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What is Autonomous 
Discovery?

Harnessing the power of 
artificial intelligence — 

including robotics, machine 
learning, simulations and 

more — to aid in the 
planning, execution and 

analysis of scientific 
experiments



Workflow Execution 
Interface (WEI)

a robust, modular, composable, 
and extensible toolkit that 
coordinates the many instruments 
and services required for 
automated experiments and 
autonomous discovery in the 
physical sciences.
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https://github.com/AD-SDL

• Modular

• Open-source

• Experimental logic implemented 
in Python

• Integrated with Globus ecosystem
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Modules 



Opentrons OT-2 Thermocycler ChemSpeed Hidex Sense 

Ethernet Serial, WinDLL Ethernet USB, WCF Wireless

Python API Python API C# API Python API

REST

Development of Modules
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MiR 250 Mobile Base

REST

A common API abstracts 
details of the interfaces used 
by various devices

C# API

After experimenting with 
different interfaces, we 
converged on REST API



Modules can be combined into Workcells
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Cart-based Workcell in RPL Compact Workcell in Biosciences Division 



Supported Devices
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https://github.com/AD-SDL



WEI Architecture
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WEI Architecture



WEI Server

• REST API
• Independent of user-side experiment 

applications and device-side module 
functionality

• Robust to errors, issues, and client level 
problems

• Manages instruments and data
• Handles experimental logging
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WEI Architecture



Workflows

• YAML formatted

• Each step specifies an action to be 
performed on a specified module 
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A sequence of steps to be 
executed on a given Workcell to 
accomplish a scientific task 

Protocol Files
Defines an instrument specific set 
of actions



Experiment 
Application 
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Submits one or more Workflows 
to WEI and encodes any logic 
required to manage and run the 
experiment

Define the Experiment object that will communicate with the WEI 
server

Define path to the Workflow definition YAML file

Run the Workflow

Fetch the result and save it in our local directory
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We need to link 
experimentation to 
computation and 
data management

10.1016/j.patter.2022.100606

• Cloud-hosted Globus services 
make it easy to orchestrate 
actions at 1000s of institutions

• Link with data storage

• Enables rapid analysis
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Color Picker Application 
Autonomously mixes printer inks and analyzes an image of the results in a 
loop to recreate a target color
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Data from closed-loop "color-picker" 
application are recorded automatically 
at ACDC.alcf.anl.gov 

Analyze 
progress in 
color space

Analyze progress over time



Current Applications
Autonomous Discovery Exemplars
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Design of antimicrobial peptides and 
small molecules

Discovery of redoxmers for batteries and 
energy storage

Development of circular plastics through 
waste

Autonomous Protein and Biomimetic 
Design

BSL-2 Workcell in Biosciences Division



Future Challenges and Opportunities

• Coordination of multiple 
Workcells

• Scheduling and optimization 
of Applications

• Error handling and recovery

• AI generation of Application 
running instructions

Software Development
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