Reliable Attitude Estimation
by Extended Kalman Filter
Using Norm Analysis of Sensors
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II Algorithm

1. System Model

AX = F (t) AR + G (t)w(t)
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2. Extended Kalman Filter

g

=%Q<w)q

Table 7.1: Extended Kalman Filter for Attitude Estimation

Initialize

a(to) =G0,  3(10) = Bo
P(IU} =F

Gain

Ky = B Hy (% ) [He(%¢ )P HY (%) + R ™!
[[A{q_)r] x] ijj]

Hi(x;) = . :
[A(q )rnx] 03><3J
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Update

Pl =[I— K:Hi (% )P
A% = Ke[5x— he(%; )]
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q =q; + EE{qk )8y, re-normalize quaternion

Propagation

— @(r) = w(r) - B(r)

I 4() = 32 (@) @)

P(t)=F(t)P(t)+P(t)FT (t) + G(t) O(r) GT (1)
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2. Extended Kalman Filter

Propagation
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2. Extended Kalman Filter

Gain

B} N o N 1
K =R H;(Xk)[Hk(Xk)Pk HkT(Xk)"‘RJ

[AG )] 0}

|A@)r,x] 0y

HK(),Zk)_|:



l II Algorithm

2. Extended Kalman Filter

Update
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2. Extended Kalman Filter

Update

N . .
de =0y +§d(qk)50!k re-nomarlize quaternion

[1]

(G) = |:q4|3><3 + [q1—3x]}

T
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3. Norm Analysis

(5t sf, of,|[st, &f, of,| =6t?+8f2+51;

=[H,5% +v] [H,8% +V]
:trace([dekk‘ +v][Hk5>2|Z +V:|T)

:trace(HPHT + R)

if abs(g—norm(f))> thr then, Measurement update

norm(f) =17+ f7+ f;
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3. Norm Analysis

H, = [A(d_)rz X O3><3:|

5f2+517+51} =trace(H,PH; +R,)

JotF+517+517 = firace(H,PH] +R,) =15




M Simulation & Result

Simulation A

State . Quaternion
State Update | Gyro
Measurement

Filter | EKF

. Accelerometer & Magnhetometer

if i+dt=100 && i+dt==150

b1
bz
else
b1 = Aal+rl + v_m:
b2 = bgl+r2 + w_g:

dal=rl + w_m;
hal+r2 + v_g + S+ones(3,1);

end
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Simulation B

State . Quaternion
State Update | Gyro

Measurement . Accelerometer & Magnetometer
Filter | EKF + Norm Analysis

S = trace(HZ+P+H2' +Ra);
bh = bh + d=(4:E):

else
b= b+l:
¥ Gain

thr = sart(5);

if abs(3.81 - norm(b21) > thr

. K = P+H' +(HeP+H +R)"-1;
4 Gain
%lpdate

Fal = Ra; P = (evellength(P}) — K«H)+P;

Rl = [Rm zeros(3): zeros(3) Pall;
K'= PeH1 "+ CH1eP4HI " eRn) "1 de =Kxly-[hasrlshasr2]);
Update

P = (evel(length(P)) - K«H1)+P;

dw =K+ (b1-[dasri]);

gh = qh + 1/2«[qh(d)+eye(3)+skwsyn{gh(1:300; —qh(1:3) |+dx(1:3);
gh = gh/norm{gh): %nomarlize quaternion

gh = gh + 1/2«[gh{d)+eye(3)+skwsyn{gh(1:3)7; —qh(1:3)" J+dx(1:3):
ah = gh/norm{gh): %re-nonarlize quaternion

bh = bh + d=({4:E):
end
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Simulation C

State

. Quaternion

State Update | Gyro
Measurement . Accelerometer & Magnetometer

Filter .

EKF + Norm Analysis + R Update

if abs(9.81 - norm(bZ2)) = thr

Ral = Fa + i+thr+ones(3);

B = [Pm zeros{3);zeros(3) Rall:

else

B = [Pm zeros{3); zeros(3) Ral:

end
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True(gt) & Estimate(gh) Attitude

Estimate & true
Attitude
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Angular rate
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Angular rate

Simulation C
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Attitude Error

Simulation A

Simulation B
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Attitude Error ARRHASIE
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Bias Error
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Bias Error

Simulation C
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Result

1. 37t2l Hebo| THSE AN EBYMOoA 2o T2 HI =22 KBS,

2. 71ZY HHET It HZS =l




l IV Future Plan

1. Unscented Kalman Filter
2. Particle Kalman Filter

3. Estimate Attitude






