
Extended Kalman Filter Localization

1 Extended Kalman Filter

1.1 Prediction Step

1. Predict state estimate

x̂k|k−1 = f(x̂k−1|k−1, uk)

2. Predict covariance estimate

Pk|k−1 = FkPk−1|k−1F
T
k +Qk

1.2 Correction Step

1. Innovation

ỹk = zk − h(x̂k|k−1)

2. Innovation covariance

Sk = HkPk|k−1H
T
k +Rk

3. Kalman gain

Kk = Pk|k−1H
T
k S
−1
k

4. Update state estimate

x̂k|k = x̂k|k−1 +Kkỹk

5. Update state estimate

Pk|k = (I −KkHk)Pk|k−1
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2 Derivation of Simplified Differential Drive Equa-

tions
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3 State Transition Equations

Nonlinear state transition:

f(xk−1, uk) =
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where k is discrete time, [xk yk θk]

T is the robot’s position and orientation at time
k and uk = [φ̇l φ̇r]

T

Jacobian of f with respect to the state:

Fk =
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Process noise covariance matrix:

Σv =

[
σ2
φ̇l

0

0 σ2
φ̇r

]

Process noise transformed to the state space:

Qk = WkΣvW
T
k

Jacobian of f with respect to the control:

Wk =
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4 Measurement Equations

Nonlinear measurement equation:

h(x̂k|k−1) =
√

(xk − xb)2 + (yk − yb)2

where (xk, yk) is the robot’s position at time k and (xb, yb) is the beacon’s position.

Jacobian of h with respect to state:

Hk =

[
xk − xb√

(xk − xb)2 + (yk − yb)2
yk − yb√

(xk − xb)2 + (yk − yb)2
0
]

Measurement noise:

Rk = σ2
b
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