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1.0 Kalman Filter

The Kaman filter suggested for smoothing barometric height consists of asmple, two state Kaman
filter. Thefilter's state conssts of posdition and velocity.

Linear dynamics are assumed. Thefilter takes as input the measured dtitude, the previous track state,
and the previous track state covariance. Thefilter o requires asinput the time of the measurement.
The filter produces as output an updated track state and covariance.

2.0 Filter State and Covariance

Thefilter maintains a Sate conssting of position and velocity and a State covariance matrix which
represents the uncertainty in the state estimate.
Thefilter state estimate in the altitude dimension is represented by the vector @} #]. The covariance

matrix of the date estimate in the x-dimension is represented by the matrix:
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where

s ; represents the variance in the position estimate;
s jrepresents the variance in the velocity estimate;
s ; represents the covariance of position and velocity.

3.0 Initial State and Covariance
Before any measurements are received, the state estimates and the state covariance matrix are

initidized. The date estimate isinitidized by setting both the position and velocity estimate to zero.
The State covariance matrix isinitidized according to equation 1:
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For the purposes of an actua implementation, infinity can be represented by alarge red number.

4.0 Kalman Filter Steady State Algorithm
The standard Kaman filter consgts of five steps:

State Extrapolation

Covariance matrix extragpolation
Resdud Cdculation

State vector update

Covariance matrix update.
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The first two steps are identical regardless of whether the measurement is a position, velocity, or both.
Thelast three steps depend on the form of the measurement.

4.1 State Extrapolation

Thefirg gep in the filter isto extrapol ate the state estimates to the time of the current measurement.
Equations 2 detail the mechanics of the Sate extrgpolation:

B= 2+ &(dt)
§-%

where
$isthe predicted (extrapolated) barometric dtitude;
§ IS the predicted barometric dtitude rate;
2 isthe current barometric dtitude estimate;

% is the current barometric dtitude rate estimate;
dt is the time difference between the current measurement and the last state updeate.

2

4.2 Covariance Matrix Extrapolation

The next sep in the filtering process is the extrapolation of the covariance matrix.
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where
Q isthe process (plant) noise variance. Theratio of the plant noise to the measurement noise

2
determines the time constant of the Kalman filter. A recommended vaue for Q is (161)* ﬁ—4 for
S

2
steady State tracking and (8.05)° ];t—Aduri ng maneuvers (see maneuver detection below).

4.3 Resdual Variance
Theresdud (or innovations) variance is calculated as explained by equetion (6):
si=si+s? ©

where
s? isthe variance of the barometric altitude measurement. The recommended nominal value

for this parameter for barometric dtimetersis 36 ft*.
4.4 Maneuver Detection

Theresdua variance is used to detect maneuvers. Thetrack residud (n) consigts of the difference
between the new measurement and the measurement prediction (from equation 2):

n=(z,- # (7

A maneuver is detected when the resdud is greater than a threshold based on the resdud variance,
ie,if:

vV >ks? (8)

(wherek isaunit-less congtant -- an adaptation parameter with arecommended value of 9), then a
maneuver is declared.
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If amaneuver is detected the covariance matrix extrgpolation is recalculated as per section 4.2 with
the higher vaue of Q, or process noise, assumed. The higher vaue for Q resultsin ahigher gain, and
less measurement smoothing. Thisis gppropriate during a maneuver. After recaculating the predicted
covariance matrix, computation resumes as described in the steps below.

45 Filter Gain

The gain vector (w) isthen calculated according to equations (9) and (10):

(7))
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Wy = S_2 (9)
S

w, =—& (10)
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4.6 State Estimate Smoothing (Update)

The update of the Sate estimate is performed according to equations (11) and (12):

5=2+wy(z, - 9 (12)
g=R+w(z,- § (12)
where

z,, isthe current position measurement.

4.7 Covariance Matrix Update

The update of the covariance matrix is then performed according to equations 13, 14, and 15:

Si :(1' Wo)Sg (13)
S, =(1- Wo)s (14)
S§=S§'W1$§§ (15)

242A-WP-7-12 Page 4 of 5



The update of the state and covariance completes the Kaman filter operations for the current
measurement.

5.0 Conclusions

A formulation for asample, two state, Kaman filter which may be practica for smoothing barometric
atitude measurements has been presented. The filter accepts as input barometric dtitude
measurements.

Jonathan B. Hammer
Principad Engineer
MITRE Corporation
McLean, Virginia
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