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ABSTRACT

Since the Hodgkin-Huxley model was published, the differential equation has been applied to de-
scribe the dynamics of signal transmission in the brain. Various scientists are working on simplifying
it, taking into consideration the demonstration’s assurance of accuracy for the biophysical process
in the brain.

Regarding the interaction of millions of neurons in the brain, one of the convenient ways to mod-
ulate and simulate their interaction is through agent-based modeling due to its possibility to adjust
received parameters. The advantage of the agent-based model is that it allows adjusting one param-
eter while keeping the other parameters fixed, enabling the investigation of individual effects and
testing scientific hypotheses related to signal transmission in the brain. In this study, the agent-based
model, the Lana model, is presented, which is based on the generalization of undergoing bio-physical
processes during signal transmission in the brain. In the Lana model, processes are grouped into two
subsets (agents) describing either the signal (agent Signal) or the neuron-related processes necessary
for the signal transmission (agent Neuron). Moreover, the neuron is observed with all bio-physical
properties using the mathematical equation, the modified Hodgkin-Huxley model. The Agent neuron
in the Lana model has the following properties: functionality, trigger threshold, number of functional
accesses (dendrites), output range (axons), number of functional outputs (telodendrions), predisposi-
tion of the receiving signal, and recovery time. In addition, the Agent signal in the mentioned model
has the following properties: signal identification, current strength, repeated signal frequency, initial
position, and radius of the affected neuron. Using these two agents, the Lana model enables the
simulation of neuron signal transmission in the brain, as well as the flexibility that enables it. The
signal transmission is modulated using both agents while the agent Neuron simulates changes in
flexibility. The Lana model is considered successful if it can produce the spike graph or pathway
from the MRA image.

The purpose of the Lana model lies in the application and regulation of neurons in both physiological
and pathological states. The mentioned type of application and regulation of the signal in neurons
can play a significant role in understanding neurological diseases, such as stroke, Multiple sclerosis,
and Parkinson’s disease, as well as in future treatments for pathological brain states.
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