
b y  J e f f  L a n d e r G R A P H I C  C O N T E N T

Consumers can now buy cards for
under $100 that deliver 3D graphics
performance that would have cost
thousands only a few years ago. This
added processing power leaves game
developers more and more time to ded-
icate to exploring other areas in com-
puter simulation. 

I’m continually amazed that learning
a simple trick or technique can open
the door to so many different effects
and applications. In past columns, I’ve
discussed how techniques such as the
dot product and cross product can be
used in applications such as animation
and inverse kinematics. This month,
I’m going to apply these same, well-
used methods to the problem of colli-
sion detection. Collision detection is a
huge issue in graphics simulation. In
fact, it’s an active area of research, so
SIGGRAPH and professional journals
are a great source of information.

Let me start off by looking at some
common problems that can be impor-
tant to a variety of game applications.
These routines, though fairly simple,
are very handy to have in your library.
The first issue is how to determine
whether a point is inside an arbitrary
area. Detecting whether a point is
inside a convex polygon can be deter-
mined very easily. Figure 1 shows a
point inside a simple four-sided poly-
gon. Our first step is to create vectors
for each of the polygon edges and a
vector from the test point to the first
vertex of each edge. As you may recall
from previous columns, the dot prod-
uct of two vectors defines the cosine of
the angle between those vectors. If the
dot product for each of the edges is

positive, all the angles are less than 90
degrees and the point is inside the
polygon.

That rule is pretty useful for some
things. However, it only works when
the boundary that you’re checking is
convex. Many spaces that we’re inter-
ested in are actually concave (Figure 2).

This polygon looks like a character in
a DUKE NUKEM level. And in fact, DUKE

is a pretty good application for this
kind of test. Each “sector” of a DUKE

level is a polygonal boundary defining
a region with a specific floor and ceil-
ing height. Knowing whether I’m
inside or outside of a particular sector
is important information. Unfortun-
ately, the aforementioned dot product
test won’t work on these concave poly-
gons. I could divide this region into
smaller convex polygons, but that
wouldn’t be very efficient. Luckily, this
problem is the classic “point in poly-
gon” test that’s commonly described in
computational geometry books. There
are many approaches to solving this

problem, but I want to look at just two
of them.

Here We Go Round the Vertex List

O ne method for determining if the
test point is inside the concave

polygon comes from the idea that a cir-
cle is 360 degrees. Calculate the angle
between each vertex and the test point
(at the test point itself) and then add
up all the angles. If the total is equal to
360, then you are inside. You can see
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Crashing into the New Year

I t’s hard to believe that it’s already 1999. The last year moved at an incredible

pace. It was a year with amazing advances in the visual quality of games. The

predictions that 3D hardware would become a major force in the industry

have come true.

Jeff made a resolution this year to shrink his own bounding box and to spend more
time away from the computer. Show him how futile this is by mailing him at
jeffl@darwin3d.com. 
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F I G U R E  1 .  Inside a convex polygon.
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F I G U R E  2 .  Inside a concave polygon.
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point.



what this looks like in Figure 3.
This actually works very well, how-

ever, it is not very efficient. Calculating
each angle requires a dot product and
an arccosine operation. Those will add
up quickly. 

A better strategy is to divide the
polygon into quadrants centered on
the test point, as in Figure 4. Start at
the first vertex in the polygon and set a
counter to 0. Anytime an edge crosses
from one quadrant to the next, add
one to the counter if it crosses clock-
wise around the test point and subtract
one if it crosses counter-clockwise. If
the edge crosses diagonally across two
quadrants, you need to determine
which side of the test point it crossed,
and then either add or subtract 2. Try it
yourself on Figure 4. Start at vertex 1.
Add 1 when edge 3-4 crosses from
quadrant I to II, and subtract it again
with edge 4-5. When you reach the last
edge (11-1), you should have 4. When
using the routine, if the counter is
equal to 4 or –4, the test point is inside
the polygon. You can see the code for
this routine in Listing 1.

Don’t Cross that Line

T he quadrant method is pretty effi-
cient. However, there’s a com-

pletely different approach. An interest-
ing feature of this problem can be
found if you draw a line from the test
point to a point definitely outside the
polygon. Now count how many poly-
gon edges crossed that line. If that
number is odd, the point is inside the
polygon. If the number of edge cross-
ings is even, the point is on the out-
side. Try it out.

I saw a pretty fast way to implement
this in Graphic Gems IV. This method
projects a line from the hit position
along the x axis. Only testing line seg-
ments that are on either side of this
position lets you avoid some calcula-
tions. Segments that could cross this

line require an x intercept calculation
to be sure. However, this can be sim-
plified to eliminate a divide because of
the unique needs of the test. The code
for this routine is in Listing 2.
Whether or not this method is faster
than the quadrant method depends
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////  FFIIGGUURREE  OOUUTT  WWHHIICCHH  QQUUAADDRRAANNTT  TTHHEE  VVEERRTTEEXX  IISS  RREELLAATTIIVVEE  TTOO  TTHHEE  HHIITT  PPOOIINNTT

##ddeeffiinnee  WWHHIICCHH__QQUUAADD((vveerrtteexx,,  hhiittPPooss))  \\

((  ((vveerrtteexx..xx  >>  hhiittPPooss-->>xx))  ??  ((((vveerrtteexx..yy  >>  hhiittPPooss-->>yy))  ??  11  ::  44))  ::  ((  ((vveerrtteexx..yy  >>  hhiittPPooss-->>yy))  ??  22

::  33))  ))

////  GGEETT  TTHHEE  XX  IINNTTEERRCCEEPPTT  OOFF  TTHHEE  LLIINNEE  FFRROOMM  TTHHEE  CCUURRRREENNTT  VVEERRTTEEXX  TTOO  TTHHEE  NNEEXXTT

##ddeeffiinnee  XX__IINNTTEERRCCEEPPTT((ppooiinntt11,,  ppooiinntt22,,    hhiittYY))  \\

((ppooiinntt22..xx  --  ((  ((((ppooiinntt22..yy  --  hhiittYY))  **  ((ppooiinntt11..xx  --  ppooiinntt22..xx))))  //  ((ppooiinntt11..yy  --  ppooiinntt22..yy))  ))  ))

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

////  PPrroocceedduurree:: PPooiinnttIInnPPoollyy  ((SSUUMM  OOFF  AANNGGLLEESS  CCRROOSSSSIINNGG  VVEERRSSIIOONN))

////  PPuurrppoossee:: CChheecckk  iiff  aa  ppooiinntt  iiss  iinnssiiddee  aa  ppoollyyggoonn

////  RReettuurrnnss:: TTRRUUEE  iiff  PPooiinntt  iiss  iinnssiiddee  ppoollyyggoonn,,  eellssee  FFAALLSSEE

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

BBOOOOLL  CCFFaatteeVViieeww::::PPooiinnttIInnPPoollyy((ttSSeeccttoorr  **sseeccttoorr,,  ttPPooiinntt22DD  **hhiittPPooss))

{{

//////  LLooccaall  VVaarriiaabblleess  //////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

sshhoorrtt eeddggee,,  ffiirrsstt,,  nneexxtt;;

sshhoorrtt qquuaadd,,  nneexxtt__qquuaadd,,  ddeellttaa,,  ttoottaall;;

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

eeddggee  ==  ffiirrsstt  ==  sseeccttoorr-->>eeddggee;;        

qquuaadd  ==  WWHHIICCHH__QQUUAADD((mm__eeddggeelliisstt[[eeddggee]]..ppooss,,  hhiittPPooss));;

ttoottaall  ==  00;; ////  CCOOUUNNTT  OOFF  AABBSSOOLLUUTTEE  SSEECCTTOORRSS  CCRROOSSSSEEDD

//**  LLOOOOPP  TTHHRROOUUGGHH  TTHHEE  VVEERRTTIICCEESS  IINN  AA  SSEECCTTOORR  **//

ddoo  {{

nneexxtt  ==  mm__eeddggeelliisstt[[eeddggee]]..nneexxtteeddggee;;

nneexxtt__qquuaadd  ==  WWHHIICCHH__QQUUAADD((mm__eeddggeelliisstt[[nneexxtt]]..ppooss,,  hhiittPPooss));;

ddeellttaa  ==  nneexxtt__qquuaadd  --  qquuaadd;; ////  HHOOWW  MMAANNYY  QQUUAADDSS  HHAAVVEE  II  MMOOVVEEDD

////  SSPPEECCIIAALL  CCAASSEESS  TTOO  HHAANNDDLLEE  CCRROOSSSSIINNGGSS  OOFF  MMOORREE  TTHHEENN  OONNEE  QQUUAADD

sswwiittcchh  ((ddeellttaa))  {{

ccaassee    22::  ////  IIFF  WWEE  CCRROOSSSSEEDD  TTHHEE  MMIIDDDDLLEE,,  FFIIGGUURREE  OOUUTT  IIFF  IITT  WWAASS  CCLLOOCCKKWWIISSEE  OORR  CCOOUUNNTTEERR

ccaassee  --22::  ////  UUSS  TTHHEE  XX  PPOOSSIITTIIOONN  AATT  TTHHEE  HHIITT  PPOOIINNTT  TTOO  DDEETTEERRMMIINNEE  WWHHIICCHH  WWAAYY  AARROOUUNNDD

iiff  ((XX__IINNTTEERRCCEEPPTT((mm__eeddggeelliisstt[[eeddggee]]..ppooss,,  mm__eeddggeelliisstt[[nneexxtt]]..ppooss,,  hhiittPPooss-->>yy))  >>  hhiittPPooss-->>xx))

ddeellttaa  ==    --  ((ddeellttaa));;

bbrreeaakk;;

ccaassee    33:: ////  MMOOVVIINNGG  33  QQUUAADDSS  IISS  LLIIKKEE  MMOOVVIINNGG  BBAACCKK  11

ddeellttaa  ==  --11;;  

bbrreeaakk;;

ccaassee  --33:: ////  MMOOVVIINNGG  BBAACCKK  33  IISS  LLIIKKEE  MMOOVVIINNGG  FFOORRWWAARRDD  11

ddeellttaa  == 11;;  

bbrreeaakk;;

}}

//**  AADDDD  IINN  TTHHEE  DDEELLTTAA  **//

ttoottaall  ++==  ddeellttaa;;

qquuaadd  ==  nneexxtt__qquuaadd;; ////  RREESSEETT  FFOORR  NNEEXXTT  SSTTEEPP

eeddggee  ==  nneexxtt;;

}}  wwhhiillee  ((eeddggee  !!==  ffiirrsstt));;

//**  AAFFTTEERR  AALLLL  IISS  DDOONNEE  IIFF  TTHHEE  TTOOTTAALL  IISS  44  TTHHEENN  WWEE  AARREE  IINNSSIIDDEE  **//

iiff  ((((ttoottaall  ====  ++44))  ||||  ((ttoottaall  ====  --44))))  rreettuurrnn  TTRRUUEE;;  eellssee  rreettuurrnn  FFAALLSSEE;;

}}

L I S T I N G  1 .  The quadrant approach to the bounding box test.
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greatly on the polygon being testing.
The routines are so easy to implement
that you should try both in your appli-
cation if speed is a real issue.

Standing at Arm’s Length

T he above routines are enough to
let your player navigate around in

a DOOM-style level. You would just
need to make sure that the player is
always inside a sector. If the player
leaves one sector and does not enter
any other, a “collision” has happened.
This works very well. However, using
the inside polygon test for collision by
itself has a drawback. The player can
get very close to the wall of a sector
and still be considered “inside.”
Logically, this works fine. However, in
a 3D rendered game engine, being too
close to a wall is a bad thing. Textures
will look blocky, they can distort
badly, and walls may clip out. 

What you really want to do is keep
the walls at “arm’s length” from the
player. You can simply make the logi-
cal collision walls closer in than the
visual walls; however, this can lead to
other problems. So how do I keep the
character away from the wall? Turn
once again to our dear old friend, the
dot product. Take a look at Figure 5.

What I want to know is, how far
away is the test point, t, from line seg-
ment A. An easy solution would be to
find the nearest point, n, to the test
point on the line segment and mea-
sure the distance to it. First, I create a
vector, B, from the test point, t, to ver-
tex p1. I can dot this vector with the
line segment A. This will give me the
cosine of the interior angle. If this
angle is 90 degrees or greater, the

nearest point is the vertex itself and
I’m done. But let’s say that the dot
product gives me 0.7, or the cosine of
about 45 degrees. I will then do the
same thing on the other side. I create
a vector C and dot it with the segment
A. If it had returned an angle greater
than or equal to 90 degrees, point p2
would be the closest and I would be
done again. In this case, the dot prod-
uct returns 0.75, or the cosine of
about 40 degrees. Now that I have the
two dot products, a linear ratio will
solve the problem.

You can see the code that deter-
mines the nearest point on a line seg-
ment to an input point in Listing 3.
The squared distance from t to n can
be used to make sure the player can-
not get too close to the wall. When I

combine this with the inside-polygon
tests, I have the pieces I need to create
a DOOM-style collision model. In these
days of QUAKE II and UNREAL, it may
seem a bit retro to talk about DOOM-
style collision detection. However, the
ability to build simple collision
boundaries that you can use and mod-
ify in real-time is a very attractive fea-
ture. Rules in game development are
meant to be broken. Just because these
days you are displaying a world made
of 3D polygons, your collision bound-
aries don’t have to be 3D polygons.
Many of the environments we wish to
interact with have boundaries that
can easily be defined as 2D concave-
polygonal-line-segments. Sometimes
the best results can be achieved with
simple solutions. If you didn’t have
these routines already in your math
library, add them and you will be sur-
prised by how often you use them.
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//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
////  PPrroocceedduurree:: PPooiinnttIInnPPoollyy  ((EEDDGGEE  CCRROOSSSSIINNGG  VVEERRSSIIOONN))
////  PPuurrppoossee:: CChheecckk  iiff  aa  ppooiinntt  iiss  iinnssiiddee  aa  ppoollyyggoonn
////  RReettuurrnnss:: TTRRUUEE  iiff  PPooiinntt  iiss  iinnssiiddee  ppoollyyggoonn,,  eellssee  FFAALLSSEE
//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
BBOOOOLL  CCFFaatteeVViieeww::::PPooiinnttIInnPPoollyy((ttSSeeccttoorr  **sseeccttoorr,,  ttPPooiinntt22DD  **hhiittPPooss))
{{
//////  LLooccaall  VVaarriiaabblleess  //////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

sshhoorrtt    eeddggee,,  ffiirrsstt,,  nneexxtt;;
ttPPooiinntt22DD  **ppnntt11,,**ppnntt22;;
BBOOOOLL iinnssiiddee  ==  FFAALLSSEE;; ////  IINNIITTIIAALL  TTEESSTT  CCOONNDDIITTIIOONN
BBOOOOLL    ffllaagg11,,ffllaagg22;;

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
eeddggee  ==  ffiirrsstt  ==  sseeccttoorr-->>eeddggee;; ////  SSEETT  UUPP  IINNIITTIIAALL  CCOONNDDIITTIIOONNSS
ppnntt11  ==  &&mm__eeddggeelliisstt[[eeddggee]]..ppooss;;
ffllaagg11  ==  ((  hhiittPPooss-->>yy  >>==  ppnntt11-->>yy  ))  ;; ////  IISS  TTHHEE  FFIIRRSSTT  VVEERRTTEEXX  OOVVEERR  OORR  UUNNDDEERR  TTHHEE  LLIINNEE
//**  LLOOOOPP  TTHHRROOUUGGHH  TTHHEE  VVEERRTTIICCEESS  IINN  AA  SSEECCTTOORR  **//
ddoo  {{

nneexxtt  ==  mm__eeddggeelliisstt[[eeddggee]]..nneexxtteeddggee;; ////  CCHHEECCKK  TTHHEE  NNEEXXTT  VVEERRTTEEXX
ppnntt22  ==  &&mm__eeddggeelliisstt[[nneexxtt]]..ppooss;;

ffllaagg22  ==  ((  hhiittPPooss-->>yy  >>==  ppnntt22-->>yy  ));; ////  IISS  IITT  OOVVEERR  OORR  UUNNDDEERR

iiff  ((ffllaagg11  !!==  ffllaagg22)) ////  MMAAKKEE  SSUURREE  TTHHEE  EEDDGGEE  AACCTTUUAALLLLYY  CCRROOSSSSEESS  TTHHEE  TTEESSTT  XX  AAXXIISS
{{

////  CCAALLCCUULLAATTEE  WWHHEETTHHEERR  TTHHEE  SSEEGGMMEENNTT  AACCTTUUAALLLLYY  CCRROOSSSSEESS  TTHHEE  XX  TTEESSTT  AAXXIISS
////  AA  TTRRIICCKK  FFRROOMM  GGRRAAPPHHIICC  GGEEMMSS  IIVV  TTOO  GGEETT  RRIIDD  OOFF  TTHHEE  XX  IINNTTEERRCCEEPPTT  DDIIVVIIDDEE
iiff  ((((((ppnntt22-->>yy  --  hhiittPPooss-->>yy))  **  ((ppnntt11-->>xx  --  ppnntt22-->>xx))  >>==

((ppnntt22-->>xx  --  hhiittPPooss-->>xx))  **  ((ppnntt11-->>yy  --  ppnntt22-->>yy))))  ====  ffllaagg22  ))
iinnssiiddee  ==  !!iinnssiiddee;;////  IIFF  IITT  CCRROOSSSSEESS  TTOOGGGGLLEE  TTHHEE  IINNSSIIDDEE  FFLLAAGG  ((OODDDD  IISS  IINN,,  EEVVEENN  OOUUTT))
}}

ppnntt11  ==  ppnntt22;; ////  RREESSEETT  FFOORR  NNEEXXTT  SSTTEEPP
eeddggee  ==  nneexxtt;;
ffllaagg11  ==  ffllaagg22;;
}}  wwhhiillee  ((eeddggee  !!==  ffiirrsstt));;
rreettuurrnn  iinnssiiddee;;

}}

L I S T I N G  2 .  The x intercept calculation.
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F I G U R E  5 .  Checking the distance.



Colliding in the Third Dimension

R unning around a maze is one
thing, but that’s just the begin-

ning to the collision detection story.
Consider the problem of determining if
two objects have collided. Two of the
most common approaches to this prob-
lem are bounding boxes and bounding
spheres. For a bounding sphere, find the
point furthest away from the center of
the object. The distance of the point
from the center defines the radius of the
bounding sphere. You can see a bound-
ing sphere around an object in Figure 6.
Now imagine that the object and circle
around it are actually 3D. As you can
see, although the entire object is inside
the sphere, it isn’t a snug fit. You can
see how easy it would be to have an
object that would hit the bounding
sphere yet miss the object completely.

So why use a bounding sphere? Well,
testing to see if a collision has occurred
is really fast. If you measure the distance
between two objects, and the distance is
less than the radius of either bounding
sphere, then there is a collision. This is a
very quick test, so it’s easy to see why
many games use spheres as at least a
first line of defense. But if you need to
determine exactly where two objects
made contact, this won’t be enough.

Axis-aligned bounding boxes, or
bounding boxes for short, are another
simple method for collision detection.
The box is called axis-aligned because
the sides of the box are parallel to the
principle world x, y, and z axes. This
reduces the check for collision to a sim-
ple minimum-maximum test. You create
the box by determining the minimum
and maximum extents in each dimen-

sion. The collision test then consists of:

IIFF  ((    ((ppooiinntt..xx  >>==  bbooxx..mmiinnXX  

aanndd  ppooiinntt..xx  <<==  bbooxx..mmaaxxXX))  

aanndd  ((ppooiinntt..yy  >>==  bbooxx..mmiinnYY

aanndd  ppooiinntt..yy  <<==  bbooxx..mmaaxxYY))  

aanndd  ((ppooiinntt..zz  >>==  bbooxx..mmiinnZZ  

aanndd  ppooiinntt..zz  <<==  bbooxx..mmaaxxZZ))

))  tthheenn  aa  ccoolllliissiioonn  ooccccuurrrreedd..

Bounding boxes are a simple, fast
way to check for rough collisions.
However, like the bounding spheres,
the fit is not necessarily very accurate.
They’re generally used as a first test to
check if further investigation is needed.
You can improve the fit by maintain-
ing a hierarchy of smaller bounding
boxes or spheres that are tested after
the initial collision is determined. For
many games, such as 3D fighting
games which require fairly detailed col-
lision, this is enough for realism. If you
need more detailed collision informa-
tion, you need to look elsewhere.

Other methods such as oriented
bounding boxes (OBB), where the
bounding box is allowed to rotate to an
arbitrary orientation, will allow for a
tighter fit than either above method.
However, even OBBs do not provide
information on the exact point of colli-
sion on an arbitrary mesh unless the
object happens to be a box.

Getting to the Point

I f you really need to know which
point of an object has collided with

another — say for your realistic
physics simulation — you have some
work in front of you. All the other
techniques are good first steps, and
serve to filter out unneeded calcula-
tions. I’m going to start out in 2D
again to make things easy. Let me
begin by considering only convex
objects. Remember that convex
objects are polygon meshes that con-
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//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

////  PPrroocceedduurree:: GGeettNNeeaarreessttPPooiinntt

////  PPuurrppoossee:: FFiinndd  tthhee  nneeaarreesstt  ppooiinntt  oonn  aa  lliinnee  sseeggmmeenntt

////  AArrgguummeennttss:: TTwwoo  eennddppooiinnttss  ttoo  aa  lliinnee  sseeggmmeenntt  aa  aanndd  bb,,

//// aanndd  aa  tteesstt  ppooiinntt  cc

////  RReettuurrnnss:: SSeettss  tthhee  nneeaarreesstt  ppooiinntt  oonn  tthhee  sseeggmmeenntt  iinn  nneeaarreesstt

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

vvooiidd  CCFFaatteeVViieeww::::GGeettNNeeaarreessttPPooiinntt((ttPPooiinntt22DD  **aa,,ttPPooiinntt22DD  **bb,,ttPPooiinntt22DD  **cc,,ttPPooiinntt22DD  **nneeaarreesstt))

{{

//////  LLooccaall  VVaarriiaabblleess  //////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

lloonngg  ddoott__ttaa,,ddoott__ttbb;;

//////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////

////  SSEEEE  IIFF  aa  IISS  TTHHEE  NNEEAARREESSTT  PPOOIINNTT  --  AANNGGLLEE  IISS  OOBBTTUUSSEE

ddoott__ttaa  ==  ((cc-->>xx  --  aa-->>xx))**((bb-->>xx  --  aa-->>xx))  ++  ((cc-->>yy  --  aa-->>yy))**((bb-->>yy  --  aa-->>yy));;

iiff  ((ddoott__ttaa  <<==  00)) ////  IITT  IISS  OOFFFF  TTHHEE  aa  VVEERRTTEEXX

{{

nneeaarreesstt-->>xx  ==  aa-->>xx;;

nneeaarreesstt-->>yy  ==  aa-->>yy;;

rreettuurrnn;;

}}

ddoott__ttbb  ==  ((cc-->>xx  --  bb-->>xx))**((aa-->>xx  --  bb-->>xx))  ++  ((cc-->>yy  --  bb-->>yy))**((aa-->>yy  --  bb-->>yy));;

////  SSEEEE  IIFF  bb  IISS  TTHHEE  NNEEAARREESSTT  PPOOIINNTT  --  AANNGGLLEE  IISS  OOBBTTUUSSEE

iiff  ((ddoott__ttbb  <<==  00))

{{

nneeaarreesstt-->>xx  ==  bb-->>xx;;

nneeaarreesstt-->>yy  ==  bb-->>yy;;

rreettuurrnn;;

}}

////  FFIINNDD  TTHHEE  RREEAALL  NNEEAARREESSTT  PPOOIINNTT  OONN  TTHHEE  LLIINNEE  SSEEGGMMEENNTT  --  BBAASSEEDD  OONN  RRAATTIIOO

nneeaarreesstt-->>xx  ==  aa-->>xx  ++  ((((bb-->>xx  --  aa-->>xx))  **  ddoott__ttaa))//((ddoott__ttaa  ++  ddoott__ttbb));;

nneeaarreesstt-->>yy  ==  aa-->>yy  ++  ((((bb-->>yy  --  aa-->>yy))  **  ddoott__ttaa))//((ddoott__ttaa  ++  ddoott__ttbb));;

}}

L I S T I N G  3 .  Finding the nearest point on a line segment.

F I G U R E  6 .  A bounding sphere.



tain no interior angles greater than
180 degrees. Figure 7 outlines the
problem.

I am interested in deciding whether
polygon 1 is colliding with polygon 2.
I could use my point-in-polygon test
from earlier, and test every point in
each polygon and see if it’s in the
other. That wouldn’t be very efficient
though, and in 3D it would be even
less reasonable. What I really want to
find is a single feature that makes it
impossible for polygon 2 to be inside
polygon 1. It turns out that if I can
find a line that separates the two poly-
gons, then they cannot be colliding.
To make it easier, I will use the edges
of each polygon as a test line. If all the
vertices of polygon 2 are on the other
side of an edge in polygon 1, they
aren’t colliding.

You will recall from the convex

point-in-polygon test that I used the
dot product to determine if a point was
inside an edge. I can use the same test
to see if a point is outside. In other
words, iiff  vveeccttoorrbbaa  ddoott  vveeccttoorrbbcc  <<  00,,  tthheenn
ppooiinntt  cc  iiss  oouuttssiiddee  ooff  ppoollyyggoonn  11..  

That dot product operation sure
comes in handy. In 3D, you would be
dotting the face normal with the test
point, but it works out similarly. The
first time you test to find this separat-
ing edge, you need to test all edges in
each polygon against all the vertices in
the opposite one. However, once you

have found a separating edge, you can
store this information so that edge is
the first one you will test the next time
you try. This caching of collision
points can speed up testing quite a bit,
and I highly recommend it.

That is all the time I have for this
month. Next month, I will examine
what exactly is required for detecting
the collision point in 3D. I will also
discuss what you can do with this
information once you have it, and
work out some cool samples to
demonstrate it.  ■
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F I G U R E  7.  Two convex polygons.
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