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1 Range-only SLAM



{ x (t) f(x(t),u(t)) (evolution equation)
z (t) d(x(t),M) (map equation)

where t € R, x € R”, u € R™, M € C(R9) is the
occupancy map.

Unknown: the map M and the trajectory x.



Assumption. d corresponds to a rangefinder, i.e.,

{ d(Xa Ml U MZ) = min {d (X7 Ml) ) d(X7 MZ)}
d(x,0) = +oo0.



Impact, covering and dug zones



Define the function 6x : R — R as

ox (a) = d(x,{a}).

For given x and z, we define

covering zone | 53 * ([0, oo[) = {a, dx (a) < oo}

impact zone | ;1 ({z}) = {a,0x (a) = 2}

dug zone o<+ ([0, z[) = {a, 6x (a) < z}




Theorem 1. The dug zone does not intersect M, i.e.,

z=d(x,M) = 61 ([0,2]) "M = 0.

The set D = Uy (5;1) ([0, z(¢)[) is called the dug space.
We have

DN M = 0.



Theorem 2. For all x, the impact zone intersects the map,
l.e,

z=d(x,M) =671 ({z}) "M # 0.
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Moreover
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The range-only SLAM problem is a hybrid CSP.
Variables: x(t), M and D.

Constraints:

(1) %) =f(x(t),u(®)

(2) D= Ute[t] 5;(%5) (10, z(¢)[)

(3) DNM=20 }:z(t)d(x(t),M)
(4) Sy {=(ONNM#0.

Domains: [M] = [D] = [0,RY], [x] (t) = R" for ¢ > 0
and [x] (0) = x (0).



Constraint diagram of the range only SLAM problem



2 Hybrid intervals

2.1 Intervals

A closed interval (or interval for short) [x] of a complete
lattice £ is a subset of £ which satisfies

[zl ={z € &| N[z] <z < V[z]}

Both () and & are intervals of &.
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An interval function (or tube) and a set interval




Hybrid intervals. If [x] € I&z, [y] € IEy then [x] X [y] is
a hybrid interval.



2.2 Interval arithmetic
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Intersection.

A]M[B] = {X,X € [A] and X € [B]}
= [A—uB—,MmBﬂ.
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2.3 Contractors
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Example

ACB
A € [A],B € [B].

The optimal contractor is

{ (i) [A]:= [A] M ([A] N [B])
(i) [B] := [B] 1 ([A] U [B])



void Set_Contractor_Subset(paving& A,paving& B)
{ paving Z=A&B;

A=Sqcap(A,Z);

Z=B|A;

B=Sqcap(B,Z) ;

¥
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3 Propagation



Consider the following CSP

(i) XCA
(ii) BCX
(i) XNC=0

(V) fX) =X,

where X is an unknown subset of R? f is a rotation with
an angle of —¢, and

(A = (:cl,:cz),:c%—l—x%SS}
$ B = {(z1,22), (w1 —0.5)* + 23 < 0.3
C = {(z1,22),(x1—1)°+ (2 —1)° < o.15}
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4 SLAM



Range-only SLAM equations

r1(t) = wi(t)cos (ux(t))
To(t) = wuy(t)sin (ux(t))
2 = d(x(t),M).

Actual trajectory and dug space
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