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a =D|D
b/2 = D|X
c =X|X-r*r
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(P-A)IV=0
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(P-C-V*m)|V = 0

(P-C)[V=m*(V]V) =m (len(V)=1)
m = (D*t+X)|V

m = D|V*t + X|V

len(P-C-V*m) =r

dot( D*t+X - V*(D|V*t + X|V) ) =12

dot( (D-V*(D|V))*t + (X-V*(X]V)) ) = "2

dot( A-V*(A|V) ) = AJA - 2*(A|]V)™2 + VIV * (A[V)™2 =
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= A]A - (A|V)"2
a*t"™"2 +b*t+c=0
a=DI|D - (D|V)™2
c = X|X - (X|V)"2 - 12
b =2* (D-V*(DIV)[(X-V*(X]V)) =

= 2* (DIX - D[V*(X]V) - X][V*(D|V) + (DIV)*(X|V)) =

=2* (DX - (DIV)*(X]V))

toasle
a =D|D- (D)2

b/2 =D|X- (DIV)*(X]V)
c =XIX-XIV)N2-r*r
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m = D|V*t + X|V
N = nrm( P-C-V*m)
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A=C+V*m
(P-A)IV=0
len( P-A)/m =k



Yy il 31 suliied L OPENGL. (suns 4o s 55 4ol (slasal

m = D|V*t + X|V  (like for cylinder)
len( P-C-V*m ) = m*k
dot( D*t+X - V*(D|V*t + X|V) ) = k"2 * ( D[V*t + X|V )2
dot( (D-V*(D]V))*t + X-V*(X|V) ) = k"2 * ( D]V*t + X]V )2

a =D|D - (D]V)~2
b/2 = DIX - (DV)*(X|V)
¢ = XX - X[V)2

. C.u.ub oy *‘J_gé K]
kN2 * ( DIV*t + X[V )2 =
= k"2 * (D)2 * 72 + 2*(DIV)*(X[V)*t + (X|[V)"2)
a = k*k*(D|V)"2
b/2 = k*k*(D|V)*(X]V)
¢ = k*k*(X|V)™2

a =D|D - (1+k*K)*(D|V)"2
b/2 = D|X - (1+k*K)*(D[V)*(X|V)
c = XX - (1+K*K)*(X V)2
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sadab
alr =k
r/m =Kk
a = m*k*k
N = nrm( P-C-V*m - V*m*k*k )
N = nrm( P-C - (1+k*k)*V*m )

uMSﬂleeAwM

C
¥y
o
R P r2
1
r=ri+r2
C1=C+W*k



V\‘\‘ ‘AJLAA:()AM‘. &‘_‘:;t..:\\ﬁuw ~ LA§

- sl O Sadns 350 50 51 (S5 C
CA-A-A-I“)SJAJJU:\J‘LLLABK
R S e sk 0 C K 5e Bl canly Yok 4 ol (s5la v

cosl La plad paa iy

Pl oS S b aoliad 6l
len( P-C) + len( P-(C+V*k) ) =
C ol 1 (s glose 38050 G P ) Jual g pan 45 ol Bias olas ol

s
len( P-C-V*k) ) =r - len( P-C)
dot( D*t + X-V*k ) = r*r - 2*r*len( D*t+X)
dot( D*t + X-V*k ) =
= D|D*t"™2 + 2*D|(X-V*k)*t + dot(X-V*k) =
= D|D*t"™2 + 2*(D|X-D|V*Kk)*t + X|X-2*X|V*k+k
dot( D*t + X ) =
= D|D*t"™2 + 2*(D|X)*t + X|X
2*D|V*k*t - 2*X|V*K + K - r*r = -2*r*len( D*t + X )
(2*D|V*k*t - 2*X|V*Kk + k-r* "2 =
= 4*r*r*( D*D*t"N2 + 2*(D|X)*t + X|X)
: u.:l.@_s *‘J_o.a K]
a = 4*r*r*D|D - 4*k*k*(D|V)"2
b/2 = 4*r*r*D|X - 2*(D|V)*k * (r*r+2*X|V*k-k)
C = 4*r*r*X|X - (rr+2*X|V*k-k)"2

pend s OlsS oo O eole sula gl
ALl = 2*k*(D|V)
A2 =12 + 2*k*(X|V) - k
a =4*r"2*D|D - A1"2
b/2 = 4*r"2*D|X - AL*A2
C = 4FN2¥X|X - A2N2
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y=b *sqgrt( 1-x"2/an2)

o

f'(xX) =-b/an2 * x / sqrt( 1 - x™2/an2)

Pail oo VX plas sl Jlo s s (UF(X) Bidie Ko
1/f(xX) = an2/b * sqrt( 1/x"2 - 1/an2)
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Cmid = C + V*k/2
R =P - Cmid
N = nrm( R - V*(1-b"2/a”™2)*(R|V) )
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P=A+V*
A=P -V
(A-(C+V*K)|V =0
(P-C+V*k-V*1)|V = 0
(P-C+V*K)|V - V|V*r = 0
r = (P-C+V*k)|V

(P-C+V*K)IV+k=r
len( P-(C+V*k) ) =

len( P-C-V*k ) = (P-C+V*K)|V
dot( D*t + X-V*k ) = (D|V*t + X|V+k)"2
DID*(t2) + 2%(D|(X-V*Kk))*t + dot(X-V*k) =
= (D|V)"2*(t12) + 2*DV*(X|V+K)*t + (X|[V+k)™2

a =D|D - (D|V)2
b/2 = D|X - D|V*k - D|[V*(X|V+k) =
= DX - DJV*( X|V + 2*k )
C = XX - 2%X[V*K + kA2 - (X|V)NA2 - 2%(X|[V)*K - kN2 =
= X|X - (X]V)2 - 4*(X|V)*k =
= X|X - X|V*( X]V + 4%k )

a =D|D - (D|V)2
b/2 = D|X - DJV*( X[V + 2*k )
c = XX - X[VE(X]V + 4%k )

C,s..\_;.u:s ;‘;_\7:\3; BRI 'a:\_s :):sYl_o)l ‘J P-(C+V*m) + V*a )‘JJ_} ..s__.sLs dLo):s J‘J‘).} @...u\ado LS‘J'.‘
Sloare gaas ¥ adolae SO, o Suages SI ail oo Ny/Nx sl len(P-(C+V*m))/a lads

cogs Al A gans ¥ Jle b Hlapn paulBe Ny g NX «y2=24% adiS (15 58

f(x) = sqrt( 2*k*x) our function
f'(x) = k/ sgrt( 2*k*x ) derivative
Ny/Nx = 1/f'(x) the ratio we need

Ny/Nx = sqrt( 2*x/k )

Nx = Ny * sqrt( k/(2*x) ) we are looking for a...
Ny = sqrt( 2*k*x ) ...while we know f(x)
Nx = sqrt( 2*x*k*k/(2*x) )

Nx = k and there we are!
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t=-X|V/DJV
P=C+ V1*p + V2*q

tda
P - C=V1*p + V2*q

[Px-Cx]1=[VixV2x]*[p]

[Py-Cy] [ViyVv2y] [q]
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(MQ‘JJJJ‘&AL}
m = D|V*t + D|X

JJA.A")‘Pd_a.au).‘xj_}su_ai}_-.ub-oa,b,&dLﬂﬂﬁbm@*ﬁddm&hbpw
S(m-fm) b e (s sl
s

len( P-(C+V*m) ) = f(m)
(P-(C+V*m))|[V =0

dot( P-C-V*((P-C)|V) ) = f(m)"2
dot( D*t+X-V*(D|V*t+X|V) ) = f(m)~2
dot( (D-V*(D[V))*t + X-V*(X]V) ) = f(m)"2

&A%CAA—I—U%‘).‘.A

a=D|D - (D|V)"*2
b =2*(DIX - (DIV)*(X]V) )
c = X|X - (X]V)™2

C_u.u“)c_\m.u%_e‘).n.é

f(m)™2 = (am”™3 + bm”™2 + cm + d)N2
f(m)N2 = m~n6 * a2 +
+ m~N5 * 2*a*h +
+ m~™4 * (b2 + 2*a*c) +
+ m~N3 * 2*(a*d + b*c) +
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+ mN2 * (N2 + 2*b*d) +
+ m~AL* 2*%c*d +
+ m~0 * dN2
m = D|V*t + X|V

sabesy s ol Y dayn 51 YL eVolas Ja St gl F B Y dao dube S Lo ol sl
s 15 0logs ) Jola o s pa S ol i - paola c ondls aal s Sl suby (236
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1 ail oo brute force (og, Ko Jlo s Hla s dalas

m = D|V*t + X|V
dval = f'(m) = 3*a*m”™2 + 2*b*m + ¢
R=P-C-V*m
N = nrm( R - V*len(R)/dval )

A S L dauhl aulial auduii

P ds Al
.l (torus) JMa < 5. C
caay e Glan ly (I JAls ) ca «S el (golu sV
ol s S5 plas R
col (s Sy Spladr
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P=A+V*k
(len( A-C) - R)™2 + kN2 = 12
: Ja
A =P -V*k
(A-C)[V=0
(P-C-V*K)|V = 0
k = (P-C)|V

"2 - kn2 = (len(P-C-V*Kk) - R)™N2
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Z = P-C = D*t+X temporary substitution
M2 - (ZIV)N2 = (len( Z-V*(Z|V) ) - R)™N2
dot(Z-V*(Z|V)) + RN2 - iIN2 + (Z|]V)N2 = -2*R*len(Z-V*(Z|V))

Z|Z + RN2 - 12 = -2*R*len(Z-V*(Z|V))
4*RN2*dot(Z-V*(Z|V)) = (Z|Z + RN2 - I2)12
A*RNA2*(Z|Z-(Z|V)N2) = (Z|2)N2 + 2*(RN2-1N2)*(Z]|Z2) + (RN2-1N2)N2
(Z|Z)N2 - 2*(RN2+11N2)*(Z]|Z) + 4*RNA2*(Z|V)N2 + (RN2-1\2)N2 =0

m = D|D, n = D|X, 0 = X|X, p=DJ|V, q = X|V

Z|Z = dot(D*t+X) = m*t"™2 + n*t + o
Z|V = (D*t+X)|V = p*t + q

(M*N2 + n*t + 0)N2 - 2*(RN2+rN2)*(M*t™N2 + n*t + 0) +
+ 4*RA2*(p*t + )2 + (RN2-r™"2)N2 =0
MA2*INL + 4*nN2*IN2 + 02 + 4*n*0*t + 4*m*n*t"3 +
+ (RN2-r"2)"2 =0

Dol assle ol cul s
a=mn2
b = 4*m*n
C =4*m”"2 + 2*m*0 - 2*(R™N2+r"2)*m + 4*RN2*p"2
d = 4*n*o - 4*(R"N2+r°2)*n + 8*R™M2*p*q
e = 02 - 2*(RN2+1r"2)*0 + 4*RN2*g1N2 + (RN2-1M2)N2
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S LS s'x»
Q= & Dl 2k e .

k = (P-O)|V
A=P-V*k
m = sgrt( r™*2 - k"2)
N=nrm(P - A - (C-A)*m/(R+m) )
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unit Math_3D;
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interface

uses
Math;

const

// Used to cover up the error in floating point
MATCH_FACTOR : double = 0.9999;

ZERO : integer = 0;

type

VECTOR3D = record
X, Y, z : single ;

end;

type
V3D = array of VECTOR3D;

type
Cylinder=record
Position : VECTOR3D;
Axis : VECTOR3D;
Radius : double;
end;

type
Plane=record
Position : VECTOR3D;
Normal : VECTOR3D;
end;

type
TMatrix33 = Record
Mx : array[0..2] of array[0..2] of double;
end;

type
QUAD = record
vVertices : V3D;
vNormal : VECTOR3D;
D : single;
end;

function Vertexf(x0, yO0 ,z0,
x1, y1 ,z1,
X2, y2 ,z2 : single): V3D;overload;

function Vertexf(x0, yO0 ,z0,
x1, y1 ,z1,
X2,y2 ,22,
x3, y3 ,z3 : single): V3D;overload;

function Cross( vVectorl, vVector2 : VECTOR3D):VECTORSD;
function Vector( vPointl, vPoint2 : VECTOR3D):VECTOR3D;
function Magnitude( vNormal :VECTOR3D):single;



function Normalize( vNormal : VECTOR3D ):VECTORS3D;
function Normal( vTriangle : V3D ):VECTORSD;
function PlaneDistance( Normal, Point :VECTOR3D): single;
function IntersectedPlane( vTriangle , vLine : V3D ):boolean;
function IntersectedPlane02( vPoly, vLine : V3D;
var vNormal : VECTOR3D ;
var originDistance : single):boolean;
function Dot( vVectorl, vVector2 :VECTOR3D ):single;
function AngleBetweenVectors(Vectorl, Vector2 :VECTOR3D ):double;
function IntersectionPoint(vNormal : VECTOR3D ; vLine : V3D ;
distance : double ):VECTOR3D;
function InsidePolygon( vintersection : VECTOR3D ; Poly :V3D ;
verticeCount : Longint ): boolean;
function IntersectedPolygon( vPoly, vLine :V3D ;
verticeCount:integer ):boolean;

function Matrix_making(): TMatrix33;overload;
function Matrix_making( Phi, Theta, Psi :double) : TMatrix33;overload;
function Matrix_making( mx00, mx01, mx02,

mx10, mx11, mx12,

mx20, mx21, mx22 :double ): TMatrix33;overload;
function Matrix_add(m1, m2 :TMatrix33 ):TMatrix33;
function Matrix_subtract(ml1,m2 :TMatrix33 ):TMatrix33;
function Matrix_multiply( m1 , m2 : TMatrix33):TMatrix33;overload;
function Matrix_multiply(

m1l :TMatrix33; scale : double):TMatrix33;overload;
function Matrix_multiply(
m1l : TMatrix33; v :VECTOR3D):VECTOR3D;overload;

function Matrix_determinant(m : TMatrix33):double;
function Matrix_transpose(m : TMatrix33):TMatrix33;
function Matrix_inverse(m1 : TMatrix33 ):TMatrix33;

function Vector_add( vl , v2 : VECTOR3D) : VECTOR3D;
function Vector_subtract(vl,v2 : VECTOR3D) : VECTOR3D;
function Vector_multiply(vl : VECTOR3D; scale : double ): VECTOR3D;

function Vector_Making(x, y ,z : single):VECTOR3D;
implementation

function Vector_Making(x, y ,z : single):VECTOR3D;
begin

Vector_Making.x := x;

Vector_Making.y :=y;

Vector_Making.z := z;
end;

function Vertexf(x0, yO0 ,z0,
x1, y1 ,z1,
X2, y2 ,z2 : single): V3D;overload;
var
res : V3D;
begin
// Utility function to build a vectors:

setLength(res,3);

res[0].x := xO0;
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res[0].y := yO0;
res[0].z := z0;
res[1].x := x1;
res[1].y :=vy1;
res[1].z := z1;
res[2].x := x2;
res[2].y :=y2;
res[2].z := z2;

Vertexf := res;
end;

function Vertexf(x0, yO0 ,z0,

x1, y1 ,z1,
X2,y2 ,22,
x3, y3 ,z3 : single): V3D;overload;
var
res : V3D;
begin

// Utility function to build a vectors:

setLength(res,4);

res[0].x := xO0;
res[0].y := yO0;
res[0].z := z0;
res[1].x := x1;
res[1].y :=y1;
res[1].z := z1;
res[2].x := x2;
res[2].y :=y2;
res[2].z := z2;
res[3].x := x3;
res[3].y :=vy3;
res[3].z := z3;

Vertexf := res;
end;

// The most important part of this tutorial
//is the plane equation, Ax + By + Cz + D = 0.

H0000000000077717777777 CROSS TTEETETELLTTTERULLL LT
/1111 This returns a perpendicular vector from 2 given

/1111 vectors by taking the cross product.

H0000000000077717777777 CROSS TTEETETELLTTTERULLL LT

function Cross( vVectorl, vVector2 : VECTOR3D):VECTORSD;
var
// The vector to hold the cross product



vNormal : VECTOR3D ;
begin
// Once again, if we are given 2 vectors
// (directions of 2 sides of a polygon)
// then we have a plane define. The cross
// product finds a vector that is perpendicular
// to that plane, which means it's point straight
// out of the plane at a 90 degree angle.

// The X value for the vector is: (V1.y * V2.z) - (V1.z * V2.y)
// Get the X value
vNormal.x := ((vVectorl.y * vWector2.z) - (vWectorl.z * vVector2.y));

// The Y value for the vector is: (V1.z * V2.x) - (V1.x * V2.2)
vNormal.y := ((vVectorl.z * vWector2.x) - (vWectorl.x * vVector2.z));

// The Z value for the vector is: (V1.x * V2.y) - (V1.y * V2.x)
vNormal.z := ((vVectorl.x * vVector2.y) - (vVectorl.y * vVector2.x));

Cross := vNormal; // Return the cross product (Direction the polygon is facing - Normal)
end;

£000000000000107777777 VECTOR: TEETERTEVERERL VRV
///// This returns a vector between 2 points
£000000000000107777777 VECTOR: TEETERTEVERERL VRV

function Vector( vPointl, vPoint2 : VECTOR3D):VECTOR3D;

var
vWector : VECTORSD;

begin
/1 In order to get a vector from 2 points (a direction) we need to
// subtract the second point from the first point.

vVector.x := vPointl.x - vPoint2.x; // Get the X value of our new vector
vVector.y := vPointl.y - vPoint2.y; // Get the Y value of our new vector
vVector.z := vPointl.z - vPoint2.z; // Get the Z value of our new vector

Vector := vVector; // Return our new vector
end;

£000000001177717777 MAGNTTUDE  TTERTERERTEVEREERLLEERLERL L
/1111 This returns the magnitude of a normal (or any other vector)
£0000000000077177777 MAGNTTUDE TERRETEERTEERLL TRV

function Magnitude( vNormal :VECTOR3D):single;

begin

// This will give us the magnitude or "Norm" as some say, of our normal.
// Here is the equation:

// magnitude = sqrt(V.x"2 + V.y"2 + V.z"2) Where V is the vector

Magnitude := sqgrt( (vNormal.x * vNormal.x) +
(vNormal.y * vNormal.y) +
(vNormal.z * vNormal.z) );
end;

10000007711777177777 NORMALIZE TYATIERIREEERRETETEVL VLR
/1111 This returns a normalize vector (A vector exactly of length 1)
£00000000110771777777 NORMALITZE AATITEITARETELETEVV VTR
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function Normalize( vNormal : VECTOR3D ):VECTORS3D;
var
m_magnitude : single;
begin
/1 Get the magnitude of our normal
m_magnitude := Magnitude(vNormal);

// Now that we have the magnitude, we can
// divide our normal by that magnitude.

// That will make our normal a total length of 1.
// This makes it easier to work with too.

// Divide the X value of our normal by it's magnitude
vNormal.x :=vNormal.x/ m_magnitude;

// Divide the Y value of our normal by it's magnitude
vNormal.y :=vNormal.y/ m_magnitude;

// Divide the Z value of our normal by it's magnitude
vNormal.z :=vNormal.z/ m_magnitude;

// Finally, return our normalized normal.

Normalize := vNormal;
// Return the new normal of length 1.
end;

2000000000007 17777 777 NORMAL TITRTERTETEREIL TR
/1111 This returns the normal of a polygon

/111 (The direction the polygon is facing)

H0000000000077177777777 NORMAL ANETEREEVERTERUEERLERL VL

function Normal( vTriangle : V3D ):VECTORSD;
var
vVectorl , vWector2 , vNormal : VECTORS3D;

begin
/1 Get 2 vectors from the polygon (2 sides), Remember the order!
vVectorl := Vector(vTriangle[2], vTriangle[0]);
vVector2 := Vector(vTriangle[1], vTriangle[0]);
// Take the cross product of our 2 vectors
/1 to get a perpendicular vector
vNormal := Cross(vVectorl, vVector2);

// Now we have a normal, but it's at a

// strange length, so let's make it length 1.
// Use our function we created to normalize
// the normal (Makes it a length of one)
vNormal := Normalize(vNormal);

Normal := vNormal; // Return our normal at our desired length
end;

10000111117771777 PLANE DISTANCE TATERRITETREVLEV RV
/1111 This returns the distance between a plane and the origin
10000111117771777 PLANE DISTANCE TATERRITETREVLEV RV

function PlaneDistance( Normal, Point :VECTOR3D): single;
var



distance : single ;

// This variable holds the distance

// from the plane tot he origin
begin

// D =-(Ax + By + C2)

// Basically, the negated dot product of the normal
//of the plane and the point. (More about the dot product in another tutorial)
distance := - ((Normal.x * Point.x) +
(Normal.y * Point.y) +
(Normal.z * Point.z));

PlaneDistance := distance;
// Return the distance
end;

1070117771177/ INTERSECTED PLANE TATILTITETIREUIRU AR
/1111 This checks to see if a line intersects a plane
1070117771177/ INTERSECTED PLANE TATTLTITELTIREI RN

function IntersectedPlane( vTriangle , vLine : V3D ):boolean;
var

distancel, distance2 , originDistance : single ;

vNormal : VECTOR3D;
begin

// We need to get the normal of our plane to go any further
vNormal := Normal(vTriangle);

originDistance := PlaneDistance(vNormal, vTriangle[0]);

// Get the distance from pointl from the plane using:
// AX + By + Cz + D = (The distance from the plane)

distancel := ((vNormal.x * vLine[0].x) + // Ax +
(vNormal.y * vLine[0].y) + //Bx +
(vNormal.z * vLine[0].z)) + originDistance; // Cz + D

distance2 := ((vNormal.x * vLine[1].x) + // Ax +
(vNormal.y * vLine[1].y) + // Bx +
(vNormal.z * vLine[1].z)) + originDistance; // Cz + D
/1 Check to see if both point's distances are both negative or both positive
if(distancel * distance2 >= 0) then
// Return false if each point has the same sign.
// -1 and 1 would mean each point is on either side of the plane.
// -1 -2 or 3 4 wouldn't...
IntersectedPlane := false
else
// The line intersected the plane, Return TRUE
IntersectedPlane := true;
end;

100001007111777177 INTERSECTED PLANE TTTTTELIITELERTELI LT
/1111 This checks to see if a line intersects a plane
100001007111777177 INTERSECTED PLANE TTTTTELIITELERTELI LT

function IntersectedPlane02( vPoly, vLine : V3D;
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var vNormal : VECTOR3D ;
var originDistance : single):boolean;
var
distancel, distance?2 : single ;
begin
// We need to get the normal of our plane to go any further
vNormal := Normal(vPoly);

originDistance := PlaneDistance(vNormal, vPoly[0]);

distancel := ((vNormal.x * vLine[0].x) + // Ax +
(vNormal.y * vLine[0].y) + // Bx +
(vNormal.z * vLine[0].z)) + originDistance; // Cz + D

distance2 := ((vNormal.x * vLine[1].x) + // Ax +
(vNormal.y * vLine[1].y) + // Bx +
(vNormal.z * vLine[1].z)) + originDistance;// Cz + D

/1 Check to see if both point's distances are both negative or both positive
if(distancel * distance2 >= 0) then
// Return false if each point has the same sign.
// -1 and 1 would mean each point is on either side of the plane.
// -1-2 or 3 4 wouldn't...
IntersectedPlane02 := false
else
// The line intersected the plane, Return TRUE
IntersectedPlane02 := true;

end;

0000000000007 777777777 DOT TEEEEEEELLETTEEEELLEEL DL
/111 This computers the dot product of 2 vectors
0000000000000 111777777 DOT REETETEETTTEEELLLE L

function Dot( vVectorl, vWector2 :VECTOR3D ):single;
begin
// The dot product is this equation:
/IV1IN2 = (V1x*V2.x + V9iy*V2.y + V1.z*V2.2)
/1 In math terms, it looks like this: V1.V2 = ||V1]]| ||V2]] cos(theta)
// The '." means DOT. The || || is magnitude.

Dot := ( (vWectorl.x * vWector2.x) +
(vVectorl.y * vwector2.y) +
(vVectorl.z * vwWector2.z) );
end;

1111117711177/ ANGLE BETWEEN VECTORS THATTLTITETEIEIRR
/1111 This checks to see if a point is inside the ranges of a polygon
1111117711177/ ANGLE BETWEEN VECTORS THATTLTITETEIEIRR

function AngleBetweenVectors(Vectorl, Vector2 :VECTOR3D ):double;
var
dotProduct ,vectorsMagnitude : single;
begin
// Get the dot product of the vectors
dotProduct := Dot(Vectorl, Vector2);



// Get the product of both of the vectors magnitudes
vectorsMagnitude := Magnitude(Vectorl) * Magnitude(Vector2) ;

// Return the arc cosine of the
//(dotProduct / vectorsMagnitude) which is the angle in RADIANS.
AngleBetweenVectors := ( arccos( dotProduct / vectorsMagnitude ) );
end;

1000117771777/ INTERSECTION POTNT THATETIITELITEIRE R
///// This returns the intersection point
/111 of the line that intersects the plane
£000100771177/7 INTERSECTION POTNT TITELIITELERTEERRL AL

function IntersectionPoint(vNormal : VECTOR3D ; vLine : V3D ;
distance : double ):VECTOR3D;
var
vPoint , vLineDir : VECTOR3D;
Numerator , Denominator , dist : double ;
begin
// We need to find the 3D point that is actually
// on the plane. Here are some steps to do that:

vLineDir := Vector(vLine[1], vLine[0]); // Get the Vector of the line
vLineDir := Normalize(vLineDir); // Normalize the lines vector
/1 Use the plane equation with the normal and the line
Numerator := - (vNormal.x * vLine[0].x +
vNormal.y * vLine[0].y +
vNormal.z * vLine[0].z + distance);

// Get the dot product of the line's vector and the normal of the plane
Denominator := Dot(vNormal, vLineDir);

// Check so we don't divide by zero
if( Denominator = 0.0) then
begin
// Return an arbitrary point on the line
IntersectionPoint := vLine[0];
exit;
end;

// Divide to get the multiplying (percentage) factor
dist := Numerator / Denominator;

vPoint.x := (vLine[0].x + (vLineDir.x * dist));
vPoint.y := (vLine[0].y + (vLineDir.y * dist));
vPoint.z := (vLine[0].z + (vLineDir.z * dist));

IntersectionPoint := vPoint; // Return the intersection point
end;

10000001111777177777 INSIDE POLYGON TTERTEVERTERERRERV VLV
/1111 This checks to see if a point is inside the ranges of a polygon
10000001111777177777 INSIDE POLYGON TTERTEVERTERERRERV VLV

function InsidePolygon( vintersection : VECTOR3D ; Poly :V3D ;
verticeCount : Longint ): boolean;
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var
Angle : double;
VA, vB : VECTOR3D; // Create temp vectors
i :integer;
begin
Angle := 0;
// Go in a circle to each vertex and get the angle between
for i:= 0 to verticeCount-1 do
begin

// Subtract the intersection point from the current vertex
VA := Vector(Poly[i], vintersection);
// Subtract the point from the next vertex
vB := Vector(Poly[(i + 1) mod verticeCount], vintersection);
// Find the angle between the 2 vectors and add them all up as we go along
Angle := Angle+ AngleBetweenVectors(vA, vB);
end;

/1 If the angle is greater than 2 PI, (360 degrees)
if(Angle >= (MATCH_FACTOR * (2.0 * PI)) ) then
InsidePolygon := TRUE // The point is inside of the polygon
else
InsidePolygon := FALSE; // If you get here, it obviously
// wasn't inside the polygon, so Return FALSE
end;

1000117771777/ INTERSECTED POLYGON ATTTIATETITELITELIRELL LV
/1111 This checks if a line is intersecting a polygon
1000110771177717 INTERSECTED POLYGON NATTATELIITEVERTERIRA TRV

function IntersectedPolygon( vPoly, vLine :V3D ;
verticeCount:integer ):boolean;
var
vNormal , vintersection : VECTOR3D;
originDistance : single ;
begin
if(not(IntersectedPlane02(vPoly, vLine,
vNormal, originDistance))) then
begin
IntersectedPolygon := false;
exit;
end;

vintersection := IntersectionPoint(vNormal,
vLine, originDistance);

if(InsidePolygon(vintersection, vPoly, verticeCount)) then
begin
IntersectedPolygon := true;
exit;
end;

/1 1If we get here, we must have NOT collided

IntersectedPolygon := false; // There was no collision, so return false
end;

function Matrix_making(): TMatrix33;overload;
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var
res : TMatrix33;
begin
res.Mx[0][0]:=1.0; res.Mx[0][1]:=0.0; res.Mx[0][2]:=0.0;

res.Mx[1][0]:=0.0; res.Mx[1][1]:=1.0; res.Mx[1][2]:=0.0;
res.Mx[2][0]:=0.0; res.Mx[2][1]:=0.0; res.Mx[2][2]:=1.0;
Matrix_making := res;
end;

function Matrix_making( mx00, mx01, mx02,

mx10, mx11, mx12,
mx20, mx21, mx22 :double ): TMatrix33;overload;
var
res : TMatrix33;
begin
res.Mx[0][0]:=mx00; res.Mx[0][1]:=mx01; res.Mx[0][2]:=mx02;

res.Mx[1][0]:=mx10; res.Mx[1][1]:=mx11; res.Mx[1][2]:=mx12;
res.Mx[2][0]:=mx20; res.Mx[2][1]:=mx21; res.Mx[2][2]:=mx22;
Matrix_making := res;
end;

function Matrix_making( Phi, Theta, Psi :double) : TMatrix33;overload;
var
cl ,s1, c2, s2, c3, s3 :double;
res : TMatrix33;

begin
cl:=cos(Phi); sl:=sin(Phi); c2:=cos(Theta);

s2:=sin(Theta); c3:=cos(Psi); s3:=sin(Psi);
res.Mx[0][0]:=c2*c3;

res.Mx[0][1]:=-c2*s3;
res.Mx[0][2]:=s2;
res.Mx[1][0]:=s1*s2*c3+c1*s3;
res.Mx[1][1]:=-s1*s2*s3+c1*c3;
res.Mx[1][2]:=-s1*c2;
res.Mx[2][0]:=-c1*s2*c3+s1*s3;
res.Mx[2][1]:=c1*s2*s3+s1*c3;
res.Mx[2][2]:=c1*c2;

Matrix_making := res;
end;
function Matrix_add(m1, m2 :TMatrix33 ):TMatrix33;
var

res : TMatrix33;
begin
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res.Mx[0][0] := m1.Mx[0][0] + m2.Mx[0][O];
res.Mx[0][1] := m1.Mx[O][1] + m2.Mx[O][1];
res.Mx[0][2] := m1.Mx[0][2] + m2.Mx[O][2];
res.Mx[1][0] := m1.Mx[1][0] + m2.Mx[1][O];
res.Mx[1][1] := m1.Mx[1][1] + m2.Mx[1][1];
res.Mx[1][2] := m1.Mx[1][2] + m2.Mx[1][2];
res.Mx[2][0] := m1.Mx[2][0] + m2.Mx[2][O];
res.Mx[2][1] := m1.Mx[2][1] + m2.Mx[2][1];
res.Mx[2][2] := m1.Mx[2][2] + m2.Mx[2][2];
Matrix_add := res;

end;

function Matrix_subtract(ml1,m2 :TMatrix33 ):TMatrix33;
var
res : TMatrix33;
begin
res.Mx[0][0]

:= m1.Mx[0][0] - m2.Mx[O][O];

res.Mx[0][1] :
res.Mx[0][2] :
res.Mx[1][0] :
res.Mx[1][1] :
res.Mx[1][2] :
res.Mx[2][0] :
res.Mx[2][1] :
res.Mx[2][2] :

m1.Mx[0][1] -
m1.Mx[0][2] -
m1.Mx[1][0] -
m1.Mx[1][1] -
m1l.Mx[1][2] -
m1.Mx[2][0] -
m1l.Mx[2][1] -
m1l.Mx[2][2] -

m2.Mx[O][1];
m2.Mx[0][2];
m2.Mx[1][0];
m2.Mx[1][1];
m2.Mx[1][2];
m2.Mx[2][0];
m2.Mx[2][1];
m2.Mx[2][2];

Matrix_subtract := res;
end;

function Matrix_multiply( m1 , m2 : TMatrix33):TMatrix33;overload;
var
res : TMatrix33;
begin
res.Mx[0][0] := m1.Mx[0][0]*m2.Mx[0][0] +
m21.Mx[0][1]*m2.Mx[1][0] +
m21.Mx[0][2]*m2.Mx[2][0];
res.Mx[1][0] := m1.Mx[1][0]*m2.Mx[0][0] +
m1.Mx[1][1]*m2.Mx[1][0] +
m1.Mx[1][2]*m2.Mx[2][0];
res.Mx[2][0] := m1.Mx[2][0]*m2.Mx[0][0] +
m1.Mx[2][1]*m2.Mx[1][0] +
m1.Mx[2][2]*m2.Mx[2][0];
res.Mx[0][1] := m1.Mx[0][0]*m2.Mx[0][1] +
m1.Mx[O][1]*m2.Mx[1][1] +
m1.Mx[0][2]*m2.Mx[2][1];
res.Mx[1][1] := m1.Mx[1][0]*m2.Mx[0][1] +
m1.Mx[1][1]*m2.Mx[1][1] +
m1.Mx[1][2]*m2.Mx[2][1];
res.Mx[2][1] := m1.Mx[2][0]*m2.Mx[0][1] +
m1.Mx[2][1]*m2.Mx[1][1] +
m1.Mx[2][2]*m2.Mx[2][1];
res.Mx[0][2] := m1.Mx[0][0]*m2.Mx[0][2] +
m1.Mx[0][1]*m2.Mx[1][2] +
m1.Mx[0][2]*m2.Mx[2][2];
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res.Mx[1][2] := m1.Mx[1][0]*m2.Mx[0][2] +
ml.Mx[1][1]*m2.Mx[1][2] +
m1.Mx[1][2]*m2.Mx[2][2];

res.Mx[2][2] := m1.Mx[2][0]*m2.Mx[0][2] +
ml.Mx[2][1]*m2.Mx[1][2] +
m1l.Mx[2][2]*m2.Mx[2][2];

Matrix_multiply := res;

end;

function Matrix_multiply(
m1l :TMatrix33; scale : double):TMatrix33;overload;
var
res : TMatrix33;

begin
res.Mx[0][0] :

m1.Mx[0][0] * scale;

res.Mx[0][1] :
res.Mx[0][2] :
res.Mx[1][0] :
res.Mx[1][1] :
res.Mx[1][2] :
res.Mx[2][0] :
res.Mx[2][1] :
res.Mx[2][2] :

m1.Mx[0][1] * scale;
m1.Mx[0][2] * scale;
m1.Mx[1][0] * scale;
m1.Mx[1][1] * scale;
m1.Mx[1][2] * scale;
m1.Mx[2][0] * scale;
m1.Mx[2][1] * scale;
m1.Mx[2][2] * scale;

Matrix_multiply := res;
end;
function Matrix_multiply(
m1l : TMatrix33; v :VECTOR3D):VECTOR3D;overload;

var

res : VECTOR3D;
begin

res.x := m1.Mx[0][0]*v.X + m1.Mx[O][1]*Vv.Y + m1.Mx[0][2]*V.Z;

res.y := m1.Mx[1][0]*v.X + m1.Mx[1][1]*V.Y + m1.Mx[1][2]*V.Z;
res.z := m1.Mx[2][0]*Vv.X + m1.Mx[2][1]*V.Y + m1l.Mx[2][2]*V.Z;

Matrix_multiply := res;

end;

function Matrix_determinant(m : TMatrix33):double;

begin

Matrix_determinant :=

m.Mx[O][0]*(m.Mx[1][1]*m.Mx[2][2]-m.Mx[1][2]*m.MX[2][1])
- m.Mx[0][1]*(m.Mx[1][0]*m.Mx[2][2]-m.Mx[1][2]*m.Mx[2][O])
+ m.Mx[0][2]*(m.Mx[1][0]*m.Mx[2][1]-m.Mx[1][1]*m.Mx[2][O]);

end;

function Matrix_transpose(m : TMatrix33):TMatrix33;
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var
t : double;

begin
t:= m.Mx[0][2]; m.Mx[0][2] := m.Mx[2][0]; m.Mx[2][0] := t;
t ;= m.Mx[0][1]; m.Mx[0][1] := m.Mx[1][0]; m.Mx[1][0] := t;
t ;= m.Mx[1][2]; m.Mx[1][2] := m.Mx[2][1]; m.Mx[2][1] :=t;
Matrix_transpose :=m;

end,;

function Matrix_inverse(m1 : TMatrix33 ):TMatrix33;
var

det : double;

res : TMatrix33;

begin
det := Matrix_determinant(m1);

res.Mx[0][0] := m1.Mx[1][1]*m1.Mx[2][2] - m1.Mx[1][2]*m1.Mx[2][1];
res.Mx[0][1] :
res.Mx[0][2] :
res.Mx[1][0] :
res.Mx[1][1] :
res.Mx[1][2] :
res.Mx[2][0] :
res.Mx[2][1] :
res.Mx[2][2] :

m1.Mx[2][1]*m1.Mx[0][2] - m1.Mx[2][2]*m1.MX[O][1];
m1.Mx[0][1]*m1.Mx[1][2] - m1.Mx[O0][2]*m1.Mx[1][1];
m1.Mx[1][2]*m1.Mx[2][0] - m1.Mx[1][0]*m1.Mx[2][2];
m1.Mx[2][2]*m1.Mx[0][0] - m1.Mx[2][0]*m1.Mx[0][2];
m1.Mx[0][2]*m1.Mx[1][0] - m1.Mx[0][0]*m1.Mx[1][2];
m1.Mx[1][0]*m1.Mx[2][1] - m1.Mx[1][1]*m1.Mx[2][O];
m1.Mx[2][0]*m1.Mx[0][1] - m1.Mx[2][1]*m1.Mx[O][O];
m1.Mx[0][0]*m1.Mx[1][1] - m1.Mx[O][1]*m1.Mx[1][O];

Matrix_inverse := Matrix_multiply(res, 1.0/det);

end;

function Vector_add( v1, v2 : VECTOR3D) : VECTOR3D;

var
res : VECTOR3D;
begin
res.x :=v1l.x + v2.x;

res.y :=vly + v2.y;
res.z :=vl.z +v2.z;
Vector_add := res;
end;

function Vector_subtract(vl,v2 : VECTOR3D) : VECTOR3D;
var

res : VECTOR3D;
begin
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res.x :=vi1.x - v2.x;

res.y :=vl.y - v2.y;
res.z :=vl.z - v2.z;
Vector_subtract := res;
end;

function Vector_multiply(vl : VECTOR3D; scale : double ): VECTOR3D;

var
res : VECTOR3D;

begin
res.x := v1.x * scale;
res.y :=vl.y * scale;
res.z :=vl.z * scale;

Vector_multiply := res;

end;

end.

unit ch25;

interface

uses

Windows, Messages, SysUtils, Variants, Classes, Graphics,
Controls, Forms, Dialogs , OpenGL , SPF , Math_3D;

type

TForm1 = class(TForm)

procedure FormKeyDown(Sender: TObject; var Key: Word;
Shift: TShiftState);

procedure FormCreate(Sender: TObject);
procedure FormResize(Sender: TObject);
procedure FormDestroy(Sender: TObject);
procedure FormPaint(Sender: TObject);

private
{ Private declarations }

public
{ Public declarations }
end;

var
Forml: TForm1l;

implementation

{$R *.dfm}
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var

vTriangle : V3D ;

// This is our line that we will be checking

//against the polygon's plane for collision.

/1 We position the line going directly through the polygon at first.
vLine : V3D;

f _Hdc : longlnt;

procedure initGL();

begin

vTriangle := Math_3D.Vertexf(-1,0,0, 0,1,0, 1,0,0);
vLine := Math_3D.Vertexf(0,0.5,-0.5, 0,0.5,0.5,0,0,0);
end;

procedure RenderScene( m_mode : integer );
var
bCollided : boolean;
begin
bCollided := false;

// Clear The Screen And The Depth Buffer

glClearColor(1,1,1,0);
glClear(GL_COLOR_BUFFER_BIT or GL_DEPTH_BUFFER_BIT);
glLoadldentity(); // Reset The matrix

// Let's set our camera to the left a bit for a better view
// This determines where the camera's position and view is
gluLookAt(-2.5, 0.5, 0.5, 0,0.5,0, 0,1, 0);

// Below we give OpenGL the 3 vertices of
//our triangle. Once again, we put them

// into an array of VECTOR3D structures so
//we could dynamically move it around screen.

giBegin (GL_TRIANGLES); // This is our BEGIN to draw
glColor3ub(255, 0, 0);
glVertex3f(vTriangle[0].x, vTriangle[0].y, vTriangle[0].2);

glColor3ub(255, 255, 0);
glVertex3f(vTriangle[1].x, vTriangle[1].y, vTriangle[1].2);

glColor3ub(0, 255, 255);
glVertex3f(vTriangle[2].x, vTriangle[2].y, vTriangle[2].2);
glEnd(); // This is the END of drawing

if m_mode=0 then
begin
// Below we use our function we just wrote to see if the plane of the
// triangle and the line intersect. It will return true if that's the case.

bCollided := IntersectedPlane(vTriangle, vLine);
end;

if m_mode=1 then
begin



// Now, instead of just testing against the plane, we take it a step further
// and test if we actually hit the polygon. This is a more usable collision.
// We give our function the polygon, the line to test with, and the

// number of vertices of our polygon

bCollided := IntersectedPolygon(vTriangle, vLine, 3);
end;

// Below we draw the line that the polygon will be colliding with.

/1 We will check to see if the line collides with the polygons

// plane, and if it does,

// we will turn the line green to show when it is intersecting the plane.

glBegin (GL_LINES);  // This is our BEGIN to draw
/1 1f we collided, change the color of the line to illustrate this.
if(bCollided) then
// Make the line RED if we collided with the triangle's plane

glColor3ub(255, 0, 0)

else

// Make the line blue if we didn't collide
glColor3ub(0, 0, 25);

// Let's draw the normal centered on the triangle
glVertex3fv(@vLine[0]);
// Draw the normal of the polygon from the
//center of the polygon to better see it
glVertex3fv(@vLine[1]);
glEnd(); // This is the END of drawing

// That's it, now use the LEFT and RIGHT arrow keys to
//move it around to further see it in action.

SwapBuffers(f_Hdc);// Swap the backbuffers to the foreground
end;

procedure TForml.FormCreate(Sender: TObject);

begin

f_Hdc := GetDC( form1.handle );
SetDCPixelFormat(f_Hdc,16,16);// Create a rendering context.
initGL();

end;

procedure TForml.FormResize(Sender: TObject);
begin
wglMakeCurrent(f_Hdc,hrc); //activate the RC

if (height=0) then // Prevent A Divide By Zero error
begin
height:=1; // Make the Height Equal One
end;
glViewport(0,0,width,height);// Make our viewport the whole window

glMatrixMode(GL_PROJECTION); // Select The Projection Matrix
glLoadldentity(); // Reset The Projection Matrix

gluPerspective(45.0,width/height,0.1,150.0);



2 il 31 suliied L OPENGL. (suns 4o s 55 4ol (slasal

gIMatrixMode(GL_MODELVIEW); // Select The Modelview Matrix
glLoadldentity(); // Reset The Modelview Matrix

InvalidateRect(Handle, nil, False);// Draw the scene.
end;
procedure TForml.FormDestroy(Sender: TObject);
begin
CleanUp(f_Hdc);// Clean up and terminate.

end;

procedure TForml.FormPaint(Sender: TObject);

begin

wglMakeCurrent(f_Hdc,hrc); //activate the RC
RenderScene(1); // Draw the scene

end;

procedure TForm1.FormKeyDown(Sender: TObject; var Key: Word;
Shift: TShiftState);
begin
case key of
VK_ESCAPE: // Check if we hit the ESCAPE key.
PostQuitMessage(0); // Tell windows we want to quit

VK_UP: // Check if we hit the UP ARROW key.
begin
// Move the left point of the triangle to the left
vTriangle[0].x :=vTriangle[0].x + 0.01;
// Move the top point of the triangle to the left
vTriangle[1].x := vTriangle[1].x + 0.01;
// Move the right point of the triangle to the left
vTriangle[2].x :=vTriangle[2].x + 0.01;
// Redraw the scene to reflect the new position
RenderScene(1);
end;
VK_DOWN: // Check if we hit the DOWN ARROW key.
begin
vTriangle[0].x :=vTriangle[0].x - 0.01;
vTriangle[1].x :=vTriangle[1].x - 0.01;
vTriangle[2].x :=vTriangle[2].x - 0.01;
RenderScene(1);
end;
VK_LEFT: // Check if we hit the LEFT ARROW key.
begin
vTriangle[0].z :=vTriangle[0].z - 0.01;
vTriangle[1].z :=vTriangle[1].z - 0.01;
vTriangle[2].z :=vTriangle[2].z - 0.01;
RenderScene(1);
end;
VK_RIGHT:// Check if we hit the RIGHT ARROW key.
begin
vTriangle[0].z :=vTriangle[0].z + 0.01;
vTriangle[1].z :=vTriangle[1].z + 0.01;
vTriangle[2].z :=vTriangle[2].z + 0.01;
RenderScene(1);
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end;
VK_PRIOR:// Check if we hit the PAGE UP key.
begin
vTriangle[0].y := vTriangle[0].y+ 0.01;
vTriangle[1].y := vTriangle[1].y + 0.01;
vTriangle[2].y := vTriangle[2].y +0.01;
RenderScene(1);
end;
VK_NEXT: // Check if we hit the PAGE DOWN key.
begin
vTriangle[0].y := vTriangle[0].y - 0.01;
vTriangle[1].y := vTriangle[1].y - 0.01;
vTriangle[2].y := vTriangle[2].y - 0.01;
RenderScene(1);
end;
end;
end;

end.



