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Why are Vision LLMs (VLMs) use for automated experiments

Consider the problem of automated search for small 

features in large samples…

M. Du, et al. Biophotonics Congress: 
Biomedical Optics Congress 2018, 

BF4C.2 (2018). 

Size of field-of-view

Challenge 1: large sample size vs. small 

FOV (high resolution needed to identify 

cells)

→ need to run many scans, checking each 

image

Challenge 2: algorithms need to be 

re-designed, models need to be re-

trained/fine-tuned for different 

sample types and/or target features



Why are Vision LLMs (VLMs) use for automated experiments

No code, no re-design. 
Imagine a simple workflow with VLM…

Look for stained cells in the 

sample, which are clustered 

gray, round dots. Here is a 

picture for your reference.

AcquireImage Are there cells?



Vision-capable agentic harness for automated experiments
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“ZP-z set to 192”
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Experiment Automation Agents (EAA)
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Engineering challenges for 
experiment instrument control

Tools may yield images, but not 

all APIs allow images in tool 

responses 

MCP servers have their own 

async event loops that may clash 

with instrument control libraries



Engineering challenges for experiment instrument control

Separating the tool server into an async frontend 

process and a synchronous backend, or simply 

letting the MCP server query the execution 

server provided by the control library, avoids 

async-related crash

{
  "img_path": "/path/to/image.png"
}

{

  "encoded_data": {
    "type": "image/png",

    "dtype": "uint8",
    "shape": [1024, 1024, 3],
    "data": "<base64-encoded-data>"
  }
}

Returning tool-yielded images as paths to 

images on disk or as base64-encoded data 

allows the harness to get the image based on a 

defined contract, and deliver the images to the 

agent in synthesized follow-up messages 



Demo 1 @ APS 2-ID-D: automated feature search



Demo 2 @ APS 2-ID-D: automated XRF microscope focusing



Task managers are not just for LLM agents
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• Bayesian optimization-guided 

optimization

• Mathematically proven optimal 

search pattern

• Defined alignment procedures

LLM-driven with

rule-based middleware

• Automated alignment with image 

registration set to run after every call 

to the image acquisition tool

LLM-driven with

high autonomy

• Interactive ad-hoc tasks without pre-

defined workflow

• Automated processes heavy with 

semantics-based decision making



Using a chat agent as a universal entry point and user interface
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Example: launching a BO-driven focusing task from chat
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