Chapter 16: [lluminating |deas
Bambi in the Headlights

WEe' ve forgotten something! In the 3D graphics primer, we noted that objectsin the
virtual world reflect the light shining on them, but we never talked about where that light
came from. So where'sthe light source that’s been illuminating all of these worlds? We
haven't specified one in any of our VRML examples — something we'll learn to do in this
chapter — but just the same, we' ve got light.

It's quite common for creators of worlds to forget to add light sources to those worlds —
so common that the browser designers have added a feature known as the headlight to the
VRML world. The headlight, like alamp that’ s attached to the camera, shines light upon
whatever you're looking at. Here'sthetrick - if you specify light sources in your world,
the headlight won’'t come on, but if you neglect to specify light sources, the headlight will
come on, and you'll be able to see your way around. Without the headlight, most VRML
worlds would be pitch black.

Y ou can turn the headlight on or off using the Navigationinfo node of VRML. Here's
how it looks:

# Definition of the Navigationlnfo node
Navi gati onl nfo {

avat ar Si ze # MFFl oat, mult. val ues

speed # SFFl oat

type # MFString, mult. val ues
headl i ght # SFBool

}

The Navigationinfo gives the VRML browser direction on how to move you through the
world. The speed field allows you to set how many units per second you'll move as you
move through the virtual environment, while the headlight field is set to TRUE if you
want the headlight to be on and FALSE if you want it to be off — so, even if you have
light sourcesin a VRML world, you can force the headlight to be on.

The type field specifies all types of navigation modes that are available to the user; the
field has an input value of MFString, so alist of navigation types can be given. Most
browsers support both WALK and FLY modes, and many support an EXAMINE mode;
if you don’t want the user to be able to navigate through the environment — perhaps
because you’ ve established a pre-planned tour and don’t want the user to get lost — you
should set the value of the field to NONE.

Here' s an example of a green Sphere with a Navigationlnfo node that turns off the
headlight and al navigation:

#VRWML V2.0 utf8
# This is the first exanple on lights



# Turns off light and navigation
Navi gati onl nfo {
headl i ght FALSE # no headl i ght, please
type [ "NONE" ] # And no navigation
}

# And here’s the green Sphere
Shape {
appear ance Appear ance {
material Material {
diffuseColor 0 1 0
}
}

geonetry Sphere { }
}

When we load that into the browser we can’t see very much. While the green Sphereis
there — though very dimly —we don’'t see any of the navigation controls that we've
always associated with the VRML browser. They’ re suppressed when the value in the
type field is NONE.

Most browsers come up in WALK mode by default; sometimes that’ s inappropriate. In
many cases we' d rather come up in an examination mode — “ Study” in WorldView and
“Spin” in Cosmo; do to this, we need to make EXAMINE the first value in the type field.
In order to preserve the other navigation modes, we' d also need to have ALL asafield
value — otherwise, only EXAMINE mode will be available. Here's how that might look,
with the example given above, and the headlight turned on:

#VRWML V2.0 utf8
# This is the second exanple on lights
# Exam ne node navigation, with Iight
Navi gati onl nfo {
headl i ght TRUE # we |ike headlights
type [ "EXAM NE', "ALL" ] # open in exam ne node

# And here’s the green Sphere
Shape {
appear ance Appear ance {
material Material {
diffuseColor 0 1 0
}
}

geonetry Sphere { }
}

Once again we have our navigation controls, we can examine the object — and we have
some light.

The Navigationlnfo node gives you alot of control over what the user can and can not do
within your worlds; used wisdly, it can guide users without letting them get lost.



Thomas Edison in Cyber space

The basic light source in VRML, created with the PointLight node, makes a
unidirectional light. 1t's very much like a bare lightbulb, shining equally in al directions.
It has no visible shape — strangely enough, lights can exist without being visible entities.
Here' s adescription of the PointLight node:

# Definition of the PointLight node

Poi nt Li ght {

on # SFBool
intensity # SFFl oat
anbientlntensity # SFFl oat

col or # SFCol or

| ocation # SFVec3f
r adi us # SFFI| oat
attenuation # SFVec3f

}

The on field of the PointLight node explains itself; if TRUE, the light ison, and if
FALSE, it'soff. Theintensity field requires a value between 0 — alight that’s been
dimmed out, and 1.0, alight that’s shining as brightly asit can. The color field
determines the color of the light — yes, you can have mood lighting in cyberspace — and
allows you to have any combination between 0 0 O (black and not visible) and 11 1
(white and completely saturated) asitsvalue. The color defaultsto 1 1 1 — a bright, white
light.

The light can have a placement independent of the local coordinate system, by specifying
avaluein the location field. The radiusfield allows you to set how far the rays from this
light will travel — such things are possible in cyberspace — and has a default value of 100
units; many times this value will be too small, and alight won't shine on things that it
clearly should be illuminating. Don't reset the radius field unless you know it doesn’t
work with the default value — lots of lights shining on lots of objects slows down the
rendering speed of most computers significantly.

For our first example, we'll position alight directly above a white Box:

#VRWML V2.0 utf8
# This is the third exanple on lights
# Create white |ight
Poi nt Li ght {
location 0 5 0 # Above cube
}

# And here’s the white Box
Shape {
appear ance Appear ance {
material Material {
diffuseColor 1 1 1
}
}

geonetry Box { }



When we examine this in the browser, we see alight shining from above.

Now, with a small change, let’s use the color field to make that light red:

#VRWML V2.0 utf8
# This is the fourth exanple on lights
# Red light from above

Poi nt Li ght {
color 1 00 # Red I|ight
|l ocation 0 5 0 # Above cube
}
# And here’s the white Box
Shape {

appear ance Appear ance {
material Material {
diffuseColor 1 1 1
}
}

geonetry Box { }

}

And now let’s cut the intensity in half:

#VRWML V2.0 utf8
# This is the fifth exanple on lights
# Dimred |light from above

Poi nt Li ght {
intensity 0.5 # dimlight
color 1 00 # Red |ight
location 0 5 0 # Above cube

}

# And here’s the white Box

Shape {

appear ance Appear ance {
material Material {
diffuseColor 1 1 1
}
}

geonetry Box { }
}

This dims the entire scene.

Y ou can aso have multiple light sources in any scene; although many lights will begin to
slow the computer down, ajudicious use of valuesin the radius field should alleviate
that; use the radius field so that lights illuminate only those objects that they’ re intended
to illuminate, rather than every object in the world. Here's the same cube, faced on every
side by lights of a different color:

#VRWML V2.0 utf8
# This is the sixth exanple on lights
# Create white light from above
Poi nt Li ght {
location 0 5 0 # Above cube



}

# Create purple light from underneath

Poi nt Li ght {

color 1 01

| ocation 0 -5 0 # beneat h cube
}
# Create green light in front
Poi nt Li ght {

color 010

| ocation 0 0 5 # before cube
}
# Create red |light from behind
Poi nt Li ght {

color 1 00

| ocation 0 O -5 # behi nd cube
}
# Create blue light fromthe right
Poi nt Li ght {

color 001

location 5 0 0 # Right of cube
}
# Create yellow light fromthe |eft
Poi nt Li ght {

color 110
|l ocation -5 0 0 # Left of cube

}
# And here’s the white Box
Shape {
appear ance Appear ance {
material Material {
diffuseColor 1 1 1
}
}

geonetry Sphere { }
}

We now have a sphere illuminated, in color, from all sides.

A great ideal

As | mentioned earlier, lights are not visible; they make objects visible by shining light
on them, but they have no visible characteristic of themselves. However, they can be
placed inside of “solid” geometry, and will shine through it. Here we use a Sphere, a
Cylinder and a Transform node to make a “body” for the light source, and, for a change,
we get to use emissiveColor in the Material node, because this object shines:

#VRWML V2.0 utf8
# This is the seventh exanple on lights
# Keep all of the lightbulb together and above box
Transform {
children [
Poi nt Li ght { } # Fine just as it is.
Shape {
appear ance Appear ance {



material Material {
em ssiveColor 1 1 0.8 # shines
}
}

geonetry Sphere { radius 1.25 }
}

# Cylinder goes inside translation node
Transform {

children |
Shape {
apppear ance Appear ance {
material Material { # netalic
di ffuseColor 0.5 0.5
0.5
shininess 0.9
specularColor 1 1 1
}
}
geonetry Cylinder { radius 0.5
hei ght 1
}
}
]
translation 0 1.5 0 # nove up a bit
}
]
translation 0 5 0 # above the box
}
# And here’s the white Box
Shape {
appear ance Appear ance {
material Material {
diffuseColor 1 1 1
}
}
geonetry Box { }
}

We get a big lightbulb shining over alittle box.

Whileit isn't always necessary to put geometry around your light sources, it’s often a
good visua cue someone browsing your worlds — visible lights are redlistic lights;
torches, flames, flashlights and spotlights all have their uses — and alight wrapped in the
correct geometry becomes an intuitive flash of insight!

Track Lighting In Cyberspace

While many lights in our world resemble the “classic” lightbulb that illuminates
everything equally in all directions, others — things like flashlights, spot lights and track
lighting, are directional light sources — that means that the light has a direction — just like
a camera — toward which its beam projects. Y ou can create directed lights sourcesin
VRML using the SpotLight node, a sister of the PointLight node. It has afew extra
fields:



# Definition of the PointLight node

Spot Li ght {
on # SFBool
intensity # SFFl oat
anbientlntensity # SFFl oat
col or # SFCol or
| ocation # SFVec3f
di rection # SFVec3f
beam dt h # SFFI| oat
cut O f Angl e # SFFl oat
r adi us # SFFI| oat
attenuation # SFVec3f

}

The three extrafields in the SpotLight node, direction, beamWidth, and cutOffAngle
determine the directional characteristics of the SpotLight. The direction isanormalized
vector — we discussed them in chapter 9 which determines how the light is pointing; the
default value of 0 0 —1 meansit pointsin, toward the scene. The beamWidth isavaluein
radians to describe the total width of the beam of light; it has a default value of 1.57
radians or 90 degrees. The cutOffAngleis the point at which the SpotLight begins to
attenuate; this gives the light a central circle of full brightness, known as the umbra, and
an outer circle, where it fades away to darkness, known as the penumbra. By default
cutOffAngleis set to 0.7853 radians, or 45 degrees.

To illustrate, let’s create along flat surface — a floor, actually — and position a default
SpotLight aboveit:

# This is the eighth exanple on lights
# Create white |ight
Spot Li ght {
location 0 50 0 # Above fl oor

}
# And here’s the Gray Fl oor
Shape {
appear ance Appear ance {
material Material {
diffuseColor 0.5 0.5 0.5
}
}

geonetry Box { size 100 0.01 100 }
}

When we look at this in the browser, we see that the floor is dark.

The default direction of the SpotLight pointsin, rather than down. Adding some
direction information to the node will fix this:

# This is the ninth exanple on lights
# Create white |ight

Spot Li ght {
|l ocation 0 50 O # Above fl oor
direction 0 -1 0 # Poi nt down
}



# And here’s the Gray Fl oor
Shape {
appear ance Appear ance {
material Material {
diffuseColor 0.5 0.5 0.5
}
}

geonetry Box { size 100 0.01 100 }
}

And now we can see that the upper surface of the floor is uniformly lit.

We can have multiple SpotLight nodesin aVRML world. Here, we add a blue SpotLight
to illuminate the underside of the floor:

# This is the tenth exanple on lights
# Create white |ight above

Spot Li ght {
|l ocation O 50 O # Above fl oor
direction 0 -1 0 # Poi nt down

}

# And the blue |ight bel ow

Spot Li ght {
|l ocation 0 50 O # Above fl oor
color 00 1 # color it blue
direction 0 1 0 # Point up

}
# And here’s the Gray Fl oor
Shape {
appear ance Appear ance {
material Material {
di ffuseColor 0.5 0.5 0.5
}
}

geonetry Box { size 100 0.01 100 }

}

And now we have two differently colored faces of the floor.

For our final example with the SpotLight node, let’ s rework the sixth example to use six
directional light sources:

#VRWML V2.0 utf8
# This is the eleventh exanple on |ights
# Create white light from above

Spot Li ght {
|l ocation 0 5 0 # Above cube
direction 0 -1 0 # point downward

}

# Create purple light from underneath

Spot Li ght {
color 101
|l ocation O -5 0 # beneat h cube
direction 0 1 0O # point upward

}



# Create green light in front

Spot Li ght {
color 010
|l ocation 0 O 5 # before cube
direction 0 0 -1 # point in
}
# Create red |light from behind
Spot Li ght {
color 100
|l ocation 0 0 -5 # behi nd cube
direction 0 0 1 # point outward
}
# Create blue light fromthe right
Spot Li ght {
color 001
location 5 0 0 # Right of cube
direction -1 0 0 # point left
}
# Create yellow light fromthe |eft
Spot Li ght {
color 110
|l ocation -5 0 0 # Left of cube
direction 1 0 0O # point right
}
# And here’s the white Box
Shape {
appear ance Appear ance {
material Material {
diffuseColor 1 1 1
}
}
geonetry Sphere { }
}

Once again we get a Sphere that’s colored by lights from all sides.

SpotLight nodes can be used to create distinctive lighting effects, such as the highlighting
of features on atour of avirtual world, or an art galery, or something assmpleasa
flashlight. Experimentation is key here — play around until you find just the combination
of field values to produce the effect you’ re looking for.

Tuneln, Turn On

Back when we introduced the PointLight node, we saw that itsfirst field, on, could turn
set the light source as either on or off. Much more than this, the on field can be used as a
light switch — it can actually switch the light on or off. To understand how this happens —
because our next project will be alight switch —we need to cover the basic concepts of
interactive VRML, specifically events and routes.

Simply put, events are messages that can are sent from node in response to some activity
—auser click, atimer counting down, the completion of an MPEG movie — and then
passed along — or routed — to another node.



Events are composed of two different types of information; first there’ s atime stamp,
which indicated the precise moment the event occurred; following that there's some data
specific to the event, it’s adways one of the legal VRML datatypes. This package gets
squirted out of anode, and routed to another node through a construction known as a
route.

One way to think of events and routes would be to visualize a tin-can and string
telephone; the mouth at one end emits event, the string routes the event to an ear, which
receives the event.

Certain VRML nodes can emit events; these emitters are identified as eventOut items.
Most VRML nodes have fields which can receive events; those receivers are identified as
eventln items. These complementary types, eventOut and eventln, are the mouth and ear
of VRML.

Start M aking Sensor

One class of VRML nodes which can send events, that is, which have eventOut fields, are
known as sensors. Sensors generate events — either on their own accord, or in response to
some user-inspired activity. One of the most generic of the sensor nodes is known as the
TouchSensor — it sends messages when ever a user touches (clicks on) objects with the
mouse. Here's how the node looks — including its eventOut and eventln info:

# Definition of the PointlLight node
TouchSensor {

enabl ed # SFBoo
i sOver # event Qut, SFBoo
i SActive # event Qut, SFBoo

hi t Poi nt _changed # eventQut, SFVec3f
hi t Nor mal _changed # event Qut, SFVec3f
hi t TexCoor d_changed # event Qut, SFVec3f
touchTi e # event Qut, SFTine

}

The TouchSensor node has only one field capable of storing avalue, enabled, which
defaultsto TRUE. Everything elseisinformation that the sensor can send as things
happen to it. The isOver event sends a message with TRUE if the mouse is over the
object that the TouchSensor has been attached to, otherwise it sends FALSE. If the user
puts the mouse over the attached object and clicks on the mouse button, isActive sends a
TRUE event as well.

Where would these events get sent? If you peek at our definition for the PointLight node,
you' |l see that the on field has afield data type of SFBool. TouchSensor eventsisActve
and isOver send messages of datatype SFBool. That means that we could route the
output of either isActive or isOver from the TouchSensor to a PointLight.

How can an eventOut affect a field in another node? Get ready for a big revelation —
most fields in most nodes are actually a combination of an eventin, afield value, and an
eventOut. The eventin provides away to change the value of afield, the field value
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provides a place to store the value of the field, and the eventOut provides away to send a
message if the value of afield changes. Any field like thisis known as an exposedField,
and we'll start to note them when we come across them. For example the PointLight
node really has a definition that looks like this:

# Definition of the PointLight node

Poi nt Li ght {
on # SFBool , exposedFi el d
intensity # SFFl oat, exposedField
anbientlntensity # SFFl oat, exposedField
col or # SFCol or, exposedField
| ocation # SFVec3f, exposedField
radi us # SFFl oat, exposedField
attenuation # SFVec3f, exposedField

}

PointLight has an exposedField named on. That means that on is actually an eventin
named set_on, afield value named on, and an eventOut named on_changed. Any event
which changed the value of on would have to be routed into the PointLight through
set_on. If some event did change the value of on, then a message would be emitted
through on_changed.

An example will make all of thisawhole lot clearer. Let’s attach a TouchSensor to our
lightbulb, and set things up so that if the mouse is over the lightbulb, the lightbulb turns
on. We'll have to route a message from the TouchSensor to the PointLight:

#VRWML V2.0 utf8
# This is the twelfth exanple on lights
# Keep all of the lightbulb together and above box
Transform {
children |
# Putting the TouchSensor in the same
# children [] field attaches it to all objects
# inside the children field
DEF SENSOR TouchSensor { } # fine as default
DEF LI GHT PointLight { } # Fine just as it is.
Shape {
appear ance Appear ance {
material Material {
em ssiveColor 1 1 0.8 # shines
}
}

geonetry Sphere { radius 1.25 }
}
# Cylinder goes inside translation node
Transform {

children [

Shape {
appear ance Appear ance {
material Material { # netalic
di ffuseColor 0.5 0.5

shi niness 0.9
specularColor 1 1 1
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}

}
geonetry Cylinder { radius 0.5
hei ght 1
}
}
]
translation 0 1.5 0 # nove up a bit
}
]
translation 0 5 0 # above the box
}
# And here’s the white Box
Shape {
appear ance Appear ance {
material Material {
diffuseColor 1 1 1
}
}
geonetry Box { }
}

# And now | adi es and gentlement, we use a ROUTE
# for the very first time. This ROUTE establishes
# the path between the SENSOR event Qut isOver

# and the LIGHT eventln set_on.

ROUTE SENSCR. i sOver TO LI GHT. set _on

To begin with, the TouchSensor goes into the children field of the Transform node which
contains the lightbulb — this “attaches’ the TouchSensor to all of the visible objects
within the children field — including the Cylinder that’s nested inside another Transform
node. The TouchSensor is given the name SENSOR, so that its events can be identified.
The PointLight is given the name LIGHT, so that its events can also be identified.

The very last line of the VRML fileisabit of magic. The ROUTE statement “wires’ the
eventOut isOver TO the eventln set_on. That’s the real reason we need to give objects
namesin VRML — without that capability, we' d never be able to meaningfully refer to
the eventln and eventOut parts of a node.

Doesit work? Does the light turn on when you hold the mouse over it? You bet it does!
Congratulations — you just created your first interactive world!

TouchSensor also has the isActive eventOut, which sends an event when the mouse is
clicked on items attached to the TouchSensor. Here's the previous example, modified to
use isActive:

#VRWML V2.0 utf8
# This is the thirteenth exanple on lights
# Keep all of the lightbulb together and above box
Transform {
children [
# Putting the TouchSensor in the same
# children [] field attaches it to all objects
# inside the children field
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DEF SENSOR TouchSensor { } # fine as default
DEF LI GHT PointLight { } # Fine just as it is.
Shape {
appear ance Appear ance {
material Material {
em ssiveColor 1 1 0.8 # shines
}
}

geonetry Sphere { radius 1.25 }
}

# Cylinder goes inside translation node
Transform {

children [
Shape {
appear ance Appear ance {
material Material { # netalic
di ffuseColor 0.5 0.5
0.5
shininess 0.9
specularColor 1 1 1
}
}
geonetry Cylinder { radius 0.5
hei ght 1
}
}
]
translation 0 1.5 0 # nove up a bit
}
]
translation 0 5 0 # above the box
}
# And here’s the white Box
Shape {

appear ance Appear ance {
material Material {
diffuseColor 1 11
}
}

geonetry Box { }

}

# ROUTE between t he SENSOR event Qut isOver
# and the LIGHT eventln set_on.
ROUTE SENSCR. i sActive TO LI GHT. set_on

The only changein all of thisisthe ROUTE statement; now isActive isrouted to set_on.
When we load the world, the light is on — that’s as it should be. But when we click on the
light, we can now turn it on and off.

Our final example will be to make alight switch separate from the light. We'll use the
Box underneath the light, and we' Il have to introduce a new node, Group, which will
attach the Box to the TouchSensor; we'll place both in the Group node' s children field.
Here' s the syntax for the Group node:

# Definition of the Goup node
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G oup {

children [] # MFNode, nult. val ues
bboxCent er # SFVec3f
bboxSi ze # SFVec3f

}

The Group node does nothing more than collect nodes together, which — as we can see
from this example — is sometimes very useful. Here we attach the TouchSensor to the
Box, to switch the PointLight on and off — and we initialize the PointLight to off.

#VRWML V2.0 utf8

# This is the fourteenth exanple on lights

# Keep all of the lightbulb together and above box
Transform {

children [
DEF LI GHT PointLight { on FALSE } #it’'s off
Shape {
appear ance Appear ance {
material Material {
em ssiveColor 1 1 0.8 # shines
}
}
geonetry Sphere { radius 1.25 }
}

# Cylinder goes inside translation node
Transform {

children |
Shape {
appear ance Appear ance {
material Material { # netalic
di ffuseColor 0.5 0.5
0.5
shininess 0.9
specularColor 1 1 1
}
}
geonetry Cylinder { radius 0.5
hei ght 1
}
}
]
translation 0 1.5 0 # nove up a bit
}
]
translation 0 5 0 # above the box
}
# Using a G oup node to put the box and sensor together
G oup {

children [
DEF SENSOR TouchSensor { } # fine as default
# And here’s the white Box
Shape {
appear ance Appear ance {
material Material {
diffuseColor 1 1 1
}
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}
geonetry Box { }

]
}
# Route between the SENSOR event Qut isOver
# and the LIGHT eventln set_on.
ROUTE SENSCR. i sActive TO LI GHT. set_on

Now, when we click on the box, it acts like alight switch and turns the light on.
The light switch, while interactive, can hardly be called useful — you need to keep you
mouse on it all thetime. In alater chapter we'll figure out how to make the switch

“stick” in the on and off positions, so we can make areal switch. But now, it'stimeto
start a little spinning, because, baby, the Earth is gonna move...
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