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Robust Odometry Estimation for RGB-D Cameras

• Given two images 𝐼1 and 𝐼2, and the depth maps (𝑍1and 𝑍2)
• The goal is to find a transformation which maps 𝐼2 → 𝐼1

• Towards that, we have 𝐼1 𝑥 = 𝐼2 𝜏 𝜉, 𝑥 ,
• where, 𝜏 is a warping function and 𝜉 ∈ 𝑠𝑒(3) is the lie algebra defining the 

camera motion and x is a 2D pixel location in the first image, 𝑰𝟏



Warping Function

• Step 1. We first unproject the 2D location 𝑥 (from 𝐼1 as)

• 𝑝 = 𝜋−1 𝑥, 𝑍1(𝑥) = 𝑍1 𝑥
𝑢+𝑐𝑥
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• where, 𝐾 =
𝑓𝑥 0 −𝑐𝑥
0 𝑓𝑦 −𝑐𝑦
0 0 1

is the intrinsic matrix.

• Question: Is 𝑝 now in world coordinate system? Of which camera?



Warping Function

• Step 2. The transformation function T(𝑔, 𝑝) transforms the point 𝑝
to 𝐼2’s coordinate system
• T 𝑔, 𝑝 = 𝑅𝑝 + 𝑡, where, 𝑔 𝜉 = exp መ𝜉 =

𝑅 𝑡
0 1

is the transformation 
matrix formed using  𝜉 ∈ 𝑠𝑒(3)

• Question: what is the dimensionality of 𝜉?

• Step 3. Next, we project T 𝑔, 𝑝 to the image space of 𝐼2 as
𝜋 T 𝑔, 𝑝 =

𝑓𝑥𝑥

𝑧
− 𝑐𝑥 ,

𝑓𝑦𝑦

𝑧
− 𝑐𝑦

• Therefore, 𝜏 𝜉, 𝑥 = 𝜋 𝑇 𝑔 𝜉 , 𝑝 = 𝜋 𝑇 𝑔 𝜉 , 𝜋−1 𝑥, 𝑧1 𝑥



Residual

• Our goal is to find the parameter 𝜉, therefore, we optimize to reduce the 
residual between the two images, 
𝑟𝑖 𝜉 = 𝐼2 𝜏 𝜉, 𝑥𝑖 − 𝐼1 𝑥𝑖 , for the 𝑖𝑡ℎ pixel.

• We assume that all the pixels are i.i.d. and the likelihood of the 𝜉 over 
the entire image is 𝑝 𝑟 | 𝜉 = Π𝑖(𝑝(𝑟𝑖|𝜉)



Maximum A Posteriori (MAP)

• Using Bayes’ rule, 𝑝 𝜉|𝑟 =
𝑝 𝑟|𝜉 𝑝(𝜉)

𝑝(𝑟)

• 𝜉𝑀𝐴𝑃 = 𝑎𝑟𝑔𝑚𝑎𝑥
𝜉

𝑝 𝜉|𝑟

=
𝑎𝑟𝑔𝑚𝑎𝑥

𝜉
𝑝 𝑟|𝜉 𝑝 𝜉 =

𝑎𝑟𝑔𝑚𝑖𝑛

𝜉
− Σ𝑖 log 𝑝 𝑟𝑖|𝜉 − log 𝑝(𝜉)

• Minimizing the term, we obtain the optimal 𝜉, the transformation 
between the two images
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