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OBJECTIVES

In this chapter you will learn:

To understand graphics contexts and graphics objects.

To understand and be able to manipulate colors.

To understand and be able to manipulate fonts.

To use methods of class Graphics to draw lines, rectangles, rectangles with rounded corners, three-dimensional rectangles, 
ovals, arcs and polygons.

To use methods of class Graphics2D from the Java 2D API to draw lines, rectangles, rectangles with rounded corners, ellipses,
arcs and general paths.

To be able to specify Paint and Stroke characteristics of shapes displayed with Graphics2D.



GUI
 A graphical user interface (or GUI) is a 

method of interacting with a computer
through a the direct manipulation of graphical 
images and widgets in addition to textimages and widgets in addition to text



Introduction
 Java’s graphics capabilities
 Drawing 2D shapes

 Controlling colors

 Controlling fonts

 Java 2D API
 More sophisticated graphics capabilities

 Drawing custom 2D shapes

 Filling shapes with colors and patterns



Classes and interfaces used in this chapter from Java’s original graphics 
capabilities and from the Java2D API.
[Note: Class Object appears here because it is the superclass of the Java 
class hierarchy.]

Object

Color

Component

Font

FontMetrics

Graphics

Polygon
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Introduction
 Java’s coordinate system
 Scheme for identifying all points on screen

 Upper-left corner has coordinates (0,0)

 Coordinate point composed of x-coordinate and 
y-coordinate



Java coordinate system. Units are measured in pixels

X a xis(0, 0)

(x, y)

+x

Y a xis

(x, y)

+y



Graphics Contexts and Graphics Objects

 Graphics context
 Enables drawing on screen

 Graphics object manages graphics context
 Controls how information is drawn

Class Graphics is abstract Class Graphics is abstract
 Cannot be instantiated

 Contributes to Java’s portability

 Class Component method paint takes Graphics object

public void paint( Graphics g )

 Called through method repaint



java.awt
Class Graphics

java.lang.Object

extended by java.awt.Graphicsextended by java.awt.Graphics

Direct Known Subclasses:

DebugGraphics, Graphics2D 



Graphics class
The Graphics class is the abstract base class for all graphics contexts that allow 

an application to draw onto components that are realized on various 
devices, as well as onto off-screen images. 

A Graphics object encapsulates state information needed for the basic 
rendering operations that Java supports. rendering operations that Java supports. 

This state information includes the following properties: 
 The Component object on which to draw. 
 A translation origin for rendering and clipping coordinates. 
 The current clip. 
 The current color. 
 The current font. 
 The current logical pixel operation function (XOR or Paint). 
 The current XOR alternation color (see setXORMode(java.awt.Color)). 



Graphics
 You should know that in Java graphics 

programming, one of the most important instantiated 
objects is the graphics context. 

 This object is an instance of the 
java.awt.Graphicsjava.awt.Graphicsclass, and java.awt.Graphicsjava.awt.Graphicsclass, and 
 It refers to an area of the screen such as an applet. 
 A graphics context provides methods for all of the 

drawing operations on its area. It also holds "contextual" 
information about such things as the drawing area's 
clipping region, painting color, transfer mode, and text 
font. 



Graphics class ..
Constructor Summary

protected Graphics()protected Graphics()

Constructs a new Graphics
object.

The base for ALL drawing(s)The base for ALL drawing(s)



Method Summary
abstract  void clearRect(int x, int y, int width, int height) 

Clears the specified rectangle by filling it with the background color of the current drawing surface. 
abstract  void clipRect(int x, int y, int width, int height) 

Intersects the current clip with the specified rectangle. 
abstract  void copyArea(int x, int y, int width, int height, int dx, int dy) 

Copies an area of the component by a distance specified by dx and dy. 
abstract  Graphics create() 

Creates a new Graphics object that is a copy of this Graphics object. Creates a new Graphics object that is a copy of this Graphics object. 
Graphics create(int x, int y, int width, int height) 

Creates a new Graphics object based on this Graphics object, but with a new translation and clip area. 
abstract  void dispose() 

Disposes of this graphics context and releases any system resources that it is using. 
void draw3DRect(int x, int y, int width, int height, boolean raised) 

Draws a 3-D highlighted outline of the specified rectangle. 
abstract  void drawArc(int x, int y, int width, int height, int startAngle, int arcAngle) 

Draws the outline of a circular or elliptical arc covering the specified rectangle. 
void drawBytes(byte[] data, int offset, int length, int x, int y) 

Draws the text given by the specified byte array, using this graphics context's current font and color. 
void drawChars(char[] data, int offset, int length, int x, int y) 

Draws the text given by the specified character array, using this graphics context's current font and 
color. 



Method Summary
(cont’ed-see JavaDoc)
abstract  boolean drawImage(Image img, int dx1, int dy1, int dx2, int dy2, int sx1, int sy1, int sx2, int sy2, ImageObserver 

observer) 
Draws as much of the specified area of the specified image as is currently available, scaling it on the fly to fit inside the 

specified area of the destination drawable surface. 
abstract  void drawLine(int x1, int y1, int x2, int y2) 

Draws a line, using the current color, between the points (x1, y1) and (x2, y2) in this graphics context's coordinate 
system. 

abstract  void drawOval(int x, int y, int width, int height) 
Draws the outline of an oval. 

abstract  void drawPolygon(int[] xPoints, int[] yPoints, int nPoints) abstract  void drawPolygon(int[] xPoints, int[] yPoints, int nPoints) 
Draws a closed polygon defined by arrays of x and y coordinates. 

void drawPolygon(Polygon p) 
Draws the outline of a polygon defined by the specified Polygon object. 

abstract  void drawPolyline(int[] xPoints, int[] yPoints, int nPoints) 
Draws a sequence of connected lines defined by arrays of x and y coordinates. 

void drawRect(int x, int y, int width, int height) 
Draws the outline of the specified rectangle. 

abstract  void drawRoundRect(int x, int y, int width, int height, int arcWidth, int arcHeight) 
Draws an outlined round-cornered rectangle using this graphics context's current color. 

abstract  void drawString(AttributedCharacterIterator iterator, int x, int y) 
Draws the text given by the specified iterator, using this graphics context's current color. 

abstract  void drawString(String str, int x, int y) 
Draws the text given by the specified string, using this graphics context's current font and color. 

void fill3DRect(int x, int y, int width, int height, boolean raised) 
Paints a 3-D highlighted rectangle filled with the current color. 

Fills a closed polygon defined by arrays of x and y coordinates. 



Color Control
 Class Color
 Defines methods and constants for manipulating 

colors

Colors are created from red, green and blue  Colors are created from red, green and blue 
components
 RGB values



Color constants and their RGB values

Color constant Color RGB value
public final static Color ORANGE orange 255, 200, 0
public final static Color PINK pink 255, 175, 175

public final static Color CYAN cyan 0, 255, 255

public final static Color MAGENTA magenta 255, 0, 255

public final static Color YELLOW yellow 255, 255, 0public final static Color YELLOW yellow 255, 255, 0

public final static Color BLACK black 0, 0, 0

public final static Color WHITE white 255, 255, 255

public final static Color GRAY gray 128, 128, 128

public final static Color LIGHT_GRAY light gray 192, 192, 192

public final static Color DARK_GRAY dark gray 64, 64, 64

public final static Color RED red 255, 0, 0

public final static Color GREEN green 0, 255, 0

public final static Color BLUE blue 0, 0, 255



Color methods and Color-related 
Graphics methods

Method Description
Color  constructors and methods

public Color( int r, int g, int b )

Creates a color based on red, green and blue components expressed as integers 
from 0 to 255.

public Color( float r, float g, float b )

Creates a color based on red, green and blue components expressed as 
floating-point values from 0.0 to 1.0.floating-point values from 0.0 to 1.0.

public int getRed()  

Returns a value between 0 and 255 representing the red content.

public int getGreen() 

Returns a value between 0 and 255 representing the green content.

public int getBlue()

Returns a value between 0 and 255 representing the blue content.

Graphics  methods for manipulating Color s

public Color getColor() 

Returns a Color object representing the current color for the graphics 
context.

public void setColor( Color c ) 

Sets the current color for drawing with the graphics context. 



1      // Fig. 12.5: ShowColors.java

2      // Demonstrating Colors.

3      import java.awt.*;

4      import javax.swing.*;

5      

6      public class ShowColors extends JFrame {

7      

8      // constructor sets window's title bar string and dimensions

9      public ShowColors()

10    {

11    super( "Using colors" );

12    

13    setSize( 400, 130 );

14    setVisible( true );

15    }

16    

Paint window when 
application begins 

execution

16    

17    // draw rectangles and Strings in different colors

18    public void paint( Graphics g )

19    {

20    // call superclass's paint method

21    super.paint( g );

22    

23    // set new drawing color using integers

24    g.setColor( new Color( 255, 0, 0 ) );

25    g.fillRect( 25, 25, 100, 20 );

26    g.drawString( "Current RGB: " + g.getColor(), 130, 40 );

27    

Method setColor
sets color’s RGB value

Method fillRect creates filled 
rectangle at specified coordinates 

using current RGB value

Method drawString draws 
colored text at specified coordinates



28    // set new drawing color using floats

29    g.setColor( new Color( 0.0f, 1.0f, 0.0f ) );

30    g.fillRect( 25, 50, 100, 20 );

31    g.drawString( "Current RGB: " + g.getColor(), 130, 65 );

32    

33    // set new drawing color using static Color objects

34    g.setColor( Color.BLUE );

35    g.fillRect( 25, 75, 100, 20 );

36    g.drawString( "Current RGB: " + g.getColor(), 130, 90 );

37    

38    // display individual RGB values

39    Color color = Color.MAGENTA;

40    g.setColor( color );

41    g.fillRect( 25, 100, 100, 20 );

42    g.drawString( "RGB values: " + color.getRed() + ", " +

43    color.getGreen() + ", " + color.getBlue(), 130, 115 );

Use constant in class Color
to specify current color

43    color.getGreen() + ", " + color.getBlue(), 130, 115 );

44    

45    } // end method paint

46    

47    // execute application

48    public static void main( String args[] )

49    {

50    ShowColors application = new ShowColors();

51    application.setDefaultCloseOperation( JFrame.EXIT_ON_CLOSE );

52    }

53    

54    } // end class ShowColors



Font Control
 Class Font
 Contains methods and constants for font control

 Font constructor takes three arguments
 Font name

 Monospaced, SansSerif, Serif, etc. 

 Font style
 Font.PLAIN, Font.ITALIC and Font.BOLD

 Font size
 Measured in points (1/72 of inch)



Font-related methods and constants
Method or constant Description
Font  constants, constructors and methods for drawing polygons

public final static int PLAIN    

A constant representing a plain font style.

public final static int BOLD    

A constant representing a bold font style.

public final static int ITALIC  

A constant representing an italic font style.

public Font( String name, int style, int size )public Font( String name, int style, int size )

Creates a Font object with the specified font, style and size.

public int getStyle()          

   Returns an integer value indicating the current font style.
public int getSize()        

   Returns an integer value indicating the current font size.
public String getName()         

   Returns the current font name as a string.
public String getFamily()      

   Returns the font’s family name as a string.
public boolean isPlain()   

   Tests a font for a plain font style. Returns true if the font is plain.
public boolean isBold()       

   Tests a font for a bold font style. Returns true if the font is bold.
public boolean isItalic()        

   Tests a font for an italic font style. Returns true if the font is italic.



Font-related methods and constants

Method or constant Description
Graphics  methods for manipulating Font s

public Font getFont()          

   Returns a  object reference representing the current font.   Returns a Font object reference representing the current font.
public void setFont( Font f )   

Sets the current font to the font, style and size specified by the Font
object reference f.



1      // Fig. 12.9: Fonts.java

2      // Using fonts.

3      import java.awt.*;

4      import javax.swing.*;

5      

6      public class Fonts extends JFrame {

7      

8      // set window's title bar and dimensions

9      public Fonts()

10    {

11    super( "Using fonts" );

12    

13    setSize( 420, 125 );

14    setVisible( true );

15    }

16    16    

17    // display Strings in different fonts and colors

18    public void paint( Graphics g )

19    {

20    // call superclass's paint method

21    super.paint( g );

22    

23    // set font to Serif (Times), bold, 12pt and draw a string 

24    g.setFont( new Font( "Serif", Font.BOLD, 12 ) );

25    g.drawString( "Serif 12 point bold.", 20, 50 );

Method setFont sets current font

Draw text using current font



26    

27    // set font to Monospaced (Courier), italic, 24pt and draw a string 

28    g.setFont( new Font( "Monospaced", Font.ITALIC, 24 ) );

29    g.drawString( "Monospaced 24 point italic.", 20, 70 );

30    

31    // set font to SansSerif (Helvetica), plain, 14pt and draw a string 

32    g.setFont( new Font( "SansSerif", Font.PLAIN, 14 ) );

33    g.drawString( "SansSerif 14 point plain.", 20, 90 );

34    

35    // set font to Serif (Times), bold/italic, 18pt and draw a string

36    g.setColor( Color.RED );

37    g.setFont( new Font( "Serif", Font.BOLD + Font.ITALIC, 18 ) );

38    g.drawString( g.getFont().getName() + " " + g.getFont().getSize() +

39    " point bold italic.", 20, 110 );

40    

41    } // end method paint
Set font to Serif 18-point bold italic

Set font to SansSerif 14-point plain

41    } // end method paint

42    

43    // execute application

44    public static void main( String args[] )

45    {

46    Fonts application = new Fonts();

47    application.setDefaultCloseOperation( JFrame.EXIT_ON_CLOSE );

48    }

49    

50    } // end class Fonts



Drawing Lines, Rectangles and Ovals

 Class Graphics
 Provides methods for drawing lines, rectangles 

and ovals
All drawing methods require parameters width and  All drawing methods require parameters width and 
height



Remember
Graphics class ..

Graphics()Graphics()

Constructs a new Graphics
object.

The base for ALL drawing(s)The base for ALL drawing(s)



Graphics methods that draw lines,
rectangles and ovals

Method Description
public void drawLine( int x1, int y1, int x2, int y2 )

Draws a line between the point (x1, y1) and the point (x2, y2).

public void drawRect( int x, int y, int width, int height )

Draws a rectangle of the specified width and height. The top-left corner of 
the rectangle has the coordinates (x, y). 

public void fillRect( int x, int y, int width, int height )

Draws a solid rectangle with the specified width and height. The top-left Draws a solid rectangle with the specified width and height. The top-left 
corner of the rectangle has the coordinate (x, y). 

public void clearRect( int x, int y, int width, int height )

Draws a solid rectangle with the specified width and height in the current 
background color. The top-left corner of the rectangle has the coordinate (x, y). 

public void drawRoundRect( int x, int y, int width, int height,
   int arcWidth, int arcHeight )

Draws a rectangle with rounded corners in the current color with the specified 
width and height. The arcWidth and arcHeight determine the rounding of 
the corners (see Fig. 12.15).

public void fillRoundRect( int x, int y, int width, int height,
   int arcWidth, int arcHeight )

Draws a solid rectangle with rounded corners in the current color with the 
specified width and height. The arcWidth and arcHeight determine the 
rounding of the corners (see Fig. 12.15).



Graphics methods that draw lines,
rectangles and ovals

Method Description
public void draw3DRect( int x, int y, int width, int height, boolean b )

Draws a three-dimensional rectangle in the current color with the specified 
width and height. The top-left corner of the rectangle has the coordinates (x, 
y). The rectangle appears raised when b is true and lowered when b is false.

public void fill3DRect( int x, int y, int width, int height, boolean b )

Draws a filled three-dimensional rectangle in the current color with the 
specified width and height. The top-left corner of the rectangle has the 
coordinates (x, y). The rectangle appears raised when b is true and lowered 
when b is false. 

public void drawOval( int x, int y, int width, int height )

Draws an oval in the current color with the specified width and height. The 
bounding rectangle’s top-left corner is at the coordinates (x, y). The oval 
touches all four sides of the bounding rectangle at the center of each side (see 
Fig. 12.16).

public void fillOval( int x, int y, int width, int height )

Draws a filled oval in the current color with the specified width and height. 
The bounding rectangle’s top-left corner is at the coordinates (x, y). The oval 
touches all four sides of the bounding rectangle at the center of each side (see 
Fig. 12.16).



1      // Fig. 12.14: LinesRectsOvals.java

2      // Drawing lines, rectangles and ovals.

3      import java.awt.*;

4      import javax.swing.*;

5      

6      public class LinesRectsOvals extends JFrame {

7      

8      // set window's title bar String and dimensions

9      public LinesRectsOvals()

10    {

11    super( "Drawing lines, rectangles and ovals" );

12    

13    setSize( 400, 165 );

14    setVisible( true );

15    }

16    16    

17    // display various lines, rectangles and ovals

18    public void paint( Graphics g )

19    {

20    super.paint( g );  // call superclass's paint method

21    

22    g.setColor( Color.RED );

23    g.drawLine( 5, 30, 350, 30 );

24    

25    g.setColor( Color.BLUE );

26    g.drawRect( 5, 40, 90, 55 );  

27    g.fillRect( 100, 40, 90, 55 );



28    

29    g.setColor( Color.CYAN );

30    g.fillRoundRect( 195, 40, 90, 55, 50, 50 );

31    g.drawRoundRect( 290, 40, 90, 55, 20, 20 );

32    

33    g.setColor( Color.YELLOW );   

34    g.draw3DRect( 5, 100, 90, 55, true );   

35    g.fill3DRect( 100, 100, 90, 55, false );

36    

37    g.setColor( Color.MAGENTA );

38    g.drawOval( 195, 100, 90, 55 );

39    g.fillOval( 290, 100, 90, 55 );

40    

41    } // end method paint

Draw filled rounded rectangle

Draw (non-filled) rounded rectangle

Draw 3D rectangle

Draw filled 3D rectangle

Draw oval

Draw filled oval

41    } // end method paint

42    

43    // execute application

44    public static void main( String args[] )

45    {

46    LinesRectsOvals application = new LinesRectsOvals();

47    application.setDefaultCloseOperation( JFrame.EXIT_ON_CLOSE );

48    }

49    

50    } // end class LinesRectsOvals



Arc width and arc height for
rounded rectangles

(x, y)

arc  height

a rc  width heighta rc  width

w idth

height



Oval bounded by a rectangle

(x,  y)

height

w id th



Drawing Arcs
 Arc
 Portion of oval

 Measured in degrees

 Sweeps the number of degrees in arc angle

 Sweep starts at starting angle
 Counterclockwise sweep is measure in positive 

degrees

 Clockwise sweep is measure in negative degrees



Positive and negative arc angles

90�ƒ 90�ƒ

Positive angles Negative angles

0�ƒ180�ƒ

270�ƒ

0�ƒ180�ƒ

270�ƒ



Graphics methods for drawing arcs

Method Description
public void drawArc( int x, int y, int width, int height, int startAngle,
   int arcAngle ) 

Draws an arc relative to the bounding rectangle’s top-left coordinates (x , y )Draws an arc relative to the bounding rectangle’s top-left coordinates (x , y )
with the specified width and height. The arc segment is drawn starting at 
startAngle and sweeps arcAngle degrees.

public void fillArc( int x, int y, int width, int height, int startAngle,
   int arcAngle )

Draws a solid arc (i.e., a sector) relative to the bounding rectangle’s top-left 
coordinates (x , y) with the specified width and height. The arc segment is 
drawn starting at startAngle and sweeps arcAngle degrees.



1      // Fig. 12.19: DrawArcs.java

2      // Drawing arcs.

3      import java.awt.*;

4      import javax.swing.*;

5      

6      public class DrawArcs extends JFrame {

7      

8      // set window's title bar String and dimensions

9      public DrawArcs()

10    {

11    super( "Drawing Arcs" );

12    

13    setSize( 300, 170 );

14    setVisible( true );

15    }

16    16    

17    // draw rectangles and arcs

18    public void paint( Graphics g )

19    {

20    super.paint( g );  // call superclass's paint method

21    

22    // start at 0 and sweep 360 degrees

23    g.setColor( Color.YELLOW );

24    g.drawRect( 15, 35, 80, 80 );

25    g.setColor( Color.BLACK );

26    g.drawArc( 15, 35, 80, 80, 0, 360 );

Draw first arc that 
sweeps 360 degrees and 
is contained in rectangle



27    

28    // start at 0 and sweep 110 degrees

29    g.setColor( Color.YELLOW );

30    g.drawRect( 100, 35, 80, 80 );

31    g.setColor( Color.BLACK );

32    g.drawArc( 100, 35, 80, 80, 0, 110 );

33    

34    // start at 0 and sweep -270 degrees

35    g.setColor( Color.YELLOW );

36    g.drawRect( 185, 35, 80, 80 );

37    g.setColor( Color.BLACK );

38    g.drawArc( 185, 35, 80, 80, 0, -270 );

39    

40    // start at 0 and sweep 360 degrees

41    g.fillArc( 15, 120, 80, 40, 0, 360 );

42    

Draw second arc that 
sweeps 110 degrees and 
is contained in rectangle

Draw third arc that 
sweeps -270 degrees and 
is contained in rectangle

Draw fourth arc that is filled, has starting 
angle 0 and sweeps 360 degrees42    

43    // start at 270 and sweep -90 degrees

44    g.fillArc( 100, 120, 80, 40, 270, -90 );

45    

46    // start at 0 and sweep -270 degrees

47    g.fillArc( 185, 120, 80, 40, 0, -270 );

48    

49    } // end method paint

50    

angle 0 and sweeps 360 degrees

Draw fifth arc that is filled, has starting 
angle 270 and sweeps -90 degrees

Draw sixth arc that is filled, has starting 
angle 0 and sweeps -270 degrees



51    // execute application

52    public static void main( String args[] )

53    {

54    DrawArcs application = new DrawArcs();

55    application.setDefaultCloseOperation( JFrame.EXIT_ON_CLOSE );

56    }

57    

58    } // end class DrawArcs



Java2D API
 Java 2D API

 Provides advanced 2D graphics capabilities
 java.awt

 java.awt.image

 java.awt.color

 java.awt.font

 java.awt.geom

 java.awt.print

 java.awt.image.renderable

 Uses class java.awt.Graphics2D
 Extends class java.awt.Graphics



Java2D API
 Java 2D shapes
 Package java.awt.geom

 Ellipse2D.Double

 Rectangle2D.Double

 RoundRectangle2D.Double

 Arc3D.Double

 Lines2D.Double 


