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1. Introduction
Many materials have been discovered through

brute force, serendipity, and intuition. AI & au-
tomation increasingly accelerate materials discovery
through “self-driving” (i.e., autonomous) laborato-
ries [1]. We explore three autonomous lab concepts:
(1) vertical labs, (2) cloud labs, and (3) frugal twins [2],
with applications in solid-state materials science.
Vertical labsmaximize automation-friendly verti-

cal space utilization—so equipment comes to the op-
erator (e.g., via a vertical lift module) rather than
the operator moving between instruments (Figure 1),
significantly reducing automation complexity while
maximizing space utilization.

Fig. 1: An “electrified” tray of a vertical lift module
carries synthesis and characterization equipment,
bringing equipment to the operator for experi-
ments and maintenance.

Cloud labs enable remote, decentralized access
to experimental resources—democratizing hardware,
computation, and domain expertise (Figure 3).
Frugal twins are low-cost, modular physical twins

(like digital twins, but for hardware) that comple-
ment high-cost systems, enabling low-risk prototyp-
ing, lower barriers to lab automation, and multi-
fidelity optimization.
We present an initial workflow for a remotely ac-

cessible self-driving lab integrating a vertical liftmod-
ule, low-cost powder dosing units, a metal alloy ultra-
sonic atomizer, a small-scale metal 3D printer, and
mechanical testing hardware for alloy discovery. We
also present early results for autonomous electro-
chemistry for energy applications, including Ni elec-

trode stress testing for alkaline fuel cells.

2. Scientific Applications
2.1 Autonomous Alloy Discovery
We aim to discover high-performing additively

manufactured aerospace alloys through a remotely
accessible self-driving lab workflow integrating a ver-
tical lift module, low-cost powder dosing units, an
ultrasonic atomizer (Figure 2) [3], a small-scale metal
3D printer, and mechanical testing equipment.

Fig. 2: A metal alloy ultrasonic atomizer creates
additive-manufacturing friendly powders by turn-
ing inductively heated molten metal into spherical
droplets via ultrasonic vibration.

2.2 Autonomous Electrochemistry
We are developing autonomous electrochemistry

workflows for energy applications, integrating po-
tentiostats, liquid handling robots, and 3D printed
electrochemical cells for accelerated stress testing
of Ni electrodes for alkaline electrolysis in fuel cell
applications (Figure 4).

3. Conclusion
We envision these examples to help derisk transfer

of vertical cloud labs to the community and advance
accelerated materials discovery.
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Fig. 3: A remotely accessible cloud lab using a quota-based system, enabling asynchronous and remote experi-
ment requests with shared programmatic and manual control. Over 1000 experiments have been conducted
by numerous users in various countries, including Canada, the United States, and Mexico. A 24/7 livestream
enables users to view the experiment remotely.

Fig. 4: A resin-based 3D printed electrochemical cell used for accelerated stress testing of nickel electrodes for
alkaline fuel cell experiments.
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