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Self Driving Labs for Biology

Biological experiments are tedious and time-consuming; cell
culture can take weeks of repetitive labour [1]

Precision and consistency is important in biology
Automation minimizes human contact; less risk of contamination

Labour cost savings; more work hours directed toward research

Existing Approaches to Liquid Handling
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Digital Pipette v2

The Digital Pipette [5] is a 3D printed, open source pipette which
manipulates liquid via a linear actuator, and communicates
directly with a computer to facilitate interoperability with a robotic
manipulator

Motivated by sterilization requirements present in biology, the
updated Digital Pipette v2 features interchangable pipette tips

A 5cm actuator pulls on a gasket to inhale and dispense liquid

Digital Pipette v2 vs Humans at 0.2mL, 1mL, 2mL
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RoboCultur

Visual Servoing Enabling Liquid Handling

High precision is required for pipetting into a 96 well plate

Naive methods of perception are limited by camera calibration errors, open
loop robot control yields poor alignment

Fiducial markers are restrictive for objects interacting with other hardware
The location of the pipette tip is not known in the world frame

Instead, use visual feedback via a camera mounted on the end effector to
perform closed loop visual servoing in pixel space, enabling fine positioning

and realtime correction of deviations
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Yeast Experiment

A yeast culturing experiment is performed to demonstrate the
effectivness of the robotics system

Start with a 96 well plate partially filled with yeast at varying
concentrations, and autonomously perform a 3x dilution once
the yeast reaches 100% confluency
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Images of each well are
captured and analyzed at
regular intervals

The result is a growth
curve, resembling the curve
obtained with a plate reader,
though without additional
hardware
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2) Pipette Tip Exchange

The position of the pipette end is not known in space, and
perception is more difficult for tight insertions

Spiral search is used; the pipette is dragged across the new tip's ,"
opening in a spiral pattern until a jump in the robot joint's force—~ |
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indicates the insertion was successful “1( "
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3) Liquid Handling

a) Fill pipette with YPD media and deliver
0.15mL to empty wells

b) Inhale saturated yeast and deliver 0.05mL
each to three wells with media

c) Replace pipette tip

d) Repeat b-c until no more saturated wells
remain

4) Behaviour Trees
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