
Today is a big day! One important problem is clear to me. 

Question:  
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1. What is the relationship between angular rate   and the ration matrix     from 

navigation frame to body frame? 

2. What is the relationship between angular rate   and the incremental ration matrix 

           ⁄   
 from navigation frame to body frame? 

Once the first problem is solved, the second will be very easy. 

 

There is a key concept you need to understand first: the angular rate   is in what frame? 

Denote    as the angular rate of the UAV in navigation frame. 

Denote    as the angular rate of the UAV in body frame. 

Then we have 

          and           

Note the angular rate measured by INS actually is   , or written as    ⁄
 , it is the angular rate of 

the UAV to the navigation frame, resolved in the body frame. 

Question: the body frame is fixed to the UAV body, how does UAV has angular rate in the body 

frame? 

Answer: This is just a mathematical transformation! The angular rate is first in the navigation 

frame, and then converted to the body frame. In addition, a rotation or angular rate must be 

defined between two reference frames. 

 

 

 

 



Let a vector   be a point on the UAV with respect to its body centroid, then in the body frame it 

is   , in the navigation frame it is   . And 

          

The angular rate of the UAV defined by 
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Note    is a fixed point on the UAV, so we have (   ⁄   )   ̇       . And 

 [      ] 
     [  ]    ⁄

 . So we have 
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Note the above equation should hold for all   . So we have 
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Taking transpose on both sides gives 
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Similarly, we can also directly get 
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But since    can be measured by INS, we usually don’t use   . 

 

Regarding the second question,            ⁄   
  actually is the state transient matrix. See the 

other pdf article in the same post. 


