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Collisions
What is  m eant by a  collision in com puter graphics?

 Two or m ore nom ina lly solid  ob jects  occupying the sam e space

 Im por tant in gam es  and  phys ica l s im ula tions

 May require action  how to hand le?
 A priori

Pred ict in advance
Solve for t im e & p lace
 A posteriori

Detect & react
Discrete  t im es teps

http :/ / www.coppelia robotics .com / helpFiles / en/ collis ionDetection.htm

Eas ier for gam es!



Collision Detection
Collis ion detection d iffers  in 2D and  3D

 2D collis ion detection:  m ay have ha rdware suppor t
 Sprite  collis ions
 color overpa inting

 3D collis ion detection:  hand led  in software
 Object to ob ject pa irwise check:  SLOOOOOW!
 Par tit ioning & pruning schem es  reduce work
 Exploit  tem pora l coherence

https :/ / www.superheros tuff.com / x-m en/ pa tches / nightcrawler-bam f-p a tch.htm l
https :/ / p ixabay.com / en/ fa iry-sprite-e lf-p ixie-fantasy-2 2 2 8 4 4 9 /



Collision Response
How to respond  when a  collis ion occurs?

 Phys ics  s im ula tion:  add  countering force
 Propor tiona l to degree of  collis ion
 Situa tion corrects  over t im e

 Gam e:  change pos it ion to avoid  collis ion
 Correct s itua tion im m edia tely
 “Good  enough” is  ok
 May a lso have in-gam e effects

http :/ / www.clker.com / clipa rt-push .htm lhttps :/ / www.item browser.com / item .php?id=8 0 3



Rough Collision Detection
Sim ple bounding box schem e – prelude to deta iled  check

 Akin to com puter window overlap  p roblem , in 3D

 Each ob ject  described  by 3  interva ls :  𝐼𝐼𝑥𝑥, 𝐼𝐼𝑦𝑦, 𝐼𝐼𝑧𝑧

 All three m us t overlap  for collis ion

 Use a  sor ted  lis t  of  endpoints
for efficient  checking

𝐼𝐼𝑥𝑥
𝐼𝐼𝑦𝑦



Detailed Collision Detection
How do we ca refully check two ob jects  for a  collis ion?

 Ver tex m ethod  based  on ray cas ting
 Cas t ray from  ob ject center to each ver tex
 Com pute firs t  externa l intersection
 If  c loser to center than ver tex, record  a  hit
 Run for both ob jects  in pa ir

 Slow and  expens ive – save for la s t  resor t
 Sim ple p roxim ity often will suffice

(bound ing boxes  or spheres )

No hit

Hit



Setup up collidable objects

Modified  from  dem o: http :/ / s tem koski.github.io/ Three.js / Collis ion-Detection.htm l

Crea te a rray of  ob jects  
to check for collis ions .



Collision Detection Code

Modified  from  dem o: http :/ / s tem koski.github.io/ Three.js / Collis ion-Detection.htm l

Loop  over ver t ices  of  
m oving ob ject

Send  rays  out  
from   a ll the 

corners  of  the 
cube

Com pute 
intersections  

with a ll ob jects  
of  interes t

Detect  a  collis ion if  
intersection point  is  
closer than corner



Questions
1 . Why a re collis ions  ea s ier to detect  in 2D graphics?

If objects occupy the same pixels, they have collided.

2 . In 3D, why do you need  to p roject  rays  from  both ob jects  to detect  a ll 
collis ions?

A corner of one object may intersect with a face of the other.

3 . Which boxes  overlap?
A. X: 2 -7 , Y: 1 0 -1 2 , Z: 0 -4
B. X: 6 -9 , Y: 6 -9 , Z: 3 -1 0
C. X: 4 -8 , Y: 8 -1 1 , Z: 2 -5
D. X: 7 -1 0 , Y: 3 -7 , Z: 0 -4

PAUSE NOW & ANSWER

A with C, B with C, and B with D.



Game Design



Game Design
A gam e is  a  tool des igned  for meaningful play .
 Meaning em erges  from  p layer actions  within the gam e  and  the gam e’s  

response to those actions
 Responses  to actions  should  be both discernable & integrated

Discernable :  Result of  gam e actions  is  com m unica ted  in a  perceivable  way

Integrated :  P layer actions  have im m edia te  effects  but a lso accum ula te  and  
a ffect the  p lay experience in a  continuing way

From  Sa len & Zim m erm an, Rules  of  P lay https :/ / b9 8 5 .fm / introducing-the-d ice-gift-exchange/



Considerations
Them e:  Wha t is  the ob jective of  the gam e?
 Can the p layer “win” or is  it  open-ended?
 How is  p rogres s  perceived  and  recorded?

Gam ep lay:  Wha t is  the p rim ary m echanic of  the gam e?
 What controls  a re ava ilable to the p layer?
 What sor t  of  view is  ava ilable?

Production:  Wha t ingred ients  will go into this  gam e?
 What technica l cha llenges  m us t be solved?
 What d igita l resources  a re required  & where will they com e from ?

Jay Kas lo, ht tps :/ / www.behance.net /



Review
After wa tching this  video, you should  be ab le to…

 Give two reasons  for detecting collis ions

 Describe two s im ple m ethods  for checking poss ib le collis ions

 Describe and  im plem ent an a lgorithm  for deta iled  3D collis ion checks

 Identify im por tant elem ents  in any succes s ful gam e

Music: https://www.bensound.com

https://www.bensound.com/

	CSC 240 Computer Graphics�Video 20: Collision Detection�& Game Design Basics
	Collisions
	Collision Detection
	Collision Response
	Rough Collision Detection
	Detailed Collision Detection
	Setup up collidable objects
	Collision Detection Code
	Questions
	Game Design
	Game Design
	Considerations
	Review

