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Linear Prediction and Optimal Filtering
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Example 2.2-1 Determine if the following process is wide-sense stationary.

x(f) = Acost+ Bsint for A and B uncorrelated,
zero mean, with variance 62

m(t) = E{A} cost + E{B}sint =0
R, k) = E{x(t)x(t + k)} — m (Om(t + k) = E{x(t)x(t + k)}
= E{(A cos t + B sin )[4 cos (t + k) + B sin (t + kJ]}
= E{A%} cos t cos (t + k) + E{B?} sin t sin (¢t + k)
= g% cos [t — (t + k)]
or Rt k) = R (k) = ¢’ cés k
Thus the process is wide-sense stationary.
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Wariable Drefinition Drinenanen
xlr} State vector al vime n ' M-by 1
¥in) Qbservation vector al lime n MN-by-1|
Fim + 1, m) State transition matrix from time n to | M-by-M
Cin) Mensurement matrix at time n ; T N-by M
Qyin) Correlation matrix of process noise vector viin) M-by-M
Q1) Correlation matrix of reasurement noise veclor v An) N-by-N
Rin + 11Ny, Predicted estimale of the state vector at time n + 1, given M-by-1

the observation vectors ¥ ¥(2), .. .. ¥n)
Rin|"y,) Filtered estimate of the state vector at time n, given the M-by-1
observation vectors y(1), y(23, . . | yin)
Giny Kalman gain at time M-by-N
o) Innovations vector at time » N-by-1
Rin} Caorrelation matrix of the innovations vector afn) N-by-N
Kin 4 1, 1 Correlation matrix of the error in &(n + 1%,) M-by-M
Kim Correlation matrix of the error in Rn|) M-by-M

TABLE 7.2 SUMMARY OF THE KALMAN FILTER BASED ON ONE-STEP PREDICTION

Inpus vector process
Observations = {y(1), ¥(2), ... o¥im)
Known parameters
State transition matrix = F(n + |, H)
Measurement matrix = C(n)
Correlation malrix ol Process noise vector = Qin)
Correlation matrix of measurcment noise veetor = (hin)
Computation: n = 1,2, 3, ..
Giny = Fin + 1, mKin, n — IJC”{n}[C{n}K(n, n— CHmy + Qzin)] ™!
afm = y(n) — Ci)Rin|™,_ )
R+ HY) = Fin + 1, kN, )+ Ginadn)
Kimy=Kimn—~ 1)~ Fnon + NGONCHIKLA, &~ 1)

Kin + 1.m) = Fin + [, KP4 Loa)+ Qin)
Mmitial conditions,

ROLWg) = £(x(1)]
K{1.0) = Eltx(1y = Elx(Hhixn()y —Elx()") = 1,
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