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Process of Rectification

Image rectification is the process of applying a pair of 2
dimensional projective transforms, or homographies, to a pair of
iImages whose epipolar geometry is known so that epipolar lines in
the original images map to horizontally aligned lines in the
transformed images.
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Rodrigues’ Rotation Formula ,

: : : A
k —unit vector (rotationaxis) | . V.
: IO
v — vector to rotate about k by 8 i v"‘
v = Upar + Uper \ 0
Upar = (V. k)k (1) [projection of von k]

Uper = (v— vpa‘r)
=v—(k.v)k=(k.k)v—Fk.v(k) = -k X (k Xv)(2)
v;;gﬁ = Vpqr(parallel comp. will not change direction or

magnitude Under rotation)
\v;‘g,’f\ = ‘vpe‘r‘ (perpendicular comp. changes its direction but
retains its magnitude under rotation)



V=y+y
Vi = K(k-v)
v = — kx(kxv) =v - k(k-v)

and the component perpendicular to Kis called the vector rejection of vitom k:

vi=v-vy=v—{k-vlk=-kx{kxv),

where the last equality follows from the vector triple product formula;
ax(bxc)={(a c)h—(a:b)c Finaly, thevectork x vi =k x visacopyof v,
rotated 90° around k. Thus the three vectors

kv, kxv

form a right-handed orthogonal basis of B®, with the last two vectors of equal length.
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Rodrigues’ Rotation FormuIaAk

‘Uz;gﬂ = ‘”per‘ )
rot

kX Uper = k X (v — vpar) \
=k X1v—k X Vpar

=k x v (4) [as, k X Upgr = 0] , a""

Putting in Eq.3, vjgr= c0SOV,e, + sinfk X v

Finally, the full rotated vector is
— rot rot
Urot = vpar + vper
= Upqr + €0SOVper + sinbk X v

= Upgr + COSO (v — vpar) + sinfk X v
= cosOv + (1 — cos0)v,,, + sinbk X v

---------- vV
P S B
= Uper = C0SOVper + SiNOk X Uper (3) =

= cosOv + (1 — cos8)(k.v)k + sinfk X v (5)



W=KX Vyr

cosOv, . + sinl (k X vye,)



Rodrigues’ Rotation Formula

 k X v can be expressed as a matrix product

(kX V), 0 =k ky |[ve
(kxv)y|=|ky 0 —ke||vy| = Kl
_(k X v)z_ _—ky kx 0 _ Uz

* So, |k]yv =k Xv
o (kkv)k=v+kx(kXxXv)
= v + [klx([k]lxv) = v + [k]5zv
* Putting in Eq.5
Vo = c0SOV + (1 — cosO) (v + [k]%v) + sinBk x v
= v + (sin0)[k]xv + (1 — cos8)[k]5v
= Rv

where,|R =T + (sin0)|k|y + (1 — cosH)[k],Z(




Monasse 3-step Rectification

* INPUT : Fundamental Matrix, F by DLT.
e=(e, ey,I)T Applying, Fe =0, find e.

e'=(e,,e, N’ Applying,e'’ F =0, find €'.

* Orientation of a camera can be adjusted by,
H=KRK™

* Since the image is not calibrated,

R

K={0 f / where, w = width of the image,
0 O

h = height of the image.
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The idea is to transform both images so that the fundamental matrix gets the form i/ ..

Unlike the other methods which directly parameterize the homographies from the constraints
He =i, H'¢’ =iand H” [i|.H = F and find an optimal pair by minimizing a measure of
distortion, we shall compute the homography by explicitly rotating each camera around its
optical center. The algorithm 1s decomposed into three steps (Fig. 1):
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Figure 1: Three-step rectification. First step: the image planes become parallel to CC'.

Second step: the images rotate in their own plane to have their epipolar lines also parallel
to CC'. Third step: a rotation of one of the image planes around CC’ aligns corresponding

epipolar lines in both images. Note how the pairs of epipolar lines become aligned.



Monasse 3-step Rectification

 Step 1:

He=(e,e.0) =e, where, H,=KR K™

H]'e' — (e}'c9 3;90) — e; where, H]' = KR;K_]
According to Rodrigues’ formulae,
H,e= (ex,ey,g)T R,(0,t)=1+sin0[t], +(I—cos O)[t]
s " where,
KR,K e=(e,,e,,0) b
y _ . cosO = W and
R K e=K (ex,ey,O) a
R a= b rotation axis, f = axb

b



Monasse 3-step Rectification

* Step 2:
H,e, =(1,0,0)" =e, where, H,=KR,K™

Hle =(1,00) =é, where, H,=KR,K™

~.H,,H,,H,, H, are all parameterized by f.
* Step 3:

The remaining relationship between the two
cameras of the rectified image is characterized by a
rotation, 5 around the baseline.




Finding the Essential Matrix

* According to Zisserman and Hartley,

F of a rectified image 1s given by
F=KT'[[].RK'=KTEK™'

L E=[ilLR

E is also parameterized by f.
Now, E is decomposed into £ = UDV"

Following the definition of Essential Matrix,
100

E=U0 1 ol"

0 0 0

L F=KTEK™!



The optimization step

e;ﬁez =0
(H He)' ﬁ(HZH,e) =0
¢THHY FH,H e =0 and, '’ Fe =0
F=H"HFH,H
Now an optimization function, S 1s defined as :

N ~ ~
S(f)= Z d(x,Fx)+d(x,,F'x)) where, N 1s the no. of pixels in the image.
i=1

d(p,q)1s the Euclidean distance between p and g.
A minimization of S( /') 1s done to estimate K in terms of f.

From K, P and P'1s estimated.
S X=P'x or X=P7"x
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The idea is to transform both images so that the fundamental matrix gets the form i/ ..

Unlike the other methods which directly parameterize the homographies from the constraints
He =i, H'¢’ =iand H” [i|.H = F and find an optimal pair by minimizing a measure of
distortion, we shall compute the homography by explicitly rotating each camera around its
optical center. The algorithm 1s decomposed into three steps (Fig. 1):
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Figure 1: Three-step rectification. First step: the image planes become parallel to CC'.

Second step: the images rotate in their own plane to have their epipolar lines also parallel
to CC'. Third step: a rotation of one of the image planes around CC’ aligns corresponding

epipolar lines in both images. Note how the pairs of epipolar lines become aligned.
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Input: F, computed using correspondences;

which gives epipoles e and e’; Let,
x, =K[I|0X;= K'x, =[I|0]X
Steps: 1 & 2: x, = K.R[I|0]X;

Hie = (t’_r.t’_\-.O)T and Hje' = (e_’l,_e;,,O)T = x, = K.RK'x, = Hx,;
H; = KRK 'and H; = KR'K' where, Homography is:

i H=K.RK™
rotates the vectora=K 'eto b= K (e, e,,0)" K=1]0 f %
‘ 0 0 1 |
R(6,t) =1+sinBt]. + (1 —cos8)[t]2
minimal angle @ is acos( ;“'ﬁ’)‘) and the rotation axis t is I:IL":
H;, H}, H, and H; are all parametrized by f
Step 3: Rotation R”, of one camera about baseline: F=K T[i] _RK!

H, is obtained after obtaining optimal K (or f)



Examples

Image-2 Rectified Image

Image-1
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