
Rodrigues’ Rotation Formula

• k – unit vector (rotation axis)
• v – vector to rotate about k by 𝜃

• 𝑣 = 𝑣𝑝𝑎𝑟 + 𝑣𝑝𝑒𝑟
• 𝑣𝑝𝑎𝑟 = 𝑣. 𝑘 𝑘 (𝟏) [projection of v on k]

• 𝑣𝑝𝑒𝑟 = (𝑣 − 𝑣𝑝𝑎𝑟)

= 𝑣 − 𝑘. 𝑣 𝑘 = 𝑘. 𝑘 𝑣 − 𝑘. 𝑣 𝑘 = −𝑘 × 𝑘 × 𝑣 (2)
• 𝑣𝑝𝑎𝑟

𝑟𝑜𝑡 = 𝑣𝑝𝑎𝑟(parallel comp. will not change direction or 

magnitude Under rotation)

• 𝑣𝑝𝑒𝑟
𝑟𝑜𝑡 = 𝑣𝑝𝑒𝑟 (perpendicular comp. changes its direction but 

retains its magnitude under rotation)



Rodrigues’ Rotation Formula
• 𝑣𝑝𝑒𝑟

𝑟𝑜𝑡 = 𝑣𝑝𝑒𝑟
⟹ 𝑣𝑝𝑒𝑟

𝑟𝑜𝑡 = 𝑐𝑜𝑠𝜃𝑣𝑝𝑒𝑟 + 𝑠𝑖𝑛𝜃𝑘 × 𝑣𝑝𝑒𝑟 (3)

• 𝑘 × 𝑣𝑝𝑒𝑟 = 𝑘 × 𝑣 − 𝑣𝑝𝑎𝑟
= 𝑘 × 𝑣 − 𝑘 × 𝑣𝑝𝑎𝑟
= 𝑘 × 𝑣 (4) [as, 𝑘 × 𝑣𝑝𝑎𝑟 = 0]

• Putting in Eq.3, 𝑣𝑝𝑒𝑟
𝑟𝑜𝑡= 𝑐𝑜𝑠𝜃𝑣𝑝𝑒𝑟 + 𝑠𝑖𝑛𝜃𝑘 × 𝑣

• Finally, the full rotated vector is
𝑣𝑟𝑜𝑡 = 𝑣𝑝𝑎𝑟

𝑟𝑜𝑡 + 𝑣𝑝𝑒𝑟
𝑟𝑜𝑡

= 𝑣𝑝𝑎𝑟 + 𝑐𝑜𝑠𝜃𝑣𝑝𝑒𝑟 + 𝑠𝑖𝑛𝜃𝑘 × 𝑣

= 𝑣𝑝𝑎𝑟 + 𝑐𝑜𝑠𝜃 𝑣 − 𝑣𝑝𝑎𝑟 + 𝑠𝑖𝑛𝜃𝑘 × 𝑣

= 𝑐𝑜𝑠𝜃𝑣 + 1 − 𝑐𝑜𝑠𝜃 𝑣𝑝𝑎𝑟 + 𝑠𝑖𝑛𝜃𝑘 × 𝑣

= 𝑐𝑜𝑠𝜃𝑣 + 1 − 𝑐𝑜𝑠𝜃 𝑘. 𝑣 𝑘 + 𝑠𝑖𝑛𝜃𝑘 × 𝑣 (𝟓)



Rodrigues’ Rotation Formula
• 𝑘 × 𝑣 can be expressed as a matrix product

𝑘 × 𝑣 𝑥

𝑘 × 𝑣 𝑦

𝑘 × 𝑣 𝑧

=

0 −𝑘𝑧 𝑘𝑦
𝑘𝑧 0 −𝑘𝑥
−𝑘𝑦 𝑘𝑥 0

𝑣𝑥
𝑣𝑦
𝑣𝑧

= 𝑘 𝑋𝑣

• So, 𝑘 𝑋𝑣 = 𝑘 × 𝑣
• 𝑘. 𝑣 𝑘 = 𝑣 + 𝑘 × 𝑘 × 𝑣

= 𝑣 + 𝑘 𝑋 𝑘 𝑋𝑣 = 𝑣 + 𝑘 𝑋
2𝑣

• Putting in Eq.5
𝑣𝑟𝑜𝑡 = 𝑐𝑜𝑠𝜃𝑣 + 1 − 𝑐𝑜𝑠𝜃 𝑣 + 𝑘 𝑋

2𝑣 + 𝑠𝑖𝑛𝜃𝑘 × 𝑣
= 𝑣 + 𝑠𝑖𝑛𝜃 𝑘 𝑋𝑣 + 1 − 𝑐𝑜𝑠𝜃 𝑘 𝑋

2𝑣
= 𝑅𝑣

where, 𝑹 = 𝑰 + 𝒔𝒊𝒏𝜽 𝒌 𝑿 + 𝟏 − 𝒄𝒐𝒔𝜽 𝒌 𝑿
𝟐



Monasse 3-step Rectification
• INPUT : Fundamental Matrix, F by DLT.

• Orientation of a camera can be adjusted by, 

• Since the image is not calibrated, 



Monasse 3-step Rectification

• Step 1:

According to Rodrigues’ formulae,



Monasse 3-step Rectification

• Step 2:

• Step 3:

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



Finding the Essential Matrix

• According to Zisserman and Hartley, 



The optimization step





Input:  F, computed using correspondences;
which gives  epipoles e and e’;

Steps: 1 & 2:

Step 3: Rotation R^, of one camera about baseline:

H3 is obtained after obtaining optimal K  (or f)



Image-1 Image-2 Rectified Image

Examples


