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Fire Simulation with GPU-based Particle System
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Abstract This approach aims at improving the performance and reality of fire simulation in virtue of powerful ability of
GPUPU. An emitter composed of yaw and pitch was designed to control the particle stream precisely. The formula of
laminar flame was modified to outline the shape of turbulent fire. Besides, Lagrange interpolation was used to smooth
and get the accurate fire skeleton around which particles move even when it becomes twist. In order to improve the per-
formance, global memory was adopted to store particles to prevent the spending of binding texture memory repeatedly;

parallelization of Lagrange interpolation and properties of particles update were realized of CUDA. All these measures
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contribute to reach a desirable real-time simulation speed and acquire an improvement of performance.

Keywords Particle system, GPU, General-purpose computation, Yaw, Pitch, Lagrange interpolation, CUDA
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DX, FEHEMREREAX:
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{118 © i@ it Philippe Beaudoin HFEIY KB TER E#
A5 B BIARR, S BEHE 5 (0<i<lm), X B 5 —R=ZEALATR,
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# Begin
(CPU) stepl:
1. 1; Allocate 4 float4 vector-arrays A n],B[n],D[n],S[n] in De-
vice
1. 2;Initialize A[n],B[n],D[n],S[n];
Copy S[n] from host to device through cudaMemepy( HostTo-
Device )
(CPU) step2: While( S[0].y <<y << S§[n—1].y ) do
1) Compute x-coordinate with Parallel_Lagrange ( A[n],B
[n],C[nJ,Sn],y) in Device from step3 to step9
2) Compute z-coordinate with Parallel_Lagrange ( A[n],B
[n],C[nJ,S[n],y) in Device from step3 to step9
done
(GPU) step3:Do the step3. 1 and step3. 2 in parallel
3. 1;for all thread (i,j), (i=threadldx, x,j= threadldx. y),A(i,j)
=s{il.y
3. 2:for all thread (i,j),if (i==j),Bl,)=y
(GPU) step4:Do the step4. 1 to stepd. 4 in parallel
4, 1:for all thread (i,j),if(i==7), Ad,1)=B3,1) —~ A,
4, 2.for all thread (i,)),if(G < 1), AG) =AU, ) —AG,D
4. 3:for all thread (i,)),if(i << j),AG,D=AG,D—AG,D
4. 4. for all thread (i,}),if(i==}),B,1) = A(,D
{GPU) step5:Do the step5. 2 in parallel

5. 1:for thread (0,0),B(0,0)=TL Bk,



5. 2:for all thread (i,j),if(i= =j),A(j,j)=:1;T:A(k,j)
(GPU) step6:Do the step6 in parallel
for all thread (i,j),BG,j)=S8(). x
(if compute z-coordinate, B(i,j) =8(i). z )
(GPU)step7 ;Do the step? in parallel
for all thread (i,j),if(i==j),A,1)=BG,1)/AG,D
(GPU) step8:Store results of Largange intrepolation to A(0,0)
8. 1:A(0,0)=§§A(i,i)
8.2:A(0,0)=A(0,0) * D(0,0)
{CPU) step9:Copy A(0,0) from device to host through Memcpy(De-
vice->>Host)

(CPU) stepl0:Compute z-coordinate from step2
# End
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PAT A 1H#4E F CUDA 1 grid, block Fli thread, # 3¢
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height, FEBORLF /B 1 H9B 4 2 particles[ width][ height], #F
%5 block BILERE R (m,m) , MABRL B grid RYZEE Ky (width/
m,height/m) . FHE% 3T CUDA HEERME.

# begin

(CPU>stepl . Bl — WL A FHIE TR E LW BLREFH B kernel _
particleUpdate()

(CPU>step2: B KT K (L)), WERR ID K tid, X FK/h K (Dx,
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(CPU)step3: fll_syncthreads() X} ¥ L& BIHITIRHE

# end
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cessor) . GPU ZEAT BT 254 block 3245 SM $h4T thread, i
block B ) thread X 8% 43 B LA warp N BN M HIT. 7
CUDA #, wrap /& SM AT BB /N L. BRLUREF CPU
B, ETGPUMNBEEXEENRHE block REER
B,

{E compute capability 1. 0/1. 1 # GPU =, &> SM 8] 4

R EEE 768 NMRE, B wrap WR/MRIF R 3204, 45
A~ SM T A4 block &R 84>, XEARE M T HAE
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(Dwrap BB KHP 24 4, 3 B4 454 SM 19 block ¥k
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(2)8A~ SM &9 block $ & BN 8 4~, M| wrap ¥t h 3, 8
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