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Google 
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thenounproject.com 
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Source: Atkinson K.B: aClose 

range photogrammetry and 

machine vision. In Reinhold 

1996 New York, NY:Reinhold 
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Source: Förstner, Wolfgang, and 

Bernhard P. Wrobel. 

Photogrammetric computer 

vision. Springer International 

Publishing Switzerland, 2016. 
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 𝜃, 𝜑, 𝑑:

WS 20/21 MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic 21 



Vertical axis 

Horizontal 

axis 

Collimation 

axis 

WS 20/21 MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic 22 



𝑥
𝑦
𝑧

=
𝑑 ∙ sin 𝜃 ∙ sin 𝜑
𝑑 ∙ sin 𝜃 ∙ cos 𝜑

𝑑 ∙ cos 𝜃

 

 𝜃, 𝜑, 𝑑 →
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• Euler angles: 𝜀𝑥, 𝜀𝑦, 𝜀𝑧 
 

𝑹3 𝜀𝑧 𝑹2 𝜀𝑦 𝑹1 𝜀𝑥 = 𝑹 𝜀𝑥, 𝜀𝑦, 𝜀𝑧 = 𝑹 

 
• Alternative: Axis-angle representations: 𝜃, 𝒓 = 𝑟1 𝑟2 𝑟3

𝑇 
 

𝑹 =
1

1
1

+ sin 𝜃

0 −𝑟3 𝑟2

𝑟3 0 −𝑟1

−𝑟2 𝑟1 0
+ 1 − cos 𝜃

0 −𝑟3 𝑟2

𝑟3 0 −𝑟1

−𝑟2 𝑟1 0

2

 

 
• Quaternions (not handled here) 

Representation of angles 
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 𝜇

𝑑 =
𝑡𝑆𝑡𝑜𝑝 − 𝑡𝑆𝑡𝑎𝑟𝑡
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• 𝜀𝑥 𝜀𝑦

𝜀𝑥 𝜀𝑦

𝜀𝑥 𝜀𝑦

Horizon 

Horizon 

Pendulum 

Scale 
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𝜀𝑥 𝜀𝑦

𝜀𝑥 = 𝜀𝑦 = 0 𝜀𝑥 ≠ 𝜀𝑦 ≠ 0

•

• 𝜃, 𝜑
•

𝜀𝑥 = 𝜀𝑦 = 0
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From 7 to 6 or 4 DoF 

𝑋′
𝑌′
𝑍′

= 𝑹3(𝜀𝑧)
𝑋
𝑌
𝑍

+

𝑡𝑥

𝑡𝑦

𝑡𝑧

 

𝑋′
𝑌′
𝑍′

= 𝜆𝑹3(𝜀𝑧)𝑹2(𝜀𝑦)𝑹1(𝜀𝑥)
𝑋
𝑌
𝑍

+

𝑡𝑥

𝑡𝑦

𝑡𝑧

 

𝜆 = 1;  𝜀𝑦= 0; 𝜀𝑥 = 0 Most 

times 

Often at static 

data acquisition 
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𝑡𝑥,1, 𝑡𝑦,1, 
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mathworks.com 
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Wujanz (2016) 

WS 20/21 MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic 54 



WS 20/21 MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic 55 



WS 20/21 MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic 56 



𝑋′
𝑌′
𝑍′

= 𝑹3(𝜀𝑧)𝑹2(𝜀𝑦)𝑹1(𝜀𝑥)
𝑋
𝑌
𝑍

+

𝑡𝑥

𝑡𝑦

𝑡𝑧

 

WS 20/21 MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic 57 



WS 20/21 MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic 58 



A 

WS 20/21 MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic 59 



𝑡𝑥 𝑡𝑦 𝑡𝑧

𝜀𝑧

𝜀𝑥 𝜀𝑦

𝜀𝑧

𝑋′
𝑌′
𝑍′

= 𝑹3(𝜀𝑧)𝑹2(𝜀𝑦)𝑹1(𝜀𝑥)
𝑋
𝑌
𝑍

+

𝑡𝑥

𝑡𝑦

𝑡𝑧

 

WS 20/21 MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic 60 



𝑡𝑥,1, 𝑡𝑦,1, 
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𝑡𝑥,3, 𝑡𝑦,3, 

𝑡𝑧,3, 𝜀𝑧,3 

𝑡𝑥,4, 𝑡𝑦,4, 

𝑡𝑧,4, 𝜀𝑧,4 

𝑡𝑋, 𝑡𝑌, 𝑡𝑍, 

𝜀𝑋,𝜀𝑌,, 𝜀𝑍 

leica-geosystems.com 

leica-geosystems.com 
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Google.com 

velodynelidar.com 

www.hokuyo-aut.jp 
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𝒑𝑔 = 𝑻𝑏
𝑔

𝑡𝑠 𝑻𝑠
𝑏𝒑𝑠
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