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What is the problem?

Fibre coupling is the process of maximising the amount of
light transferred from one optical fibre into another

The task is to create a system to automate this process
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Problem Overview How can we automate the coupling process?
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shape when a voltage is applied
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Respecifying the problem

Overall Problem Scope

* Integrated into lab environment (hardware and software)

* Achieves optimisation on short time scale (relative to
manual process)

 Canfunctionin situ

Sub-problem 1: Sub-problem 2:

Alignment from nothing Maintaining alignment

* To achieve good coupling efficiency * Maintaining best coupling efficiency in
from a totally misaligned system a near-aligned system

* Forsetting up new systems * Foruse during experiments
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The simplest approaches

Scan the Full Parameter Space Single parameter sequential optimisation 1]
+ Thorough + More efficient space searching

- Time inefficient - Stuck in local maxima

- Poor granularity - Stilltime inefficient
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Stochastic direction-weighted gradient descent
with adaptive learning rate
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& Algorithm design was partially guided by this work [2,3] G/
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Key Takeaway:

The algorithm went from an arbitrary starting point
with near-zero coupling to high coupling efficiency in
under 20 minutes
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Hysteresis — a hardware problem

Piezo Hysteresis vs. Driving Voltage
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How can we solve the problem of hysteresis?

. Piezo Hysteresis vs. Driving Voltage
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Sub-problem 1:
Alignment from nothing

To achieve good coupling efficiency
from a totally misaligned system
For setting up new systems

Sub-problem 2:
Maintaining alignment

* Maintaining best coupling efficiency in
a near-aligned system

* Foruse during experiments
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Automated systems heuristics

Data collection
Flexibility
Usability

Safety

VS.
VS.
VS.

Speed
Efficiency
Control
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Summary

Successfully automated the fibre coupling process to be used

outside of running laser experiments
Upwards of 90% coupling achieved in under 20 minutes

Pathway to improving the algorithm to achieve continuous coupling

maintenance through hysteresis modelling

Lots of transferable knowledge gained about the ARTIQ environment

Thank you!
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