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Particle Physics DIRTEDEER

Unified Particle Physics for Real-Time Applications, Miles Macklin, Matthias Muller, Nuttapong
Chentanez, Tae-Yong Kim, ACM Transactions on Graphics (SIGGRAPH 2014), 33(4)




NVIDIA FleX & L TUnity THIFHR] g

VIDIA GAMEWORKS

VisualFX ~

FleX is a particle based simulation technigue for real-time visual effects.Traditionally, visual effects are
made using a combination of elements created using specialized solvers for rigid bodies, fluids, clothing,
etc. Because FleX uses a unified particle representation for all object types, it enables new effects where
different simulated substances can interact with each other seamlessly. Such unified physics solvers are a
staple of the offline computer graphics world, where tools such as Autodesk Maya's nCloth, and
Softimage’s Lagoa are widely used. The goal for FleX is to use the power of GPUs to bring the capabilities
of these offline applications to real-time computer graphics.

& Join GameWarks Access Team on Github

https://developer.nvidia.com/flex



EES

HZNERIL, EEHEIUIRE > TE

B NewtonDEFE) HFE\

B)(R-FVIVERETILOGE, BERICES
B )UK OIS - ) R OB

B 5NN - B RE OB RE IZ A
BN -BBEROHITHIF(D D NI —1F)

B 7



gD Ial—vay

(md
i

BEIYRICESNZEZETERD.

B AR AENICLD)EES FTED.

BT EAEDGZE, BTGB ERD S CEIITE
BVWDT, MDD EEDTICESTRAT, B
H7RBF R DIRREZ R < [CETE L TL) <,

]
lmil




AETNDERE



BMOHENED

BtOFEH YN EEZ D,
B ZHZIIER. x OEFE yX) TH, t OFEFH () THEE A AL

=] U.
= 4 y(), (1) YOBEEEIN) 2O HRREERS.
" FAIE Y =(1-1)y S B

A BRRREd BRI, DA< s,

B BT (C DBA Ry OBEN(C OBAIL ) EED R
B EWMo ARSI

BRI DB A A — D Th B M BRER



REMTRE

BN ARINOENMENEOND LI/ TH D.

B COHITIIEIT@IMESEND.

y'=@1-1)y

<:>C—y:(1—t)y
at

@%’: (1—t)dt

BRED U CHEIENEEIEIT O L&
y(t) _ Ae (1—t)2/2



Y ERIERSE

BEETHAIZE D REZH?
— FHAMBIC L > TRFE S,
m y'=(1-1t)y

y(t) _ Ae—(l—t)2/2
y(0)=1< Ae¥* =1
CJ: >, _C_, A — el/2

BEIEE H2t TOyYy DEEED DFRE
B {EHERE: B AR EHEIRMED T T <
FEASRENRES DN E, BBIT—BITHRES R,




YIEMERBE DD, #IHMEMKFE

p
//////



MR ABFEINNDEKRTDIEIS

2

15}

t&EyICE > TRES

/

V4
o y' =(1-t)y BTN TSRS,
~ CDTSTENER DL
e DiE= ZEETERL.
(3 BtTOYA O S )

0 0.5 1 1.5 2 2.5 3



TR NIVDORD




fRITEEANBR DRSS, £5T %H7

7N

7/4//C2 \AO\\\
//// RN

\
\
VNN

e NN

~

tEyIcE>THRES -
A IR AN

e

y = (1—t)y - WEAES S HE LT,

L
- EROMBET | BUNEEEEITEATERD

U BEHEERG, BEOAMRIC

BMCThdET D,




CCETOERLED

BEWMDARERNENS, RMUZHA—DTHBI3WMDA
2.

B ERHOER D MY ARERIL, RHDHER.
BEWMDARENOREZ —EICEDSIZHICIL, #EH
(ERZE:S

B BEREIS, FEAENSHE LT, Mo ARENNS
BoNBTEABEICHL LI DEATNSZET,
KHENS.







MneZERTIEUT S LI

B ) ZtDOREBET 5.
B DD REDESE
) = lim f(t+h)— f(t)
h—0
BHESTETIIhZERIT/NSSTERNDT, =
7 CIRAT 5.

f(t+At) - f(t)

f'(t) »
(t) N




=TICH0 B0 5

mREED
f(t+At)— f (1)

At

B RIRED
f(t) = f(t—At)

At

B RLED
F(t+At/2)— f(t—At/2)

fx: Tﬁ%?

/

N /
i

t—At

Al

t




BN HENDED

B —RAAIESEMO AR ZEZ A D,

y'=f(t,y)
y(0)=a

B EeEZN CETBMADS>EDTHRELIN

YE+AD YO _ ¢ ¢ vy

S UdTIcDaIEERD
At

"W YA R
y(t

ECOEADOND TLNBEE,
+A) =y(t)+ f(t, y())At | ERXEZTRE LEET

AADIE BERIDIE



tE6 X OYyDEEEE

A EENTESRALES, LUEURBET
@%@ﬁﬁdé.

= BRI DBEEIL: t— iAt=t

I .

y(t) > y(iAt) =y(t) =y,

B EDAREL Yia=Yi T f (ti ’ Yi)At
Y, =a ({#IH8)

XKICICUCDEDARNIEIZEEMEVNDTIER



=nhiENERE<
B iR2 ILBERUEFIEN B D,

dy(t)

g TLyM)
AURD
o
v
5%t 5 t,, TTO EDEFZIDWM D RE &

aﬂ:?é%zéc‘:%L FiL\5H



BRQ S BUERE DA
B A o=k R

Yin = Yi _ f(t,y.) 30 IC R DED

Al AD T\ 3B PR
e ol oy Peff 5
Yier =Y — f(t
At ( 1+1? y|+1)
mROSU0 - 2OV UE RS

yi+1_yi_1 f(t v.)+ f(t |
At 2{ (I’yl) (|+1’y|+1)}




CCETOERLED

0 EH(IFFAICRET WM asOMD HiEIN TR
na.

BN EERICETHA D (ENDL).

B ZB(C CCINZBERUE~IEBEE(Z ZCTld
Y) BEEERHIICKE 5.
B AEREELT 2@ EEND.

B RMEREDG S, FHEENSIBICEIEINICHRE D
TEEXOTINL,




VAR =

iIE

oy 1

E

2f



fEEMNHIEDN

B {PICEEZND2EFERDOEEREEN26E
y'=1(t,y,Y)
y(0)=2a,y'(0)=a,
B YoV,Y2>VEELCET, BEIIEEMD AR
LICBEINSD.
Y1, =Y,
Yo =F(t YY)
yl(o) = a,, yz(o) =a,




) CROEBEIRE)
B EHARNDS DEAL X
2
md—z(:—kx+mg :—k(x—mj
dt K
BEODHVDMAEN D DEL Y

y=x_M9

ey @lx




2P B D IENDHI: BEHRE)

B - FVOEEAENRE=1E£T 3)
y'=-y
y(0)=1,y'(0)=0

Y1(O) =1, Y2 (O) =0



2N D

y ——
1
0.5
O -
-0.5
1t
0 2 10 12 14 16 18

20



AR (=



NTNTDEBEEBET LD D

VX

etc.

vy

(CTE2&ECBM)

MBS IR

class Particle {
float m;
float x, y;

» float vx, vy; »
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class Particle {
float m;
float x, vy;
float vx, vy;

void init() {
.
void move() {
.
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int n?grticle = 100;

float[] m = new float[nParticle];
float[] x = new float[nParticle];
float[] y = new float[nParticlel;
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int nParticle = 100;
Particle[] particles = new Particle[nParticle];



