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Expected Results 

Purpose: This document walks you through how to turn the IMU data and other flight data 
from a rocket launch into 𝐶𝑑, AOA, Sideslip, and other information. 

Necessary Inputs: 

From IMU/Sensors: 𝑡𝑖, 𝑎𝑥,𝑖 
𝐼 , 𝑎𝑦,𝑖 

𝐼 , 𝑎𝑧,𝑖 
𝐼 , 𝑃𝑠,𝑖, 𝑇𝑖 , 𝜙𝑖, 𝜓𝑖, 𝜃𝑖  where 𝑖 = 1, … 𝑁 data points in a csv: 

 

The  
𝐼  (Inertial) frame is assumed to be the ENU frame show below: 

 

The  
𝐵  (Body) frame and angles are assumed to be defined as shown below. It is nice to 

know how IMU was orientated when installed otherwise it is painful to find out: 

 

From the rocket you need 𝑚𝜖ℝ1 (dry mass after burnout) and 𝐴 (reference area of rocket 

𝐴 = 𝜋𝑂𝐷2) 
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How the Script Works 

Key Assumptions 

Velocity of rocket starts at 0 

Air is Ideal Gas 

Rectangular Integration is accurate enough 

Wind is negligible 

Only drag and lift forces acting on the rocket 

Calculations done after burnout 

What data do we get from IMU/Sensors/Rocket: 

From IMU/Sensors: 𝑡𝑖, 𝑎𝑥,𝑖 
𝐼 , 𝑎𝑦,𝑖 

𝐼 , 𝑎𝑧,𝑖 
𝐼 , 𝑃𝑠,𝑖, 𝑇𝑖 , 𝜙𝑖, 𝜓𝑖, 𝜃𝑖  where 𝑖 = 1, … 𝑁 data points 

From Rocket: 𝑚𝜖ℝ1 (dry mass) and 𝐴 (reference area of rocket) 

Air Properties (Assume Ideal): 

Ratio of specific heats: 𝛾 = 1.4 (assumed constant) 

Specific gas constant: 𝑅 = 287.052874
𝐽

𝑘𝑔∙𝐾
 (assumed constant) 

Speed of sound: 𝑎𝑖 = √𝛾𝑅𝑇𝑖 where 𝑎⃗𝜖ℝ𝑁 

Density: 𝜌𝑖 =
𝑃𝑠,𝑖

𝑅∙𝑇𝑖
 where 𝜌⃗𝜖ℝ𝑁 

Define acceleration: 

𝑎⃗ 
𝐼

𝑖 =< 𝑎⃗𝑧,𝑖 
𝐼 , 𝑎⃗𝑦,𝑖 

𝐼 , 𝑎⃗𝑧,𝑖 
𝐼 > 

 

Do all in for loop with 𝒊 = 𝟏, … , 𝑵 − 𝟏 

Perform Rectangular Integration on Velocity: 

Rectangular integration: 

𝑑𝑡𝑖 = 𝑡𝑖+1 − 𝑡𝑖 where 𝑑𝑡⃗⃗⃗⃗⃗𝜖ℝ𝑁−1 (no last point) 

𝑉⃗⃗𝑖+1 
𝐼 = 𝑉⃗⃗𝑖 

𝐼 + 𝑎⃗𝑖 
𝐼 ∙ 𝑑𝑡𝑖 where 𝑉⃗⃗1 

𝐼 = 0⃗⃗ and 𝑉⃗⃗ 
𝐼 𝜖ℝ𝑁𝑥3 

𝑉𝑖 = 𝑛𝑜𝑟𝑚( 𝑉⃗⃗ 
𝐼

𝑖) where 𝑉⃗⃗𝜖ℝ𝑁−1 

𝑀𝑖 =
𝑉𝑖

𝑎𝑖
 where a is the speed of sound and 𝑀𝜖ℝ𝑁−1 
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Find Drag Force on Rocket: 

𝑉̂𝑖 
𝐼 =

𝑉⃗⃗⃗ 
𝐼

𝑖

𝑉𝑖
 where 𝑉̂ 

𝐼 𝜖ℝ(𝑁−1)𝑥3 (skip operation when 𝑉𝑖 = 0) 

𝑉̂ 
𝐼

𝑖 is the direction the rocket is traveling in ENU frame so the wind is traveling opposite the 

rocket direction: 

𝑉̂ 
𝐼

𝑤𝑖𝑛𝑑,𝑖 = − 𝑉̂ 
𝐼

𝑖 

Project the accelerations of the rocket (only drag and lift) into wind direction which is drag 

definition: 

𝑎𝑑𝑟𝑎𝑔,𝑖 
 = 𝑉̂𝑤𝑖𝑛𝑑,𝑖 

𝐼 ∙ 𝑎⃗𝑖 
𝐼  where 𝑎𝑑𝑟𝑎𝑔 

 𝜖ℝ(𝑁−1)𝑥1  

*Filter out gravity in this step by adding +[0,0, 𝑔] to 𝑎⃗𝑖 
𝐼 . 

Force comes from acceleration using Newton’s 2nd law: 

𝐷𝑖 = 𝑎𝑑𝑟𝑎𝑔,𝑖 ∙ 𝑚 where 𝐷⃗⃗⃗𝜖ℝ𝑁−1 

𝐶𝑑𝑖 =
2∙𝐷𝑖

𝜌𝑖∙𝑉𝑖
2∙𝐴

 where 𝐶𝑑⃗⃗⃗⃗⃗⃗ 𝜖ℝ𝑁−1 

Converting to Body Frame: 

Roll (𝜙) Pitch (𝜃) Yaw (𝜓) happens through a 3-2-1 Euler rotation meaning: 

𝐶𝐵̿/𝐼,𝑖 = 𝐶1̿(𝜙𝑖) ∙ 𝐶2̿(𝜃𝑖) ∙ 𝐶3̿(𝜓𝑖) where 𝑉⃗⃗𝑖 
𝐵 = 𝐶𝐵̿/𝐼,𝑖 𝑉⃗⃗ 

𝐼
𝑖 where 𝑉⃗⃗  

𝐵 𝜖ℝ𝑁𝑥3 

𝑉⃗⃗𝑖 
𝐵 =< 𝑢𝑖, 𝑣𝑖, 𝑤𝑖 > 

Where: 

𝐶3̿(𝜓) = [
cos(𝜓) sin(𝜓) 0

−sin(𝜓) cos(𝜓) 0
0 0 1

] 

𝐶2̿(𝜃) = [
cos(𝜃) 0 −sin(𝜃)

0 1 0
sin(𝜃) 0 cos(𝜃)

 ] 

𝐶1̿(𝜙) = [

1 0 0
0 cos(𝜙) sin(𝜙)
0 −sin(𝜙) cos(𝜙)

] 

Calculating Angles: 

All defined for ℝ𝑁−1 

Angle of Attack: 𝛼𝑖 = 𝑎𝑡𝑎𝑛2(𝑤𝑖, 𝑢𝑖) 
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