmenus objects, you
need to get the handle using MATLAB commands, because you cannot click
on these objects.

For example, to get the handles of all light objects in the current axes, use
findobj.

h = findobj(gca, 'Type', 'light');
Then use the inspect command to display the Property Inspector.

inspect(h) % Inspect all light objects
inspect(h(1)) % Inspect the first light object in list
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Example — Plotting Workspace Variables

In this section...

“Identifying Workspace Data to Plot” on page 1-36
“Adding a Subplot” on page 1-39

Identifying Workspace Data to Plot

This example illustrates how to use the plotting tools to graph a workspace
variable versus an expression typed into the Add Data to Axes dialog.

Create a variable in the workspace,
X = -2*pi:pi/25:2*pi;

Use the plottools command to create a figure group with the plotting tools
attached.

plottools

Click 2D Axes in the New Subplot panel of the Figure Palette.

<) Figures - Figure 1
File Edit Wiew Insert Tools Debug Deskiop

DEEE |k &a®sd|q

Figue Palette —————— A X

w MNew Subplats =]

[ 20 fces H
1~ 30&dd one to the bottam of the figure |

w ‘ariables

B = 1x101

w Annotations
\ Line
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Once the axes appears, the Add Data button on the Plot Browser is activated.

o [=IE
|2 x
BODB &0
Flar Brawser A X
‘ [l Axces {no Litle)

A X

Properties. .. |

add Data. .. M

A

Click this button to display the Add Data to Axes dialog. When the Add Data
to Axes dialog is displayed, enter the following values:

e Select plot as the Plot Type.

* Set X Data Source to x.

e Set Y Data Source to sin(x)."2.

¢ (Click OK to plot this data.
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<} Add Data to Anes X

plot Type: [£ 7\ /et j
X Data Source: I k4 LI
Optional
Y Data Source: I sinx).2 LI
Select @ vanable, or type an expression

Cancel |

A plot of sin(x)."2 versus x appears.

Now add another plot to the same axes. Click Add Data again and specify
the data to plot:

e Set X Data Source to x.
® Set Y Data Source set to sin(x)."8.
¢ (Click OK to plot this data.

Select the last plot (the green line) and set the Plot Type in the Property
Editor to Stem. The plot should now look like the following picture.
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Adding a Subplot

Add a second axes below the current axes using the New Subplots panel.
Click the right-facing arrowhead next to 2D Axes and move the mouse to
darken two squares, one on top of the other.
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This creates a subplot axes below the existing axes. The existing axes resize
so both fit in the figure.

=) Figures - Figure 1
Cebug Desktop Mindow File Edit Wiew Insert Tools Deskbop

D Ea|(yeaam®|e 08| o|

w Mlew Subplots 1

I ] 2D ses H» .
1_. 30 Axes H»

W Yariables |

@ans 1x7
H = 1%101

W annokations |

\ Line \L Cancel
oo 7\

In the inserted axes, select its entry in the Plot Browser and then click Add
Data.

When the Add Data to Axes dialog is displayed, enter the following values:

e Set X Data Source to x.
® Set Y Data Source to sin(x)."3.
¢ (Click OK to plot this data.

Now add another plot overlaid on the first by clicking Add Data again and
specify the data to plot:

e Set X Data Source to X.
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e Set Y Data Source to sin(x)."9.
e (Click OK to plot this data.

Select the plot labeled sin(x) .”9 under the second axes in the Plot Browser.
Set the Plot Type in the Property Editor to Area.

Setting Axis Limits
Adjust the x-axis in both axes using the Property Editor.

e Select the first axes in the Plot Browser.

¢ Change X Limits to -7 and 7.

Repeat these steps for the second axes.

Adding Titles and Labels

Select the first axes in the Plot Browser and set the following properties in
the Property Editor:

e Set Title to Even Powers.
e Set X Label to X.
® (Click the Y Axis tab and set Y Label to Sine of X.

Select the second axes in the Plot Browser and set the following properties in
the properties panel:

e Set Title to 0dd Powers.
e Set X Label to X.
® On the Y Axis tab, set Y label to Sine of X.

The Plot Browser now reflects the new axes names.
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The following picture shows the result of these steps.
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Select the text of the y-axis label on the first axes (now labeled Even Powers
in the Plot Browser) and click the More Properties button on the Property
Editor. Set the Rotation property to 0 and reposition the text by hand.

To make more space for the y-axis label, which is now in a horizontal position,
select the axes and move it to the right with the mouse.

Repeat this process for the second axes (labeled 0dd Powers in the Plot
Browser).

The repositioned text label now looks like the following picture.

1 \

=
i
T

Sine of X
-0.5

-1

Note You can always undo your last change to the graph by selecting Undo
from the Edit menu.
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Example — Choosing a Graph Type

In this section...

“Selecting a Graph from the Plot Catalog” on page 1-44

“Plotting Expressions” on page 1-48

Selecting a Graph from the Plot Catalog

This example shows how to use the Figure Palette and the Plot Catalog to

select a graph type for the data you want to plot. A surface graph is often a
useful way to visualize a function of two variables. Use the following steps
represent the example data as a surface graph (using the surf function).

1 Create three variables in your workspace (x, y, z) that represent a
mathematical function evaluated over a specified domain (-2 to 2).:

% Generate the values for x and y
[x,y] = meshgrid(-2:.2:2);

% Evaluate z as a function of x and y
Z = X.*exp(-x."2-y."2);

2 Create a figure and attach to it the Figure Palette:

figure;
figurepalette

3 Expand the figure palette Variables panel (unless it is already open).

4 Select x, and then y, and then z in the Variables panel with shift+click to
indicate the variables to pass the plotting function.

5 Open a context menu by right-clicking any of the three variables.
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p Mew Subplots

w Variables

H 21x21
=]
. Plot

Bl oico—, |

Open Selection Ctrl+D
Save As...

Copy Ctrl+C
Duplicate

Delete Delete
HRename

Edit Value

(O Ellipse

6 Since the function you want to use, surf, does not appear in the list,

select Plot Catalog.

The Plot Catalog tool opens in a new window.

7 In the Plot Catalog tool, select the 3D Surfaces in the first column and
surf(x,y,z) from the second column, as shown here.
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surf(Z,C) plots the height of 2, a single-valued function
defined over a geometrically rectangular grid, and uses
matrix C, assumed to be the same size as Z, to color the
surface.

surf(¥,Y,Z) creates a shaded surface using 2 for the
color data as well as surface height. % and ¥ are vectors or
matrices defining the = and v components of a suface. If X
and T are vectors, length[)(] =nand length(¥) =m,
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Plot ][ Plot in New Figure ][ Close

The following graph results.

8 Create the plot by clicking either the surf icon or the Plot button.
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Plotting Expressions

You can enter MATLAB expressions in the Plot Catalog tool. This example
uses two variables to plot a line graph:

1 Create the following variables in the workspace.

t =0:.01:20;
alpha =.055;

2 Plot a line graph of t versus this expression:
exp(-alpha*t).*sin(.5*t)
3 Create a figure and open the Figure Palette for it:

figure,figurepalette

4 Select the variable t and right-click to display the context menu. Select
Plot Catalog from the menu.

1-48



Example — Choosing a Graph Type

Figure Palette

w0 2 x
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stairs(t)
plot(t)
bar(t)
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pie(t)
hist(t)

Plot Cataleg... M
Lag

5 When the Plot Catalog tool opens, add the expression to the Plotted
Variables text field so it reads t,exp(-alpha*t).*sin(.5*t). You can
reference the variable alpha because you created it in the base workspace.
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6 Click the thumbnail or the Plot button to create the graph. The figure
looks like the following illustration.
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The Plot Catalog tool issued the following commands, which appear in the
Command Window:

plot(t,exp(-alpha*t).*sin(.5*t), 'DisplayName',...
'exp(-alpha*t).*sin(.5*t) vs. t','XDataSource',...
't','YDataSource', 'exp(-alpha*t).*sin(.5*t)"');
figure(gcf)

For information about working with variables in the MATLAB Workspace,
see topics in MATLAB Workspace.
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Example — Specifying a Data Source

In this section...

“Creating the Graph” on page 1-52
“Varying the Data Source” on page 1-52

“Data Sources for Multiobject Graphs” on page 1-54

Creating the Graph

First define two variables by issuing these statements in the command
window.

t =0:.01:20;
alpha =.055;

Next plot t versus the expression exp(-alpha*t).*sin(.5*t) using the
plot function or the plot tools.

plot(t,exp(-alpha*t).*sin(.5*t))

Varying the Data Source

Plot objects have properties that enable you to specify the source of the
data that defines the object. For example, you can specify a workspace
variable name or a MATLAB expression as the value of the XDataSource,
YDataSource, or ZDataSource property for a line in a plot (i.e., a lineseries
object). You can then use the Property Editor to change the variable name or
alter the expression, and the plot is updated to reflect the change.

After creating the graph, you can use the Property Editor to couple the plotted
line to the MATLAB expression.

1 Double-click on the plotted line to display its property panel.

2 Enter the MATLAB expression exp(-alpha*t).*cos(.5*t) in the Y Data
Source text field.
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Example — Specifying a Data Source
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You can now modify the expression in the Y Data Source text field and
observe how the graph changes. After changing the text, click the Refresh
Data button to update the data.

In the following picture, alpha is no longer negated, so the function grows
instead of decays. Also the period has been shortened by changing sin(.5*t)
to sin(1.5%t).
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Data Sources for Multiobject Graphs

Suppose you create a line graph from matrix data. For example,

z
h

peaks;
plot(z,'YDataSource','z');

Because there is one lineseries object for each column of z, the following is
true.

The data source for h(1) 1s z(:,1).
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The data source for h(2) 1s z(:,2).

The data source for h(n) is z(:,n).
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Example — Generating MATLAB Code to Reproduce a
Graph

In this section...

“Create a Stem Plot and Generate Code for It” on page 1-56
“Data Arguments” on page 1-58

“Limitations” on page 1-58

Create a Stem Plot and Generate Code for It
Suppose you have created the following graph.

t =0:.2:20;
alpha =.055;
stem(t,exp(-alpha*t).*sin(5*t))

Use the Property Editor to modify the graph. Select the stemseries and
change the marker fill color to dark red, and marker edge color and line color
to dark green. Remove the axes box, and change the font size for the axes
labels to 8 to look like the following picture:
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You can generate code to reproduce this graph by selecting Generate code
from the File menu. MATLAB code generation software composes a function
that recreates the graph and opens the generated file in the editor.

This feature is particularly useful for capturing property settings and other
modifications you make using the plot tools GUIL The generated file appears
in an editor window and consists of the following code:

function createfigure(X1, Y1)
%CREATEFIGURE (X1,Y1)

% X1: stem x

% Y1: stemy

1-57



1 Plots and Plotting Tools

Auto-generated by MATLAB on 24-May-2006 14:23:45

o°

% Create figure
figurel = figure('Color',[1,1,1]);

% Create axes
axes('Parent',figurel, 'FontSize',8);
hold('all');

% Create stem

stem(X1,Y1, 'MarkerFaceColor',[0.8471,0,1608 0], ...
'MarkerEdgeColor',[0.1686,0.5059,0.3373], ...
‘Color',[0,0.498,0]);

You must save the file before exiting MATLAB if you want to use it in future
sessions.

Data Arguments

Generated functions do not store the data necessary to recreate the graph.
You must supply the data arguments t as X1 and exp(-alpha*t).*sin(5*t)
as Y1 to the function to recreate your graph. Of course, you can call the
generated function with other argument pairs too.

Limitations

Attempting to generate code for graphs containing a large number of graphics
objects (e.g., greater than 20 plotted lines) might be impractical.

1-58



Editing Plots

Editing Plots

In this section...
“Why Edit Plots?” on page 1-59

“Interactive Plot Editing” on page 1-59

“Using Functions to Edit Graphs” on page 1-59

Why Edit Plots?

MATLAB graphs are formatted to provide readability, setting the scale of
axes, including tick marks on the axes, and using color and line style to
distinguish the plots in the graph. However, if you are creating presentation
graphics, you might want to change this default formatting or add descriptive
labels, titles, legends, and other annotations to help explain your data.

You can edit the plots you create two ways:

¢ Using the mouse to select and edit objects interactively

e Using MATLAB functions at the command line or in a MATLAB code file

Interactive Plot Editing

If you enable plot editing mode in the MATLAB figure window, you can
perform point-and-click editing of your graph. In this mode, you can modify
the appearance of a graphics object by double-clicking on the object and
changing the values of its properties. You access the properties through a
graphical user interface called the Property Editor.

For more information about interactive editing, see “Working in Plot Edit
Mode” on page 1-61.

For information about editing object properties in plot editing mode, see “The
Property Editor” on page 1-29.

Using Functions to Edit Graphs

If you prefer to work from the MATLAB command line or if you are creating
a code file, you can use MATLAB commands to edit the graphs you create.
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Taking advantage of the MATLAB Handle Graphics® system, you can use the
set and get commands to change the properties of the objects in a graph.

Note Plot editing mode provides an alternative way to access the properties
of MATLAB graphic objects. However, you can only access a subset of object
properties through this mechanism. You might need to use a combination of
interactive editing and command-line editing to achieve the effect you desire.
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Working in Plot Edit Mode

In this section...

“Figure Windows in Plot Edit Mode” on page 1-61
“Starting Plot Edit Mode” on page 1-62

“Exiting Plot Edit Mode” on page 1-63

“Selecting Objects in a Graph” on page 1-63

“Cutting, Copying, and Pasting Plot Objects” on page 1-64
“Moving and Resizing Objects” on page 1-67

“Setting Object Properties” on page 1-68

“Undo/Redo — Eliminating Mistakes” on page 1-68

Figure Windows in Plot Edit Mode

The MATLAB figure window supports a point-and-click editing mode that you
can use to customize the appearance of your graph. This section describes how
to enter plot edit mode and perform basic editing tasks, including selecting,
cutting, copying, pasting, moving, and resizing objects and modifying other
plot properties. The following figure illustrates some capabilities of plot edit
mode.
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Starting Plot Edit Mode

Before you can select objects in a figure by clicking on them, you must activate
plot editing mode. There are several ways to activate plot edit mode:

® Choose the Edit Plot option on the figure window Tools menu.

® (Click the selection button in the figure window toolbar.

Click Arrow button to enable

plot edit mode \
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Working in Plot Edit Mode

® Choose an option from the Edit or Insert menu. For example, if you choose
the Axes Properties option on the Edit menu, MATLAB activates plot
edit mode and the axes appear selected.

® Run the plotedit command in the MATLAB Command Window.
e Start the plotting tools with the plottools command.

When a figure window is in plot edit mode, the Edit Plot option on the Tools
menu is checked and the selection button in the toolbar is depressed.

Exiting Plot Edit Mode

To exit plot edit mode, click the selection button or click the Edit Plot option
on the Tools menu. When plot edit mode is turned off, the selection button is
no longer depressed.

Selecting Objects in a Graph
To select an object in a graph,

Start plot edit mode.

Move the cursor over the object and click it.

Selection handles appear on the selected object.

Note When you manually select an object, its Selected property is set to
on. Handles appear regardless of the setting of its SelectionHighlight
property (which when off prevents handles from appearing outside of plot
edit mode). Plot edit mode does not consider objects selected with set (as in

set(h,'Selected', 'on')) to be selected, even if they have selection handles.

Programmatically selected objects therefore do not respond to actions such
as typing Delete. They can be dragged, however, because doing so selects
them manually.

Selecting Multiple Obijects

To select multiple objects at the same time,
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Start plot edit mode.

2 Move the cursor over an object and Shift+click to select it. Repeat for each
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object you want to select.

You can perform actions on all the selected objects. For example, to remove a
textbox annotation and an arrow annotation from a graph, select the objects

and then select Delete or Cut from the Edit menu (Cut keeps a copy on the
clipboard, Delete does not).

Deselecting Obijects

To deselect an object, move the cursor off the object onto the figure window
background and click the left mouse button (this deselects all selected objects
and selects the one you clicked). You can also Shift+click on a selected object
to deselect it (doing this will not deselect any other object).

Cutting, Copying, and Pasting Plot Objects

To cut an object from a graph, or copy and paste an object in a graph, perform
these steps:

Start plot edit mode.
Select the object.

Select the Cut, Copy, or Paste option from the Edit menu or use standard
shortcut keys for your platform.

Alternatively, with plot edit mode enabled, you can right-click on an object
and then select an editing command from the context menu associated with
the object.

Copying and Pasting Multiple Objects

When you cut or copy axes and plot objects such as lineseries or barseries
from a figure and paste them there or elsewhere, the results depend on what
you select and the type of container into which you paste the objects.

Copy and Paste Axes. The following semantics apply to copying and
pasting axes into the same or different figure:
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Select, Copy, and Paste Axes

Result of Pasting Axes

Select axes Ax1 from figure Figl,
copy and paste it into Fig2, which
has no axes.

New axes Ax2 is created in Fig2.
Ax2 inherits all properties of Ax1,
including all children. Ax1 will be
selected in Figl; Ax2 will be selected
in Fig2.

Select axes Ax1 from figure Figl,
copy and paste (from Edit Menu)
into Fig2, that contains axis Ax2
which is not selected.

New axes Ax3 is created in Fig2. All
children of Ax1 are copied to Ax3.
All the selected objects in Fig2 are
deselected, and the pasted axes Ax3
is selected. The selections in Figl
are unchanged.

Select axes Ax1 from figure Figl,
copy and paste into Ax2 in the same
or different figure.

New axis Ax3 is created having the
same properties (including position)
and children as Ax1; any selected
objects in Ax2 are deselected, and
axes Ax3 is selected. When pasting
to a new figure, selections in Figl
will be unchanged.

Select axes Ax1 from figure Figl,
copy and paste into same or different
axes in Figl.

New axes Ax2 is added to Figl, offset
from Ax1, and is the only selected
object.

Note When an axis is pasted into an existing axes, the pasted axes becomes
a peer of the existing axes and is offset slightly to visually indicate that the

paste operation was successful.

Copy and Paste Plot Objects. The following semantics apply to copying
and pasting plot objects (lines are used as examples) from one axes into the

same or different figure:
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Select, Copy, and Paste Objects

Result of Pasting Objects

Select and copy one or more lines
from axes Ax1 and paste into
selected axes Ax2 in the same or
different figure.

The lines are added to Ax2; the
pasted lines are the only selected
objects in the destination figure.

Select and copy lines from axes Ax1
in Figl and paste into figure Fig2,
which contains no axes or has no
axes selected.

New axes Ax2 is created in Fig2
containing the lines, which are
selected in it; Ax2 has default axes
properties.

Select and copy lines from axes Ax1
and paste into selected axes Ax2 and
Ax3.

Lines are pasted into both Ax2 and
Ax3; all the pasted lines are selected.

Select and copy lines from axes Ax1
and paste into selected axes Ax1.

Nothing is pasted, as the extra
content would be redundant.

Copy and Paste Plot Objects from Multiple Axes. The following
semantics apply to copying and pasting plot objects (lines are used as
examples) from one or more axes into the same or different figure:

Select, Copy, and Paste Objects

Result of Pasting Objects

Select and copy Linel from axes Ax1
and Line2 from axes Ax2 and paste
into axes Ax3.

Two lines are pasted into axes Ax3
and are the only selected objects
there.

Select and copy lines from axes Ax1
and axes Ax2 and paste into figure
Fig2, which contains no axes or has
no axes selected.

New axes Ax3 is created in Fig2, into
which all the lines are pasted; Ax3
has default axes properties.

Select and copy multiple lines from
Axes Ax1 and axes Ax2 and paste
into Ax1, Ax2, or some other axes.

Only those lines that did not
originate in an axes are pasted into
it, and the pasted lines are the only
selected objects.

Copy and Paste Multiple Axes and Plot Objects. The following semantics
apply to copying and pasting several axes and selected plot objects (lines are
used as examples) from one or more axes into the same or different figure:



Working in Plot Edit Mode

Select, Copy, and Paste Objects

Result of Pasting Objects

Select Linel from axes Ax1, select
axes Ax2, and paste into figure Fig2,
which contains no axes or has no
axes selected.

Ax2 and its contents 1s pasted as new
axes Ax3; another new axis Ax4 is
created into which the line is pasted

Select Linel from axes Ax1, select
axes Ax2, and paste into axes Ax3.

Linel is pasted into axes Ax3 and
axes Ax2 1s pasted as new axis Ax4.

Select axes Ax1 and Linel from Ax1,
and paste into Ax1.

New axes Ax2 is created having all
the properties of Ax1 but containing
Linel as its only child.

Select axes Ax1 and Linel from Ax1
in Figl and paste into figure Fig2,
which contains no axes or has no
axes selected.

Linel is pasted in new axes Ax2,
and Ax1 and its children (including
Linel) is pasted as new axis Ax3.

Select axes Ax1 and Linel from Ax1,
and paste into axes Ax2.

New axes Ax3 is created having all
the properties of Ax1 but containing
Linel as its only child.

Copying and Pasting Annotation Objects

In plot edit mode you can copy and paste annotations such as textboxes,
textarrows, rectangles, and ellipses, in various combinations. If any such
objects happen to be pinned to their axes (see “Pinning — Attaching to a
Point in the Graph” on page 3-22), their copies are pasted unpinned. As
annotation objects are children of figures, they never create new axes when

you paste them.

Moving and Resizing Objects

To move or resize an object in a graph, perform these steps:

Start plot edit mode.

Select the object. Selection handles appear on the object When the cursor is
over the object, it turns into crossed arrows; outside the selection it reverts

to a pointer.
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To move the object, drag it to the new location. You can also nudge it one pixel
up, down, left, or right with the appropriate arrow key on your keyboard. If
you have selected Snap to Layout Grid from the Tools menu, each keypress
makes objects move to the next grid position.

To resize the object, drag a selection handle.
You can shift-click to select multiple objects and move them as a group. Arrow

keys work well for this. However, when you resize one of several selected
objects, only that object changes size.

Note You can move text objects, but you cannot resize them (annotation
text boxes can be resized, however). You can resize axes objects, but you
can only move them by dragging their edges (or via their selection handles,
one at a time).

Setting Object Properties

In MATLAB graphics, every object in a graph supports a set of properties that
control the graph’s appearance and behavior. For example, line objects have
properties that control thickness, color, and line style.

Double-clicking on an object displays the Property Editor. To edit the
properties of the axes or figure, double-click on a region that does not contain
other objects.

See “The Property Editor” on page 1-29 for more information.

Undo/Redo — Eliminating Mistakes

The figure Edit menu contains two items that enable you to undo recent
operation.

Undo — Remove the effect of the last operation.

Redo — Perform again the last operation that you removed by selecting
Undo.



Working in Plot Edit Mode

For example, if you create a plot, zoom in, pan the view, and then undo the
pan operation, the menu looks as follows:

) Figure 1

File | Edit View Insert Desktop “Window

| Undo Move
Ul | ! Chrl4+
oy ChrlH-C
Paste el
Zlear Clipboard
Delete
Siefect Al Chrl+&
Copy Figure

Copy Opkions. ..

Figure Propetties. ..
Axes Properkies. ..
Current Chject Properties. ..

Colormap. ..

Find Files. ..

Clear Figure
Clear Command wWindow
Clear Command Hiskory

Clear Workspace

You could now undo the previous zoom operation or redo the pan operation
you just undid.
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In this section...

“Saving a Graph in FIG-File Format” on page 1-70
“Saving to a Different Format — Exporting Figures” on page 1-71
“Printing Figures” on page 1-72

“Generating a MATLAB File to Recreate a Graph” on page 1-73

Saving a Graph in FIG-File Format

Note To save a figure in a format that is compatible with MATLAB versions
prior to 7, refer to “Plot Objects and Backward Compatibility” on page 8-22
for more information.

The MATLAB FIG-file is a binary format to which you can save figures

so that they can be opened in subsequent MATLAB sessions. The whole
figure, including graphs, graph data, annotations, data tips, menus and other
uicontrols, is saved. (The only exception is highlighting created by data
brushing.) These files have a .fig filename extension.

To save a graph in a figure file,

1 Select Save from the figure window File menu or click the Save button
on the toolbar. If this is the first time you are saving the file, the Save As
dialog box appears.

2 Make sure that the Save as type is MATLAB Figure (*.fig) on the
drop-down menu.

3 Specify the name you want to give to the figure file.

4 Click OK.

The graph is saved as a figure file (. fig), which is a binary file format used
to store figures.



Saving Your Work

You can also use the saveas command.
Use the hgsave command to create backward compatible FIG-files.

If you want to save the figure in a format that can be used by another

application, see “Saving to a Different Format — Exporting Figures” on page
1-71.

Opening a Figure File

To open a figure file, perform these steps:

1 Select Open from the File menu or click the Open button on the toolbar.
2 Select the figure file you want to open and click OK.

The figure file appears in a new figure window.

You can also use the open command.

Saving to a Different Format — Exporting Figures

To save a figure in a format that can be used by another application, such as
the standard graphics file formats TIFF or EPS, perform these steps:

1 Select Export Setup from the File menu. This dialog provides options
you can specify for the output file, such as the figure size, fonts, line size
and style, and output format.

2 Select Export from the Export Setup dialog. A standard Save As dialog
appears.

3 Select the graphic format from the list of formats in the Save as type
drop-down menu. This selects the format of the exported file and adds the
standard filename extension given to files of that type.

4 Enter the name you want to give the file, less the extension.

5 Click Save.
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Note Whenever you specify a format for saving a figure with the Save As
menu item , that file format is used again the next time you save that figure
or a new one. If you do not want to save in the previously-used format, use
Save As and be sure to set the Save as type drop-down menu to the kind of
file you want to write. However, saving a figure with the saveas function and
a format does not change the Save as type setting in the GUI.

Copying a Figure to the Clipboard

On Microsoft® systems, you can also copy a figure to the clipboard and then
paste it into another application:

1 Select Copy Options from the Edit menu. The Copying Options page of
the Preferences dialog box appears.

2 Complete the fields on the Copying Options page and click OK.
3 Select Copy Figure from the Edit menu.

The figure is copied to the Windows clipboard. You can then paste the
figure from the Windows clipboard into a file in another application.

Printing Figures
Before printing a figure,

1 Select Print Preview from the File menu to set printing options, including
plot size and position, and paper size and orientation.

The Print Preview dialog box opens.

2 Make changes in the dialog box. Changes you can make are arranged by
tabs on the left-hand pane. If you want the printed output to match the
annotated plot you see on the screen exactly,

a On the Layout tab, click Auto (Actual Size, Centered).
b On the Advanced tab, click Keep screen limits and ticks.

For information about other options for print preview, click the Help
button in the dialog box.



Saving Your Work

To print a figure, select Print from the figure window File menu and
complete the Print dialog box that appears.

You can also use the print command.

Generating a MATLAB File to Recreate a Graph

You can generate a MATLAB file from a graph, which you can then use to
regenerate the graph. This approach is a useful way to generate MATLAB
code for work you have performed with the plotting tools. To use this option,

1 Select Generate code from the File menu.
The generated code displays in the MATLAB Editor.

2 Save the file using Save As from the Editor File menu.

Running the Saved File

Most of the generated files require you to pass in data as arguments. The file
assumes you are using the same data originally used to create the graph.

Comments at the beginning of the file state the type of data expected. For
example, the following statements illustrate a case where three input vectors
are required.

function createplot (X1, Y1, Y2)
%CREATEPLOT (X1,Y1,Y2)

X1: vector of x data

Y1: vector of y data

Y2: vector of y data

o o°

o°

See “Example — Generating MATLAB Code to Reproduce a Graph” on page
1-56 for another example.
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Data Exploration Tools

e “Ways to Explore Graphical Data” on page 2-2

e “Data Cursor — Displaying Data Values Interactively” on page 2-10
¢ “Enlarging the View” on page 2-25

¢ “Panning — Shifting Your View of the Graph” on page 2-29

e “Rotate 3D — Interactive Rotation of 3-D Views” on page 2-31
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Ways to Explore Graphical Data

In this section...

“Introduction” on page 2-2

“Types of Tools” on page 2-2

“Customizing Data Exploration Tools” on page 2-3

Introduction

After determining what type of graph best represents your data, you can
further enhance the visual display of information using the tools discussed in
this section. These tools enable you to explore data interactively, eliminating
the need to set the plethora of graphics properties required to achieve the
same results using MATLAB commands.

Once you have achieved the desired results, you can then generate the
MATLAB code necessary to reproduce the graph you created interactively.
See “Example — Generating MATLAB Code to Reproduce a Graph” on page
1-56 for more information.

Types of Tools

See the following sections for information on specific tools.

e “Data Cursor — Displaying Data Values Interactively” on page 2-10
¢ “Enlarging the View” on page 2-25

¢ “Panning — Shifting Your View of the Graph” on page 2-29

® “Rotate 3D — Interactive Rotation of 3-D Views” on page 2-31

e Camera Toolbar — Interacting with 3-D Views
You can also explore graphs visually with data brushing and linking:

® Data brushing lets you “paint” observations on a graph to select them for
special treatment, such as

= Extracting them into new variables
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= Replacing them with constant or NaN values
= Deleting them

e Data linking connects graphs with the workspace variables they display,
updating graphs when variables change

Brushing and linking work together across plots. When multiple graphs or
subplots display the same variables, linking the graphs and brushing any of
them causes the same data to also highlight on other linked graphs. The
highlighting also appears on the selected rows of data when the variables are
opened in the Variable Editor. For details, see “Marking Up Graphs with
Data Brushing” and “Making Graphs Responsive with Data Linking” in the
Data Analysis documentation.

You can perform numerical data analysis directly on graphs with curve fitting
and time series tools; see

® “Regression Analysis”
® “Interactive Fitting”

® “Time Series Tools”

These and other topics are covered in the “Data Processing” section of the
Data Analysis documentation. You can also use the Curve Fitting Toolbox™
cftool if you have installed that toolbox.

Customizing Data Exploration Tools

Most of the data exploration tools place you in a mode in which mouse gestures
and clicks control a figure’s content. You can customize behavior to control
what happens in a mode by setting up a mode object for that mode. You can
find examples of how to do this in the reference pages for datacursormode,
pan, zoom , and rotate3d. You can also customize the behavior of the mouse
scroll wheel by writing a callback for the WindowScrollWheelFcn property of
a figure, as illustrated in “Example — Programming the Mouse Scroll Wheel
to Explore Graphics in Figures” on page 2-4.
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Note Do not change figure callbacks within an interactive mode.
While a mode is active (when panning, zooming, etc.), you will receive a
warning if you attempt to change any of the figure’s callbacks and the
operation will not succeed. The one exception to this rule is the figure
WindowButtonMotionFcn callback, which can be changed from within a mode.
Therefore, if you are creating a GUI that updates a figure’s callbacks, the GUI
should some keep track of which interactive mode is active, if any, before
attempting to do this.

Example — Programming the Mouse Scroll Wheel to Explore
Graphics in Figures

If your mouse has a scroll wheel, you can capture events it generates to modify
views of graphics without entering an interactive mode. Create a figure
WindowScrollWheelFcn callback for this purpose. The following example
illustrates how to manage scroll wheel events. It also demonstrates how to
provide different behaviors depending on whether you left-click or right-click
before turning the scroll wheel.

Note MATLAB ignores custom scroll wheel callbacks while a figure is in an
interactive mode (pan, zoom, rotate3d, or datacursormode). This example
illustrates how to simulate an interactive mode within a scroll wheel callback.

The following example sets up a figure with an axes and an edit text
uicontrol. It generates a surface plot of the peaks function with interpolated
shading and Phong lighting, and creates a lighting object to illuminate

the surface from the left side. The code provides the figure with a
WindowScrollWheelFcn callback to respond to scroll wheel events:

function scrollwheel_ex

% Example of using a figure WindowScrollWheelFcn callback to rotate
% or zoom a graph, and change font size of an edit text uicontrol.
% Scrolling the uiciontrol text up and down is built in, and the

% myscroll callback does not change or disable that behavior.

o°

The callback overrides scrolling when right-clicking in the edit box.

o0

To toggle the text box scrolling behavior, you must click outside the
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% text box first.

% Create a figure with an axes and a edit text box

hf = figure('Visible','off','Units', 'pixels', 'Color',[.9 .8 .7]);

set(hf, 'Name', 'Scrollwheel Demo', 'NumberTitle', 'off"')

ha = axes('Units', 'normalized', 'Position',[.025 .2, .95 .75]);

he = uicontrol('Style','edit', 'Min',1, 'Max',100,...
'Units', 'normalized', 'Position',[.025 .025 .95, .15],...
'FontUnits', 'points', 'HorizontalAlignment', 'left',...
'BackgroundColor',[.95 .85 .75]);

% Plot a 3-D surfaceplot and customize its appearance

hs = surf(ha,peaks(100), 'FaceColor', 'interp', 'EdgeColor', 'none');

colormap('hot"')

axis('vis3d','off')

lighting('phong")

camlight('left"')

view(25,20)

title('Left-click and scroll to rotate; right-click and scroll to zoom.')

% Add some help text to the edit text box

set(he, 'String',help('peaks"'))

% Install scroll wheel callback in figure

set (hf, 'WindowScrollWheelFcn',{@myscroll,ha,hs,he});

set(hf,'Visible','on"')

To run the example, take either of the following actions:

¢ Select and copy the scrollwheel ex function and paste it into a new code
document. Then copy the following myscroll callback function and paste
it at the end of the file, after the first function. Save the program with
the file name scrollwheel_ex.m.

e If you are reading this in the Help browser, you can click here to copy
the scrollwheel_ex.m file from the documentation examples folder to
your current folder.

After you have created the program file, run the example by typing:

scrollwheel_ex

Running the main function produces a plot like the one shown here.
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Left-click and scrall to rotate; right-click and scroll to zoarmn.

PEAKS A sample function of two varishles. ﬂ
PEAKS is & function of tvwo variables, obtained by translsting and
scaling Gaussian distributions, which is useful for demaonstrating
WMESH, SURF, PCOLCOR, CONTOUR, etc. LI

The figure callback,

set(hf, 'WindowScrollWheelFcn', {@myscroll,ha,hs,he});

provides a function handle to a function called myscroll (which you define
in the same file). The callback function receives the handles to the axes,
surfaceplot, and uicontrol as arguments. The callback uses the axes and
uicontrol handles to determine which object (if any) your mouse pointer is
over when you move the mouse scroll wheel. The callback uses the figure
SelectionType property to identify whether you last pressed the left or right
mouse button. The callback executes the following different actions for each
button:

® When the mouse pointer is within the axes limits:

= Scrolling after a left click rotates the surface around its z-axis clockwise
or counterclockwise.

= Scrolling after a right click zooms the view of the surface in or out.

® When you click the mouse in the edit text box:
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= Scrolling after a left click scrolls the contents up or down. This is default
behavior for an edit text uicontrol, over which the callback has no control.

= Scrolling after a right click increases or decreases the font size of the
text in the edit text box to between 5 and 64 points while scrolling the
text. (You cannot disable edit text box scrolling.)

= Because of how edit text boxes manage focus, you need to click outside
the edit text box before attempting a different gesture. If you right-click
inside the text box and then left-click inside it, the text size still zooms
when you scroll the mouse wheel. If you do not click outside the text box
before using the scroll wheel to manipulate the surface plot, your gesture
affects both the text box and the plot.

As it does for all callbacks, MATLAB provides the first two arguments
(hfig, the handle of the object receiving the callback, and events, an event
structure). These arguments do not appear in the invocation for the callback
that you installed in the figure. The three handles you did provide (which
myscroll calls hax, hsp, and het) follow the two built-in arguments. Copy the
following callback code and paste it at the end of the file scrollwheel ex.m:

function myscroll(hfig,events,hax,hsp,het)

o

s Callback for mouse scrollwheel

o°

hfig, hax, hsp, het: handles to figure, axes, surfaceplot, text box

o°

events: event structure, containing members

o°

VerticalScrollCount - +1 for scroll up, -1 for scroll down

o°

VerticalScrollAmount - lines to scroll per count (unused here)

o°

Called when scroll wheel is adjusted in figure hfig.

o°

When within axes, the action taken is either:

o°

Rotate left or right around Z-axis (normal click on axes)

o°

Zoom in or out (right-click on axes)

o°

The mouse pointer must be within the axes position rectangle.

o

s When within edit box, the action is to

o°

Increase or decrease font size (right-click)

o

5 Scroll text up or down (left-click, default behavior)

cp = get(hfig, 'CurrentPoint'); % Where mouse is, in figure units
seltype = get(hfig, 'SelectionType'); % Identifies button pressed
unit = get(hax, 'Units');

set(hax, 'Units', 'pixels'); % Will test bounds in pixels
obj_pos = get(hax, 'Position'); % Axes bounds
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set(hax, 'Units',unit) % Reset axes units to previous units
% Is mouse pointer within axes?
if cp(1) > obj_pos(1) && cp(1) < obj_pos(1) + obj_pos(3) && ...
cp(2) > obj_pos(2) && cp(2) < obj_pos(2) + obj_pos(4)
if strcmp(seltype,'alt')
% Zoom in or out when right button was pressed
zfac = 1.1; % Zoom in if wheel was scrolled up
if events.VerticalScrollCount < 0
zfac = 1/zfac; % Zoom out if wheel was scrolled down
end
zoom(zfac)
else % Rotate view when left button was pressed
yrot = 10; % Increment to rotate around z-axis
rotate(hsp,[0 O 1],events.VerticalScrollCount * yrot);
end
else % Is mouse pointer within the edit box?
unit = get(het, 'Units');
set(het, 'Units', 'pixels');
obj_pos = get(het,'Position');
set(het, 'Units',unit)
if cp(1) > obj_pos(1) && cp(1) < obj_pos(1) + obj_pos(3) && ...
cp(2) > obj_pos(2) && cp(2) < obj_pos(2) + obj_pos(4)
if strcmp(seltype, 'alt') % Right mouse button clicked
fs = get(het, 'FontSize');
% Magnify or reduce font size in text box
fs = fs+events.VerticalScrollCount;
% Keep font size between 5 and 64 points
fs = min(max(fs,5),64);
set(het, 'FontSize',fs)
end
% For either button, default behavior is to scroll edit text
end
end

Testing the figure CurrentPoint property against the bounds of the objects
ensures that your code always takes appropriate actions in response to scroll
wheel events. Querying the figure SelectionType property lets your code do
different things in response to left- and right-clicking and depressing modifier
keys, such as Shift, Ctrl, and Alt.
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The following illustration displays how the callback responds to scroll wheel
motion over the axes and edit text box.

Left-Click Scrolling Behavior Right-Click Scrolling Behavior

Left-click and scroll to rotate; right-click and scroll to zoom.

PEAKS A sample function of two variables. L
PEAKS is a function of two variables, obtained by translating and

aralinn Ganeecian distribidinne whirh i neeful far demnonetratinn
"

' ' J + ElC.
There are several variants of the caling sequence:

RN

7 _roave

The axes and uicontrol have normalized units, which enable you to resize the
figure. The callback first converts the units into pixels for the purpose of
determining whether the mouse pointer is over either object. The comparison
is with the CurrentPoint property of the figure, which is in pixels. After the
comparison, the callback restores units of the objects to normalized.
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Data Cursor — Displaying Data Values Interactively
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In this section...

“What Is a Data Cursor?” on page 2-10
“Enabling Data Cursor Mode” on page 2-11
“Display Style — Datatip or Cursor Window” on page 2-20

“Selection Style — Select Data Points or Interpolate Points on Graph” on
page 2-21

“Exporting Data Value to Workspace Variable” on page 2-22

What Is a Data Cursor?

Data cursors enable you to read data directly from a graph by displaying the
values of points you select on plotted lines, surfaces, images, and so on. You
can place multiple datatips in a plot and move them interactively. If you save
the figure, the datatips in it are saved, along with any other annotations
present.

When data cursor mode is enabled, you can

Click on any graphics object defined by data values and display the x, y,
and z (if 3-D) values of the nearest data point.

Interpolate the values of points between data points.
Display multiple data tips on graphs.

Display the data values in a cursor window that you can locate anywhere
in the figure window or as a data tip (small text box) located next to the
data point.

Export data values as workspace variables.

Print or export the graph with data tip or cursor window displayed for
annotation purposes.

Edit the data tip display function to customize what information is
displayed and how it is presented

Select a different data tip display function
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Enabling Data Cursor Mode

H
= or select the Data

Select the data cursor icon in the figure toolbar
Cursor item in the Tools menu.

Once you have enabled data cursor mode, clicking the mouse on a line or other
graph object displays data values of the point clicked. Clicking elsewhere does
not create or update data tips. To place additional data tips, as the picture
below shows, see “Creating Multiple Data Tips” on page 2-17, below. In the
picture, the black squares are located at points selected by the Data Cursor
tool, and the data tips next to them display the x and y values of those points.

The illustrations below use traffic count data stored in count.dat:

load count.dat
plot(count)
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Moving the Marker

You can move the marker using the arrow keys and the mouse. The up and
right arrows move the marker to data points having greater index values
in the data arrays. The down and left arrow keys move the marker to data
points having lesser index values. When you set Selection Style to Mouse
Position using the tool’s context menu, you can drag markers and position
them anywhere along a line. However, you cannot drag markers between
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different line or other series on a plot. The cursor changes to crossed arrows
when it comes close enough to a marker for you to drag the datatip, as shown
below:

| |
/ 15 \ 20 25
Click on the square and drag the data
tip along the red line.

Positioning the Datatip Text Box

You can position the data tip text box in any one of four positions with respect
to the data point: upper right (the default), upper left, lower left, and lower
right.

To position the datatip, press, but do not release the mouse button while over
the datatip text box and drag it to one of the four positions, as shown below:
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wr T
% 186 % 186
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You can reposition a datatip, but not its text box, using the arrow keys as well.

Dragging the Datatip to Different Locations

You can drag the datatip to different locations on the graph object by clicking
down on the datatip and dragging the mouse. You can also use the arrow keys
to move the datatip.

| |
/ 15 \ 20 25
Click on the square and drag the data
tip along the red line.
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Note Surface plots and 3-D bar graphs can contain NaN values. If you drag
a datatip to a location coded as NaN, the datatip will disappear (because its
coordinates become (NaN,NaN,NaN)). You can continue to drag it invisibly,
however, and it will reappear when it is over a non-NaN location. However,
if you create a new datatip while the previous current one is invisible, the
previous one cannot be retrieved.

Datatips on Image Objects

Datatips on images display the x- and y-coordinates as well as the RGB values
and a color index (for indexed images), as show below:

40

B0

a0

100
120 g ; Inces: 45

. RGB: 0867, 0414, 0289

140

160

180

200

a0 100 150 200 240 300

Datatips on 3-D Objects

You can use datatips to read data points on 3-D graphs as well. In 3-D views,
data tips display the x-, y- and z-coordinates.
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Creating Multiple Data Tips

Normally, there is only one datatip displayed at one time. However, you can
display multiple datatips simultaneously on a graph. This is a simple way to
annotate a number of points on a graph.

Use the following procedure to create multiple datatips.

1 Enable data cursor mode from the figure toolbar. The cursor changes to
a Ccross.

2 Click on the graph to insert a datatip.

3 Right-click to display the context menu. Select Create New Datatip.

\\ Selection Skyle b

Display Skyle b
Delete Current Datatip Delete
Celete All Datatips

/\ Export Cursor Daka ko Warkspace, ..

Edit Texk Lpdate Funckion. ..

Select Text Update Function, ..

R
- =]

10 14 20

4 Click on the graph to place the second datatip.
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Deleting Datatips

You can remove the most recently added datatip or all datatips. When in data
cursor mode, right-click to display the context menu.

e Select Delete Current Datatip or press the Delete key to remove the
last datatip that you added.

e Select Delete All Datatips to remove all datatips.

Customizing Data Cursor Text

You can customize the text displayed by the data cursor using the
datacursormode function. Use the last two items in the Data Cursor context
menu to for this purpose:
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Selection Skyle ]
Cisplay Skwle b
Create Mew Datatip Ale-Click,
Celete Current Datatip Delete

Delete All Datatips
Expart Cursor Daka ba Waorkspace,

Edit: Text Update Funckion.. .
Select Text Update Function, ..

¢ Edit Text Update Function — Opens an editor window to let you modify
the function currently being used to place text in datatips

e Select Text Update Function — Opens an input file dialog for you to
navigate to and select a MATLAB file to use to format text in datatips you
subsequently create

When you select Edit Text Update Function for the first time, an editor
window opens with the default text update callback, which consists of the
following code:

function output_txt = myfunction(obj,event_obj)
% Display the position of the data cursor
% obj Currently not used (empty)

o°

event_obj Handle to event object

o°

output_txt Data cursor text string (string or cell array of strings).

pos = get(event_obj,'Position');
output_txt = {['X: ',num2str(pos(1),4)],...
['Y: ",num2str(pos(2),4)1};

% If there is a Z-coordinate in the position, display it as well
if length(pos) > 2

output_txt{end+1} = ['Z: ',num2str(pos(3),4)];
end

You can modify this code to display properties of the graphics object other
than position. If you want to do so, you should first save this code to a
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MATLAB file before changing it, and select that file if you want to revert to
default datatip displays during the same session.

If for example you save it as def_datatip_cb.m, and then modify the code
and save it to another file, you can then choose between the default behavior
and customized behavior by choosing Select Text Update Function from
the context menu and selecting one of the callbacks you saved.

See the Examples section of the datacursormode reference page for more
information on using data cursor objects and update functions. Also see the
example of customizing datatip text in “Using Data Tips to Explore Graphs”
in the MATLAB Data Analysis documentation.

Display Style — Datatip or Cursor Window

By default, the data cursor displays values as a datatip (small text box located
next to the data point). You can also display a single data value in a cursor
window that is anchored within the figure window. You can place multiple
datatips on a graph, which makes this display style useful for annotations.

The cursor window style is particularly useful when you want to drag the data
cursor to explore image and surface data; numeric information in the window
updates without obscuring the any of the figure’s symbology.

To use the cursor window, change the display style as follows:
1 While in data cursor mode, right-click to display the context menu.
2 Mouse over the Display Style item.

3 Select Window Inside Figure.
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260 : _
Create ey Datatip &lE-Click: Dratatip k
Delete Current Datatip [elete
belete Al Datatips
200 .
Export Cursor Daka ko Workspace. .
Edit Text Update Function, ..
160 Select Text Update Funckion. .. _
100 |
a0
1]
1]

Note If you change the data cursor Display Style from Datatip to Window
Inside Figure with the context menu, only the most recent data tip is
displayed; all other existing data tips are removed because the window can
display only one datatip at a time.

Selection Style — Select Data Points or Interpolate
Points on Graph

By default, the data cursor displays the values of the data point nearest to
the point you click with the mouse, and the data marker snaps to this point.
The data cursor can also determine the values of points that lie in between
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the data defining the graph, by linearly interpolating between the two data
points closest to the location you click the mouse.

Enabling Interpolation Mode

If you want to be able to select any point along a graph and display its value,
use the following procedure:

1 While in data cursor mode, right-click to display the context menu.
2 Mouse over the Selection Style item.

3 Select Mouse Position.

_—_
1

Selection Skyle ]

Display Skyle J Snap to MNearest Data Vertex
Create Mew Datatip ale-Click:, T
Delete Current Datatip Delete

Delete Al Datatips

Export Cursor Daka ko Waorkspace, ..
Edit Text Update Function. ..
Select Text Update Function, ..

L WA

MATLAB does not honor interpolation mode when you use the arrow keys
to move a datatip to a new location.

Exporting Data Value to Workspace Variable

You can export the values displayed with the data cursor to MATLAB
workspace variables. To do this, display the right-click context menu while in
data cursor mode and select Export Cursor Data to Workspace.
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Selection Style

Display Style

Create Mew Dakatip Ale-Click.
Delete Current Datatip Delete

Delete All Datatips

Expart Cursar Daka ko
Edit Text Update Funckion. ..
Select Textk Update Funckion. ..

1 1 1 l
k 7 g o 10

The Export Cursor Data to Workspace dialog then displays for you to name

the workspace variable.

) Export Cursor Data bo Wi

Eriter wariable name

=10 x|

cursor_info]

Ok Cancel |

Clicking OK creates a MATLAB structure with the specified name in your
base workspace, containing the following fields:

e Target — Handle of the graphics object containing the data point

® Position — x- and y- (and z-) coordinates of the data cursor location in

axes data units

Line and lineseries objects have an additional field:

e DataIndex — A scalar index into the data arrays that correspond to the
nearest data point. The value is the same for each array.

For example, if you saved the workspace variable as cursor_info, then you
would access the position data by referencing the Position field.
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cursor_info.Position
ans =
0.4189 0.1746 O
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Enlarging the View

In this section...

“Zooming in 2-D and 3-D” on page 2-25

“Zooming in 2-D Views” on page 2-25

Zooming in 2-D and 3-D

Zooming changes the magnification of a graph without changing the size of
the figure or axes. Zooming is useful to see greater detail in a small area. As
explained below, zooming behaves differently depending on whether it is
applied to a 2-D or 3-D view.

Enable zooming by clicking one of the zoom icons | ® A . Select + to zoom
in and - to zoom out.

Tip When in zoom in mode, you can use Shift+click to zoom out (i.e., press and
hold down the Shift key while clicking the mouse). You can also right-click
and zoom out or restore the plot to its original view using the context menu.

Zooming in 2-D Views
In 2-D views, click the area of the axes where you want to zoom in, or drag

the cursor to draw a box around the area you want to zoom in on. The axes is
redrawn, changing the limits to display the specified area.

For example, selecting the region of the following plot,
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) Figure 2
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results in a rescaling of the axes to display only that region.
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The above figure also shows the context menu when you right-click in Zoom
mode. It enables you to
® Zoom out

® Reset to the view of the graph when it was plotted (undo one or more
changes of view)

¢ Constrain zooming to expand only the x-axis (horizontal zoom)

¢ Constrain zooming to expand only the x-axis (vertical zoom)

Undoing Zoom Actions

If you want to reset the graph to its original view, right-click to display the
context menu and select Reset to Original View. You can also use the Undo
item on the Edit menu to undo each operation you performed on your graph.
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Zoom Constrained to Horizontal or Vertical

In 2-D views, you can constrain zoom to operate in either the horizontal or
vertical direction. To do this, right-click to display the context menu while
in zoom mode and select the desired constraint from the Zoom Options
submenu, as illustrated in the previous figure. Horizontal zooming is useful
for exploring time series graphs that have dense intervals. Vertical zooming
can help you see minor variations in places where the YData range is small
compared to the y-axis limits.

Zooming in 3-D Views

In 3-D views, moving the cursor up or to the right zooms in, while moving the
cursor down or to the left zooms out. Both toolbar icons enable the same
behavior. 3-D zooming does not change the axes limits, as in 2-D zooming.
Instead it changes the view (specifically, the axes CameraViewAngle property)
as if you were looking through a camera with a zoom lens.
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Panning — Shifting Your View of the Graph

Panning — Shifting Your View of the Graph

You can move your view of a graph up and down as well as left and right with
the pan tool. Panning is useful when you have zoomed in on a graph and want
to translate the plot to view different portions.

Click this icon on the figure toolbar to enable panning {WF" In pan mode you
can freely move up, down, left or right, or you can constrain movement to
be vertical or horizontal only by right-clicking and selecting one of the Pan
Options from the pan tool’s context menu.

You can pan across both 2-D and 3-D views. 2-D panning has the effect

of changing the axis limits that you are viewing, but it does not change

the actual limits of the plot. For example, suppose you have a time-series
waveform that you want to zoom in on to view detail, but you also want to be
able to scan the entire plot.
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3-D panning moves the axes with the object, because the 3-D view is not
aligned to the x-, y-, or z-axis. The axes limits do not change as in 2-D panning.
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Rotate 3D — Interactive Rotation of 3-D Views

In this section...

“Enabling 3-D Rotation” on page 2-31
“Selecting Predefined Views” on page 2-31
“Rotation Style for Complex Graphs” on page 2-32

“Undo/Redo — Eliminating Mistakes” on page 2-34

Enabling 3-D Rotation

You can easily rotate graphs to any orientation with the mouse. Rotation
involves the reorientation of the axes and all the graphics objects it contains.
Therefore none of the data defining the graphics objects is affected by rotation;
instead the orientation of the x-, y-, and z-axes changes with respect to the
viewer.

There are three ways to enable Rotate 3D mode:
¢ Select Rotate 3D from the Tools menu.

¢ (Click the Rotate 3D icon in the figure toolbar :@ .

e Execute the rotate3d command.

Once the mode is enabled, you press and hold the mouse button while moving
the cursor to rotate the graph.

Selecting Predefined Views

When Rotate 3D mode is enabled, you can control various rotation options
from the right-click context menu.

You can rotate to predefined views on the right-click context menu:

¢ Reset to Original View — Reset to the default view (azimuth -37.5°,
elevation 30°).

® (o to X-Y View — View graph along the z-axis (azimuth 0°, elevation 90°).
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2-32

® (Go to X-Z View — View graph along the y-axis (azimuth 0°, elevation 0°).
® Go to Y-Z View — View graph along the x-axis (azimuth 90°, elevation 0°).

Rotation Style for Complex Graphs

You can select from two rotation styles on the right-click context menu’s
Rotation Options submenu:

¢ Plot Box Rotate — Display only the axes bounding box for faster rotation
of complex objects. Use this option if the default Continuous Rotate
style is unacceptably slow.

¢ Continuous Rotate — Display all graphics during rotation.

Axes Behavior During Rotation
You can select two types of behavior with respect to the aspect ratio of axes
during rotation:

¢ Stretch-to-Fill Axes — Default axes behavior is optimized for 2-D plots.
Graphs fit the rectangular shape of the figure.

¢ Fixed Aspect Ratio Axes — Maintains a fixed shape of objects in the axes
as they are rotated. Use this setting when rotating 3-D plots.

The following pictures illustrate a sphere as it is rotated with Stretch-to-Fill
Axes selected. Notice that the sphere is not round due to the selected aspect
ratio.
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The next picture shows how the Fixed Aspect Ratio Axes option results in a
sphere that maintains its proper shape as it is rotated.
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Undo/Redo — Eliminating Mistakes

The figure Edit menu contains two items that enable you to undo any zoom,
pan, or rotate operation.

Undo — Remove the effect of the last operation.

Redo — Perform again the last operation that you removed by selecting
Undo.

For example, if you create a plot, zoom in, pan the view, and then undo the
pan operation, the menu looks as follows:

)} Figure 1

File | Edit  Wiew Insert Desktop  “Windows

[ Undo Move
m

oy ChrlHiC
Faste el
Zlear Clipboard
Delete
Select Al Chrl+8
Copy Figure

Copy Opkions. ..

Figure Propetties. ..
Axes Properties, ..
Current Object Properties. ..

Colormap...

Find Files. ..

Clear Figure

Clear Cornmand Window
Clear Command Hiskory
Clear Workspace
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You could now undo the previous zoom operation or redo the pan operation
you just undid.
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Annotating Graphs

¢ “How to Annotate Graphs” on page 3-2

e “Alignment Tool — Aligning and Distributing Objects” on page 3-24
¢ “Adding Titles to Graphs” on page 3-33

e “Adding Axis Labels to Graphs” on page 3-38

¢ “Adding Text Annotations to Graphs” on page 3-45

¢ “Adding Arrows and Lines to Graphs” on page 3-66

e “Positioning Annotations in Data Space” on page 3-69
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How to Annotate Graphs

In this section...

“Graph Annotation Features” on page 3-2

“Enclosing Regions of a Graph in a Rectangle or an Ellipse” on page 3-6
“Textbox Annotations” on page 3-8

“Annotation Lines and Arrows” on page 3-12

“Adding a Colorbar to a Graph” on page 3-15

“Adding a Legend to a Graph” on page 3-19

“Pinning — Attaching to a Point in the Graph” on page 3-22

Graph Annotation Features

Annotating graphs with text and other explanatory material can improve
the graph’s ability to convey information. MATLAB graphics tools include a
variety of features for annotating graphs, with which you can

* Add text, lines and arrows, rectangles, ellipses, and other annotation
objects anywhere on the figure

® Anchor annotations to locations in data space

® Add a legend and colorbar

® Add axis labels and titles

e Edit the properties of graphics objects

The following sections provide more information.

e “Enclosing Regions of a Graph in a Rectangle or an Ellipse” on page 3-6
* “Textbox Annotations” on page 3-8

® “Annotation Lines and Arrows” on page 3-12

¢ “Adding a Colorbar to a Graph” on page 3-15

¢ “Adding a Legend to a Graph” on page 3-19
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* “Pinning — Attaching to a Point in the Graph” on page 3-22

Annotation Tools on the Plot Edit Toolbar
Select Plot Edit Toolbar from the View menu to display the toolbar.

Click this button to enable property Pin object to  Display the Object
editing of graphic objects. data point Alignment tool

rrer I x|
|

File Edit WView Insyrt Tools Desktop Window  Help
NEd |y RAVD e 3|08 00 |

‘o 2|AA|B I EEENNNTOO|® &

Text color, font,  Align text  Insert lines

bold or italic and arrows
Fill color and Insert text arrow, text,
line/edge color rectangle and ellipse

Annotation Tools on the Figure Palette

Basic annotation tools are available from the figure palette. Select Figure
Palette from the View menu to display the figure palette.
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Adding Annotations from the Insert Menu
Annotation features are available from the Insert menu.
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-} Figure 1
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Command Interface

You can add annotations using MATLAB commands. The following table lists

the functions used to create annotations.

MATLAB Functions for Creating Annotations

Function Purpose

annotation Create annotations including lines, arrows, text arrows,
double arrows, text boxes, rectangles, and ellipses

xlabel, Add a text label to the respective axis

ylabel,

zlabel

title Add a title to a graph
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MATLAB Functions for Creating Annotations (Continued)

Function Purpose
colorbar Add a colorbar to a graph
legend Add a legend to a graph

Removing Annotations

You can delete any annotation manually, and (if it has an explicit handle)
programmatically. See “Deleting Annotations” on page 8-26 in the MATLAB
function reference documentation for details.

Enclosing Regions of a Graph in a Rectangle or an
Ellipse

You can add a rectangle or an ellipse to draw attention to a specific region of
a graph. While either object is selected, you can move and resize it as well
as display a right-click context menu that enables you to modify behavior
and appearance.

Insert the rectangle or ellipse by clicking the corresponding button in the
plot edit toolbar

1O

or by selecting Rectangle or Ellipse from the Insert menu. The cursor
changes to a cross indicating you can click down, drag, and release the left
mouse button to define the size and shape of the object.

Pinning Rectangles and Ellipses

You can attach the rectangle to a particular point in the figure by pinning it
to that point. There are three ways to pin the rectangle:

® Right-click the rectangle to display its context menu. Select Pin to axes
to set a pin in the default location.



How to Annotate Graphs

e Select the pin button in the figure toolbar (see “Pinning — Attaching to a
Point in the Graph” on page 3-22).

¢ Select Pin to axes from the Tools menu. The cursor changes to a pin; click
anywhere within the object to set a pin at that location.

By default (using the first of the options described above), pinning attaches
the lower left corner of the rectangle or ellipse to its current location in the
axes data units. You can move the point of attachment by clicking the corner
and dragging the anchor to another point. The cursor changes to a pin while
you are dragging. You cannot drag or resize a rectangle or an ellipse when
it is pinned.

Modifying the Rectangle or Ellipse from the Context Menu
Right-click the rectangle or ellipse to display its context menu.

. 4 —t— 1]

JRJM N
P T

npin

Face Color, ..

Edge Color...

Line Width 0.5
Line Skvle b 1.0

Properties. .. v 2.0 I
Show M-code 3.0
4.0

The menu contains the following options:
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e Cut, Copy, Delete — Cut to clipboard, copy to clipboard, or delete the
selected object.

* Pin to axes — Pin the lower left corner to the current location (you can
move the point of attachment by clicking and dragging the point while in
plot edit mode).

¢ Unpin — Detach the rectangle from the attachment point.

¢ Face Color — Fill color for the rectangle or ellipse

e Edge Color — Color of the line used to draw the rectangle or ellipse
¢ Line Width — Width of the line used to draw the rectangle or ellipse
® Line Style — Type of line used to draw the rectangle or ellipse

* Properties — Display the Property Editor with textbox properties.

® Show M-code — Create MATLAB code that recreates the graph.

Setting Rectangle and Ellipse Properties

You can use the Property Editor to set rectangle and ellipse properties by
selecting Properties from the context menu. The Property Editor displays
the same properties that are described above in the context menu section.

You can click the More Properties button on the Property Editor to display
the Property Inspector. The Property Inspector displays all properties for the
selected annotation object. However, you should not change some of these
properties because doing so can affect the proper functioning of the annotation
object. See the following sections for descriptions of the properties you can
change on the respective objects.

¢ Annotation Rectangle Properties

¢ Annotation Ellipse Properties

Textbox Annotations

A textbox is a rectangle that can contain multiline text. You can attach the
textbox to any point in the figure.

Insert a textbox by clicking the textbox button in the figure toolbar T,
then click where you want to place the text string. The default behavior for
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textboxes is for them to resize to accommodate the amount of text you enter
into them. You can also resize the textbox after typing or click and drag the
box to a certain size when you create it (when you do this, the textbox stays
that size no matter how much text you place within it).

You can also select TextBox from the Insert menu.

Selecting Textbox Obijects

The selection behavior of the textbox object differs from other annotation
objects.

¢ To move a textbox, click the text once to select it.

e To edit the a textbox, double-click within the box.

® To display the Property Editor with textbox properties, right-click to
display the context menu and select Properties.

Pinning the Textbox

You can attach the textbox to a particular point in the figure by pinning it to
that point. There are three ways to pin the textbox:

e Right-click within the textbox to display its context menu and select Pin
to Axes.

e Select the pin button in the figure toolbar and click a handle of the textbox
(See “Pinning — Attaching to a Point in the Graph” on page 3-22).

e Select Pin to Axes from the Tools menu.

By default, pinning attaches the lower left corner of the textbox to its location
in the axes data space. You can move the point of attachment by clicking on
the corner and dragging the anchor to another point, but you cannot drag the
textbox when it is pinned..

| . |
mSine curve plot .+ @
B w
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Modifying the Textbox from the Context Menu

Right-clicking in a textbox displays its context menu, which enables you to
perform a number of operations on the textbox. In the following picture, the
textbox Background Color has been set to yellow and its Font has been set
to bold using the context menu. The textbox has its default resizing behavior,
as indicated by the checked item Fit Box to Text:

FS. 2 ot n 1
: ine [:ur:re plo ‘%’ - |
Copy
Delete -
Pin ko axes
LIrpin T
Edit

v Fit Box ta Text

02F Calar ... -
Background Colar ...
0.4 - Edge Calar ... 7]
Fonk ...
B r Interpreter b |
sk Line Width b
Line Skyle »
-1 L ] Show Property Editor |
0 1 2 7

Show M-Code

When you create a textbox without dragging it to have a specific size, Fit
Box to Text is enabled, and the box will grow or shrink as you type or edit
its text. If you drag when creating a textbox, or change its size by dragging
any of its handles in plot edit mode, Fit Box to Text is disabled, but you can
re-enable it using the context menu.

The menu contains the following options:
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e Cut, Copy, Delete — Cut to clipboard, copy to clipboard, or delete the
textbox.

* Pin to axes — Pin the textbox to the current location (you can move the
point of attachment by clicking and dragging the textbox while in plot
edit mode).

¢ Unpin — Detach the textbox from the attachment point.

e Edit — Enable edit mode to change the text. You can also double-click the
textbox with the left mouse button to enable edit mode.

¢ Fit Box to Text — Resize textbox to accommodate text extents (or not)
¢ Text Color — Color of the text characters
® Background Color — Fill color of the rectangle enclosing the text

e Edge Color — Color of the textbox edge line (you must set Line Style to a
value other than none to display edges)

®* Font — Type of font used for the text

* Interpreter — Interpret characters as TeX (latex or tex) or as literal
characters (none).

¢ Line Width — Width of the textbox edge line

* Line Style — Style of line used for the textbox edge

* Properties — Display the Property Editor with textbox properties.
® Show M-code — Create MATLAB code that recreates the graph.

Setting Textbox Properties

You can use the Property Editor to set textbox properties by selecting Show
Property Editor from the textbox context menu. It displays the same
properties that are described above in the context menu section.

You can click the More Properties button on the Property Editor to display
the Property Inspector. The Property Inspector displays all textbox properties.
However, you should not change some of these properties because doing so
can affect the proper functioning of the textbox.

See Textbox Properties in the reference documentation for a description of the
properties you can change.
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Annotation Lines and Arrows

You can add lines and three types of arrows to a graph and attach them to
any point in the figure. The three types of arrows include

® Single-headed arrow
* Arrow with attached text box

® Double-headed arrow

Insert a line or arrow by clicking the appropriate button in the figure toolbar

T
N \" " , then click down, drag the line or arrow to the desired point,
and release the mouse. The arrowhead appears at the terminal end.

With the line or arrow selected, right-click to display the context menu, which
provides access to a number of options.

Inserting a Text Arrow

A text arrow combines a textbox with an arrow. It is useful for labeling points
on a graph. Add a text arrow to a graph by selecting the arrow button that
has a T above the arrow. Insert the text arrow and type text in the box.

NN REE

Pinning the Arrowhead End

You can attach the arrowhead end to the point of interest on the graph while
letting the text box automatically reposition itself as you zoom or pan the
graph.

There are three ways to pin annotations:

¢ Right-click the object to display its context menu and select Pin.

e Select the pin button in the plot edit toolbar (See “Pinning — Attaching to
a Point in the Graph” on page 3-22).

e Select Pin to axes from the Tools menu.
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Modifying the Text Arrow from the Context Menu

Right-clicking on a text arrow displays its context menu, which enables you
to perform a number of operations on the text arrow. The context menus for
lines, arrows, and double arrows contain similar items:

Cut, Copy, Delete — Cut to clipboard, copy to clipboard, or delete the
textbox.

Pin to axes — Pin the textbox to the current location (you can move
the point of attachment by clicking and dragging the point while in plot
edit mode).

Unpin — Detach the textbox from the attachment point.

Reverse Direction — Swap the arrow head and the textbox or move the
arrowhead to the other end of a plain arrow.

Edit Text — Enable edit mode to change the text characters.
Color — Color of the text characters, textbox edge, and arrow
Text Background Color — Color of the rectangle enclosing the text

Font — Type of font used for the text
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¢ Line Width — Width of the textbox edge line

* Line Style — Style of line used for the textbox edge

® Head Style — Type of arrowhead to use

* Head Size — Size of the arrowhead in points

® Properties — Display the Property Editor with textbox properties.
¢ Show M-code — Create MATLAB code that recreates the graph.

For example, the following illustration shows the text border enabled and the

text background color set to yellow.

Point of interest
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Setting Line and Arrow Properties

You can use the Property Editor to set line and arrow properties by selecting
Properties from the context menu. The Property Editor displays the same
properties that are described above in the context menu section.

You can click the More Properties button on the Property Editor to display
the Property Inspector. The Property Inspector displays all properties for
the selected annotation object. However, you should not change some of
these properties, because doing so can affect the proper functioning of the
annotation. See the following sections in the reference documentation for
descriptions of the properties you can change on the respective objects.

Annotation Line Properties

Annotation Arrow Properties

Annotation Textarrow Properties

Annotation Doublearrow Properties

Adding a Colorbar to a Graph

Colorbars display the current colormap and indicate the mapping from data
values to colors. The following picture shows a surface plot with 2-D contour
lines below. The colorbar at the right indicates how the z-axis data values
correspond to colors in both the surface and contour graphs.

Add a colorbar by clicking the colorbar button in the toolbar O or by
selecting Colorbar from the Insert menu. When plot editing is enabled, you
can select and then move and resize the colorbar. The following commands
will also create this plot:

surfc(peaks(30))
colorbar
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You can also use the colorbar function to add a colorbar to a 2-D graph.

Positioning Options for Colorbars
There are a variety of ways to reposition a colorbar in the figure.

¢ Enable plot edit mode, then select and drag the colorbar to the desired
location.

¢ Right-click over the colorbar to display its context menu. Mouse over
Locations and select one of the predefined locations for the colorbar.

¢ Right-click over the colorbar to display its context menu and select
Properties. This displays the Property Editor, which provides a graphical
positioning device for the colorbar.

Labeling Colorbar Ticks

The default colorbar labels ticks with numeric values, which are placed at
intervals specified by the colorbar’s YTick parameter (for vertical colorbars) or
its XTick parameter (for horizontal colorbars), within upper and lower limits
specified by CData. You can override these limits by using the caxis function.
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You can specify strings in place of the numeric labels on colorbars. This is
useful for display of data on nominal or ordinal scales and for when you
want to interpret the meaning of entries in the colormap for the viewer. To
substitute strings for numbers along a colorbar, you define a label for each
tick location. You do this by specifying a cell array of strings for YTicklabel
(vertical colorbars) or XTickLabel (horizontal colorbars), as the examples
below show.

Example 1: Default Vertical Colorbar with YTickLabels

contourf (peaks(60));

colormap(jet(8));

hcb = colorbar('YTickLabel',...
{'Freezing', 'Cold', 'Cool', 'Neutral',...
'Warm', '"Hot', 'Burning', 'Nuclear'});
set(hcb, 'YTickMode', 'manual’)

B0 T T T T T MNuclear
50 Burning

= Hot
40

W arm
30F

1 Meutral
20F < Cool
10F Caold

Freezing

Example 2: Horizontal Colorbar with XTickLabels

figure
contourf(peaks(60));
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colormap(jet(8));

hcb = colorbar('Location', 'SouthOutside', 'XTickLabel',...
{'Freezing', 'Cold', 'Cool', 'Neutral',...

'Warm', '"Hot', 'Burning', 'Nuclear'});

set(hcb, 'XTickMode', 'manual')

60 T T T T T

1 1 1 1
Freezing  Cold Cool Meutral — Warm Hot Burning  Muclear

In these examples, the number of colors and the number of labels were set
to be the same (8). This is typical for nominal (categorical) data, but not

necessary if you do not object to having a range of colors associated with each
label.

If ticks change, for instance if YTick (XTick) values change or the plot is
rescaled while YTickMode (XTickMode) or YTickLabelMode (XTickLabelMode)
1s auto, too few or too many colorbar labels may be displayed, and can sit next
to colors they do not represent. When there are fewer labels than ticks, the
labels will cycle, with the lowest one following the highest one, etc., to give
each tick a label. This is probably not what you want, so you need to reset
YTick (XTick) values in such cases. Finding the correct values can take some
experimentation. The set functions in the above examples prevent MATLAB
from changing the number of ticks when you resize figures.
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Selecting a Different Colormap

If you change the figure colormap, the colorbar updates automatically. Use
one of the following methods to change the colormap.

¢ Right-click over the colorbar to display its context menu. Mouse over
Standard Colormaps and select from the displayed list.

¢ Right-click over the colorbar to display its context menu and select
Properties. Click the figure background to load the figure properties into
the Property Editor. Select the colormap from the pull-down list.

e Use the colormap function.

Modifying the Colormap

You can use a colorbar to modify the current colormap. To do this, select
Interactive Colormap Shift from the right-click context menu. In this
mode, you can left-click down on any color in the colorbar and, by dragging
the mouse, shift the color-to-data mapping.

: e
ot -od
—
_I_
--0.1

To perform more sophisticated operations on the colormap, open the colormap
editor by selecting Open Colormap Editor from the colorbar’s context menu.
See the colormapeditor reference page for more information.

Adding a Legend to a Graph

Legends provide a key to the various data plotted on a graph. The following
picture shows the legend for a graph of several functions of a variable plotted
with lines of different colors. A graph can have only one legend, which applies
to and will symbolize all data series contained by an axes, according to their
form (e.g., lines, bars, pies, etc.). You can assign an appropriate string to
each line in the legend.
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Add a legend by clicking the legend button in the toolbar @ or by selecting
Legend from the Insert menu. When plot editing is enabled, you can select
and then move and resize the legend.

You can also use the legend function to add a legend to a graph, which gives
additional controls over appearance. You must use this command in order
to display a legend with more than 50 entries, as the legend toolbar button
is limited to displaying legends for 50 elements.

Specifying the Text

By default, the legend labels each plotted object (line, surface, etc.) with the
strings data1, data2, etc. You can change this text by double-clicking on the
text to enable edit mode. In edit mode, you can retype the text string.

You can use TeX characters in the text strings to produce symbols. You can
disable interpretation of characters as TeX sequences by selecting none from
the Interpreter submenu of the legend’s right-click context menu.

See the Table of TeX symbols in the Text Properties reference documentation
for more information.

Positioning the Legend
There are a number of ways to position the legend.
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Enable plot edit mode, select the legend, and drag it to the desired location.

Right-click the legend to display its context menu, mouse over Location,
and select one of the predefined locations from the submenu.

Right-click the legend to display its context menu and select Properties
to display the Property Editor, which provides a graphical device for
positioning the legend.

You can also select a vertical or horizontal orientation for the legend. Use the
Orientation item in the context menu to make this selection.

Changing the Appearance of the Legend

You can specify the following legend characteristics from the context menu:

Color — Set the background color of the legend. In addition, you can
specify the Color property as 'none' to make the legend background be
transparent.

EdgeColor — Set the color of the line enclosing the legend box.

You can use a colorspec or an RGB color triplet to set the above two
properties.

LineWidth — Set the width of the edge line.
Font — Set the font, font style, and font size of the text used in the legend.
Interpreter — Set the text Interpreter property to use TeX or plain text.

Orientation — Orient the legend entries side by side (horizontal) or on
top of each other.

Properties — Display the Property Editor with legend properties.
Show M-code — Generates MATLAB code for recreating the legend.

Controlling the Appearance of Grouped Objects on a Legend
When you create a legend for groups of graphic objects such as lineseries,
barseries, or stemseries, the default legend will show an individual legend
entry for each of the graphics objects. Sometimes you might want only certain
objects to appear in a legend, to show one legend entry for the entire series,
or to show the individual children of a series (however, not all series have
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children; you can use the Handle Graphics Property Browser to determine
this). You can control how groups appear in the legend by setting values for
their Annotation property via MATLAB code. For information on how to
customize legends in this manner, see “Controlling Legends” on page 8-103.

You can view the values of an object’s Annotation property in the Property
Inspector, but you can not set them there; you need to use MATLAB code.

Pinning — Attaching to a Point in the Graph

Pinning is the attachment of an object to a particular point in the figure.
Pinning enables you to pan or resize the figure while keeping annotations
associated with the same point. For example, the following picture shows
regions in two different graphs associated by pinning both ends of a double
arrow.
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If you perform a horizontal zoom on the top axes (select Horizontal Zoom
from the Options submenu of the Tools menu) and then pan the graph to
show the first 120 seconds of the data, the double arrow continues to point
to the same locations on the graph.

U-_

(=]

—05- 'J
1 1 1 1
0 40 [=x) 20 100 120
1 1
s (=1 ]
] o
03 03
-1 -1
o 10 ] 30 40 =] a L] = a0 40 =

Pinning Objects

To pin an object, first enable pinning mode by clicking the Pin to axes button

| - . . . .
in the plot edit toolbar or selecting Pin to axes from the Tools menu.
Then click the point you want to pin.

To unpin an object, right-click to display the context menu and select Unpin.
You can pin annotation lines, arrows, rectangles, ellipses, and text boxes.
When this mode is enabled, axes, rectangle, arrows, and lines automatically

align their upper left corners to the grid. As you move or resize one of these
objects, the size or position snaps to the next grid location.
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Alignment Tool — Aligning and Distributing Objects

In this section...

“Alignment Tool Functionality” on page 3-24
“Example — Vertical Distribute, Horizontal Align” on page 3-25
“Align/Distribute Menu Options” on page 3-28

“Snap to Grid — Aligning Objects on a Grid” on page 3-30

Alignment Tool Functionality

The Alignment Tool enables you to position objects with respect to each
other and to adjust the spacing between selected objects. The specified
align/distribute operations apply to all components that are selected when
you click the Apply or OK buttons.

Display the Alignment Tool by clicking the Align/Distribute button & or by
selecting Align Distribute Tool from the Tools menu.
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The Alignment Tool provides two types of positioning operations:

® Align — Align all selected objects to a single reference line.
¢ Distribute — Space all selected objects uniformly with respect to each
other.

You can align and distribute objects in the vertical and horizontal directions.
The following sections provide more information.

e “Example — Vertical Distribute, Horizontal Align” on page 3-25

® “Align/Distribute Menu Options” on page 3-28

® “Snap to Grid — Aligning Objects on a Grid” on page 3-30

Example — Vertical Distribute, Horizontal Align

This example illustrates how to align three textboxes with three corresponding
axes. In this example, the text boxes were just plunked down close to the
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desired position and then right aligned and distributed to have 40 pixels
between them.

The following picture shows the initial layout.
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Use Shift+click to select all three textboxes and then configure the Alignment
Tool as shown in the following picture.

® Set vertical distribution to 40 pixels.

® Set horizontal alignment to right-aligned.

¢ (Click Apply.
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The following picture shows the result.
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Align/Distribute Menu Options

The Tools menu contains the alignment and distribution options that are
available via the Alignment Tool.

amart Align and Distribute
Align Distribute Toal ...

Align 3
Diskribuke r
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The Smart Align and Distribute option aligns objects into rows and
columns with equal spacing between each object. It is useful when you have a
number of objects to align that can be positioned in an m-by-n grid.

For example, the following figure contains six axes that have been placed
approximately into two columns in the figure.
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To align all axes in a grid, select each axes (Shift+click each one), then select
Smart Align and Distribute from the Tools menu.
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The resulting alignment and distribution of the axes are shown below.
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Snap to Grid — Aligning Objects on a Grid

Figures have a layout grid that can aid the hand layout of objects displayed in
the figure. You can also enable a snap-to-grid feature that forces objects to
align with the grid increments when moved.

To display the grid on the figure background, select View Layout Grid from
the Tools menu.



Alignment Tool — Aligning and Distributing Objects

To force objects to align with the grid, select Snap To Layout Grid from
the Tools menu.

To move objects in the figure, enable Plot Edit mode by selecting Edit Plot
from the Tools menu. Click to select an object and then drag it to the desired
location.

The following picture illustrates a figure with four subplots. You can select

any of the four axes and move them. All axis labels and the title move with
the axes. Annotation objects move independently of the plot axes.
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Adding Titles to Graphs

In this section...
“What Is a Title?” on page 3-33
“Using the Title Option on the Insert Menu” on page 3-34

“Using the Property Editor to Add a Title” on page 3-34
“Using the title Function” on page 3-35

What Is a Title?
In a MATLAB figure, a title is a text string at the top of an axes. It appears in

the figure border, not within the axes it describes. Titles typically define the
subject of the graph. The following figure shows a title, centered at its top.
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Note While you can use text annotations to create a title for your graph, it is
not recommended. Titles are anchored to the top of the axes they describe;
text annotations are not. If you move or resize your axes, the title remains at
the top. Additionally, if you cut a title and then paste it back into a figure, the
title is no longer anchored to the axes.

You can add a title to a graph in several ways, described in the following
sections.

Using the Title Option on the Insert Menu
To add a title to a graph using the Insert menu,

1 Click the Insert menu in the figure menu bar and choose Title. A text
entry box opens at the top of the axes.

Note Selecting the Title option enables plot editing mode automatically.

2 Enter the text of the label.

3 When you are finished entering text, click anywhere in the figure
background to close the text entry box around the title. If you click on
another object in the figure, such as an axes or line, you close the title text
entry box and also automatically select the object you clicked.

To change the font used in the title to bold, you must edit the title. You can
edit the title as you would any other text object in a graph.

Using the Property Editor to Add a Title

To add a title to a graph using the Property Editor,

1 Start plot editing mode by selecting Edit Plot from the figure Tools menu.

2 Double-click an empty region of the axes in the graph. This starts the
Property Editor. You can also start the Property Editor by right-clicking on
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the axes and selecting Show Property Editor from the context menu or
by selecting Property Editor from the View menu.

The Property Editor displays a property panel specific to axes objects.
Titles are a property of axes objects.

3 Type the text of your title in the Title text entry box.

Praparty Editar - Axes l"‘s — =
Title: ) otka-voleerra Predator-_=| X Axis I ¥ Ais | 2 Axis | Fort | More Properties. .
1] | _r|j » Label; [ Ticks. .. |
Calors: il i - % Lirnits: ID ko |16 [V Auto
arid: [ x [y [z ¥ Scale: I Linear |
[ Box [T Reverse

You can change the font, font style, position, and many other aspects of the
title format.

® To move the title, select the text and drag it to the desired position.
® To edit the text, double-click the title and type new characters.

¢ To change the font and other text properties, select the title and right-click
to display the context menu.

Using the title Function

To add a title to a graph at the MATLAB command prompt or from a file,
use the title function.

For example, the following code adds a title to the current axes and sets the
value of the FontWeight property to bold.

title('Lotka-Volterra Predator-Prey Population Model',...
'FontWeight', 'bold")
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The following figure shows a plot with this title. It also contains a legend
and text objects.

Lotka-Volterra Predator-Prey Population Model

35[] T T T T T T T
Prey
300 - Predator }
250 F .
Many Predators;
FPrey Population
200 | Will Decline i
150 Few Predators; ]
Prey Population
100 Will Increase ]
A0 .
U | | | | | | |
0 2 4 B B 10 12 14 16

Titles are associated with axes. This means that when you make subplots,
each axes can have a distinct title. If you create a title in this way when no
figures exist, a blank figure with an axes is generated displaying the title
you specified.

To edit a title from the MATLAB command prompt or from a file, use the set
function with the title’s handle, as follows:

title_handle = title('This is the original title');
set(title_handle, 'String', 'This is a revised title')
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You can also change title strings in plot edit mode or with the Property
Inspector. For more information, including code that generates the figure

shown here, see the example in “Creating Text Annotations with the text or
gtext Function” on page 3-46.
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Adding Axis Labels to Graphs

In this section...

“What Are Axis Labels?” on page 3-38
“Using the Label Options on the Insert Menu” on page 3-40
“Using the Property Editor to Add Axis Labels” on page 3-40

“Using Axis-Label Commands” on page 3-42

What Are Axis Labels?

In a MATLAB figure, an axis label is a text string aligned with the x-, y-, or
z-axis in a graph. Axis labels can help explain the meaning of the units that
each axis represents. The following figure shows axis labels for both axes,
created at the Command Line using the xlabel and ylabel functions, as
follows:

xlabel('Time (Years)')
ylabel('Population Size')
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This is the simplest way to add axis labels using MATLAB code, and is
described in more detail in “Using Axis-Label Commands” on page 3-42 . You
can add axis labels to a graph in other ways, as described in the following
sections.

Note Although you can use free-form text annotations to create axes labels, it
is not recommended. Axis labels are anchored to the axes they describe; text
annotations are not. If you move or resize your axes, the labels automatically
move with the axes. Additionally, if you cut a label and then paste it back into
a figure, the label is no longer anchored to the axes.
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Using the Label Options on the Insert Menu

Click the Insert menu and choose the label option that corresponds to the
axis you want to label: X Label, Y Label, or Z Label. A text entry box opens
along the axis or around an existing axis label.

Note Text editing boxes for the y- and z-axis labels are horizontal; the text
you enter is automatically rotated to align the label with the axis when you
finish entering text.

Enter the text of the label, or edit the text of an existing label.

Click anywhere else in the figure background to close the text entry box
around the label. If you click on another object in the figure, such as an
axes or line, you close the label text entry box but also automatically select
the object you clicked.

Note After you use the Insert menu to add an axis label, plot edit mode is
enabled in the figure, if it was not already enabled. You can modify axis labels
in plot edit mode by double-clicking them and typing new text.

Using the Property Editor to Add Axis Labels
To add labels to a graph using the Property Editor,

Start plot editing mode by selecting Edit Plot from the figure Tools menu.

Start the Property Editor by double-clicking on the axes in the graph. You
can also start the Property Editor by right-clicking on the axes and selecting
Properties from the context menu or by selecting Property Editor from
the View menu.

The Property Editor displays the set of property panels specific to axes objects.

Select the X Axis, Y Axis, or Z Axis tab, depending on which axis label you
want to add. Enter the label text in the text entry box.
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Rotating Axis Labels

You can rotate axis labels using the Property Editor:

1 Start plot editing mode by selecting Edit Plot from the figure Tools menu.
2 Display the Property Editor by selecting (left-clicking) the axis label you want
to rotate. Right-click over the selected text, then choose Properties from

the context menu.

3 Click the More Properties button to display the Property Inspector.

3-41



3 Annotating Graphs

4 Inspector: text - O] =
Es

FonktUniks poinks LA
Fontiteight norrnal -
Handlewisibiliky an -
HitTesk an A
Horizonkalalignment left -
Interpreter bex -
Inkerruptible an -
Linestyle - -
Linewidth 0.5 &
Margin 2.0 &
Posikion [0E30.30]
Rotation 0.0 e
SelectionHighlight an -
String £ | Population Size
Tag &
I onkextMenu <Mone > -
nits data -
UserData EE| [0x0 double array]
Werticaldlignment middle -
Wisible on -

4 Select the Rotation property text field. A value of 0 degrees orients the label
in the horizontal position.

5 With the left mouse button down on the selected label, drag the text to the
desired location and release.

Using Axis-Label Commands

You can add x-, y-, and z-axis labels using the xlabel, ylabel, and zlabel
functions. For example, these statements label the axes and add a title.
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sin(t)

0.8

0.6

0.4

0.2

-0.2

-0.4

-0.6

-0.8

xlabel('t = 0 to 2\pi','FontSize',16)
ylabel('sin(t)','FontSize',16)
title('\it{Value of the Sine from Zero to Two Pi}', 'FontSize',16)

Value of the Sine from Zero to Two Pi

t=0to2n

The labeling commands automatically position the text string appropriately.
MATLAB interprets the characters immediately following the backslash (\)
as TeX commands. These commands draw symbols such as Greek letters
and arrows.

See the text String property for a list of TeX character sequences. See also
the texlabel function for converting MATLAB expressions to TeX symbols.
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Rotating Axis Labels Using Commands

Axis labels are text objects that you can rotate by specifying a value for the
object’s Rotation property. The handles of the x-, y-, and z-axis labels are
stored in the axes XLabel, YLabel, and ZLabel properties respectively.

Therefore, to rotate the y-axis label so that the text is horizontal:
Get the handle of the text object using the axes YLabel property.
Set the Rotation property to 0.0 degrees.

For example, this statement rotates the text of the y-axis label on the current
axes:

set(get(gca, 'YLabel'), 'Rotation',0.0)
Repositioning Axis Labels
You can reposition an axis label by dragging the text.
Start plot editing mode by selecting Edit Plot from the figure Tools menu.

Select the text of the label you want to reposition (handles appear around
the text object).

With the left mouse button down on the selected label, drag the text to the
desired location and release.
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Adding Text Annotations to Graphs

In this section...
“What Are Text Annotations?” on page 3-45

“Creating Text Annotations with the text or gtext Function” on page 3-46
“Text Alignment” on page 3-51

“Example — Aligning Text” on page 3-52

“Editing Text Objects” on page 3-54

“Mathematical Symbols, Greek Letters, and TeX Characters” on page 3-54
“Using Character and Numeric Variables in Text” on page 3-58

“Example — Multiline Text” on page 3-59

“Example — Using LaTeX to Format Math Equations” on page 3-60

“Drawing Text in a Box” on page 3-64

What Are Text Annotations?

Text annotations are boxes containing text strings that you compose. The
box can have a border and a background, or be invisible. The text can be in
any installed text font, and can include TeX or LaTeX markup. You can add
free-form text annotations anywhere in a MATLAB figure to help explain your
data or bring attention to specific points in your data sets.

As the following example shows, annotating a graph manually is easy in plot
edit mode. When you enable plot editing, you can create text annotations by
selecting the appropriate kind of annotation from the Insert menu, clicking
in the graph or the figure background and then entering text. To insert
textarrow annotations, you first drag out an arrow from tail to head, then
type the text at the text cursor next to the tail,

You can also add text annotations from the command line, using the text or
gtext function. The example illustrates how to use text.

Using plot editing mode or gtext makes it easy to place a text annotation
where you want in a graph. Use the text function when you want to position
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a text annotation at a specific point within an axes for which you know the
coordinates.

Note Text annotations created using the text or gtext function are anchored
to the axes. Text annotations created in plot edit mode are not. If you move or
resize your axes, you will have to reposition your text annotations. For more
information, see “Positioning Annotations in Data Space” on page 3-69.

Creating Text Annotations with the text or gtext
Function
To create a text annotation using the text function, you must specify the text

and its location within the axes, providing the x- and y-coordinates in the
same Units that the graph uses (pixels, normalized, etc.).

Use the gtext function when you want to position a text annotation at a
specific point in the data space with the mouse.

The following example adds text annotation, a title, and a legend to a graph
of output from the Lotka-Volterra predator-prey population model. It also
illustrates how to create multiline text annotations using cell arrays (also see
the following section “Text in Cell Arrays” on page 3-58).

% Define initial conditions

t0 = 0;
tfinal = 15;
yo = [20 20]';

% Simulate the differential equation
tfinal = tfinal*(1+eps);

[t,y] = ode23('lotka',[t0 tfinal],yO0);

% Plot the two curves, storing handles to them
% so their DisplayNames can be set
hlines = plot(t,y);

% Compose and display two multiline text
% annotations as cell arrays

str1(1) = {'Many Predators;'};

str1(2) {'Prey Population'};

str1(3) {'Will Decline'};
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text(7,220,str1)

str2(1) = {'Few Predators;'};

str2(2) {'Prey Population'};

str2(3) = {'Will Increase'};

text(5.5,125,str2)

% Set DisplayNames for the lines for use by the legend

set(hlines(1), 'Displayname’', 'Prey')

set(hlines(2), 'Displayname', 'Predator"')

% Center a legend at the top of the graph

legend('Location', 'north')

% Add a title with bold style

title('Lotka-Volterra Predator-Prey Population Model',...
'"FontWeight', 'bold')

To connect the text with the appropriate points on the plot, draw two
annotation arrows by hand. First enter plot edit mode, either by typing

plotedit
in the Command Window or by clicking the Edit Plot icon by in the figure

toolbar. (Type plotedit again or click the icon again when you want to exit
plot edit mode.)

Select Arrow from the Insert menu. Draw an arrow from each block of text
to point to the lines, as shown here.
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Calculating the Positions of Text Annotations

You can also calculate the positions of text annotations in a graph. The
following code adds annotations at three data points on a graph.

t=0:pi/64:2*pi;
plot(t,sin(t));

title('The Sine of 0 to 2\pi')
xlabel('t = 0 to 2\pi')
ylabel('sin(t)"')

text (3*pi/4,sin(3*pi/4)
"\leftarrowsin(t)
'FontSize',16)

707", ...

I -

text(pi,sin(pi), '\leftarrowsin(t) = 0',...
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'FontSize',16)

text(5*pi/4,sin(5*pi/4), 'sin(t) = -.707\rightarrow',...
'HorizontalAlignment', 'right’', ...
'FontSize',16)

The HorizontalAlignment of the text string 'sin(t) = -.707
\rightarrow'- is set to right to place it on the left side of the point
[5*pi/4,sin(5*pi/4)] on the graph. For more information about aligning
text annotations, see “Text Alignment” on page 3-51.

The Sine of 0 to 2n

05

sint) = .707

0.4

sint)

02F

04F

DA}

NEF

t=0to2n

Defining Symbols. For information on using symbols in text strings, see
“Mathematical Symbols, Greek Letters, and TeX Characters” on page 3-54.

You can use text objects to annotate axes at arbitrary locations. Text is

positioned using the data units of the axes. For example, suppose you plot the
function y=Ae* with A = 0.25, a = 0.005, and ¢ = 0 to 900.
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t = 0:900;
plot(t,0.25*exp(-0.005*t))
xlabel('Time \musec')
ylabel('Amplitude’)
title('\itAe~\alpha“t')

Ag
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|:| | | | | | |
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To annotate the point where the value of ¢ = 300, calculate the text coordinates

using the function you are plotting.

text (300, .25%exp(-0.005*300), ...

title('\itAe~\alpha~t')['\bullet\leftarrow\...
fontname{times}0.25{\ite}~{-0.005{\itt}}"' ...

' at {\itt} = 300'], 'FontSize',14)

|
faa

|
800

500
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This statement defines the text Position property as
x =300, y = 0.25¢0:005x 300

The default text alignment places this point to the left of the string and
centered vertically with the rectangle defined by the text Extent property.
The following section provides more information about changing the default
text alignment.

Text Alignment

The HorizontalAlignment and the VerticalAlignment properties control
the placement of the text characters with respect to the specified x-, y-, and
z-coordinates. The following diagram illustrates the options for each property
and the corresponding placement of the text.

Text Horizontalalignment property viewed with the VerticalAlignment
property =et to middle ithe default).

CReft emer Rushr

Text Verticalalignmen t‘fu'upezlty viewed with the HorizontalAlignment
property set to left ithe default)

—viiddie

Top Cap

Baseline [Bottom

The default alignment is

® HorizontalAlignment = 'left'

® VerticalAlignment = 'middle’
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The text String is not placed exactly on the specified Position. For example,
the previous section showed a plot with a point annotated with text. Zooming
in on the plot enables you to see the actual positioning of the text.

Point defined by __~

text Position |

The small dot is the point specified by the text Position property. The larger
dot is the bullet defined as the first character in the text String property.

Example — Aligning Text

Suppose you want to label the minimum and maximum values in a plot with
text that is anchored to these points and that displays the actual values. This
example uses the plotted data to determine the location of the text and the

values to display on the graph. One column from the peaks matrix generates
the data to plot.

Z = peaks;
h plot(Z(:,33));

The first step is to find the indices of the minimum and maximum values to
determine the coordinates needed to position the text at these points (get,
find). Then create the string by concatenating the values with a description
of what the values are.

x = get(h,'XData'); % Get the plotted data

y = get(h,'YData');

imin = find(min(y) == y); % Find the index of the min and max
imax = find(max(y) == y);

text(x(imin),y(imin),[ "' Minimum = ',num2str(y(imin))],...

'VerticalAlignment', 'middle’, ...
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'"HorizontalAlignment', 'left’',...
'FontSize',14)
text(x(imax),y(imax),[ '‘Maximum = ',num2str(y(imax))],...
'VerticalAlignment', 'bottom’',...
'"HorizontalAlignment', 'right',...
'FontSize',14)

inimum = -2.7633
o 5 10 15 20 25 3/ 3B/ 40 45 ED

3 1 1

The text function positions the string relative to the point specified by the
coordinates, in accordance with the settings of the alignment properties. For
the minimum value, the string appears to the right of the text position point;
for the maximum value the string appears above and to the left of the text
position point. The text always remains in the plane of the computer screen,
regardless of the view.
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Editing Text Objects

You can edit any of the text labels or annotations in a graph:
Start plot edit mode.

Double-click the string, or right-click the string and select Edit from the
context menu.

An editing bar (|) appears next to the text.
Make any changes to the text.

Click anywhere outside the text edit box to end text editing.

Note To create special characters in text, such as Greek letters or
mathematical symbols, use TeX sequences. See the text string property for a
table of characters you can use. If you create special characters by using the
Font dialog box (available via text objects’ context menus, and also found in
the Property Editor) and selecting the Symbol font family, you cannot edit
that text object using MATLAB commands.

Mathematical Symbols, Greek Letters, and TeX
Characters

You can include mathematical symbols and Greek letters in text using
TeX-style character sequences. This section describes how to construct a
TeX character sequence.

Two Levels of MATLAB TeX Support

There are two levels of TeX support, controlled by the text Interpreter
property:

® 'tex' — Support for a subset of TeX markup
e 'latex' — Support for TeX and LaTeX markup

If you do not want the characters interpreted as TeX markup, then set the
interpreter property to 'none’.


../ref/text_props.html#String
../ref/text_props.html#Interpreter

Adding Text Annotations to Graphs

Available Symbols and Greek Letters

For a list of symbols and the character sequences used to define them, see the
table of available TeX characters in the Text Properties reference page.

In general, you can define text that includes symbols and Greek letters using
the text function, assigning the character sequence to the String property
of text objects. You can also include these character sequences in the string
arguments of the title, xlabel, ylabel, and zlabel functions.

Example — Using a Mathematical Expression to Title a Graph

This example uses TeX character sequences to create graph labels. The
following statements add a title and x- and y-axis labels to an existing graph.

title('{\itAe}"{-\alpha\itt}sin\beta{\itt} \alpha<<\beta')
xlabel('Time \musec.')
ylabel('Amplitude’)

Ae 5Nt oesp
G-EE T T T T T T T T T

0.2 k

Amplitude
(=]

055 1 1 1 1 1 1 1 1 1
4] 100 200 200 400 500 =00 ToO BOO e00 1000

Time psec.
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The backslash character (\) precedes all TeX character sequences. Looking at
the string defining the title illustrates how to use these characters.

Ae'sinpt a<<p

\

Make the A~ Superscript using o B symbol fand o symbol
andAe italic symboIAand italic t andAitaIic t foIIowingAa space

{\itAe}"{—\alpha\itt}sin\beta{\itt}\alpha<<\beta

Controlling the Interpretation of TeX Characters

The text Interpreter property controls the interpretation of TeX characters.
If you set this property to none, MATLAB interprets the special characters
literally.

Specifying Text Color in TeX Strings

Use the \color modifier to change the color of characters following it from the
previous color (which is black by default). Syntax is:

e \color{colorname} for the eight basic named colors (red, green, yellow,
magenta, blue, black, white), and plus the four Simulink® colors (gray,
darkGreen, orange, and lightBlue)

Note that short names (one-letter abbreviations) for colors are not
supported by the \color modifier.

e \color[rgb]l{r g b} to specify an RGB triplet with values between 0 and
1 as a cell array

For example,

text(.1,.5,['\fontsize{16}black {\color{magenta}magenta '...
"\color[rgb]{0 .5 .5}teal \color{red}red} black again'])
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Specifying Subscript and Superscript Characters

The subscript character “ ” and the superscript character “*” modify the
character or substring defined in braces immediately following.

To print the special characters used to define the TeX strings when
Interpreter is tex, prefix them with the backslash “\” character: \\, \{,
NN, \A

See the text reference page for more information.

When Interpreter is set to none, no characters in the String are interpreted,
and all are displayed when the text is drawn.

When Interpreter is set to latex, MATLAB provides a complete LaTeX

interpreter for text objects. See the Interpreter property for more
information.
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Using Character and Numeric Variables in Text

Any string variable is a valid specification for the text String property. This
section illustrates how to use matrix, cell array, and numeric variables as
arguments to the text function.

Text in Character Arrays

For example, each row of the matrix PersonalData contains specific
information about a person, padding all but the longest row with a space so
that each has the same number of columns).

PersonalData = ['Jack Straw ';'489 Main St';'Wichita KS '];

To display the data, index into the desired row.

text(.3,.5,[ 'Name: ',PersonalData(1,:)])
text(.3,.45,[ 'Address: ',PersonalData(2,:)])
text(.3,.4,['City and State: ',PersonalData(3,:)])

Text in Cell Arrays

Using a cell array enables you to create multiline text with a single text
object. Each cell does not need to be the same number of characters. For
example, the following statements,

key(1)={'{\itAe}~{-\alpha\itt}sin\beta{\itt}'};
key(2)={'Time in \musec'};

key(3)={'Amplitude in volts'};

text(.1,.8,key)

produce this output.

AeHginpt
Time in Lsec
Amplitude in volts
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Numeric Variables

You can specify numeric variables in text strings using the num2str (number
to string) function. For example, if you type on the command line

X = 21;
['Today is the ',num2str(x),'st day.']

The three separate strings concatenate into one.

Today is the 21st day.

Since the result is a valid string, you can specify it as a value for the text
String property.

text(xcoord,ycoord,['Today is the ',num2str(x),'st day.'])

Example — Multiline Text

You can input multiline text strings using cell arrays. Simply define a string
variable as a cell array with one line per cell. This example defines two cell
arrays, one used for a uicontrol and the other as text.

uistr(1) = {'Center each line in the Uicontrol'};
uistr(2) = {'Also check out the textwrap function'};
txstr(1) = {'Each cell is a quoted string'};
txstr(2) = {'You can specify how the string is aligned'};
txstr(3) = {'You can use LaTeX symbols like \pi \chi \Xi'};
txstr(4) = {'\bfOr use bold \rm\itor italic font\rm'};
txstr(5) = {'\fontname{courier}Or even change fonts'};
plot(0:6,sin(0:6))
uicontrol('Style', 'text', 'Position',[80 80 200 30],...

'String',uistr);

text(5.75,sin(2.5),txstr, 'HorizontalAlignment', 'right"')
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Example — Using LaTeX to Format Math Equations

The LaTeX markup language evolved from TeX, and has a superset of its
capabilities. LaTeX gives you more elaborate control over specifying and
styling mathematical symbols.

The following example illustrates some LaTeX typesetting capabilities when
used with the text function. Because the default interpreter is for TeX, you
need to specify the parameter-value pair 'interpreter','latex' when
typesetting equations such as are contained in the following script:

%% LaTeX Examples--Some well known equations rendered in LaTeX

%

figure('color','white','units','inches', 'position',[2 2 4 6.5]);
axis off
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%% A matrix; LaTeX code is

% \hbox {magic(3) is } \left( {\matrix{ 8 & 1 & 6 \cr

%3 &5 &7 \cr 4 &9 &2} } \right)

h(1) = text('units','inch', 'position',[.2 5],
‘fontsize',14, 'interpreter','latex', 'string',...
['$$\hbox {magic(3) is } \left( {\matrix{ 8 & 1 & 6 \cr'...
'3&5 &7 \cr 4 &9 &21%} } \right)$$']);

%% A 2-D rotation transform; LaTeX code is

% \left[ {\matrix{\cos(\phi) & -\sin(\phi) \cr
% \sin(\phi) & \cos(\phi) \cr}}

\right] \left[ \matrix{x \cr y} \right]

o°

% $$ \left[ {\matrix{\cos(\phi)
& -\sin(\phi) \cr \sin(\phi) & \cos(\phi) % \cr}}
\right] \left[ \matrix{x \cr y} \right] $$

o°

o°

h(2) = text('units','inch', 'position',[.2 4],
‘fontsize',14, 'interpreter','latex', 'string',...
['$$\left[ {\matrix{\cos(\phi) & -\sin(\phi) \cr'...
"\sin(\phi) & \cos(\phi) \cr}} \right]'...

"\left[ \matrix{x \cr y} \right]$$']);

o
o°

The Laplace transform; LaTeX code is

L\{f(t)\} \equiv F(s) = \int_0~\infty\!\!{e~{-st}f(t)dt}

$$ L\{f(t)\} \equiv F(s) = \int_0~\infty\!\!{e"{-st}f(t)dt} $$
The Initial Value Theorem for the Laplace transform:

% \lim_{s \rightarrow \infty} sF(s) = \lim_{t \rightarrow 0} f(t)
$$ \1lim_{s \rightarrow \infty} sF(s) = \lim_{t \rightarrow 0}
f(t) $$

o® o°

o°

o°® o°

o°

h(3) = text('units','inch', 'position',[.2 3],
‘fontsize',14, 'interpreter','latex', 'string',...
['$SLA\{f(t)\} \equiv F(s) = \int_0~\infty\!\!{e~{-st}'...
T(t)dt}ss']);

%% The definition of e; LaTeX code is
e = \sum_{k=0}"\infty {1 \over {k!} }
$$ e = \sum_{k=0}"\infty {1 \over {k!} } $$

o°

o°
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h(4) = text('units','inch', 'position',[.2 2],
‘fontsize',14, 'interpreter','latex', 'string',...
'$$e = \sum_{k=0}"\infty {1 \over {k!} } $$');

%% Differential equation

o°

The equation for motion of a falling body with air resistance

o°

LaTeX code is

m \ddot y = -m g + C_D \cdot {1 \over 2} \rho {\dot y}"2 \cdot A
$$ m \ddot y = -m g + C_D \cdot {1 \over 2} \rho {\dot y}"2
\cdot A $$

o® o°

o°

h(5) = text('units', 'inch', 'position',[.2 1],
‘fontsize',14, 'interpreter','latex', 'string',...
['$$m \ddot y = -m g + C_D \cdot {1 \over 2}'...
"\rho {\dot y}"2 \cdot A$$']);

%% Integral Equation; LaTeX code is
% \int_{0}~{\infty} x"2 e~{-x"2} dx = \frac{\sqrt{\pi}}{4}
% $$ \int_{0}"{\infty} x"2 e~{-x"2} dx = \frac{\sqrt{\pi}}{4} $$
h(6) = text('units','inch', 'position',[.2 0],
‘fontsize',14, 'interpreter','latex', 'string',...
'$$\int_{0}~{\infty} x"2 e~{-x"2} dx = \frac{\sqrt{\pi}}{4}$$');
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You can find out more about the LaTeX system at The LaTeX Project Web
site, http://www.latex-project.org/.

Drawing Text in a Box

When you use the text function to display a character string, the string’s
position is defined by a rectangle called the Extent of the text. You can
display this rectangle either as a box or a filled area. For example, you can
highlight contour labels to make the text easier to read.

[X,y] = meshgrid(-1:.01:1);

zZ = X.*exp(-x."2-y."2);
[c,h]=contour(x,y,z);

h = clabel(c,h);

set(h, 'BackgroundColor',[1 1 .6])
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../ref/text_props.html#Extent

Adding Text Annotations to Graphs

For additional features, see the following text properties:

e BackgroundColor — Color of the rectangle’s interior (' none' by default)
e EdgeColor — Color of the rectangle’s edge (' none' by default)

® |ineStyle — Style of the rectangle’s edge line (first set EdgeColor)

e |ineWidth — Width of the rectangle’s edge line (first set EdgeColor)

® Margin — Increase the size of the rectangle by adding a margin to the
text extent.
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Adding Arrows and Lines to Graphs

3-66

In this section...

“Creating Arrows and Lines in Plot Editing Mode” on page 3-66

“Editing Arrows and Line Annotations” on page 3-67

Creating Arrows and Lines in Plot Editing Mode

With plot editing mode enabled, you can add arrows and lines anywhere in
a figure window.
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You can also use arrow characters (TeX characters) to create arrows using
the text function. However, arrows created this way can only point to the
left or right, horizontally. See “Calculating the Positions of Text Annotations”
on page 3-48 for an example.

To add an arrow or line annotation to a graph,



Adding Arrows and Lines to Graphs

1 Click the Insert menu and choose the Arrow or Line option, or click the
Arrow or Line button in the Plot Edit toolbar.

The cursor changes to a cross-hair.

2 Position the cursor in the figure where you want to start the line or arrow and
press either mouse button. Hold the button down and move the mouse to
define the length and direction of the line or arrow.

3 Release the mouse button.

Note After you add an arrow or line, plot edit mode is enabled in the figure, if
it was not already enabled.

Editing Arrows and Line Annotations

You can edit the appearance of arrow and line annotations using the context
menu.

With plot editing mode enabled, right-click the arrow or line annotation to
display its context menu.

Zuk
Copy
Delete
Pin
Unipin

Reverse Direction

Colar,.,
Line Wwidth
Line Skyle
Head Stvle
He:ad Size

v v v v

Show M-code
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You can select an annotation and then choose Show M-code to obtain a code
snippet that you can insert in a function or script to reproduce the annotation.

For more options, select Properties to display the Property Editor.
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Positioning Annotations in Data Space

Example — Pinning Text Arrows and Ellipses

Annotation objects (arrow, doublearrow, textarrow, ellipse, line,
rectangle, and textbox) are attached to figures rather than to axes. By
default, they have normalized figure coordinates when first created. For
information about figure coordinates, see “Positioning Figures” on page 9-6.
Although this enables you to place annotation objects anywhere within a
figure, it also makes it difficult to precisely locate them on graphs so that
they relate to data space coordinates (the x,y units of plotted data). You can
position annotations in data space by transforming the data space coordinates
to normalized figure coordinates. This example shows how to do this using
a function called dsxy2figxy, which is a MATLAB file that accompanies
this documentation. (It is not a MATLAB function.) You specify data space
coordinates that an annotation object should occupy as arguments to the
function. The function returns the figure coordinates where the annotation
should be placed.

1 Make the function dsxy2figxy available to you in one of the following ways:

¢ (Click here to open function dsxy2figxy in the MATLAB editor, and then
save it to your current folder or elsewhere on the MATLAB path.

¢ Execute the following command to add the folder where function
dsxy2figxy is stored to the MATLAB path.

addpath([docroot '/techdoc/creating_plots/examples'])

2 Create sine function data and make a line plot of it:

x1 1:.1:4%pi;

VAl sin(x1)./sqrt(x1);
figure

plot(x1,y1)

axis tight

3 Interactively place a text arrow on the graph with ginput, which places a
cross-hair cursor on the axes for users to select point locations. This function
returns x,y coordinate pairs in data space.
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You can use ginput to interactively locate a text arrow annotation. When
called as follows, it accepts two clicks before exiting:

disp('Click graph to place arrow; first tail, then head:')

[axx axy] = ginput(2); % Returns list of x, list of y in data space
% Transform from data space to figure space

[arrowx,arrowy] = dsxy2figxy(gca, axx, axy);

har = annotation('textarrow',arrowx,arrowy);

content = sprintf('(%4.2f,%4.2f)"',axx(2), axy(2));

% Plot anno text centered at the tail of the arrow

set(har, 'String',content, 'Fontsize',8)

08t R

(7 80,0.36)

02r

02 F

4 Now place an ellipse on the axes

To place ellipses, you need a coordinate box (position rectangle) instead of
two x,y tuples. The function dsxy2figxy computes and returns a position
rectangle if it is called with one:

disp('Click in the axes to define the bounding box of an ellipse:')
[axx axy] = ginput(2); % Returns list of x, list of y in data space
abox (1) = min(axx); abox(2) = min(axy); % Get minimum x and y coords
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abox(3) = abs(axx(1)-axx(2)); % Get box width
abox(4) = abs(axy(1)-axy(2)); % Get box height
% Transform from data space to figure space

[bbox] = dsxy2figxy(gca, abox);

%

Plot the ellipse where you clicked

annotation('ellipse’,bbox);

0.8

0.6

0.4

02

(7.80,0.36)

Here is the help for dsxy2figxy.

dsxy2figxy -- Transform point or position from data space
coordinates into normalized figure coordinates

Transforms [x y] or [x y width height] vectors from data space
coordinates to normalized figure coordinates in order to locate
annotation objects within a figure. These objects are: arrow,
doublearrow, textarrow, ellipse, line, rectangle, textbox

Syntax:
[figx figy] = dsxy2figxy([x1 y1],[x2 y2]) 9% GCA is used
figpos = dsxy2figxy([x1 y1 width height])
[figx figy] = dsxy2figxy(axes_handle, [x1 y1],[x2 y2])
figpos = dsxy2figxy(axes_handle, [x1 y1 width height])
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Usage: Obtain a position on a plot in data space and
apply this function to locate an annotation there, e.g.,
[axx axy] = ginput(2); (input is in data space)
[figx figy] = dsxy2figxy(gca, axx, axy); (now in figure space)
har = annotation('textarrow',figx,figy);
set(har, 'String',[' ("' num2str(axx(2)) ',' num2str(axy(2)) ')'l)

Copyright 2006-2009 The MathWorks, Inc.

If you resize the figure, the annotations can change shape but continue to
point to the same locations on the graph. This is because they and the figure
use normalized coordinates. However, if you shift the axes up, down, left,
or right within the figure—as you can in plot edit mode—the annotations
remain fixed in figure space and do not move with the axes. The following
section explains how to ensure that annotations stay connected to the data
with which you have associated them.

Anchoring Annotations to Data Points

To enable annotations to remain anchored when you reposition axes (for
example, when panning across the axes), you can manually pin them to
locations on data graphs:

1 Enter plot edit mode by pushing the arrow button i on the figure toolbar.

2 Click the arrow you placed on the graph to select it.

£7.80,0.35)

/N

3 Right-click the arrow and choose Pin to axes from the context menu.
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f "
.T.ED.EI.BGS; ‘

Cuk

/ " Copy
Delete

Pin ko axes

Unpin

Rewverse Direction

Edit

The black handles of the arrow become hollow to indicate that the object
has been pinned.

; .
£7.80,0.36)

s

4 Now when you change the position or shape of the axes, the arrow remains
attached to the graph, but the oval does not.
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U_Br: -
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The result of pinning annotations manually is functionally the same as
computing locations for them in data space, except it requires user interaction
and registers the annotation to the axes instead of to the figure. For more
information, see “Pinning the Arrowhead End” on page 3-12, “Pinning
Rectangles and Ellipses” on page 3-6, and “Pinning the Textbox” on page 3-9.
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Basic Plotting Commands

e “Setting Up Figures” on page 4-2

e “Using High-Level Plotting Functions” on page 4-7

¢ “Line Plots of Matrix Data” on page 4-20

® “Plotting Imaginary and Complex Data” on page 4-23
e “Plotting with Two Y-Axes” on page 4-25

® “Setting Axis Parameters” on page 4-29
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Setting Up Figures

In this section...

“Creating Figure Windows” on page 4-2
“Displaying Multiple Plots per Figure” on page 4-2
“Specifying the Target Axes” on page 4-5

“Default Color Scheme” on page 4-5

Creating Figure Windows

MATLAB graphics are directed to a window that is separate from the
Command Window. This window is referred to as a figure. The characteristics
of this window are controlled by your computer’s windowing system and
MATLAB figure properties (see a description of each property). See Chapter
9, “Using Figure Properties” for some examples illustrating how to use figure
properties.

Graphics functions automatically create new MATLAB figure windows if none
currently exist. If a figure already exists, that window is used. If multiple
figures exist, one is designated as the current figure and is used (this is
generally the last figure used or the last figure you clicked the mouse in).

The figure function creates figure windows. For example,

figure

creates a new window and makes it the current figure. You can make an
existing figure current by clicking it with the mouse or by passing its handle
(the number indicated in the window title bar), as an argument to figure.

figure(h)
Displaying Multiple Plots per Figure

You can display multiple plots in the same figure window and print them on
the same piece of paper with the subplot function.


../ref/figure_props.html

Setting Up Figures

subplot(m,n,i) breaks the figure window into an m-by-n matrix of small
subplots and selects the ithe subplot for the current plot. The plots are
numbered along the top row of the figure window, then the second row, and
so forth.

For example, the following statements plot data in four different subregions
of the figure window.

t = 0:pi/20:2*pi;
[Xx,y] = meshgrid(t);
subplot(2,2,1)
plot(sin(t),cos(t))
axis equal
subplot(2,2,2)

z = sin(x)+cos(y);
plot(t,z)

axis([0 2*pi -2 2])
subplot(2,2,3)

z = sin(x).*cos(y);
plot(t,z)

axis ([0 2*pi -1 1])
subplot(2,2,4)

z = (sin(x)."2)-(cos(y)."2);
plot(t,z)

axis ([0 2*pi -1 1])
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Each subregion contains its own axes with characteristics you can control
independently of the other subregions. This example uses the axis function
to set limits and change the shape of the subplots.

See the axes, axis, and subplot functions for more information.

4-4



Setting Up Figures

Specifying the Target Axes

The current axes is the last one defined by subplot. If you want to access a
previously defined subplot, for example to add a title, you must first make
that axes current.

You can make an axes current in three ways:

® (Click on the subplot with the mouse.
e Call subplot the m, n, i specifiers.

e (Call subplot with the handle (identifier) of the axes.

For example,

subplot(2,2,2)
title('Top Right Plot')

adds a title to the plot in the upper right side of the figure.

You can obtain the handles of all the subplot axes with the statement
h = get(gcf, 'Children');

The handles of all the axes are returned, with the most recently created one
first. That is, h(1) 1s subplot 224, h(2) 1s subplot 223, h(3) is subplot 222,
and h(4) is subplot 221. For example, to replace subplot 222 with a new plot,
first make it the current axes with

subplot(h(3))

Default Color Scheme

The default figure color scheme produces good contrast and visibility for
the various graphics functions. This scheme defines colors for the window
background, the axis background, the axis lines and labels, the colors of the
lines used for plotting and surface edges, and other properties that affect
appearance.

The colordef function enables you to select from predefined color schemes
and to modify colors individually. colordef predefines three color schemes:
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® colordef white — Sets the axis background color to white, the window
background color to gray, the colormap to jet, surface edge colors to black,
and defines appropriate values for the plotting color order and other
properties.

e colordef black — Sets the axis background color to black, the window
background color to dark gray, the colormap to jet, surface edge colors
to black, and defines appropriate values for the plotting color order and
other properties.

® colordef none — Set the colors to match that of MATLAB Version 4. This
1s basically a black background with white axis lines and no grid. MATLAB
programs that are based on the Version 4 color scheme may need to call
colordef with the none option to produce the expected results.

You can examine the colordef.m file to determine what properties it sets
(enter type colordef at the MATLAB prompt).
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Using High-Level Plotting Functions

In this section...

“Functions for Plotting Line Graphs” on page 4-7
“Programmatic Plotting” on page 4-8

“Creating Line Plots” on page 4-9

“Specifying Line Style” on page 4-11

“Colors, Line Styles, and Markers” on page 4-12
“Specifying the Color and Size of Lines” on page 4-13
“Adding Plots to an Existing Graph” on page 4-14
“Plotting Only the Data Points” on page 4-16

“Plotting Markers and Lines” on page 4-16

“Line Styles for Black and White Output” on page 4-17

“Setting Default Line Styles” on page 4-18

Functions for Plotting Line Graphs

Many types of MATLAB functions are available for displaying vector data
as line plots, as well as functions for annotating and printing these graphs.
The following table summarizes the functions that produce basic line plots.
These functions differ in the way they scale the plot’s axes. Each accepts
input in the form of vectors or matrices and automatically scales the axes to
accommodate the data.

Function Description

plot Graph 2-D data with linear scales for both axes

plot3 Graph 3-D data with linear scales for both axes

loglog Graph with logarithmic scales for both axes

semilogx Graph with a logarithmic scale for the x-axis and a
linear scale for the y-axis
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Function Description

semilogy Graph with a logarithmic scale for the y-axis and a
linear scale for the x-axis

plotyy Graph with y-tick labels on the left and right side

To view a gallery of all the high level plot functions, also with links to their
reference pages, see “Types of MATLAB Plots” on page 1-6.

Programmatic Plotting

The process of constructing a basic graph to meet your presentation graphics
requirements is outlined in the following table. The table shows seven typical
steps and some example code for each.

If you are performing analysis only, you may want to view various graphs just
to explore your data. In this case, steps 1 and 3 may be all you need. If you
are creating presentation graphics, you may want to fine-tune your graph by
positioning it on the page, setting line styles and colors, adding annotations,
and making other such improvements.

Step

Typical Code

1 Prepare your data

Xx = 0:0.2:12;

2 Select a window and position a plot region
within the window

y1 = besselj(1,x);
y2 = besselj(2,x);
y3 = besselj(3,x);
hf = figure;

subplot(2,2,1)

3 Call elementary plotting function

h = plot(x,y1,x,y2,x,y3);

4 Select line and marker characteristics

set(h,'Linewidth',2,{'LineStyle'},{'--';":

set(h,{'Marker'},{'none';'o';'x"' })

set(h,{'Color'},{'r';'g"';'b"'})




Using High-Level Plotting Functions

Step

Typical Code

5 Set axis limits, tick marks, and grid lines

axis([0 12 -0.5 11])

grid on

6 Annotate the graph with axis labels, legend,
and text

xlabel('Time')

ylabel('Amplitude"’)
legend(h, 'First', 'Second', 'Third")
title('Bessel Functions')

[y,ix] = min(y1);

text(x(ix),y, 'First
Min \rightarrow',...
‘HorizontalAlignment', 'right"')

7 Export graph

set(hf, 'PaperPositionMode’', 'auto’)

print -depsc -tiff -r200 myplot

Creating Line Plots

The plot function has different forms depending on the input arguments. For
example, if y is a vector, plot(y) produces a linear graph of the elements of y
versus the index of the elements of y. If you specify two vectors as arguments,
plot(x,y) produces a graph of y versus x.

For example, the following statements create a vector of values in the range
[0, 2m] in increments of /100 and then use this vector to evaluate the sine
function over that range. MATLAB plots the vector on the x-axis and the
value of the sine function on the y-axis.

t = 0:pi/100:2*pi;
y = sin(t);
plot(t,y)

grid on % Turn on grid lines for this plot

Appropriate axis ranges and tick mark locations are automatically selected.
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You can plot multiple graphs in one call to plot using x-y pairs. MATLAB
automatically cycles through a predefined list of colors (determined by the
axes ColorOrder property) to allow discrimination between sets of data.
Plotting three curves as a function of t produces

y = sin(t);

y2 = sin(t-0.25);
y3 = sin(t-0.5);
plOt(t:y:t’y2:tsy3)
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Specifying Line Style
You can assign different line styles to each data set by passing line style
identifier strings to plot. For example,

t = 0:pi/100:2*pi;

y = sin(t);

y2 = sin(t-0.25);

y3 = sin(t-0.5);
plOt(t:y’I'I:t:y2sl"l5t’y3sl:l)
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The graph shows three lines of different colors and lines styles representing
the value of the sine function with a small phase shift between each line, as
defined by y, y2, and y3. The lines are blue solid, green dashed, and red dotted.

0.4+ / \

0.2+ /

-0.2} .

-0.41 \ /

-0.6 \ /

-0.8 \ /

Colors, Line Styles, and Markers

The basic plotting functions accepts character-string arguments that specify
various line styles, marker symbols, and colors for each vector plotted. In
the general form,

plot(x,y,'linestyle_marker_color')
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linestyle marker_color is a character string (delineated by single
quotation marks) constructed from

® A line style (e.g., dashed, dotted, etc.)

* A marker type (e.g., X, *, 0, etc.)

® A predefined color specifier (c, m, y, k, r, g, b, w)
For example,

plot(x,y, ':squarey')

plots a yellow dotted line and places square markers at each data point. If you
specify a marker type, but not a line style, only the marker is plotted.

The specification can consist of one or none of each specifier in any order.
For example, the string

1 go - 1
defines a dashed line with circular markers, both colored green.

You can also specify the size of the marker and, for markers that are closed
shapes, you can specify separately the colors of the edges and the face.

See the LineSpec discussion for more information.

Specifying the Color and Size of Lines

You can control a number of line style characteristics by specifying values
for line properties:
® LineWidth — Width of the line in units of points

® MarkerEdgeColor — Color of the marker or the edge color for filled markers
(circle, square, diamond, pentagram, hexagram, and the four triangles)

MarkerFaceColor — Color of the face of filled markers

MarkerSize — Size of the marker in units of points

For example, these statements,
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X = -pi:pi/10:pi;

y tan(sin(x)) - sin(tan(x));

plot(x,y,'--rs','LineWidth',2,...
'MarkerEdgeColor', 'k',...
'MarkerFaceColor','g',...
'MarkerSize',10)

produce a graph with

® A red dashed line with square markers

A line width of two points

The edge of the marker colored black

The face of the marker colored green

The size of the marker set to 10 points
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Adding Plots to an Existing Graph

You can add plots to an existing graph using the hold command. When you
set hold to on, MATLAB does not remove the existing graph; it adds the new
data to the current graph, rescaling if the new data falls outside the range
of the previous axis limits.
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For example, these statements first create a semilogarithmic plot, then add

a linear plot.
semilogx(1:100,'+")
hold all % hold plot and cycle line colors
plot(1:3:300,1:100,"'--")

grid on % Turn on grid lines for this plot

hold off
The x-axis limits are rest to accommodate the new data, but the scaling from
logarithmic to linear does not change.
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Plotting Only the Data Points

To plot a marker at each data point without connecting the markers with
lines, use a specification that does not contain a line style. For example, given
two vectors,

X = 0:pi/15:4*pi;
y -exp(2*cos(x));

calling plot with only a color and marker specifier
plot(x,y, 'r+")

plots a red plus sign at each data point.
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See LineSpec for a list of available line styles, markers, and colors.

Plotting Markers and Lines

To plot both markers and the lines that connect them, specify a line style and
a marker type. For example, the following code plots the data as a red, solid
line and then adds circular markers with black edges at each data point.
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x
1l

0:pi/15:4*pi;
y -exp(2*cos(x));
plOt(X!y7l'rlsxsyJI0kl)

Line Styles for Black and White Output

Line styles and markers enable you to discriminate different plots on the same
graph when color is not available. For example, the following statements
create a graph using a solid ('-*k') line with asterisk markers colored black
and a dash-dot ('-.0k"') line with circular markers colored black.

X = 0:pi/15:4*pi;

y1 -exp(2*cos(x));

y2 = -exp(2*sin(x));
plot(x,yl,'-*k',x,y2,"'-.0k")
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Setting Default Line Styles

You can configure MATLAB defaults to use line styles instead of colors for
multiline plots by setting a value for the axes LineStyleOrder property using
a cell array of linespecs. For example, the command

set(0, 'DefaultAxesLineStyleOrder',{'-0',"':s',"'--+"'})
defines three line styles and makes them the default for all plots.

To set the default line color to dark gray, use the statement

set (0, 'DefaultAxesColorOrder',[0.4,0.4,0.4])

See ColorSpec for information on how to specify color as a three-element
vector of RGB values.

Now the plot function uses the line styles and colors you have defined as
defaults. For example, these statements create a multiline plot.

X
y1

0:pi/10:2*pi;
sin(x);
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Using High-Level Plotting Functions

y2 = sin(x-pi/2);
y3 = sin(x-pi);
plOt(X!y1’X!y2!X!y3)

The default values persist until you quit MATLAB. To remove default values
during your MATLAB session, use the reserved word remove.

set (0, 'DefaultAxesLineStyleOrder', 'remove')
set (0, 'DefaultAxesColorOrder', 'remove')

See “Setting Default Property Values” on page 8-54 for more information.
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Line Plots of Matrix Data
When you call the plot function with a single matrix argument
plot(Y)

One line is plotted for each column of the matrix. The x-axis is labeled with
the row index vector 1:m, where m is the number of rows in Y. For example,

Z = peaks;

returns a 49-by-49 matrix obtained by evaluating a function of two variables.
Plotting this matrix

plot(Z)

produces a graph with 49 lines.

4-20



Line Plots of Matrix Data
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In general, if plot is used with two arguments and if either X or Y has more
than one row or column, then

e IfYis a matrix, and x is a vector, plot (x,Y) successively plots the rows or
columns of Y versus vector x, using different colors or line types for each.
The row or column orientation varies depending on whether the number of
elements in x matches the number of rows in Y or the number of columns.
If Y is square, its columns are used.

e [f X is a matrix and y is a vector, plot(X,y) plots each row or column of X
versus vector y. For example, plotting the peaks matrix versus the vector
1:1ength(peaks) rotates the previous plot.
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y = 1:length(peaks);
plot(peaks,y)
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e [f X and Y are both matrices of the same size, plot(X,Y) plots the columns
of X versus the columns of Y.

You can also use the plot function with multiple pairs of matrix arguments.
plot(X1,Y1,X2,Y2,...)

This statement graphs each X-Y pair, generating multiple lines. The different
pairs can be of different dimensions.
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Plotting Imaginary and Complex Data

When the arguments to plot are complex (i.e., the imaginary part is nonzero),
All MATLAB graphics functions ignore the imaginary part except when plot
1s given a single complex data argument. For this special case, the command
produces a plot of the real part versus the imaginary part. Therefore,

plot(Z)
where Z is a complex vector or matrix, is equivalent to
plot(real(Z),imag(Z))

For example, this statement plots the distribution of the eigenvalues of a
random matrix using circular markers to indicate the data points.

plot(eig(randn(20,20)),'o"', 'MarkerSize',6)
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To plot more than one complex matrix, there is no shortcut; the real and
imaginary parts must be taken explicitly.
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Plotting with Two Y-Axes

In this section...

“Introduction” on page 4-25

“Combining Linear and Logarithmic Axes” on page 4-26

Introduction

The plotyy function enables you to create plots of two data sets and use both
left and right side y-axes. You can also apply different plotting functions to
each data set. For example, you can combine a line plot with a stem plot

of the same data.

t 0:pi/20:2*pi;

y = exp(sin(t));
plotyy(t,y,t,y, 'plot', 'stem')
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Combining Linear and Logarithmic Axes

You can use plotyy to apply linear and logarithmic scaling to compare two
data sets having different ranges of values.

t = 0:900; A = 1000; a = 0.005; b = 0.005;

z1 = A*exp(-a*t);

z2 = sin(b*t);

[haxes,hline1,hline2] = plotyy(t,z1,t,z2, 'semilogy', 'plot');

This example saves the handles of the lines and axes created to adjust and
label the graph. First, label the axes whose y value ranges from 10 to 1000.
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Plotting with Two Y-Axes

This is the first handle in haxes because it was specified first in the call to
plotyy. Use the axes function to make haxes(1) the current axes, which is
then the target for the ylabel function.

axes(haxes(1))
ylabel('Semilog Plot')

Now make the second axes current and call ylabel again.

axes(haxes(2))
ylabel('Linear Plot')

You can modify the characteristics of the plotted lines in a similar way. For

example, to change the line style of the second line plotted to a dashed line,
use the statement

set(hline2, 'LineStyle','--")

0%

Semilbg Plot
El.‘a
Linear Plot

-ICI 1 1 1 1 1 1 1
4] 100 200 200 400 00 600 700 80O 00

See “Using Multiple X- and Y-Axes” on page 10-25 for an example that
employs double x- and y-axes.
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See LineSpec for additional line properties.
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Setting Axis Parameters

In this section...

“Axis Scaling and Ticks” on page 4-29

“Axis Limits and Ticks” on page 4-29

“Example — Specifying Ticks and Tick Labels” on page 4-32
“Setting Aspect Ratio” on page 4-34

Axis Scaling and Ticks

When you create a MATLAB graph, the axis limits and tick-mark spacing
are automatically selected based on the data plotted. However, you can also
specify your own values for axis limits and tick marks with the following
functions:

® axis — Sets values that affect the current axes object (the most recently
created or the last clicked on).

¢ axes — (Not axis) creates a new axes object with the specified
characteristics.

® get and set — Enable you to query and set a wide variety of properties
of existing axes.

® gca — Returns the handle (identifier) of the current axes. If there are
multiple axes in the figure window, the current axes is the last graph
created or the last graph you clicked on with the mouse. The following two
sections provide more information and examples:

See “Defining the View” in the 3-D Visualization documentation for more
extensive information on manipulating 3-D views.

Axis Limits and Ticks

By default, axis limits are chosen to encompass the range of the plotted data.
You can specify the limits manually using the axis function. Call axis with
the new limits defined as a four-element vector.

axis([xmin,xmax,ymin,ymax])
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The minimum values must be less than the maximum values.

Semiautomatic Limits

If you want to autoscale only one of a min/max set of axis limits, but you want
to specify the other, use the MATLAB variable Inf or -Inf for the autoscaled
limit. For example, this graph uses default scaling.

Compare the default limits to the following graph, which sets the maximum
limit 