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[1naH

O yeMm peyb?

NcTopus

CoBpemMeHHas Hayka
CoBpeMeHHOoe peLleHne
[1poeKTbl N noau
3akrtoyeHne
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'O yem peyb?

= KoMnbloTepHbIe Urpbl
= KnHo

Puc. 1. Columbia Pictures, 2012
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'O yem peub? (2)

= TpeHaxepbl
= BupTtyanbHas peanbHOCTb

Puc. 2. Transas, lWnon6anka Puc. 3. Dynamica, Beptonert
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 OBBeKTH MOOEeNMpPoOBaHUA

= TBepable Tena

= OrpaHun4yeHus
o WWapHupbl
o Ceasn
0 [1pyXXuHbI 1
oemnaepsol
0 MoTopbl

Puc. 4. Weinstein
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 O6beKTH! MoaenupoBaHus (2)

= [ledpbopmupyemble Tena
= [TKaHW

= BepeBKku
= Bonocobl

Puc. 5. Fedkiw
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ObObeKkTbl MOgenmpoBaHua (3)

PaspylLlaembie Tena
YKngkocTtn v rasbl

Puc. 6. Fedkiw Puc. 7. Fedkiw
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icTopunyeckne Bexu

OCHOBbI MEXaHUKU

o KonepHuk, 'anunen, HetloToH — 14-16 Beka
[TepBble Nyonnkaumn

o BepewarvH — 1974

o Featherstone — 1983

[lepBOe ynoMmnHaHue aucumnninHbI

o Alan Barr — 1987, “Topics in physically-based
modelling”, SIGGRAPH
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OcHOBbI MexaHukn. HetoToH

6 cTeneHen cBoboabl

0 X=0,yzapfB,7)T
aV=X=ww
Macca 1 TeH30p nHepuum

o M
o I (Mirtich, 1996 — TpeaHrynsauua, Teopema [ puHa)

2-1 3aKOH HblOTOHA
()= D70
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' OCHOBbI MEXaHMKU. TpeHune

= TpeHue KynoHa

o F=uN
= Buabl TpeHus
o [lokos

o Ckonb)XxeHusd
o KayeHus
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P——Stam‘ region =}= Kinetic region ——»

Puc. 8. Van den Bergen

22.05.2012
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' OCHOBbI MEXaHMKU. YOapHbIN

KOHTAKT

= Mopgenu KoHTakTa
o HetoTtoH (v, = —¢cvy))
0 [lyaccoH (nmnynbebl)
0 CTpoHr (3Heprum)

Puc. 9. Mirtich, Canny

22.05.2012

11



‘ OcHOBbI MexaHukn. KoHTakT

MOKOH4A
= B npegenax ToyHOCTU Tena He OBUratoTcS

Puc. 10.
Erleben

22.05.2012
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‘ OcHoBblI MexaHukn. Ce4a3n

= lopeanbHble cBA3N
0 MoOXHO 3aMeHUTb cunamMmu peakuum

o E.=JTA
» WapHupsl (Joint) \

0 C(X,t) =0,C (X,t) =]V
Puc. 11. Erleben

o MV =F,,+F.
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' OCHOBbI MEXaHVKM. [Mpy>KMHBI

= [1pyxuHa I
a Eg = —kAx spring k
= [lemnaopep
) — mass m
0 F; = —cAx |
|
ground damper c

Puc. 12. Catto
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' duamMyeckoe MoOennpoBaHue.
ANropnTmbil

dunsnyeckoe
MoaenupoBaHme
OrpaHunyeHus KoHTakT
CoKkpalleHHble [MonHble MY TbChl LLITpacbb!
KoopauHaThl KoopAuHaThI
BepewarvH - 74 Mirtich - 96 Moore, Williams
Featherstone - 83 3agaya o Guendelmann - 03 Hasegawa, Sato - 04
JONONMHUTENBHOCTH Catto - 05
B TepmunHax B TepmunHax
YCKOPEHNU CKOpOCTEN
Witkin - 88 Stewart - 97
Baraff - 96 Trinkle - 97
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' duamMyeckoe MOOENMpoOBaHMeE.
Anropuntmbl (2)

Hedopmauumn n
TKaHW

Baraff, Witkin - 88
Muller - 06

dusnyeckoe
MoadenMpoBaHue

PaspyLueHus YXuakoctu

Baraff, Witkin, Smith — 01 Fedkiw’ Lasasso - 07
Weinstein - 11

22.05.2012
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dunsnyeckoe moaenmpoBaHue.

YuncneHHble meTtoabl

3agada Kowmn — YyncneHHoe NMHTerpupoBaHmne
0 Qunep

o Bepne (Verlet)

Pacyet wapHupos — CJIAY

o LDL" - pasnoxeHue

o PasnoxeHue Xoneukoro

Pac4yeT kKoHTakToB — LCP

0 [1poekTmBHLIN ["aycc-3enaerns
0 (n?), n — YUCNO KOHTaKTOB
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‘ OnpepeneHne CTONIKHOBEHUN.
[looxoabl

= [1NCKPETHLIN
o Ha Tekywem ware obc4yera

= HenpepbIiBHbLIN
o [lyna yepes bymary
o PacuyeT BpemeHu ctonikHoBeHusd (TOI)

Puc. 13. Mirtich

22.05.2012
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‘ OnpepeneHne nepece4vyeHun.

[ ToMUTUBDI

= Cohepa

= [lapannenenunen
= Kancyna

= LnnnHop

= KOHyC

= TpeyronbHUK

Puc. 14. Naturalmotion
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‘ OnpepeneHne nepece4vyeHun.

Bbinyknble reomeTpumn
= GJK (Gilbert, Johnson, Keerthi - 88)

o PasHocTb MUHKOBCKOro
o CumMnnekcol
o B cpeaHem 0(n)

= Lin-Canny le—]
o 6ubnuoteka I-Collide | o Voo )
« V-Clip ' | |

» EPA (GJK-based)

N - - ——

Puc. 15. Coumans
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‘ OnpepeneHne nepece4vyeHun.

Bbinyknble reomeTtpun (2)
= SAT (Separation axis theorem)

Separating
i

Puc. 16

22.05.2012
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‘ OnpepeneHne nepece4vyeHun.

HeBbinyknble reomeTpun
= Pa3snoxeHue Ha Bbinyknble

22.05.2012
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‘ OnpepeneHne nepece4vyeHun.

OnTumMmnsaumnu

» CeTku
a 2D
0 3D (BOKcenbHLIE)

= Nepapxunm

o Quad/Oct gepeBbS | |
1 BVH ﬁ R
""‘""'[/"[' §> SV TN
3§ hdlilbn

Puc. 20, Coumans

Puc. 19
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‘ CoBpeMeHHOE peLleHMe.

CTONKHORAHIA
Collision Data

Collision Object
shapes AABBs

Start
Compute Detect
AABBs pairs
Broadphase

Collision Detection

time >

Detect
overlapping
child shapes
(compound)

Detect
overlapping
triangles
(trimesh)

Midphase (concave)
Collision Detection

Puc. 21, Coumans

Overlapping Local Overlapping o World

concave AABB convex it transforms &

pairs Tree pairs P velocities
End

Generate
closest full contact
points manifold

Compute

Narrowphase
Collision Detection

22.05.2012
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‘ CoBpeMEHHOE peLLeHNne.

Collision Data Dynamics Data
Collision Object Overlapping Contact :ll}g:\rls?orms Mass :.‘:::‘st‘.;rcat:ts
shapes AABBs pairs points o Inertia A

velocities Joints,links)
Start time End
Apply Predict Compute | Detect v Setup Solve Integrate
s . contact . : e

gravity transforms AABBs pairs points constraints constraints position
Forward Dynamics Collision Detection Forward Dynamics
Computation Computation Computation

Puc. 22, Coumans
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CoBpeMEHHOE peLLeHNne.

XUTPOCTU
AKTuUBauusa/geakTnBaums

2

0 Kn=v?+

wTIw

Zm

0 K, < K, min = A€aKTUBaLUA
Crabununsauyua ceasen

o baywmrapTe (Baumgarte, 1972)
o [locT ctabunusaumns (Chin, 1995)
0 lNpe-ctabunusauusa (Fedkiw, Weainstein, 2006)

Ncnonb3osaHne GPGPU

— MITINAINAAA]

22.05.2012
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dusnyeckne OBUXKKA

[TnaTHble

o Havoc (Ipion)

o Agela (Meqon - 99, Novodex - 02)
o Natural Motion

becnaTHble

o Tokamak
o ODE
o Bullet (2012”7, “Kak npupy4unTtb gpakoHa”)

22.05.2012
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[lepCOHbI

Roy Featherstone
David Baraff

Brian Vincent Mirtich
Eran Guendelmann
Erin Catto

Kenny Erleben

Ron Fedkiw

Erwin Coumans
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‘ Hanocnegok, o NnTu4Kkax

LOADING...

22.05.2012
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Cnacunbo 3a BHMMaHue!!l

22.05.2012
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