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  Flight simulation 

  Simulation of  intelligent weapon system which seek and identify 
aerial targets in cluttered backgrounds. 

  Meteorology 

  Entertainment 

  Advertising 

  Art 



  Blinn developed a functional model for light reflections from cloud 
surfaces. 

  Max used height fields and ray tracing to model clouds 

  Voss applied fractal techniques to produce a very realistic looking 
cloud. 

  Kajiya and Herzen used ray tracing of  volume densities to model 
cloud growth. 



  Standard classification of  cloud types is based on their appearance. 

  Three fundamental classes are:  
  Cirrus (“curl of  hair”) 

  Stratus (“layer”) 
  Cumulus (“heap”) 

  Cirrus clouds are wispy clouds at high altitudes(5-12km) 

  Stratus clouds are layer clouds with no distinct detail lying at low 
altitude(0-2km) 

  Cumulus clouds are heap clouds also lying at low altitudes(0-2km) 



  Combinations of  the basic class names are used to describe clouds with 
combined characteristics and altitudes of  the basic types. Like 
Cirrostratus, Stratocumulus, altocumulus, cirrocumulus etc. 



  To allow for the representation of  a wide variety of  cloud types and 
formations and at the same time keep scene modeling simple and 
image generation economical the strategy used here is that of  the 
impressionist painters. 

  The basic building blocks are 
   A sky plane 

  Ellipsoids (motivation is the observation that individual clouds are 
surprisingly close to ellipsoidal in shape) 

  A mathematical texturing function 



  The sky plane is defined to be parallel to the ground plane at a 
specified altitude and are used to model a two-dimensional cloud 
layer viewed from a distance. The ground plane in scene coordinates 
(X,Y,Z) to be the X-Y plane. Therefore, the sky plane can be written 
as: 

   P(X,Y,Z)= Z - A = O 

 where A is the altitude of  the plane 



  Ellipsoids are used to model gross three- dimensional cloud structure. 
A typical ellipsoid can be expressed as:  

  Q(X,Y,Z) = Q1 X2 + Q2 Y2 + Q3 Z2 + Q4XY + Q5YZ + Q6XZ + Q7 X 
+ Q8 Y + Q9 Z + Q0 = O.  



  The cloud details is done by modulating 
  The shading intensity and 
  The translucence 

  The shading intensity (spectral content) of  the texture pattern is 
achieved by using Fourier Series (summation of  sinusoids) 

  K is computed to produce a maximum value of  1 for T(X,Y,Z) 

  T0 is a parametrer controlling contrast of  the texture pattern € 
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  Natural-looking texture patterns can be produced with four to seven 
Sines in each series if  the frequencies and coefficients are chosen by 
the relationships: 

   FXi+1 = 2 FXi 

   FYi+1 = 2 FYi 

  Ci+1  = .707 Ci  



  PXi and PYi are phase shifts to add randomness and are determined 
by the following relationships for planar texturing:  

  The phase shifts produce a controlled pseudo-random effect by 
shifting the X sine components as a function of  Y and Y component 
as a function of  X € 
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  To provide three dimensional variations for texturing ellipsoids the 
phase shifts are augmented by and added sine variation with Z. 

  The mathematical equation 

€ 

PX'i =  PXi + π Sin(FXiZ/2 ) 
PYi'  =  PYi +π Sin(FXiZ/2 ) 



  The texturing function modulates the shading of  a planar or ellipsoidal surface by the following 
equation  

   where a is defined fraction of  surface reflection due to ambient or scattered light,  

  t is a defined fraction of  texture shading  

  s is a defined fraction of  Specular reflection  

  Id is the shading intensity due to diffuse or Lambertian reflection,  

  Is  is the shading intensity due to Specular reflection,  

  It is the shading intensity contributed by the texturing function (It = T(X,Y,Z)), I is the combined 
surface shading intensity.  

€ 

I =  (l - a){ (1- t)[(1- s)Id +  sIs ] +  tIt  } +  a



  The modulated translucence  of  the sky plane is defined by a threshold 
value for texturing function below which we assign full translucence to 
the plane. 

  The modulated function is given by the equation: 

  TR= 1 - (It – T1)/D  

 0 <TR <1  

  Where  the threshold value T1 

  It = T(X,Y,Z) 

  D is a range of  texturing function values across which the translucence 
is varies from 0 to 1 



  Translucence of  the ellipsoids are modulated in a similar manner. 

  The threshold value is varied to increase translucence at the boundary of  
the ellipsoid. This is achieved with the help of  limb curve, the elliptical 
projection of  the silhouette of  the ellipsoid on the image plane (x,z).  

  This equation is written in image coordinates as 

  f(x,z) = a1 x2+ a2 z2+ a3 xz + a4 x + a5 z + a6 = 0 

where z is the vertical image coordinate or scan line number  

x is the horizontal image coordinate.  



  TR = 1 -(It –T 1 - (T2 –T1) (1-g(x,z) ) )/D  

  O<=TR <=1   

  where T1 defines the threshold at the center of  the limb curve 

   T2 defines the threshold at the boundary of  the limb curve.  

  g(x,z) is the normalized version of  limb curve f(x,z). 









  The use of  two dimensional model is limited because it has no 
depth. For this reason it must be viewed at a distance as a backdrop 
for three dimensional scenes. 

  Another limitation is that the same texture pattern is applied across 
the entire plane, precluding the representation of  different cloud 
formations in different parts of  the sky. 



  The ellipsoid is chosen as the basic building block with which to 
model the primary 3 dimensional structure of  clouds. 

  A single ellipsoid can be used to define an entire volume. 

  The texture model can be defined by specifying the frequencies and 
amplitudes of  the function sine waves to produce the desired 
spectral content and by choosing the translucence thresholds to 
produce desired cloud density. 

  Very compact data base because the same texture patter can be used 
for any number of  ellipsoids. 









  The variety of  shapes in the cloud cannot be modeled faithfully by 
isolated ellipsoids. 

  To account for this variety the 3D model includes the capability to link 
ellipsoids to create more complex shapes 

  The approach used here is to joining the quadratic surfaces. 





  Horizontal cloud formation 

  Vertical cloud formation 

  Combined cloud model 











  The model is easy to construct and image generation can be 
performed by small computers in a reasonable amount of  time. 

  This economy was achieved by approaching the problem of  visual 
simulation from an aesthetic standpoint rather than attempting to 
model rigorously the mathematics of  atmospheric physics. 

  It might fall short of  providing adequate simulation in application 
where greater physical fidelity is required. 
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