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Abstract. This work shows how to supervise a set of controllers de-
signed by different specification to be applied at requested constrained
trajectory for the autonomous mobile robot. In this paper are explained
part of the control structure from local controllers to the agent level, the
communication between the high supervisor and the local controller are
detailed. Several controllers are designed in order to minimize different
cost functions. Non-linear behavior of the robot force to work off-line to
model all possible controllers, the on-line process concludes the optimal
controller to realize a requested task. This work is applied over the soccer
robots in the RogiTeam [1].

1 Introduction

The robot control problem in dynamic scenarios is a specific case of control do-
main. RoboCup competition is a platform to apply the best controllers in order
to achieve the goal. In recent competitions hierarchical structures of control have
been applied from embedded control to distributed agent structure. RogiTeam
is one of these and uses a distributed architecture of control with local control
and distributed agent supervisor [2]. Supervisor requirements are the knowledge
capability of the local controllers, this means the possibility to realize a tra-
jectory under some specification and restrictions. M.Samaan [3] B.J.Kuipers[4]
have treated this subject and solved the problem by logic. Difference of these
approaches is we solve the problem of the reachability of the solution in the
continuos signal not discretized in intervals.

Morse[5] Goodwin[6] Narendra[7] have treated switching adaptive control
using multiple models, or controllers. Stability analysis and switching problems
are treated. Our problem differs of them, in a single controller is applied to
execute one action, and the following actions can be interpreted independently
without interactions. Stable controllers must be designed in order to assure the
reachability of the end conditions.

This work focuses the problem to apply the adequate controller which sup-
port the required specification. The possible specifications can be minimum time,
energy cost and precision. Environmental conditions, robot behavior and oppo-
site team are dynamic conditions which make changes at behavior and the local
controllers to be applied. Agent decides which and when the specification is
necessary to apply.
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2 Problem Definition

The working robot environment is very dynamic, this mean the trajectories to
be executed change continuously due the continuous change of the ball position
and the precise goals (figure 1). Different goals can be shot the ball, passing the
ball, stop the ball, robot positioning, etc. This implies a necessary control basis
adapted at this dynamic environment. That possibility to implement different
controllers with different specifications used in specific case. These controllers
are registered and reused by introspection when chosen the adequate controller.

Robot 1
passing ball.

Robot 2 positioning
for  shot

Contrary
robot

Fig. 1. Different required goals.

The goal is request by the supervisor. Agent supervisor requires a different
goal in order the move will be played. Robot position or shot ball can be re-
quested at certain part of the game. To execute the actions a different controller
must be applied in each case. The robot answer is, if this request action can be
done with one of those controllers that he has. In affirmative case he express the
capacity to complete the requested action.

3 Controllers Specifications

The structure of the control is depicted in figure 2 where a high-level supervisor
suggests a trajectory under certain specifications. A protocol between high-level
supervisor and the local supervisor is necessary to validate the designed tra-
jectory. Is necessary a set of controllers which makes the system at different
specifications: Cont=[c1 c2 ... cn]

Where c1,c2,... cn are the group of closed loop controllers designed with
different specifications, for example minimum time, energy cost, precision and
others as the composition of these specifications.

Design of the controllers subject to the cost functions:

1. Min time of execution the trajectory
Cost function applied:
J(t) =

∫ tf

t0
dt Where tf is the time to reach the end point.
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Fig. 2. Hierarchical control structure.

2. Fixed time to execute the trajectory.
Cost function applied:
J(t) =

∫
(t − tf )2dt Exact time is required at specific point in the field,

passing ball or shoot condition.
3. Precision in the end point trajectory execution.

Cost function applied:

J =
tf∫
t0

XT
f QXfdt Where Q is a semi-definite positive matrix.

4. Accurate precision to executing the trajectory.
‖e(ω)‖∞ = Sup |e(ω)| ,‖e(ω)‖ ≤ k
Where e(ω) is the error of the reference to the trajectory and Sup is the
supremal of the error.

These four cost functions give a minimum of four controllers. Combined
weighed two cost functions can give as maximum six new controllers.

4 Solution Proposed

Off-line process

Simulated
trajectories

Save representative
cases.

Trajectory
X goal

Approximate
Non-linear Function

Controller System

X

On-line process

Trajectory
Vini,Vfi,Xfi,Yfi, ψini,ψfi

Select the
controller

Trajectory
Answer

Fig. 3. Working methodology.

The non-linearity of the robot avoid to extrapolate behavior of the system
in non analyzed points, this requires analysis of great quantity of representative
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points. Computational effort is very high due amount of the data therefore the
real time requirements force to work off-line process. A methodology used is
depicted in figure 3. The sub-tasks are detailed below:

Off-line:

1. Trajectory X goal: All goals set are proposed to identify the robot behavior.
2. Simulated trajectories: An uniformed grid of initial and final conditions is

generated to simulate all possible behaviors.
3. Save representative cases: Results are spatial filtered in order to retain only

the limits of positive and negative areas to record them in minimum data
space.

4. Approximate Non-linear Function: All the affirmative cases are approxi-
mated by non-linear function.

On-line:

5 Trajectory V ini , V fi , X fi , Y fi ,ψini , ψfi : Supervisor decides if can execute a
trajectory under X specification. To request this trajectory, Vini, Vfi, Xfi,
Yfi, ψini, ψfi are parameters to pass to the robot.

6 Trajectory answer: Search the proposed case in the limit map of the areas,
affirmative response says at least one controller can do this action.

7 Select the controller: All affirmative cases are evaluated with the non-linear
cost function (4). The controller selects the best response, this means the
best controller.

8 Controller: Apply in the robot the best controller and the required action.

The On-line process is repeated, as many actions are needed.

5 Example

A proposed methodology is applied at mobile robot soccer with the nonholo-
nomic model (see[8]). A complete grid of simulated trajectories are made in
Matlab Simulink changing the initial and final state conditions. Only one goal
is treated a mode of example, the minimum time problem. The grid into the six
parameters Vini, Vfi, Xfi, Yfi, ψini, ψfi, give an amount of 104000 simulations
over the specified model and a non-linear controller.

The amount of the data recorded in each simulation saving the six parameters
Vini, Vfi, Xfi, Yfi, ψini, ψfi and in affirmative case the time or on the contrary
negative conclusion forces to apply a spatial over all the 104000 simulations
to obtain only a representative values. The result is about 10.000 representative
cases, which are the limits of the areas, which determines the positive or negative
possibility of realization the trajectory. The certainty to apply this representative
cases is about 95% for all situations.

All the affirmative cases before filtered, are approximated by non-linear func-
tion. The non-linear function is obtained with non-linear least square method.
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Lsqnonlin is a Matlab function, which adjust the function parameters in a
minimum square error. The non-linear function to predict the time is:

T̂ = a1 ∗ log(Vini + 0.2) + a2 ∗ log(Vfi + 0.2) + a3 ∗Xfi + a4 ∗ Yfi +

+a5 ∗
√
X2

fi + Y 2
fi + a6 ∗ ψini + a7 ∗ ψfi + a8 ∗ sin(ψtraj) (1)

This function approximates the time needed to execute the required trajec-
tory with absolute mean square error around 0.11% for overall simulated tra-
jectories. When is affirmative the possibility to realize the requested action, this
function calculated On-line the approximate time to be executed with the six
inputs parameters Vini, Vfi, Xfi, Yfi, ψini, ψfi(initial and final conditions).

Results:
A sample of eight representative trajectories are tested by this method to

analyze their reliance. The predicted possibility give how result seven affirma-
tion cases and one negative case. On the contrary the real execution give six
affirmation cases and two negative cases.

The approximate time estimate function has the expression (1), and the pa-
rameters are obtained by least square method: a1=-0.22;a2=-1.72;a3=0.55;a4=-
0.81;a5=5.42;a6=-0.22;a7=-3.5;a8=-0.9; The first case is the erroneous predic-

Cases trajectory
Position desired
(Vini,Vfi,Xfi,Yfi,ψini,ψfi)

Predicted
Possibility

Execution
Time

Estimated
Time

Final position

(Vfi,Xfi,Yfi,fi)

1. (0 0 25 25 0 0.52) YES 3.3 3.03 (3.5 38 22.06 0.7)

2. (0 24 125 175 1.04 1.04) YES 4.17 4.42 (23.1 118.07 167.80 0.96)

3. (8 8 250 150 0 1.57) YES 7.23 6.80 (7.23 240.72 147.21 1.51)

4. (16 0 75 100 1.57 0) YES 4.25 4.89 (1.25 68.49 92.48 0.04)

5. (16 24 200 75 0.52 0.52) YES 3.91 3.95 (23.9 190.13 73.66 0.47)

6. (32 0 125 200 0.52 1.57) YES 7.15 7.11 (0.21 119.1 191.99 1.45)

7. (32 24 250 175 0 0) YES 5.49 5.60 (22.4 241.02 171.15 0.08)

8. (24 16 25 25 1.57 1.04) NO

Table 1. Trajectory times: real times and calculated times of affirmative cases.

tion, it can be identified because the final precision is not attained. The others six
realizable cases, the time, the final angle and position are always accomplished.
The specification is less than 10% of precision error.

The seven executed trajectories are represented in a figure 4 , filtered data
and treated with Matlab, due to the problem of the vision acquisition noise. The
case number 1 is a erroneous predicted case and impossible to execute under
specifications, the robot try to arrive at desired point at new attempt.
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Fig. 4. Realized robot trajectories.

6 Conclusion

In this paper supervision over the family of controllers are treated. Is a part of
the pyramidal structure of control, from Intelligent Agent to the local controller.
Intelligent Agent decides the action to be taken, at the moment of the game.
The controller reads the case base memory to find the approbation to realize
the request action. When is possible to realize this action under restrictions the
system evolves to the next step. In negative case the intelligent agent proposes
another action. So as very important to analyze the proposed action before
executed in dynamic scenarios, and more in competition systems, due the non-
well executed actions penalize the next situation. Is preferable realize a less
optimal action than realize a bad optimal action in competition.

The investigation is running in this direction, choosing optimal controllers,
and readjusts them when the play is on. Little deviations of the original behavior,
due the battery, friction, etc. make big divergence of the expected results.
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