


Combining probabilistic and set membership filters

Interval Extended Kalman
Filter



Localisation with Interval Filtering

Figure: Interval filter in a static 2D scenario

• Contraction

• Subpaving

• Dead reckoning
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Contraction to a connected set

Figure: Situation where the initial set is not connected
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Limits of the extended Kalman filter

Figure: Interval filter in a static 2D scenario
Figure: Interval filter in a
static 2D scenario
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Extended Kalman filter - 1
Discrete nonlinear state space system:{

xk+1 = f k (xk ,uk )

yk = gk (xk )
(1)

Lineralization at x̄k :{
xk+1 ' f k (x̄k ,uk ) + ∂f k (x̄k ,uk )

∂x · (xk − x̄k )

yk ' gk (x̄k ) +
dgk (x̄k )

dx · (xk − x̄k )
(2)

with Ak = ∂f k (x̄k ,uk )
∂x and Ck =

dgk (x̄k )
dx

xk+1 ' Ak · xk + (f k (x̄k ,uk )− Ak · x̄k )︸ ︷︷ ︸
vk

(yk − gk (x̄k ) + Ck · x̄k )︸ ︷︷ ︸
zk

' Ck · xk
(3)
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Extended Kalman filter - 2

with x̄k = x̂k :

Ck =
∂gk (x̂k )

∂x
(observation matrix)

z̃k = zk − Ck · x̂k = yk − gk (x̂k ) (innovation)
Sk = Ck ΓkCT

k + Γβk
(innovation covariance)

Kk = ΓkCT
k S−1

k (Kalman gain)

Ak =
∂fk

∂x
(x̂k + Kk~zk ,uk ) (evolution matrix)

x̂k+1 = Ak · (x̂k + Kk~zk ) + vk = fk (x̂k + Kk~zk ,uk ) (predicted estimation)
Γk+1 = Ak (I− KkCk )ΓkAT

k + Γαk (predicted covariance)
(4)
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Interval extended Kalman filter

with x̄k from interval filtering:

Ck =
∂gk (xk )

∂x
(observation matrix)

~zk = yk − gk (x̂k )+Ck · (xk − x̂k ) (innovation)
Sk = Ck ΓkCT

k + Γβk
(covariance of the innovation)

Kk = ΓkCT
k S−1

k (Kalman gain)

Ak =
∂fk

∂x
(xk + Kk~zk ,uk ) (evolution matrix)

x̂k+1 = fk (x̂k + Kk~zk ,uk )+Ak (x̂k − xk ) (predicted estimation)
Γk+1 = Ak (I− KkCk )ΓkAT

k + Γαk (predicted covariance)
(5)
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Test-cases

Figure: Precise localisation with the
Extended Kalman Filter

Figure: Photo of the Riptide AUV
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Control strategy

Figure: Block diagram fo the system
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Modelling of the system

The skew-symmetric matrix:

w∧ =

 0 −wz wy
wz 0 −wx
−wy wx 0

 (6)

Differential equations of the system:
ṗ = R · (vr 0 0)T

Ṙ = R · (wr∧)

v̇r = q1 · u2
0 − q2 · vr · |vr |

wr = vr · B · (u1 u2 u3)T

(7)

Figure: System’s inputs
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Controller design

Speed controller:

u0 =

√
q2

q1
vd (8)

Orientation error: {
ew = RT · ∧−1 log(Rd · RT )

ėw = −wr = −K · ew
(9)

Orientation controller: u1
u2
u3

 =
1
vr

B−1wr =
1
vr

B−1 · K · ew (10)
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Planner Design

Figure: Lines to follow


Rd = eθe·we∧ · Rj

θe = arctan(ke · e)

we = xj ∧ (
−−→
MP/MP)

P = aj+ <
−−→
ajM|xj > ·xj

(11)

Figure: Rotation towards the line
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Results in simulation - EKF vs IEKF - 1

Figure: Failure of the Extended
Kalman Filter Figure: Same scenario with the IEKF
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Results in simulation - EKF vs IEKF - 2

Figure: the Extended Kalman Filter
with a good initial estimation Figure: Same scenario with the IEKF
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Results in simulation - IEKF with one marker

Figure: Bad initial estimation with 1 marker
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Conclusion

• Collaboration of Kalman filtering and a set membership approach
• The IEKF has more integrity than the EKF in the simulated scenarios
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