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Box2D
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Kinematics

- Newtonian Physics
- F = ma
» Spring (F=-kXx)
 Drag Force (F=-mpv)

« Gravity
- F =dp/dt, P = mv
-a = dV/dt
-V = dX/dt
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Calculus
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Solution

« Analvtic Solution
« Numeric Solution

— Euler Method i im  f(t+h)— f(1)

 AR: . ‘ h—0 h
Midpoint Method i F+h)—- ()

- Runge Kutta ~ I

— Implicit Method f(t+h)y~ f(O)+hf

- Verlet .
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Solution

« Analvtic Solution
« Numeric Solution

— Euler Method x =

— Midpoint Method Vs g =
- Runge Kutta X,
- Implicit Method Vil
-Verlet 4
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Solution

« Analvtic Solution

« Numeric Solution
— Euler Method g
— Midpoint Method
- Runge Kutta .
- Implicit Method N
— Verlet
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Solution

« Analvtic Solution

« Numeric Solution
— Euler Method

~ Midpoint Method | -
- Runge Kutta -

— Implicit Method
- Verlet
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Solution

« Analvtic Solution

« Numeric Solution
- Euler Method
- Midpoint Method

X, =2X,—X _,+h -a

— Runge Kutta " !
- Implicit Method
— Verlet z(t+ At) = (2= flz(t) — (1= fa(t — At) + a(t)(At)”
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Rotational Dynamics

« Center of Mass

 Linear vs Angular
— Force vs Torque
- Mass vs Moment of inertia
- Momentum vs Angular Momentum
- Velocity vs Angular Velocity
- Position vs Orientation
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Box2d CodeReview(1)

« Simulation iteration step

— broadphase
SSZHAl (ES3HE Arbiter 7HHIZ X&)
- force &
- force->velocity
« torque->angular velocity

— prestep
« ZE FOIE0] CH5HA] massnormal,
masstangent, bias Aok
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Box2d CodeReview(2)

- S&0| 2let impulse
- ZEHI0| impulse
- velocity, angular velocity &
- Joint 0f| &|gt impulse
- & joint0f]l SZM|0f| impulse
- Hxl & 280 HEE

« velocity =) position
« Angular velocity => rotation
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PhysX(1)

 NVidia (http://www.ageia.com)
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- Sdlet FEIZIE ME S
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PhysX(2)

- 7|S
- Jret A =2| Al&H
- IHEiE| HEE
- & A CoLfA
- HE|A Y =/HE| S=IE/PPUX|A
- 78l Al=30|M
-2, WSS & Al=g|o|M
- 2 E HiC|
- A Xk (forcefield) A|l=2{|0|M
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PhysX-architecture diagram

NxPhysicsSDE

NxScene NxScene
v NxShape > WNxMaterial
_—.—._._._._._._._._.-' T
‘ - NxActor ) A
- 4
NxJoint [ s "
T—— NxShape .
M NxActor | 0N 5 [TTTTTTTTTTTo * NxTrangleMesh
¥
NxJoint [~ \ v NxMaterial
m—~—_, N=xActor NxShape
RN ¥

Tl NxConvexMesh
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« Shape
- Sphere
— Capsule

- BoundBoX
« AABB (Axis Aligned Bound Box)
« OBB (Object Oriented Box)

— Convex
— (height field)
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PhysX-Shape

» Sphere
« Box

- Capsule
 Plane

« Height field

« Convex meshes
 Triangle meshes
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Dimensions



PhysX-Actor
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Collision Detection(1)

 Distance Test
- Point-point distance
— Line-point distance
— Line-line distance
- Segment-segment distance

« Rough Bounding
- Sweep and prune
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Collision Detection(1)

 Distance Test
- Point-point distance
— Line-point distance
— Line-line distance
- Segment-segment dictanca

- Rough Bounding |
- Sweep and prune g
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Collision Detection(2)

« SAT(separation axis test)
 Lin Canny
« Minkowski Diffrence
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Collision Detection(2)

« SAT(separation axis test)
 Lin Canny
« Minkowski Diffrence




Collision Detection(2)

« SAT(separation axis test)
 Lin Canny
MlnkOWSkl Sum/Diffrence
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Collistion Detection(3)

« Determine Collision Time
— Time of impact

« Tunnelling (CCD)

KASA OPEN SEMINAR 2008/06/22



Collistion Detection(3)

« Determine Collision Time
— Time of impact

« Tunnelling
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PhysX - CCD

« Continuous Collision Detection

Without CCD B
_.. _..
With CCD
Yolume
ELlimmge
collisio
CCD i
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Collision Detection(4)

« Spatial Subdivision

- Bsp, k—-d tree ) . e

- Portal & gﬁ 5? Qi;

— Quad tree / octree ©
Fr o

« Grouping
- Sleeping
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Collision Detection(4)

« Spatial Subdivision
- Bsp, k-d tree

- Portal
- Quad tree / octree /

« Grouping

- Sleeping =

Player
L]
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Collision Detection(4)

« Spatial Subdivision
- Bsp, k-d tree

- Portal

— Quad tree / octree
« Grouping

- Sleeping
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Collision Detection(4)

« Spatial Subdivision
- Bsp, k-d tree
- Portal
— Quad tree / octree

* Grouping |« @ - S
- Sleeping |“EED

'.q '.q
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Collision Detection(4)

« Spatial Subdivision
- Bsp, k-d tree

- Portal
— Quad tree / octree

« Grouping i,__ffa_lfffff}_______i
- Sleeping """
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PhysX-Collision Detection

=

gleMashShape | MxTriangleMeshShape | NxTriangleMashShapa
[(Heightfield] (pmap)

MxSphereShape | MxBoxShaps | NxCapsuleShape | MxPlansShape | MxConvexShape | MxHeightfieldShape | NxWheelShape | NxTrian

MNxSphereShape

lixBoxShape

NxCapsuleShape

lxPlaneShape

lNxConvexShape

MxHeightfieldShape

HNxWheelShape

<Y s s <
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< ¥ < |¥ <<«
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MNxTriangleMeshShape

INxTriangleMeshShape
(heightfield]
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< < UM oal] ssls <

NxTriangleMezshShape
(pmap)
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X [ ¥ | X
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<% [¥

« Contact Filtering
« Triggers

« CCD
« Dominance Grioup

= ormeNenan Testing
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Collision Response(1)

« Contact Point Edge

Contacts

- EE (Edge-Edge)
- FV (Face-Vertex)
- GJK

« Normal

« Penetration S

Contacts
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Collision Response(1)

Q = {QO’ Ql} QQ}

« Contact Point
- EE (Edge-Edge)
- FV (Face-Vertex)
- GJK (0.0,
« Normal

« Pentration
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Collision Response(2)

« Colliding
- Bouncing
 Resting
- Rolling
- Sliding
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Collision Response(2)

« Colliding
- Bouncing
 Resting
- Rolling
- Sliding
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Constraint

« Joint

- Pin Joints

- Hinge
« Angular Constraints
 Distance Constraints,
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PhysX-Joint

« spherical joint
 revolute joint

« prismatic joint
« cvlindrical joint
+ fixed joint
 distance joint

« point in plane joint / point on line joint
 pulley joint
« d6
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PhysX-Joint

« spherical joint
 revolute joint

« prismatic joint
« cvlindrical joint
+ fixed joint
 distance joint

« point in plane joint / point on line joint
 pulley joint
« d6
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PhysX-Joint

« spherical joint
 revolute joint

« prismatic joint
« cvlindrical joint
« fixed joint

« distance joint

« point in plane joint / point on line joint
 pulley joint
« d6
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PhysX-Example Review

OIA| : SampleBoxes

INnitNX

— Initialize PhysicsScene => gPhysicsSDK
— CreateScene =) gScene

— Create Ground => gScene->createActor

RenderCallback

— Simulate
— GetResult/Render All actors =) actor->getGlobalPos
- FetchSimulation => flushScream, fetchResult

CreateCube
- shapes.pushBack
- gScene->createActor
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More

« Breaking
 Force Field

« Character Controller
« Raycast/SweepTest

« Multithreading Model
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Reference

« http://www.essentialmath.com
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