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@5 uesky Data Collection Ecosystem
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k}‘ Brookhaven

National Laboratory



https://blueskyproject.io/

Recent achievements

* Integration of the ATF hardware with the Bluesky data acquisition
framework/Ophyd abstractions:

« Basler cameras integration via Pylon API (ATF production & emulation):
https://qgithub.com/BNL-ATF/ophyd-basler

« ATFDB Ophyd support (ATF production & emulation):
https://github.com/BNL-ATF/atfdb

* |Python startup files:
https://github.com/BNL-ATF/profile atf

 MAD-X simulations via Sirepo-Bluesky:
https://nsls-ii.github.io/sirepo-bluesky/notebooks/madx.html

 Beamline Optimization
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https://github.com/BNL-ATF/ophyd-basler
https://github.com/BNL-ATF/atfdb
https://github.com/BNL-ATF/profile_atf
https://nsls-ii.github.io/sirepo-bluesky/notebooks/madx.html

Basler cameras integration via Pylon APl (emulation)

https://www.baslerweb.com/en/products/basler-pylon-camera-software-suite/

[ BON ) == pylon Viewer 64-Bit

2w w H B 16 & Q& & + @ K B
06 Devices

The Pylon software is

Basler Emulation (0815-0001)

available for all major
platforms: 00 e

‘Search (Ctrl+F)

Basler Emulation (0815-0000)

Auto-Scan | [t

Feature Value

[]
Favorites
[ J
Add favorites by right-clicking a feature below.

Basler Emulation (0815-0000)

Image Format Conversion

* macOS y

10.0 fps (10.6 MB/s) Images: 82; Errors: 0 1024 x 1040 34.42% b,
. 4
 Windows
Registration equ' ed, but
gistrati r ired,
L]
I t' S fre e - We u S e V 5 X User Level: Beginner  [&) Show Unavailable Favorites  Polling| e
, L L]
(x]5] Message Log
Level Time v Source Message
o Information 2022-10-24 14:02:32.... Basler Emulation (0815-0000) Continuous shot on "Basler Emulation (0815-0000)" has been started.
0 Information 2022-10-24 14:02:30.... Basler Emulation (0815-0000) "Basler Emulation (0815-0000)" has been opened.
() Information 2022-10-24 14:02:25.... Basler Emulation (0815-0001) "Basler Emulation (0815-0001)" has been detected.
o Information 2022-10-24 14:02:25.... Basler Emulation (0815-0000) "Basler Emulation (0815-0000)" has been detected.
o Information 2022-10-24 14:02:25.... pylon Viewer pylon Viewer 5.1.1.13069 64-Bit has been started.
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https://www.baslerweb.com/en/products/basler-pylon-camera-software-suite/

Basler cameras integration via Pylon API (realistic emulation)
https://github.com/BNL-ATF/ophyd-basler *
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@ Information 2023-02-10 15:39:59.... Basler Emulation (0815-0000) Single shot on "Basler Emulation (0815-0000)" has been started.
@ Information 2023-02-10 15:39:58.... Basler Emulation (0815-0000) Single shot on "Basler Emulation (0815-0000)" has been started.
@ Information 2023-02-10 15:39:58.... Basler Emulation (0815-0000) Single shot on "Basler Emulation (0815-0000)" has been started. . . . . r .
@ Information 2023-02-10 15:39:58.... Basler Emulation (0815-0000) Single shot on "Basler Emulation (0815-0000)" has been started. . .
@ Information  2023-02-10 . Basler Emulation (0815-0000) Single shot on "Basler Emulation (0815-0000)" has been started. 0 20 40 60 80 100 ( . . . )
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Live plot produced during a Bluesky

“count” plan displaying the averaged * Development of the ophyd-basler
signal from the emulated Basler ] )
L? Brookhaven camera with predefined images over interface was led by T. Morris.
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https://github.com/BNL-ATF/ophyd-basler

Basler cameras integration via Pylon API (ATF production)
https://qithub.com/BNL-ATF/ophyd-basler

@ XQuartz Applications  Edit Window Help ©® @ O 3 ¢ A B @ 2 @ 3 ©® Q & TueDec6 1622

e0e | Figure 2 .
A€ Q=¥ A 200m rect

1ibGL error: failed to load drive

Fommmmmmmm o Fommmmmm e Fommmmmmm e +

| time | basler_cam_mean |

Fommmmmmmm o Fommmmmm e Fommmmmmmm e +

| 1| 16:18:36.0 | 70.581 |

2022-12-06 16:18:41.547870 grabbed 10 frames

| 2 | 16:18:41.7 | 70.502 |

2022-12-06 16:18:47.279518 grabbed 10 frames

| 3 | 16:18:47.8 | 70.408 |
ettt Fmmmmmm o B

generator count ['c1639390'] (scan num:

End-of-run baseline readings: 200
e A e +

| GQ10_DARL191 | -0.00457778 |

| GQ11_DARL175 | 0.0357067 |

| GQ12_DARL176 | -0.0622578 |
e A e +

400
Out[6]: ('c1639390-f2d6-45ef-9c6b-8a96a8e95acl’, )

In [7]: hdr = db[-1]

In [8]: data = np.array(list(hdr.data("basler_cam_image"))) 600

In [9]: data.shape
out[9]: (3, 1200, 1920)

In [10]: data[0]

out[10]:
array([[ 32.8, 31.5, 32.3, ..., 64.9, 65.7, 62.7], 300
[ 32.4, 32.3, 31.8, ..., 66.7, 66.3, 65. ]
[ 32.1, 31.9, 33.1, ..., 67., 64.7, 64.9]
o
[ 26.6, 26.9, 28.8, ..., 255. , 255. , 255. ]
[F96%a, W57 M5 7 N 555 8 555 S Eo55 1 |
[§27%  W5750 W57 1 EERE S GEESR 555 M RO55 1]

1000
In [11]: plt.imshow(data[0])
Out[11]: <matplotlib.image.AxesImage at 0x7f29a79f9d90>

In [12]: plt.imshow(data[1])
Out[12]: <matplotlib.image.AxesImage at 0x7f29a7cd46a0>

In [13]: plt.figure(); plt.imshow(data[2])
Out[13]: <matplotlib.image.AxesImage at 0x7f299f7d6910>

In [14]: ]
(=1 ¥ 1) 15%
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https://github.com/BNL-ATF/ophyd-basler

ATFDB Ophyd support (ATF production & emulation)

] Vista Control Systems, Inc. https://www.vista-control.com/about_vista.html

class FrameGrabber(Device):
db = "FRAME3_DB"

(M Summary build (3.10) I
psname = "FGR3" o— o AP Search logs
xpos = Cpt( Jobs

ATFSignalRoO, © build (38) v @ Testwith pytest
pytest -s -vv
db=db, @ build (3.9) + pytest -s -vv
sname=psname " = ===== test session starts == ===
p p ' I ° ial(G10) platform linux -- Python 3.10.9, pytest-7.2.1, pluggy-1.0.0 —- /opt/hostedtoolcache/Python/3.10.9/x64/bin/python
read_suffix="RCX; CENTROID_X" ’ cachedir: .pytest_cache
. aiigy . " Run details rootdir: /home/runner/work/atfdb/atfdb
erte_SUfle— RCX’CENTROID—X ’ collecting ... collected 3 items
kind="hinted" ® Usage
' @ Workflow file atfdb/tests/test_atfdb.py::test_socket_read
) 2023-01-31 16:08:24.773846
e [This module is to be imported from Pyton 3.x scripts.]
ypOS o Cpt( " n ATF DB - NOTE: Connecting to database host localhost on port 5000...
ATFSignalRo, fg3 = FrameGrabber(name="fg3") R ——
db=db, ATF DB - SUCCESS: Successful connection to database host.
psname=psname, PASSED ,
atfdb/tests/test_atfdb.py::test_socket_write PASSED
read_suffix="RCY; CENTROID_Y", atfdb/tests/test_ophyd.py::test_ophyd_atfsignal @.6066357757671799
. . {'test': {'value': 0.7294965609839984, 'timestamp': 1675199304.7787242}}
write_suffix="RCY;CENTROID_Y", B e T
kind="hinted", P
2023-01-31 16:08:26.789995
) ATF DB - NOTE: Socket closed
xsig = Cpt( https://github.com/BNL-ATF/atfdb
ATFSlgnalRO, 3 passed in 2.79s

dhch Support of ATFDB components Gt s

psname=psname,

» Run set -vxeuo pipefail

read_suffix:"RSX; SIGMA_X" ’ cat /tmp/socket.log
. fFix="RSX:SIGMA X" + cat /tmp/socket.log »
erte_SU 1X= H e ) 2023-01-31T16:08:24.774387 Connection from: ('127.0.0.1', 55750)

: . 2023-01-31T16:08:24.774909 from connected user: GETCHIDX 'X' 'RT_DATABASE: :PTEN20@;RAS;RB_CURRENT_SETPT'
kind="hinted", - e =

) 2023-01-31T16:08:24.774961 reply to client: 85
2023-01-31T16:08:24.775046 from connected user: GETRS 'X' 85

2023-01-31T16:08:24.775076 reply to client: 0.2697867137638703

L? Brookhaven' 2023-01-31T16:08:24.777218 from connected user: GETCHIDX 'X' 'RT_DATABASE::PTEN2@;CDS;SET_CURRENT_SETPT'

National Laboratory

2023-01-31T16:08:24.777247 reply to client: 63



https://github.com/BNL-ATF/atfdb
https://www.vista-control.com/about_vista.html

IPython startup files

https://github.com/BNL-ATF/profile atf

profile_atf

@ BNL-ATF / profile_atf Public <z EditPins ~ ® Unwatch 2 ~ % Fork 3 - ¥y Star 0
<> Code () Issues 1 19 Pullrequests 2 (® Actions [ Projects [0 Wiki ) Security [~ Insights 3 Settings — R EA DM E . md
— configs
¥ main - § 3branches © 0 tags Go to file Add file ~ About oy
L— databroker
ATF IPython startup files for data | - ~L oca -L m -L
% BriannaRomasky Merge pull request #10 from BNL-ATF/dev-20230120 ... v 6488f2c 2 weeks ago Y 63 commits collection via sockets o y
, , startup
W Cl: upload artifacts; misc. fixes and docs additions 2 weeks ago ipython socket-client  bluesky
pypylon basler-camera ophyd o 0 @ - b a S e . p y
[ .github/workflows Cl: add pre-commit workflow for style checks 2 weeks ago .
sirepo-bluesky — 10-devices. Py
[ configs/databroker Add startup files and the atf_db lib 4 months ago
] Readme o 2@-madX.py
W startup Some usability improvements and style fixes 2 weeks ago 5 BSD-3-Clause license - 3 0 _ ba S -L e r_ ) p y
(Y .gitignore Update .gitignore 4 months ago ¥¢ O stars 8 0 .
— -utils.py
[Y .pre-commit-config.yaml Cl: upload artifacts; misc. fixes and docs additions 2 weeks ago ® 2 watching 9 0 'L ans
[ LICENSE Update li hold 4 th ¥ Sforks p i p y
pdate license holder months ago
99-cleanup.py
[ README.md Cl: upload artifacts; misc. fixes and docs additions 2 weeks ago
[ PN P
3 directories, 10 files
¢ Brookhaven
National Laboratory 9



https://github.com/BNL-ATF/profile_atf

Scans with Bluesky (controlled over Pylon APl & ATFDB)
https://qgithub.com/BNL-ATF/profile atf
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RE(bp.scan([GPOP13], HeNel, 0, 5, 6)) ' captured by a Basler camera as
the laser intensity increased.
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https://github.com/BNL-ATF/profile_atf

MAD-X simulations via Sirepo-Bluesky

https://nsls-ii.github.io/sirepo-bluesky/notebooks/madx.html

%run -i ../../../examples/prepare_flyer_env.py
import matplotlib.pyplot as plt

from sirepo_bluesky.sirepo_bluesky import SirepoBluesky
from sirepo_bluesky.madx_flyer import MADXFlyer
from sirepo_bluesky.sirepo_ophyd import create_classes

connection = SirepoBluesky(“http://localhost:8000")

data, schema = connection.auth(“madx", “000008802")
classes, objects = create_classes(connection.data,
connection=connection,
extra_model_fields=["rpnVariables", "commands"])
globals().update(**objects)

madx_flyer = MADXFlyer(connection=connection,
root_dir="/tmp/sirepo-bluesky-data”
report="elementAnimation256-26")

(uid1,) = RE(bp.fly([madx_flyer]))

hdr1 = db[uid1]

tb1l1 = hdr1.table(stream_name="madx_flyer", fill=True)
print(tbl11)
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https://nsls-ii.github.io/sirepo-bluesky/notebooks/madx.html

Electron beam tune optimization procedure

||
M Ix n Measure Model beam profiles
[ beam profiles and positions base on

and positions requirements

. .
*\fi
Vista o

Set new currents to Power Supplies
based on given in the model (1_0)

* Basler =L
* Sirepo/MAD-X

Beam alignment on Quad
centers procedure
Match the model to measured beam
profiles and positions (get |_nm)

- B
© -
s B S
< S T ‘ o)
o S g
b .
N . 2 Compare currents found in o
eV} © o .
= é e g model with currents in magnets &
Sl £ & di=1_0-1_nm p
L o ¢ 2 =
= O © a a
'o —
=4
g Measure Set new current as: ®
. M
2 beam profiles _1=1_0+w*dl 3
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L? Brookhaven

+ National Laboratory




Multi-dimensional optimization
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Beamline Optimization

initial beam

dsh = -3.932 mm
dsy = -9.803 mm
ush = -9.551 mm
usy = -5.521 mm

cx = 37.659 px
cy = 46.183 px

wx = 11.027 px
wy = 40.420 px

n iter = 16

dsh = -3.939 mm
dsy =-9.427 mm
ush =-9.528 mm
usy = -5.936 mm

N

cx = 38.706 px
cy = 60.981 px
wx = 12.414 px
wy = 20.013 px

n iter — 64

dsh = -3.943 mm
dsy =-9.309 mm
ush =-9.530 mm
usy = -6.066 mm

-
|

cx =38.735 px
cy =61.776 px
wx = 12.451 px
wy = 15.564 px

Auto-alignment of the toroidal mirror at NSLS-Il TES. The
evolution of the beam shape and position can be seen
clearly after 16 and 64 iterations.

T. W. Morris, M. Rakitin, A. Giles, J. Lynch, A. L. Walter, B.

Nash, D. Abell, P. Moeller, |. Pogorelov, and N. Goldring
"On-the-fly optimization of synchrotron beamlines using
machine learning", Proc. SPIE 12222, Optical System
Alignment, Tolerancing, and Verification XIV, 122220M (3
October 2022); https://doi.org/10.1117/12.2644996
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GPyTorch

Gaussian processes for modern machine learning systems.

A highly efficient and modular implementation of GPs, with GPU acceleration.
Implemented in PyTorch.

fitness fitness estimate fitness entropy rate greedy improvement
1.0 |  max_information i i e
% max_improvement o
2
0.5 A1
L ]
° * i
L]
004 ° . .
1o ) ®
0.5+ ¢
1.0
[ e— ] [ e— ] | ee— ]
10%1.05 x 10 x 1L.a5 x1@'x 101 10%1.05 x 10F x 145 x1.a'x 10! 4x108x106% 10%¥ Bx10"! 10-6 104 1072
arbitrary units arbitrary units nepits per volume standard deviations
validity validity estimate validity entropy rate greedy information
104 - — =
i 2 i i ..
T et S . s
P
Y L]
0o{ ° =
° L]
o .: °
=057 good .
B bad o L I T Y
-1.0+4* r T T
-0.2 -0.1 0.0 0.1 0.2 -0.2 -0.1 0.0 0.1 0.2 -0.2
0.00 0.25 0.50 0.75 1.00 -1 0 10! 102
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Optimization based on Gaussian Processing (GP)
Sirepo/Shadow3 simulations 14


https://doi.org/10.1117/12.2644996

e-Beam requirements

* No special requirements, the team can be using the beam in a
“parasitic” mode for collecting the data from ongoing experiments.

« With the active learning, we will need to modify steering magnet
parameters (DARLY)

I k? Brookhaven
National Laboratory 15



Future Plans

* Perform integration and stress testing of the Ophyd
abstractions at the ATF beamlines.

* Develop the alignment procedures and integrate them
with the MAD-X simulation data.

* Apply the GP optimization routines to the ATF hardware
using multi-parameter optimization (8+ dimensions) — a
few 2-to-4-hour periods will be very useful for these

studies.
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