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1. Introduction

Hydrogels are soft materials comprised of a
crosslinked polymer network and continuous
water phase and are used in various biomedical
applications [1-3]. Due to their chemical, physi-
cal, and temporal complexity, discovering and
optimizing hydrogel materials is difficult and
laborious [4, 5]. Automation has been demon-
strated to accelerate development in related
fields of drug discovery [6] and lipid nanoparti-
cles [7], but to date the automatic preparation,
capture and analysis of soft materials such as
hydrogels has not been shown.

Here, we present an automated hydrogel
screening system built around a liquid handling
robot augmented with custom hardware and an
integrated imaging system. Our platform ena-
bles rapid screening of hydrogel formulations
with corresponding time-resolved images in
standard multiwell plates. Our imaging algo-
rithm automatically identifies gels to accelerate
down-selection of promising formulations.

2. Substantial

To enable high-throughput hydrogel screening,
we designed an automated workflow centered
on liquid-handling automation. A commercially
available open-source liquid-handling robot
(Opentrons) was used as the core platform, as it
provides sufficient positional accuracy and vol-
ume control for microliter scale dispensing
while remaining modifiable with custom hard-
ware and software.

The experimental setup (Fig. 1) integrates the
liquid handler and an endoscopic camera
through a custom mount, enabling in situ imag-
ing immediately after dispensing. Hydrogel pre-
cursor solutions are dispensed into standard
96-well plates.

Automation is achieved through scripted liquid-
handling protocols that control dispensing or-
der, volumes, and timing, along with synchro-
nized image acquisition. Validation experi-
ments demonstrate reproducible bead for-

mation across multiple wells and runs (Appen-
dix A). The system has a throughput of approx-
imately 200 unique data points per hour, gen-
erating full gelation time series data (0-20min)
for 28 distinct formulations. To date, the plat-
form has been used to screen thousands of hy-
drogel formulations spanning a broad parame-
ter space of precursor compositions, concentra-
tions, and dispensing conditions (Fig. 2).

The hardware automation is linked to an image
analysis program that identifies gels present in
the wells. The program fits a curve to the well
and feeds the processed images to a ResNet18
model [8], fine-tuned on a dataset of 13,000+
examples of gelled and non-gelled images gen-
erated in-house. The model achieves close
agreement with human visual assessment (sen-
sitivity: 98.3%, specificity: 97.2%, precision:
96.2%; accuracy: 97.7%) (Fig. 3).

3.1 Related work

Nazeri et al. [9] developed the foundational
hardware platform; an Opentrons OT-2 liquid
handler with a custom 3D-printed pick-and-
place apparatus and integrated USB camera,
upon which the abstract improves and modi-
fies by adding an updated camera mount and a
software-based image classifier to enable true
high-throughput screening of hydrogels

Soh et al. [10] demonstrated liquid-handling
automation for viscometry, showing how auto-
mated platforms can use proxy methods to
quantify material properties. While bulk vis-
cosity can be used to track sol-gel transitions
under some conditions, the current abstract as-
sesses gel formation in real time, providing
both spatial and temporal data to track dy-
namic changes in the gelation process.

Cheong et al. [11] showed ML-guided hydrogel
formulation optimization on a miniaturized
system with a focus on drug release kinetics,
whereas the abstract addresses the upstream
challenge of rapid gelation screening across
broad compositional spaces to identify gel-
forming conditions before functional charac-
terization.
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Fig. 3: Image processing algorithm automati-
cally intakes and sorts microwell images (left)
Fig. 1: Opentrons layout for hydrogel screening into successful gels (SUCCESS) or failed formu-
platform. lations (FAIL). The 2x2 confusion matrix (right)
demonstrates the algorithm achieves 97.7% ac-
curacy in its classification.
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Fig. 2: Example gelation time series for four representative biopolymers, including “non-gelling” (A)
and gelling (B-D) combinations
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Appendix A. Validation

The following appendix demonstrates the effects of different parameters on the generation of gel beads
on the gel crosslinking platform. All studies were conducted with Biopolymer D and gelator in MilliQ wa-
ter.
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