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Why Physics?

ASome games dondt need an

A Games based on the real world should look realistic,

meaning realistic action and reaction

A More complex games need more physics:
A sliding through a turn in a racecar, sports games, flight simulation, etc.

A Running and jumping off the edge of a cliff

A Two types of physics:
A Elastic, rigidbody physicsF = ma, e.g., pong
A Non-elastic, physics with deformation: clothes, pony tails, a
whip, chain, hair, volcanoes, liquid, boomerang

A Elastic physics is easier to get right



Game Physics

A Approximate realvorld physics
AWe donodét want just the e
A We wantefficientways to compute physical values

A Assumptions:
A 2D physics, usually easy to generalize to 3D @dd
A Rigid bodies (no deformation)

A Will just worry about center of mass
A Not accurate for all physical effects

A Constant time step
A Must account for actual time passed for variable simulation



Position and Velocity

A Modeling the movement of objects with velocity
A Where is an object at any tirtf2
A Assume distance unit is in pixels

A Position at time for an object moving at velocity
v, from starting positiomn
A X(t) = x5+ v, t
Ay(t) = y0+ Vyt

A Incremental computation per frame, assumin

constant time step and no acceleration:
A v, andyv, constants, preompute b ety
AX+:VX,y+:Vy

(Xor Yo)



Acceleration

A Acceleration &): change in velocity per unit time

\

Velocity

Approximate



Acceleration (
//

A Constant acceleration; += a,, W, +=a, /

A Variable acceleration:
A use table lookup based on other factors:

A acceleratiore acceleration_value(gear, speed, pedal_pressu
A Cheat a bitacceleratior= acceleration_value(gear, speed) * pedal_pressure

A a = cos (v) * acceleration
A a, = sin (v) * acceleration

A Piecewise linear approximation to continuous function

yah



Gravity

A Gravity is a force between two objects:

A ForceF = G (mm,)/ D?
A G=6.67 x 1011 Nnvkg?
A m: the mass of the two objects
A D = distance between the two objects

A So both objects have same force applied to them
A F=ma-->a=F/m

AOn eart h, assume mass of

move, and iIs constant
A Assume uniform acceleration

A Position of falling object at time
A x(t) =X
Ayt)=y,+ 1/2*9.8m/S * t2
A Incrementallyy += gravity (normalized to frame rate)



Space Game Physics

A Gravity
A Influences both bodies
A Can have two bodies orbit each other
A Only significant for large mass objects

A What happens after you apply a force to an object?

A What happens when you shoot a missile from a movi
object?
A Or a shell from a tank?

A What happens when two objects collide?

A What types of controls do you expect to have on a
space ship?



Mass

A Objects represented by thegnter of massot
accurate for all physical effects

A Center of massx(, y.) for a polygon with n vertices:
A Attach a mass to each vertex
Ax.= Sxm/Sm,i=0..n
Ay.= Sym/Sm,i=0..n

A For sprites, put center of mass where pixels are dens:



Friction

A Conversion of kinetic energy into heat

A Frictional forceF...,,=mgm
A m=massg=9.8m/3,
A n= frictional coefficient = amount of force to maintain a constant speed

push |:friction

<

A

A Fooa= g m
Factual = |:push' Ffriction _ _ A
Caref ul t hat friction doesnot o

A Consider inclined plane

A Usually two frictional forces
A Static friction when at rest (velocity = 0). No movement unless overcorn
A Kinetic friction when moving g < )



Race Game Physics

A Nonlinear acceleration

A Resting friction > rolling friction
A Rolling friction < sliding friction
A Centripetal force?

A What controls do you expect to have for a racing game?
A Turning requires forward motion!

A What about other types of racing games
A Boat?
A Hovercraft?



Projectile Motion

A Forces = v, Cos)
Viy = Vi sin(g)
W: wind :
»/VVri wind resistance R_eaches apex at v; sin(g)/g,
: - hits ground ak = v, * v, /g
g gravity v, = initial velocity Y
/ | With wind:

\|,/ X+=v; +W

—~"m mass of projectile y += v,

With wind resistance and gravity:

T . ViX t= Wrx
S g: angle of inclination

Viy+=W,, + 0, g normalized



Particle System Explosions

A Start with lots of point objects {4 pixels big)

A Initialize with random velocities based on velocity of
object exploding

A Apply gravity
A Transform color intensity as a function of time

A Destroy objects upon collision or after fixed time

A Can add vapor trail (different color, lifetime, wind)



Advanced Physics

A Modeling liquid Shrek,
Finding Nem¢g

A Movement of clothing

A Movement of hair
(Monster Inc)

A Fire/Explosion effects
A Reverse Kinematics




Physics Engines
A Havok AGEIA
A Strengths

A Do all of the physics for you as a package

A Weaknesses

A Can be slow when there are many objects
A But hardware support available

A May have trouble with small vs. big object interactions
A Have trouble with boundary cases

D,
!




Back to Collisions

A Steps of analysis for different types of collisions
A Circle/sphere against a fixed, flat object
A Two circles/spheres
A Rigid bodies
A Deformable

A Model the simplestd on 6t bui |l d a g

‘\ I ‘h—‘g




Collisions: Steps of Analysis

A Detect that a collision has occurred

A Determine the time of the collision

A

o To Ix

A So can back up to point of collision

Determine where the objects were at time of collision
Determine the collision angle off the collision normal
Determine the velocity vectors after collision

Determine changes in rotation



Circles and Lines

A Simplest case
A Good first step for your games
A Assume circle hitting aitmmovablebarrier

A Detect that a collision occurred
A If the distance from the circle to the line < circle radius
A Reformulate as a point about to hit a bigger wall
A If vertical and horizontal walls, simple test of x, y

I

'\>




Circles and Angled Lines

A What if more complex background: pinball?

A For complex surfaces, pgompute and fill an array with
collision points (and surface normals)




Circle on Wall Collision Response

Xh

A Determine the time of collision,J:
At =t + (XX () xy)* O e

A t. = initial time I
a — tlme increment collision norma o

XoN 2

A Determine where the objects are when they touc
AYe=yr- (Yo * (tt)/ 2
A Determine the collision angle against collision normal

A Collision normal is the surface normal of the wall in this cas
A Compute angle of line using,-x,) and(y;-y,)



Circle on Wall Collision Response

A Determine the velocity vectors after collision

A Angle of reflectant = angle of incidence; reflect object at an
angle equal and opposite off the surface normal

A If surface is cdinear with thex- or y-axes:

A Vertical - change sign of velocity >| ¥

A Horizontal- change sign of velocity
A Corner- change sign of both

A Compute new position
A Use1 - t_to calculate new position from collision point

A Determine changes in rotation
A None!

Als this worth it? Depen



Circle-circle Collision

A Another important special case
A Good step for your games

A Many techniques developed here can be
used for other object types

A Assume elastic collisions:
A Conservation of momentum
A Conservation of kinetic energy

A Nonelastic collision converts kine
energy into heat and/or mechanic
deformations




Detect that a collision occurred

A If the distance between two circles is less than the sum of

their radii
A Trick: avoid square root in computing distance!
A Instead of checkinr,+r,) > D, whereD = sqrt((%-X,)2 + (Y;-Y»)?
A Check(r, + r,)2> ((X:-%)2 + (Y1-Y,)?)

A Unfortunately, this is stilD(N?) comparisonsN number of
objects



Detect that a collision occurred

A With non-circles, gets more complex and more
expensive for each pawise comparison

A Use bounding circles/spheres and check for overlap
A Pretty cheap
A Not great for thin objects




Avoiding Collision Detection

A General approach:

A Observations: collisions are rare
A Most of the time, objects are not colliding

A Use various filters to remove as many objects as possible
from the comparison set



Area of Interest

A Avoid most of the calculations by using a grid:
A Size of cell = diameter of biggest object
ATest objects in cells ad

ACan be computed using mod?®o:
A Expected case: Linear in number of objects




Detect that a collision occurred

A Alternative if many different sizes
A Cell size can be arbitrary
A E.g., twice size of average object

A Test objects in cells touched by object
A Must determine all the cells the object touches
A Works for noncircles also




Circle-circle Collision Response
A Determine the time of the collision .

A Interpolate based on old and new e/
positions of objects e

A Determine where objects are when

they touch
A Backup positions to point of collision

A Not always necessary for believabIe:,,,,....--""""
gameplayl col | iéi on

A Determine the collision normal

A Bisects the centers of the two circle
through the colliding intersection

collision normal



Circle-circle Collision Response

A Determine the velocity: assume elastic, no
friction, head on collision

A Conservation of Momentum (mass * velocity):
A my, + myv, = myv 6+ my 0

A Conservation of Energy (Kinetic Energy):
A myv2+my,2=myv 8+ my B

A Final Velocities
Av 0= (2myv, + v, (M-my))/(my+m,)
AV B= (2my; + vy(m-my))/(my+m,)
A What if equal massy, = m,
A What if m, is infinite mass?






