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Projective Transformation

Chapter 7-A3
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Projective Transformation

* Projective transformation 1s a plane to plane perspective
transformation.

* The projective transformation involves eight parameters.

* The next few slides will establish the parametric
relationship between the projective transformation
parameters and the IOPs of the implemented camera and
the EOPs of the involved image.
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Collinearity Equations — Projective Trans.
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Collinearity Equations — Projective Trans.
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Collinearity Equations — Projective Trans.
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Collinearity Equations — Projective Trans.
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Collinearity Equations — Projective Trans.
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« Can we derive some of the camera parameters &
EOP from the projective transformation parameters?

— Yes

* For example (Just to simplify the derivation), we can
assume the following:

— The principal point coordinates (x,, ¥, ) are (0,0), and

— The object plane equation is Z = 0.
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Collinearity Equations — Projective Trans.

* (Given the above assumptions, the projective

transformation parameters are expressed as follows:
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Collinearity Equations — Projective Trans.

C; C,] - T11 112 "3 Ir1 o
C, Cs|l=1vy| T 722 23 [() 1]
C; Cg — 7"31/C _7"32/C _7"33/C_ 0 0
C, Cy [ T11 "2 |
C, Cs|l=1y| ™ 22
(7 (g — B, - 7ﬂgz/c_
» The first and second columns of Ry, are orthogonal

to each other:
C]_CZ + C4C5 + CZC768 = 111712 + 121122 + 13173, = 0

_ (C1C; + C4C5)
c \/ - /¢, cq
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Collinearity Equations — Projective Trans.

c,
Cy
_C7

CE 59700: Digital Photogrammetric Systems

(-
Cs
(s

Cs
Ce

1_

0 O

B = yR;,

0
0
—C

0
0 RS,
_1/C_
= YRy,
C, G,
Cy Cs
C; Cg
0 —X,|
1 -Y,
0 —Z,

1 0
0 1
0 0

oS = O

_XO'
-Y,
_Zo_

Ayman F. Habib

2

_J



Collinearity Equations — Projective Trans.
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Collinearity Equations — Projective Trans.
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I'he rotation matric Ry,can be derived through

uaternions.

and object space.
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Collinearity Equations — Projective Trans.

X; — Xp — dist,
X; Ls the unit vector corresponding to |y, — y, — dist,

—C
Xi — X,
X; is the unit vector corresponding to |Y; — Y,
Zi—Z,

e These vectors are assumed to be known.
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Quaternion-Based Derivation of R["™

Xi = Rénxi + el.
 We need to derive R[* that minimizes the Sum of
Squared Errors.

min
R’c””

||'M:

el e; = mmZ(X — R™x)T(X; — R™x;)
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XX, + xlx; —2x] (RMTX;
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Quaternion-Based Derivation of R["™

n
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mc?x ;(Qkid*).xi = man;(C'[Xi). (X:q)
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= max q" (Z C(x)'C (Xi)> G = max q'Sq
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Quaternion-Based Derivation of R["™

S; =C(x)TC(X;)

_ — — Tr _ — — g
xoi —xxi xyi xZi Xo,- Xxi X)’i Xzi
Q. = Xx; Xo; Xz; Xy Xxi Xoi _XZi X)’i
i — _ _
in le xoi xxl Xyi XZl Xoi Xxl
| Xz; Xy, —Xx; Xo; | -XZi _X}’i Xxi Xol

Si(1,1) = x0, Xy, — X, Xy, — x, X,

§i(2,2) = —x,, Xy, + x5, X, +x, X,
5:3,3) = —x, X, + X0, Xo, + X5, Xy,
Si(4,4) = +xy, X, + 2, Xy + X0, X0,

Remember that %; & X; are pure quaternions.
Trace (5;) =0
Trace § =0
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Quaternion-Based Derivation of R["™
max q'Sq , lgll =1

max ¢(q) = 4754 ~ 44" ~ 1)

d@

— =25¢— 214 =

3 q q=0
Sq=A4q

This 1s case only when g 1s the eigenvector of §

q'Sq=q¢"24=24q"¢=2

g7 Sq will be maximum when ¢ is the eigenvector of S that
corresponds to the largest eigenvalue.
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Quaternion-Based Derivation of R["™

1 T2 13
21 T2 123
31 T3 133

RM =

r1 =45 +q5—q; — 93

T2 = 2qxqy — 24,9,
113 = 2q4xqz + 24,9y
21 = 2q4xqy t 2901,
22 = qy — 45 + a5 — qx
123 = 2qyqz — 2q,qx
131 = 24xq; — 2404y
32 = 2qyqz + 2q4,qy
33 =45 — q5 — 4% + 45
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