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Introduction
We consider the problem of localizing a group of underwater robots
and to control the group in order to accomplish a survey. We assume
here that
1. When a robot surfaces, it can use the GPS for its localization.
2. The robots can communicate with a very low symbol rate.
3. The robots can measure their distances with a given accuracy, but
not the direction of arrival.
4. Some outliers on the distances could occur, but their numbers is
limited.

5. The localization process should be fast.
6. The robots have to use their estimated location to control their
trajectory
We propose here to use a contractor programming method [Cha09] to
solve the problem.

Main approach
We assume that we have `¯ robots and that the motion of the ith robot
is described by a state equation of the form xjk+1 = f (xjk , ujk ) where
xjk is the state vector of the robot at time k, and ujk is the input vector. The input vector corresponds to the proprioceptive sensors (speed,
heading, actuators) and is assumed to be known with some accuracy.
Moreover, the robots are able to collect some intrinsic measurements
of the form ykj,` = g(xjk , x`k ). By intrinsic, we mean that the measurements are not related to the environment, but to the group itself.
For instance, g(xjk , x`k ) may correspond to the distance between to the
robot j and the robot ` et time k. We also assume that each robot may
also collect some extrinsic data which are related to the environment
(distance to a landmark, for instance). This corresponds to an observation function of the form zjk = h(xjk ). We assume that ujk , ykj,` , zjk all
belong to some boxes [ujk ], [ykj,` ], [zjk ]. These boxes could be small for
high quality sensors and could be equal to Rn when no information is
available. For each robot Rj , at time k, we define a distributed CSP
(Constraint Satisfaction Problem) [Mou12] as follows.
Variables. The variables are all states on a time window of length
h̄, i.e, xjh , h ∈ k − h̄, . . . , k + 1}.
.
Constraints. The constraints are the following
 j
f (xjh , [ujh ])
(Exh,j )
 xh+1 =
[yhj,` ] = g(xjh , [x`h ]), ` 6= j
(Eyh,j,` )
 j
[zh ] =
h(xjh )
(Ezh,j )

¯
where h ∈ {k − h̄, . . . , k}.and ` ∈ {1, . . . , `}.
In these equation,
j
j,`
when we write ”[yh ] = g(xh , [x`h ])”, we mean ”∃yhj,` ∈ [yhj,` ], ∃x`h ∈
[x`h ], yhj,` g(xjh , [x`h ])”. For each constraint Exh,j , Eyh,j,` , Ezh,j , we associate
a contractor Cxh,j , Cyh,j,` , Czh,j . A contractor programming approach [Cha09]
can then be used in order to perform the localization. In our CSP, we
have two types of domains: the internal domains of the CSP: [xjh ], h ∈
{k−h̄, . . . , k+1} and the external domains [ujh ],[yhj,` ],[zjh ],[x`h ],` 6= j, h ∈
{k − h̄, . . . , k}. There is no need to contract these external domains,
and the robot Rj will not try to contract them.
Communication. Each robot Rj contracts its own domain [xjk ]
and broadcasts this information through the network. Since under
the water, the communication rate is very low, each robot Rj only
broadcasts the box [xjk ] at time k.
Initialization. At the initial time k = 0, all variables are initialized with Rn . When we switch from k to k + 1, we remove the variable
xjk−h̄ from the CSP of each robot and we add the variable xjk+2 with
the domain [xjk+2 ]= Rn .

Range-only distributed localization and control
As an example, we will consider some underwater robots moving in the
ocean [Dre13]. The intrinsic observations correspond to the distances
between robots and the extrinsic observations correspond to the GPS
available when a robot surfaces. We assume that at most q outliers in
the intrinsic measurements could occur within a time window of length
h̄ [Leg10]. The following contractor, is implemented in each robot Rj :
\
k,j
k,j
k,j
C = Cx,z
Cx,y
where
k,j
Cx,z
=

\
h∈{k−h̄,...,k}

Cxh,j ◦ Czh,j



and
k,j
Cx,y

=

{q}
\


Cxh,j ◦ Cyh,j,` .

h ∈ {k − h̄, . . . , k}
` 6= j
We will show that C k,j will not remove the true position for the robot.
For the control, a vector field approach will be considered. A test
case will also be presented in order to illustrate the efficiency of the
approach.
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