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Kalman Filter
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Model with Uncertainty o

Model the measurement w. uncertainty (due to noise wy)

Py: covariance matrix of estimation x;

On how much we trust our estimated value — the smaller the more we trust




Fuse Gaussian Distributions

Measurement (Noisy)

Prediction (Estimate)
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Fuse Gaussian Distributions

Measurement (Noisy)

Prediction (Estimate)
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Given two Gaussian functions y1 (r; w1, 1) and y»(r; p2, 02), prove the product of these two
Gaussian functions are still Gaussian.

Exercise

_ (r=np? _ —np)?
1 202 1 e ZU%

ya(rsp,01) = e Yo(r; o, 02) =
1/271'0% 1/271'0%
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Step 1: Prediction
xt_ =Atxt_1 + Btut (1)
Py =A/P; 1A + Qi 2)
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Step 1: Prediction
xt_ =Atxt_1 + Btut
P, =AP, A +Q

Step 2: Measurement Update
x=x; +Ki(z — Cx;)
P, =P; — K,.CP;
Ki=P;C"(CP;C" +R))!

1)
2)

©)
(4)
(5)
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Basic Concepts

Prior knowledge Pi_ k1 _:;?;'ecg'::eszep

of state
‘ X—1lk—1 physical model

Next timestep 1?k|k—1

k+—k+1 Xk|k—1
Pk|k Update step Measurements
e -<—Compare prediction <«—
Kk to measurements e |

/

Output estimate
of state
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More Applications: Robot Localization
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More Applications: Path Tracking

: 4 ! Pixels
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More Applications: Object Tracking

The 50" frame The 118" frame

The 124" frame The 127" frame 10/13



Software
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C Implementation

// Kalman filter module

float Q_angle = 0.001;
float Q_gyro = 0.003;
float R_angle = 0.03;

float x_angle = 0;

float x_bias = 0;

float P_00 = 0, P_01 = 0, P_10 = 0, P_11 = 0O;
float dt, vy, S;

float K_0, K_1;

.Q:
° R:
o P
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C Implementation (cont.)

float kalmanCalculate (float newAngle, float newRate, int

{

dt = float (looptime) /1000;

x_angle +=
P_00 +=
P_01 +=
P_10 +=
P_11 +=
y =

S = P_00
K _0 = P_00
K 1 =P_10
x_angle +=
x_bias +=
P_00 -= K_O
P_01 -= K_O
P_10 -= K_1
P_11 -= K_1

dt
dt
dt
dt

* (newRate - x_bias);

* (P_10 + P_01) + Q_angle x dt;
* P_11;

* P_11;

Q_gyro x dt;

newAngle - x_angle;

+ R_angle;
/ S;
/ 8s

>~

>~

* % ok

0 x yi
1 % y;
P_00;
P_01;
P_00;
P_01;

return x_angle;

looptime)
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