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We already learned

• Collision detection
• Collision response
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Outline for today

• Physics engines
• The usage of physics engine in jMonkey
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Classes of Physics Engines
• High-precision physics engines:
– usually used by scientists and computer animated 

movies. 
– more processing power to calculate 

very precise physics
• Real-time physics engines
– used in video games and other forms of interactive 

computing
– use simplified calculations and decreased accuracy to 

compute in time for the game to respond at an 
appropriate rate for gameplay.
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Real-Time Game Physics

• We had a look at just some aspects of the use 
of physics in computer games
– Particle motion
• Newtonian physics

– Simple collision
• Ball-Plain
• Ball-Ball

• Rigid-body physics, soft-body physics, fluid 
mechanics, etc
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Physics Engine

• A prebuild solution
– Typically provides above mentioned functions
– Supports collision detection
• Part of physics?
• Part of graphics?
• All-in-one solutions exist

– jME v3.0

6



Physics Engine vs Home Tools

• Advantages of game engines
– Complete solution from day 1
– Proven, robust code base (in theory)
– Lower costs

• Advantages of home-grown solutions
– Choose only the features you need
– Opportunity for more game-specific optimizations
– Greater opportunity to innovate
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Hardware support
• Hardware acceleration for physics processing is 

now usually provided by graphics processing 
units that support more general computation, a 
concept known as General Purpose processing on 
Graphics Processing Unit.

• AMD and NVIDIA provide support for rigid body 
dynamics computations on their latest graphics 
cards.

• Migrating data into graphical form and then using 
the GPU to scan and analyze it can create a 
large speedup.
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Some Physics Engines

This is an incomplete list of physics engines 
available on the market. 
• Open Source
– Bullet
• jBullet – a Java port

– Box2D
– Newton Game Dynamics
– Open Dynamics Engine (ODE)
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Commercial Projects

• Havoc
• PhysX
• Euphoria
• …
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Bullet
• Features: Multiplatform support, various shapes for 

collision detection, rigid and soft-body dynamics, discrete 
and continuous collision detection, constraints and motors, 
plugins.

• improved support for robotics, reinforcement learning and 
VR.

• Showcase:
– Movies:

• How to train your dragon, Megamind, Shrek, Sherlock Holmes, Bolt …
– Games:

• Toy story 3
• HotWeels: Battle Force 5
• …
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Newton Dynamics

• Scene management, collision detection, 
dynamic behaviour

• Showcase: A number of games including 
Penumbra, Mount&Blade
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ODE

• Features:
– Rigid body dynamics
– Collision detection engine

• Showcase:
– Call of Juarez
– World of Goo
– …
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Havoc

• Features: rigid body dynamics, collision 
detection

• Lots (over 150) of games, including
– Halo (2, 3, Wars, Reach)
– Bioshock (1, 2)
– Fable (2, 3)
– Battlefield: Bad Company (1, 2)
– …
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PhysX

• Fully-fledged physics engine with hardware 
acceleration

• Showcase:
– Metro 2033
– Mafia II
– …
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Euphoria

• Features: on the fly 3D character animation.
• Showcase: 
– GTA IV
– Red Dead Redemption
– Star Wars: The Force Unleashed
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jBullet

• A re-implementation of the Bullet physics 
engine
– `most of Bullet 2.72 base features’ 
– Bullet is now at version 2.83

• jMonkeyEngine integration
• jMonkey also supports native Bullet
– Functionality purposely limited to that of jBullet
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jME3 AppState
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• jME is natively a 
multithreaded 
application

• A separate control 
loop associated with 
an AppState

• Physics engine is one 
such control loop



Setting Up the Engine
public void simpleInitApp() {

bulletAppState = new
BulletAppState();

stateManager.attach(bulletAppState);

19



Rigid Body Mechanics
Sphere s = new Sphere(60, 60, 1.5f);
Geometry ball = new Geometry("Sphere", s);
ball.setMaterial(mat);
ball.move(15, 30, 0);

RigidBodyControl myControl = new
RigidBodyControl(1f);

ball.addControl(myControl);

bulletAppState.getPhysicsSpace().add(myControl)
;

rootNode.attachChild(ball);
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Body mass



Tuning the Behaviour
RigidBodyControl myControl = 

new RigidBodyControl(1f);

ball.addControl(myControl);

myControl.setRestitution(.8f);

myControl.setFriction(2);

myControl.setDamping(0, 0.1f);
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Make it bounce

Linear

Roll



Global Properties
bulletAppState = 

new BulletAppState();
stateManager.attach(bulletAppState);
bulletAppState.getPhysicsSpace().

setGravity(Vector3f.ZERO);
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Static, Dynamic and Kinematic Objects

• An object of zero mass is static

RigidBodyControl scenePhy = 
new RigidBodyControl(0f);

• Dynamic and Kinematic objects have non-zero 
mass
RigidBodyControl paddleControl = 

new RigidBodyControl(100f);

paddleControl.setKinematic(true);
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Controlling Static or Kinematic Entities

• setLocalTranslation
• setLocalRotation
• move
• rotate
• …
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The difference: 
Kinematic objects update their physical state as they move



Controlling a Dynamic Entity (1)
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What just happened?
�ǁĞƐŽŵĞ͕�ǇŽƵ�ŝŵƉůĞŵĞŶƚĞĚ�Ă�ƉŚǇƐŝĐĂů�ƐŚŽŽƟŶŐ�ĂĐƟŽŶ�ƚŚĂƚ�ůĞƚƐ�ǇŽƵ�ƚĞĂƌ�ĚŽǁŶ�Ă�ďƌŝĐŬ� 
wall with a few mouse clicks!

Similar to the bricks, the RigidBodyControl constructor generated a default 
SphereCollisionShape for the cannon ball. Since cannon balls are dynamic  
ƉŚǇƐŝĐĂů�ŽďũĞĐƚƐ͕�ǇŽƵ�ƐƉĞĐŝĨǇ�ƚŚĞŝƌ�ŵĂƐƐ�ŝŶ�ƚŚĞ�ĐŽŶƐƚƌƵĐƚŽƌ͘

    ballPhy = new RigidBodyControl(5f);

�ŌĞƌ�ĞĂĐŚ click, the shootCannonBall() method�ĐƌĞĂƚĞƐ�Ă�ŶĞǁ�ĐĂŶŶŽŶ�ďĂůů�ŽďũĞĐƚ͕�ŵŽǀĞƐ�
ŝƚ�ŝŶ�ĨƌŽŶƚ�ŽĨ�ƚŚĞ�ĐĂŵĞƌĂ͕�ĂŶĚ�ĂƩĂĐŚĞƐ�ŝƚ�ƚŽ�ƚŚĞ�rootNode͘�tŚĞŶ�ǇŽƵ�ŵĂĚĞ�ƚŚĞ�ďƌŝĐŬƐ�ĂƉƉĞĂƌ�
ŝŶ�ƚŚĞ�ƐĐĞŶĞ͕�ƚŚĞǇ�ũƵƐƚ�ƐĂƚ�ƚŚĞƌĞ͕�ĚŽŝŶŐ�ƚŚĞŝƌ�ďĞƐƚ�ďƌŝĐŬ�ǁĂůů�ŝŵƉƌĞƐƐŝŽŶͶďƵƚ�ĨŽƌ�ĐĂŶŶŽŶ�ďĂůůƐ͕�
ǇŽƵ�ŚĂǀĞ�ŵŽƌĞ�ĞǆĐŝƟŶŐ�ƉůĂŶƐ͘�^ŝŶĐĞ�ǇŽƵ�ĐƌĞĂƚĞ�ĐĂŶŶŽŶ�ďĂůůƐ�ǁŝƚŚ�ĂŶ�ŝŶŝƟĂů�ůŝŶĞĂƌ�ǀĞůŽĐŝƚǇ͕ �
they immediately accelerate forward.

dŚĞ�ĚŝƌĞĐƟŽŶ�ĂŶĚ�ƐƉĞĞĚ�ŽĨ�Ă�ůŝŶĞĂƌ�ǀĞůŽĐŝƚǇ�ŝƐ�ĞǆƉƌĞƐƐĞĚ�ĂƐ�ƚŚĞ�ĚŝƌĞĐƟŽŶ�ĂŶĚ�ůĞŶŐƚŚ�ŽĨ�
a vector. Since you want to shoot the ball from the camera forward, you use the cam.
getDirection()�ǀĞĐƚŽƌ͘ �dŚĞ�ƌĞƚƵƌŶĞĚ�ĐĂŵĞƌĂ�ĚŝƌĞĐƟŽŶ�ǀĞĐƚŽƌ�ŝƐ�ŶŽƌŵĂůŝǌĞĚ͖�ƚŚŝƐ�ŵĞĂŶƐ�
it's only 1 world unit short. Since the length corresponds to speed, your cannon ball would 
ďĞ�ǀĞƌǇ�ƐůŽǁ͘�dŽ�ŝŶĐƌĞĂƐĞ�ƚŚĞ�ƐƉĞĞĚ͕�ŵƵůƟƉůǇ�ƚŚĞ�ǀĞĐƚŽƌ�ďǇ�Ă�ĐŽŶƐƚĂŶƚ�ĂƐ�ĨŽůůŽǁƐ͗

    ballPhy.setLinearVelocity(cam.getDirection().mult(50f));

tŚĞŶ�ǇŽƵ�ƐŚŽŽƚ�Ă�ĐĂŶŶŽŶ�ďĂůů͕�ƐƉŝŶ�Ă�ďŝůůŝĂƌĚ�ďĂůů͕�Žƌ�Ɵůƚ�ĂŶĚ�ƉƵƐŚ�Ă�ĐƌĂƚĞ�ŽŶ�ƚŚĞ�ŇŽŽƌ͕ �ǇŽƵ�ĞǆĞƌƚ�
ƉŚǇƐŝĐĂů�ĨŽƌĐĞƐ�ŽŶ�ĚǇŶĂŵŝĐ�ŽďũĞĐƚƐ͘�dŚĞ�ĨŽůůŽǁŝŶŐ�ŵĞƚŚŽĚƐ�ŵŽǀĞ�Žƌ�ƌŽƚĂƚĞ�ƉŚǇƐŝĐƐ�ŽďũĞĐƚƐ͗

dŚĞ�ZŝŐŝĚ�ŽĚǇ�ŽŶƚƌŽů�ŵĞƚŚŽĚ DŽƚŝŽŶ
setAngularVelocity(v) This ƐĞƚƐ�ƚŚĞ�ĐƵƌƌĞŶƚ�ƌŽƚĂƚŝŽŶĂů�ƐƉĞĞĚ�ŽĨ�ƚŚĞ�ŽďũĞĐƚ͘�

The x, y, and z components of the vector are the speed 
of rotation around the respective axis. (Rotation)

setLinearVelocity(v) This ƐĞƚƐ�ƚŚĞ�ĐƵƌƌĞŶƚ�ůŝŶĞĂƌ�ƐƉĞĞĚ�ŽĨ�ƚŚŝƐ�ŽďũĞĐƚ͘�
(Translation)

applyCentralForce(v) This�ƉƵƐŚĞƐ�ĂŶ�ŽďũĞĐƚ�ŽǀĞƌ�ƚŝŵĞ�ǁŝƚŚ�ĂŶ�ĂĚĚŝƚŝŽŶĂů�
moment v, expressed as Vector3f, applied to the 
center. (Translation)

applyForce(v,p) This�ƉƵƐŚĞƐ�ĂŶ�ŽďũĞĐƚ�ŽǀĞƌ�ƚŝŵĞ�ǁŝƚŚ�ĂĚĚŝƚŝŽŶĂů�ĨŽƌĐĞ�
v, applied to a non-central point p. (Translation)

applyTorque(v) This ƚǁŝƐƚƐ�ĂŶ�ŽďũĞĐƚ�ŽǀĞƌ�ƚŝŵĞ�ĂĚĚŝƚŝŽŶĂůůǇ�ĂƌŽƵŶĚ�ŝƚƐ�
axes. The x, y, and z components of the Vector3f 
v specify the torque around the respective axis. 
(Rotation)

R. Kusterer: jMonkeyEngine 3.0 Beginner’s Guide



Controlling a Dynamic Entity (2)
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dŚĞ�ZŝŐŝĚ�ŽĚǇ�ŽŶƚƌŽů�ŵĞƚŚŽĚ DŽƚŝŽŶ
applyTorqueImpulse(v) This applies an instantaneous torque v�ƚŽ�ƚŚĞ�ŽďũĞĐƚ͘�

The x, y, and z components of the Vector3f v 
specify the torque around the respective axis. 
(Rotation)

applyImpulse(v,p) This applies an instantaneous impulse v, expressed as 
Vector3f͕�ƚŽ�ƚŚĞ�ŽďũĞĐƚ�Ăƚ�Ă�ƉŽŝŶƚ�p relative to the 
ŽďũĞĐƚ͘�;dƌĂŶƐůĂƚŝŽŶͿ

clearForces() This cancels all forces and stops all current motion.

�Ğ�ĂǁĂƌĞ�ƚŚĂƚ�Ă�ƌĞĂůͲƟŵĞ�ƉŚǇƐŝĐƐ�ƐŝŵƵůĂƟŽŶ�ƚĂŬĞƐ�ƐŚŽƌƚĐƵƚƐ�ǁŚĞƌĞǀĞƌ�ƉŽƐƐŝďůĞ�ƚŽ�ƐƉĞĞĚ� 
ƵƉ�ƚŚĞ�ƐĐĞŶĞ͘�^ŽŵĞ�ƐŝŵƉůŝĮĐĂƟŽŶƐ�ƌĞƐƵůƚ�ŝŶ�Ă�ůĂĐŬ�ŽĨ�ƉƌĞĐŝƐŝŽŶ�ĨŽƌ�ĨĂƐƚ�ĚǇŶĂŵŝĐ�ŽďũĞĐƚƐ͘� 
/Ĩ�ǇŽƵƌ�ĐĂŶŶŽŶ�ďĂůůƐ�ŇǇ�ƚŚƌŽƵŐŚ�ŽďƐƚĂĐůĞƐ͕�ǇŽƵ�ĐĂŶ�ĂĚũƵƐƚ�ƚŚĞ�ƉƌĞĐŝƐŝŽŶ�ŽĨ�ƚŚĞ�ƐŝŵƵůĂƟŽŶ� 
by changing the following values:

    ballPhy.setCcdSweptSphereRadius(.1f);
    ballPhy.setCcdMotionThreshold(0.001f);

dŚĞ�ŵŽƟŽŶ�ƚŚƌĞƐŚŽůĚ�ŝƐ�ƚŚĞ�ĂŵŽƵŶƚ�ŽĨ�ŵŽƟŽŶ�ƚŚĂƚ�ŚĂƐ�ƚŽ�ŚĂƉƉĞŶ�ďĞĨŽƌĞ�ƚŚĞ�ƉŚǇƐŝĐƐ�
ƐŝŵƵůĂƟŽŶ�ƐǁŝƚĐŚĞƐ�ƚŽ�ƚŚĞ�ĐŽŶƟŶƵŽƵƐ�ŵŽƟŽŶ�ĚĞƚĞĐƟŽŶ�ĨŽƌ�ĨĂƐƚͲŵŽǀŝŶŐ�ŽďũĞĐƚƐ͘��ƵůůĞƚ� 
ĚŽĞƐ�ŶŽƚ�ƵƐĞ�ƚŚĞ�ĨƵůů�ĐŽůůŝƐŝŽŶ�ƐŚĂƉĞ�ĨŽƌ�ĐŽŶƟŶƵŽƵƐ�ĐŽůůŝƐŝŽŶ�ĚĞƚĞĐƟŽŶ͖�ŝŶƐƚĞĂĚ�ŝƚ�ƵƐĞƐ�Ă�
ĐĂƉƐƵůĞͲůŝŬĞ�ƐŚĂƉĞ�;ΗƐǁĞƉƚ�ƐƉŚĞƌĞΗͿ�ƚŽ�ƐŝŵƵůĂƚĞ�ƚŚĞ�ŵŽǀŝŶŐ�ŽďũĞĐƚ͘�dŚŝƐ�ĂƉƉƌŽǆŝŵĂƟŽŶ�
ĂůůŽǁƐ�ƌĞĂůͲƟŵĞ�ŚĂŶĚůŝŶŐ�ŽĨ�ŵĂŶǇ�ŽďũĞĐƚƐ͕�ďƵƚ�ĐĂŶ�ĐĂƵƐĞ�ƐƚƌĂŶŐĞ�ďĞŚĂǀŝŽƌƐ͕�ƐƵĐŚ�ĂƐ�ǀĞƌǇ� 
ĨĂƐƚ�ŽďũĞĐƚƐ�ƉĂƐƐŝŶŐ�ƚŚƌŽƵŐŚ�ŽŶĞ�ĂŶŽƚŚĞƌ�Žƌ�ŐĞƫŶŐ�ƐƚƵĐŬ͘

7LPH�IRU�DFWLRQ�²�SUHGLFW�WKH�H[SORVLRQ
Play around with each physics property in PhysicsFallingBricks to get a feeling for the 
behavior that they control. Try to predict what happens in each of the following cases:

 � 'ŝǀĞ�ƚŚĞ�ŇŽŽƌ�Ă�ŵĂƐƐ�ŽĨ�ŵŽƌĞ�ƚŚĂŶ�0.0f

 � Set the mass of bricks, or cannon balls, to a higher (50f) or lower value (0.5f)

 � Set the cannon balls' velocity to a higher (100f) or lower value (10f)

 � Move floorGeo a few world units higher or lower along the y axis

 � ^Ğƚ�ƚŚĞ�ĨƌŝĐƟŽŶ�ŽĨ�ďƌŝĐŬƐ�ƚŽ�Ă�ŚŝŐŚĞƌ�ǀĂůƵĞ�ƵƐŝŶŐ�brickPhy.setFriction(20f);  
or a lower value using brickPhy.setFriction(0.2f);

 � Set a property (such as friction) of a physics control before adding the control  
to its geometry

 � :ƵƐƚ�ĨŽƌ�ůĂƵŐŚƐ�ʹ�ƐĞƚ�ƚŚĞ�ĨƌŝĐƟŽŶ�ŽĨ�Ăůů�ďƌŝĐŬƐ�ƚŽ�ǌĞƌŽ

 � :ƵƐƚ�ĨŽƌ�ůĂƵŐŚƐ�ʹ�ƐĞƚ�ƚŚĞ�ĨƌŝĐƟŽŶ�ŽĨ�ƚŚĞ�ŇŽŽƌ�ƚŽ�ǌĞƌŽ



Physics-Based Collision Detection in 
jME3

public class Example06 extends 
SimpleApplication implements 
PhysicsCollisionListener {

…

}

public void collision(PhysicsCollisionEvent event) {
…

}
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Reacting to Collision Events
public void collision(PhysicsCollisionEvent event) {

if((event.getNodeA().getName().equals("Sphere") &&
event.getNodeB().getName().equals("paddle"))||

(event.getNodeB().getName().equals("Sphere") && 
event.getNodeA().getName().equals("paddle"))){

Material mat = new Material(assetManager, 
"Common/MatDefs/Light/Lighting.j3md");

mat.setBoolean("UseMaterialColors", true);

mat.setColor("Ambient”, 
ColorRGBA.randomColor());

paddle.setMaterial(mat);

}

}
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Many Other Features
• E.g Hinges

HingeJoint joint = 
new HingeJoint(

hC, // A
bC, // B
// pivot point local to A
new Vector3f(0f, 0f, 0f),  
// pivot point local to B 
new Vector3f(0f, 10f, 0f),
Vector3f.UNIT_Z,   // DoF Axis of A (Z axis)
Vector3f.UNIT_Z  );// DoF Axis of B (Z axis)

bulletAppState.getPhysicsSpace().add(joint);
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Game Physics

• Getting a physics engine (and even free of 
charge) for your project is not a big deal
– Integrating a physics engine into your system is a 

different matter
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