Hybrid continuous/Boolean neuromechanical modeling for predicting
multifunctionality in Aplysia californica
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Introduction and motivation

Layered neural network model architecture

Multifunctional Behavior in
Aplysia californica
1.
Biting – an attempt to
grasp food that fails
2.
Swallowing – a successful
grasp and ingestion of
food
3.
Rejection – pushing out
inedible food or material
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Goal: To predict and control
multifunctional behaviors in
real-time

Motor Neurons

Solution: A hybrid continuous/ Boolean model of feeding behavior in Aplysia
californica
Figure 5. The model reproduces swallowing (shown above), biting, and rejection,
and transitions between the behaviors in response to sensory cues.

Identifying key muscles and neurons
Figure 3. A model of the Aplysia feeding circuitry is built in layers using Boolean
nodes to represent the key motor neurons and interneurons.

Deep Neural Networks for parameter identification
Network Architecture

One dimensional biomechanical model
Figure 1. Key muscles involved in swallowing behavior during Aplysia feeding.
Muscle activity varies throughout feeding to produce pinching, protraction,
grasper closure, and retraction.
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Figure 4. A 1D biomechanical model captures the motion of the head and
grasper, interactions with seaweed, and muscle forces.

Figure 2. Extracellular recordings of motor neuron and interneuron activity
during swallowing. The timing and phase of activity varies between behaviors.
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Preliminary Results
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Conclusions and future work

Our model qualitatively reproduces three key multifunctional behaviors
in Aplysia feeding
• The model is computationally efficient
• Model can be used to generate large quantities of training data for
machine learning network training.
Future Work
• Hyperparameter tuning of LSTM networks to improve model parameter
identification
• Real-time prediction and control for in vivo experimentation
•

