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• Brain’s Navigation System:  Since the 1970’s, a large 
number of specialized cells forming the brain's 
navigational systems are discovered. 

• Place Cells: Specialized neurons in the hippocampus 
increase their activation when an animal approaches a 
specific location [1].

• Head Direction Cells: Neurons representing head 
direction [2].

• Grid Cells: Neurons activated when we step on distinct 
locations forming a triangular lattice [3].

• Border Cells: Neurons in the subiculum are activated 
when an animal is approaching a border, at a certain 
distance [4].

• However, how the observed behavior emerges from the 
interconnectivity among these and other brain cells 
remains elusive. We are developing a comprehensive 
Spiking Neural Network proposing a connectome for 
the brain’s navigational system.

Place Cell Grid Cell Border Cell

*Acknowledgement: We thank Praveenram Balachandar for developing the SNN controlling the robotic head during his M.Sc. research, as 
well as Arpit Shah and Scott Hoberman for integrating the SNN into the Gridbot during their undergraduate research at ComBra Lab.
1. J. O'Keefe, J. Dostrovsky. "The hippocampus as a spatial map. Preliminary evidence from unit activity in the freely-moving rat." Brain 

research, 1971
2. J.S. Taube, et al. "Head-direction cells recorded from the postsubiculum in freely moving rats. I. Description and quantitative 

analysis." Journal of Neuroscience, 1990
3. T. Hafting, et al. "Microstructure of a spatial map in the entorhinal cortex." Nature, 2005
4. C. Lever, et al. "Boundary vector cells in the subiculum of the hippocampal formation." Journal of Neuroscience, 2009
5. W.J. Ma, et al. "Bayesian inference with probabilistic population codes." Nature neuroscience, 2006
6. P. Balachandar, K.P. Michmizos, " NeuRobotics: A Spiking Neural Network Model of the Oculomotor System for Controlling a 

Biomimetic Robotic Head," Conference of Cognitive Computational Neuroscience, 2017

• End to End Processing: Our model receives sensory inputs and outputs motor commands.
• Biologically Constrained: It differs from other approaches as it builds on neural recordings,

further suggesting connections among the identified specialized neurons.
• Computational Bio-elements: Our model includes 1,321 simulated LIF spiking neurons, 

with their associated synapses (hardwired or plastic.) 
• Expandable architecture: Our spiking neural network framework enables the addition of 

non-neuronal cells, including astrocytes, for introducing new types of learning.
• Our model was implemented in ROS and simulated a mobile robot navigating itself in a 

double T maze.

• Bayesian Inference: Neural population Bayesian inference [5] for cue integration of 
external (vision) and internal (speed) information to estimate head direction.

• Spiking Continue Attractor Network: Integrates speed information into head direction.
• Reference Frame Transformation: Transform egocentric border information into allocentric 

border information for mapping and likelihood computation.

• Biomimetic Oculomotor Controller [6]*: The robotic 
head is designed to track a laser pointer on a wall. The 
firing rate of the motor neurons encode the distance 
and the direction of motion, which is converted into a 
voltage signal driving the servos.


