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EXPERIMENT AUTOMATION AGENTS (EAA)

Vision Language Model Agents For Accessible And Automated Beamline Operations
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Why are Vision LLMs (VLMs) use for automated experiments

Challenge 1: large sample size vs. small
FOV (high resolution needed to identify

Consider the problem of automated search for small cells)
features in large samples... — need to run many scans, checking each
image

Challenge 2: algorithms need to be
: , ; 5y 3 re-designed, models need to be re-
>ze0ffield i S b et trainedffine-tuned ~ for  different
e e sample types and/or target features
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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 ARty
gray, round dots. Here is a W\ N
picture for your reference. %m{% g&’:&
/\ 6 P7/NE
Acquirelmage Are there cells?
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Vision-capable agentic harness for automated experiments

MoveMotor
(o ot |
prompts “motor set”
workflow selections “zP-z set to 192”
< > i —> ;
- reports tool calls Acquirelmage
requests for input

SetParameters ¢——» :
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Experiment Automation Agents (EAA)

Instruments
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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
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Engineering challenges for experiment instrument control

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

Agent harness

Tool server Existing instrument server

Frontend process |[XT"ZYS Q) luesky
Agent loop (asynchronous)
Queue Server
Option 2
[ option 1 [ LSS T T T T — -~~~ ————— =
Tool server
HTTP transport

MCP/HTTP tool client =

k 1

Frontend process
(asynchronous)

zma Instrument worker process
(synchronous)

{ "img path": "/path/to/image .png" Separating the tool server into an async frontend
’ process and a synchronous backend, or simply
{ vencoded data"s { letting the MCP server query the execution
::type"zl "inage/png", server provided by the control library, avoids
e e, 31, async-related crash
"data": "<base64-encoded-data>"
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Demo 1 @ APS 2-ID-D: automated feature search
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Demo 2 @ APS 2-ID-D: automated XRF microscope focusing

Activities

Applications

Places

[ Terminal

Jueue Mon

recuTuIng

TUCUSINY_LV&I | 1£3_LIUU.TTIPS

Nov23 21:58 A

eaa_work:

1 5un-21:50:54.413: Getting user input
ssage in the WebUT

(bluesky bits) [user2idd@sec2idd micros
(bluesky bits) [user2idd@sec2idd micros

WARNING: root :AskSage endpoint is not su
ge is not installed. To use Asksage end|
ageclient
home/beams8/USER210D/y1uo89/mic-vis/mi
ning: 'xdrlib’ is deprecated and slated
from xdrlib import
WARNING: root: Tracing is disabled becaus:
I Sun-21:38:21.558 - .
T Sun-21:58:23.003: *esess .
I Sun-21:58:23.008: Starting Instrument
sky_gyl/bluesky-mic/src/s21dd_uprobe/cor
I Sun-21:58:23.061: Databroker catalog
I Sun-21:58:23.663: using ophyd control
I Sun-21:58:23.666: RunEngine metadata
hdf
I Sun-21:58:24.637: Loading device file
ky-mic/src/s21dd_uprobe/cont {fs/devices
I 5un-21:58:24.048: /home/beanss/USER2T
/devices/scan_record.py

from relay database. Please enter you

cope _search]$ rm messages.db
cope_search]$ python run_focusing 2id

pported because the 'asksageclient’ p
points, install it with 'pip install

¢_vis/common/readMDA.py:6: Deprecatio
for rem in Python 3.13

e mlflow 1s not installed

T LT Bluesky Startup
Bluesky Startup

with iconfig: /home/beamss/USER210D,

nfigs/iconfig.yml

name: temp

layer: ‘pyepics

saved to: .re md dict.yml

/home /beams8/USER2I00/bluesky gyl/b

0D/bluesky gyl/bluesky-mic/src/mic co

I Sun-21:58:24.059: /home/beams8/USER2IDD/bluesky gyl/blues

/devices/ad_fileplugin.p
I Sun-21:58:26.651: Devices loaded in 2
I Sun-21:58:26.654: Adding ophyd
I Sun-21:58:26.657: Adding ophyd
I Sun-21:58:26.659: Adding ophyd
I Sun-21:58:26.661: Adding ophyd
T Sun-21:58:26.663: Adding ophyd
I Sun-21:58:26.666: Adding ophyd
1 21:58:26.668: Adding ophyd
I Sun-21:58:26.670: Adding ophyd
I Sun-21:58:26.672: Adding ophyd
I Sun-21:58:26.674: Adding ophyd
I Sun-21:58:26.676: Adding ophyd
I Sun-21:58:26.678: Adding ophyd
1 Sun-21:58:26.689: Adding ophyd
I Sun-21:58:26.682: Adding ophyd
I 58:26.684: Adding ophyd
I Sun-21:58:26.686: Adding ophyd
I Sun-21:58:26.687: Adding ophyd
I Sun-21:38:26.689: Adding ophyd
I Sun-21:58:26.691: Adding ophyd device
I Sun-21:58:26.693: Adding ophyd devic
I Sun-21:38:27.701: tam2_hdf not found
I

611
xrf_netcdf' to main namespace
fscanl’ to main namespace
fscanh_samx’ to main namespace
usercalc_samx_speed’ to main namesp
“taml_hdf' to main namespace
to main namespace
passive’ to main names
main namespace
to main namespace
to main namespace
to main namespace
mono' to main namespace
fscanh' to main namespace
5153820' to main namespace
xrf' to main namespace
taml’ to main namespace
scanl’ to main namespace
2p_z' to main namespace
fscanh_dwell' to main namespace
fly calc' to main namespace
skipping

Sun-21:58:27.709: /home/beams8/USER2IDD/bluesky gyl/bluesky-mic/src/s21dd

be/plans/toggle usercalc

1 Sun-21:58:27.713: /hone/beans8/USER2IDD/bluesky gyl/bluesky-aic/src/s21dd

be/plans/test nexus.py

I Sun-21:58:27.720: /home/beams8/USERZIDD/bluesky gyl/bluesky-mic/src/mic_co

plans/generallized scan_1d.py
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Task managers are not just for LLM agents
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Generic agent loop

LLM query
!

Tool execution

!

Tool response

Agent loop with
custom hooks

Bayesian
optimization

Rule-based
workflow

Interactive ad-hoc tasks without pre-
defined workflow

Automated processes heavy with
semantics-based decision making

LLM-driven with
high autonomy

LLM-driven with
rule-based middleware

Automated alignment with image
registration set to run after every call
to the image acquisition tool

Bayesian optimization-guided
optimization

Mathematically proven optimal
search pattern

Defined alignment procedures

Logic-driven with
embedded LLM queries
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Using a chat agent as a universal entry point and user interface

4 )
Generic task manager
Skills (sub-agent)
Retums to main agent after
( A finishing task
Python tool ] N
4 I
Provisional . Bayesian optimization-
coding Bash tool Generic task Subagent tool based focusing
manager (chat loop) (logic-driven)
. J
uv tool - ~
) Beam status monitor
Beamline (logic-driven)
control tool
suite / ~ /
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Example: launching a BO-driven focusing task from chat

& EAA EAA WebUI

©  Agentic Al Assistant for
Instrument Control

Main Agent (3 Images (0)

No images yet.

Visualizations

Settings (3 Live Log

No log entries yet.

n_initial_points=3,
initial_sampling_window_size=(2.0,),
n_max_iterations=20,

Agent Process parameter_change_step_limit=1,

Con e EAA can make mistakes. Verify critical results
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