Fast algorithm for cloud rendering using flat ,3D textures
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Abstract

This paper presents an efficient method to render cloudsein tratural dynamici(eforming, dissipating, flowing). The
algorithm uses flat ,,3D textures” to represent volumetritadd his is used to compute the amount of light reaching eaxhly
The light values are computed in real time and then visudliseng a slicing technique to enable on-line interactioththe
cloud model.
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1 INTRODUCTION Light scattering was introduced even earlier by

. " .
Clouds are oftenincluded in online applications such a[s)ObaShI e al[DKY"00], however, theirs method

flight simulators and video games. The problem is tharpodelled single scattering only. A common feature of

. . - . all these rendering algorithms is that they occur in two
rendering clouds in a fast and realistic way is very com- . .
- P phases. The first pass calculates the scattering along

plex. Various simplifications are used to allow the real: . S .
the light vector and creates the lighting information.

time rendering of cloudy scenes, however very Ofteq’he lighting data is then applied to the cloud model in

they decrease the quality of the animation. A very Valufhe second phase of the algorithm.

able objective is to be able to produce scenarios WhereA simpler approach was used by Vane [Van0d]

T et was used 2560 o0 ork ty Berens and Rterg (e
baper, P Cited in Vane’s paper). The visual effect of his work

obtain cloud data in a few processing steps. Thes emonstrates that Behren’s algorithm is suitable for

data are then processed with the proposed cloud val; : I
ume lighting algorithm and visualised with a techniqueShadOWIng but not for lighting.

using slices to approximate to the volume. 3 VOLUMETRIC DATA

2 PREVIOUS WORK For the proposgd r_endering method clouds are repre-
sented as density distribution model. From the array of
The most realistic cloud rendering method, so far Procloud data generation methods the Dobayashi’s a|go_
duced, was developed by Harris and Lastra [HLO1ithm was selected (described in detail in [DKS0]).
The algorithm takes into account the phenomena of The Computationa”y expensive process of the con-
light scattering: multiple forward scattering along thetinuous distribution calculation (callesinoothing) was
light direction and single scattering towards the viewelspread over a number of animation frames. The as-
This work was extended by Harrég al.[HBSLO3]  sumption given for real-time applications is that each
to model realistic motion of clouds on GPU via stableframe must be displayed in 40 milliseconds there is
fluid simulation introduced by Jos Stam. The improvechout half this time available for simulation or smooth-
algorithm deals with the rendering aspect of the probing with visualization technique proposed in section 4.
lem as they mentioned a method for rendering in 3D
condensed vapour density provided by simulation. Thid VISUALIZATION MODEL

extension is discussed in more detail by Harris in hiﬁ.he most common approach to visualize volumetric
PhD dissertation [Har03]. data is to use a slicing algorithm. The basic idea is

Permission to make digital or hard copies of all or part o6thi to take a slice of volume data, render it onto texture

work for personal or classroom use is granted without fe@igeal : ; ;
that copies are not made or distributed for profit or comnaéfci and paste this texture on quads in 3D space. Figure 1

advantage and that copies bear this notice and the fuliasitan the]  Shows mapping of volumetric data onto a flat ,3D tex-
first page. To copy otherwise, or republish, to post on sergeto| t,re” which is used to cover the slice’s surface.

redistribute to lists, requires prior specific permissiod/ar a fee. .
a prior'sp P As denoted by Vane in [Van04] there are two classes

Wsstceészlgggeﬁdmgs, I?gN g0586943é0§b606 of slicing algorithms: object aligned and view aligned.

’ , January 30 — February 3, s . . . .

Plzen, Czech Republic For thg |mplementat|0n of the visualisation model ob-
Copyright UNION Agency — Science Press ject aligned slices was chosen. The key advantages of
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Algorithm 1: Cloud lighting algorithm

input: model viewed align its axe$, Y andZ
(three sets of slices covered with textures),
normalized vector of light directioh
global light colorc,
scattering coeficierd,
absorption factoe

)1
: height
" \T‘Eepxm

Figure 1: Mapping volumetric data of discrete space
onto flat ,3D texture”

) _ o o o ~ [* determine the set of slices to be used for lighting
this method are its efficiency and its simplicity, consid-  and the order they are processed */

ered both methods introduce similar artifacts: when the ., \vs ABSVec| ndex(T-X,1-Y,T-2)
viewer is very close (or inside) the volume the space be; ~ o+ eAndFi | | Buf f er ( b r%n'/ x res,, ©)
tween the planes becomes apparent and the whole 02b ' '

) b ved K of sli 3 foreachslice sdo
ject can be perceived as a stack of slices. , foreach piel P, do

/* compute pixel coordinates and radius
corresponding to buffer content */

5 RENDERING

The rendering algorithm proposed in this section is sims
ilar to the original concept of Harris and Lastra [HLO1].

The key difference is that the method described bé*
low adopts images of volume rendered in slices and

(Up, vy, T) < Proj ect Pi xel (b, p(u_v))
T—32%2_ 32
Up==2 "=z

Get Pi xel Al pha (b, Pluy v+, )

then uses hardware blending function to process the T
whole slice simultaneously. This approach speeds u

the whole process as the additional buffer used to read -
back the illumination for each pixel can be read as orié | DrawSlice (b,
operation for whole slice.

ae
uy) T Uz

Set Pi xel Col or (s, Puy) Tuy) ~c(u_v))

N

I
light direction
' light scattered onto slice s

light absorption on slice s
/ pixel data readback

additional frame buffer
Figure 2: General idea for cloud illumination algorithm
using slices: illuminating slice s,

®3) (4)

Figure 3: Sample frames from cloud simulation: (1)

Flat ,3D textures” illuminated by presented algo-ang (2) show same cloud model viewed from different

rithm 1 (picture 2) can now be displayed with visual-perspectives; (3) experiments with increasing scatter-
ization technique described in section 4. ing factor; (4) unlit cloud model (very bright day)
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