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What is pose?

• A term describing the relationship between coordinate frames

• Pose = {Position, Orientation}

2

ℱ𝑐

ℱ𝑤



TEK5030

What is pose?

• A term describing the relationship between coordinate frames

• Pose = {Position, Orientation}

3

The pose of ℱ𝑐 relative to ℱ𝑤

How ℱ𝑤 should rotate and translate 

in order to coincide with ℱ𝑐
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Pose

• The pose of the camera frame ℱ𝑐 with respect to the world frame 

ℱ𝑤 can be represented by the Euclidean transformation matrix

where 𝐑𝑤𝑐 ∈ 𝑆𝑂 3 is a rotation matrix and 𝐭𝑤𝑐
𝑤 ∈ ℝ3 is a 

translation vector given in world coordinates
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NOTATION

𝐓𝑎𝑏 = The pose of ℱ𝑏 relative to ℱ𝑎

𝐑𝑎𝑏 = The orientation of ℱ𝑏 relative to ℱ𝑎

𝐭𝑎𝑏
𝑐 = The translation of ℱ𝑏 relative to ℱ𝑎

given in ℱ𝑐 coordinates
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Pose

• The pose of the camera frame ℱ𝑐 with respect to the world frame 

ℱ𝑤 can be represented by the Euclidean transformation matrix

where 𝐑𝑤𝑐 ∈ 𝑆𝑂 3 is a rotation matrix and 𝐭𝑤𝑐
𝑤 ∈ ℝ3 is a 

translation vector given in world coordinates

• In illustrations we often represent the pose as an arrow similar to 

that of the translation vector
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Pose – Inverse

• The opposite pose, the pose of ℱ𝑤 with respect to ℱ𝑐, is given by 

the inverse

• One can show that

• Hence 𝐑𝑐𝑤 = 𝐑𝑤𝑐
𝑇 and 𝐭𝑐𝑤

𝑐 = −𝐑𝑤𝑐
𝑇 𝐭𝑤𝑐

𝑤
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Pose – Action on points

• The action of the pose 𝐓𝑐𝑤 on a point 𝐱 is defined to 

be the transformation

• For the matrix representation, this corresponds to the 

matrix product
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Pose – Composition

We can chain together consecutive poses by 

compounding transformation matrices
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Pose – Composition
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Example – Camera on a vehicle in the world
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Example – Camera on a vehicle in the world

13

ℱ𝑐

Vehicle

𝐱

ℱ𝑤
ℱ𝑣

Camera

World

A point 𝐱 has a known position relative to 

a camera mounted on a vehicle

The vehicle has a known pose relative to 

the world

The camera has a known pose relative to 

the vehicle

Find expressions for 𝐱𝑣 and 𝐱𝑤
𝐓𝑣𝑐

𝐓𝑤𝑣

𝐱𝑐
𝐱𝑐

𝐓𝑤𝑣

𝐓𝑣𝑐



TEK5030

Example – Camera on a vehicle in the world
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Example – Camera on a vehicle in the world
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Example – Image rotation about center
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Example – Image rotation about center
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Pose – Other representations

• Several representation of rotation in 3D

– Orthonormal rotation matrix 𝐑

– Euler angles 𝜃1, 𝜃2, 𝜃3
– Axis angle 𝛟 = 𝜙𝐯

– Unit quaternions 𝑞 = 𝑞0 + 𝑞1𝑖 + 𝑞2𝑗 + 𝑞3𝑘

• Several representations of pose in 3D

– Transformation matrix 𝐓𝑎𝑏 ∈ 𝑆𝐸 3

– Pair of rotation matrix and translation vector 𝐑𝑎𝑏, 𝐭𝑎𝑏
– Euler angles and translation vector 𝜃1, 𝜃2, 𝜃3, 𝐭𝑎𝑏
– Axis angle and translation vector 𝛟, 𝐭𝑎𝑏
– Unit quaternion and translation vector 𝑞, 𝐭𝑎𝑏
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Summary

• Pose = {Position, Orientation}

• Representation

• Properties

– Composition

– Inverse

– Action on points
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Supplementary material

Recommended

• Richard Szeliski:  Computer Vision: Algorithms and Applications 2nd ed

– Szeliski does not focus directly on pose representation, but covers the topic indirectly several

places e.g. in section 2.1 Geometric primitives and transformations

• T. V. Haavardsholm: A Handbook In Visual SLAM

– Chapter 2 “3D geometry”, in particular section 2.3 “Representing pose”
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