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Abstrakt

Cilem prtispévku je prezentovat moZznosti sdzeciho systému TEX pfi tvorbé interaktivni
matematické grafiky v PDF formatu. Na piikladech vyukovych objektli ukdZeme pouziti
a moZnosti animaci, interaktivni 2D a 3D grafiky. Pfedstavime nastroje pouZité pfi tvorbé
a jejich vyhody pro tviirce i uzivatele (napr. vysoka typograficka kvalita, multiplatform-
nost, spousténi pomoci Adobe Readeru, vyuZiti pro interaktivni tabule a mnoho dalsiho).

S minimdlnimi ndklady tak miZeme ucinit vyukovy proces atraktivnéjsi a pro studenty
zabavnéjsi.

Klic¢ova slova: PDF, TgX, interaktivni 2D a 3D grafika, animace

Interactive Mathematical Graphics in PDF Documents

Abstract

The aim of this paper is to present the opportunities provided by the TgX typesetting sys-
tem for the creation of interactive mathematical graphics in PDF format. On the examples
of learning objects we show the use and possibilities of interactive 3D and 2D graphics
and animations. We introduce tools for creating these objects and benefits for their crea-
tors and users. So we can make the learning process more attractive and more enjoyable
for students (with minimum costs).
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1 Uvod

Vyhody sazeciho systému TeX pro pfipravu matematicky texti jsou velmi dobfe znamy.
Méné znama uz je skuteCnost, Ze vysledny PDF dokument nemusi byt jen staticky, ale mu-
Zeme vytvaret i interaktivni elektronické dokumenty pfi zachovéani vysoké typografické kva-
PDF dokumentli nebyvalym zptisobem. Na ptikladech vyukovych objektli z vysokoskolské
matematiky ukdZeme pouziti a moznosti interaktivni 3D a 2D grafiky, animaci a pfedstavime
nastroje pouzité pri tvorbé a jejich vyhody pro tvirce i uZivatele.

2 Interaktivni 3D grafika

Do PDF dokumenti je mozno vklddat tfirozmérné objekty, které uzivatel miiZze libovolné
natacet Ci priblizovat a vzdalovat, zobrazovat jen vybrané ¢4sti objektu . ..a mnoho dalsiho.
Interakci uzivatele s objektem zajisSt'uje 3D Toolbar, ktery je soucdsti Adobe Readeru. Pro
tvorbu PDF dokumentt s vloZenou interaktivni 3D grafikou potiebujeme graficky 3D objekt
ve formatu U3D ([13]) nebo PRC ([[1]]).

3D graficky objekt vloZime do PDF dokumentu bud’ pomoci komer¢niho produktu Adobe
Acrobat v kombinaci s pluginem 3D PDF Converter (diive 3D Reviewer) od spolec¢nosti
tetra4dD (http://www.tetradd.com) nebo pouZijeme sdzeci systém TEX a balicek media9
([S). V dal$im se vénujeme pouze ,,nekomeréni‘ cesté, tj. vyuziti TgXu a balicku media9.
Pro pfimy vystup do PDF dokumentu pouzijeme pdfTEX (pozZadovéna verze nejméné 1.30).
Pro korektni zobrazeni vysledného dokumentu musime pouzit Adobe Reader verze 9 (a vyssi)
a v nastaveni Adobe Readeru zvolit oboustranné zobrazeni grafického objektu (Preferences —
3D & Multimedia — Enable double-sided rendering).

Vlastni zaclenéni interaktivni grafiky provadime piikazem \includemedia, cely postup
je detailné popséan v [9] a [10]. Pomoci parametrt piikazu \includemovie mizZeme vytvaiet
také pojmenované pohledy na scénu. Ve vysledném PDF dokumentu se tyto pohledy zobrazi
v Toolbaru a je mozno z nich vybirat (obr. (1) nebo se na né z textu odkazovat. Mlizeme tak
studentim jednoduse ukdzat ty ¢asti grafiky, které jsou pro popisovany problém dilezité.

2.1 Vytvareni a konverze 3D objektu

K vytvareni ,,matematickych* 3D objektli je moZno vyuZivat velké mnoZstvi specializova-
nych ¢i obecnych matematickych programii. Nékterym z nich se vénujeme podrobnéji dale
(kapitola[2.1.1|-[2.1.4). Ziskany 3D objekt je nasledné nutno prevést do formatu PRC (U3D).
Pro konverzi miiZzeme pouZit fadu komercénich a volné Sifenych programi:

Komer¢ni produkty:

e Deep Exploration
http://www.righthemisphere.com/products/dexp/de_std.html
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http://www.tetra4d.com
http://www.righthemisphere.com/products/dexp/de_std.html
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Podivejte se na danou funkei z rznych pohledi - shora, zdola a ze strany.

Obrazek 1: 3D Toolbar a ukazka pouZiti pojmenovanych pohledi

e 3D PDF Converter (dfive 3DReviewer, soucast Acrobatu 3D) http://www.tetradd.
com/3dpdf

e PDF3D ReportGen (k dispozici i Linuxova verze) http://www.pdf3d.com/products.
php

e Okino Universal-3D Geometry Export Converter http://www.okino.com/conv/exp/_
u3d.htm

,Nekomercni* produkty:

e Meshlab http://meshlab.sourceforge.net/
e Jreality http://www3.math.tu-berlin.de/jreality/

e IDTFConverter http://sourceforge.net/projects/u3d/

Ukazme si nyni na konkrétnich ptikladech moznosti (a uskali) tvorby a konverze mate-
matickych 3D objekta.
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// arrays of specially-named sections of the model tree  
var PDObjsArray      = new Array();  
var PDPosArray       = new Array();  
var PDTransformArray = new Array();  
var PDCount = 0;  
var bbnodes = new Array(); // stores the billboard meshes 
var bbtrans = new Array(); // stores the billboard transforms 
var bbcount = 0;           // how many billboard meshes are there? 
  
var zero=new Vector3(0,0,0); 
 
var nodes=scene.nodes; 
var nodescount=nodes.count; 
for(var i=0; i < nodescount; i++) { 
  var node=nodes.getByIndex(i);  
  var name=node.name; 
  if ( name.indexOf("Billboard") > -1 ) {  
        var nodeMatrix = node.transform; 
        var c=nodeMatrix.translation; // position 
        var d=Math.pow(Math.abs(nodeMatrix.determinant),1.0/3.0); // scale 
        bbnodes.push(node); 
        bbtrans.push(Matrix4x4().scale(d,d,d).translate(c)); 
  } 
  if ( name.indexOf("LinePrettyDrawing") > -1 ) {  
    PDObjsArray[PDCount] = node;  
    PDPosArray[PDCount] = node.transform.translation.add(node.computeBoundingBox().center); 	// center position (vector3)  
    PDTransformArray[PDCount] = Matrix4x4(node.transform);  
    PDCount++;  
  }  
  
} 
bbcount=bbnodes.length; 
 
billboardHandler=new RenderEventHandler(); 
billboardHandler.onEvent=function(event) 
{ 
  var camera=scene.cameras.getByIndex(0);  
  var position=camera.position; 
  var direction=position.subtract(camera.targetPosition); 
  var up=camera.up.subtract(position); 
  var T=new Matrix4x4(); 
  T.setView(zero,direction,up); 
 
  for (var j = 0; j < bbcount; j++) { 
    bbnodes[j].transform.set(T.multiply(bbtrans[j])); 
  } 
 
  // Loop through all PDs shifting them slighly towards the camera position.  
  for (j = 0; j < PDCount; j++) {  
    PDObjsArray[j].transform.set(PDTransformArray[j].translate(position.subtract(PDPosArray[j]).scale(0.0001)));  
  }  
  runtime.refresh();  
} 
  
runtime.addEventHandler(billboardHandler);  
 



////////////////////////////////////////////////////////////////////////////////
//
// (C) 2012, Alexander Grahn
//
// 3Dmenu.js
//
// version 20120912
//
////////////////////////////////////////////////////////////////////////////////
//
// 3D JavaScript used by media9.sty
//
// Extended functionality of the (right click) context menu of 3D annotations.
//
//  1.) Adds the following items to the 3D context menu:
//
//   * `Generate Default View'
//
//      Finds good default camera settings, returned as options for use with
//      the \includemedia command.
//
//   * `Get Current View'
//
//      Determines camera, cross section and part settings of the current view,
//      returned as `VIEW' section that can be copied into a views file of
//      additional views. The views file is inserted using the `3Dviews' option
//      of \includemedia.
//
//   * `Cross Section'
//
//      Toggle switch to add or remove a cross section into or from the current
//      view. The cross section can be moved in the x, y, z directions using x,
//      y, z and X, Y, Z keys on the keyboard and be tilted against and spun
//      around the upright Z axis using the Up/Down and Left/Right arrow keys.
//
//  2.) Enables manipulation of position and orientation of indiviual parts in
//      the 3D scene. Parts which have been selected with the mouse can be
//      moved around and rotated like the cross section as described above, as
//      well as scaled using the s and S keys.
//
// This work may be distributed and/or modified under the
// conditions of the LaTeX Project Public License, either version 1.3
// of this license or (at your option) any later version.
// The latest version of this license is in
//   http://www.latex-project.org/lppl.txt
// and version 1.3 or later is part of all distributions of LaTeX
// version 2005/12/01 or later.
//
// This work has the LPPL maintenance status `maintained'.
//
// The Current Maintainer of this work is A. Grahn.
//
// The code borrows heavily from Bernd Gaertners `Miniball' software,
// originally written in C++, for computing the smallest enclosing ball of a
// set of points; see: http://www.inf.ethz.ch/personal/gaertner/miniball.html
//
////////////////////////////////////////////////////////////////////////////////
//host.console.show();

//constructor for doubly linked list
function List(){
  this.first_node=null;
  this.last_node=new Node(undefined);
}
List.prototype.push_back=function(x){
  var new_node=new Node(x);
  if(this.first_node==null){
    this.first_node=new_node;
    new_node.prev=null;
  }else{
    new_node.prev=this.last_node.prev;
    new_node.prev.next=new_node;
  }
  new_node.next=this.last_node;
  this.last_node.prev=new_node;
};
List.prototype.move_to_front=function(it){
  var node=it.get();
  if(node.next!=null && node.prev!=null){
    node.next.prev=node.prev;
    node.prev.next=node.next;
    node.prev=null;
    node.next=this.first_node;
    this.first_node.prev=node;
    this.first_node=node;
  }
};
List.prototype.begin=function(){
  var i=new Iterator();
  i.target=this.first_node;
  return(i);
};
List.prototype.end=function(){
  var i=new Iterator();
  i.target=this.last_node;
  return(i);
};
function Iterator(it){
  if( it!=undefined ){
    this.target=it.target;
  }else {
    this.target=null;
  }
}
Iterator.prototype.set=function(it){this.target=it.target;};
Iterator.prototype.get=function(){return(this.target);};
Iterator.prototype.deref=function(){return(this.target.data);};
Iterator.prototype.incr=function(){
  if(this.target.next!=null) this.target=this.target.next;
};
//constructor for node objects that populate the linked list
function Node(x){
  this.prev=null;
  this.next=null;
  this.data=x;
}
function sqr(r){return(r*r);}//helper function

//Miniball algorithm by B. Gaertner
function Basis(){
  this.m=0;
  this.q0=new Array(3);
  this.z=new Array(4);
  this.f=new Array(4);
  this.v=new Array(new Array(3), new Array(3), new Array(3), new Array(3));
  this.a=new Array(new Array(3), new Array(3), new Array(3), new Array(3));
  this.c=new Array(new Array(3), new Array(3), new Array(3), new Array(3));
  this.sqr_r=new Array(4);
  this.current_c=this.c[0];
  this.current_sqr_r=0;
  this.reset();
}
Basis.prototype.center=function(){return(this.current_c);};
Basis.prototype.size=function(){return(this.m);};
Basis.prototype.pop=function(){--this.m;};
Basis.prototype.excess=function(p){
  var e=-this.current_sqr_r;
  for(var k=0;k<3;++k){
    e+=sqr(p[k]-this.current_c[k]);
  }
  return(e);
};
Basis.prototype.reset=function(){
  this.m=0;
  for(var j=0;j<3;++j){
    this.c[0][j]=0;
  }
  this.current_c=this.c[0];
  this.current_sqr_r=-1;
};
Basis.prototype.push=function(p){
  var i, j;
  var eps=1e-32;
  if(this.m==0){
    for(i=0;i<3;++i){
      this.q0[i]=p[i];
    }
    for(i=0;i<3;++i){
      this.c[0][i]=this.q0[i];
    }
    this.sqr_r[0]=0;
  }else {
    for(i=0;i<3;++i){
      this.v[this.m][i]=p[i]-this.q0[i];
    }
    for(i=1;i<this.m;++i){
      this.a[this.m][i]=0;
      for(j=0;j<3;++j){
        this.a[this.m][i]+=this.v[i][j]*this.v[this.m][j];
      }
      this.a[this.m][i]*=(2/this.z[i]);
    }
    for(i=1;i<this.m;++i){
      for(j=0;j<3;++j){
        this.v[this.m][j]-=this.a[this.m][i]*this.v[i][j];
      }
    }
    this.z[this.m]=0;
    for(j=0;j<3;++j){
      this.z[this.m]+=sqr(this.v[this.m][j]);
    }
    this.z[this.m]*=2;
    if(this.z[this.m]<eps*this.current_sqr_r) return(false);
    var e=-this.sqr_r[this.m-1];
    for(i=0;i<3;++i){
      e+=sqr(p[i]-this.c[this.m-1][i]);
    }
    this.f[this.m]=e/this.z[this.m];
    for(i=0;i<3;++i){
      this.c[this.m][i]=this.c[this.m-1][i]+this.f[this.m]*this.v[this.m][i];
    }
    this.sqr_r[this.m]=this.sqr_r[this.m-1]+e*this.f[this.m]/2;
  }
  this.current_c=this.c[this.m];
  this.current_sqr_r=this.sqr_r[this.m];
  ++this.m;
  return(true);
};
function Miniball(){
  this.L=new List();
  this.B=new Basis();
  this.support_end=new Iterator();
}
Miniball.prototype.mtf_mb=function(it){
  var i=new Iterator(it);
  this.support_end.set(this.L.begin());
  if((this.B.size())==4) return;
  for(var k=new Iterator(this.L.begin());k.get()!=i.get();){
    var j=new Iterator(k);
    k.incr();
    if(this.B.excess(j.deref()) > 0){
      if(this.B.push(j.deref())){
        this.mtf_mb(j);
        this.B.pop();
        if(this.support_end.get()==j.get())
          this.support_end.incr();
        this.L.move_to_front(j);
      }
    }
  }
};
Miniball.prototype.check_in=function(b){
  this.L.push_back(b);
};
Miniball.prototype.build=function(){
  this.B.reset();
  this.support_end.set(this.L.begin());
  this.mtf_mb(this.L.end());
};
Miniball.prototype.center=function(){
  return(this.B.center());
};
Miniball.prototype.radius=function(){
  return(Math.sqrt(this.B.current_sqr_r));
};

//functions called by menu items
function calc3Dopts () {
  //create Miniball object
  var mb=new Miniball();
  //auxiliary vector
  var corner=new Vector3();
  //iterate over all visible mesh nodes in the scene
  for(i=0;i<scene.meshes.count;i++){
    var mesh=scene.meshes.getByIndex(i);
    if(!mesh.visible) continue;
    //local to parent transformation matrix
    var trans=mesh.transform;
    //build local to world transformation matrix by recursively
    //multiplying the parent's transf. matrix on the right
    var parent=mesh.parent;
    while(parent.transform){
      trans=trans.multiply(parent.transform);
      parent=parent.parent;
    }
    //get the bbox of the mesh (local coordinates)
    var bbox=mesh.computeBoundingBox();
    //transform the local bounding box corner coordinates to
    //world coordinates for bounding sphere determination
    //BBox.min
    corner.set(bbox.min);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    //BBox.max
    corner.set(bbox.max);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    //remaining six BBox corners
    corner.set(bbox.min.x, bbox.max.y, bbox.max.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.min.x, bbox.min.y, bbox.max.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.min.x, bbox.max.y, bbox.min.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.max.x, bbox.min.y, bbox.min.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.max.x, bbox.min.y, bbox.max.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
    corner.set(bbox.max.x, bbox.max.y, bbox.min.z);
    corner.set(trans.transformPosition(corner));
    mb.check_in(new Array(corner.x, corner.y, corner.z));
  }
  //compute the smallest enclosing bounding sphere
  mb.build();
  //
  //current camera settings
  //
  var camera=scene.cameras.getByIndex(0);
  var res=''; //initialize result string
  //aperture angle of the virtual camera (perspective projection) *or*
  //orthographic scale (orthographic projection)
  if(camera.projectionType==camera.TYPE_PERSPECTIVE){
    var aac=camera.fov*180/Math.PI;
    if(host.util.printf('%.4f', aac)!=30)
      res+=host.util.printf('\n3Daac=%s,', aac);
  }else{
      camera.viewPlaneSize=2.*mb.radius();
      res+=host.util.printf('\n3Dortho=%s,', 1./camera.viewPlaneSize);
  }
  //camera roll
  var roll = camera.roll*180/Math.PI;
  if(host.util.printf('%.4f', roll)!=0)
    res+=host.util.printf('\n3Droll=%s,',roll);
  //target to camera vector
  var c2c=new Vector3();
  c2c.set(camera.position);
  c2c.subtractInPlace(camera.targetPosition);
  c2c.normalize();
  if(!(c2c.x==0 && c2c.y==-1 && c2c.z==0))
    res+=host.util.printf('\n3Dc2c=%s %s %s,', c2c.x, c2c.y, c2c.z);
  //
  //new camera settings
  //
  //bounding sphere centre --> new camera target
  var coo=new Vector3();
  coo.set((mb.center())[0], (mb.center())[1], (mb.center())[2]);
  if(coo.length)
    res+=host.util.printf('\n3Dcoo=%s %s %s,', coo.x, coo.y, coo.z);
  //radius of orbit
  if(camera.projectionType==camera.TYPE_PERSPECTIVE){
    var roo=mb.radius()/ Math.sin(aac * Math.PI/ 360.);
  }else{
    //orthographic projection
    var roo=mb.radius();
  }
  res+=host.util.printf('\n3Droo=%s,', roo);
  //update camera settings in the viewer
  var currol=camera.roll;
  camera.targetPosition.set(coo);
  camera.position.set(coo.add(c2c.scale(roo)));
  camera.roll=currol;
  //determine background colour
  rgb=scene.background.getColor();
  if(!(rgb.r==1 && rgb.g==1 && rgb.b==1))
    res+=host.util.printf('\n3Dbg=%s %s %s,', rgb.r, rgb.g, rgb.b);
  //determine lighting scheme
  switch(scene.lightScheme){
    case scene.LIGHT_MODE_FILE:
      curlights='Artwork';break;
    case scene.LIGHT_MODE_NONE:
      curlights='None';break;
    case scene.LIGHT_MODE_WHITE:
      curlights='White';break;
    case scene.LIGHT_MODE_DAY:
      curlights='Day';break;
    case scene.LIGHT_MODE_NIGHT:
      curlights='Night';break;
    case scene.LIGHT_MODE_BRIGHT:
      curlights='Hard';break;
    case scene.LIGHT_MODE_RGB:
      curlights='Primary';break;
    case scene.LIGHT_MODE_BLUE:
      curlights='Blue';break;
    case scene.LIGHT_MODE_RED:
      curlights='Red';break;
    case scene.LIGHT_MODE_CUBE:
      curlights='Cube';break;
    case scene.LIGHT_MODE_CAD:
      curlights='CAD';break;
    case scene.LIGHT_MODE_HEADLAMP:
      curlights='Headlamp';break;
  }
  if(curlights!='Artwork')
    res+=host.util.printf('\n3Dlights=%s,', curlights);
  //determine global render mode
  switch(scene.renderMode){
    case scene.RENDER_MODE_BOUNDING_BOX:
      currender='BoundingBox';break;
    case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX:
      currender='TransparentBoundingBox';break;
    case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX_OUTLINE:
      currender='TransparentBoundingBoxOutline';break;
    case scene.RENDER_MODE_VERTICES:
      currender='Vertices';break;
    case scene.RENDER_MODE_SHADED_VERTICES:
      currender='ShadedVertices';break;
    case scene.RENDER_MODE_WIREFRAME:
      currender='Wireframe';break;
    case scene.RENDER_MODE_SHADED_WIREFRAME:
      currender='ShadedWireframe';break;
    case scene.RENDER_MODE_SOLID:
      currender='Solid';break;
    case scene.RENDER_MODE_TRANSPARENT:
      currender='Transparent';break;
    case scene.RENDER_MODE_SOLID_WIREFRAME:
      currender='SolidWireframe';break;
    case scene.RENDER_MODE_TRANSPARENT_WIREFRAME:
      currender='TransparentWireframe';break;
    case scene.RENDER_MODE_ILLUSTRATION:
      currender='Illustration';break;
    case scene.RENDER_MODE_SOLID_OUTLINE:
      currender='SolidOutline';break;
    case scene.RENDER_MODE_SHADED_ILLUSTRATION:
      currender='ShadedIllustration';break;
    case scene.RENDER_MODE_HIDDEN_WIREFRAME:
      currender='HiddenWireframe';break;
  }
  if(currender!='Solid')
    res+=host.util.printf('\n3Drender=%s,', currender);
  //write result string to the console
  host.console.show();
//  host.console.clear();
  host.console.println('%%\n%% Copy and paste the following text to the\n'+
    '%% option list of \\includemedia!\n%%' + res + '\n');
}

function get3Dview () {
  var camera=scene.cameras.getByIndex(0);
  var coo=camera.targetPosition;
  var c2c=camera.position.subtract(coo);
  var roo=c2c.length;
  c2c.normalize();
  var res='VIEW%=insert optional name here\n';
  if(!(coo.x==0 && coo.y==0 && coo.z==0))
    res+=host.util.printf('  COO=%s %s %s\n', coo.x, coo.y, coo.z);
  if(!(c2c.x==0 && c2c.y==-1 && c2c.z==0))
    res+=host.util.printf('  C2C=%s %s %s\n', c2c.x, c2c.y, c2c.z);
  if(roo > 1e-9)
    res+=host.util.printf('  ROO=%s\n', roo);
  var roll = camera.roll*180/Math.PI;
  if(host.util.printf('%.4f', roll)!=0)
    res+=host.util.printf('  ROLL=%s\n', roll);
  if(camera.projectionType==camera.TYPE_PERSPECTIVE){
    var aac=camera.fov * 180/Math.PI;
    if(host.util.printf('%.4f', aac)!=30)
      res+=host.util.printf('  AAC=%s\n', aac);
  }else{
    if(host.util.printf('%.4f', camera.viewPlaneSize)!=1)
      res+=host.util.printf('  ORTHO=%s\n', 1./camera.viewPlaneSize);
  }
  rgb=scene.background.getColor();
  if(!(rgb.r==1 && rgb.g==1 && rgb.b==1))
    res+=host.util.printf('  BGCOLOR=%s %s %s\n', rgb.r, rgb.g, rgb.b);
  switch(scene.lightScheme){
    case scene.LIGHT_MODE_FILE:
      curlights='Artwork';break;
    case scene.LIGHT_MODE_NONE:
      curlights='None';break;
    case scene.LIGHT_MODE_WHITE:
      curlights='White';break;
    case scene.LIGHT_MODE_DAY:
      curlights='Day';break;
    case scene.LIGHT_MODE_NIGHT:
      curlights='Night';break;
    case scene.LIGHT_MODE_BRIGHT:
      curlights='Hard';break;
    case scene.LIGHT_MODE_RGB:
      curlights='Primary';break;
    case scene.LIGHT_MODE_BLUE:
      curlights='Blue';break;
    case scene.LIGHT_MODE_RED:
      curlights='Red';break;
    case scene.LIGHT_MODE_CUBE:
      curlights='Cube';break;
    case scene.LIGHT_MODE_CAD:
      curlights='CAD';break;
    case scene.LIGHT_MODE_HEADLAMP:
      curlights='Headlamp';break;
  }
  if(curlights!='Artwork')
    res+='  LIGHTS='+curlights+'\n';
  switch(scene.renderMode){
    case scene.RENDER_MODE_BOUNDING_BOX:
      defaultrender='BoundingBox';break;
    case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX:
      defaultrender='TransparentBoundingBox';break;
    case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX_OUTLINE:
      defaultrender='TransparentBoundingBoxOutline';break;
    case scene.RENDER_MODE_VERTICES:
      defaultrender='Vertices';break;
    case scene.RENDER_MODE_SHADED_VERTICES:
      defaultrender='ShadedVertices';break;
    case scene.RENDER_MODE_WIREFRAME:
      defaultrender='Wireframe';break;
    case scene.RENDER_MODE_SHADED_WIREFRAME:
      defaultrender='ShadedWireframe';break;
    case scene.RENDER_MODE_SOLID:
      defaultrender='Solid';break;
    case scene.RENDER_MODE_TRANSPARENT:
      defaultrender='Transparent';break;
    case scene.RENDER_MODE_SOLID_WIREFRAME:
      defaultrender='SolidWireframe';break;
    case scene.RENDER_MODE_TRANSPARENT_WIREFRAME:
      defaultrender='TransparentWireframe';break;
    case scene.RENDER_MODE_ILLUSTRATION:
      defaultrender='Illustration';break;
    case scene.RENDER_MODE_SOLID_OUTLINE:
      defaultrender='SolidOutline';break;
    case scene.RENDER_MODE_SHADED_ILLUSTRATION:
      defaultrender='ShadedIllustration';break;
    case scene.RENDER_MODE_HIDDEN_WIREFRAME:
      defaultrender='HiddenWireframe';break;
  }
  if(defaultrender!='Solid')
    res+='  RENDERMODE='+defaultrender+'\n';
  for(var i=0;i<scene.meshes.count;i++){
    var mesh=scene.meshes.getByIndex(i);
    var meshUTFName = '';
    for (var j=0; j<mesh.name.length; j++) {
      var theUnicode = mesh.name.charCodeAt(j).toString(16);
      while (theUnicode.length<4) theUnicode = '0' + theUnicode;
      meshUTFName += theUnicode;
    }
    var end=mesh.name.lastIndexOf('.');
    if(end>0) var meshUserName=mesh.name.substr(0,end);
    else var meshUserName=mesh.name;
    respart='  PART='+meshUserName+'\n';
    respart+='    UTF16NAME='+meshUTFName+'\n';
    defaultvals=true;
    if(!mesh.visible){
      respart+='    VISIBLE=false\n';
      defaultvals=false;
    }
    if(mesh.opacity<1.0){
      respart+='    OPACITY='+mesh.opacity+'\n';
      defaultvals=false;
    }
    currender=defaultrender;
    switch(mesh.renderMode){
      case scene.RENDER_MODE_BOUNDING_BOX:
        currender='BoundingBox';break;
      case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX:
        currender='TransparentBoundingBox';break;
      case scene.RENDER_MODE_TRANSPARENT_BOUNDING_BOX_OUTLINE:
        currender='TransparentBoundingBoxOutline';break;
      case scene.RENDER_MODE_VERTICES:
        currender='Vertices';break;
      case scene.RENDER_MODE_SHADED_VERTICES:
        currender='ShadedVertices';break;
      case scene.RENDER_MODE_WIREFRAME:
        currender='Wireframe';break;
      case scene.RENDER_MODE_SHADED_WIREFRAME:
        currender='ShadedWireframe';break;
      case scene.RENDER_MODE_SOLID:
        currender='Solid';break;
      case scene.RENDER_MODE_TRANSPARENT:
        currender='Transparent';break;
      case scene.RENDER_MODE_SOLID_WIREFRAME:
        currender='SolidWireframe';break;
      case scene.RENDER_MODE_TRANSPARENT_WIREFRAME:
        currender='TransparentWireframe';break;
      case scene.RENDER_MODE_ILLUSTRATION:
        currender='Illustration';break;
      case scene.RENDER_MODE_SOLID_OUTLINE:
        currender='SolidOutline';break;
      case scene.RENDER_MODE_SHADED_ILLUSTRATION:
        currender='ShadedIllustration';break;
      case scene.RENDER_MODE_HIDDEN_WIREFRAME:
        currender='HiddenWireframe';break;
      //case scene.RENDER_MODE_DEFAULT:
      //  currender='Default';break;
    }
    if(currender!=defaultrender){
      respart+='    RENDERMODE='+currender+'\n';
      defaultvals=false;
    }
    if(!mesh.transform.isEqual(origtrans[mesh.name])){
      var lvec=mesh.transform.transformDirection(new Vector3(1,0,0));
      var uvec=mesh.transform.transformDirection(new Vector3(0,1,0));
      var vvec=mesh.transform.transformDirection(new Vector3(0,0,1));
      respart+='    TRANSFORM='
               +lvec.x+' '+lvec.y+' '+lvec.z+' '
               +uvec.x+' '+uvec.y+' '+uvec.z+' '
               +vvec.x+' '+vvec.y+' '+vvec.z+' '
               +mesh.transform.translation.x+' '
               +mesh.transform.translation.y+' '
               +mesh.transform.translation.z+'\n';
      defaultvals=false;
    }
    respart+='  END\n';
    if(!defaultvals) res+=respart;
  }

  //detect existing Clipping Plane (3D Cross Section)
  var clip=null;
  for(i=0; i<scene.nodes.count; i++){
    if(
       scene.nodes.getByIndex(i).name == '$$$$$$' ||
       scene.nodes.getByIndex(i).name == 'Clipping Plane'
    ) {
      clip=scene.nodes.getByIndex(i);
    }
  }
  if(clip){
    var centre=clip.transform.translation;
    var normal=clip.transform.transformDirection(new Vector3(0,0,1));
    res+='  CROSSSECT\n';
    if(!(centre.x==0 && centre.y==0 && centre.z==0))
      res+=host.util.printf(
        '    CENTER=%s %s %s\n', centre.x, centre.y, centre.z);
    if(!(normal.x==1 && normal.y==0 && normal.z==0))
      res+=host.util.printf(
        '    NORMAL=%s %s %s\n', normal.x, normal.y, normal.z);
    res+='  END\n';
  }
  res+='END\n';
  host.console.show();
//  host.console.clear();
  host.console.println('%%\n%% Add the following VIEW section to a file of\n'+
    '%% predefined views (See option "3Dviews"!).\n%%\n' +
    '%% The view may be given a name after VIEW=...\n' +
    '%% (Remove \'%\' in front of \'=\'.)\n%%');
  host.console.println(res + '\n');
}

//add items to 3D context menu
runtime.addCustomMenuItem("dfltview", "Generate Default View", "default", 0);
runtime.addCustomMenuItem("currview", "Get Current View", "default", 0);
runtime.addCustomMenuItem("csection", "Cross Section", "checked", 0);

//menu event handlers
menuEventHandler = new MenuEventHandler();
menuEventHandler.onEvent = function(e) {
  switch(e.menuItemName){
    case "dfltview": calc3Dopts(); break;
    case "currview": get3Dview(); break;
    case "csection":
      addremoveClipPlane(e.menuItemChecked);
      break;
  }
};
runtime.addEventHandler(menuEventHandler);

//global variable taking reference to currently selected mesh node;
var mshSelected=null;
selectionEventHandler=new SelectionEventHandler();
selectionEventHandler.onEvent=function(e){
  if(e.selected && e.node.constructor.name=="Mesh"){
    mshSelected=e.node;
  }else{
    mshSelected=null;
  }
}
runtime.addEventHandler(selectionEventHandler);

cameraEventHandler=new CameraEventHandler();
cameraEventHandler.onEvent=function(e){
  runtime.removeCustomMenuItem("csection");
  runtime.addCustomMenuItem("csection", "Cross Section", "checked", 0);
  for(i=0; i<scene.nodes.count; i++){
    if(
       scene.nodes.getByIndex(i).name == '$$$$$$' ||
       scene.nodes.getByIndex(i).name == 'Clipping Plane'
    ) {
      runtime.removeCustomMenuItem("csection");
      runtime.addCustomMenuItem("csection", "Cross Section", "checked", 1);
    }
  }
}
runtime.addEventHandler(cameraEventHandler);

//key event handler for moving, spinning and tilting objects
keyEventHandler=new KeyEventHandler();
keyEventHandler.onEvent=function(e){
  var target=null;
  var backtrans=new Matrix4x4();
  if(mshSelected){
    target=mshSelected;
    var trans=target.transform;
    var parent=target.parent;
    while(parent.transform){
      //build local to world transformation matrix
      trans.multiplyInPlace(parent.transform);
      //also build world to local back-transformation matrix
      backtrans.multiplyInPlace(parent.transform.inverse.transpose);
      parent=parent.parent;
    }
    backtrans.transposeInPlace();
  }else{
    try {
      target=scene.nodes.getByName("Clipping Plane");
    }catch(e){
      var ndcnt=scene.nodes.count;
      target=scene.createClippingPlane();
      if(ndcnt!=scene.nodes.count){
        target.remove();
        target=null;
      }
    }
  }
  if(!target) return;
  switch(e.characterCode){
    case 30://tilt up
      tiltTarget(target, -Math.PI/900);
      break;
    case 31://tilt down
      tiltTarget(target, Math.PI/900);
      break;
    case 28://spin right
      spinTarget(target, -Math.PI/900);
      break;
    case 29://spin left
      spinTarget(target, Math.PI/900);
      break;
    case 120: //x
      translateTarget(target, new Vector3(1,0,0), e);
      break;
    case 121: //y
      translateTarget(target, new Vector3(0,1,0), e);
      break;
    case 122: //z
      translateTarget(target, new Vector3(0,0,1), e);
      break;
    case 88: //shift + x
      translateTarget(target, new Vector3(-1,0,0), e);
      break;
    case 89: //shift + y
      translateTarget(target, new Vector3(0,-1,0), e);
      break;
    case 90: //shift + z
      translateTarget(target, new Vector3(0,0,-1), e);
      break;
    case 115: //s
      scaleTarget(target, 1, e);
      break;
    case 83: //shift + s
      scaleTarget(target, -1, e);
      break;
  }
  if(mshSelected)
    target.transform.multiplyInPlace(backtrans);
}
runtime.addEventHandler(keyEventHandler);

function tiltTarget(t,a){
  var centre=new Vector3();
  if(mshSelected) {
    centre.set(t.transform.transformPosition(t.computeBoundingBox().center));
  }else{
    centre.set(t.transform.translation);
  }
  var rotVec=t.transform.transformDirection(new Vector3(0,1,0));
  rotVec.normalize();
  t.transform.translateInPlace(centre.scale(-1));
  t.transform.rotateAboutVectorInPlace(a, rotVec);
  t.transform.translateInPlace(centre);
}

function spinTarget(t,a){
  var centre=new Vector3();
  var rotVec=new Vector3(0,0,1);
  if(mshSelected) {
    centre.set(t.transform.transformPosition(t.computeBoundingBox().center));
    rotVec.set(t.transform.transformDirection(rotVec));
    rotVec.normalize();
  }else{
    centre.set(t.transform.translation);
  }
  t.transform.translateInPlace(centre.scale(-1));
  t.transform.rotateAboutVectorInPlace(a, rotVec);
  t.transform.translateInPlace(centre);
}

//translates object by amount calculated based on Canvas size
function translateTarget(t, d, e){
  var cam=scene.cameras.getByIndex(0);
  if(cam.projectionType==cam.TYPE_PERSPECTIVE){
    var scale=Math.tan(cam.fov/2)
              *cam.targetPosition.subtract(cam.position).length
              /Math.min(e.canvasPixelWidth,e.canvasPixelHeight);
  }else{
    var scale=cam.viewPlaneSize/2
              /Math.min(e.canvasPixelWidth,e.canvasPixelHeight);
  }
  t.transform.translateInPlace(d.scale(scale));
}

//scales object by amount calculated based on Canvas size
function scaleTarget(t, d, e){
  if(mshSelected) {
    var bbox=t.computeBoundingBox();
    var diag=new Vector3(bbox.max.x, bbox.max.y, bbox.max.z);
    diag.subtractInPlace(bbox.min);
    var dlen=diag.length;

    var cam=scene.cameras.getByIndex(0);
    if(cam.projectionType==cam.TYPE_PERSPECTIVE){
      var scale=Math.tan(cam.fov/2)
                *cam.targetPosition.subtract(cam.position).length
                /dlen
                /Math.min(e.canvasPixelWidth,e.canvasPixelHeight);
    }else{
      var scale=cam.viewPlaneSize/2
                /dlen
                /Math.min(e.canvasPixelWidth,e.canvasPixelHeight);
    }
    var centre=new Vector3();
    centre.set(t.transform.transformPosition(t.computeBoundingBox().center));
    t.transform.translateInPlace(centre.scale(-1));
    t.transform.scaleInPlace(1+d*scale);
    t.transform.translateInPlace(centre);
  }
}

function addremoveClipPlane(chk) {
  var clip=scene.createClippingPlane();
  if(chk){
    //add Clipping Plane and place its center either into the camera target
    //position or into the centre of the currently selected mesh node
    var centre=new Vector3();
    if(mshSelected){
      //local to parent transformation matrix
      var trans=mshSelected.transform;
      //build local to world transformation matrix by recursively
      //multiplying the parent's transf. matrix on the right
      var parent=mshSelected.parent;
      while(parent.transform){
        trans=trans.multiply(parent.transform);
        parent=parent.parent;
      }
      //get the centre of the mesh (local coordinates)
      centre.set(mshSelected.computeBoundingBox().center);
      //transform the local coordinates to world coords
      centre.set(trans.transformPosition(centre));
      mshSelected=null;
    }else{
      centre.set(scene.cameras.getByIndex(0).targetPosition);
    }
    clip.transform.setView(
      new Vector3(0,0,0), new Vector3(1,0,0), new Vector3(0,1,0));
    clip.transform.translateInPlace(centre);
  }else{
    clip.remove();
  }
}

//function to store current transformation matrix of all mesh nodes in the scene
function getCurTrans() {
  var nc=scene.meshes.count;
  var tA=new Array(nc);
  for(var i=0; i<nc; i++){
    var cm=scene.meshes.getByIndex(i);
    tA[cm.name]=new Matrix4x4(cm.transform);
  }
  return tA;
}

//function to restore transformation matrices given as arg
function restoreTrans(tA) {
  for(var i=0; i<tA.length; i++){
    var msh=scene.meshes.getByIndex(i);
    msh.transform.set(tA[msh.name]);
  }
}

//store original transformation matrix of all mesh nodes in the scene
var origtrans=getCurTrans();

//set initial state of "Cross Section" menu entry
cameraEventHandler.onEvent(1);

//host.console.clear();
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http://www.okino.com/conv/exp_u3d.htm
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http://sourceforge.net/projects/u3d/

2.1.1 Maxima

Maxima je svobodny, komplexni systém pocitacové algebry (http://maxima.sourceforge.
net/).

Graf funkce dvou proménnych vytvorime pomoci piikazu draw3d z balicku draw. Po na-
staveni termindlu pro vykreslovani grafiky na VTK (http://riotorto.users.sourceforge.
net/ VIE{/ index.html, misto implicitniho gnuplot) mizeme 3D grafiku uloZit ve formatu
VRM

load(draw) ;
draw_renderer : ’vtk $
draw3d (
axis_3d =true,
file_name = "ukazka",

terminal= vrml,
enhanced3d = true,
explicit(x~2+y~2, x, -2, 2, vy, -2, 2) )$

Na obrdzcich [2] a 3| vidime rozdily v konverzi 3D objektu ve formatu VRML, ziskaného
v Maximé, pii pouziti komeréniho programu PDF3D ReportGen a nekomercniho Meshlabu.
Oba programy nastavuji stejné méfitko na osdch, Meshlab ale neumoziuje konverzi (zobra-
zeni) os.

L' e,
Obrazek 2: Graf vytvofeny v Maximé, Obrazek 3: Graf vytvofeny v Maximé,
konverze do PRC pomoci PDF3D Report- konverze do U3D pomoci Meshlabu

Gen

!Virtual Reality Modeling Language, zaloZeny na deklarativnim programovacim jazyce, navrzeny predeviim
pro popis trojrozmérnych scén, vice napf. na http://cs.wikipedia.org/wiki/VRML
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2.1.2 Sage

Sage (http://www.sagemath.org) je dalSim ze svobodnych systémil pocitacové algebry.
Zajimavosti je vyuziti prostiedi internetového prohliZecCe pro grafické uzivatelské rozhrani.
Graf funkce dvou proménnych vytvorime pomoci ndsledujicich piikaza

var(’x y’); plot3d(y~2+x~2, (x,-3,3),(y,-3,3))

Ziskany graf ulozime ve formédtu JMOL (Toggle Advanced Controls — Download this view).
Nasledné tento soubor otevieme v programu Jmol (http://jmol.sourceforge.net/) a
exportujeme do formétu IDTFEI Exportovany soubor poté prevedeme do U3D pomoci pro-
gramu IDTFconverter piikazem

IDTFconverter -input soubor.idtf -output soubor.u3d

Vysledek (po vloZeni do PDF dokumentu) vidime na obrdzku [ I kdyZ popsany postup vy-
pada na prvni pohled trochu komplikované, jedna se (zatim) o jedinou Cisté nekomerc¢ni cestu
k zaClenéni matematické 3D grafiky, vytvorené CAS systémem (i s osami a popisem 0s), do
PDF dokumentu.

L.

Obrazek 4: Graf vytvoreny pomoci CAS Sage

%Intermediate Data Text Format, http://wiki.jmol.org/index.php/File_formats/3D_0Objects
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2.1.3 Maple

Komer¢ni systém pocitacové algebry Maple (http://www.maplesoft.com) a tvorbu grafu
funkce dvou proménnych jsme popsali jiz v [9]], [10]. Novéjsi verze Maplu (od verze 13)
umoziiuji navic export 3D grafiky do formétu X3If| jednoduse kliknutim pravym tlacitkem
mysi na obrdzek a volbou Export — Extensible 3D. Pro ndslednou konverzi do formatu PRC
je mozné pouZit program maplex3d2prc, ktery umi exportovat i osy s popisem a zacho-
vdva nastavend méfitka na osich a barevné schéma (obr. [5)). Program se spousti s jedinym
argumentem — jménem souboru X3D — exportovanym z Maplu. Na vystupu dostdvime PRC
soubor, PDF soubor s vloZzenou 3D grafikou a JavaScript, ktery zajiSt'uje spravnou orientaci
popisu os a musi byt pfipojen pii vkldddni objektu do PDF souboru.

Tento prevodnik zatim neni k dispozici volné ke staZeni, autor Michail Vidiassov jej vSak
na vyzadani zaSle na testovani.

Obrézek 5: Graf vytvoreny v Maplu a prevedeny do PRC pomoci maplex3d2prc

2.1.4 Matlab, R

Na zavér jesté stru¢né zminime tvorbu 3D objekti ve dvou programech na zpracovani dat,
v komer¢nim Matlabu a volné Sifeném R:

3Extensible 3D, XML formit na uklddani 3D scén, ideovy nastupce VRML, http://www.web3d.org/
x3d/
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e Matlab — export do VRML pomoci pfikazu vrml nebo pomoci balicku fig2u3d
(http://www.mathworks.com/matlabcentral/fileexchange/37640)

e R — pouziti balicku misc3d
(http://cran.r-project.org/web/packages/misc3d/misc3d.pdf)
a ptikazu
exportScene(scene, filename, format=c("OFF", "IDTF", "ASY"))

Obdobné mizeme postupovat prakticky s libovolnym matematickym programem, ktery
umoziuje export v nékterém z 3D formati, pricemz pro naslednou konverzi do PRC (U3D)
Sage, R). Pro ostatni formaty je nutno pouZit Meshlabﬁ (bohuZel bez moZnosti exportovat
obrdzek i s osami a popisem) nebo investovat do zakoupeni nékterého z komer¢nich pro-
gramtl. Do budoucna se planuje moznost nacitani 3D formdati do programu Asymptote (viz.
ndasledujici kapitola) ¢i pfimy PRC vystup z programu R.

2.2 Prima tvorba 3D objektu ve formatu PRC — Asymptote

Y

Obrazek 6: Graf vytvoreny pomoci programu Asymptote

Asymptote (http://asymptote.sourceforge.net/) je interpretovany programovaci
jazyk se syntaxi podobnou C++ uréeny pro generovani grafiky. Mezi jeho vyhody patii
zejména tyto mozZnosti

4Meshlab aktudln& pracuje s formaty PLY, STL, OFF, OBJ, 3DS, COLLADA, PTX, V3D, PTS, APTS,
XYZ, GTS, TRI, ASC, X3D, X3DV, VRML a ALN.
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////////////////////////////////////////////////////////////////////////////////
//
// (C) 2012, Michail Vidiassov, John C. Bowman, Alexander Grahn
//
// asylabels.js
//
// version 20120912
//
////////////////////////////////////////////////////////////////////////////////
//
// 3D JavaScript to be used with media9.sty (option `add3Djscript') for
// Asymptote generated PRC files
//
// adds billboard behaviour to text labels in Asymptote PRC files so that
// they always face the camera under 3D rotation.
//
//
// This work may be distributed and/or modified under the
// conditions of the LaTeX Project Public License, either version 1.3
// of this license or (at your option) any later version.
// The latest version of this license is in
//   http://www.latex-project.org/lppl.txt
// and version 1.3 or later is part of all distributions of LaTeX
// version 2005/12/01 or later.
//
// This work has the LPPL maintenance status `maintained'.
// 
// The Current Maintainer of this work is A. Grahn.
//
////////////////////////////////////////////////////////////////////////////////

var bbnodes=new Array(); // billboard meshes
var bbtrans=new Array(); // billboard transforms

function fulltransform(mesh) 
{ 
  var t=new Matrix4x4(mesh.transform); 
  if(mesh.parent.name != "") { 
    var parentTransform=fulltransform(mesh.parent); 
    t.multiplyInPlace(parentTransform); 
    return t; 
  } else
    return t; 
} 

// find all text labels in the scene and determine pivoting points
var nodes=scene.nodes;
var nodescount=nodes.count;
var third=1.0/3.0;
for(var i=0; i < nodescount; i++) {
  var node=nodes.getByIndex(i); 
  var name=node.name;
  var end=name.lastIndexOf(".")-1;
  if(end > 0) {
    if(name.charAt(end) == "\001") {
      var start=name.lastIndexOf("-")+1;
      if(end > start) {
        node.name=name.substr(0,start-1);
        var nodeMatrix=fulltransform(node.parent);
        var c=nodeMatrix.translation; // position
        var d=Math.pow(Math.abs(nodeMatrix.determinant),third); // scale
        bbnodes.push(node);
        bbtrans.push(Matrix4x4().scale(d,d,d).translate(c).multiply(nodeMatrix.inverse));
      }
    }
  }
}

var camera=scene.cameras.getByIndex(0); 
var zero=new Vector3(0,0,0);
var bbcount=bbnodes.length;

// event handler to maintain camera-facing text labels
billboardHandler=new RenderEventHandler();
billboardHandler.onEvent=function(event)
{
  var T=new Matrix4x4();
  T.setView(zero,camera.position.subtract(camera.targetPosition),
            camera.up.subtract(camera.position));

  for(var j=0; j < bbcount; j++)
    bbnodes[j].transform.set(T.multiply(bbtrans[j]));
  runtime.refresh(); 
}
runtime.addEventHandler(billboardHandler);

runtime.refresh();


http://www.mathworks.com/matlabcentral/fileexchange/37640
http://cran.r-project.org/web/packages/misc3d/misc3d.pdf
http://asymptote.sourceforge.net/

e na vystupu miizeme ziskat 3D grafiku pifimo ve formatu PRC,
e pro popis obrazkl vyuziva TeX,

o existuje I&TEXovy balicek, ktery umoziuje vkladat kéd Asymptote pfimo do zdrojo-
vého dokumentu.

Neni tedy problémem vytvaret interaktivni grafiku i s popisem, jak je vidét na obrazku [0
Celou radu dalSich ilustrativnich ukdzek najdeme na webu Asymptote a v diplomové préci [8].

3 Interaktivni 2D grafika

3.1 AcroFe¢X

Dals$im zajimavym ndastrojem pro interaktivni préici s grafikou je AcroHeX profesora D. P. Sto-
ryho (http://www.math.uakron.edu/ dpstory/acroflex.html). Balicek acroflex je
hlavni aplikaci balicku rmannot, pouziva grafickou obrazovku vytvorenou pomoci Adobe
FLEX 3 (FLEX 3 je znackovaci jazyk (podobny XML) pro vytvéareni flashovych aplikaci).
Systém AcroHeX umoznuje vytvaret grafickd okna dvou typu — interaktivni a neinteraktivni.
Neinteraktivni obrazovka je vyvoldna kliknutim na predem piipraveny odkaz (s nastavenim
funkce, intervalu, na kterém ji vykreslujeme a oborem vykreslovanych hodnot). UZivatel
miZe pouze zobrazit vysledny graf, jeho dalsi Gpravy nejsou mozné. Odkaz je vytvéien
piikazem \sgraphLink. V aktudlni verzi AcroHeXu miZeme v jedné grafické obrazovce
zobrazit nardz maximdlné Ctyfi funkce, Ctyfi funkce s vybarvenou oblasti mezi grafem a
horizontalni osou a ¢tyfi mnoziny bodt. Kromé grafl funkci jedné proménné je mozné za-
davat i kfivky dané parametricky, v polarnich soufadnicich a mnoziny bodt. U interaktivn{
obrazovky miZzeme vzhled grafu ovlivnit pomoci celé fady parametrti, miZeme ho napf. po-
souvat horizontdlné a vertikdlné a zvétSovat ¢i zmensovat. Pro modifikaci vysledku miizeme
definovat systém menu a tlacitek (obr.[7). I pro interaktivni grafickou obrazovku miZeme po-
uzit predem pripravenych odkazi. Grafické okno mize mit presné uréenou polohu a velikost
nebo miZeme pouZit tzv. plovouci okno, které se po aktivaci objevi na okraji dokumentu.
Kliknutim na pravy horni roh okno uzavieme, zménu velikosti provedeme taZenim pravého
spodniho rohu. Zménu umisténi provedeme kliknutim na kterykoliv okraj okna a ndslednym
pretazenim na poZadovanou pozici.

AcroHeX je kompatibilni s balickem exerquiz, interaktivni grafickou obrazovku je tedy
mozné pouZzivat v testech a interaktivnich vyukovych hriach. Uk4zky pouziti najdeme napf.
v souboru afgraph.pdf na domovské strance balicku acroflex a v diplomové préaci [7]].
Nevyhodou baliCku acroflex je nutnost pouZiti komercniho Adobe Acrobatu pro tvorbu
vysledného PDF dokumentu (neni tedy mozné pouzit pdfTEX). Pro prohlizeni dokumentu je
treba pouZit Adobe Reader verze 9.0 nebo novéjsi.
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Obrazek 7: Interaktivni grafickd obrazovka systému AcroHeX

3.2 Animace

Hotovou animaci do PDF dokumentu vloZime pomoci balicku animate. Animaci si nejdfive
pripravime v nasem oblibeném matematickém programu (Maple, Geogebra, ...) a uloZime
ji jako animovany GIF. Tento je nésledné tieba prevést do PDF formdtu tak, aby kazdému
snimku animace odpovidala jedna stranka ve vysledném PDF dokumentu. To 1ze jednoduse
udélat pomoci programu ImageMagick (http://www.imagemagick.org). Vlastni vloZeni
animace (ziskaného PDF dokumentu) pak provedeme piikazem \animategraphics. Vyho-
dou tohoto postupuje je i to, Ze miZeme velmi jednoduSe generovat tlacitka pro ovladani
animace (obr. (8] na obrazku je ndhled animace, znidzorfiujici chovani paraboly v zdvislosti
na parametru a). Bali¢ek animate umoZiuje vytvdreni animaci i pfimo ve zdrojovém kédu
I&TgXového dokumentu (napf. s vyuZitim grafického makrojazyka PGF/Tikz nebo programo-
vaciho jazyka Asymptote). Ukdzky animaci v PDF formatu najdeme v dokumentaci balicku
animate a na strankdch PGF/Tikz a Asymptote.

4 7Zaver

Ukazali jsme, jak 1ze pomoci sdzectho systému TgX a jeho balickl vytvaret vyukové mate-
ridly v PDF formétu obsahujici interaktivni 2D a 3D grafiku a animace. Hlavni vyhodu pro
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Obrazek 8: Animace exportovand z Maplu

tvlirce predstavuje samotny systém (pdf)TgX, ktery umoziuje tvorit matematické dokumenty
velmi vysoké typografické kvality. TEX je volné dostupnym, multiplatformnim systémem a
jednotlivé balicky Ize libovolné dotvéret a modifikovat. Pro koncové uzivatele (studenty a uci-
tele) maji takto vytvorené materidly také mnoho vyhod. UZivatel si nemusi instalovat Zadny
novy software (stac{ Adobe Reader), dokumenty jsou funkéni bez pripojeni na Internet a takto
pfipravené materidly jsou vhodné i pro pouZiti na interaktivni tabuli.
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