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slideInBottom = AnimationUtils.loadAnimation(this, R.anim.slide_bottom_in);

slideOutBottom = AnimationUtils.loadAnimation(this,
R.anim.slide_bottom out);

myTextView = (TextView)findviewById(R.id.myTextView);
}

Each screen transition consists of two animations chained together: sliding out the old text
before sliding in the new text. Rather than create multiple Views, you can change the value of
the View once it’s “off screen” before sliding it back in from the opposite side.

5. Create a new method that applies a slide-out animation and waits for it to complete before
modifying the text and initiating the slide-in animation.

private void applyAnimation{Animation _out, Animation _in, String _newText) {
final String text = _newText;
final Animation in = _in;

// Ensure the text stays out of screen when the slide-out
// animation has completed.
_out.setFillAafter (true);

// Create a listener to wait for the slide-out animation to complete.
_out.setAnimationListener (new Animationlistener () {

public void onAnimationEnd(Animation _animation) {
// Change the text
myTextView.setText (text) ;
// Slide it back in to view
myTextView.startAnimation (in) ;

public void onAnimationRepeat (Animation _animation) {}

public void onAnimationStart(Animation _animation) {}

I N

// Apply the slide-out animation
myTextView.startAnimation(_out);
}

6.  The text displayed can represent nine positions. To keep track of the current location, create an
enum for each position and an instance variable to track it.
TextPosition textPosition = TextPosition.Center;
enum TextPosition { UpperLeft, Top, UpperRight,

Left, Center, Right, -
LowerLeft, Bottom, LowerRight };

7. Create a new method movePosition that takes the current position, and the direction to move,
and calculates the new position. It should then execute the appropriate animation sequence cre-
ated in Step 5.

private void movePosition(TextPosition _current,
TextPosition _directionPressed) (

368




Chapter 11: Advanced Android Development (‘

Animation in;
Animation out;
TextPosition newPosition;
|

if (_directionPressed == TextPosition.Left)
in = slideInLeft;
out = slideOQutLeft;
} i
else if (_directionPressed == TextPosition.Right) { |
in = slideInRight;
out = slideOutRight; |
}
else if (_directionPressed == TextPosition.Top) {
in = slideInTop;
out = slideOQutTop;
}
else { -
in = slideInBottom;
out = slideOutBottom;
¥

int newPosValue = _current.ordinal ()} ;
int currentValue = _current.ordinal ():

// To simulate the effect of 'tilting' the device moving in one
// direction should make text for the opposite direction appear.
// Te. Tilting right should make left appear.

if (_directionPressed == TextPosition.Bottom)
newPosValue = currentValue - 3;

else if (_directionPressed == TextPosition.Top)
newPosValue = currentValue + 3;

else if (_directionPressed == TextPosition.Right) {
if (currentvValue % 3 !'= 0)

newPosValue = currentValue - 1; '

}

else if (_directionPressed == TextPosition.Left) {

if ({currentValue+l) % 3 1= ()
newPosValue = currentValue + 1;

if (newPosValue != currentValue &&
newPosValue > -1 &&
newPosValue < 9){
newPosition = TextPosition.values() [newPosValue];

applyAnimation(in, out, newPosition.toString());
textPosition = newPosition;

8.  Wire up the D-pad by overriding the Activity’s onkeyDown handler to listen for key presses and
trigger movePosition accordingly.

@0verride '.2.
public boolean onKeyDown(int _keyCode, KeyEvent _event) {
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if (super.onKeyDown (_keyCode, _event))
return true;

if (_event.getAction() == KeyEvent.ACTION_DOWN) {
switch (_keyCode) {
case (KeyEvent.KEYCODE_DPAD_LEFT) :
movePosition(textPosition, TextPosition.Left); return true;
case (KeyEvent.KEYCODE_DPAD_RIGHT) :
movePosition(textPosition, TextPosition.Right); return true;
case (KeyEvent.KEYCODE_DPAD_UP) :
movePosition(textPosition, TextPosition.Top); return true;
case (KeyEvent.KEYCODE_DPAD_DOWN) :
movePosition{(textPosition, TextPosition.Bottom); return true;
}
}

return false;

}

Running the application now will show a screen displaying “Center”; pressing any of the four direc-
tions will slide out this text and display the appropriate new position.

As an extra step, you could wire up the accelerometer sensor rather than relying on pressing the D-pad.

Animating Layouts and View Groups

A LayoutAnimation is used to animate View Groups, applying a single Animation (or Animation Set)
to each child View in a predetermined sequence.

Use a LayoutAnimationController to specify an Animation (or Animation Set) that’s applied to each
child View in a View Group. Each View it contains will have the same animation applied, but you can
use the Layout Animation Controller to specify the order and start time for each View.

Android includes two LayoutAnimationController classes.

Q LayoutAnimationController Lets you select the start offset of each View (in milliseconds)
and the order (forward, reverse, and random) to apply the animation to each child View.

0O GridLayoutAnimationController Isa derived class that lets you assign the animation
sequence of the child Views using grid row and column references.

Creating Layout Animations

To create a new Layout Animation, start by defining the Animation to apply to each child view. Then
create a new LayoutAnimation, either in code or as an external animation resource, that references the
animation to apply and defines the order and timing in which to apply it.

The following XML snippets show the definition of a simple animation stored as popin.xml in the res/
anim folder, and a layout animation stored as popinlayout.xml

The Layout Animation applies a simple “pop-in” animation randomly to each child View of any View
Group it’s assigned to.
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res/anim/popin.xml
<set xmlns:android="http://schemas.android.com/apk/res/android"
android:interpolator="@android:anim/accelerate_interpolator">
<scale
android: fromxScale="0.0" android:toXScale="1.0"
android: fromYScale="0.0" android:to¥YScale="1.0"
android:pivotX="50%"
android:pivotY="50%"
android:duration="400"
/>
</set>

res/anim/popinlayout.xml

<layoutAnimation xmlns:android="http://schemas.android.com/apk/res/android"
android:delay="0.5"
android:animationOrder="random"
android:animation="@€anim/popin" />

Using Layout Animations

Once you've defined a Layout Animation, you can apply it to a ViewGroup either in code or in the lay-
out XML resource. In XML this is done using the android:layoutAnimation tag in the layout defini-
tion, as shown in the following XML snippet:

android:layoutAnimation="@anim/popinlayout”

To set a Layout Animation in code, call setLayoutAnimation on the View Group, passing in a refer-
ence to the LayoutaAnimation object you want to apply.

In both cases, the Layout Animation will execute once, when the View Group is first laid out. You can
force it to execute again by calling scheduleLayoutAnimation on the ViewGroup object. The anima-
tion will be executed the next time the View Group is laid out.

Layout Animations also support Animation Listeners.

In the following code snippet, a ViewGroup’s animation is re-run with a listener attached to trigger
additional actions once it’s complete:

aViewGroup.setlLayoutAnimationlListener (new AnimationListener () {
public void onAnimationEnd(Animation _animation) {

// TODO: Actions on animation complete.

}
public void onAnimationRepeat (Animation _animation) {}

public void onAnimationStart (Animation _animation) {}

K

aViewGroup.schedulelayoutAnimation (} ;
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Creating and Using Frame-by-Frame Animations

Frame-by-frame animations are akin to traditional cell-based cartoons where an image is chosen for each
frame. Where tweened animations use the target View to supply the content of the animation, frame-by-
frame animations let you specify a series of Drawable objects that are used as the background to a View.

The AnimationDrawable class is used to create a new frame-by-frame animation presented as a
Drawable resource.

You can define your Animation Drawable resource as an external resource in your project’s drawable
folder using XML. Use the animation-1list tag to group a collection of item tags, each of which uses a
drawable attribute to define an image to display, and a duration attribute to specify the time (in mil-
liseconds) to display it.

The following XML snippet shows how to create a simple animation that displays a rocket taking off
(rocket images not included). The file is stored as res/drawable/animated_rocket.xml:

<animation-list xmlns:android="http://schemas.android.com/apk/res/android"
android:oneshot="false">
<item android:drawable="@drawable/rocketl" android:duration="500" />
<item android:drawable="@drawable/rocket2" android:duration="500" />
<item android:drawable="@drawable/rocket3" android:duration="500" />
</animation-list>

To display your animation, set it as the background to a View using the setBackgroundResource
method, as shown in the following code snippet:

ImageView image = (ImageView)findViewById(R.id.my_animation_ frame);
image.setBackgroundResource (R.drawable.animated_rocket) ;

Alternatively, use the setBackgroundDrawable to use a Drawable instance instead of a resource refer-
ence. Run the animation calling its start method, as shown in the code snippet below:

AnimationDrawable animation = (AnimationDrawable)image.getBackground();
animation.start();

Using Themes to Skin Your Applications

The multifunction nature of a mobile device means users will be running and switching between many
applications created by a range of different developers. Themes are a way of ensuring that your applica-
tions present a consistent look and feel.

To apply a theme, set the android: theme attribute on either the application or an individual
activity tag in the manifest, as shown in the code snippet below:

<manifest xmlns:android="http://schemas.android.com/apk/res/android"
package="com.google.android.home">
<application
android:theme="@android:style/Theme.Light" >
<activity
android: theme="@android:style/Theme.Black" >
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</activity>
</application>
</manifest>

Android includes several predefined themes as part of the base package, including:

U Theme.Black Features a black background with white foreground controls and text.
U Theme.Light Features a white background with dark borders and text.

U  Theme.Translucent Features a partially transparent Form.

You can set the theme of an Activity at run time, but it’s generally not recommended, as Android uses
your Activity’s theme for intra-Activity animations, which happens before your application is loaded. If
you do apply a theme programmatically, be sure to do so before you lay out the Activity as shown in the
code snippet below:

protected void onCreate(Bundle icicle) ({
super.onCreate(icicle) ;
setTheme (android.R.style.Theme_Translucent) ;
setContentView(R.layout.main) ;

}

If you don’t apply a theme to your application or any of its Activities, it will use the default theme
android.R.style.Theme

Advanced Canvas Drawing

You were introduced to the Canvas class in Chapter 4, where you learned how to create your own
Views. The Canvas was also used in Chapter 7 to annotate Overlays for MapViews.

The concept of the Canvas is a common metaphor used in graphics programming and generally con-
sists of three basic drawing components:
O  Canvas Supplies the draw methods that paint drawing primitives onto the underlying bitmap.

O Ppaint Also referred to as a “brush,” paint lets you specify how a primitive is drawn on the
bitmap.

U  Bitmap Is the surface being drawn on.

Most of the advanced techniques described in this chapter involve variations and modifications to the
Paint object that let you add depth and texture to otherwise flat raster drawings.

The Android drawing API supports translucency, gradient fills, rounded rectangles, and anti-aliasing.
Unfortunately, owing to resource limitations, it does not yet support vector graphics; instead, it uses
traditional raster-style repaints.

The result of this raster approach is improved efficiency, but changing a Paint object will not affect
primitives that have already been drawn; it will only affect new elements.

If you've got a Windows development background, the two-dimensional (2D) drawing capabilities of
Android are roughly equivalent to those available in GDI+.
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What Can You Draw?

The canvas class wraps up the bitmap that’s used as a surface for your artistic endeavors; it also
exposes the draw* methods used to implement your designs.

Without going into detail on each of the draw methods, the following list provides a taste of the primi-
tives available:

U drawARGB / drawRGB / drawColor Fill the canvas with a single color.

O  drawArc Draws an arc between two angles within an area bounded by a rectangle.

O  drawBitmap Draws abitmap on the Canvas. You can alter the appearance of the target bit-
map by specifying a target size or using a matrix to transform it.

o

drawBitmapMesh Draws a bitmap using a mesh that lets you manipulate the appearance of
the target by moving points within it.

drawCircle Draws a circle of a specified radius centered on a given point.
drawLine(s) Draws aline (or series of lines) between two points.
drawOval Draws an oval bounded by the rectangle specified.

drawPaint Fills the entire Canvas with the specified Paint.

0O 000 Do

drawPath Draws the specified Path. A Path object is often used to hold a collection of draw-
ing primitives within a single object.

drawPicture Draws a Picture object within the specified rectangle.
drawPosText Draws a text string specifying the offset of each character.
drawRect Draws a rectangle.

drawRoundRect Draws a rectangle with rounded edges.

00D o0 D

drawText Draws a text string on the Canvas. The text font, size, color, and rendering proper-
ties are all set in the Paint object used to render the text.

U  drawTextOnPath Draws text that follows along a specified path.
U drawVertices Draws aseries of tri-patches specified as a series of vertex points.

Each of these drawing methods lets you specify a Paint object to render it. In the following sections,
you'll learn how to create and modify Paint objects to get the most out of your drawing.

Getting the Most from Your Paint

The paint class represents a paint brush and palette. It lets you choose how to render the primitives
you draw onto the canvas using the draw methods described above. By modifying the Paint object,
you can control the color, style, font, and special effects used when drawing. Most simply, setColor
lets you select the color of a Paint while the style of a Paint object (controlled using setStyle) lets you
decide if you want to draw only the outline of a drawing object (STROKE), just the filled portion (FILL),
or both (STROKE_AND_FILL).
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Beyond these simple controls, the Paint class also supports transparency and can also be modified 4
using a variety of Shaders, filters, and effects to provide a rich palette of complex paints and brushes. | %
L&

The Android SDK includes several excellent projects that demonstrate most of the features available in
the Paint class. They are available in the graphics subfolder of the API demos at

[sdk root folder]\samples\ApiDemos\src\com\android\samples\graphics

In the following sections, you'll learn what some of these features are and how to use them. These sec-
tions outline what can be achieved (such as gradients and edge embossing) without exhaustively listing
all possible alternatives.

Using Translucency

|
All colors in Android include an opacity component (alpha channel). .
i

You define an alpha value for a color when you create it using the argb or parseColor methods
shown below:

// Make color red and 50% transparent I
int opacity = 127;

int intColor = Color.argb(opacity, 255, 0, 0); I
int parsedColor = Color.parseColor ("#7FFF0000") ;

Alternatively, you can set the opacity of an existing Paint object using the setAlpha method:

// Make color 50% transparent
int opacity = 127;
myPaint.setAlpha{opacity) ;

Creating a paint color that’s not 100 percent opaque means that any primitive drawn with it will be par-
tially transparent — making whatever is drawn beneath it partially visible.

You can use transparency effects in any class or method that uses colors including Paint colors, Shaders,
and Mask Filters.

Introducing Shaders

Extensions of the Shader class let you create Paints that fill drawn objects with more than a single solid
color.

The most common use of Shaders is to define gradient fills; gradients are an excellent way to add depth
and texture to 2D drawings. Android includes three gradient Shaders as well as a Bitmap Shader and a
Compose Shader.

Trying to describe painting techniques seems inherently futile, so have a look at Figure 11-1 to get
an idea of how each of the Shaders works. Represented from left to right are LinearGradient,
RadialGradient, and SweepGradient. i
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Not included in the image in Figure 11-1 is the ComposeShader, which lets you create a composite
of multiple Shaders and the BitmapShader that lets you create a paint brush based on a bitmap image.

To use a Shader when drawing, apply it to a Paint using the setShader method, as shown in the fol-
lowing code snippet:

Paint shaderPaint = new Paint();
shaderPaint.setShader (myLinearGradient) ;

Anything you draw with this Paint will be filled with the Shader you specified rather than the paint color.

Figure 11-1

Defining Gradient Shaders

As shown above, using gradient Shaders lets you fill drawings with an interpolated color range;
you can define the gradient as either a simple transition between two colors, as shown in the
LinearGradientShader in the following code snippet:

int colorFrom = Color.BLACK;
int colorTo = Color.WHITE;

LinearGradient linearGradientShader = new LinearGradient (x1, yl, x2, y2,'
colorFrom,
colorTo,

TileMode.CLAMP) ;

or as a more complex series of colors distributed at set proportions, as shown in the following example
of a RadialGradientShader

int[] gradientColors = new int[3];
gradientColors[0] = Color.GREEN;
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gradientColors[1] = Color.YELLOW;
gradientColors[2] Color.RED; 4

il

float[] gradientPositions = new float[3];

gradientPositions[0] = 0.0f; [
gradientPositions[1l] = 0.5f; A
gradientPositions([2] = 1.0f; |"

RadialGradient radialGradientShader = new RadialGradient (centerX, centerY, radius, ‘
gradientColors, I
gradientPositions,

TileMode.CLAMP) ; Il

Each of the gradient Shaders (linear, radial, and sweep) lets you define the gradient fill using either of
these techniques.

Using Shader Tile Modes : |

The brush sizes of the gradient Shaders are defined using explicit bounding rectangles or center points
and radius lengths; the Bitmap Shader implies a brush size through its bitmap size.

If the area defined by your Shader brush is smaller than the area being filled, the Ti1leMode determines
how the remaining area will be covered.

U cramMp Uses the edge colors of the Shader to fill the extra space.

U MIRROR Flips the Shader image horizontally and vertically so that each image seams with the
last.

Q REPEAT Repeats the Shader image horizontally and vertically, but doesn't flip it.

Using MaskFilters

The Maskrilter classes let you assign edge effects to your Paint.

Extensions to MaskFilter apply transformations to the alpha-channel of a Paint along its outer edge.
Android includes the following Mask Filters:

U BlurMaskFilter Specifiesa blur style and radius to feather the edges of your Paint.

O  EmbossMaskFilter Specifies the direction of the light source and ambient light level to add
an embossing effect.

To apply a Mask Filter, use the setMaskrilter method, passing in a MaskFilter object. The following
code snippet applies an EmbossMaskFilter to an existing Paint:

// Set the direction of the light source
float[] direction = new float[]{ 1, 1, 1 };
// Set the ambient light level

float light = 0.4f;

// Choose a level of specularity to apply
float specular = 6;
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// Apply a level of blur to apply to the mask

float blur = 3.5f;
EmbossMaskFilter emboss = new EmbossMaskFilter (direction, light, specular, blur);

// BApply the mask
myPaint.setMaskFilter (emboss) ;

The FingerPaint API demo included in the SDK is an excellent example of how to use MaskFilters.
It demonstrates the effect of both the emboss and blur filters.

Using ColorFiltexs

Where MaskFilters are transformations of the alpha-channel of a Paint, a ColorFilter applies a
transformation to each of the RGB channels. All colorFilter-derived classes ignore the alpha-channel
when performing their transformations.

Android includes three Color Filters:

U cColorMatrixColorFilter Letsyou specify a4 X5 ColorMatrix toapply to a Paint.
ColorMatrixes are commonly used to perform image processing programmatically and are
useful as they support chaining transformations using matrix multiplication.

U LightingColorFilter Multiplies the RGB channels by the first color before adding the sec-
ond. The result of each transformation will be clamped to between 0 and 255.

U PorterDuffColorFilter Letsyou use any one of the 16 Porter-Duff rules for digital image
compositing to apply a specified color to the Paint.

Apply ColorFilters using the setColorFilter method as shown below:
myPaint.setColorFilter (new LightingColorFilter (Color.BLUE, Color.RED));

There is an excellent example of using a Color Filter and Color Matrixes in the ColorMatrixSample
APT example.

Using PathEffects

The effects so far have affected the way the Paint fills a drawing; PathEffects are used to control how
its outline (or stroke) is drawn.

Path Effects are particularly useful for drawing Path primitives, but they can be applied to any Paint to
affect the way the stroke is drawn.

Using Path Effects, you can change the appearance of a shape’s corners and control the appearance of
the outline. Android includes several Path Effects including;:

U CornerPathEffect Lets yousmooth sharp corners in the shape of a primitive by replacing
sharp edges with rounded corners.

O DpashpathEffect Rather than drawing a solid outline, you can use the DashPathEffect to
create an outline of broken lines (dashes/dots). You can specify any repeating pattern of solid/
empty line segments.
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0O DiscretePathEffect Similar to the DashpathEffect, but with added randomness. Speci-
fies the length of each segment and a degree of deviation from the original path to use when
drawing it.

O  pathDashpathEffect This effect lets you define a new shape (path) to use as a stamp to out-
line the original path.
The following effects let you combine multiple Path Effects to a single Paint.
O sumPathEffect Adds two effects to a path in sequence, such that each effect is applied to the
original path and the two results are combined.
U composepathEffect Compose applies first one effect and then applies the second effect to

the result of the first.

Path Effects that modify the shape of the object being drawn will change the area of the affected shape.
This ensures that any fill effects being applied to the same shape are drawn within the new bounds.

Path Effects are applied to Paint objects using the setPathEffect method as shown below:
borderPaint.setPathEffect (new CornerPathEffect(5));

The Path Effects API sample gives an excellent guide to how to apply each of these effects.

Changing the Xxfermode
Change a Paint’s xfermode to affect the way it paints new colors on top of what's already on the Canvas.
Under normal circumstances, painting on top of an existing drawing will layer the new shape on top. If

the new Paint is fully opaque, it will totally obscure the paint underneath; if it's partially transparent, it
will tint the colors underneath.

The following xfermode subclasses let you change this behavior:
U Avoidxfermode Specifies a color and tolerance to force your Paint to avoid drawing over (or
only draw over) it.

U PixelXorXfermode Appliesasimple pixel XOR operation when covering existing colors.

U  PporterDuffXfermode Thisisa very powerful transfer mode with which you can use any of
the 16 Porter-Duff rules for image composition to control how the paint interacts with the exist-
ing canvas image.

To apply transfer modes, use the setxferMode method as shown in the sample below:

AvoidXfermode avoid = new AvoidXfermode (Color.BLUE, 10, Avoidxfermode.Mode.AVOID):
borderPen.setXfermode (avoid) ;

Improving Paint Quality with Anti-Aliasing

When you create a new Paint object, you can pass in several flags that affect the way the Paint will
be rendered. One of the most interesting is the ANTT_ALIAS FLAG, which ensures that diagonal lines
drawn with this paint are anti-aliased to give a smooth appearance (at the cost of performance).
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Anti-aliasing is particularly important when drawing text, as anti-aliased text can be significantly eas-
ier to read. To create even smoother text effects, you can apply the SUBPIXEL_TEXT_FLAG, which will
apply subpixel anti-aliasing.

You can also set both of these flags manually using the setSubpixelText and setAntiaAlias meth-
ods, as shown below:

myPaint.setSubpixelText (true);
myPaint.setAntiAlias (true);

Hardware Acceleration for 2D Graphics

In a boon for 2D graphics enthusiasts everywhere, Android lets you request that your application
always be rendered using hardware acceleration.

If hardware acceleration is available on the device, setting this flag will cause every View within the
Activity to be rendered using hardware. This has the side effect of dramatically improving the speed of
your graphics while reducing the load on the system processor.

Turn it on by applying the window. FEATURE_OPENGL flag to your Activity using the
requestWindowFeature method, as shown below:

myActivity.requestWindowFeature (Window.FEATURE_OPENGL) ;
Unfortunately, Good Things seldom come for free, and this is no exception.

Not all the 2D drawing primitives available in Android are supported by hardware (notably most of the
Path Effects described previously).

Also, as your entire Activity is being effectively rendered as a single Canvas, invalidate requests on any
View will cause the whole Activity to be redrawn.

Canvas Drawing Best Practice

2D owner-draw operations tend to be expensive in terms of processor use; inefficient drawing routines
can block the GUI thread and have a detrimental effect on application responsiveness. This is particu-
larly true in a resource-constrained environment with a single, limited processor.

You need to be aware of the resource drain and CPU-cycle cost of your onDraw methods, to ensure you
don’t end up with an attractive application that’s completely unresponsive.

Alot of techniques exist to help minimize the resource drain associated with owner-drawn controls.
Rather than focus on general principles, I'll describe some Android specific considerations for ensuring
that you can create activities that look good and remain interactive (note that this list is not exhaustive):

U Consider Hardware Acceleration OpenGL hardware acceleration support for 2D graphics is
a Good Thing, so you should always consider if it's suitable for your Activity. Good candidates

are Activities consisting of a single View with rapid, time-consuming updates. Be sure that the
primitives you use are supported by hardware.
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QO  Consider Size and Orientation When you're designing your Views and Overlays, be sure to
consider (and test!) how they will look at different resolutions and sizes.

Q  Create Static Objects Once Object creation in Android is particularly expensive. Where pos-
sible, create drawing objects like Paint objects, Paths, and Shaders once, rather than recreating
them each time the View is invalidated.

U  Remember onDraw Is Expensive Performing the onDraw method is an expensive process
that forces Android to perform several image composition and bitmap construction operations.
Many of the following points suggest ways to modify the appearance of your Canvas without
having to redraw it:

U  Use Canvas Transforms Use canvas transforms like rotate and translate to sim-
plify complex relational positioning of elements on your canvas. For example, rather
than positioning and rotating each text element around a clock face, simply rotate the
canvas 22.5 degrees, and draw the text in the same place.

O  Use Animations Consider using Animations to perform pre-set transformations of
your View rather than manually redrawing it. Scale, rotation, and translation Anima-
tions can be performed on any View within an Activity and provide a resource-efficient
way to provide zoom, rotate, or shake effects.

O  Consider Using Bitmaps and 9 Patches If your Views feature static backgrounds, you
should consider using a Drawable like a bitmap or scalable 9 patch rather than manu-
ally drawing it. ‘

Advanced Compass Face Example
Early in Chapter 4, you created a simple compass. In the last chapter, you returned to it, extending it to
display the pitch and roll using the accelerometer hardware.

The UI of the View used in those examples was kept simple to keep the code in those chapters as clear
as possible.

In the following example, you'll make some significant changes to the CompassView’s onDraw method
to change it from a simple, flat compass into a dynamic artificial horizon, as shown in Figure 11-2.

Figure 11-2
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As the previous image is limited to black and white, you'll need to create the control in order to see the
full effect.

382

1. Start by modifying the colors.xml resource file to include color values for the border gradient,
the glass compass shading, the sky, and the ground. Also update the colors used for the border
and the face markings.

<?xml version="1.0" encoding="utf-8"?>

<resources>
<color name="text_color">#FFFF</color>
<color name="background_color">#F000</color>
<color name="marker_color">#FFFF</color>
<color name="shadow_color">#7AAA</color>
<color name="outer border">#FF444444</color>
<color name="inner border one">#FF323232</color>
<color name="inner border_ two">#FF414141</color>
<color name="inner_border">#FFFFFFFF</color>
<color name="horizon_sky from">#FFA52A2A</color>
<color name="horizon_sky to">#FFFFC125</color>
<color name="horizon_ground_ from">#FF5F9EA(Q</color>
<color name="horizon_ground_to">#FF00008B</color>

</resources>

2. The paint and Shader objects used for the sky and ground in the artificial horizon are created
based on the size of the current View, so they're not static like the Paint objects you created in
Chapter 4. Instead of creating Paint objects, construct the gradient arrays and colors they use.

int[] borderGradientColors;
float[] borderGradientPositions;

int[] glassGradientColors;
float[] glassGradientPositions;

int skyHorizonColorFrom;
int skyHorizonColorTo;

int groundHorizonColorFrom;
int groundHorizonColorTo;

3. Update the CompassvView's initCompassView method to initialize the variables created in Step
2 using the resources from Step 1. The existing method code can be left largely intact, with some
changes to the textPaint, circlePaint, and markerPaint variables, as highlighted below:

protected void initCompassView() {
setFocusable (true);

// Get

external resources

Resources r = this.getResources();

circlePaint = new Paint (Paint.ANTI_ALIAS_FLAG);
circlePaint.setColor (R.color.background_color) ;
circlePaint.setStrokeWidth (1) ;
circlePaint.setStyle(Paint.Style.STROKE) ;

northString = r.getString(R.string.cardinal north);
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eastString = r.getString(R.string.cardinal east);
southString = r.getString(R.string.cardinal_south);
westString = r.getString(R.string.cardinal west);

textPaint = new Paint (Paint.ANTI_ALIAS FLAG):
textPaint.setColor{r.getColor(R.color.text color));
textPaint.setFakeBoldText (true) ;
textPaint.setSubpixelText (true) ;
textPaint.setTextAlign (Align.LEFT) ;

—

textHeight = (int)textPaint.measureText ("yY");

markerPaint = new Paint (Paint.ANTI_ALIAS FLAG) ;
markerPaint.setColor (r.getColor (R.color.marker color));

markerPaint .setAlpha (200) ;

markerPaint.setStrokeWidth (i) ;
markerPaint.sectStyle(Paint.Style.STROKE) ;
markerPaint.setShadowLayer (2, 1, 1, r.getColor (R.color,shadow color));

3.1. Create the color and position arrays that will be used by a radial Shader to paint the J
outer border. |

borderGradientColors = new int[4];
borderGradientPositions = new float[4];

borderGradientColors([3] = r.getColor{R.color.outer_border) ;
borderGradientColors([2] = r.getColor(R.color.inner border one) ;
borderGradientColors[1l] = r.getColor(R.color.inner border two);
borderGradientColors[0] = r.getColor (R.color.inner border);
borderGradientPositions[3] = 0.0f;

borderGradientPositions[2] = 1-0.03f;
borderGradientPositions[1] = 1-0.06f;
borderGradientPositions[0] = 1.0f;

3.2. Now create the radial gradient color and position arrays that will be used to create
the semitransparent “glass dome” that sits on top of the View to give it the illusion of
depth.

glassGradientColors = new int[5];
glassGradientPositions = new float[5];

int glassColor = 245;
glassGradientColors[4] (
glassGradientColors([3] = Color.argb(100, glassColor, glassColor, glassColor):
Color.argb(

(

(

Color.argb (65, glassColor, glassColor, glassColor) ;

glassGradientColors[2] = 50, glassColor, glassColor, glassColor);
glassGradientColors([1l] = Color.argb(0, glassColor, glassColor, glassColor);
glassGradientColors[0] = Color.argb(0, glassColor, glassColor, glassColor):
glassGradientPositions[4] = 1-0.0f;
glassGradientPositions[3] = 1-0.06f;
glassGradientPositions[2] = 1-0.10f;
glassGradientPositions([1] = 1-0.20f;
glassGradientPositions[0] = 1-1.0f;
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3.3. Finally, get the colors you'll use to create the linear gradients that will represent the sky
and the ground in the artificial horizon.

skyHorizonColorFrom = r.getColor(R.color.horizon_sky from);
skyHorizonColorTo = r.getColor(R.color.horizon_sky to);

groundHorizonColorFrom = r.getColor (R.color.horizon_ground_from) ;
groundHorizonColorTo = r.getColor(R.color.horizon_ground to);

4. Before you start drawing the face, create a new enum that stores each of the cardinal directions.

private enum CompassDirection { N, NNE, NE, ENE,
E, ESE, SE, SSE,
S, SSW, Sw, WSW,
W, WNW, Nw, NNW }

Now you need to completely replace the existing onDraw method. You'll start by figuring out some size-
based values including the center of the View, the radius of the circular control, and the rectangles that
will enclose the outer (heading) and inner (tilt and roll) face elements.

@0verride
protected void onDraw(Canvas canvas) {

1. Calculate the width of the outer (heading) ring based on the size of the font used to draw the
heading values.

float ringWidth = textHeight + 4;

2.  Then calculate the height and width of the View, and use those values to establish the radius of
the inner and outer face dials, as well as create the bounding boxes for each face.

int height = getMeasuredHeight () ;
int width =getMeasuredwidth() ;

int px = width/2;
int py = height/2;
Point center = new Point(px, py);

int radius = Math.min(px, py)-2;

RectF boundingBox = new RectF(center.x - radius,
center.y - radius,
center.x + radius,
center.y + radius);

RectF innerBoundingBox = new RectF (center.x - radius + ringWidth,
center.y - radius + ringWidth,
center.x + radius - ringWidth,
center.y + radius - ringWidth);

float innerRadius = innerBoundingBox.height()/2;
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5‘

With the dimensions of the View established, it’s time to start drawing the faces.

Start from the bottom layer at the outside, and work your way in and up, starting with the
outer face (heading). Create a new RadialGradient Shader using the colors and positions you
defined in Step 3.2 in the previous code sample, and assign that Shader to a new Paint before
using it to draw a circle.

RadialGradient borderGradient = new RadialGradient (px, py, radius,
borderGradientColors,
borderGradientPositions,
'TileMode.CLAMP) ;

Paint pgb = new Paint();

pgb.setShader (borderGradient) ;

Path outerRingPath = new Path();
outerRingPath.addOval (boundingBox, Direction.CW);

canvas.drawPath (outerRingPath, pgb);

Next you need to draw the artificial horizon. The horizon is created by dividing the circular face
into two sections, one representing the sky and the other the ground. The proportion of each
section depends on the current pitch.

Start by creating the Shader and Paint objects that will be used to draw the sky and earth.

LinearGradient skyShader = new LinearGradient (center.x,
innerBoundingBox. top,
center.x,
innerBoundingBox.bottom,
skyHorizonColorFrom,
skyHorizonColorTo,
TileMode.CLAMP) ;

Paint skyPaint = new Paint();

skyPaint.setShader (skyShader) ;

LinearGradient groundShader = new LinearGradient (center.x,
innerBoundingBox. top,
center.x,
innerBoundingBox.bottom,
groundHorizonColorFrom,
groundHorizonColorTo,
TileMode.CLAMP) ;

Paint groundPaint = new Paint();

groundPaint . setShader {(groundShader) ;

Now normalize the pitch and roll values to clamp them within +90 degrees and +180 degrees,
respectively.

float tiltDegree = pitch;

while (tiltDegree > 90 || tiltDegree < -90)
{
if (tiltDegree > 90) tiltDegree = -90 + (tiltDegree - 90);
if (tiltDegree < -90) tiltDegree = 90 - (tiltDegree + 90);

float rollDegree = roll;
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while (rollDegree > 180 || rollDegree < -180)

{
if (rollDegree > 180) rollDegree = -180 + (rollDegree - 180);
if (rollDegree < -180) rollDegree = 180 - (rollDegree + 180);

6.  Create paths that will fill each segment of the circle (ground and sky). The proportion of each
segment should be related to the clamped pitch.

Path skyPath = new Path();

skyPath.addArc (innerBoundingBox,
-tiltDegree,
(180 + (2 * tiltDegree)));

7.  Spin the canvas around the center in the opposite direction to the current roll, and draw the sky
and ground paths using the Paints you created in Step 4.

canvas.rotate(-rollDegree, px, py);
canvas.drawOval (innerBoundingBox, groundPaint);
canvas.drawPath (skyPath, skyPaint);
canvas.drawPath (skyPath, markerPaint);

8. Nextis the face marking. Start by calculating the start and end points for the horizontal horizon
markings.

int markWidth = radius / 3;
int startX = center.x - markwidth;
int endX = center.x + markWidth;

9.  To make the horizon values easier to read, you should ensure that the pitch scale always starts
at the current value. The following code calculates the position of the interface between the
ground and sky on the horizon face:

double h = innerRadius*Math.cos (Math.toRadians(90-tiltDegree));
double justTiltY = center.y - h;

10. Find the number of pixels that represents each degree of tilt.

float pxPerDegree = (innerBoundingBox.height ()/2)/45f;

11. Now iterate over 180 degrees, centered on the current tilt value, to give a sliding scale of pos-
sible pitch.

for (int i = 90; i >= -90; i -= 10)
{
double ypos = justTiltY + i*pxPerDegree;

// Only display the scale within the inner face.
if {((ypos < (innerBoundingBox.top + textHeight)) ||
(ypos > innerBoundingBox.bottom - textHeight))
continue;

// Draw a line and the tilt angle for each scale increment.
canvas.drawLine(startX, (float)ypos, endX, (float)ypos, markerPaint);
int displayPos = (int) (tiltDegree - i);
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String displayString = String.valueOf (displayPos) ;
float stringSizeWidth = textPaint.measureText (displayString);
canvas.drawText (displayString,

(int) {center.x-stringSizeWidth/2),

(int) (ypos)+1,

textPaint) ;

12. Now draw a thicker line at the earth/ sky interface. Change the stroke thickness of the
markerPaint object before drawing the line (then set it back to the previous value).

markerPaint.setStrokeWwidth(2) ;

canvas.drawLine(center.x - radius / 2,
(float)justTilty,
center.x + radius / 2,
(float)justTilty,
markerPaint) ;

markerPaint.setStrokeWidth (1) ;

13. Tomake it easier to read the exact roll, you should draw an arrow and display a text string that
shows the exact value.

Create a new Path, and use the moveTo / 1ineTo methods to construct an open arrow that
points straight up. Draw the path and a text string that shows the current roll.

// Draw the arrow
Path rollArrow = new Path();
rollArrow.moveTo (center.x - 3, {int)innerBoundingBox.top + 14):
rollArrow.lineTo(center.x, (int)innerBoundingBox.top + 10);
rollArrow.moveTo (center.x + 3, innerBoundingBox.top + 14);
rollArrow.lineTo(center.x, innerBoundingBox.top + 10):
canvas.drawPath{rollArrow, markerPaint);
// Draw the string
String rollText = String.valueOf (rollDegree);
double rollTextWidth = textPaint.measureText (rollText) ;
canvas.drawText (rollText,
(float) (center.x - rollTextWidth / 2),
innerBoundingBox.top + textHeight + 2,
textPaint) ;

14. Spin the canvas back to upright so that you can draw the rest of the face markings.

canvas.restore();

15. Draw the roll dial markings by rotating the canvas 10 degrees at a time to draw either a mark or
a value. When you've completed the face, restore the canvas to its upright position.

canvas.save () ;
canvas.rotate (180, center.x, center.y);
for (int 1 = -180; 1 < 180; i += 10)
{
// Show a numeric value every 30 degrees
if (i % 30 == 0) {
String rollString = String.valueOf(i*-1);
float rollStringWidth = textPaint.measureText(rollString);
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PointF rollStringCenter = new PointF(center.x-rollStringWidth / 2,
innerBoundingBox. top+l+textHeight) ;

canvas.drawText (rollString,
rollStringCenter.x, rollStringCenter.y,

textPaint);
b
// Otherwise draw a marker line
else {

canvas.drawLine (center.x, (int)innerBoundingBox.top,
center.x, (int)innerBoundingBox.top + 5,
markerPaint) ;

canvas.rotate (10, center.x, center.y);
}

canvas.restore() ;

16. The final step in creating the face is drawing the heading markers around the outside edge.

canvas.save() ;
canvas.rotate(-1* (bearing), px, py);

double increment = 22.5;

for (double i = 0; i < 360; i += increment)

{
CompassDirection cd = CompassDirection.values()[(int) (i / 22.5)1;
String headString = cd.toString();

float headStringWidth = textPaint.measureText (headString);
PointF headStringCenter = new PointF (center.x - headStringWidth / 2,
boundingBox.top + 1 + textHeight);

if (i % increment == 0)
canvas.drawText (headString,
headStringCenter.x, headStringCenter.y,
textPaint);
else
canvas.drawLine (center.x, (int)boundingBox.top,
center.x, (int)boundingBox.top + 3,
markerPaint) ;

canvas.rotate((int)increment, center.x, center.y);
}

canvas.restore() ;

17. With the face complete, you get to add some finishing touches.

Start by adding a “glass dome” over the top to give the illusion of a watch face. Using the radial
gradient array you constructed earlier, create a new Shader and Paint object. Use them to
draw a circle over the inner face that makes it look like it’s covered in glass.

RadialGradient glassShader.= new RadialGradient(px, py,
(int) innerRadius,
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glassGradientColors,
glassGradientPositions,
TileMode.CLAMP) ;

Paint glassPaint = new Paint{();

glassPaint.setShader (glassShader) ;

canvas.drawOval (innerBoundingBox, glassPaint);

18.  All that's left is to draw two more circles as clean borders for the inner and outer face boundar-
les. Then restore the canvas to upright, and finish the onbraw method.

// Draw the outer ring
canvas.drawOval (boundingBox, circlePaint);

// Draw the inner ring
circlePaint.setStrokeWidth(2) ;
canvas.drawOval (innerBoundingBox, circlePaint);

canvas.restore();

Bringing Map Overlays to Life
In Chapter 7, you learned how to use Overlays to add annotation layers to MapViews. The Canvas used

for annotating MapView Overlays is the same class as the one used to draw new View controls. As a
result, all of the advanced features described so far in this section can be used to enhance map Overlays.

That means you can use any of the draw methods, transparency, Shaders, Color Masks, and Filter
Effects to create rich Overlays using the Android graphics framework.

Interacting with Overlays

Touch-screen interaction in MapViews is handled individually by each of its Overlays. To handle map
taps within an Overlay, override the onTap event.

The following code snippet shows an onTap implementation that receives the map coordinates of the
tap and the Mapview on which the tap occurred:

@Override

public boolean onTap(GeoPoint point, MapView map) {
// Get the projection to convert to and from screen coordinates
Projection projection = map.getProjection();

// Return true if we handled this onTap/(}
return [ .. hit test passed .. ];

}

The MapView can be used to obtain the Projection of the map when it was tapped. Used in conjunction
with the GeoPoint parameter, you can determine the position on screen of the real-world longitude
and latitude pressed.
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The onTap method of an Overlay derived class should return true if it has handled the tap (and false
otherwise). If none of the Overlays assigned to a MapView return true, the tap event will be handled by
the MapView itself, or failing that, by the Activity.

Introducing surfaceview

Under normal circumstances, your applications’ Views are all drawn on the same GUI thread. This
main application thread is also used for all user interaction (such as button clicks or text entry).

In Chapter 8, you learned how to move blocking processes onto background threads. Unfortunately,
you can't do this with the onDraw method of a View, as modifying a GUI element from a background
thread is explicitly disallowed.

When you need to update the View’s Ul rapidly, or the rendering code blocks the GUI thread for

too long, the surfaceview class is the answer. A Surface View wraps a Surface object rather than
a Canvas. This is important because Surfaces can be drawn onto from background threads. This is
particularly useful for resource-intensive operations, or where rapid updates or high frame rates are
required, such as when using 3D graphics, creating games, or previewing the camera in real time.

The ability to draw independently of the GUI thread comes at the price of additional memory consump-
tion, so while it’s a useful — sometimes necessary — way to create custom Views, Surface Views should
be used with caution.

When Should You Use the surfacevView?
A SurfaceView can be used in exactly the same way as any View-derived class. You can apply anima-

tions and place them in layouts as you would any other View.

The surface encapsulated by the SurfaceView supports drawing, using most of the standard Canvas
methods described previously in this chapter, and also supports the full OpenGL ES library.

Using OpenGlL, you can draw any supported 2D or 3D object onto the Surface, relying on hardware
acceleration (where available) to significantly improve performance compared to simulating the same
effects on a 2D canvas.

SurfaceViews are particularly useful for displaying dynamic 3D images, such as those featured in appli-

cations like Google Earth, or featured in interactive games that provide immersive experiences. It's also
the best choice for displaying real-time camera previews.

Creating a New surfaceview Control

To create a new SurfaceView, create a new class that extends surfaceview and implements
SurfaceHolder.Callback.

The surfaceHolder callback notifies the View when the underlying Surface is created and destroyed,
passing a reference to the SurfaceHolder object that contains the currently valid Surface.

A typical Surface View design pattern includes a Thread-derived class that accepts a reference to the
current SurfaceHolder and independently updates it.
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The following skeleton code shows a Surface View implementation for drawing using the Canvas. A
new Thread-derived class is created within the Surface View control, and all Ul updates are handled
within this new class.

import android.content.Context;
import android.graphics.Canvas;
import android.view.SurfaceHolder;
import android.view.SurfacevView;

public class MySurfaceView extends SurfaceView implements SurfaceHolder.Callback { |

private SurfaceHolder holder: |
private MySurfaceViewThread mySurfaceViewThread;
private boolean hasSurface;

MySurfaceView(Context context) {
super (context) ;
init();

private void init () {
// Create a new SurfaceHolder and assign this class as its callback.
holder = getHolder();
holder.addCallback(this);
hasSurface = false;

public void resume() {
// Create and start the graphics update thread.
if (mySurfaceViewThread == null) {
mySurfaceViewThread = new MySurfaceViewThread();

if (hasSurface == true)
mySurfaceViewThread.start () ;

public void pause() {
// Kill the graphics update thread
if (mySurfaceViewThread != null) {
mySurfaceViewThread.requestExitandwait () ;
mySurfaceViewThread = null;

}

public void surfaceCreated(SurfaceHolder holder) ({
hasSurface = true;
if (mySurfaceViewThread != null)
mySurfaceViewThread.start () ;

public void surfaceDestroyed(SurfaceHolder holder) {
hasSurface = false;
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pause () ;
)

public void surfaceChanged(SurfaceHolder holder, int format, int w, int h) {
if (mySurfaceViewThread != null)
mySurfaceViewThread.onWindowResize (w, h);

}

class MySurfaceViewThread extends Thread {
private boolean done;

MySurfaceViewThread() {
super () ;
done = false;

}

@0verride
public void run{) {
SurfaceHolder surfaceHolder = holder;

// Repeat the drawing loop until the thread is stopped.
while (!done) {
// Lock the surface and return the canvas to draw onto.
Canvas canvas = surfaceHolder.lockCanvas/();

// TODO: Draw on the canvas!

// Unlock the canvas and render the current image.
surfaceHolder.unlockCanvasAndPost (canvas) ;

}

public void requestExitAndWait() {
// Mark this thread as complete and combine into
// the main application thread.
done = true;
try {
join();
} catch (InterruptedException ex) { }

}

public void onWindowResize(int w, int h) {
// Deal with a change in the available surface size.

}

Creating 3D Controls with surfaceview

Android includes full support for the OpenGL ES 3D rendering framework including support for hard-
ware acceleration on devices that offer it. The Surfaceview control provides a Surface onto which you
can render your OpenGL scenes.
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OpenGL is commonly used in desktop applications to provide dynamic 3D interfaces and animations. | *2
Resource-constrained devices don't have the capacity for polygon handling that’s available on desktop

PCs and gaming devices that feature dedicated 3D graphics processors. Within your applications, con- I
sider the load your 3D surfaceview will be placing on your processor, and attempt to keep the total ;
number of polygons being displayed, and the rate at which theyre updated, as low as possible. i

Creating a Doom clone for Android is well out of the scope of this book, so I'll leave it to you to test the
limits of what's possible in a mobile 3D User Interface. Check out the GLSur faceview API Demo exam-
ple included in the SDK distribution to see an example of the OpenGL ES framework in action.

Creating Interactive Controls

Anyone who's used a mobile phone will be painfully aware of the challenges associated with design-
ing intuitive User Interfaces for mobile devices. Touch screens have been available on mobiles for many
years, but it’s only recently that touch-enabled devices have been designed to be used by fingers rather
than styluses.

|
Full physical keyboards have also become common, with the compact size of the slide-out or flip-out i
keyboard introducing its own challenges. l

As an open framework, Android is expected to be available on a wide variety of devices featuring
many different permutations of input technologies including touch screens, D-pads, trackballs, and
keyboards.

The challenge for you as a developer is to create intuitive User Interfaces that make the most of the
whatever input hardware is available, while introducing as little hardware dependence as possible.

The techniques described in this section show how to listen for (and react to) user input from key
presses, trackball events, and touch-screen taps using the following event handlers in Views and
Activities:

U onKeyDown Called when any hardware key is pressed.

O onKeyUp Called when any hardware key is released.

O  onTrackballEvent Triggered by movement on the trackball.

a onTouchEvent The touch-screen event handler, triggered when the touch screen is touched,
released, or dragged.

Using the Touch Screen

Mobile touch screens have existed since the days of the Apple Newton and the Palm Pilot, although
their usability has had mixed reviews. Recently this technology has enjoyed a popular resurgence, with
devices like the Nintendo DS and the Apple iPhone using touch screens in innovative ways.

Modern mobiles are all about finger input — a design principle that assumes users will be using their
fingers rather than a specialized stylus to touch the screen. |
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Finger-based touch makes interaction less precise and is often based more on movement than simple
contact. Android’s native applications make extensive use of finger-based touch-screen interfaces,
including the use of dragging motions to scroll lists or perform actions.

To create a View or Activity that uses touch-screen interaction, override the onTouchEvent handler as
shown in the skeleton code below:

@0verride
public boolean onTouchEvent (MotionEvent event) {
return super.onTouchEvent (event) ;

}

Return true if you have handled the screen press; otherwise, return false to pass events through a
stack of Views and Activities until the touch has been successfully handled.

Processing Touch Events

The onTouchEvent handler is fired when the user first touches the screen, once each time the position
changes, and again when the contact ends.

The action property of the MotionEvent parameter reflects which of these event types has triggered
the handler. To determine the initiating touch action, call getAction on the Motion Event parameter,
and compare it to the static MotionEvent action values, as shown in the following skeleton code:

@Override
public boolean onTouchEvent (MotionEvent event) {

int action = event.getAction();

switch (action) {

case (MotionEvent.ACTION_DOWN) : // Touch screen pressed
break;
case (MotionEvent.ACTION_UP) : // Touch screen touch ended
break;
case (MotionEvent.ACTION_MOVE) : // Contact has moved across screen
break;
case (MotionEvent.ACTION_CANCEL) : // Touch event cancelled
break;

)

return super.onTouchEvent (event) ;

The Motion Event also includes the coordinates of the current screen contact. You can access these
coordinates using the getX and getY methods. These methods return the coordinate relative to the
responding View or Activity; alternatively, getRawX and getRawY return the absolute screen coordi-
nates. Both techniques are shown in the following code snippet:

// Relative screen coordinates.

int xPos = (int)event.getX();
int yPos = (int)event.get¥Y();
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// Absolute screen coordinates.
int xPosRaw = (int)event.getRawX();
int yPosRaw = (int)event.getRawY();

The Motion Event parameter also includes the pressure being applied to the screen using getpressure,

amethod that returns a value usually between 0 (no pressure) and 1 (normal pressure).
!
i
|

Depending on the calibration of the hardware, it's possible to return values greater than 1.

Finally, you can also determine the normalized size of the current contact area using the getSsize
method. This method returns a value between 0 and 1, where 0 suggests a very precise measurement
and 1 indicates a possible “fat touch” event in which the user may not have intended to press anything.

Tracking Movement

Whenever the current touch contact position, pressure, or size changes, a new onTouchEvent is trig- 1l
gered with an ACTION_MOVE action. i

As well as the fields described previously, the Motion Event parameter can include historical values.

This history represents all the movement events that have occurred between the previous onTouchEv- fi
ent and this one, allowing Android to buffer rapid movement changes to provide fine-grained capture |
of movement data. |

You can find the size of the history by calling getHistorySize, which returns the number of movement
positions available for the current event. You can then obtain the times, pressures, sizes, and positions

of each of the historical events, using a series of getHistorical* methods and passing in the position
index, as shown in the following code snippet:

int historySize = event.getHistorySizel();

for (int 1 = 0; i < historySize; i++) {
long time = event.getHistoricalEventTime(i):
float pressure = event.getHistoricalPressure(i);
float x = event.getHistoricalX(i); |
float y = event.getHistoricalY(i); |
float size = event.getHistoricalSize(i);

// TODO: Do something with each point

The normal pattern used for handling movement events is to process each of the historical events first,
followed by the current Motion Event values, as shown in the following code snippet:

@Override
public boolean onTouchEvent (MoticnEvent event) {

int action = event.getAction();

switch (action) {
case (MotionEvent .ACTION_MOVE)
{

int historySize = event.getHistorySize();
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for (int i = 0; i < historySize; i++) {
float x = event.getHistoricalX(i);
float y = event.getHistoricalY(i);
processMovement (X, v);

}

float x = event.getX(};
float y = event.getY();
processMovement (x, Vy);

return true;

}

return super.onTouchEvent (event);

}

private void processMovement (float _x, float _y) ({
// Todo: Do something on movement.
}

Android includes two excellent examples of using the touch screen in the Fingerpaint and
Touch Paint API Demos.

Using the OnTouchListener

You can listen for touch events without subclassing an existing View by attaching an OnTouchListener
to any View object, using the setOnTouchListener method. The following code snippet demonstrates
how to assign a new OnTouchListener implementation to an existing View within an Activity:

myView.setOnTouchlListener (new OnTouchListener() {

public boolean onTouch(View _view, MotionEvent _event) {
// TODO Respond to motion events
return false;

}

1)

Using the Device Keys and Buttons (Including D-Pad)

Button and key-press events for all hardware keys are handled by the onKeyDown and onKeyUp han-
dlers of the active Activity or the focused view. This includes keyboard keys, D-pad, volume, back, dial,
and hang-up buttons. The only exception is the Home key, which is reserved to ensure that users can
never get locked within an application.

To have your View or Activity react to button presses, override the onKeyUp and onKeyDown event han-
dlers as shown in the following skeleton code:

@Override
public boolean onKeyDown(int _keyCode, KeyEvent _event) {
// Perform on key pressed handling, return true if handled
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return false

}

@0verride

public boolean onKevUp(int _keyCode, KeyEvent _event) {
// Perform on key released handling, return true if handled
return false;

}

The keyCode parameter contains the value of the key being pressed; compare it to the static key code
values available from the KeyEvent class to perform key-specific processing.

The KeyEvent parameter also includes the isAltPressed, isShi ftPressed, and isSymPressed
methods to determine if the function, shift, and symbol metakeys are also being held. The static
isModifierKey method accepts the keyCode and determines if this key event was triggered by the
user pressing one of these modifier keys. '

Using the OnKeyListener

To respond to key presses within Views in your Activity, implement an OnkeyListener, and assign it
to a View using the setOnKeylListener method. Rather than implementing a separate method for key-
press and key-release events, the OnKeyListener uses a single onKey event, as shown below:

myView.setOnKeyListener (new OnKeyListener () {

public boolean onKey(View v, int keyCode, KeyEvent event)
{
// TODO Process key press event, return true if handled
return false;
}
Il

Use the keyCode parameter to find the key pressed. The KeyEvent parameter is used to determine if
the key has been pressed or released, where ACTTON_ DOWN represents a key press, and ACTION_UP sig-
nals its release.

Using the Trackball

Many mobile devices offer a trackball as a useful alternative (or addition) to the touch screen and
D-pad. Trackball events are handled by overriding the onTrackballEvent method in your View or
Activity.

Like touch events, trackball movement is included in a MotionEvent parameter. In this case, the
MotionEvent contains the relative movement of the trackball since the last trackball event, normalized
so that 1 represents the equivalent movement caused by the user pressing the D-pad key.

Vertical change can be obtained using the getY method, and horizontal scrolling is available through
the getx method, as shown in the following skeleton code:

@0verride
public boolean onTrackballEvent (MotionEvent _event) {
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float vertical = _event.getY();
float horizontal = _event.getX();

// TODO: Process trackball movement.

return false;

Summary

This final chapter has served as a catch-all for some of the more complex Android features that were
glossed over in earlier chapters.

You learned more about Android’s security mechanisms, in particular, examining the permissions
mechanism used to control access to Content Providers, Services, Activities, Intent Receivers, and
broadcast Intents.

You explored the possibilities of interprocess communication using the Android Interface Definition
Language to create rich interfaces between application components.

Much of the last part of the chapter focused on the Canvas class, as some of the more complex features
available in the 2D drawing library were exposed. This included an examination of the drawing primi-
tives available and a closer look at the possibilities of the Paint class.

You learned to use transparency and create gradient Shaders before looking at Mask Filters, Color Filters,
and Path Effects. You also learned how to use hardware acceleration on 2D canvas-based Views, as well
as some Canvas drawing best-practice techniques.

You were then introduced to the Surfaceview — a graphical control that lets you render graphics onto
a surface from a background thread. This led to an introduction of rendering 3D graphics using the
OpenGL ES framework and using the Surface View to provide live camera previews.

Finally, you learned the details for providing interactivity within your Activities and View by listening
for and interpreting touch screen, track ball, and key press events.

In particular, you learned:
O Some of the possibilities of using the Internet as a data source, or processing middle tier, to keep
your applications lightweight and information-rich.
How to animate Views and ViewGroups using tweened animations.
How to create frame-by-frame animations.

Which drawing primitives you can use to draw on a canvas.

O 00O

How to get the most out of the Paint object using translucency, Shaders, Mask Filters, Color
Filters, and Path Effects.

O

Some of the best-practice techniques for drawing on the canvas.

O

That you can apply hardware acceleration to 2D graphics drawing.
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@ (at), 61

| (pipe), 65

- (hyphen), 63

2D (two-dimensional) graphics
of Android, 8
hardware acceleration for, 380

3D (three-dimensional) graphics
of Android, 8
with SurfaceView , 392-393

9 (nine) patches, 381

A

AAPT (Android Asset Packaging
Tool}), 42
AbsoluteLayout class, 79
acceleration, 324
accelerometers
Android features, 6
animating sliding user interface
example, 370
constants, 322
creating Speedometer, 326-329
defined, 323
using, 324-325
access. See also security
Content Provider, 189
exposing data source, 195-197
files in Content Providers, 192
hardware. See hardware APls
Location Manager, 213
permission tags, 48
phone properties, 338
retrieving Shared Preferences,
161-162
scanning for Wi-Fi hotspots, 349
accuracy
finding Location Providers based on,
212-213
Sensor Manager, 321-322
actions
anonymous, 130-132
making phone calls, 334
monitoring Wi-Fi connectivity, 348
native Activity, 120-121
native broadcast, 135-136
passing responsibility, 124
strings, 132-133
tag, 121
transmitting data messages, 290
active connections, 346-347
active lifetime, 72-73

active processes, 52
active state, 69
Activities
binding to background Services,
258-259
classes, 73
creating, 66-67
creating Compass and artificial
horizon, 330-333
creating earthquake viewer,
148-156
creating Uls with Views, 77-78
defined, 46, 76
Dialog-themed, 144
Emergency Responder, 297-314
environment considerations, 34
launching with intents, 114-121
life-cycle, 68-73
map-based, 224-226
permissions, 355
runtime configuration changes,
64-65
saving state, 162-165
sliding user interface example,
365-370
Speedometer, 326-329
“Where Am 17" example, 214-216
Activity base class, 27
Activity Manager, 35-36
Activity Menus. See also menus
adding to to-do list example,
107-112
Context Menus, 105107
defined, 101-104
activity tags, 47
activityCreator, 42
ActivityGroup, 73
adapters
Bluetooth, 339-345
database, 177-179
introducing, 136-141
summary, 157
ADB (Android Debug Bridge), 42-43
adding Overlays, 234
adding rows, 182-183
address geocoding, 220-223
ADT (Android Developer Tool) plug-in,
21-24
advanced Android development. See
Android, advanced development
AIDL (Android Interface Definition
Language), 356-361

Alarms

automating Emergency Responder,
311-312

Index

background Services, 273-274
updating earthquake example with,
274-276
AlertDialog class

creating earthquake viewer, 148-156

defined, 145-146
alerts
Notifications, 265-273
proximity, 219-220
alpha, 57-58
Amazon Web Services, 361
Android, 1-17
applications. See applications
background, 2-3
Content Providers, 192-194

database design considerations, 180

developing for, 9-11

development framework, 11-16

hardware APIs. See hardware APIs

menu system, 99-101

native applications, 4-5

OHA, 8-9

open platform for mobile
development, 4

overview, 1-2

running, 9

SDK features, 5-8

summary, 17

what it isn't, 3

Android, advanced development,
353-398

animating layouts and View Groups,
370-372

animating sliding user interface
example, 365-370

animations, 361-365

Canvas drawing, 373-374

Canvas drawing, best practices,
380-381

compass face example, 381-389

hardware acceleration for 2D
graphics, 380

improving paint quality with anti-
aliasing, 379-380

interactive controls, 393-398

Internet Services, 361

IPC support with AIDL, 356-361

map Overlays, 389-390

overview, 3563

painting, 374-379

security, 354-355

skinning applications with themes,
372-373

summary, 398

SurfaceView, 390-393
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Android, getting started

Android, getting started, 19-44
application types, 29-30
creating first activity, 24-29
developing for, 30-37
development tools, 42-43
overview, 19-20
summary, 44
to-do list example, 37-41
what you need to begin, 20-24
Android Asset Packaging Tool
(AAPT), 42
Android Debug Bridge (ADB), 42-43
Androld Developer Tool (ADT) plug-in,
21-24
Android Dlalog, 143-147
Android Interface Definition Language
(AIDL), 356-361
anlmations
advanced development, 361-365
animating layouts and View Groups,
370-372
animating sliding user interface
example, 365-370
Canvas drawing, best practices, 381
externalizing, 57-59
skinning applications with themes,
372-373
annotations. See Overlays
anonymous actions, 130-132
answering calls, 339
anti-aliasing, 379-380
APIs (Application Programming
Interfaces)
Android libraries, 15-16
hardware. See hardware APIs
SDK contents, 12
application layers
vs. Android, 3
decoupling with Content Providers,
189
in software stack, 14
application manifest, 134
Application Programming Interfaces
(APls). See APIs (Application
Programming Interfaces)
Application Unresponsive dlalog, 133
applications, 45-73
Activity classes, 73
Activity creation, 66-67
Activity life cycle, 68-73
application manifest, 46—49
architecture, 14-15
data storage, retrieval and sharing.
See data storage, retrieval and
sharing
defined, 46
externalizing resources, 52-59
life-cycle, 50-51
Manifest Editor, 49-50
overview, 45
priority and process states, 51-52
resources for different languages and
hardware, 63-64
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runtime configuration changes, 64-65
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summary, 73

to-do list example, 37-41

to-do list resources example, 62-63

types, 44

using resources, 59-62
applying tweened animations, 364
arc drawing, 374
Array List of Strings, 300
ArrayAdapter

creating earthquake viewer, 152

defined, 136-141

Emergency Responder example,

300-301

setting preferences, 168-169
artificial horizons

creating, 330-333

updating compass example, 385
at (@), 61
attributes

application manifest, 47-49

Intent Filter, 121-122

managing with Manifest Editor, 50

referencing resources, 61

runtime configuration changes, 65
audio alert Notiflcations, 270-271
audio recording, 317-319
authority, Content Provider, 190, 197
auto-retry functionality, 304-306

background animatlons, 372
background processes, 52
background Services, 249-277
Alarms, 273-274
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binding Activities to, 258-259
creating and controlling, 250-252
defined, 29-30
earthquake monitoring service
example, 252-258
environment considerations, 34
notifications, 265-273
overview, 249-250
summary, 276-277
toasts, 262-264
unique Android features, 10
updating earthquake example with
Alarms, 274-276
worker threads, 259-262
bandwidth, 142
base classes, 27
binding
Activities to Services, 258-259
adapters, 136-141
exposing IPC interface, 360-361
to GTalk Service, 281-282
bitmaps
Bitmap object, 373
Canvas drawing, best practices, 381
externalizing, 56

black theme, 373
biocking contacts, 285
Bluetooth, 339-345
blurring Paint, 377-378
bonding Bluetooth devices, 341-342
Broadcast Intents
communicating with Services, 259
defined, 132-136
enforcing permissions, 355
instant messaging, 280
listening for SMS messages, 294-296
P2P communication, 289-291
Broadcast Receivers
Alarms and, 273
automating Emergency Responder, 311
defined, 46
Emergency Responder example,
301-302, 305-306
listening for broadcasts with, 133-135
listening for SMS messages, 295-296
monitoring network connectivity,
346-347
OTA Intents, 289-291
permissions, 355
receiver tags, 48
summary, 157
tracking SMS messages, 292-294
Browser Content Provider, 192
button interaction, 396-397

C

caching
Internet resources, 142
mobile device storage, 31
callbacks, 320-321
CallLog Content Provider, 192
calls, phone
Android telephony, 333-339
using Bluetooth, 339-345
cameras
Android features, 6
using, 319-321
cancellng Alarms, 274
Canvas drawing
Android, advanced development,
373-374
best practice, 380-381
compass face example, 381-389
controls, 89-90
hardware acceleration for 2D graphics,
380
improving paint quality with
anti-aliasing, 379-380
map Overlays, 389-390
painting, 374-379
SurfaceView , 390-392
categories, Intent, 121
cell location, 336
Chat Listeners
defined, 281
managing group chats, 288-289
receiving text messages, 287
chat rooms, 287-288
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Chat Sessions, 281, 286-289
checkboxes
menu items, 102-103
preferences, 168-169
child threads, 259-262
circle drawing, 374
CLAMP, 377
classes
Activity, 73
animating layouts and View Groups,
370
Animation, 362-364
BluetoothDevice, 339-345
CAMERA, 319-321
Canvas. See Canvas drawing
Content Providers, 192-193
Cursor, 176-177
Dialog, 144-147
extending Activity, 66-67
layout, 79
Linkify, 116-117
map, 224
Overlay. See Overlays
passing custom objects, 356-358
Phone, 338-339
Service. See Services
Vibrator, 350-351
View and SurfaceView, 88
clear text functionality, 86-87
click handling. See Overlays
click listeners
contact example, 127-128
menu items, 103
coarse permissions, 21.3-214
code
registering Broadcast Receivers in,
134-135
using resources in, 59-60
ColorFilters, 378
colors
creating simple values, 55

updating compass example, 382-384

using translucency, 375
column definitions, 176
communication

Bluetooth, 342-344

interapplication, 7

P2P communication. See P2P

(peer-to-peer) communication

compasses

Canvas drawing example, 381-389

Compass View example, 93-98

creating, 330-333

defined, 323

determining orientation, 329-330

orientation sensors, 329-330
components, application, 46-49
compound controls, 85-87
condensed titles, 103
configurations, Wi-Fi, 350

conflrmation of SMS delivery, 292-294

connectivity
Bluetooth, 339-345

GTalk Connections, 281, 282-286
Internet resources, 141-143
mobile device limitations, 32-33
monitoring mobile data, 337-338
network and Wi-Fi, 345-350
consistency
externalizing strings to maintain, 54
with themes, 372-373
contacts
Content Provider, 192-194
example, 124-129
roster, 283-286
Content Providers
contact roster, 283-286
creating earthquake, 197-205
creating new, 194-197
defined, 7, 46, 160
introducing, 189-192
Media Store, 318
native, 192-194
permissions, 355
provider tags, 48
updating with Services, 256-258
Content Resolvers
creating new Content Provider, 195
defined, 190
using earthquake Content Provider,
203-204
Content Values, 176-177
ContentSlider Activity, 365-370
Context Menus
defined, 105-107
to-do list example, 107-112
Controller, Map, 227-228
controls
Android widgets, 78-79
background Services, 250-252
Bluetooth, 340
creating compound, 85-87
creating custom, 88
device vibration, 350~-351
interactive, 393-398
Map View, 224-226
phone, 338-339
specialist Dialog boxes, 146
SurfaceView , 390-393
using custom, 98-99
Views. See Views
costs
finding Location Providers based on,
212-213
mobile device limitations, 33
Criteria
finding Location Providers based on,
212-213
updating location example, 217-218
current themes, 62
Cursors
binding Views to, 136, 141
Content Values and, 176-177
extracting results, 181-182
querying Content Providers, 190
querying databases, 181

custom actions, 290
custom class objects, 356-358
custom controls
Compass View example, 93-98
creating, 88
using, 98-99
custom link strings, 116-117
custom Toasts, 263-264

D

Dailvik, 11-12
Dalvik Debug Monitoring Service
(DDMS)
ADT features, 22
defined, 42-43
Dalvik Virtual Machine (VM), 14
data
AIDL support types, 356
binding, 136-141
monitoring connectivity, 337-338
tags, 122
transmitting with Bluetooth, 343-344
data messaging
with Google Talk, 8
handling SMS, 296-297
sending and receiving, 289-291
sending SMS, 294
data sources
Content Providers as, 189
exposing access to, 195-197
playing media, 316-317
data storage, retrieval and sharing,
159-206
Content Providers, 189-192
Content Providers, creating
earthquake, 197-205
Content Providers, creating new,
194-197
Cursors and content values, 176-177
database design considerations, 180
database querying, 181
databases, 175
databases, working with, 177-179
developing for mobile devices, 31
extracting Cursor results, 181-182
native Content Providers, 192-194
overview, 159-160 -
preferences, creating and saving, 161
preferences, creating for earthquake
viewer, 165-174
retrieving Shared Preferences,
161-162
rows, adding/updating/removing,
182-183
saving Activity state, 162-165
saving and loading files, 174-175
saving application data, 160-161
saving techniques, 160
saving to-do list example, 183-189
SQLite, 7, 176
SQLiteOpenHelper, 179-180
summary, 205-206
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databases

databases
creating earthquake Content Provider,
199-200
Cursors and Content Values, 176-177
design considerations, 180
extracting Cursor results, 181-182
introducing, 175
querying, 181
rows, adding/updating/removing,
182-183
saving to-do list example, 183-189
SQLite, 176
SQLiteOpenHelper, 179-180
working with, 177-179
DatePickerDlalog, 146
DDMS (Dalvik Debug Monltoring
Service)
ADT features, 22
defined, 42-43
debugging
ADT features, 22
Android applications, 26-27
launch configurations, 25-26
. SDK tools, 42-43
simulating SMS messages, 296
to-do list example, 38
declaring permisslons, 355
definitions, AIDL, 358-359
deleteFile, 175
deleting
Content Providers, 191
creating earthquake Content Provider,
201-203
rows, 183
dellvery, SMS message, 292-294, 305
design
database considerations, 180
hardware-imposed considerations,
30-31
ul, 76
development
advanced Android. See Android,
advanced development
for Android, 9-11, 30-37
Android as open platform for mobile, 4
Android framework, 11-16
tools, 42-43
device vibratlon control, 350-351
dlalers, 333-334
Dlalog boxes
creating earthquake viewer, 154-156
introducing, 143-147
toasts, 262-264
using background worker threads,
259-262
digital cameras
Android features, 6
using, 319-321
dimenslons
creating simple values, 55
determining orientation, 329-330
direction monitoring, 323
discovering Bluetooth devices,
340-341
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dismissing calls, 339
documentatlon, SDK, 12
downloading what you need to begin,
20-24
D-pad
interactive controls, 396-397
wiring up, 369-370
drawables
externalizing, 56
frame-by-frame animations, 59, 372
drawing
Canvas. See Canvas drawing
controls, 89-90
current location, 235-236
customizing to-do list, 84-85
on Overlay Canvas, 233
dx, 42

earthquake example
adding Notifications, 267-270
creating Content Providers, 197-205

creating preference page for, 165-174

creating viewer, 148-156
IPC support with AIDL, 356-361
mapping, 242-247

monitoring service example, 252-258

updating with alarms, 274-276
Ecllpse IDE (integrated development
environment)
ADT plug-in, 21-24
developing with, 21
getting started, 19
SDK and, 12
edltors, 161
efflciency, 31, 35
element access, 28-29
embossing Paint, 377-378
Emergency Responder example
automating, 306-314
creating SMS application, 297-306
creating Speedometer, 326-329
empty processes, 52
Emulators
ADT features, 22
audio playback, 317
defined, 42-43
Emergency Responder testing, 306
mobile device limitations, 32-33
recording media, 318
SDK contents, 12
setting up with Test Providers,
208-211
SMS messages, 296
vibrating Notifications, 271
ending calls, 339
enforcing permissions, 3565
environment considerations, 33-34
event broadcasting, 132-136
event handlers
Context Menu selections, 106-107
Dialog boxes, 146-147
interactive controls, 393-398

map taps, 234
menu item selections, 104
MenultemClickListener, 103
modifying existing Views, 81-82
monitoring state changes, 69-71
phone state, 335
saving and restoring instance states,
162-163
saving application data, 160-161
Shared Preferences, 170
sub-Activity results, 119~120
user interaction, 92-93
events, system
broadcasting with Intents, 114
native broadcast actions, 135-136
ExpandableListActivity, 73
expanded menu, 100-101
expliclt Intents
defined, 114
starting new Activities, 115
exposing 1PC Interface, 358359
extenslibllity
using Intent Filters for, 130-132
using SQLiteOpenHelper, 179-180
eXtensible Markup Language (XML}
layouts, 79-80
eXtenslble Markup Language (XML)
resources
Android project, 28
using, 59-62
Extenslble Messaging and Presence
Protocol (XMPP), 7
externallzing resources, 52-59
extras
defined, 133
transmitting data messages, 290
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feedback with vibration, 350-351
flleList, 175
files
accessing in Content Providers, 192
database design considerations, 180
loading and saving, 174-175
media APIs, 316-319
saving data, 160
FILL, 374
fliters
Intent. See Intent Filters
Mask and Color, 377-378
Match and Transform, 117
flne permlisslons, 213-214
finger Input, 393-396
flashing light Notliflcations, 272
fontscale, 65
foreground Actlvitles
defined, 29-30
environment considerations, 34
format support, 316
Forward Geocoding, 220-222
frame-by-frame animations
creating and using, 372
defined, 362
externalizing, 57, 59
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FrameLayout class, 79
Fry, Stephen, 75
full Activity lifetime, 71-72
functions
Cursor class, 176-177
geocoding, 220-223
future of Android, 3

G

gData Services, 361
geocoding, 6, 220-223
global positioning services (GPS).
See also LBS (location-based
Services )
Android features, 6
“Where Am 1?" example, 214-216
Google
Android and, 3
Internet Services, 361
Google Maps
in Android, 6
map-based Activities, 224-226
unique Android features, 10
Google Talk. See GTalk Service
GPS (global positioning services). See
also LBS (location-based Services)
Android features, 6
“Where Am |?" example, 214-216
GPX (GPS Exchange Format), 209
gradient Shaders, 376-377
graphical user interfaces (GUIs)
creating Speedometer, 328
synchronizing threads for, 260-261
graphics
Android, 8
controls, 32
hardware acceleration for 2D, 380
with SurfaceView , 392-393
gravity and acceleration, 324
group chats
GTalk Service, 281
managing, 287-289
Groups, View. See View Groups
GTalk Connections
defined, 281
GTalk Service, 282-286
GTalk Service, 7-8
binding to, 281-282
Chat Sessions, 286-289
GTalk Connections, 282-286
introducing, 280
sending and receiving data messages,
289-291
using, 280-281
GUIs (graphical user interfaces)
creating Speedometer, 328
synchronizing threads for, 260-261

H

handling events. See event handlers
handsets, 9

haptic feedback, 350-351
hardware
acceleration for 2D graphics, 380
Android features, 6
Android security, 36
imposed design considerations,
30-31
resources for different, 63-64
runtime configuration changes, 64-65
hardware APIs, 315-351
accelerometers, 324-325
accelerometers and compasses, 323
Bluetooth, 339-345
cameras, 31.9-321
creating compass and artificial
horizon, 330-333
creating Speedometer, 326-329
device vibration control, 350-351
media APls, 316-319
network and Wi-Fi connections,
345-350
orientation sensors, 329-330
overview, 315
Sensor Manager, 321-323
summary, 351
telephony, 333-339
heading
adding to Compass View, 332
compass face example, 388
orientation sensors, 329
headsets, Bluetooth, 344-345
Hello World template, 27-29
helper classes
creating for SQLite, 177-179
using SQLiteOpenHelper, 179-180
history of Android, 2-3
horizons, artificial
creating, 330-333
updating compass example, 385
hotspots, 349
hyperlinks
adding to earthquake viewer, 156
creating with Linkify, 116-117
hyphen (-), 63

icons
creating Notifications, 266-267
menu, 99-100
menu items, 103
resources, 62-63
IDE (integrated development
environment), Eclipse. See
Eclipse IDE (integrated
development environment)
identifiers
dimension, 55
menu items, 102-104
URIs, See URIs (Uniform Resource
Identifiers)
idle phones, 336
IM (instant messaging), 7-8
binding to GTalk Service, 281-282

Chat Sessions, 286-289
GTalk Service, 280-281
sending and receiving data messages,
289-291
starting sessions, 282-286
images
creating, 62
externalizing, 56
taking pictures, 320-321
implicit Intents
defined, 114
late runtime binding and, 115
setvicing with Intent Filters, 121-129
inactive state, 69
inflating layouts, 86
input
Android security, 36
defining sources, 318
touch screen, 393-396
inserting
creating earthquake Content Provider,
201-203
methods, 191
rows, 182
insistent Notifications, 272-273
instances
binding Activities to Services,
258-259
creating, 60
getting provider, 212
saving and restoring state, 162-163
instant messaging (IM). See IM
(instant messaging)
instrumentation classes, 48-49
integrated development environment
(IDE), Eclipse. See Eclipse
IDE (integrated development
environment)
Intent Filters
listening for SMS messages, 296
populating Context Menus, 106
servicing implicit Intents with,
121-129
using for plug-ins and extensibility,
130-132
Intents
broadcasting events, 132-136
broadcasting OTA, 289-291.
broadcasting with Services, 256
communicating with Services, 259
creating Activity, 67
defined, 7, 46
enforcing permissions, 355
instant messaging, 280
making phone calls, 334
menu items, 104
monitoring Wi-Fi connectivity, 348
proximity alerts, 219-220
servicing implicit, 121-129
summary, 157
using Alarms to fire, 273-274
using to launch Activities, 114-121
interactive controls, 393-398




interapplication communication

interapplication communication, 7
interfaces
APls. See APIs (Application
Programming Interfaces)
GTalk Service, 280281
implementing AIDL, 356-361
user. See Uls (user interfaces)
intermittent Activities, 29-30
Internet
monitoring connectivity, 345-346
services, 361
Internet resources
creating earthquake viewer, 153
introducing, 141-143
summary, 157
interprocess communication (IPC)
support with AIDL, 356-361
uniqueness of Android, 11
Invitation Listener, 288
IPC (interprocess communication)
support with AIDL, 356-361
uniqueness of Android, 11
iPhone, 3
ItemizedOverlays, 224, 239-240

J

Java, 20
Java IDE (integrated development
environment), 21

Java ME, 3

Java MiDlets, 2-3

JDK (Java Development Kit)
downloading, 20
getting started, 19

K

keyboardHidden, 65

keys
interactive controls, 396-397
shortcut, 103

KML (Keyhole Markup Language), 209

L

languages
resources for different, 63-64
runtime configuration changes, 64-65
latency, 32-33
lateral sensor changes, 325
latitude
extracting, 215-216
geocoding, 220-223
MapController, 227
launch conflgurations, 25-26
Layout Managers, 79
layouts
animating, 370-372
compound controls, 86
creating Activity, 66-67
creating Activity Uls, 77-78
creating Uls, 79-80
externalizing resources with, 52, 67
Map Views, 225-226
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referencing resources, 61
using adapters, 136-141
using custom controls, 98-99
LBS (locatlon-based Services ),
207-247
in Android, 6
creating map-based Activity, 224-226
finding location, 213-219
Geocoder, 220-223
ItemizedOverlays/Overlayltems,
239-240
Map Controller, 227-228
Map Views, 226-227
mapping earthquakes example,
242-247
mapping “Where Am 7", 228-231
maps-based Activities, 224
My Location Overlay, 239
Overlays, 231-238
overview, 207-208
pinning Views to maps, 240-242
proximity alerts, 219-220
selecting Location Provider, 212-213
setting up Emulator with Test
Providers, 208-211
summary, 247
LED (light-emitting diode)
Notiflcations, 272
leverage, 143
libraries
Android APIs, 15-16
Android media support, 8
GTalk Service, 280-281
software stack, 12-13
SQLite, 176
life-cycles
Activities, 68-73
application, 50-51
light Notiflcations, 272
light sensors, 322
light theme, 373
light-emitting diode (LED)
Notiflcations, 272
line drawing, 374
LinearLayout, 57, 79
Linkify class, 116-117
Linux Kernel
security, 354
software stack, 12-13
Linux Phone Standards Forum (LiPS), 3
LiPS (Linux Phone Standards Forum), 3
ListActivity, 73
listeners
adding to Compass View, 333
animation, 364-365
Animation, 371
Bluetooth, 343
Chat. See Chat Listeners
click, 103, 127-128
creating Speedometer, 327
Location, 216-217
monitoring acceleration, 325
monitoring network connectivity,
346-347

OnKeyListener, 397
OnTouchListener, 396
orientation sensors, 330
phone state, 335-339
Sensor Manager, 321-322
SMS messages, 294-297
live video, 320
loading flles, 174—175
Locale
geocoding, 221-222
locale, 65
location
runtime configuration changes, 64-65
tracking cell, 336
Location Manager, 208
Location Providers
defined, 208
managing Test, 209-211
selecting, 212-213
location-based Services (LBS). See
LBS (location-based services );
LBS (location-based Services )
longitude
extracting, 215-216
geocoding, 220-223
MapController, 227
sensor changes, 325

magnetic fleld sensor, 322
maghitude fliter, 167, 172-173
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Activity, 35-36
Layout, 79
Location, 208
Notification, 266
Sensor. See Sensor Manager
Telephony, 334-339
Wi-Fi, 347-350
Window, 35-36
Manifest Editor, 49-50
Map Views
configuring and using, 226-227
defined, 224
Overlays. See Overlays
MapActivity, 73, 224
MapController
defined, 224
using, 227-228
maps
based Activities, 224
creating Activity, 224-226
earthquakes example, 242-247
geocoding, 220-223
ItemizedOverlays/Overlayltems,
239-240
Map Controller, 227-228
Map Views, 226-227
My Location Overlay, 239
Overlays, 231-238
pinning Views to, 240-242
“Where Am (?", 228-231



Parcels

markers
creating with Overlays, 239-240
pinning Views to maps, 240-242
MaskFilters, 377-378
Match Filter, 117
matching URIs, 195, 200
measuring Views, 90-92
media
Android support, 8
APls, 316-319
Media Player, 316-317
Media Store Content Provider
defined, 193
recording media, 318
memory
optimization and management, 8
speed and efficiency, 35
MenultemClickListener, 1.03
menus
Activity, 101-104
adding preferences, 171
Android, 99-101
creating earthquake viewer, 153-154
dynamic updating and handling
selections, 104
mapping earthquakes example,
243-244
populating with Intent Filters,
130-132
submenus and context menus,
105-107
to-do list example, 107-112
mesh drawing, 374
messaging
instant. See IM (instant messaging)
with Intents. See Intents
P2P communication. See P2P
(peer-to-peer) communication
SMS. See SMS (short messaging
service)
Toasts, 262-264
metadata, 47-49
methods
Activity lifetimes, 71-73
adding hyperlinks, 116-117
adding menus to to-do list example,
107-112
advanced development. See Android,
advanced development
background Services. See background
Services
broadcasting with Intents, 132-136
creating earthquake viewer, 148-156
creating new visual interface, 88-92
creating submenus and Context
Menus, 105-107
data storage, retrieval and sharing. See
data storage, retrieval and sharing
defining Activity menus, 101-104
Dialog class, 144-147
hardware. See hardware APIs
of location-based Services. See LBS
(location-based Services )
modifying existing Views, 81-82

P2P communication. See P2P
(peer-to-peer) communication
returning results from Activities,
117-120
runtime configuration changes, 65
understanding Hetlo World, 27-29
using resources in code, 60
MiDlets, 2-3
MIRROR, 377
MkSDCard, 42
mobile development, 4
mobile devices, 30-37
mobile phone handsets, 3
mobile phones, 1-2
mode values, 91
monitoring phone calls, 335-336
monitoring SMS messages, 294
movement, tracking. See tracking
movement
multimedia
APls, 316-319
Media Store Content Provider, 193
MyLocationOverlay, 224, 239
MyView, 67

N

name/value pair (NVP) mechanism, 160
native actions
Activity, 120-121
broadcast, 135-136
native applications
of Android, 4-5
Internet resources, 141-143
uniqueness of Android, 11
native Content Providers, 192-194
native Internet resources, 142
native link types, 116
navigation
configuration changes, 65
menu, 99-101
nested submenus, 105
network connections. See also
connectivity
Internet resources, 142-143
managing, 345-350
mobile device limitations. 32-33
Network Providers, 212
networks, phone, 338
Nine Patches, 381
NinePatch (stretchable PNG) images,
56
Notification Manager, 266
notifications
background Services, 265-273
defined, 7, 46
Sensor Manager, 322
NVP (name/value pair) mechanism, 160

o

objects
binding Views to arrays, 136-141
creating static, 381

Cursors and Content Values, 176-177
drawing, 374
passing custom class, 356-358
off the hook phones, 336
OHA (Open Handset Alliance), 8-9
OMA (Open Mobile Alliance}, 3
ongoing Notifications, 272-273
OnKeylistener, 397
online support, 12
OnTouchlistener, 396
opacity, 375
Open Handset Alliance (QHA), 8-9
Open Mobile Alliance (OMA), 3
open platforms, 4
opening databases, 179-180
opening socket connections, 342-343
orientation, 65
orientation sensors
accelerometers and compasses, 323
adding to Compass View, 330-332
constants, 322
defined, 329-330
OTA (over the air), 289
outgoing phone calls, 335-336
output sources, 318
oval drawing, 374
over the air (OTA), 289
Overlayltems, 224, 239-240
Overlays
bringing to life, 389-390
defined, 231-238
ItemizedOveriays/Overlayltems,
239-240
map, 224
mapping earthquakes example, 246
My Location Overlay, 239

P

P2P (peer-to-peer) communication,
279-314
automating SMS Emergency
Responder, 306-314
binding to GTalk Service, 281-282
Chat Sessions, 286-289
GTalk Connections, 282-286
GTalk Service, 280-281
instant messaging, 280
overview, 279
sending and receiving data messages,
289-291
Services, 7-8, 11
SMS, 291-297
SMS Emergency Responder example,
297-306
summary, 314
Paint, 373
painting
Canvas drawing, 374-379
improving quality with anti-aliasing,
379-380
pairing Bluetooth devices, 341-342
panning, 227-228
Parcels, 356-358




passing custom class objects

passing custom class objects, 356-358
passing responsibility, 124
patches, nine, 381
path drawing, 374
PathEffects, 378-379
paused state, 69
peer-to-peer (P2P) communication. See
P2P (peer-to-peer) communication
Pending Intents, 292-293
permissions
adding to Emergency Responder, 298
advanced development, 354-355
CAMERA, 319
Content Providers, 189
creating earthquake viewer, 150
developing for Android, 36
listening for SMS messages, 295
Location Manager access, 213-214
maps, 225
permission tags, 48
sending SMS messages, 292
VIBRATE, 350
persistence techniques, data. See data
storage, retrieval and sharing
phones
Android telephony, 333-339
smartphones, 10
using Bluetooth, 339-345
picture taking, 320-321
pinning Views to maps, 240-242
pipe (|), 65
Pipes, 361
pitch
adding to Compass View, 330-332
compass face example, 385-386
orientation sensors, 329
platforms, Android support, 20
playback in Android, 316-317
plug-ins
ADT, 21-24
using Intent Filters for, 130-132
politeness, 34
“pop-in” animations, 370-371
power efficiency
defined, 31
finding Location Providers based on,
212-213
preferences
automating Emergency Responder,
308-310
configuring network, 346
creating and saving, 161
creating for earthquake viewer,
165-174
defined, 159-160
retrieving Shared Preferences,
161-162
presence
defined, 283-286
notification, 8
presentation layer
decoupling with layouts, 57
using layouts in, 79-80
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previews, camera, 320

primitives, drawing, 374

priority and process states, 51-52

private databases, 183-189

private Shared Preferences, 162

process management, 8

process states, 51-52

processor speed, 31

ProgressDialog, 146

Projections, 232-233

properties, phone, 338

provider tags, 48

Providers, Content. See Content
Providers

Providers, Location. See Location
Providers

proximity alerts, 219-220

proximity sensor, 322

qualifiers, 64
querying
Content Providers, 190
creating earthquake Content Provider,
201
Cursors and Content Values, 176-177
databases, 181
exposing, 195-197

R

R class flle
defined, 53
using resources in code, 59-60
radio buttons, 102-103
radiofrequency communications
(RFCOMM), 342-344
raw flles, 174-175, 270-271
Read Only flle resources, 174-175
receiver tags, 48
receiving messages
data, 289-291
text, 287
recording medla, 317-319
rectangle drawing, 374
referencing resources, 61
refreshing earthquake viewer, 150
registration
Broadcast Receiver, 134-135
Content Provider, 197
listener, 335
Wi-Fi configurations, 350
relational database management
system (RDBMS), 176. See also
SQLite
RelativeLayout class, 79
remote devices, 339-345
removing
contacts, 285
Overlays, 234
rows, 182-183
REPEAT, 377

repeating animations, 364
requirements, Location Providers,
212-213
resolution, Intent, 123
Resolvers, Content. See Content
Resolvers
resources
Android project, 28
for different languages and hardware,
63-64
externalizing, 52-59
files as, 174-175
Internet, 141-143
playing media, 316-317
to-do list example, 62-63
using application, 59~-62
responding to SMS messages
automating, 306-314
Emergency Responder example,
302-303
responsibility, passing, 124
responsiveness, 34-36
restarting behavior, 64-65
results
extracting from Cursors, 181182
returning from Activities, 117-120
retrieval. See data storage, retrieval
and sharing
returning results, 117-120
Reverse Geocoding, 220-221
RFCOMM (radiofrequency
communications), 342-344
rich Uls (user interfaces). See Uls (user
interfaces), building rich
ringing
audio alert Notifications, 270-271
monitoring phones, 336
roaming, 337
roll
adding to Compass View, 330-332
compass face example, 385-387
orientation sensors, 329
roster, contact, 283-286
Roster Listeners, 281, 284
rotation of tweened animations, 57-58,
362
rows
adding/updating/removing, 182-183
Cursors and Content Values, 176-177
running
Android, 9
Android applications, 26-27
to-do list example, 38
runtime
Activity life cycle, 68
Android application life cycle, 50
configuration changes, 64-65
late binding and implicit Intents, 115
launch configurations, 25-26
resolving Intent Filters, 123
software stack, 13-14



Symbian

S

$60, 3
sandboxing
data storage and retrieval with SQLite, 7
security, 354
saving
Activity state, 162-165
application data, 160-161
loading files and, 174-175
preferences, 161
techniques, 160
scale, 57-58
scanning for Wi-Fi hotspots, 349
screens
creating application using Activities.
See Activities
creating Uls. See Uls {user interfaces)
creating with layouts, 57
developing for size, 31-32
Dialog boxes, 144-147
sliding user interfaces, 368
SDK (software development kit)
contents, 12
features, 5-8
getting started, 19-20
layouts, 79
seamless user experience
Activity states, 69
developing for Android, 36
security
advanced development, 354-355
of Android, 36
Android telephony, 334
Google Talk and, 8
permission tags, 48
sending
data messages, 289-291
SMS messages, 292-294
text messages, 286-287
Sensor Manager
accelerometers. See accelerometers
compasses. See compasses
defined, 321-323
service tags, 47
Services
binding Activities to, 258-259
Bluetooth, 339-345
Camera, 319-321
creating and controlling, 250-252
defined, 46
earthquake example, 252-258
GTalk, See GTalk Service
Internet, 361
IPC support with AIDL, 356-361
location-based. See LBS
(location-based Services)
network and Wi-Fi, 345-350
permissions, 355
Sensor, 321-323
tracking telephony changes, 336-337
Sessions, Chat, 281, 286-289
Sessions, IM, 281, 282-286

set tags, 58
Settings Content Provider, 193
Shaders
compass face example, 382-383
defined, 375-377
shapes, drawing, 374
shared data. See also data storage,
retrieval and sharing
Android features, 7
uniqueness of Android, 11
Shared Preferences
adding to earthquake viewer, 165-174
creating and saving, 161
defined, 159-160
retrieving, 161-162
saving application data, 160-161
short messaging service (SMS). See
SMS (short messaging service)
shortcut keys, 103
simple values, 53-55
SimpleCursorAdapter, 136141
simulating SMS messages, 296
sizing
controls, 90-92
SMS messages, 294
Views and Overlays, 381
skinning applications with themes,
372-373
sliding user interfaces, 365-370
smartphones, 10
SMS (short messaging service)
automating Emergency Responder,
306-314
defined, 291-297
Emergency Responder example,
297-306
socket connections, 342-343
software development kit (SDK). See
SDK (software development kit)
software stack, 12-15
sound Notifications, 270-271
specialist Dialog boxes, 146
speed
Android development, 35
determining with accelerometers. See
accelerometers
finding Location Providers based on,
212-213
mobile device limitations, 32-33
Speedometers, 326-329
Spinner controls
automating Emergency Responder,
308-309
preferences, 168-169
SqQLite
Android features, 7
Cursors and Content Values, 176-177
design considerations, 180
extracting Cursor results, 181-182
introducing, 176
querying, 181
rows, adding/updating/removing,
182-183

saving data, 160
saving to-do list example, 183-189
SDK tools, 42
SQLiteOpenHelper, 179-180
working with, 177-179
SQLiteOpenHelper
creating earthquake Content Provider,
199-200
defined, 179-180
stacks
Activity, 68
Android software, 12-15
started service processes, 52
starting Services, 251-252
states
Activity, 68-71
data persistence techniques. See data
storage, retrieval and sharing
monitoring phone, 334-337
monitoring Wi-Fi connectivity, 348
priority and process, 51-52
saving Activity, 162-165
static files, 174-175
static objects, 381
status
accessing phone, 338
monitoring Wi-Fi connectivity, 348
native broadcast actions, 135-136
status bar icons
adding Notifications to earthquake,
267-270
Notifications, 265-266
stopped state, 69
stopping Services, 251-252
storage. See also data storage,
retrieval and sharing
developing for mobile devices, 31
with SQLite, 7
street address geocoding, 220-223
strings
action, 132-133
custom link, 116-117
externalizing, 54
extras, 290
STROKE, 374
structure
application manifest, 4649
submenu, 105
styles
externalizing, 55-56
referencing resources, 61
referring to in current theme, 62
sub-Activities
contact example, 124-129
returning results from Activities,
117-120
submenus, 101, 105-107
subscription requests, 285
Surfaces, 320
SurfaceView
defined, 88
developing with, 390-393
Symbian, 2
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synchronizing threads

synchronizing threads, 260-261
system events
broadcasting with Intents, 114
native broadcast actions, 135-136
system resources, 59-62

T

TableLayout class, 79
tables, 180
tags
animation, 58
application manifest, 47-49
Intent Filter, 121-122
uses-permission.
See uses-permission tags
taps, map, 234
target emulators, 294
telephony, 333-339
Telephony Manager, 334-339
temperature sensor, 322
termination behavior, 64-65
Test Providers, 208-211
testing
with Android Emulator, 42-43
Emergency Responder example, 306
text drawing, 374
text editors, 21
text messaging. See also SMS
(short messaging service)
Chat Sessions, 286-287
sending, 292
text resources
clearing functionality, 86-87
creating, 62-63
TextViews
creating hyperlinks in, 116-117
extending, 82-85
themes
creating new, 62-63
Dialog-themed Activities, 144
externalizing, 55-56
referring to styles in, 62
skinning applications with, 372~-373
third-party applications, 11
threads, background, 259-262
three-dimensional graphics
of Android, 8
with SurfaceView , 392-393
TileModes, 377
TimePickerDialog, 146
T-Mobile G1, 9
toasts
creating, 262-264
defined, 144
To-Do list example
applications, 37-41
customizing with ArrayAdapter,
137-141
extending TextView, 82-85
menus, 107-112
resources, 62-63
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saving, 163-165, 183-189
tools
Android widgets, 78-79
development, 42-43
SDK contents, 12
touchscreen, 65
touchscreens
interaction with Overlays, 389-390
interactive controls, 393-396
support, 32
Traceview, 42
trackball interaction, 397-398
tracking movement, 216-217
with accelerometers. See
accelerometers
cell location, 336
with compasses. See compasses
touch screens, 395-396
tracking service changes, 336-337
tracking SMS message delivery,
292-294, 305
transactions
creating earthquake Content
Provider, 201
exposing, 195-197
Transform Filter, 117
transforms, 381
transient Dialog boxes, 262-264
translate, 57-58
translucency
defined, 375
themes, 373
transmitting data
with Bluetooth, 343-344
messages, 290
transparency
animations, 362
themes, 373
triggers
Alarms, 273-274
Notifications, 267
proximity alerts, 219-220
Sensor Manager, 321-322
tweened animations
defined, 362-364
externalizing, 57-59
two-dimensional graphics
of Android, 8
hardware acceleration for, 380

U

uiqQ, 3

Uls (user interfaces)
Activity menu, 101-104
Android menu system, 99-101
Compass View example, 93-98
compound controls, 85-87
creating resources for different

languages and hardware, 63-64

custom widgets and controls, 88
Dialog boxes, 144-147

functionality with Activities.
See Activities
fundamental design, 76
handling user interaction events,
92-93
layouts, 79-80
menus, dynamic updating and
handiing selections, 104
new visual interface, 88-92
overview, 75-76
state persistence. See data storage,
retrieval and sharing
submenus and Context Menus,
105-107
summary, 112
to-do list example, 107-112
using custom controls, 98-99
Views, 76-79
Views, existing, 81-85
Views, new, 80-81
Uls (user interfaces), building rich
animating layouts and View Groups,
370-372
animating sliding example, 365-370
animations, 361-365
Canvas drawing, 373-374
Canvas drawing, best practices,
380-381
compass face example, 381-389
hardware acceleration for 2D graphics,
380
improving paint quality with anti-
aliasing, 379-380
interactive controls, 393-398
map Overlays, 389-390
painting, 374-379
skinning applications with themes,
372-373
SurfaceView, 390-393
Uls (user interfaces) layout
defined, 28-29
environment considerations, 34
externalizing resources with, 57
to-do list example, 39-40
updating
ADT plug-in, 24
Content Providers, 191
creating earthquake Content Provider,
201-203
current location Overlay, 237-238
dynamic menu, 104
earthquake example with Alarms,
274-276
earthquake example with Services,
255-258
location, 217-219
preferences, 166-167
rows, 182-183
Sensor Manager, 322-323
Test Providers, 211
upgrading databases, 179-180



