Computer Graphics
Practical 3 – Report
Introduction
The purpose of this practical was to finish the assembly of an animated humanoid figure.
Assignment 2
[Typo note: I’m assuming that where it said “six labelled transformation chains”, it actually meant “seven labelled transformation chains”?]
1: Trans(0,0,-BASE_HEIGHT)

2: Trans(0,-2*LEG_RADIUS,0)

3: Trans(0,0,LEG_HEIGHT)

4: Trans(0,0,LEG_HEIGHT+KILT_HEIGHT)

5: Trans(0,0,TORSO_HEIGHT) . Rotz(neck) . Roty(nod)

6: Trans(0,TORSO_RADIUS+ARM_RADIUS,TORSO_HEIGHT)

7: Roty(l_shoulder)
Figure 2 isn’t actually entirely clear, so I’m not sure whether 5 should just have been Roty(nod)? The other two transformations in the chain appear to be there already.

Assignment 3
import com.sun.j3d.utils.geometry.*;

import javax.media.j3d.*;

import javax.vecmath.*;

import java.awt.event.*;

public class MakeFigure implements AdjustmentListener {

    // define the dimensions of the various shapes

    static final double BASE_RADIUS=5.0, TORSO_HEIGHT=3.0, TORSO_RADIUS=1.0,

        KILT_HEIGHT=3.0, KILT_SEGMENTS=10, KILT_RADIUS=1.4,

        // KILT_SEGMENTS not currently used

        UPPER_ARM_HEIGHT=2.0, LOWER_ARM_HEIGHT=1.5, ARM_RADIUS= 0.3,

        LEG_HEIGHT=2.0, LEG_RADIUS= 0.4, FOOT_LENGTH=1.0,

        HEAD_HEIGHT=1.1, HEAD_RADIUS=1.0, BASE_HEIGHT=0.5;

    // variables in which to save the key values for each joint

    int waist, neck, nod, l_shoulder, l_elbow, r_shoulder, r_elbow;

    p3 owner; // used to remember which applet made us

    public MakeFigure( p3 o) {

        // called by the applet

        owner = o; // remember the applet

        // define the choice list items

        waist =      owner.defineChoice( "waist" );

        neck =       owner.defineChoice( "neck" );

        nod =        owner.defineChoice( "nod" );

        l_shoulder = owner.defineChoice( "l. shoulder" );

        l_elbow =    owner.defineChoice( "l. elbow" );

        r_shoulder = owner.defineChoice( "r. shoulder" );

        r_elbow =    owner.defineChoice( "r. elbow" );

    }

    public TransformGroup createFigure() {

        // start by defining the geometry and colour of the pieces

        Node LeftLeg, RightLeg, Kilt, Torso, RightUpperArm, LeftUpperArm,

            RightLowerArm, LeftLowerArm, Head, Base;

        Group LegF, LegL;

        // The standard cylinder creation routines produce a cylinder

        // with axis in the y-direction.  createCylinder creates

        // a Group which is a cylinder with axis along the z-axis,

        // the cylinder has all its points with z>=0,

        // and with its colour given by the R/G/B values

        Base =  createCylinder( BASE_HEIGHT, BASE_RADIUS, 0.8, 0.0, 0.0);

        LegF =  createCylinder( FOOT_LENGTH, LEG_RADIUS, 0.2, 0.2, 0.0);

        LegL =  createCylinder( LEG_HEIGHT, LEG_RADIUS, 0.1, 0.8, 0.1);

        Kilt =  createCylinder( KILT_HEIGHT, KILT_RADIUS, 0.7, 0.3, 0.3);

        Torso = createCylinder( TORSO_HEIGHT, TORSO_RADIUS, 0.1, 0.3, 0.5);

        Head =  createCylinder( HEAD_HEIGHT, HEAD_RADIUS, 0.8, 0.3, 0.1);

        LeftUpperArm =

                createCylinder( UPPER_ARM_HEIGHT, ARM_RADIUS, 0.7, 0.7, 0.7);

        LeftLowerArm =

                createCylinder( LOWER_ARM_HEIGHT, ARM_RADIUS, 0.7, 0.5, 0.7);

        // Right upper and lower arms are clones of the left ones

        RightUpperArm = LeftUpperArm.cloneTree();

        RightLowerArm = LeftLowerArm.cloneTree();

        // the leg groups are each made of a leg and a foot

        Group LegG = new Group(); // leg group

        LegG.addChild( LegL);

        Transform3D rotZX = new Transform3D();

        rotZX.rotY(Math.toRadians(90.0));

        TransformGroup lft = new TransformGroup( rotZX); 

        lft.addChild( LegF);

        LegG.addChild( lft);

        // So LeftLeg and RightLeg are the final small trees that define

        // the shapes of the legs

        LeftLeg = LegG;

        RightLeg = LeftLeg.cloneTree();

        // Transformation chains 1-7:

        // 1: Trans( 0, 0, -BASE_HEIGHT)

        //       You add the rest!

        // (Some ambiguity in these chains, depending on where the

        // rotations are placed)

        // Now to put it together.  As a convention, if X is the name

        // of a joint then the TransformGroups XPost and XPre

        // refer to the total shape past the joint and just before

        // the joint respectively

        // Next few lines define the right arm structure


  // To be added!


  TransformGroup RightShoulderPost = new TransformGroup();


  RightShoulderPost.addChild(RightUpperArm);


  TransformGroup RightShoulderPre = owner.transformGroupOf(r_shoulder);


  RightShoulderPre.addChild(RightShoulderPost);


  TransformGroup RightElbowPost = new TransformGroup();


  RightElbowPost.addChild(RightLowerArm);


  TransformGroup RightElbowPre = owner.transformGroupOf(r_elbow);


  RightElbowPre.addChild(RightElbowPost);

        RightShoulderPost.addChild(applyTranslate(0, 0, UPPER_ARM_HEIGHT, RightElbowPre));
        // Next few lines define the left arm structure

        TransformGroup LeftShoulderPost = new TransformGroup();

        LeftShoulderPost.addChild( LeftUpperArm);

        TransformGroup LeftShoulderPre = owner.transformGroupOf( l_shoulder);


  LeftShoulderPre.addChild( LeftShoulderPost);


  TransformGroup LeftElbowPost = new TransformGroup();


  LeftElbowPost.addChild(LeftLowerArm);


  TransformGroup LeftElbowPre = owner.transformGroupOf(l_elbow);


  LeftElbowPre.addChild(LeftElbowPost);

        LeftShoulderPost.addChild(applyTranslate(0, 0, UPPER_ARM_HEIGHT, LeftElbowPre));
        // Now for the head


  // To be added!


  TransformGroup NodPost = new TransformGroup();


  NodPost.addChild(Head);


  TransformGroup NodPre = owner.transformGroupOf(nod);


  NodPre.addChild(NodPost);


  TransformGroup NeckPost = new TransformGroup();


  NeckPost.addChild(NodPre);


  TransformGroup NeckPre = owner.transformGroupOf(neck);

        NeckPre.addChild(NeckPost);
        // Torso Structure

        TransformGroup WaistPost = new TransformGroup();

        WaistPost.addChild( Torso);

        WaistPost.addChild(

              applyTranslate( 0.0,  TORSO_RADIUS+ARM_RADIUS,




      TORSO_HEIGHT, LeftShoulderPre));


  WaistPost.addChild(applyTranslate(0, -TORSO_RADIUS-ARM_RADIUS, TORSO_HEIGHT, RightShoulderPre));

        WaistPost.addChild(applyTranslate(0, 0, TORSO_HEIGHT, NeckPre));
        TransformGroup WaistPre = owner.transformGroupOf( waist);

        WaistPre.addChild( WaistPost);

        // Rest fixed, and added directly to All

        TransformGroup All = new TransformGroup();

        All.addChild( applyTranslate( 0.0,  2*LEG_RADIUS, 0.0,  LeftLeg));

        All.addChild( applyTranslate( 0.0, -2*LEG_RADIUS, 0.0, RightLeg));

        All.addChild( applyTranslate( 0.0, 0.0, LEG_HEIGHT, Kilt));

        All.addChild( applyTranslate(

                          0.0, 0.0, LEG_HEIGHT+KILT_HEIGHT, WaistPre));

        All.addChild( applyTranslate( 0.0, 0.0, -BASE_HEIGHT, Base));

        return All;

    }

    // applyTranslate takes a sub-tree (Node n), and adds a TransformGroup

    // to form a new sub-tree (the result) that translates the original

    // sub-tree by the given x, y and z values

    Group applyTranslate( double x, double y, double z, Node n) {

        Transform3D tr = new Transform3D();

        tr.setTranslation( new Vector3d( x, y, z));

        TransformGroup rv = new TransformGroup( tr);

        rv.addChild( n);

        return rv;

    }

    // The standard cylinder creation routines produce a cylinder

    // with axis in the y-direction.  createCylinder creates

    // a Group which is a cylinder with axis along the z-axis,

    // the cylinder has all its points with z>=0,

    // and with its colour given by the R/G/B values

    Group createCylinder( double ht, double rad,

                              double r, double g, double b) {

        Appearance a = new Appearance();

        ColoringAttributes ca = new ColoringAttributes(

              (float) r, (float) g, (float) b,

              ColoringAttributes.NICEST);

              // NICEST works fine on modern machines!

        a.setColoringAttributes( ca);

        Primitive cyl = new Cylinder( (float) rad, (float) ht, a);

        // cyl has its axis along the y-axis, and centred on the origin

        Transform3D rotYZ = new Transform3D();

        rotYZ.rotX(Math.toRadians(-90.0));

        rotYZ.setTranslation( new Vector3d( 0.0, 0.0, ht/2));

        TransformGroup tg = new TransformGroup( rotYZ); 

        tg.addChild( cyl);

        return tg;

    }

    // The event handler that is called when the slider

    // changes and updates the variable transformations

    // The waist and neck transformations are z-axis

    // rotations, and all the others are y-axis rotations

    public void adjustmentValueChanged(AdjustmentEvent e) {

        int ax, val;

        ax = owner.whichAxisSelected();

        val = e.getValue();

        Transform3D trans = new Transform3D();

        TransformGroup tg = owner.transformGroupOf( ax);

        double degrees = Math.toRadians( val);

        if ( ax==waist || ax==neck )

            trans.rotZ( degrees);

        else

            trans.rotY( degrees);

        tg.setTransform(trans);

     }

}
The bits of code which have been added have been highlighted in bold. We’ve added most of the things in by analogy with the existing code.

We have a LeftShoulderPost transform group, which has a child LeftUpperArm which gets rendered, and another child which is the transform group for the lower arm, namely LeftElbowPre translated into the right position. The transformations associated with LeftElbowPre mean that when we change the position of the left elbow, the lower arm gets rotated into the right position. LeftElbowPost is the total shape past the elbow joint, and has LeftLowerArm as its child, which gets rendered.
To add the right arm, we essentially copy the entire code for the left arm and make the appropriate changes. We have to also add the RightShoulderPre to WaistPost, making sure to change the transformation to reflect the fact that it’s the other arm.

To add the head, we have to add two “joints”, namely neck and nod. We attach everything in much the same way we added the arms, only we have to take care about which way round the neck and nod joints go. It’s not specified, but it looks a lot better if you add them this way round. Finally, we attach the neck to the torso, and we’re done.
