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The discrete-time Kalman filter can be written as two steps; prediction (what is the estimate
and covariance in the future, given the current values) and correction (updating the estimate and
covariance at the current time, given new measurement information). This Predictor-Corrector form
is useful for incorporating different types of sensor information at different rates, understanding
what to do if a measurement is missing at a given time, etc.
For notation, I use the subscript (·)k|j to indicate the value of (·) at time step k, given all
information up to and including that at time-step j. The algorithm proceeds as follows:
1. Initialize the estimate and covariance at k = 0 with the best information available:
x̂0|−1 = E {x0}

P0|−1 = E x0 xT0
2. Correction: Given a new measurement at time-step k ≥ 0:
x̂k|k = x̂k|k−1 + Lk (y − C x̂k|k−1 )

−1
Pk|k = Pk|k−1 − Pk|k−1 C T CPk|k−1 C T + R
CPk|k−1
where

−1
L = Pk|k−1 C T CPk|k−1 C T + R
= Pk|k C T R−1

Note that the expression for Pk|k can be re-written using the matrix inversion lemma in
“information” form as
−1
−1
Pk|k
= Pk|k−1
+ C T R−1 C
This is not a computationally efficient way to implement the filter, but is useful both because
−1
it allows initializing the covariance from a state of zero information (P0|−1
= 0), and because it
illustrates clearly that simultaneous measurements from multiple sensors can be incorporated
into the estimate sequentially in any order; the information is increased by the sum of the
information from each measurement.
3. Prediction: Given the best estimate at one time-step, the best estimate at a future time is
given by
x̂k+1|k = Ax̂k|k + Buk
Pk+1|k = APk|k AT + F RF T
Note that in the previously derived form of the discrete-time Kalman filter equations (not
separated into prediction and correction steps), then the estimate x̂k+1 is x̂k+1|k , and similarly
with the covariance. The optimal filter gain in the previous form is related to that used in the
predictor-corrector equations by a factor of A.
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