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Actual biology

2

Imaging done by Pragati Thakur 



Biology by a physicist…
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Light — current models

6Evans et al. Frontiers ‘16
Control signal u(t)



Method Workflow
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Electrophysiology experiment
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Typically last 15min



Actual Experiment
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<latexit sha1_base64="htFIlHewVUmwpc82dkDjkWO4+h8=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0WomzAptc2y4EZ3FfqCNoTJdNIOnTycmRRC6He4caGIWz/GnX/jpK2gogcuHM65l3vv8WLOpELowyhsbG5t7xR3S3v7B4dH5eOTnowSQWiXRDwSAw9LyllIu4opTgexoDjwOO17s+vc78+pkCwKOyqNqRPgSch8RrDSkpO6s+qoM6UKu7NLt1xBJqrVkWVBZFp2/cqyc9Js2DaClomWqIA12m75fTSOSBLQUBGOpRxaKFZOhoVihNNFaZRIGmMywxM61DTEAZVOtjx6AS+0MoZ+JHSFCi7V7xMZDqRMA093BlhN5W8vF//yhonybSdjYZwoGpLVIj/hUEUwTwCOmaBE8VQTTATTt0IyxQITpXMq6RC+PoX/k17NtBpm465ead2u4yiCM3AOqsACTdACN6ANuoCAe/AAnsCzMTcejRfjddVaMNYzp+AHjLdPhs+R/w==</latexit>
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Sockets.jl to open tcp server to 
connect to following each data 
collection step

Symphony is an OOP  Matlab-
based app for electrophysiology 
recording

~5s

~10s



Computer — Experiment
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Old slow windows machine
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Sockets.jl to open tcp server to 
connect to following each data 
collection step

Symphony is an OOP  Matlab-
based app for electrophysiology 
recording
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Control signal

• Start the server on 2 
•Patch the cell in the lab 
•Run Matlab script on 1 

•Collect data on 1 
•Send data to 2 
•Compute the u(t) on 2 
•Send control back to 1 
•Apply u(t) to the experiment 

•Repeat
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Experiment
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Candidate models: 
6-state vs. 4-state



Experiment
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Candidate models: 
3-state vs. 4-state



Conclusion
- Closed-loop algorithm for model selection.

- Allowed to select the most accurate opsin model.

- Exploration of the phase space based on heuristics.
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- Build digital twins. 

- Leverage digital twin to optimize the control inputs.

- Apply to other systems.

Future work

Preprint arXiv:2603.00709
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