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CONCEPTUAL MODEL OF HELICOPTER
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SYSTEM STATES

o State equations

i'j_ = H = X2
i,= 8 = —0415x, — 0.0111 x4+ 6.27 &
i'g = X = Xa

f.= ¥=981x, — 143x,— 0.0198x, + 9.815

o State model

0 1 0 0 Xy 0
. 0 —0415 0 —-0.0111] |*2 " 627
a 0 0 0 1 X3 0
981 —-1.43 0 -—-0.0198] x4 0.61
Xy
¥ [1 0 0 D] Xa
= + wik
|J’z 0 0 1 0 |x3 (k)
X
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SYSTEM STATES

Continuous to discrete model: A,B,C => F,G,C

1.0000 0.0980 0 —0.0001 0.0309

F— —0.0005 0.9594 0 —0.0011 G — 0.6136 C= [1 0 0 IEI}
0.0490 —0.0054 1.0000 0.0999 0.0478 0 0 1 0
09801 —0.0916 0 0.99581 0.9460

Sampling time: 0.1 sec

System Tests
System observable: Mo = observable (F, C)
System controllable: Mc = controllable (F, G)
System unobservable: length (F) — rank (Mo) > 0
Eigen-values of (F) inside unit circle?
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SYSTEM MODEL USING SIMULINK
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SYSTEM STATES
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SYSTEM OUTPUT
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KALMAN FILTER DESIGN

o Discrete State Space Model

xtk+1) =Fx{k)+ Gulk) + vik)
vik) = Cx(k) + wik)

o State Observer:  %(k) = (k) + K{y(k) — C x(k)}

o State Predictor: x(k)=Fx(k—1)+ Gulk—1)
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KALMAN FILTER DESIGN

System parameters

100 0 001 0 0 0
o1 0 0 o o001 0o o _[0.01 0
A=lo 0o 1 0ol ®1 50 0o o001 o RE—[ 0 :].:]1]
000 1 0 0 0 001
Kalman gain
[K,P] = DLQE (F,H,C,R1,R2)
State Equation using Kalman Prediction
X1(k+1)] [%1(K)] [0.6405 0.0006 | %1 (k)T
Eo(k+ 1)) _ |%(k)[, 103695 —0.1370 B-'l]_ [1 0 0 EI] %3 (k)
Za(k+ 1)~ [#a(k)| " |0.0006 06683 |2l o 0 1 ol|xk)
2, (k+ 1] LE,(] loaess 08703 | £, (k)
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SYSTEM STATE WITH KALMAN PREDICTION
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ANOVA MODEL

o Model
(k)= fi, + G+ Br+ €(k)

o Parameter estimation

k-1 k-1

x(i)  @=- ) [ - x(i- 1]

i=(k—8) i=(k—7)

N e

fo= 5 {[xl— D — x(k—4) + [xlk —5) — x(k — )]}
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X1 (k) VARIATION

ANOVA Table

Source 55 df S F Proh=F ~
Columns 1323048 =] les788.1 384,17 3.3587e-123
Error S3214.5 Z1e 431.5
Total 14155151 o4
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X1 [, VARIATION

ANOVA Table

Source 535 df s F Proh=F M
Columns 11=-3309.9 =] 1404137 32E8.37 4. 1874Ze-11&
Error S928925.5 Z1e 430.Z2
Total 1215239 .4 o224
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X1 a, VARIATIONS

ANOWVA Table
Source =25 df M= F Probh=F ~
Columns 14EZ2_5& a8 182_8&S9 28287 8_.33451e-107
Error 1E50.38 Zle 0.&%9%&
Total lel3_ 33 224
? L |
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X1 Bx VARIATION

ANOVA Table
Source 58 df s F Proh=F -
Columns 131E63.8 8 1lE45.47 ZE4_ 53 1. 535E3e-105
Error 1354.Z Z1le E.45
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SYSTEM STATES WITH ANOVA PREDICTION
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ERROR USING ANOVA PREDICTION
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CONCLUSIONS

Kalman state estimation performs reasonably
well when states depend on output.

ANOVA based estimation performs comparable
1n all situations.
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