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This page describes the code used in the Papervision3D clouded planet Earth tutorial and source post.
Planetsand Earth

Since I’'m trying to learn Papervision3D to make a spaceshooter, I’ ve decided to make a generic Planet
class and a subclass, Earth, which provides specific planet details such as textures and clouds. Thisway |
can easily create new kinds of planets, including ones with procedurally generated textures.

In pseudo code, here's how the Planet and Earth classes work together:

cl ass Pl anet extends DisplayQbject3D {
constructor {
cr eat eAddAndConf i gur eSpher esAndPl anes(createMaterial s());
confi gurelLayeri ngAndMaski ng() ;

}

abstract function createMaterials() {
/'l provided by subclasses (Earth)

}
}

class Earth extends Pl anet ({
override function createMaterial s() {
/'l create Earth materials

}
}

So in effect I’ ve separated how the planets are created from how the materials are created, which greatly
reduces the boilerplate code we' d need and gives us a proper place to keep our embedded textures.

Planet code

Let’s begin with the Planet baseclass.
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e Planet.as

public function Planet(viewport: Vi ewport 3D, dianeter:Nunber, sunLight:
Poi ntLi ght3D = null, quality: Nunber = QUALI TY_MEDI UM
pl anet Rot ati onSpeed: Nunber = .3, cl oudsRotati onSpeed: Nunber = .15,
updat eFr equency: Nunber = 125, phasePer Second: Nunber = 1) {

Asyou can see the constructor is rather large. Thisis because there are many aspects of the planet’s
quality you can control. In addition there are some parameters that go to Planet’ s superclass
RealtimeDisplayObject3D. | haven't mentioned this class yet, because it is outside of the scope of this
article and I’ ve written a blogpost about it earlier. In short, it isavery simple class that performs updates
based on time events rather than frame events, so that we can update a planet in realtime (such as the
clouds) instead of how many fps we get.

The quality parameter only controls the quality of the main sphere with the land texture. In theory it could
be passed down to the subclasses in the createMaterial () methods giving the subclasses like Earth a
chance to change the quality of the materials. Thisway you could for example create three versions of the
same planet for different distances from the camera, so that far away planets have very low detail quality.

/1l for sone reason | can't get the planes for circle masks and fresnel
|

/1 glow to get the exact sane dianeter as the spheres

const GLOWSI ZE: Nunber = dianmeter * 1.06;

const GRADI ENT_QUALI TY: Nunber = 500;

addChi | d( _pl anet = new Sphere(createPl anet Material (), dianmeter / 2, qu

ality, quality));

addChi I d(cl ouds = new Sphere(createC oudMvaterial (), dianeter / 2, QUAL

| TY LON QUALITY LOW);

addChi | d( pl anet Mask = new Pl ane( cr eat ePl anet MaskMat eri al ( GRADI ENT_QUAL

I TY), GLOANSI ZE, GLOWSI ZE));

addChi I d( cl oudvask = new Pl ane(creat ePl anet MaskVat eri al ( GRADI ENT_QUALI

TY), GLOWBI ZE, GLONSI ZE));

addChi 1 d(gl ow = new Pl ane(created owvat eri al (GRADI ENT_QUALITY, [0, .1,
.3, 0], [0xBB, OxE9, OxFA, OxFF]), GLOWBI ZE, GLONBI ZE));

The glowsi ze constant determines both the size of the masking discs and the planet’s glow. These need to
be the same size since otherwise you could get a glow outside the planet. Also, I’ ve been unable to
determine the right size for the planes with the gradient masking discs to exactly cover the planet, so I’ ve
used a magic modifier of 1.06.
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Asyou can see the sphere’ s are created with materials obtained from other methods like
createPlanetMaterial(). These are provided by the Earth subclass.

/1l apparently planes al ways need to be flipped over (or have doubl esid
ed material s)

gl ow. geonetry. fli pFaces();

pl anet Mask. geonetry. fli pFaces();

cl oudMask. geonetry. fli pFaces();

For these planes to work they should always face the camera, or otherwise the planet’s fresnell glow for

example would completely mess up. For this| use planetMask.|ookAt(camera), which works fine except
that they face the opposite direction. For some reason the lookAt() function makes the planes look at the
opposite direction.

To solve this you can make the material doublesided, or you can just flip the normals (faces) of the
planes.

[l structure |layers so that the glowis always on top of the planet

var contai ner Layer: Vi ewportLayer = PV3DUtil.createlLayer(viewort, nul

, viewport.containerSprite);

var pl anet Layer: Vi ewportLayer = PV3DU il .createlLayer(viewort, planet,
cont ai ner Layer, 0);

var cl oudLayer: Vi ewportlLayer = PV3DUtil.createlLayer(vi ewport, clouds,
cont ai ner Layer, 1);

var pl anet MaskLayer: Vi ewportLayer = PV3DUtil.createlLayer(viewort, pla
net Mask, contai nerLayer, 2);

var cl oudMaskLayer: Vi ewportLayer = PV3DUtil . createlLayer(viewort, clou
dMask, contai nerLayer, 3);

var gl owLayer: Vi ewportLayer = PV3DU il .createlLayer(viewort, glow, con
t ai ner Layer, 4);

cont ai ner Layer . sort Mode = Vi ewport Layer Sort Mode. | NDEX_SORT

/**
* (Utility function in a separate utility class, PV3DUil)

* Creates a preconfigured ViewportLayer. Preconfigured are: |ayerlnde
X, parent |ayer, added D spl ayObj ect 3D.

*/
public static function PV3DUtil . createlLayer(vi ewport: Viewort3D, do3d:
Di spl ayQbj ect3D = null, parent:ViewportLayer = null, |ayerlndex: Nunber

= 0): Vi ewportLayer {

var vi ewportLayer: Vi ewportLayer = new Vi ewport Layer (vi ewport, do3d);
vi ewportLayer. | ayerl ndex = | ayerl ndex;

if (parent !'= null) {
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parent . addLayer (vi ewport Layer);
}

return viewportLayer;

}

I’ve used layers for everything here, because now | can manage exactly what is shown on top of what.
Thisis necessary since the default sorting mode is Z-based; In this scenario it can happen that the glow is
rendered beneath the spheres. To avoid alot of boilerplate code I’ ve made a utility function out of thisin
aclass| made called Pv3DUil.

/'l apply planet mask, so that the planet is guaranteed covered by the
gl ow

pl anet Layer. cacheAsBi t map = pl anet MaskLayer. cacheAsBitmap = true;

cl oudLayer . cacheAsBit map = cl oudMaskLayer.cacheAsBitmap = true;

pl anet Layer. mask = pl anet MaskLayer;

cl oudLayer. mask = cl oudMasklLayer ;

Thisisatricky bit | had to use Google alot for. In Flash, alpha masks only work if both the masked
sprite and the masking sprite are cached as bitmaps. Ultimately, everything in Papervison3D is
drawn to ordinary bitmap objects. Luckily the Papervision3D folks realized this and added many
opportunities to make use of this: in our case by masking spheres by planes through the use layers.

/**

* Defines a masking disc the sane size as the fresnell glow 'around
Eart h.

*/

private function createPl anet MaskMateri al (si ze: Nunber) : Mat eri al Qbj ect 3
D {

var planet MaskTexture: Sprite = PV3DUil.createG adientSprite(size, [0
, 0], [1, 0], [OxFA, OxFF]);

return new Movi eMat eri al (pl anet MaskTexture, true);

}

/**

* (Utility function in a separate utility class, PV3DUil)

* Perforns a basic gradient fill and returns it on a new sprite of th
e specified size. Used to avoid boil erplate code.

*/

public static function PV3DUIil.createG adi entSprite(size: Nunber, colo
rs: Array, alphas:Array, ratios:Array): Sprite {
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var mat: Matrix = new Matrix();

mat . cr eat eG adi ent Box(si ze, size);

var sprite:Sprite = new Sprite();

sprite. graphics. beginG adientFill (G adient Type. RADI AL, col ors, al phas
, ratios, mat);

sprite.graphics.drawRect (0, 0, size, size);

sprite.graphics.endFill();

return sprite;

}

This method creates the gradient masking disc, which is opague until the very end. Thereisafading
border on the edge of about 1 or 2 pixelsthick to take of the edge of the mask.

So this mask is applied to the entire planet, both land/cloud spheres. The planet’s glow goes on top of all
this which has the exact same size as the mask so that it fits nicely.

/**

* Rotates Earth and cl ouds separately. Makes sure the gl ow and mask
pl anes are pointed towards the camera

*/
public override function update(canera: Camera3D):void {

pl anet . yaw pl anet Rot ati onSpeed) ;

cl ouds. yaw cl oudsRot at i onSpeed) ;

gl ow. | ookAt (caner a) ;

pl anet Mask. copyTr ansf or n{ gl ow) ;

cl oudMask. copyTransf or n{ gl ow) ;

super . updat e( canera) ;

This should be straightforward. Rotate the planet alittle bit as well as the clouds. Make the glow plane
look at the camera and have the masking planes do the same by simply copying this information from the
glow plane.

5/10



Papervision3D clouded planet Earth tutorial and source - Code walkthrough - 06-15-2009
by Benny Bottema - http://www.bennybottema.com

One note isin order perhaps: I’ve mentioned Planet extends RealtimeDisplayObject3D. | haven’t used
thisto use realtime rotation for the planets, which | could ve done as well. Instead, rotation is done based
on frame events while Earth updates the clouds animation (not rotation) based on time events.

Earth code

[ Enbed (source="../../../../assets/earth.|pg")]

private var BitmapEarth: d ass;

[ Enbed (source="../../../../assets/clouds2. png")]

private var Bitmapd ouds: C ass;

[ Enbed (source="../../../../assets/earth_hei ghtmap.jpg")]
private var BitmapHei ght map: C ass;

One of the neat things of having subclasses for planets like thisis the fact that you can now store textures
per planet in a separate class. To me that’s nice and clean code.

private var realtinmed oudsTexture: Real ti neC oudsText ure;

Thisisthe magical realtime cloud object. We'll store areferenceto it in Earth, so we can update these
clouds as we see fit. ThisrealtimeCloudsTexture is actually a glorified Sprite which is used in a shaded
material.

public function Earth(viewport: Viewport3D, dianeter:Nunber, sunLight:P
ointLight3D = null) {

super (vi ewport, dianeter, sunLight, Planet.QJUALITY MEDIUM .3, .15, 1
00, 5);
}

The last four parameters are planet rotation speed, cloud rotation speeds, realtime update frequency in
millimeter and phase value per second spread out over the updates per seconds (the frequency).

/**

* Defines the geol ogical texture as a phong shaded materi al .
*/
protected override function createPlanetMaterial (): Materi al Obj ect 3D {
var earthBi tmap: Bi t mapData = new Bi t mapEart h() . bi t mapDat a;
var hei ght mapBi t map: Bi t napDat a = new Bi t mapHei ght map() . bi t mapDat a;
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var earthShader: PhongShader = new PhongShader (sunLi ght, OxFFFFFF, O0x1
11111, 20, hei ghtmapBitmap, null);

return new ShadedMateri al (new Bi t mapMateri al (eart hBi t map), earthShade
r);
}

Thisiswhereit getsinteresting. Here, we're creating a PhongShader using the geological data texture, so
that we can apply asunlight to it. In addition we' re using a heightmap as bumpmap to make the planet’s
surface alittle bit more dynamic and interesting.

/**

* Defines the clouds texture as a phong shaded nmaterial. The clouds t
exture

* contains a runtime-

mai nt ai ned al pha channel so you can | ook through the ani mated cl ouds.
*/

protected override function createC oudMaterial (): Materi al Obj ect 3D {
real ti med oudsTexture = new Real ti neC oudsText ure(new Bi t mapCl ouds().
bi t mapDat a) ;

var realtinmed oudsiMaterial : MovieMaterial = new MovieMaterial (realtine
Cl oudsTexture, true, true);

var cl oudShader: PhongShader = new PhongShader (sunLi ght, OxFFFFFF, 0x0
00000, 20, null, null);

return new ShadedMaterial (realti meC oudshaterial, cloudShader);

}
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The cloud material is exactly like the geological data material, except instead of passing a BitmapM aterial
into the ShadedMaterial, we' re passing in aMovieMaterial. Thisis because now we can specify that our
texture has transparency and that it is animated. Transparency because we still want to see the Earth
underneath the clouds and animated because we' re providing realtime clouds updates.

Cloud code

As stated in the blog post, the clouds have an alpha channel which is updated in runtime with a perlin
noise map.

public class Real ti med oudsTexture extends Sprite {
/1 original clouds texture to performrealtinme visiblity mapping on
private var cloudsBitmap: Bi t mapDat a;

O; // used for octave 1 in perlin noise m

private var phasel: Nunber
ap

private var phase2: Nunber
ap

private var phase3: Nunber = 0; // used for octave 3 in perlin noise m

ap

O; // used for octave 2 in perlin noise m

public function Real ti neC oudsText ure(cl oudsBitmap: Bi t mapData) {
this.cloudsBitmap = cl oudsBit map;
/1 for sone reason we need to prepare sprite size in the constructor
, SO let's just do that
PV3DUti | . drawBi t mapToSprite(new Bi t mapDat a( cl oudsBi t map. wi dt h, cl oud
sBi t map. height), this);
}
}
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So the phases represent the progression of the clouds in time and map directly to the octaves propertiesin
the perlin noise map we' re using. The cloudsBitmap passed in is never modified. Instead wetreat it like a
blueprint, copying it each frame and applying the apha channel modifications. This was necessary to
avoid stacked alpha channel modifications.

/**

* Updates the clouds phase (visibility map) using perlin noise.

* 1). Perlin Noise is used for al pha channel assigned to the clouds t
exture

* 2). Since we're drawing perlin noise in runtime, let's just keep th
e perlin size very snal

* and just resize the noise to the target bitmap.

*/

public function update(stepsize: Nunber):void {

/'l produce phased perlin noise al pha nap

var point1: Point = new Point(phasel -= stepsize * 2);
var point2: Point = new Poi nt (phase2 += stepsize);
var point3: Point = new Poi nt (phase3 -= stepsize);

var cl oudsPhase: Bi t napDat a = new Bi t mapDat a( 120, 120);

/1 pick any channel as |long the sanme channel is used to convert to al
pha channel when conbing it al

cl oudsPhase. perl i nNoi se(20, 20, 2, 754, true, true, BitnmapDataChannel
.RED, false, [pointl, point2]);

/'l resize alpha map to fit the cloudstexture

var cl oudsPhaseResi zed: Bi t mapData = new Bi t mapDat a( cl oudsBi t map. w dt h
, ¢l oudsBi t map. hei ght) ;

var mMatrix = new Matrix();

m scal e(cl oudsBi t map. wi dt h / cl oudsPhase. w dt h, cl oudsBitnmap. hei ght /
cl oudsPhase. hei ght) ;

/1l draw resized visibility map and slightly increase contrast to conp
| etely hide/show cl ouds

cl oudsPhaseResi zed. dr awm cl oudsPhase, m new Col or Transform(1, 1, 1, 1
, -25, -25, -25));

/1 conbine everything on a new bitmap

var cl oudsConbi ned: Bi t mapDat a = new Bi t napDat a( cl oudsBi t map. wi dt h, cl
oudsBi t map. hei ght);

cl oudsConbi ned. copyPi xel s(cl oudsBi t map, cl oudsBitmap.rect, new Poi nt (
0, 0));

cl oudsConbi ned. copyChannel (cl oudsPhaseResi zed, cl oudsBitnmap.rect, new
Point (0, 0), BitmapDataChannel.RED, BitmapDat aChannel . ALPHA);

gr aphi cs. cl ear ();
PV3DUt i | . drawBi t mapToSprite(cl oudsConbi ned, this);
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So thisis actual code that modifies the cloud coverage. Four steps happen here:

1. Create alow quality progressed perlin noise map

2. Resize the perlin noise map to the size of the clouds texture

3. Apply the resized noise map to a copy of the clouds texture blueprint

4. Draw the entire combination on itself as the new clouds sprite used in the moviematerial

PDF generated by Kalin's PDF Creation Station

10/10


http://www.tcpdf.org

