Geometrical Transformations
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x'=x+d
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If we define the column vectors:

p=) #=[}]

Figure (a): Before translation
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Figure (b): After translation
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translation

* simplest form T.(p)=p-+t
* inverse I, (p)=T.(p)=p-t
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X' =S, X, Yy =Sy-y

In matrix form, this is:
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Figure (a): Before scaling

Figure (b): After scaling
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uniform scale
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non-uniform scale

s. O p.| |s.p
SyPy

1
Ss = S{ugr,m},]

A

/73 /7




ol e 3 4y sl Sx#Sy

OY<OX OYy>OX



O sdRotation

sl sladl v/
Ol 4l Hlase v

X’= XC0S0+Yysino

y’= -XSIn0+ycoso

Aclull Clie GuSe gl sall IS 13} s 5o (ST 451 5N o
Acludl (i aa ol sall OIS 131 Al (5S35 gofe



' siaall JCEIL Tasall duially o) sall ¥ alrs

x'=x-cos(@)—y-sin(0), vy =x-sin(0)+ y-cos(O)

In matrix form, we have:

x' 0) —sin(6 |
[J’f] B E?TiEQ% CZZE(Q)) ' [;] or PP=R-P

cos (-0) =cos 6
SIn(-0) = -sin 6
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Figure (a): Before rotation Figure (b): After rotation
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rotation
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P'=P+T

P'=§-P

P'=R-P
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homogeneous coordinates, the translation equations

P'=T(d,dy) P
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y' sin() cos(6) 0
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What happens if a point P is translated by T(dﬂ,dﬁ) to P’ and then translated by
T(dﬂ, dyz)tu P"? The result we expect intuitively is a net translation 7(d,; + d,,,dy; +
d,;). To confirm this intuition, we start with the givens:

— T(dl’,‘l' dy'l) - P ’

P" =T(dy3dy;)-P',

P" = T(dyp,dyz) - (T(dr1,dy1) - P) = (T(drs dys) - T(dy, dy1)) - P
The matrix product T(dxz, dyz) - T(dxl, dy1) is:

0 1 d 0 1 d 0 1 d

[1 0 dﬂ‘ [1 0 dﬂ] [1 0 d, +d.
0 0 1
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P' = 5(541,5y1) " P,
P" = 5(Sx2,Sy2) " P',

then, substituting equation (2.26) into equation (2.27), we get:

P" = 5(5:2,552) " (S(sx1,5y1) * P) = (S(5:2152) - S(5:1,5y1)) P
The matrix product S(dﬂ, d},g) : S(dﬂ, d},l) is:
sz U 0 S:r'l 'D' U le ' sz U 0
I 0 Sl},z D“ . I 0 S}"l Dj[ — |: 0 Syl . Syz 0
0 0 1
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Figure (a):Original Position Figure (b):Translate Object so that Figure (c):Scale Object with Figure (d):Translate Object so that
of Object and Fixed Point Fixed Point (x:ys) is at Origin Respect to Origin the Fixed Point is Returned to
Position (xqys)

Concatenating the matrices for these three operations produces the required scaling matrix:

1 0 x7 s, 0 011 O —x Sy 0 x(1--s,)

0 0 1110 0 1 0 0 1
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Figure (a):Original Position Figure (b):Translation of Object so Figure (c):Rotation about Origin Figure (d):Translation of Object so
of Object and Pivot Point that Pivot Point (x.y,) is at Origin that Pivot Point is Returned to

Position (xr,yr)

The composite transformation matrix for this sequence is obtained with the concatenation:

@ @

[1 0 x,,] [mg[aj —sin(8) [)] [1 0 —xT] [CUS(S) —sin(@) xr(-l—cos(ﬁ’))+y,_,,sin(9]

0 1 | |sin(@) cos(6) 0|-|0 1 - sin(8) cos(8)  y,(1—cos(8)) + xsin(g)| (241)
00 11l o o 1loo 1 0 0 .



compositing transformations

* composition is hot commutative

rotate, translate,
then translate then rotate



compositing transformations

* composition IS not commutative

A

Ty

=

rotate, translate,
then translate then rotate



compositing transformations

* composition is not commutative
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Figure (1)
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Figure (2)



First: Rotation by 90 degrees anticlockwise

Ro=

Second: Translation by (x.. yp.)=(3.0)
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[ c0s(90) —sin(90) 0

sin(90)
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Composite Matrix
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Verification:

O -1 3|5 5 O 0O 3 3
R&'B'C' :MCumpnsiteMatrix'V: 1 0 O3 0 O=(5 5 0
0 o If[1 1 1| |1 1 1
ie.,
A'(0,5)
B'(3,5)
C'(3,0)
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Any questions
vee




