EE 570: INS Homework 4 Due: Th 03/03/2016

1. Given orientation of the b-frame wrt the n-frame in terms of relative yaw (¢), pitch

(0), then roll (¢) angles

Cy —Sy 0 Co 0 Sp 1 0 0
Gy = Replgoliay = sy ¢ 0| 0 1 0[]0 ¢c5 —s4
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CoCyp  CypSeSp — CpSy  CpCySe + S¢Sy,
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(a) Write a MATLAB function dcm2angles to extract ¢, 6, and ¢ from a DCM
(b) Write a MATLAB function q2angles to extract ¢, 6, and ¢ from a quaternion
2. Consider the time-varying coordinate transformation matrix C}' given below that

describes the orientation of the body frame as it rotates with respect to the naviga-
tion frame.

cos(t) sin(t)sin(¢?) sin(t) cos(t?)
Cy = 0 cos(t?) — sin(#?) (2)
—sin(t) cos(t)sin(t?) cos(t) cos(t?)
a) Compute an expression for ¢, 0, and ¢ as defined in Equation

)
b) Write MATLAB code to plot ¥, 6, and ¢
¢) Compute ¥, 0, and ¢ by using your dcm2angles function
)
)

(
(
(
(d

(e) Plot results from (c¢) and (d), and compare them to your ground truth from

(b)

3. We can iteratively update the attitude using

Compute v, 6, and ¢ by using your q2angles function

o —n _ b(k—1
ai(+) = qp(-) @ gy (3)
where @8, At = kA6 and
Ag b1 _ COS(%)
qb(k) I Ab
ksin(57)

. . . .
Derive a quaternion update equation using @,.

4. Using the DCM in Equation( [2) at time ¢ = 0 as your initial attitude, assume a
ot = 0.0005
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(a) write MATLAB code to update your attitude over time using

i. first order approximation of derivatives

ii. quaternions

compare your results with ground truth, e.g., compute and plot the error in
b y Its with g d truth, e.g t d plot th i
roll, pitch and yaw angles

(c) what is the impact of §t on your results?
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