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Introduction
Mobile robots are used to accomplish different missions, their sensors being used to
correctly and efficiently understand the robot's environment. Those sensors have
varying degrees of certainty in their measurements depending on the environment and
their properties. This limits the efficiency of robots using static controllers, as the
tuning of their parameters takes into consideration the nominal behavior of the robot,
which has a negative effect on the robot's efficiency when operating in sub-nominal
states. Furthermore, the tuning of these controllers is done to guarantee a higher level of
margins, which has a negative effect on robot performance during nominal states. This
compromise reduces the overall performance of the robot.

Results
The experiments where done with a simulation of the robotic model and state equations,
over a few trajectories. Here is an example of the gain when following a sinusoidal path :

The aim of the work is to integrate the covariance of the measurement noise and the
trajectory information into the control policy in order to adjust the robot's behavior to its
complex environment, by adjusting the controller gain. Neural networks have been used,
with promising results [2,3,4]; however such methods use small neural networks that are
not capable of complex inference, and are using the error or state vector as the basis for the
gradient which can cause instability if noisy.
The following Robotic model with the state equations below and the controller defined by
𝑢2 :

A visible increase in the gain can be observed when perturbations such as comers occur,
and a reduction of the mean gain when entering a noisy region were the robot is no longer
accurately measuring it’s position. This allows more accurate following of the trajectory,
while avoiding oscillatory behavior in sub-optimal regions.
A more quantitative measurement is required however to show the general improvement of
the method. As such, simulations were run 250 times over different trajectories, using the
proposed method (named CMA-ES NN), compared over reinforcement learning methods
and a fixed gain method. The comparative metric was the objective function defined in the
method (lower is better) :

Methods
A new strategy for on-line gains adaptation is proposed :

Trajectory

CMA-ES NN
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DDPG
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Fixed gain

Line

41.60
(± 2.34)

60.99
(± 22.21)

115.11
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542.85
(± 4.47)
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147.32
(± 3.18)

6563.63
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(± 23.61)

258.85
(± 26.39)

437.22
(± 736.97)

164.94
(± 4.45)

Conclusions
The controller uses the gains defined by the neural network in order to effectively follow the
requested trajectory. The robot's dynamics simulate the behavior of the robot. The noise
applied to the measurements mimics real world conditions, and so an extended Kalman
filter (EKF) is used to observe the state of the robot.
The neural network is trained using
CMA-ES [1] as the optimization algorithm
for the parameters of the neural network.
This is commonly called Neuroevolution,
and has shown promising results in the
past [5]. However for this, objective
function must be defined. In our case it is
defined as the minimization of the lateral
error, angular error, and applied steering.
The neural network is given the lateral error,
angular error, Kalman covariance matrix,
trajectory curvature and current speed as
input, in order to determine the optimal gain.

We are currently working on a method of neuroevolution, which is used to train a neural
network to then tune a controller in real time in order to adapt a robot’s behavior to a
varying level of precision in the perception. The proposed method has been shown to
improve the overall performance in the context of mobile robotics when compared with
constant gain models or reinforcement learning methods. Furthermore, the proposed
method can be used with varying controllers in many different applications, such as
navigation in urban landscapes, agricultural application, or even drones. Many possible
variants exist of this method that could be put in application, such as variants of the CMAES algorithm could be used, or even the possible variants of the objective function for
different tasks. First simulation tests have shown the theoretical validity of the proposed
approach, accounting for sensors noises and low level settling times. Further
experimentation with existing adaptive control algorithms, multi-gain controllers,
observateurs gain tuning, and experimentation with real world robots are envisioned for
future works, especially with respect to grip conditions.
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