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What is VRML?


VRML stands for Virtual Reality Modeling Language. It is relatively new and still in development. As it names suggests it is a computer language used to create Virtual Reality places. Its files are small and portable which makes it most suitable for use online. Also until now this language has no real alternative for creating Virtual Tours and any other projects that require the use of Virtual Reality. It has huge capabilities; the only real limit is your imagination. Anything from churches, mountain peaks or spacecrafts can be created with VRML. You can have all this and more with just using your everyday web browser and a small plug-in. It supports animations, textures and a capability of creating irregular or very complex objects with no boundaries on their shapes and sizes. Of course this is not easy. VRML is a difficult language and profound knowledge of programming and geometry in 3D space is required because the methods have no real limits. But the sheer complexity and size of the functions for some objects can be an impassable barrier for the regular programmer. Of course there are tools to get around this but this will be discussed later on.  VRML is easy to manipulate once you mastered it and the only real drawback I have observed so far is that it uses a lot of processor power when you have objects in motion and that it, because of its game like appearance, requires a good video card to be installed on your computer with Directx 8 at least. But since computers nowadays get faster and better I don’t believe that is a serious issue.

Know the basics.

· Requirements – In order to view VRML files all that is needed is a common web browser like Internet Explorer. It is required though that you have installed on your machine a plug-in for VRML so that you browser can interpret the VRML file format much the same as with Flash programs. This plug-in is called the “Cortona VRML Client” and can be directly installed or downloaded from their web site at   http://www.parallelgraphics.com/products/cortona/. 

Of course this plug-in will only enable you to view VRML files. In order to create them you’ll need to install more programs on your machine. These programs are what we are going to discuss next. Also VRML requires that you have a good video card with DirectX or OpenGL support because of the visual engine it uses. Also moving through a VRML world is consuming lots of CPU power especially if it is a high quality one. Best advice is every time you load one to turn in a circle first to allow all objects and images to be loaded into memory. 

· Tools – To effectively create VRML files you as a programmer will need the following tools:

· Text editor – All VRML files are just plain code. It is an open source language, which means the source file can be seen by anybody, which is actually really helpful when you find a neat trick and want to see how it is done.  There is no manual compiling needed much as with HTML. There are no special programming environments created for VRML like for example you have with C++ as far as I know. All general programming is done with a text editor. Of course, a normal text editor like Notepad for example will make things harder than they have to be. Because of the nature of VRML errors and code you need a text editor that can both recognize code structures like functions or specific words (like true and false for example) and have a line index. My personal choice is SciTE Version 1.47 by Neil Hodgson. It has all the extras like Line numbers, supports many different languages (over 20) and offers a pseudo-compiler which only checks you code for error on compilations without actually creating executable files. The web site for this program is: www.scintilla.org.

· Image Editor – there is nothing more important in VRML than images. After all, the goal is to create a realistic-looking virtual copy of a real place. This means that you have to work with high quality images that may require a lot of tweaking before they suit your purposes. For this, you’ll need the all-powerful Photoshop. I know there are other programs out there but my personal belief is that Photoshop offers most in our case. I used version 7.0.1 but there is no reason why older version won’t have the same usefulness. For creating VRML files you don’t need to be an artist so even basic Photoshop skills will do the job. I also advise to keep a good library of images because you never know when you are going to need one and looking every time in Internet will not guarantee that you’ll always find the perfect picture.

· 3D object editor – the last tool you’ll probably need is 3D Studio MAX. There are free VRML exporter plug-ins for it, which will allow you to create your objects by drawing not by programming them. Unfortunately these exporters work only with Version 4.0. I, having version 6.0 at my disposal, was unable to test the through limits of their capability but for any one out there who happens to have a version 4.0 and is good at using 3D Studio (personally I found it to be too complex but on the other hand it is probably just my lack of artistic talent), he can create almost all type of VRML structures and animations with it and then just export it as a VRML file in which case the 3D studio does all the programming work.  Of course such files tend to be much larger than the hand-written ones and have the same quality but the speed with which you can create them is an advantage. For the rest of us who don’t have or know how to use 3D studio max 4.0 the instruction below will help you create just as realistic virtual worlds.   

· File format – The file format for VRML files is file.wrl. This is just a plain text file that can be open with any text editor and it doesn’t require something specific except renaming to turn a .txt file into a .wrl file.
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· Navigation – VRML has three types of view modes. Walk Fly and Examine. They are at the left top part of the screen. As their names suggest that are the actions that you will be permitted to do while in the virtual world. In walk mode you can only walk around the world. You can’t climb steep objects also you cannot move through objects. You are restricted to the plane chosen by the programmer. In fly mode you can move through all objects and you can also move in any possible direction in the 3D world. This is the mode with the most freedoms granted to the user. Examine mode is a static mode. You cannot move but instead you can turn the world around its geometrical center so that you can view it from all possible directions.  The rest of the controls are concerned with your actual movement through the 3D world. They are for moving front and back, left, right, up and down, to turn around and to roll, which I actually never get to use for anything useful. The first three will suffice. They are located just below the movement mode controls. They have different functions depending on the mode of movement. Notice that up and down work only in fly mode and turn mode rotates the world, not you, in examine mode. The controls are easy to master so a little exercise will be all that you need. 
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· Capabilities – With VRML you can create all type of 3D objects and build any kind of environment. VRML also offers capabilities to do animation. I’ll not talk about this because I haven’t done any and I don’t know how to do them. Please be advised that this instruction guide covers only my experience with VRML and the functions and capabilities I used or discovered during my work with it. It is not a complete guide and there are more functions in VRML than the ones mentioned here, which are the most basic you need to learn if you want to use VRML. Extras are covered in the special effects part. For more information seek the official VRML site or use the following URL where you can find quick explanations about everything in VRML.  

http://www.scs.leeds.ac.uk/stu/VRML97/
Creating a Virtual Reality

· Structure: - All VRML files should start with the following construction:

#VRML V2.0 utf8 

This is to indicate the version of the VRML code you are using. This is also to tell VRML plug-in what to expect. Without this line, your code will never be compiled by the web browser.

· Navigation – Next in line is the navigation node. Its exact structure is explained later on. All you need to know is that it contains basic information for the browser and is not actually concerned with the type of the world. This node sets the viewer’s size (dwarf or giant it is up to you), the headlights (more on them later), the speed with which the user can move and more. All parts of this node will be explained in the node types section.

· World settings – is where you set the background colors of the land and the sky as well as the world info node which is just for information purposes 

· Special effects – This is the part before the actual object code. This where you set the effects that are going to shape your world. These include Fog, Sound, Light sources as well as the various viewpoints that the user will be able to jump to at the start. This act more like checkpoints in a game but they are active all the time so if a user gets lost he can always jump to one of these pre-set places.

· Functions and classes – this is where you define all functions that your objects are going to use. For example you want to make an interactive light switch or a moving object in your world. This is where they are going to be defined. Also here you have to define all object types that are not part of the general object library in VRML. You do this with the node PROTO which acts like a C++ class. It lets you define a custom object (for example a bouncing light ball) and then use this object like a VRML library object later in the code only with its name defined in the proto. More about PROTOs in the node type section and also in examples.

· Positioning the elements – This is where you build the actual world. This part mostly consist of TRANSFORM nodes for positioning the various elements. This is also where you set all you groups. It is important to remember that all nodes that built a single object like a tree for example must be in one group. This will allow you later to reference and manipulate the whole group as a single object and not deal with all the small objects that construct it. The actual order in which you’ll define the object doesn’t matter since they all are all represented by their coordinates in the 3D plane so you can start building a tree from the middle without a problem. It is very important to remember that functions in VRML see only objects above themselves. So if you built a ball and have a bouncing animation defined in the functions part the call to this function must be done after the object it is going to manipulate. Best is to put all such calls at the bottom of the code since then they can see all the objects but his creates confusion for people reading your work as well as for yourself especially when you have lots of calls to the same function but on different objects.. 

· Basic Node types: - all nodes in this section are arranged alphabetically not in degree of their usefulness.  These are all the nodes you are going to need to create a basic VRML world. For creation and manipulation of custom objects check the next section. In the following source code it is important to remember the following. The code doesn’t look exactly as you are supposed to define it in you code but it looks similarly to what you’ll have to write in a PROTO node. Actually you can think of this as a sample library PROTO node. What you are supposed to write when you want to address such a node is actually the 3rd and 4th columns only. The first column is the type of node. You can do different things with different node types but more about it in examples. The second column is the type of parameters the node accepts. You can just miss the first two letters while reading them and the types are exactly as in C++ except that char is now called string. The new type of parameters are the vectors. Vec3f for example means that the child function needs 3 float variables to properly execute. Type Node means that this is a child node with its own child functions and parameters and has to be set separately in its own declaration. The 3rd column is the name of the function you have to call and the 4th is the way you have to declare the parameters. Here also the 4th column shows you the range of values that can be assigned to the function. Ranges usually are between – infinity and + infinity. For special functions the limit is 0.

· Anchor – library definition

Anchor { 
  exposedField MFNode   children        []
  exposedField SFString description     "" 
  exposedField MFString parameter       []
  exposedField MFString url             []
  field        SFVec3f  bboxCenter      0 0 0#(-[image: image4.png]


,[image: image5.png]


)

  field        SFVec3f  bboxSize        0 0 0#(0,[image: image6.png]


) 
}
Children – Anchor node is used to put an url link on an object. This link can be either to the World Wide Web or another object in the VRML world. The host object or a group of objects is defined in this children node. See examples.

Description – In this string node you write the information message you want to appear when you hold the mouse over the object.

Parameter – this node is to supply any additional parameters you want to be passed to the browser. For example a “target=_blank” will make the link open in a new window. 

URL – in this node you specify the internet address that you link will point to. For example: “www.Send_me_money.com”.

The box Center and box size is used for optimization purposes. These too nodes do not need to be defined if you want them at default. I never used them so I don’t know their impact if you set them at different values than default.
· Appearance – appearance is a parent group node which is used to specify the appearance of an object. It has three children nodes.

Appearance { 
  exposedField SFNode material          NULL
  exposedField SFNode texture           NULL
  exposedField SFNode textureTransform  NULL
}

Material – in this node you specify the color as well as some other attributes as shininess for example. See Material node description

 
Texture – in this node you have to choose the type of the texture you are going to use. They are image, pixel and movie texture. I haven’t tried anything with a movie texture so you can experiment with it by yourself. Image texture is used to add a picture fail to your object and cover it like a wallpaper. See Image texture node for more information. 

Texture Transform – this is the node in which you specify the way that picture will appear. You may want it inverted, at an angle or have your object covered 20 times by it. See Texture Transform Node for specifications.

· Background – With this node you set the background appearance of your world. It is generally divided into land and sky. You can both define single, multi colors or a picture panorama. 

Background { 
  eventIn      SFBool   set_bind

  exposedField MFFloat  groundAngle  []     # [0,[image: image7.png]


/2]

  exposedField MFColor  groundColor  []     # [0,1]

  exposedField MFString backUrl      []
  exposedField MFString bottomUrl    []
  exposedField MFString frontUrl     []
  exposedField MFString leftUrl      []
  exposedField MFString rightUrl     []
  exposedField MFString topUrl       []
  exposedField MFFloat  skyAngle     []     # [0,[image: image8.png]


]

  exposedField MFColor  skyColor     0 0 0  # [0,1]

  eventOut     SFBool   isBound

}

groundAngle – ground angle is used to indicate the portion of the ground compared to the sky. Since all VRML words are essentially in one huge sphere that you can never reach this angle tell the browser exactly how higher or lower from the center viewpoint(0 0 0) the land should reach It’s difficult to explain best is just to experiment to see the results. Ground angle has only one parameters. It is to set the circle size for the different colors. Of course each color defined in the groundColor node needs its own angle to show. It is important to remember that all colors expand in the form of a circle. The center of all circles is directly below your head.  So in the end you end up with something like a glowing effect(if you used yellow) around you feet as if you are carrying a torch or a sun in the sky if you do the same for skyColor and skyAngle. See the picture for an example.

	[image: image9.jpg]





 Red Sun, Black Sky and Dark green land with very high angle.

groundColor – you set the ground color in this node. All color nodes a vector nodes with 3 float variables. All colors are a combination of the three basic colors red, green and blue. So for example if you want to get black you write 1 1 1. If you want to have more than one color on the ground or the sky you have to define them one after the other like this [1 1 1, 0.1 0.5 0.8, 0 1 0] 

Sky nodes are the same as ground nodes just for a different portion of the world sphere.

All URL nodes are to define a set of pictures you want to use as a panorama for your world. As you can see from the number of nodes the world sphere is divided into different parts and each can have a different picture. The correct definition is [“path/pic”]. You don’t need path if the picture is in the same directory as the .wrl file.

· Box – this node is used to create a 3D box object. It has only one field size where you define the 3 different sides of the Box. 

Box { 
  field    SFVec3f size  2 2 2        # (0, [image: image10.png]


)
}
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· Color – this is a node used to specify colors. You can see it above as MFcolor node. groundColor is such a node. All color nodes use 3 float variables when setting color. These variables indicate the amount of red green and blue used to make the color.

· Cone – it is similar to box node. It is used to create a cone shaped object. Height and bottomRadius are the only parameters used to create the object. The only thing special here is side and bottom. These are Boolean variables used to make either the bottom or the sides of the cone disappear after its creation. This is useful when for example you want to make a roof. Remember that all Boolean variables have to be set with capital letters. VRML doesn’t recognize small caps “true” as a Boolean value.   

Cone { 
  field     SFFloat   bottomRadius 1        # (0,[image: image12.png]


)

  field     SFFloat   height       2        # (0,[image: image13.png]


)

  field     SFBool    side         TRUE
  field     SFBool    bottom       TRUE
 }
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· Cylinder – As the previous nodes this one is used to create a 3D object - Cylinder. It has again only two variables, height and radius. The difference form the previous is that it has 3 different parts that can be omitted during execution. These are bottom, top and side. As with the previous all Booleans values need to be in Capital letters.

Cylinder { 
  field    SFBool    bottom  TRUE
  field    SFFloat   height  2         # (0,[image: image15.png]


)

  field    SFFloat   radius  1         # (0,[image: image16.png]


)

  field    SFBool    side    TRUE
  field    SFBool    top     TRUE
} 
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· Directional light – this node is used as a projector to give light in a specified direction. This is needed because even if the headlights are one they do not affect directly the objects just make the world look brighter. Without directional light all objects that have textures on them appear black form an angle. Also with the headlight off you can use this node to make some neat light effects. See the pictures above. They are illuminated from top, bottom and right side at the same time and the headlights are off.. 

DirectionalLight { 
  exposedField SFFloat ambientIntensity 0     # [0,1]

  exposedField SFColor color            1 1 1 # [0,1]

  exposedField SFVec3f direction       0 0 1 #(-[image: image18.png]


,[image: image19.png]


)

  exposedField SFFloat intensity        1     # [0,1]

  exposedField SFBool  on               TRUE 
}

ambientIntensity – this sets the brightness of the light that is spreading away from the center light beam. 

Color – Sets the color of the light.

Direction – this is a 3 value vector that indicates which way the projector is pointing to.

Intensity – sets the brightness of the center light beam

On – indicates whether the light is switched on or off

· Fog – fog is a neat special node that can be used for to things. First to simulate fog during day time and to limit the field of vision thus creating the illusion that you have a light source moving with you at night time. 

Fog { 
  exposedField SFColor  color            1 1 1 # [0,1]

  exposedField SFString fogType          "LINEAR"
  exposedField SFFloat  visibilityRange  0    # [0,[image: image20.png]


)

  eventIn      SFBool   set_bind

  eventOut     SFBool   isBound

}

Color – this node is used to set the color of the fog. Of course keep in mind that anything different from black and white looks bizarre and you’ll probably stick to only these colors.

Fogtype - This field controls how much of the fog colour is blended with the object as a function of distance. If it is "LINEAR", the amount of blending is a linear function of the distance, resulting in a depth cueing effect (night time light source version). If it is "EXPONENTIAL," an exponential increase in blending is used, resulting in a more natural fog appearance (best for day time fog).

VisibilityRange – this node indicates the distance between you and the place wear the for turns into a impenetrable wall. You must use this to set the radius of the sphere of visibility you want the users to have. Set it too low (like 2-3) and all you are going to see is a white soup everywhere you go. So be careful with this field.
Night Linear type fog.
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Day exponential type fog. 
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· Fontstyle – this is a children node of the Text node. It is used to define the appearance you want for the text defined in the Text node. There is no difference between the parameters in this node and the format options in a Word document so after choosing the specific settings for your text you can just retype the Word settings in this node.  
FontStyle { 
  field MFString family       "SERIF"
  field SFBool   horizontal   TRUE
  field MFString justify      "BEGIN"
  field SFString language     ""
  field SFBool   leftToRight  TRUE
  field SFFloat  size         1.0          # (0,[image: image23.png]


)

  field SFFloat  spacing      1.0          # [0,[image: image24.png]


)

  field SFString style        "PLAIN"
  field SFBool   topToBottom  TRUE
} 
· Group – this is a useful node that is basically used to hold other nodes. Its main function is to allow you later to manipulate all objects in group as if you are deali8ng with a single object. For example if you make a group Tree later you can make the tree twice as taller or wider by just increasing the size of Group Tree without having to do it for every single part of the tree. See in examples. Here the Box nodes are the same as in Anchor node meaning you don’t actually need them so leave them at default.

Group { 
  eventIn      MFNode  addChildren

  eventIn      MFNode  removeChildren

  exposedField MFNode  children      []
  field        SFVec3f bboxCenter    0 0 0   #(-[image: image25.png]


,[image: image26.png]


)

  field        SFVec3f bboxSize      -1 -1 -1 #(0,[image: image27.png]


) 
}
· ImageTexture – Image texture is anode that basically just holds the address of the image you want to use on your object. The repeat nodes are used if you want to have the image repeat over the object in case it doesn’t wrap around it completely. They are both true by default and don’t need to be declared.
ImageTexture { 
  exposedField MFString url     []
  field        SFBool   repeatS TRUE
  field        SFBool   repeatT TRUE
}
· Inline – inline is as node used when you want to include other .wrl files in your project. For example you have made a house and you want to use that later in another file you are building. With this node you can use that house and the VRML will treat it as an ordinary object which means you’ll be able to redefine and manipulate it without changing the original house.wrl file. In order to use it you have to specify in the URL field the address of the file you need.
Inline { 
  exposedField MFString url        []
  field        SFVec3f  bboxCenter 0 0 0    # (-[image: image28.png]


,[image: image29.png]


)

  field        SFVec3f  bboxSize   -1 -1 -1 # (0,[image: image30.png]


)
}
· Material – this is a child node of the appearance node. It is used to specify some of the physical properties of the object
Material { 
  exposedField SFFloat ambientIntensity  0.2   # [0,1]

  exposedField SFColor diffuseColor      0 0 0 # [0,1]

  exposedField SFColor emissiveColor     0 0 0 # [0,1]

  exposedField SFFloat shininess         0.2   # [0,1]

  exposedField SFColor specularColor     0 0 0 # [0,1]

  exposedField SFFloat transparency      0     # [0,1]

}

AmbientIntensity – this node specifies how much light from light sources the object will reflect.


DiffuseColor – specifies the color of the object and this color reflects all light depending on the angle of the light source.

 
Emissivecolor – is used to make glowing objects. Personally I haven’t succeeded in making a glowing object yet so I’m not sure exactly how this node works.
Shininess – this field determines the light that is reflected towards the viewpoint of the user. Much like the light reflection on a mirror where the sun blind you only if you watch the mirror from a certain angle. See the picture below.
SpecularColor – this field determines the color for the light affected by the shininess node. 
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· NavigationInfo – this is an essential node that sets the rules of your world. These rules cannot be changed by the user. 
NavigationInfo { 
  eventIn      SFBool   set_bind

  exposedField MFFloat  avatarSize [0, 0, 0] # [0,[image: image32.png]


)

  exposedField SFBool   headlight       TRUE
  exposedField SFFloat  speed           1.0  # [0,[image: image33.png]


)

  exposedField MFString type       ["WALK", "ANY"]
  exposedField SFFloat  visibilityLimit 0.0  # [0,[image: image34.png]


)

  eventOut     SFBool   isBound

}

AvatarSize – this node sets the size of the user. The user rarely will see any the difference but you can use this node to set the height from which you want the user to observe or also can block the user movement by making him/her too wide to pass through specific areas.

Headlight – this node turn on/off the lights in your world. This does not affect directional light or any other kind of light source nodes. This only affects the light coming from above and which is used to simulate sun light. By turning them on or off you can simulate night and day.

Speed – this node is used to set the speed of the user in your world. User can pre-set the speed from his VRML options in the browser so it is best to just let him choose it unless you want the user too move with some specific speed that is important to you project.

Type – this node is used to set the movement modes allowed to the user. There are 3 different modes and you can forbid any one of them. If this field is empty then all modes are available.
Visibility – this node is used to set a limit on user eyesight. Useful if you want to make him/her feel like a blind bat or if you don’t want to use the fog node to create bad visibility. 
· Shape – this node is used to define 3D objects. It has too child nodes appearance and geometry. Check them for more information.
Shape { 
  exposedField SFNode appearance NULL
  exposedField SFNode geometry   NULL
}
· Sound – this node is used to insert sound files into your world.
Sound { 
  exposedField SFVec3f  direction     0 0 1 # (-[image: image35.png]


,[image: image36.png]


)

  exposedField SFFloat  intensity     1     # [0,1]

  exposedField SFVec3f  location      0 0 0 # (-[image: image37.png]


,[image: image38.png]


)

  exposedField SFFloat  maxBack       10    # [0,[image: image39.png]


)

  exposedField SFFloat  maxFront      10    # [0,[image: image40.png]


)

  exposedField SFFloat  minBack       1     # [0,[image: image41.png]


)

  exposedField SFFloat  minFront      1     # [0,[image: image42.png]


)

  exposedField SFFloat  priority      0     # [0,1]

  exposedField SFNode   source        NULL
  field        SFBool   spatialize    TRUE
}

Direction – this node specifies the direction in which the sound is going to be emitted by its source object.


Intensity – This node determines the loudness of the sound.

Location – this node determines the position of the source object (it could come out of thin air so you don’t need to define such an object).

Max nodes specify the distance from the source object that this sound can be heard from. Anything beyond this distance will here nothing.

Min nodes specify the distance from the source object after which the sound intensity begins to degrade. Anything beyond this min distance will hear the sound less and less as the distance progresses until he/she reaches the max node distance. 
Priority – this field lets the browser to choose which sound to play when there is more than one sound at the current position of the user.
Source – this field lets you specify the address of the sound file you want to use.

Spatialize – this node is used to simulate the direction of the sound. If the source is left from you, you are supposed to hear louder with the left ear or speaker in this case. If this field is false you hear equally loud sounds. The default for this field is true and you don’t need to declare it if you are not going to change it.
· Sphere – this node is similar to the other geometric shape nodes. Its only parameter is the radius.
Sphere { 
  field SFFloat radius  1    # (0,[image: image43.png]


)

}
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· Text – this node is used to include text into your world. It has one children node Fontstyle. See above for details on it. The string field holds the text you want to print and the length field holds the lengths you desire the string to have. It can stretch or shrink your text depending on the value set. Max extent limits the total length your string could occupy in the 3D plane.
Text { 
  exposedField  MFString string    []
  exposedField  SFNode   fontStyle NULL
  exposedField  MFFloat  length    []      # [0,[image: image45.png]


)

  exposedField  SFFloat  maxExtent 0.0     # [0,[image: image46.png]


)

}
· Transform – this node is the basic positioning node. It has several fields that allow manipulation of pre-made objects
Transform { 
  eventIn      MFNode      addChildren

  eventIn      MFNode      removeChildren

  exposedField SFVec3f     center     0 0 0 # (-[image: image47.png]


,[image: image48.png]


)

  exposedField MFNode      children   []
  exposedField SFRotation  rotation   0 0 1 0#(-[image: image49.png]


,[image: image50.png]


)

  exposedField SFVec3f     scale      1 1 1  # (0,[image: image51.png]


)

  exposedField SFRotation  scaleOrientation 0 0 1 0  # [-1,1],(-[image: image52.png]


,[image: image53.png]


)

  exposedField SFVec3f     translation 0 0 0 #(-[image: image54.png]


,[image: image55.png]


)

} 

Center – this node specifies the distance from the coordinate system center at which point the translation will be carried out. The system center is always 0 0 0 .

Children – this node holds the nodes that are going to create the object like shape and appearance.

Rotation – this node determines the way an object will be rotated around its x, y and z axis. The first three values are 0, 1 or -1 to specify if the forth rotational variable will be applied to the particular axis and in which direction should the turning start 


Scale – this node sets the overall size off the objects defined in the children node. So you can have the same code in 2 transform nodes but if one has size set to 2 2 2 , its objects will be twice as large on all x, y and z planes. You can enlarge an object on a single plane too.

ScaleOrientation – this node specifies a rotation of the coordinate system just for this transform node before the translation is calculated.

Translation. This node specifies the distance form the coordinate system center that this node is located at. By default this center is the world center 0 0 0 but using the above node you can change that. Afterwards the translation is calculated so a translation of 5 3 10 means that the object is going to be at 5 units to the right, 3 units above and 10 units beyond the center of the system. If you use negative values for x and y the position will change to left and below the center.
· Viewpoint – this node is used to set several viewpoints or checkpoints from which the user starts and can return to anytime.
Viewpoint { 
  eventIn      SFBool     set_bind

  exposedField SFFloat    fieldOfView    0  # (0,[image: image56.png]


)

  exposedField SFBool     jump           TRUE
  exposedField SFRotation orientation    0 0 1 0   # [-1,1],(-[image: image57.png]


,[image: image58.png]


)

  exposedField SFVec3f    position   0 0 10 # (-[image: image59.png]


,[image: image60.png]


)

  field        SFString   description    ""
  eventOut     SFTime     bindTime

  eventOut     SFBool     isBound

}

FieldofView – this specifies the size of the angle at which the user can see. You can use this node to simulate either an animal line of sight or a binocular.

Jump – Never used this node. Leave at default. But be warned this node does not enable you to jump in the 3d environment.

Orientation – this node specifies where you will be looking at from the particular viewpoint. It is used just like the rotation field in the transform node but you are the one that is rotated.

Position – this node is used just as the translation field in the transform node. But you are the one that is changing position relative to the center (0 0 0).
Description – this is where you name you node so you can reference it later in a function for example.
· Worldinfo – this node is not compiled by the browser and is used only for information reference by the programmer. You write anything you like in info (like who are you and what techniques you used) and the name of the world in Title.

WorldInfo { 
  field MFString info  []
  field SFString title ""
}
· Nodes for complex objects and effects – the following nodes permit creation of complex shapes and objects that are essential to the creation of realistic worlds. Their use is quite complex and do require a good idea of how objects are placed in 3D space. There are lots of special nodes (different type of sensors, geometry nodes etc.) but since I don’t have them in examples I’ll not talk about them. If you want to learn more about them I suggest the tutorial at http://www.dcs.napier.ac.uk/~shaun/ve/labs/lab1.html.

· Coordinate – this node is used to define a set of 3d points which later will be used by the coordIndex node to build a custom object that uses this set of points as edges. This is mainly used when you want to create an irregular object that is not part of the VRML library. You should keep in mind that all such objects must be built by a set of triangles or rectangles that are connected to each other. That is because what you are actually doing is telling the browser to connect this group of points by a continuous line. At the end any area that becomes enclosed by this line will be the subject of manipulation. If you use more than 3-4 the result can be unexpected because in very rare cases 4 and more points will be on the same plane. Best is to use just 3 because they are always on one plane. When you define them you only need to write the coordinates in groups of tree. You don’t need to separate them with comas but for readability it is best just to put them at new lines each. Of course you can have hundreds of points but when you are working by hand and not with an exporter you’ll see that planning to have more than 10 points is confusing. The coordinate node is a child node of all indexedSet nodes.
Coordinate { 
  exposedField MFVec3f point  []      # (-[image: image61.png]


,[image: image62.png]


)

}
· ElevationGrid – this node is used to create different landscapes to be used in your world. It is a child node of the geometry node. It creates one huge field that you can later set with height values for different point on the field. The number of points depends on the size of the field. Size is chosen with 4 different parameters. First you must chose the number of parts along the x and the z axis and then choose the length of these parts. For example a xDimension 10, zDimension-8, xSpacing-10.0,zSpacing-10.0 declaration mans that you have a field with a total of 80 squares, each with side 10. This field is 10 squares (100 units) long on the x side and 8 squares (80 units) on the z side. Then all you have to do is to define the y value of each of the square edges. In case you are wondering the previous field has 90 different edges. I haven’t used all capabilities of this node. Below are the nodes I used.
ElevationGrid { 
  eventIn      MFFloat  set_height

  exposedField SFNode   color          NULL
  exposedField SFNode   normal         NULL
  exposedField SFNode   texCoord       NULL
  field        MFFloat  height         []   # (-[image: image63.png]


,[image: image64.png]


)

  field        SFBool   ccw            TRUE
  field        SFBool   colorPerVertex TRUE
  field        SFFloat  creaseAngle    0    # [0,[image: image65.png]


]

  field        SFBool   normalPerVertex TRUE
  field        SFBool   solid          TRUE
  field        SFInt32  xDimension     0    # [0,[image: image66.png]


)

  field        SFFloat  xSpacing       1.0  # (0,[image: image67.png]


)

  field        SFInt32  zDimension     0    # [0,[image: image68.png]


)

  field        SFFloat  zSpacing       1.0  # (0,[image: image69.png]


)

}
xDimension – in this field you set the number of equal element you want along the x axis.
xSpacing – in this field you set the length of the elements along the x axis.

zDimension – same as for x but along the z axis.

zSpacing – same as for x but for the elements on the z axis.

Height  - in this node you set the y value for each edge. These values have to be separated by “,”. Also if you don’t have to set all of them but if you want to set value 55 for example you are required to set all 54 before it. 

Solid – this field is used to determine whether your object will be visible from all possible directions. It is best to leave it False which will make it visible.

	[image: image70.jpg]





Lake and shore done with elevation grid
· IndexedFaceSet – this node is used to create custom shaped objects. These objects are built from a number of planes. This is because with this node you can set the coordinates of edges and then connect them. The field enclosed by the edges is a subject of manipulation by the Shape node and its children. Below are explained the functions of the most important nodes.
IndexedFaceSet { 
  exposedField  SFNode  color           NULL
  exposedField  SFNode  coord           NULL
  exposedField  SFNode  normal          NULL
  exposedField  SFNode  texCoord        NULL
  field         SFBool  ccw             TRUE
  field         MFInt32 colorIndex      []  # [-1,[image: image71.png]


)

  field         SFBool  colorPerVertex  TRUE
  field         SFBool  convex          TRUE
  field         MFInt32 coordIndex      []  # [-1,[image: image72.png]


)

  field         SFFloat creaseAngle     0   # [0,[image: image73.png]


)

  field         MFInt32 normalIndex     []  # [-1,[image: image74.png]


)

  field         SFBool  normalPerVertex TRUE
  field         SFBool  solid           TRUE
  field         MFInt32 texCoordIndex   []  # [-1,[image: image75.png]


)

}
 Coord – this node is used to define all edges. Check above for details.
CoordIndex – in this node you define the planes that are going to build your object. You reference the edges by their sequential numbers. For example [0, 1, 2, -1] means draw a continuous line from edge 0 to edge 1, then to edge 2. Now “-1” means you want to terminate the drawing process which means in this case draw the line from 2 to 0. At the end you end up with a triangle. Best is to use triangles because 3 edges are always on the same plane and you don’t have to worried about calculating when choosing the edges. There is no limit to how many edges can you use at a time but any sequence of 5 or more edges is difficult to manage and could have strange side effects.
	[image: image76.jpg]








   Stone created with IndexFaceSet

Examples

Kamena chuka project

· Goal – the goal of the project is to create a replica of the archeological site of Kamena Chuka. It consists of a hill at the top of which there is a Stone Age house. This hill offers visibility of the surrounding valley.
· Parts – total of 5 .wrl files. All files are built one into another. I recommend to start reading from the last node to understand the processes. The project was built using a bottom-up strategy while this explanation uses a top-down one.  
1.1. Landscape –The terrain on which the house is going to going to be. Includes the hill and the surrounding area.

This is the file higher in the hierarchy. All others are either its parts or parts of its parts. It consists of a terrain in the form of a hill, several trees, one house and surrounding landscape, which is an illusion since all previous are enclosed between the 4 wall that built it. Since this is the top file it also consists of lighting nodes, Background nodes, extended navigation node and a viewpoint node. The extended navigation node includes the size of the user specified by the avatar field. See node description for details. There are five different lightning nodes. Since I’m not very good at determining proper lightning I have them at full power spreading in all possible directions. The view point is put directly near the house and there is a limit around the house that the user can’t go beyond because it will ruin the illusion. Since most of the nodes in this are basic I’ll give source code only on the special ones.

First is the Terrain node. It is made with an elevation grid and is a square with a side of 600 units. It is divided into small rectangles with sides of 100 and 20 units. They are used to give the elevation of the field so that a realistic hill can be achieved. There are a total of 120 points that can be elevated in this shape. The hill is made flat at the top with 8 nodes which had the same height. They build the platform for the house. All other edges build the slant sides of the hill.      

	Shape {





appearance Appearance 





{






material Material {diffuseColor 1 1 1}






textureTransform TextureTransform {







scale 1.0 9.0






}






texture ImageTexture {







url "land.jpg"






}




       }




       geometry
ElevationGrid 




       {





xDimension 6





zDimension 20 





xSpacing 100 





zSpacing 30 





height [ 41, 45, 49, 47, 36, 24 






     41, 45, 49, 47, 36, 34






   42, 46, 51, 52, 41, 37






   44, 48, 55, 53, 44, 41






   51, 55, 59, 57, 46, 44






   52, 56, 61, 62, 51, 47






   54, 58, 65, 63, 54, 51






   55, 60, 70, 70, 58, 55






   64, 69, 80, 80, 62, 57, 






   63, 61, 80, 80, 59, 55






   62, 60, 80, 80, 63, 56 






   61, 60, 80, 80, 63, 56 






   41, 45, 49, 47, 42, 43 






     41, 45, 49, 47, 46, 44






   42, 46, 51, 52, 41, 37






   44, 48, 55, 53, 44, 41






   51, 55, 59, 57, 46, 44






   52, 56, 61, 62, 51, 47






   54, 58, 65, 63, 54, 51






   55, 60, 70, 70, 58, 55 





]





solid FALSE




       } }
]


Terrain node

After the terrain the surrounding landscape is built. It is achieved by building four huge walls using an IndexedFaceSet. They completely close the terrain in a box. Then each of these walls is covered with an extremely high quality image. That is needed because at this moment the wall area is 425000 units. If the picture is not high quality enough you’ll end up with huge pixels that will ruin the illusion and also the walls are around 400 units away from the view point but they still need to be seen with no defects. Each of these pictures is over 1 MB each.  
	Shape {




appearance Appearance {




material Material {




    ambientIntensity 0.1




    diffuseColor 0.1 0.1 0.1




}




textureTransform TextureTransform {




    scale 1 2




}




texture ImageTexture {




    url "landscape2.JPG"




}




}




geometry IndexedFaceSet {





coord Coordinate {





    point [






-150 -10 -150






700 -10 -150






-150 500 -150






700 500 -150






]





}





coordIndex [ 0, 1,3,2]




solid FALSE




}




}


Landscape Node


What follows next is the positioning of the house and the trees. The house is put in the middle of the hill on the platform. It is not the original size but is manipulated with the scale field to get bigger and wider. Same is with the trees. They are used to cover the places where the landscape walls meet because the real world is more like the insides of a sphere than a box from human point of view and when you try to limit it to four walls there are some inconsistencies.

	

Transform {



translation 230 80 310



rotation 0 0 0 0



scale 3 3 4




children [





DEF house Inline {





url "new_house.wrl"





}




]



}



Transform {



translation 30 60 0



rotation 0 0 0 0



scale 3 6 3




children [





DEF house Inline {





url "pine.wrl"





}




]



}


House and tree node

Kamena Chuka
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1.2. House  - the Stone Age house

The House Object is the most complex object in the projects. It uses collection of many small objects defined in separate files and incorporates them with its own. It is basically divided into 4 walls, roof, door, stone foundations, roof cover and wooden pillars. From these objects only the roof and the walls are objects that belong to the house Group. All others are brought in from the outside. The code is very long and complex so instead of small comments there will be a step by step full explanation of every part. Some parts repeat many times. When that happens, it will be mentioned.


First the source starts with the stone wall. There are a total of 13 pieces of wall, all incorporated from an outside file. They built the foundations of the house. The house has the form of a rectangle with 2 long and 2 short sides. There are 4 pieces of wall on the long sides. They are put in such a way that they stick out only on the outside of the house. The stone walls are almost two times ticker than the mud walls of the house. They have small holes between the stones to allow the mud wall to be seen. This is because mud is used to hold the stones together in the original. Because the 4 pieces of wall put together are slightly shorter than the mud wall the last piece on both sides is longer than he others. This is achieved by a scale node. On the two shorter sides there are 3 pieces at the back and two pieces at the front of the house to leave room for the door. These pieces are the same as on the long sides just rotated at 90 degrees on their y axis. They also have been extended on some parts of the scale. Put together they all form a rectangle with a hole in the middle of one of its short sides. See the picture for details. 
	Transform {



translation 0 0 0.1



scale 1 1 1.2



rotation 0 0 0 0




children [





DEF wall Inline {





url "stone_wall.wrl"





}




]



}


Stone wall node

After the stone foundations follows the house pillars. There are 14 of them. 4 are of a different type (with rope) and are used to build the door. The mud wall is two times ticker than the logs by specification. There are wooden pillars at the door each of which is with rope at both ends. They build the entrance. The rest ten are inside the house and are used to hold the roof in the original structure. They are placed so that they don’t interfere with movement inside the house and are just below key points of the roof. There is also one which is rotated at 90 degrees and is used to hold the top of the roof.
	Transform {



translation -0.9 2 -4.3



scale 0.2 0.6 0.2



rotation 0 0 0 0




children [





DEF wall Inline {





url "log.wrl"





}




]



}


Wooden Pillar node

After the wooden Pillars the mud wall is built. It comprises of 4 Box nodes with texture on it. They all have the same properties but have different locations and size. They build a rectangular shape on top of the stone foundation so that some parts of the boxes sink in the stones. They also leave a hole in one of the small sizes for the door. There is absolutely nothing special about this node.

	Transform {

            translation 7.5 2.0 -0.2

            children [

                Shape {




appearance Appearance { 




material Material { diffuseColor 1 1 1}




textureTransform TextureTransform {






scale 3.0 2.0






rotation 0.0






}




texture ImageTexture {






    url "mud.jpg"




}




}

                    geometry Box {

                        size 16.3 5.3 0.3

                    }

                }

            ]

        }


Mud wall node

Next Part is the roof. It is built using an indexed face set because it is a custom shape. It actually has two identical parts. One of them is slightly bellow the other. Then they are connected at the boundary edges to give appearance of a thick roof. It is actually hollow. The roof is build from both rectangular and triangle shapes since some groups of 4 nodes lie on the same plane. These are mainly the boundary nodes used to connect the two parts of the roof. 

	
Shape {




appearance Appearance {




material Material {




    ambientIntensity 0.5




    diffuseColor 0.2 0.8 0.2




}




textureTransform TextureTransform {




    scale 10.0 10.0




}




texture ImageTexture {




    url "roof.jpg"




}




}




geometry IndexedFaceSet {





coord Coordinate {





    point [






-1.5 4.6 0.2






16.4 4.6 0.2






6.0 8.0 -6.3






12.0 8.0 -6.3






-1.5 4.6 -13






16.4 4.6 -13











-1.5 4.5 0.2






16.4 4.5 0.2






6.0 7.9 -6.3






12.0 7.9 -6.3






-1.5 4.5 -13






16.4 4.5 -13






]





}





coordIndex [            0, 1,3,2,-1, 3,2,4,5,-1







  0,2,4,-1, 1,3,5,-1







  6, 7,9,8,-1, 9,8,10,11,-1







  6,8,10,-1, 7,9,11,-1







  0,6,7,1,-1, 1,7,11,5,-1







  0,6,10,4,-1,4,10,11,5,-1







  ]




solid FALSE




}




}


Roof node


Next are the support logs built into the mud wall. They are twice as ticker than the pillars and are used to hold the wall together in the original house. They are the same as the pillar nodes just some of them are rotated at 45 degrees to achieve the specific shape for this kind of construction.   
	Transform {



translation 1 3.1 -0.2



scale 0.2 0.4 0.2



rotation 0 0 1 -0.8




children [





DEF wall Inline {





url "log1.wrl"





}




]



}


Support log nodes

The last part is the roof cover. There are around 50 branch nodes covering the roof. Because there is only one surface part that is suitable to be the top part and because the roof is not a flat shape most of these nodes are rotated on all three of their axis so that they are parallel to the roof and cover it.
	Transform {



translation 13 5.95 -10.8



scale 0.3 0.3 0.3



rotation 1 0 0 1.1



children



Transform {




rotation 0 0 1 -1.1




children




Transform {




rotation 0 1 0 -3.1




children [





DEF wall Inline {





url "branches.wrl"





}




]



}



}



}


Branch  node
Picture of the Complete House
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1.2.1. Log – wood used into the house
The log is an object that is used to simulate wood pillars. It is a collection of 2 cylinder nodes. One is without top and bottom parts and the other is without a side part. This is used to enable different textures for the log object. There are 3 types of log objects used in the project - one with ropes at both ends and two with different textures. The rope is also build using a cylinder node. These nodes are built especially for insertion purposes. These are two of the types the third one is like the first just without rope:
	[image: image79.jpg]
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#VRML V2.0 utf8

NavigationInfo {


headlight 
TRUE




type

"EXAMINE"

}

 Viewpoint {

  orientation 0 0 0 0

  position 0 1 20

  description "view"

}

DEF log Group {

    children [

#This node is used to make the side of the wood. It uses a texture node which is basically a #rectangle where the picture is put 3 times on the x and 1 time on the y according to the scale #node. This is all done before the object is enveloped by the texture.        
Transform {

            translation 0.0 0.0 0.0

            children [

                Shape {




appearance Appearance { 




material Material { diffuseColor 1 1 1}




textureTransform TextureTransform {






scale 3.0 1.0






rotation 0.0






}




texture ImageTexture {






    url "wood.jpg"




}




}

                    geometry Cylinder {

                        height 10

                        radius 1

                        top FALSE




bottom FALSE

                    }

                }

            ]

        }

#This node is used to build the top and bottom of the log. The same as previous node just a #different picture is used and a different part of the cylinder is turned off.

Transform {

            translation 0.0 0.0 0.0

            children [

                Shape {




appearance Appearance { 




material Material { diffuseColor 1 1 1}




textureTransform TextureTransform {






scale 1.0 1.0






rotation 0.0






}




texture ImageTexture {






    url "tree.jpg"




}




}

                    geometry Cylinder {

                        height 10

                        radius 0.99


      side FALSE
                    }

                }

            ]

        }

#This node
 is used to build the rope on the log. There are two such nodes in the file. This one puts the rope at the top of the log. This node is missing in two of the log types.

Transform {

            translation 0.0 4.0 0.0

            children [

                Shape {




appearance Appearance { 




material Material { diffuseColor 1 1 1}




textureTransform TextureTransform {






scale 10.0 1.0






rotation 0.0






}




texture ImageTexture {






    url "rope.jpg"




}




}

                    geometry Cylinder {

                        height 0.2

                        radius 1.1




top FALSE




bottom FALSE

                    }

                }

   ]

}

]

}

1.2.2. Branches – Roof cover
This node is used to give the roof of the house roughness in order to achieve realism. It is a complex object built of 7 log object and 10 leaf objects. They all have the same background as the roof in order to blend with it. They have different rotations to achieve randomness but are just copies of one of the two objects. The idea behind this object is to create a random pile of sticks and leafs to put on top of the roof so it doesn’t look perfectly smooth since it is supposed to be built with makeshift materials like straw for example. This object is designed for insertion purposes. This is how it looks like.
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#VRML V2.0 utf8

NavigationInfo {


headlight 
TRUE




type

"EXAMINE"


}

 Viewpoint {

  orientation 0 0 0 0

  position 0 3 10

  description "view"

}

DEF branch Group{


children[

#Log node
- the log is manipulated by the scale field so that we have different sizes of logs.

Transform {



translation 0 0 0



scale 0.2 1 0.2



rotation 0 0 0 0




children [





DEF wall Inline {





url "log2.wrl"





}




]



}
#Leaf node – this node is basically a box with a picture on it. The box has a side of 0 so it actually a 2D object.


Transform {

            translation 1 1.1 0


    rotation 0 0 1 0.5 

            children [

                Shape {




appearance Appearance { 




material Material { diffuseColor 1 1 1




}




textureTransform TextureTransform {






scale 1.0 1.0






rotation 0.0






}




texture ImageTexture {






    url "leaf.jpg"




}




}

                    geometry Box {

                        size 1 1.6 0

                    }

                }




]

        }

1.2.3. Stone wall – the foundations of the house

The Stone wall is just a collection of stone objects. There is nothing special here - just an enormous collection of Transform nodes. Each is placing a single stone object somewhere in 3D space to build the wall. There are 40 stones in the wall structure. This node is built to be inserted later in another object. Everything except the Group node is disregarded during insertion. There are two different types of stone used to build the wall. Also some of the Transform nodes use a rotation field so that the stone is not always looked at from the same side. This is done to achieve randomness and imperfection in the wall. This is how it looks like.
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#VRML V2.0 utf8 


 #VRML plug-in
NavigationInfo {


headlight 
TRUE




type

"EXAMINE"

}
DEF view Viewpoint {

  orientation 0 0 0 0

  position 0 0 10

  description "view"

}

DEF Wall Group {


children [


Transform {


 #This node places the stone at the translation


translation 0.0 0.0 0.0

 #coordinates. All stones are their original size


rotation 0 0 0 0


 #as in the stone.wrl Then the stone object is



scale 1.0 1.0 1.0


 #inserted using an Inline Node. There are 40  



children [


 #different nodes in the code each with a




DEF Stone Inline {
 #different translation coordinates. If needed 




url "stone.wrl"

.#the stone is rotated on some axis.




}




]



}



]

}
1.2.3.1. Stone – the stones of the foundations.
This code creates a single stone that is later used for building the stone wall around the house. It is a custom shaped objects built with an IndexedFaceset. It also incorporates a texture node to be used to simulate the appearance of the stone. The stone has a low level of light reflection. It is built from 18 triangles. This object is built to be inserted later in another object much like a “matroishka” (Russian doll). In this insertion the object keeps only the properties defined in the Group node. All other nodes are for examination purposes during the object creation. This is how it looks like.
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#VRML V2.0 utf8  – The VRML plug-in. See Creation of a Virtual Reality.
NavigationInfo {


headlight 
TRUE
  #Headlights are on



type

"EXAMINE"
#Examine mode is the only mode allowed
}
#The only viewpoint is 3 meters before the object. 
 Viewpoint {

  orientation 0 0 0 0

  position 0 0 3

  description "view"

}

#Main node. Only this code is inserted in. 

DEF Object Group {

children [



Shape {




appearance Appearance {




material Material {


#The stone has a 20% light



    ambientIntensity 0.5

# reflection and a 50% intensity  



    diffuseColor 0.2 0.8 0.2

#of the reflected light. The color is 



    shininess 0.2


# used only if no texture is applied



}




textureTransform TextureTransform {
#Texture is applied in original scale



    scale 1.0 1.0




}




texture ImageTexture {

#Address of picture used in texture



    url "stone.jpg"




}




}




geometry IndexedFaceSet {

#Object creator code




coord Coordinate {





    point [



#Declaration of 11 edges in space





0.0 -0.2 0.0






0.7 -0.2 -0.5






0.2 -0.3 -0.5






-0.7 -0.2 -0.5






-0.6 -0.4 0.4






0.5 -0.3 0.4






0.2 -0.4 0.4






0.7 -0.4 -0.5






-0.7 -0.4 -0.5






0.3 -0.4 -0.5






-0.6 -0.3 0.4






]





}



#Triangle creation code 18 triangles are defined. The first connects edges 0,1,2. Count starts from 0. Each -1 terminates the creation so a new one can begin.




coordIndex [ 
0, 1,2,-1,0,3,2,-1,0,4,3,-1,







 0,5,1,-1,0,4,5,-1, 10,5,6,-1,







  6,10,8,-1,6,5,7,-1,6,7,9,-1,







  6,8,9,-1, 9,7,2,-1,2,7,1,-1,







  7,1,5,-1,5,4,10,-1,4,10,8,-1,







  4,8,3,-1,8,3,2,-1,2,8,9,-1]




solid FALSE




}




}


]


} 
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