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Computer Graphics
2" Semester 3D

Part one
(3D Geometry and vectors)
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Three-dimensional Transformation

e The world composed of three-dimensional images.
e Objects have height, width, and depth.

e The computer uses a mathematical model to create the image.

1-:Coordinate System:

A three dimensional coordinate systemcan be view as an

extension of the two dimensional coordinate system. Y

The third-dimension depth is represented by the Z-axis

which is at right angle to the X, y coordinate plane.

A point can be described by triple (X, y, z) of coordinate values

Ex./ Draw the figure: (0,0,3), (0,1,3), (2,0,3), (2,1,3),(0,1,0) (2,0,0), (2,1,0)
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2-Vectors in 3D: Vectors can represents as V(X, Y, Z) = V=[x y z] = V=Xi+Y]j+Zk

2.1 Modules of vectors: the modules of a vector is given by length of the arrow by using length

of line from (0,0,0) to (X, y, z) & term the modules of vector P is |P|.

Where |P|=+/Px? + Py’ + Pz?

Ex/ if p(5,-2,3) and Q(2,-4,-4),find |P| and |Q|
Sol/|P|=/5% + (-2)° + 3> = /38 , |Q|=+/2% + (-4)* + (-4)> =+/36

2.2 Unit vectors: the unit vectors in direction of vectors P is written as |AD . which is calculated as
following : FA)ZI%I , in apply of vector P on example p=5i-2j+3K, |p|=+/38

" 5i

N J_ \/_

> P=0.8111i - 0.3244j +0.4867k

Direct in axis

2.3 Anales Vector about axis:- using Direction Cosine where =
A. About X-axis = a =Cos*( Vi/|V|)
B. About Y-axis = B =Cos?( V;/ |V|)
C. About Z-axis = n=Cos( Vk/ |V|)

Note: A unit vector is direction cosine for all axes depend of components.

|vector]|

2.4 Add of vectors: let P=Pi+Pj+Py, Q=Qi+Q;+Qx~>
P+Q = Q+P = (Pi +Qi)i +(Pj+ Qj)j +(Pi+ Quk

2.4 Subtraction of vectors: let P=P;+P;+Px, Q=Qi+Q;+Qk >

P-Q = (Pi- Q)i +(P;-Qp)j +(Px-Quk = P-Q #Q-P

2.5 Scalar of vectors: let P=P; +P;j+Py n>1 then nP= nP; +nP; +nP, but Keep direction
But if n= -1 change only direction & n<0 then change both components
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2.6 multiply of vectors by using Dot product: let P=Pi+P;+Py,, Q=Qi+Q;+Qx >
P.Q=Q.P = (Pi+ Qi) +(Pj+ Q) +(Px+ Q) =M

The dot product is useful to find angle between on two vectors by

P.Q= |P|*|Q|*cos© -)6=cos'1(%)

2.7 multiply of vectors by using Cross product: let P=P;+Pj+P,, Q=Qi+Q;+Qx >
+i —j +k

PxQ=( Pi Pj Pk |= PxQ#QxP
Qi Qj Qk

[(Pi= Qi) - (P> Q)1 T -[(Pi= Q) - (Pi= Q)1 j +[(Pi=Qy) ~ Py~ Qi)] K

OR [PxQ|= [P[*|Q[*sin©
OR PxQ= |P|*|Q|*n*sin© where n is unit normal vector

Therefore i x j =k then j x i=-k
Jxk=ithenk x j=-i
Finally/ i x k= j then'kx | = -]

Ex/if p =[5 -2 3], A= -2i+6j -7k find AxP, angle for two P,A
Sol/ AxP=( 4 ,-29, -26) why?

PxA (H.W)

Angle ? (H.W)

Ex/if p =[5 -2 3], A= -2i+6j -7k find angle A-P in main axes.
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Computer Graphies
2" Semester 3D

Part two
(3D.Transformation)
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2: Transformation:

Transformations of 3 dimensions are simply extension of two dimension transformation.A three-
dimensional point (X, y, z) will be associated with homogeneous row vector [X, y, z, 1]. We can
represent all three-dimensional linear transformation by multiplication of 4*4 matrixes.

2.1 Translate (shift. Move)

The new coordinate of a translate point can be calculate by using transformation.

(X=X+a
T: Y=Y+b
Z=Z+c

1.0 0 O

_ 01 00

a b ¢ 1

2.2:Scaling:
e Allows for a contraction or stretchingin any of the x, y, or z direction. To scale an object:

1. Translate the fixed point to.the origin.
2. Scale the object.
3. Perform the inverse of the original translation.
e The scaling matrix with scale factors Sx, Sy, Sz in x, y, z direction is given by the matrix

And see that matrices are as follows. The window shift is given by

{ZZSX*X
S: Y=Sy*Y
L=S1*7
Sx 0 0 O
0O Sy 0 O
X, XY, Z]1=[XYZ1]x
[X.X.2]=1 ] 0O 0 Sz O
o 0 o0 1
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2.3 Mirror 3D
e Aboutorigin: (X, Y, Z2)= (-X, -Y, -2)

[X,Y,Z]=[XYZ1]x

[
OOOH

0 00
-1 0 0
0 -1 0
0 0 1

e Mirror about Main Axes
> X-axis: (X, Y, 2)2 (X, -Y,-2)
1 0 0 0
[X.X.zI=ixvzixlg o %4 %
0 O 0 1
> Y-axis: (X,Y,2)=> (-X,Y,-2)
-1 0 0 O
[X.X.z1=xYZzux{g o %%
0 0 0 1 N
> Z-axis: (X, Y,2Z2) (-X,-Y, 2)

[X.X,Z2]=[XYZ]I]x

I
coo
oOmo o
moo o

0
-1

0

0

e Mirror about Main Plane

> Plane XY: (X, Y, 2)% (X, Y,-2)
1 0 0 07
_ 001 0 0
[Xyl:Z]_[XYZ]-]XO 0 -1 0
<~ w0 0 o0 1
> Plane YZ: (X, Y, 2)? (-X, Y, 2)
—1 0 0 0
_ 0 1 00
L0 0 0 1
» Plane XZ: (X, Y, 2)2 (X,-Y, 2)

1 0 0 O

_ 0 -1 0 O

[ny:Z]_[XYZ]-]XO 0 1 0

0 0 0 1
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2.4: Shear 3D about main plane therefore shear 3D are:-

e Shear XY 2>
xS = x + Shx*z

1 0 0 0
sh = v + * sh \ysh shq = 0 1 00
y =y + Shy*z =2 [ X", ¥ 7] [XY21]xshx shy 1 0
0 0 0 1
7h=7
e Shear XZ >
xS = x + Shx*y
1 0 0 0
sh — sh \sh —shq_ shx 1 shz 0
y _y 9[X , Y7, Z ]_[XYZ:L]>< 0 0 1 0
0 0 0 1

7" = z+ Shz*y

e Shear YZ >
XM = x
1 shy shz 0

y" =y + Shy*x D [x, v, 2 =px ¥z a0 10

0
1 0
0o o0 0 1

75" = 72+ Shz*x

Note:
e if shear for example on plane XY is -3, therefore shx= -3, shy= -3
oif shear on z by -2 and shear on y by 5, therefore this shear at plane YZ and shy=5, shz=-2
oif it apply shear directly then center of shearing (0,0,0), but if center shearing not (0,0,0)
need
a) Shift center (Xc, Yc, Zc) into (0, 0, 0) by shifting transform.
b) Apply shearing transform (or Scaling transform)
c) Inverse step a (return center in the location (Xc, Yc, Zc))
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d) These step (a, b, ¢) apply in scaling transform.

2.5 Rotation: y 4
Rotation in three dimensions is considerably more complex than
rotation in two dimensions. In two dimensions, a rotation is prescribed

by an angle of rotation 6 and center of rotation p.

Three dimensional rotations require the prescription ¥
of an angle of rotation and an axis of rotation.
The canonical rotations are defined when one of the PE0

positive X, y, or z coordinate axes is chosen as the axis_ K p(xy,0)
of rotation. Then the construction of the rotation_transformation proceeds just kike that of a

rotation in two dimensions about the origin see figure'above.

1 0 0 0
Rotation about X'= X 0 Cos(0) [Sin(@) |0
the X-Axis R(X,0) Y'= YCos(0) -ZSin(0) 0 -Sin(0) | Cos(0) | O
Z"= ZCos(0) +YSin(0) 0 0 0 1
Rotation about X'= XCos(0) -ZSin(0) Cos(6) |0 Sin(0) |0
the Y-Axis  “R(Y,0) Y'= Y L 1 0 0
7'= Z7Cos(0) +xsin@) ~oin(0) |0 Cos(8) | 0
0 0 0 1
Cos(0) |Sin(@) |0 0
-Sin(@) | Cos(0) [0 0
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0 0 1 0
Rotation about X'= XCos(@) -YSin(@) © 0 0 1
the Z-Axis R(Z,0) Y'= YCos(0) +XSin(0)
Z'= Z

note that the direction of positive angle of rotation is chosen in accordance to the right-hand rule

with respect to the axis of rotation.

The general use of rotation about an axis L can be built up from these canonical rotations using

matrix multiplication in next section.

2.6: Rotation about an arbitrary Axis P2 -
e Itis like a rotation in the two-dimension about an ’7%;15’
arbitrary point but it is more complicated. FIE g
e Two points P1(x1, y1, z1) and P2(x2, y2, z2) Define a line.
The equation for the line passing through these Point are :
x= (X2 - x1) t+ x1 ¥

y=(y2-yl)t+yl t: real value [0 to 1]
z=(z22-z1)t+z1
o Let a=(x2 —x1) & b=(y2 —yl) & c=(z2 — z1) then the eguagdn of line becomes
x=at + x1 & y=bt+y1l & z=ct + z1 the difference P2 — P1 = (x2 — x1) (y2 —y1) (z2 - z1) =
(a, b, ¢) is the direction vector from P1 to P2 along the line through P1 and P2.

- - - /
A line can be defined by a point on (X, y, z) and by
a direction (a, b, c) <

Steps of rotation:
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Let (x1, y1, z1) be a point through which the rotation axis passes with (a, b, ¢) direction. A

rotation of angle 0 about an arbitrary axis is: z
1. Translate the point(x1, y1, z1) to origin. ((&]1"’%]1"%]1
1 0 00 \
10 1 0 0
Tr(-x1, -yl, -z1)= 0 0 1 0 Y
—x1 -yl —-z1 1
After this translation the direction vector (a, b, )
(@,B,€)

define the rotation axis as follows.

2. Rotate about the x-axis until the rotation axis corresponds to the z-axis.

This can be considering being a rotation about the origin. With the axis coming out of paper

When the rotation axis is projected onto the x,z plane;

any point on it has x coordinate equal to zero. In particular a=0.

The point (0,b,c) is rotated d degree until the line corresponds gz

to the z-axis. We have find the sin @-and‘cos @ we find that J (@,p,€)

distance from the origin t0'(0,b,c) is: Vb2 + c2=d1
Sin ®= b/d1, Cos ®= c¢/d1

Substituting these values into the x-axis rotation matrix we have:

1 0 00 y Y
_|lo ¢/dar b/d1 o
R(X, @) = 0. —b/d1 c/d1 0
0 0 0o 1

Now the point(0,b,c)has been transformed to the point (0,0,d1) but since the rotation about the x-

axis doesn’t change the x coordinate value the point (a, b, c) is now at location (a, 0, d1).

3. Rotate about the y-axis until the rotation axis corresponds to the z-axis.
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Since (a, 0, d1) lies in the X, z plane we can visualize this as rotation about the origin with the y-

axis coming out of the paper.
A rotation of angle 3 in clockwise direction, we need to compute @,
sin 9, cos D where: d2=\Ja®+ (d1)2= +aZ + b? + c? thus:

sin D =a/d2; cos D =dl/d2

Substituting the value into y rotation matrix given: X

d1/d2 0 a/d2 0 -
_ |l o 1 oo
RY:I= |_4/a2 0 da1/dz o . (2,9:€1)
0 0 0 1 i

4. Rotate about the z-axis angle B. This require.the Rz(2) matrix
cos(@) sin(@) 0 O

R(Z, B) = —si:)l() co.s(')() (1) g
0 0 01

5. Perform the inverse rotation of step (3) . requires Ry(-2)
d1/d2 0 Ba/d2 0

o | 0T 0 0
RY: )= |ga/a2 0 d1/daz o

0 0 0 1

6. Perform the inverse rotation of step (2). Requires Rx(-®)

1 0 0 0
0 c¢/d1 Bb/dl 0
0 Eb/dl c/d1 0
0 0 0o 1

R(X, -®) =

7. Perform the inverse translation of step (1). Require Tr (x1,y1,z1)
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1 0 0 O
Tr(+x1, +y1, +z1)= g (1) (1) 00

+x1 Hyl =#z1 1

The composite transformation is:

Tr(-x1,-y1,-z1) * Rx(®) * Ry(3) * Rz(e) *
Ry(-3) * Rx(-®) * Tr(x1,y1,z1)

Ex/ Rotate figure { W(-1,1,3), U(-3,2,-5),V(5,-2,7), K( -2, -4,-6)....} around line where start (-
7,6,-5) and end (4,-3,2) by 56° Clockwise. [In Matrix Form.]
Sol// dx= 11, dy= -9, dz=7,d=./(-9)? + 72 =130,

7 ) -9
= Cos(a)= —— , Sin(a)= —
V130 V130 {need in step2}
4130 - 11
d1=a1)? + (~9)* +7? =251 < Cos(b)= == , Sin(b)= =
V251 V251 {need in step3}
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-1 1 3 1] 1
-3 2 -5 1||0
5 -2 7 1]]|0
-2 -4 -6 1
L 1_ _7
[ cos-56 sin-56 0
—sin—56 cos-56 0
0 0 1
0 0 0
V130 , U
251 251
0 1 0
1, JI0

2nd Semester

SE IR .
0 ﬁ ﬁ 0 \/%51 . J%Sl .
0101, & 7 4l -1 o Y130
-6 5 1 130 V130 J251 J251
-0 0 0 1Jl o o o0 1
.
0
0
1] Rotate about 56 clockwise in example
1 o 0 o]r -
7 9 ; 0 0 O
JI130 130 01 0 0
-9 / 0 1 O
J130 /130 s B
1o 7o 0\l 76 -5 1
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Computer Graphics
2" Semester 3D

Part three
(3D Projections)
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3. Projection
A projection is transformations that perform a conversion from three-dimension representation

to a two dimension representation.

3.1 Parallel (orthogonal) projection:

A parallel projection is to discard one of the coordinate. Like dropping the Z coordinate and
project the X, Y, Z coordinate system in to the X, Y plane.
The projection of a point Q(X, y, z) lying on the cube -

Is point Q" (xp, Xy) in the X, y plane where a line passing

through Q and parallel to the Z-axis intersect the
X, Y plane these parallel line called projectors and
Yp=Y.

e Straight lines are transformed into straight lines.

plane

e Only endpoints of a line in three-dimension

are projected and then draw two-dimensional line between these projected points.
e The major disadvantages of parallel'projection are its lack of depth information.
Explanation:

e Let[xp yp zp]isavector of the direction of projection.The image is to be projected onto
the x y plane.

e |f we have a point on the object at (x1, y1, z1) we wish to determine where the projected
point (x2, y2) will'lie.The equation for a line passing through the point (X, y, z) and in the
direction of projection

X=x1+xp*u

Y=yl+yp*u

Z=z1+zp*u If Z=0then u=-z1/zp

Substituting this into the first two equations:
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1 0 0 0
0 1 0 0
X2=x1-z21(xp/z x2vy2z21]=[x1vylz11]*
(Xp / zp) x2y2 22 DAL 2L —ypizp 0 0
0 0 0 1

Y2=yl1-21(yp/zp)
Written in matrix form we set=>»
This projection don't care depth object and far near object. it is parallelism of X-axis or y-axis

or z-axis and any parallel axis this axis discard in 2D or must be zero in 3D

Parallel Projection 2D — environment 3D — environment
(X,Y,2)
Para-X (v,2) 0y.2)
Para-y (x,2) (%,0,2)
Para-z (x,y) (xy,0)

Ex// show figure {(7,11,2), (-9, 1,21), (61,19,-2), (17,-31,2), (-72,-18,-22), (4,-11,-92)} that
parallel on X-axis and what happen if parallel y-axis sz-axis in 3D

Sol// Parallel X-axis=» figurel {(0,11,2), (0, 1,21), (0,19,-2), (0,-31,2), (0,-18,-22), (0,-11,-92)}
Parallel y-axis=» figure2 {(7,0,2), (-9;.0,21), (61,0,-2), (17,0,2), (-72,0,-22), (4,0,-92)}

Parallel z-axis=» figure3 {(7,11,0), (-9, 1,0), (61,19,0), (17,-31,0), (-72,-18,0), (4,-11,0)}
H.W// in 2D Figurel, figure2 and figure3 what happen?

3.2 Perspective projection

e The further@way an object is from the viewer the smaller it appears.
e These provide the viewer with a depth cue.

e All line are converging at a single point called the center of projection.
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<0 kZ .

If the center of projection is at (xc, yc, zc) and the point on the object.is (x1, y1, z1) then the
projection ray will be the line containing these point'and will-give by:
X =xc+ (Xx1-xc)u
Y=yc+(yl-yc)u
Z=zc+(z1-zc)u
The projection point (x2, y2) will be the point where this line intersects the xy plane.
The third equation tells us that u for this intersection point (Z=0) is u= - zc/(z1-zc)
substituting into the first two equation gives:
X2 =xc—-1zc [ (X1 - xc)/(z1 - zc) ]
y2 =yc-zc [ (yl-yc)/(z1-zc)]
this can be written as;
x2=(xc*zl-x1*zc)/(z1-zc)
y2=(yc*z1-Y1*zc)/(z1-zc)
This projection can be put into the form of transformation matrix.

—ZcC 0 0 O
p= 0 —ZcC 0 O
Xc Yc 0 1

0 0 0 —Zc

It is equivalent from of the projection transformations
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1 0 0 0

p= 0 1 0 0
—Xc/Zc —=Yc/Zc 0 -—1/Zc

0 0 0 1

Note: If Q(x, Yy, z) be a point that project to the point Q (xp, yp) in center of projection (0, 0, D)
where is distance from the eye to the projection plane the perspective transformation
xp=(D*x)/(z+D); yp=(D*y)/(z+D); zp=0

The perspective transformation matrix

0 0
0 0
0 1/D
0 1

S OO
S O r O

ex// figure { A(-5,8,0), B(7,-9,11) ,C( 1,4,-6)} projection at plane XZ where COP( -3,2,-7)
Sol/(x-xc) is dx because x is final, xc is start same as.(y-yc) is dy and (z-zc) is dz
=>» Y must be 0

Points dx d dz =_—Y¢
Y Uy (y-yc)
A -5+3 -2 8-296 0+7> 7 23 -1
6 3
B 7+3=> 10 -9-2=>» -11 | 11+7=» 18 2532
-11 11
C 1+39 4 4292 6+7> 1 234
2
Points X y z Result
A o+l g 6*L+2 > 0 7+-1 7 (Ax,0,Az)
3 3 3
B 10*% -3 | -11*2+290 | 18%=.7 | (Bx,0,B2)
11 11 11
C 4*-1-3 2* -1 +2=20 1*-1-7 (Cx,0,C2)

H.W // projection Plane XY and YZ?

2nd Semester
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Hint projection Plane XY then Z=0, Plane YZ then X=0
Table one only change Filed (U)

3.3 Oblique projection

Remove oblique-axis (slope-axis) and analysis into polar coordinate
o angle C-axis with —B axis and p angle C-axis with —A axis A

finally c-axis remove then become 2D coordinate (B',A") ,

B: Horizontal-axis and A vertical-axis. Where B'=B- C*cos(a)
(Horizontal)=»B'=B- C*cos(0) @ S and A=A — C*sin(p)
(Vertical)® A'=A — C*sin(B) ®@S(@®

That show 3D reality by equation: - o=p=45° C @ @

Z-Axis is oblique coordinate as following:-

X'=X+ (Z*-0.7) & Y'=Y+ (2*-0.7) :C * Sii@(@)

Sin45=c0s45 ~0.7 in three quarter are too negative

Matrix representation

1 0 0 0
XY Z]=[X Y Z 1]* | .. U =0 0] ox.z%cosq Y-Z*sing 0 1]
Cos(ax) Sin(f) 0 1
0 0 0 1
If you care distance, you add (D: distance in this projection) by =
1 0 0 0
[X'Y' Z]=[X Y ZA]* 0 1 0 Of —1x_D*z*cosa Y-D*Z*sing 0 1]
D *xCos(a) D=*Sin(f) 0 1
0 0 0 1
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x/I figure { A(-5,8,0), B(7,-9,11) ,C( 1,4,-6)} where X-axis oblique on Vertical by 30°
Sol/ X-axis oblique on Vertical by 30°=» X-axis oblique on horizontal by 90 ° -30°=60°
X is Remove then projection on plane YZ
(Horizontal)=»Y'=Y- X*cos(60)

(Vertical)=» Z'=Z — X*sin(30)

Then apply all figure points (H.W) & draw this figure after
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Computer Graphics
2" Semester 3D

Part four
(3D-Shapes)
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Line 3D

Line 3D can describe by parametric as following:
X= (X2-x1)*t+x1 where t=[0..1]
y=(y2-yl)*t+yl in t=0 =» x=x1, y=y1, z=z1
z= (z2-z1)*t+z1 int=1 = x=x2, y=y2, z=22

To generate line 3D at start(x1, y1, z1) and end(x2, y2, z2)
For t=0 to 1 step 0.01
X= (x2-x1)*t+x1
Y= (y2-yl)*t+yl
Z=(z2-z1)*t+z1
Plot(X,Y ,Z)
Next t
H.W/ generate line where start (-8, 10, 30) and end (70, -40, -5),find at segment (0.74)

Helix

A cylindrical helix may be described by/the/following parametric equations:
X =Xc +r* Cos(t) o
Y =Yc+. r*Sin(t) %
Z=Zc+p *(t) 'its round about Z-axis >
where t[angle] € (-o0,00)

(Xc; Yc, Zc) is center of Helix

If cylindrical’helix)may be round about X-axis therefore:-
X =Xc+p™*(t)"it's round about X-axis
Y =Yc + r * Cos(t)
Z=17c+r*Sin(t)
same as cylindrical helix may be round about Y-axis therefore:-
X =Xc+r*Cos(t)
Y =Yc+p * (t) "it's round about Y-axis
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Z=2Zc+r*Sin(t)

EXx// generate helix where center (-5,11,-8),radius is 56,displace between rings by 33 around
X-axis on 76° into 1112°.
Find helix point at © = -177 (t=-177)
xc= -5, yc=11, zc= -8, r=56 ,p=33 ,t=[76 .. 1112] X
Sol// for t=76 to 1112
X =-5+33*(t) "it's round about X-axis
Y =11+ 56 * Cos(t)
Z =-8 + 56 * Sin(t)
Plot point(X, Y, Z)

Next t q
H.W // if you around in Y-axis or Z-axis how to.solve li
S
Sphere:

X
Sphere Coordinate has two radius r and p, r is constant but P depend of r where
X=P*cos(w)
Y=P*sin(w)
Z=r*cos(6)
Then P=r*sin(0)
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= Substation P on X and Y then
X=r*sin(0)*cos(v)
Y=r*sin(0)*sin(w)

Z=r*cos(6)
To Draw Sphere by code segment
For k=0 To 360 Step m *m is a number circle ball
Forn=0To 360 Step v 'v is Texture Ball

X =r*Sin (n) * Cos (k)
Y =r*Sin (n) * Sin (k)

Z=r*Cos (n)
'Z-rotation
X2=X*Cos (az) - Y * Sin (az) ' az:-angle rotate-about Z-axis
Y2=X*Sin (az) +Y * Cos (az)
'X-rotation
z2 =z* Cos (ax) - Y2 * Sin (ax) ' ax:- angle rotate about X-axis
Y1=1z*Sin (ax) + Y2 * Cos (ax)
"Y-rotation

X1=X2*Cos (ay) -z2*Sin (ay) "ay:- angle rotate about Y-axis
z1 = X2 * Sin (ay) + z2 * Cos (ay)
picturel.PSet (X1 +(z1* -0.7), Y1 + (z1 * -0.7)) ' using oblique Projection
Next n
Next k
HW

e Generate ball (sphere) with center (60,-90,-20), size 30 units, rotate about Y-axis by -70
and X-axis by 120 and Z-axis by 30.
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e Find location at sphere where (=11, ©=45°, ®=-30)

Z-axis
Z-axis

Y-axis

Keais

Sphere ax=120, ay= -70, az=3b
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Computer Graphics
2" Semester 3D

Part Five
(3D & 2D curve spline)
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Spline Curve

This Part talk’s method for curve drawing & curve fitting are {Bezier Curve, B-spline curve,
Cubic interpolation curve}

Bezier Curve uses a sequence of control points, P, P2, P3, P4 to construct a well defined curve

P(t) at each value of t from 0 to 1.This provides a way to generate a curve from a set of points.
Changing the points will change the curve. P (t) is defined as:
P(t)=(1-t)3P1+3(1-t)’tPo+3(1-t)t?Ps+t®P4 ... (1)  {can apply:2D, 3D}

How discover this equ.(1)

T=0 = P(0)=P1 & T=1 =»P(1)=P4 therefore equ.(1) Bezier Curve

Code Segment :- Let X1,X2,x3,X4 & Y1,Y2,Y3,Y4 are control points

Fort=0To 1 Step 0.0001 ""to smooth
X=(1-)N3*X1L+3*(L-)N2*t*X2+3*(1-t)*tN2*Xx3+t"3* X4
y=(1-)"3*Y1+3*(L-t)"N2*t*Y2+3*(L-t) *t"2*y3+t"N3*y4

plot point (X, y)

Next t

Finally: the first and last points are fitting but other are effected not fitting.

Ex// generate Curve where equation is P(t )= (1-t)P1+ 3(1-t)’t P2 +3(1-t)t?P3+t 3P4 on Control points

(9,-50),(67,13),(4:-8),(-22,-97).(H.W) find curve at section=0.67.

T=0=2P(0)=P; and T=1=P(1)=P,

Then X1=9, Y1=-50, X2=67,Y2= 13, X3=4,Y3= -8, X4=-22,Y4=-97

Fort=0To 1 Step 0.0001 *'to smooth
X=(1-)A3*XL+3*(L-)A2*t*X2+3*(L-1) *tA2*x3+t"3* X4
Yy=(L-OA3*XYL+3*(L-)A2*t*Y2+3*(L-1)*tA2*y3+t 3 *y4
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Plot point (X, y)
Next t

Or (can apply this values in code segments without assign variables)
B-spline Curve:- uses a sequence of control points, P;, P, Ps, P4 to construct a well-defined
curve of degree three, at each value of t from 0 to 1.This provides a way to generate a curve

from a set of points. Changing the points will change the curve. F (t) defined as
F(t) = %(1—t)3 P, +%{3t3 —6t> +4}p, + %{—Bt3 +3t> +3t+13p, + %t3 Dyerarenns )

How discover this equ.(2) is B-spline

T=0DP(0)=2 Py + P, + < P3 and T=1 P(1)=2 P, + ¢ P5 + ¢ P, therefore equ.(2) B-spline Curve

Code Segment :- Let X1,X2,x3,X4 & Y1,Y2,Y3,Y4 are controlpoints

Fort=0To 1 Step 0.0001
X = ((1-)"3*X1 + (3*t"3 -6*t1"2 +4)*X2 + (-3*t3 +3*t"2 +3*t+1)*x3 + t"3*x4) / 6
y = ((1-)N3*Y1 + (3*N3 - 6*t"2 +4)*Y2 + (-3*t"3 +3*t"2 +3*t +1)*y3 +t\3*y4) / 6
Plot point (X, y)

Next t

Finally: the B-spline curve'is not fitting any control point but it inside curve points grouping
Ex// generate Curve where on Control.points are (9,-50,-1), (67, 13, 66), (4,-8, 99), (-22,-97,-21) by equation
is: P(t) = 2(1— £)3Py + (383 612 + 4}P, + - {33 + 3t% + 3t + 1}P; + - 3P,
Sol/ X1=19, Y1=-50, Z1="-1,X2= 67, Y2= 13, Z2=66, X3= 4, Y3= -8, Z3=99, X4= -22, Y4=-97, Z4=-21
Fort=0To 1 Step 0.0001

X =((1-t)"3*X1 + (3*M1\3 -6*t12 +4)*X2 + (-3*t"3 +3*t"2 +3*t+1)*x3 + t"3*x4) / 6

Y =((1-)"3*Y 1+ (3*13 - 6*t12 +4)*Y2 + (-3*t'3 +3*t12 +3*t +1)*y3 +t"3*y4) / 6

2 =((1-)"3*Z1 + (3*t"3 - 6*t72 +4)*Z2 + (-3*t"3 +3*t"2 +3*t +1)*Z3 +t"3*Z4) | 6

Plot point (X, z)
Nextt. (H.W) find curve at section=0.25.
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200 - 200 -
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ro— F3(-20 ,-90 i P3(-20,-90)
150 150
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Cubic Curve interpolation:- n points curve points that enable fitting all curve points where
F(t)=(t) ai+( t)? bi+ (t) ci+ Pi . where t=[0..1] and F(0)= P;but F(1)= Pi+

ai:(Di+1 -D i) 6. &b=D;/2. & . Ci:(X i+1 - Xi)-(ZDi +D i+1) /6. Or
Ci=(Yir1- Yi)-(2Di + D) /6. & Pi=x;0r y;or z;

Dxi= [ (X i+1 = X i)' (Xi -X i-1)] * (3/2) where DX start point = 0 & DX end point = 0
Dyi= [ (Yi+1 'Yi)' (y i 'Yi-l)] * (3/2) where DYV start point. = 0°& DY eng point = 0
Dz= [ (Z iv1-2Z i)' (Z i-Z i-1)] * (3/2) where DZ st point = 0 & DZ eng point = 0

How can find this g4
F(t)=(t)® ai+(t)? bi+ (t) ci+ Pi._.....(1)
F'()=3()*ai+2(t) bit ci .., (2)

F"(0)=6() ai+2 bi .... 3)=>F"(0)=Di & F"(1)=Dix

let t=0 in equ.(3) & Di=0+2b; & bi=Di/2 ..(4) where Di=F"(0)

let t=1 in equ.(3) P Di1=6ai+Di>ai=(Di+1-Di)/6 .....(5) where Di1=F"(1)
Apply equ.(4,5) inequ(l) in t=1 then

D, =D | b D,., + 2D,

P, = L+ C. + P —— (P, —P)= +C. =
i+1 6 2 i i ( i+1 |) ( 6 ) i
C, = (P, —P)— (22220 . ©) —=Ci=(R,—P)—a b,

Ci=(Pi+1-Pi)-ai-bi
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'step 1: WHERE np = number of control points
dx(1) = 0: dx(np) = 0: dy(1) = 0: dy(np) =0
Fori=2Tonp-1
dx(i) = ((X(1 + 1) - X(1)) - (X(1) - X(i - 1))) * (3/2)
dy(i) = ((Y(i+1) - Y(1)) - (Y() - Y(i-1))) * (3/2)
Next i
'step 2: ' find a,b,c,e for x in all points
Forj=1Tonp-1
ax(j) = (dx(j + 1) - dx(j)) / 6.0 : bx(j)=dx(j)/2
cx() = ((X( +1) - X())) + ((-2 = dx(j) - dx(j + 1)) /6.0) : ex()=X()

'find a,b,c,e for y for all points

ay() = (dy(j +1) - dy(i)) / 6.0 -by()=dy()/2
cy() = ((Y( +1)-Y(0)) + ((-2* dy()) - dy( +.1)) 76.0) - ey(d) = Y (1)
Next j

'find a,b,c,e for Z for all points
az(j) = (dz(j + 1) - dz(j)) / 6.0 :bZ(j)=dZ(j)/2
cz(j) = ((ZG +1) - ZG)) + ((-2*dZ(j)- dz( + 1)) / 6.0) : eZ(j) = Z()
Next j

‘step 3 apply equ.(1)
ForP=1Tonp
For T =0 To 1'Step.0.0001
xp = (T"3)*ax(P) + (T "2)*bx(P) + (T) * cx(P) + ex(P)
yp = (T~ 3) *ay(P) + (T~ 2) * by(P) + (T) * cy(P) + ey(P)
zp = (T~ 3) *az(P) + (T~ 2) * bz(P) + (T) * cz(P) + ez(P)
Plot point (xp, yp, zp) ' draw Curve points or 2D curve
Next T
Next P
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End Sub

Let see figure

3 5
L4
=
F>1
Figure A« design in V.B by L. Ali Hassan Hammadie
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12

11

%\@1

Figure B. design in V.B by L. Ali Hassan.Hammadie

Ex// generate Curve where equation is P(t) = at3 + bt? +ct + P; on Control points are (9,-50),(67,13),

(4,-8),(-22,-97)

Sol// T=0=» P(0)= P; and T=1= P(1)=P;+a+b+c-P(1)=P;,,

4Point =»3pieces = pieces (N) = P (+1)- P (n)
Piecel {67-9, 13+50)} = Piecel {58, 63)}
Piece2 {4-67,-8-13)} = Piece2 {-63;-21)}
Piece3 {-22-4,-97+8)} = Piece3 {-26,-89)}

Find Dxi Find Dy; Find Dz; (if exist)
D1=0 D1=0
D;=2{—63 — 58)= =~ = —181.5 Dr=2{-21 — 63)= —126
Ds=2{—26 + 632 == =555 Ds=> {89 + 21}= —102
Find aj, b, ci, ei for all pieces
D:..—D: D.
a; = l+16 - & biZ?l & c;=P1—P)—a;— b

2nd Semester Page 34 of 52

Ol v (3 i 33 Balall G e
A\); ggltc; (o le‘:?



2"d-Semester 3D Computer Graphics

Find ax; Find bx; Find cx; Find exi=X;
—-181.5-0 0 _ -181.5
al:T blzz C1 =58 - o +0 9
55.5+181.5 —181.5 237\ —-181.5
a, = T 2 = > Cy =-63-(T)-T 67
0—55.5 55.5 -55.5\ 55.5
=% by = =5~ ¢ =26-(=2)%° 4

Xis=ai+ bi+ ci+ Xj <== JaJ/ gdaill
Piecel(start x1 to x2) X2=ax1+bx1+cx1l+ex1l=-30.25+0+88.25+9 = X2=67
Piece2(start X2 to x3) X3=ax2+bx2+cx2+ex2 =39.5-90.75-11.75+67 = X3=4
Piece2(start x3 to x4) X4=ax3+bx3+cx3+ex3 =°-9.25+27.75-44 5+4 = X4=-22

Find ayi Find by; Find cyi Find eyi=Yi
= 12070 nol | ezl | s
m DRI, T T ey | 1
as = 0 +6102 3 = % c3 =-89-(17)-(—51) -8

Yisn=ai+bhi+ci+Yi <== S qddaill
Piecel(start y1 to y2) Y2=ayl+hyl+cyl+eyl =»-21+0+84-50 2 Y2=13
Piece2(start y2 to y3) Y 3=ay2+by2+cy2+ey2 94-63+38+13 2 Y3=-8
Piece2(start y3 to y4) Y-4=ay3+by3+cy3+ey3 =®17-51-55-8 = Y4=-97
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Computer Graphics
2" Semester 2D

Part six
(Normal vector& plane
equation)
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6.1Normal Vector

The normal vector, often simply called the
"normal,"” to a surface is a vector which

Is perpendicular to the surface at a given
point. When normal are considered on closed
surfaces, the inward-pointing normal (pointing
towards the interior of the surface) and

outward-pointing normal are usually

distinguished.

How Find Normal Vector at surface or plane?

Let P (3, 1, 4), Q(0, -1, 2), S(5, 3, -2)

= P-Q=(3, 2, 2), P-S= (-2, -2, 6)

P-QxP-S = (16, -22, -2) 2n1=16i-22j-2k = n1=8i-11j-k
P-SxP-Q = (-16, 22, 2) =n2= -161+22j+2k = n2= -8i+11j+k

Note n1, n2 may be front side surface or back face surface

6.2Plane Equation

In mathematics, a plane is a flat, two-dimensional surface that extends infinitely far. A plane is
the two-dimensional analogue of a point (zero dimensions), a line (one dimension) and three-
dimensional space. Planes can arise as subspaces of some higher-dimensional space, as with
one of a room's walls, infinitely extended, or they may enjoy an independent existence in their

own right, as in the setting of Euclidean geometry.

When working exclusively in two-dimensional Euclidean space, the definite article is used, so

the plane refers to the whole space. Many fundamental tasks in mathematics, geometry,
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trigonometry, graph theory, and graphing are performed in a two-dimensional space, or, in

other words, in the plane.

A plane in three-dimensional space has the equation (ax + by + cz +d =0) where at least one of
the numbers a, b, and ¢ must be non-zero. A plane in 3D coordinate space is determined by a

point and a vector that is perpendicular to the plane.

How find plane equation in the following figure?

LetP (3,1, 4), Q(0, -1, 2), S(5, 3, -2)

Stepl: find normal vector(1 P-Q= (3, 2, 2), P-S= (-2, -2, 6), P-QxP-S = (16,
-22, -2) I 1=16i-22j-2k

Step2: plane = 16(x-Xi)-22(y-Yi)-22(k-Ki) =» apply on P=>»16(x-3)-22(y-1)-2(k-4) =
16x-22y-2k-18=0=> plane= 8x-11y-k-9 (H.W) apply n with Q and S what happen?

6.3 Test arbitrary point on plane

Plane Equation is Ax+ By+ Cz +D =0 if arbitrary point (Xp, Yp Zp) how detect this point is inside

or outside or boundary of plane’s.

If Axp + By, + Cz, +D =0 =» point (X,, Y, Z) on boundary plane (edge plane)

If Axp + By, + Cz, +D <0 =» point (X,, Y, Zp) is inside on plane

If Axp + By, + Cz, +D >0 =» point (X,, Y; Zp) is outside on plane

For example plane=8x-11y-k-9 check (1,-2, 0), (1, 2, 0) belong to plane or not why?
Check (1,-2, 0) = 8*1 -11*-2 -1*0 -9 = 21 =>»outside on plane

Check (1, 2, 0) = 8*1 -11*2 -1*0 -9 = -23 =»inside on plane

6.4 Detect Front —Back side on plane
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How detect front side (Visible Surface Detection) and back face (Hidden Surface Elimination)?

If find Normal n) (X1, Y 1, Z 1) of plane and have view point V (Xv, Yv, Zv), therefore find
n.V}

If .V >0 then Surface back face (Hidden Surface Elimination)

Otherwise if 1.V <0 then Surface front face (Visible Surface Detection)
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Computer Graphics
2" Semester 2D

Part seven
(3D Shadow Generate)
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7. Shadow Projection

It’s need light source ( XL, yL, zL) and (X ,y ,z) point on polygon.
7.1 Shadow on XZ-Plane

1 0 0 0 1 0 0 0 1 0 "0 0
0 1 0 0| 0o 10 -1/yL] [0 .1 0/ 0
o O 1 o|llo o 1 0 0o 0 1 o0
—xL —yL —zL 1] 10 0 0 0 xL' yL zL 1

Stepl:- X’=X-xL, Y’=Y-yL , Z’=Z-zL

Step2:- sha_Y= (yLy_LY 5 > X=X’ *sha Y, Y=Y’ * sha Y =YL, Z™=7’ * sha Y

Step3:- X9= Xsha 4y | L Y9= \sha +yL =0, 7%= Zshapal

7.2 Shadow on YZ-Plane

1 0 0 0 1 0 0 —1/xL]J[1 0 0 O
0 1 0 0glo 1 00 [JO 1 00
o0 O0_w1 oo o 1 0 o 0 1 0

—xL —yL~—zL 1] |0 0 0 0 xL yL zL 1

Stepl:- X’=X-xL, Y’=Y-yL4 Z’=Z-zL

xL
(xL-x")

Step2:- sha X= = XM=X’*gsha X =-xL, Y=Y *sha X, Z*"=Z"*sha X
Step3:- X9= XS +x1. =0 , Y9= Y +y|_, Z9= 75" 47

7.3 Shadow on XY-Plane

1 0 0 0 1 0 0 0 1 0 00
0 1 0 0 [0 1 0 0 |4 0O 1 0 0
0 0 1 0|10 0 1 —-1/zLf |0 O 1 O
—xL —-yL —zL 1] [0 0 O 0 xL yL zL 1
Stepl:- X’=X-xL, Y’=Y-yL , Z’=Z-zL
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zL
(zL-2")

Step2:- sha_Z= > XM=X’*sha 7 YM=Y*sha Z,67ZM=7"*sha Z=-zL

Step3:- X9= Xha +xL , Y9= Yehe +y | ZESIZSRaNZINE0

Note
1 0 00 —yL 0 0 0
01 0 —-1/yL|. O —yL 0 1 |. .
o 0o 10 I (-1/yL) =>» 0 0 —yL 0 if shadow project at plane XZ
0 0 0 0 0 0 0 0

Can apply for any shadow projection XY or YZ
H.W polygon consist {A(9, 8,4), B(-11 -6, -7),C( -2 ,5,12), D(13,-3,-1)}
what shadow location, if light source at (10, 2,-15) . at

plane-XY , plane-XZ and plane-YZ.

3D Model Frame (mesh)

To build model 3D by vertices of polygon need build three table as show figure below

Where V1,V2 ...Vn as Vertexes of polygon.
But E1,E2...En are Edge of polygon.

And S1,S2...Sn are Surface on Polygon/to
build this model look at table

Vertex Table Edge Table
V1 X1,Y1 71 El V1,V2
V2 X2,Y2,72 E2 V2,V3
V3 X3,Y3, Z3 E3 V3, V1

V4 | X4,Y4, 74 E4 | V3 ,V4 Va
V5 | X5,Y5,75 ES| V4,V5
E6 V5, V1

Surface Table
S1 El, E2, E3

S2 | E3,E4,E5.E6 | The know Architecture model 3D of figure above in three tables is:-
Stepl (Vertex Table), Step2 (Edge Table), Step3 (Surface Table),
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H.W// how can build this cubic Design?

Or other designs
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Computer Graphics
2" Semester 2D

Part eight
(3D Surface)
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In this part talk how to greats 3D surface about Boundary points

8.1 Surfaces patch —a curved bounded collection of points whose coordinates are given by

continuous, two-parameter, single-valued mathematical expression.
Function of the form: p(u,w) = [x(u, w) y(u, w) z(u, w)]
8.2 Planar Surface

- defined by three points and vectors { PO, P1, P2

P (u, w) = p0+ u (p1 - p0) +w (p2 — p0)

where 0<u<l, 0<w<lI , PO is center for P1,P2

5

R1(29,22)

..\ ,‘\l\\,

20¢F 3

i
G @\ Wi “‘ .

o
2
\\n

S

u SR ‘ »\‘ 0
Pt u\,\ ‘\uﬂ.n

R
PR

L
X0
‘\ \\‘u".w.u s

! \“ ! \ 0
“.\.\,.n ««:‘u.

i

10

WA ,\v.\,\ W “.

i . Planar Surface PO (5 7), P1(-29,22)
N and P2(9,-5)

'.n

X
1“
A

_\u

ok mm

u‘

For U =0to 1 step 0.01

For V =0to 1 step 0.01 P(0,0 PO
_ 1. * RV P(1,0 P1
x=X0+ U*(X1-X0) + V*(X2 -X0); P(0.1 P>
y=Y0+ U*(Y1-Y0) + V*(Y2 -YO0); P(1,1) | P2+P1-P0
z=70+U*(Z1-20) + V*(Z2-Z0);
plot3(X, y, z)
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Next V
Next U

A Bounded Region of A Plane

X=u+w Chose the expressions of x and y:

s A z 1s determuned by the plane equation.

Z = - X="$!
u=0 y=X
y 4 . = ’
1 x=14+w
u=1 y=x—2
U= w=1 y=—1l4+w
x=ul
1 2 X w=0 { y=—x
| =1 s
1 x=u+1 i
4 w= ) =—X
-2 The Region y=—u+l >

8.2 Bilinear Surface
- defined by four points and vectors {P1, P2, P3, P4}
P (u, w) = P1(1-u)+ P2*u +P3(1-w) + P4*w where 0<u<l, 0<w<I ,
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Bilinear Surface P1 (51,7),
29,22), P3(9,-25), P4(-11,11)

P2(-

To generate this surface:-

Foru=0to 1 step 0.01
Forv=0to 1step 0.01
X= X1(1-u) +X2*u +X3(1-w) +X4*w
y=Y1 (1-u) +Y2*u +Y3 (1-w) +Y4*w
z=Z 1(1-u) +Z2*u +Z3 (1-w) +Z4*w

Plo3(x.¥,2) 550y p1+P3
Next v PO1)| PL+P4
Next U P(L0)| P2+P3
P(L1)| P2+P4

8.3 Spline Surface

30 20 40 0 0 0 310 40 & 60
P39, -25)

- defined by four points and vectors {P1, P2, P3, P4}
P (u, v)= (1-u)*(1-v)*P1 + u(1-v)P2.+ v(1-u)P3 + u*v*P4 where 0< u<l, 0<w<l
Spline Surface P1 (51, 7), P2(-29,22), P3(9,-25), P4(-11,11)
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-10

-15

25 ' ' fizm ooy
30 20 10 0 10 20 30 a0 50 B0
N
PO,0)] P1
To generate this surface:- P(0,1) P3
P(1,0) P2
SPan] P4
Foru=0to 1 step 0.01 N

For v =0to 1 step 0.01
X= (1-u)*(1-v)*X1 + u (1=v) X2 + v (1-u) X3 + u*v*X4
y=(1-u)*(1-v)*Y1 Hu (1-v) Y2 + v (1-u) Y3 + u*v*Y4
z= (1-u)*(1-v)*Z1 + u (1-v) Z2 + v (1-u) Z3 + u*v*Z4
plot3(X, y, 2) ¢
Next v

Next u

2nd Semester Page 48 of 52 Ol 2o (3 63 2 582 Bl G e
N PENPR DO NN



2nd

-Semester 3D Computer Graphics

Computer Graphics
2" Semester 2D

Part nine
(3D-Mapping)

nd Semester Page 49 of 52 Ol 2o (3 63 2 582 Bl G e

A\}; ggltc; (o ler‘?



2"d-Semester 3D Computer Graphics

This Part talk’s about two worlds (windows) real world and viewport (device), how can
represent real-world on device-world or device-world into real-world especially both worlds are
3D.

Start (al, b1, cl) End (x1, y1, z1)

Map ™ Goal

End (a2, b2, c2) Start (X2, y2, z2)

Look these worlds (map), (goal) may be:-

1-distance width and height are different.~For example:

Map width=100, height = 56 while goal width=23, height =213

2-location start and end in beth worlds are not same side direction. For example:

Map Start= (left, up), End = (right, down) while goal Start= (left, down), End= (right, up)
3- Range or boundaries of two worlds are too different. For example

Map Start= (30, -5), End*= (-10, 50) =» x =[30 ...-10],x=[-5 ... 50]

While goal Start= (-9, 12), End= (-28, -70) =» x=[-9 ...-28],x=[12 ... -70]

To solve this approach need three transformations to:-
A. Shift Start location Map into origin point by Tx=-X_.oF, | Ty=-Y_.°P  Tz=-Z7%P

start start start
B. Calculate Width & Height for both world and keep direction (End worig - Start woriq)

oal oal
(Yond ~Yotart)

goal _ goal
X ) end Ystart

oal _goal
_ (@nd ~Totare)

Sx — end start S — S end start
- map _ymap - map _y,map map _,map
(Xend start) (Yend start) (Zend start)
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C. Return at start location of goal by Tx= X922, | Ty=y9°%  Tz=79°%
Ex//Polygon consist of { a(-20, -50, 30), b(0, 34, -10), ¢( 30, -36, -10)} Draw on area starting (-
50, -80,20) and ending at (40,60,-15) how can represent these polygon on area starting( 1,-1,1)
with ending (-11, 10, -7)
Sol/l areal =»width=40+50=90, height=60+80=140, deep= -15-20=-35
Area2 =»width=-11-1=-12, height=10+1=11, deep=-7-1= -8
Step 1: Tx=50, Ty=80, Tz=-20 =» A (30, 30, 10), B (50, 114, -30), C (80, 44,-30)
Step2: Sx=-12/90,Sy=11/140,Sz= -8/-35
= A (-4, 2.3571, 2.2857), B (-6.6667, 8.9571, -6.8571), C (-10.6667, 3.4571, -6.8571)
Step 3: Tx=1, Ty=-1,Tz=1
= A (-3, 1.3571, 3.2857), B(-5.6667, 7.9571, -5.8571), C(-9:6667, 2.4571, -5.8571)

—20 =50 30 1
Figure points=| 0 34 —-10-1
30 —-36.-10 1

1 0 0 0 1
10 1 0 O
Stepl = 0 0 1 0
.50 80 —20 1-
"=12/90 0 0 0
0 11/140 0 0
Step2 =
°p 0 0 —8/-35 0
0 0 0 1.
1 0 0 O
10 1 0 o0
Step3 = 0o 0 1 0
1] -1 1 1-
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Goal=Figure points x stepl x step2 x step3
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