












 
Figure 10 – (a) After training with the delivery robot 
data set, the network’s representation of orientation does 
not drift when the velocity signal is zero. (b) Same 
duration turns in either direction result in approximately 
equal changes in the head direction network’s 
representation of the robot’s orientation. 

6 Discussion and Future Work 

There are several aspects of the work that warrant 
discussion. The first regards the faithfulness of the 
network model to the neural circuits it is based upon. The 
model presented in this paper represents a significant 
improvement in biological relevance compared to 
previous robot-based models of head direction cells such 
as that of Milford et al. [Milford et al., 2003]. Neurons are 
modelled using spiking neurons rather than rate-coded 
neurons, and most importantly, connectivity is not 
assumed to be perfectly pre-wired and static. Instead, an 
initially noisy, biased, drifting neural representation of 
head direction is calibrated using adaptive learning rules. 
The learning algorithms use biological plausible 
mechanisms such as total synaptic weight normalization 
[Royer et al., 2003] and mean firing rate normalization 
[Turrigiano et al., 2004]. 

Through the use of symmetric angular head velocity 
cells, the model differs from previous models [Song et al., 
2005, Skaggs et al., 1995, Redish et al., 1996, Goodridge 
et al., 2000, Xie et al., 2002]. Furthermore, unlike 
previous approaches which have used simulated or highly 
idealized training data, we have trained and tested the 
network using real-world robot data obtained from both 
wheel encoder information and visual flow. The 
calibration relies only on equal-speed turns in either 
direction generating either equal-magnitude wheel 
encoder or visual flow input to the HD network. It is 
interesting to note that calibration can occur somewhat 
independently of the robot movement behaviour, as 
demonstrated by the use of data from two different robot 
schemes. The calibration scheme also tunes the robot’s 
orientation tracking system to track velocities far larger 
than encountered during its training phase, as 
demonstrated using the delivery robot dataset. 

 
Figure 11 – Tracking performance over 30 seconds pre- 
(dotted line) and post (solid line) training, compared to 
the integral of the input velocity signal (dashed line) for 
the (a) arena dataset and (b) delivery robot dataset. Pre-
training the network exaggerates counter-clockwise 
(positive) turns, tracks counter-clockwise turns when the 
robot is actually still (see A), and underestimates 
clockwise turns. For the delivery robot dataset the 
trained network struggles to track low rotational speeds 
(see B) but fares much better than the untrained network, 
which represents rotation in the opposite (and wrong) 
direction. 

Exactly the same network (connectivity, learning 
rates, time constants, and initial conditions) was used for 
training with all three datasets, and despite the large 
differences in the magnitude and distribution of turn rates 
in the training data, the network converged well to a 
stable head direction representation in all cases. This 
flexible calibration suggests the potential for ‘out of the 
box’ operation on a variety of operating environments and 
robot hardware. 

The specific subset of the navigation problem 
addressed in this paper is also solvable using current 
engineering approaches such as Kalman Filter techniques. 
However, navigation systems such as RatSLAM have 
demonstrated that pursuing a bio-inspired solution to 
engineering problems can eventually produce systems that 
outperform the state of the art engineering systems. No 
current engineering system as a whole navigates as well 
as a rat; our aim in this work is to understand how it may 
be possible to form a superior navigation system through 
modelling and understanding mechanisms of rat 
navigation. 

One key improvement to the current HD system will 
be the addition of loop closure calibration. By introducing 
recognition of orientation loop closures – when the robot 
has rotated through 360 degrees and is facing the way it 
started, the system will have an additional means of 
calibration. Further extending the network to include 
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place cells and grid cells will enable calibration of 
translation tracking. The ultimate goal will be the 
development of a self-tuning, spiking neuron model of the 
current RatSLAM system. Combining the already capable 
robot mapping performance of RatSLAM with the 
improved neural models and self-tuning capability will 
provide a system that can be flexibly deployed on a range 
of platforms.  
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