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Abstract. One of the major deficiencies of current robots in comparison
to living beings is the ability to adapt to new conditions either resulting
from environmental changes or their own dynamics. In this work we focus
on situations where the robot experiences involuntary changes in its body
particularly in its limbs’ inertia. Inspired from its biological counterparts
we are interested in enabling the robot to adapt its motor control to
the new system dynamics. To reach this goal, we propose two different
control strategies and compare their performance when handling these
modifications. Our results show substantial improvements in adaptivity
to body changes when the robot is aware of its new dynamics and can
exploit this knowledge in synthesising new motor control.
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1 Introduction

The topic of robot legged locomotion continues to flourish and develop, yet
several challenges are present in designing, modelling and control of such robots.
While the mechanical design defines the limits of robot capabilities, the loco-
motion performance can also be influenced largely with the selected control
technique. For instance decentralised joint space control approaches may suffice
for statically stable robot motions. In such cases, system dynamics is preserved
and play only a minor role. When dealing with body changes, one can not ignore
the strong influence of the system dynamics on the performance. These influ-
ences can be partially seen and treated as disturbances (via decentralised PD
controllers). On the other hand a more proper and systematic way -instead of
reducing the effects- is to adapt the system by incorporating leg dynamics when
designing the control laws [1]. Having this objective in mind, we provide control
laws benefitting from model-based feedforward prediction terms to adapt to new
robot dynamics. By adding this term to the PD position controllers at each joint
we decrease the reliance of the robot’s control to its feedback terms. We show
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that our proposed control scheme not only helps the robot to perform with more
compliant behavior, but also provides higher robustness against changes e.g. in
the inertial properties.

2 Methods

We use the biologically inspired Cheetah-cub quadruped robot (Fig-1-c)
designed at EPFL/Biorob [2] and develop its rigid body dynamics (RBD) model
(Fig-1-d) based on articulated-body algorithm [3] by using the simulation and
control software package SL [4]. The model is carefully tuned to match the real
robot for both its geometrical and inertial properties. The overall control-learning
architecture is represented in Fig-1 (a and b). Through an optimization process
for the robot’s speed applied at its joint position control profiles, we extract
a locally optimized gait as the nominal solution. These profiles are generated
via a central pattern generator (CPG) based controller [5] which facilitates the
generation of different gait types through the coupling terms between different
degrees of freedom. The CPG-based controller is well-suited for the optimization
process as it encodes the control profile with only a few tuning parameters. Tak-
ing the result of this process as the preferred nominal gait, we setup the control
loop with two main blocks: An inverse dynamics (ID) block. It provides feed-
forward prediction on the required torques regarding the new system dynamics.
The second, feedback controller (PD) block performs as the disturbance rejec-
tor. We make the assumption that once the inertial parameters of the system
change, they can be estimated by using state of the art parameter estimation
methods [6]. We then propose two different control schemes; (i) a low gain PD +
ID controller where the updated dynamics of the system is incorporated within
the control law through feedforward torques and (ii) a high gain PD only con-
troller where the robot only uses decentralised PD controllers per joint with no
updates from the new dynamics terms. In order to investigate the performance of
each control scheme when dealing with body changes we systematically decrease
the leg inertial properties (mass and moment of inertia) and compare how this
affects the robot’s speed and cost of transport (COT) while performing bounding
gait.
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Fig. 1. The proposed control-learning architecture composed of (a) the learning process
to find an opimal gait for the given robot dynamics, (b) the control loop to reproduce
the optimal gait, (c) the bioinspired quadruped robot Cheetah-cub and (d) the RBD
model of the robot in SL software.
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3 Results and Discussion

Figure 2 shows the results of the systematically changing inertial parameters, and
its effect at the robot’s speed and COT, for our two proposed control schemes. We
perform these experiments for four kinds of experiments: changes in the left-fore
(LF) leg, the right-hind (RH) leg, both fore legs, and both hind legs. In all cases,
we observed that the locomotion performance is highly sensitive to these changes
when applying decentralised joint-based PD control. Results show major drops in
forward velocity particularly for the case of changes in the hind legs (e.g. to less
than 0.4 of nominal speed after 20% and total failure after 55% mass reduction
for RH). We explain this as follows: PD gains tuned for the initial system start
to lose their performance when the system inertia changes. Our proposed control
scheme with an updated ID however shows several, substantial improvements;
(i) it shows higher adaptivity to body changes, by handling up to 80% reduction
for the individual legs and up to 60% for both legs. (ii) it increases the nominal
speed due to lower PD gains and a resulting more compliant behavior. (iii) it
results in lower COT values due to smoother torque commands in comparison to
a high-gain-PD control. In order to complete this architecture, an extra module
is required to learn the new dynamics. We are currently developing this module
as well as transferring the results to the real robot.
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Fig. 2. The robot’s speed and COT vs. the systematic change in inertial properties of
(from top to down) only left-fore leg, only right-hind leg, both fore and both hind legs.
For each setup the two proposed control schemes are used and compared.
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