
This study presents steps towards a realistic locomotion on 
robot mouse in virtual environment. We realized an earlier 
work to investigate the steps to be taken towards a realistic 
locomotion.
At first we decided on a central pattern generator (CPG) 
which is a modified Hopf oscillator network (Righetti & 
Ijspeert, 2008).  Then we implemented CPG into the Blender 
environment on which mouse is modelled. As a second step, 
we determine the optimization method as Covariance Matrix 
Adaptation- Evolutionary Strategy (CMA-ES) and the 
parameters to be optimized. The energy based objective 
function is designed and the scale-shift parameters are 
optimized with the CPG parameters to provide oscillation that 
is appropriate for the realistic mouse locomotion.
As the early results show that we are at the edges of the 
realistic locomotion with CPG and decided to add the muscle 
models to improve the locomotion plausibility. It is expected 
to get better results with using energy-based objective 
function with using these additions. 

Locomotion is one of the most important ways to provide 
interaction in an environment. Even though it is thought to be 
a complex process to provide a successful locomotion in the 
brain, it is shown that there are some patterns generated by 
spinal cord and modified by using the proprioceptive 
information coming from muscles. Our aim is to generating 
these patterns using a spinal cord model to provide a 
realistically plausible locomotion. 
We utilized a simple controller instead of a spinal cord as a 
beginning to get closer enough to the solution. Despite a CPG 
based locomotion gives good approximations with additions to 
servo-based joints of mouse model, it is clear from the early 
examinations that it doesn’t seem possible to reach a realistic 
locomotion without utilizing muscle models. So, this study 
will be used to supervise the neuron based spinal cord models 
on muscle based robot mouse model. 

Although the robot mouse, designed on Blender, contains 
almost all joints of a real mouse, only 12 joints are considered 
for the locomotion because of the simulation time. Each limb 
has three joints that are position controlled servo motors. The 
fore limbs have upper arm, fore arm and wrist joints. The hind 
limbs have thigh, knee and wrist joints. In addition to these 
joints, finger joints of hind limbs are also utilized for the latter 
experiments. The joints are controlled with position values 
coming from CPG. The CPG output is scaled and shifted with 
different values that are determined by the optimization 
process. The position values are between 0 and 1. The greater 
values considered as 1 while the smaller values considered as 
0. In the robot model, the position values are converted to the 
torques using a P controller. 

The CPG network utilized for mouse is a modified Hopf 
oscillator (Righetti & Ijspeert, 2008), equations of which are 
given below. 
ω is oscillation frequency and defined in the equation below. 
Its unit is rad.s-1. √μ represents amplitude. α and β are positive 
constants to control how fast the oscillation will converge to 
the limit cycle. ωswing and ωstance are swing and stance 
frequencies. kij represents the elements of K matrix which is 
the coupling matrix that defines the symmetries in the 
network. The utilized K matrix and the output of CPG are 
below. There are 4 oscillator output and each output is for one 
limb. The selected K matrix is for trot locomotion. In addition 
to this, the output of the CPG is scaled, shifted and delayed to 
expand locomotion space.

Scale-Shift Parameters
Oscillation range of different joints may differentiate to reach 
a desired locomotion. So, there are scale and shift parameters 
utilized to modify the shape of oscillator outputs. The same 
parameters are used for the joints which are symmetric on the 
sagittal plane. In total there are 12 parameters for 12 joints, 6 
of them are to scale and 6 of them are to shift the outputs.
Oscillator Parameters
The frequency of the oscillator and the shape of the limit 
cycle are the significant properties of the locomotion. α and β 
parameters are optimized to change the shape of oscillation as 
well as ωswing and ωstance frequency parameters. 

There are several trials with different parameter sets, different 
mouse structures and simulation times to reach desired 
locomotion. The obtained locomotion types are not close 
enough to real mouse locomotion. So, we continue optimizing 
the parameters with changing the contributions of the terms to 
the objective functions. The evaluation of results of objective 
function is given below. 
In future work, we will modify the objective function to get 
better results and add the muscle based actuators in relation 
with that function. 
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RESULTS

OPTIMIZATION METHOD
Covariance Matrix Adaptation Evolution Strategy (CMA-ES) 
is used as an optimization method. CMA-ES tries to find 
solutions to minimize the objective function. This optimization 
function determines candidate minimizers considering a 
multivariate normal distribution. The covariance matrix of 
solution distribution is updated according to the objective 
function results of the candidate solutions by the utilized 
“barecmaes2” library. 
The process of optimization begins with passing initials to the 
CMA-ES algorithm. CMA-ES generates candidate solutions. 
Simulation runs for 300 steps for each of solutions and results 
of objective function are calculated at the end of each run. The 
results are passed to the algorithm and CMA-ES generates 
new set of candidate solutions and so on. 

OBJECTIVE FUNCTION
An energy based objective function is defined to minimize 
through optimization. In the objective function, mi is the mass 
of the limb that ith joint is attached. Vi is the instantaneous 
velocity of the joint in 3 dimension. Vx is the velocity of the 
mouse in its front direction and Vd is the desired velocity. Eright 
and Eleft are the total energy spent on the right and left limbs 
through a simulation, respectively. Efore and Ehind are the total 
energy spent on the fore and hind limbs, respectively. All the 
terms of added each other multiplying by a constant. 
The energy term is added to keep the spent energy in a range. 
The velocity is to trigger mouse to move in one direction. The 
variances of energy spent on different plane are to spread the 
total energy to all limbs in balance. ci are the coefficients that 
determines the contribution of terms in objective function.

Robot mouse that is generated on Blender simulation environment.

Connection scheme of the CPG outputs to the joints of mouse model. Each 
oscillatory output of CPG controls one limb. Delayed outputs are applied to the 
joints. 

Equations of one of the four oscillator in the CPG network. All oscillators are 
coupled using K matrix. The used equations are taken from (Righetti & Ijspeert, 
2008) 
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