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The cerebellum is known to be intimately involved in motor control and learning. The most distinctive 
characteristics of the cerebellum is its anatomically well-defined uniform neuronal circuitry over the cerebellar 
cortex and the physiologically identified synaptic plasticity driven by ultra-low firing climbing fiber input to 
Purkinje cells [1]. To date, realistic spiking neuron models and more abstract neural network models of the 
cerebellum have been constructed to argue roles of each neuron type, namely granular (Gr), Golgi (Go), basket (Ba), 
stellate (St), and Purkinje (Pk) cells that form the uniform cerebellar cortical neuronal circuitry [2]. However not 
much attention has been made on the bi-hemispheric structure of the cerebellum in relation to the ultra-low firing 
climbing fiber input [3]. Here we configured a cerebellar neuronal network model consisting of two hemispheres 
that have the identical anatomically plausible connections of each neuron type. One and only difference between the 
models of the two hemispheres is in their climbing fiber input. For example, the amplitude of the climbing fiber 
input to the right cerebellum increases with behavioral errors in one direction while that to the left cerebellum 
simultaneously decreases only slightly and is clipped at zero due to the ultra-low firing rate. In this way, even we 
implemented the identical synaptic plasticity (LTP and LTD) at Gr and Pk cells for the left and right hemisphere 
models, their output (Pk cell activities) would result in asymmetry. We determined the number of each neuron type 
as follows so that the model can run in real time and be applied to adaptive control of an unstable robot: 755 Gr, 5 
Go, 5 Ba/St, 1Pk in each hemisphere. We chose a 2-wheeled unstable robot (e-nuvo, ZMP) that naturally shows 
asymmetry in its forward and backward motion. A common feedback controller (PD) was used in parallel with the 
cerebellar model to employ the feedback error learning scheme in which the model induces the synaptic plasticity to 
reduce the output of the PD. In real world testing, the proposed model was able to control the robot to follow a 
single sinusoidal trajectory (0.1 Hz), and also managed to compensate for an abrupt imposition of extra-weight 
placed either on-centered (balance load) or off-centered (unbalance load) on the robot body. During this adaptive 
process, the bi-hemispheric cerebellar model gradually took over the contribution of the PD controller by modifying 
their adaptive synaptic weights so that each hemisphere can optimize the forward and backward motion of the robot. 
Furthermore, we tested the controller lacking the realistic cf input using a learning rule without considering the 
ultra-low spontaneous dc firing. Even in such a case, the proposed controller successfully compensated for the 
balanced or the unbalanced load initially, however, it became gradually unstable as the experiment continued. These 
results suggest that the bi-hemispheric cerebellar structure may play a role in directionally asymmetrical motor 
control and learning, while the cf spontaneous activity may serve for stabilization of motor learning. 

Fig 1. The structure of the proposed controller 
rendering the bi-hemisphere cerebellar 
controller and a PD controller. Note that the 
PD output drives the adaptation in each 
hemisphere. 
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