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pySTXM
Scanning microscope data collection with Python , Qt and Blue

The goal of this talk is to present some ideas on facilitating user “experience and efficiency” that is not 100%
dependent on the experience level of the user on an Epics beamline end station, hopefully some of these idea’s
translate and are of some value to data collection software others are working.

| will cover:

* Whatis STXM?

* High level overview of the software architecture

e Ul idea’s that were implemented focusing .
on streamlining the “User Experience”
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what is STXM?
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What is STXM?

Scanning
Transmission

X-ray It’s @ microscope
Microscopy
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pySTXM:
General software structure, initial |




pySTXM:
General software structure, ported




GUI layout Philosophy: How to avoid clutter

* Wanted to be intentional about the GUI not just let it
grow

* Needs to display complex data in a way that can scale
as new capabilities are added

e Didn’t want GUI that looks like it is only thinking of
“the present” in terms of the amount of data to
display with no sense of workflow

* Some examples of what | wanted to try and avoid
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GUI layout and goals: take inspiration from succe

* Layout that facilitates workflow

* “like typed” information organized into panel areas on the screen

* Minimal color pallet used to express as few different types of information
as possible

* Open as few new screens as possible to get at the data

* Inspiration from:

Ae)blender’

M Saer_pieen D9 Tl O
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GUI layout and goals: what | did

* wanted a structure that would scale as new features and capabilities were realized

* Type A Stuff: * Type C Stuff:
e Scan definition e Data that has been
e User Preferences TYPE A STUFF TYPE C STUFF collected
e Type D Stuff:
HEEESTEEE * Device Control

* Type B Stuff: . Type E Stuff:
* Scan control
* Log, Info
TYPE B STUFF TYPE E 5STUFF
* Type F Stuff:
e Status bar

T\"P‘ E F STUFF
Canadian Centre canadien
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PySTXM GUI * Image data

* Spectra data
e (Calibration Camera

B pyStem 3.0 Canadian Light Source Inc. [C:

P! [b02dc5244f9e22349f 1 4fasfs 7] [Author: Russ Berg J'
.
lee P IVI I File Edit User Help

2018\0614
60,000
50,000
40,000
30,000
20,000

Data in current
data directory
S | * Updates

dynamically

e Scan plugins
* Session info

e Preferences I -

Start (um) End (um) ints

i .00 10.000 (s | 257

Zoneplate Z

Endstation/Beamline
Devices

* Positioners

* Vacuum

* Temperatures

Center (um) =p (um)

- EZE ETT I T

Set Focus to Current Zoneplate Center

Scan control
+ feedback

L ind
ERROR: /07 17:36:06 [ds.devWidgets. aphydPushBtn] Feedback device is of an unsupported type, setting o OFF_STR| I yt I I o n C o n S O I e
:36:08 [dls. applications.pySban.sbanMain] Great Eyes CCD not detected so not loading CCD viewer panel

[mod_dlassname] Detector [countert] has no supported detai form

[mod_dassname] Detector [POINT_DET] has no supported detail form

[mod_dlassname] Detector [LINE_DET] has no supported detail form

mod_dassname] Detector [LINE_DET_FLYER] has no supported detail form a u S
19 [cls. potitidgets imageWidget] [SAMPLE_L¥(] scan loaded

[ds. plotiWidgets imageWidget] C180614083 Scan Type: sample_image Line_Unidir Energy: 720.01 eV

Elapsed Time: 00:00:00 iated Time00:00:00

Status Bar

File # Paints

Progress

Center: (-1515.23, 544,93) um
Range: (10.00, 10.00) um

47 volts | 0.57 volts | 73499V | 21135mA | 155M 10101 |

| GONIL_ZONEPLATE |
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pySTXM

Scan plugin layout -> workflow

B pyStem 2.4 Canadian Light Sour
File Edit User Help

‘Detactor Countts.

5] i

trols\git_sandbox pyStum\ cls\applications\ pyStim]

20,000
19,000
18,000
17,000
16.000

Shutter Auto

Load Scan
Line by Line DDL Mode @ Aute © Renitalize
Spatial

T Crtry RngY StepX StepY  PntsX  Pntsy
-1515.232 10.000 544,933 10.000 0.033 0.033 300,000 | 300.000

| » Start End

0 720,012 720.012

Elapsed Time: 00:00:00

/11

-1,517.5

Line by Line
Spatial

I D CntrX CntrY

DOL Mode Q' Auto

@ Reinitialize

PntsiX PntsY

#Points

5:/STXM-data/Cryo-STXM /2018

Polarization

Estimated Time00:00:00

0.47 volts |

Canadian Centre canadien
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Scans vertical tab with each
individual scan using a horizontal
toolbar.

Scan plugins ordered from top to
bottom in usual order a user
needs to work to collect data.

Top -> alignment/focus scans
Down -> data collect/refine scans



pySTXM
BlueSky plans combined to create higher level

One or more base level pre-assembled plans used to create whatever scan is
needed

Load Scan

Dwell (ms)

Sample

Start (um def make_pxp_scan_plan(self, dets, gate, md=None, bi_dir=False): Pre-assembled Plans

dev_list = self.main_obj.main_obj[DEVICES].devs_as_list()

2 self. bi_dir = bi_dir| Below this summary table, we break the down the plans by category and show examples with
Al -314.710 -314.710 fi
gures.
if (md is None):
Zoneplate Z md = {'metadata’: dict te json(
e1f.make_standard_metadata(entry name='entry@', scan_type—self.scan_type, dets—dets))} Summary

bpp.baseline_decorater(dev_list . . . . .
opp-baseline decorstor( E‘f’ 0 Notice that the names in the left column are links to detailed APl documentation.

(d

run,

Set Focus to Current Zoneplate Center -1
def do_sca

n():

. . . count Take one or more readings from detectors.
wtr_x = self.main_obj.device(DNM_0SA_X)
mer_y = self.main_obj.device (Dl 05A_Y) scan Scan over one multi-motor trajectory.
mtr_z = self.main_obj.device(DNM_ZONEPLATE_Z_BASE)
shutter = self.main_obj.device(DNM_SHUTTER) rel_scan Scan over one multi-motor trajectory relative to current position.
x_traj = cycler(mtr_x, self.x_roi[SETPOINTS]) list_scan Scan over one or more variables in steps simultaneously {inner product).
y_traj = cycler(mtr_y, self.y roi[SETPOINTS])
zz_traj = cycler(mtr_z, self.zz_roi[SETPOINTS]) rel_list_scan Scan over one variable in steps relative to current position.
yield from bps.stage(gate) list_grid_scan Scan over a mesh; each motor is on an independent trajectory.
shutter.open()
#t be t Lty by d_scan plan rel_1list_grid_scan Scan over a mesh; each motor is on an independent trajectory.
yield from scan_nd(dets, zz_traj * (y_traj + x_traj), md=md) . .
log_scan Scan over one variable in log-spaced steps.
shutter.close() . - N e
- . rel_log_scan Scan over one variable in log-spaced steps relative to current position.
&y 7 P )
ield e bps.unst it N i P :
yield from bps.unstage(gate) grid_scan Scan over a mesh; each motor is on an independent trajectory.
print('OsaFocusScanClass: make_scan_plan Leaving') rel_grid_scan Scan over a mesh relative to current position.
return (yield from do_scan()) I scan_nd Scan over an arbitrary N-dimensional trajectory. I
spiral Spiral scan, centered around (x_start, y_start)
[P — L S P I S |
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pySTXM
Knowledgeable text edit fields

Spatial

Center Pos (um) Range (um) # Points

2375.430
-104.550 2289.920

= N

X
Y

v

Spatial Right Click

Center Pos (um) Range (um) # Points

.
25 L .
FAALLLATLA L™

b 594,930

v valid range is between -4000.00 and 6800.00 -

Canadian Centre canadien
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Step (um)

95.017
91.597

Smart text edit fields:

=  Color

- Snap back to initial
value if focus changed

- Int/Float validation

Limit values entered to
the soft limits of that
positioner



pySTXM

Only allow valid scans to be configured/executed

B pyStxm 3.0 Canadian Light Source Inc. [Cc

P [b02d 52441922349 17cAfESfE’ 7] [Author: Russ Berg <russ berg@lightsource.ca>] - X
File Edit User Help

Counts.
2|4

60,000 : Images
50,000 .

40,000

30,000

20,000

10,000

201810614

DL Mode O Auto

Visual cues to indicate
an impossible scan

#Points

1

I D Polarization

Focal length mode Sample Focused

" Zoncplatemjout |

ERROR: Ju|j07 17:36:06 [ds.devWiidgets.ophydPushb tn] Feedback device s of an unsupported fype, setting to OFF_STR
Elapsed Time: 00:00:00 Estimated Tme00:00: cls.applications pyStxm.stxmMain] Great Eyes CCD not detected so not loading CCD viewer panel

mod_classname] Detector [counter)] has no supported detail form
[mod_dassname] Detector [POINT_DET] has no supported detail form

Directory: [mod_cassname] Detector [ TINE_DET] has no supported detail form

¥ Py = [mod_dassname] Detector [LINE_DET_FLYER] has no supported detail form

E¥e d Bange il IO . plotWidgets imagelidget] [SAMPLE_LXL] scan loaded

ds. plotiWidgets.imageWidget] C130614083 Scan Type: sample_image Line_Unidir Energy: 720.01 eV

Center: (-1515.23, 544.93) um
Range: (10.00, 10.00) um

1ul/07 17:38:19 [ plotWidgets.

047 volts | 0.57 volts |

21135 mA | CLS SM 1001 | UHV Cryo STXM | GONI_ZONEPLATE |

Canadian Centre canadien
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pySTXM

Only allow valid scans to be configured/executed

Stxm 3.0 Canadian Light Source Inc. [Ciie
2% &l

P [b02d 17cafBste ] [Author: Russ Berg <russ berg@lightsource.ca|
File Edit User Help

‘Counts
ol

60,000
50,000
40,000
30,000
20,000
10,000

LSS~

S Visual cues to indicate an
impossible scan

DDL Mode O Auto L

StepY

- When nearing the max range

=== Of the positioner the selection

: ‘ area background changes to

solid yellow indicating the
situation

ter will be required to move: 0
11.34um)

34

Polarization

ERROR: Ju[07 17:36:06 [ds.0evViidgets, ophydPUShBT] Feedbadk device & of an Unsupported fype, setting to OFF_STR

Elapsed Time: 00:00:00 Estimated Time00:00:00 i applications. pySban. sbamMair] Great Eyes CCD not detected <o not loading CCD viewer panel
mod_classname] Detector [counter(] has no supported detai form

mod_dlassname] Detector [FOINT_DET] has no supported detail form

Directory: [mod_dassname] Detector [LTNE_DET] has no supported detail form

S e [mod_classname] Detector [LINE_DET_FLYER] has no supported detal form
s g cis. plotWidgets.image Widget] [SAMPLE_LXL] scan loaded
ds. plotWWidgets.imageWidget] C180614083 Scan Type: sample_image Line_Unidir Energy: 720.01eV

1515.23, 544.93) um
Range: (10.00, 10.00) um

2ulf07 17:38:19 [ds.plotWWidgets.image Widget]

0.47 volts | 0.57 volts | 73499V | 21135mA | CL55M 10101 |

GONI_ZONEPLATE |
Canadian Centre canadien
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pySTXM

Only allow valid scans to be configured/executed

Stem 3.0 Canadian Light Source Inc. [CAc
2 &l

File Edit User Help

60,000
50,000
40,000
30,000
20,000
10,000

0

Fine Im:

Line by Line: DOLMode © Auto
Spatial

StepY

[b02dc52441

0234917 cAfB5fE’

I D

Polarization

All Scans
Director

# Points

Canadian Centre canadien
de rayonnement
synchrotron

Elapsed Time: 00:00:00

Progress

0.47 volts |

7] [Author: Russ Berg <russ berg@lightsource.ca]

Range is beyond ZP Capabilities: 0
c -16.23 um

Estimated Tme00:00:00

0.57 volts |

[cls.dev\idgets.ophydPushBtn] Feedbadk device is of an unsupparted type, setting to OFF_STR
s appications.pyStam, stxmMain] Great Eyes CCD not detected so not loading CCD viewer panel
imad_classname] Detectar [counterQ] has no supparted detal farm
mod_dlassname] Detector [POINT_DET] has no supported detai form
mod_classname] Detector [LINE_DET] has ne supparted detail form
imad_classname] Detectar [LINE_DET_FLYER] has no supported detail form
ds. plotividgets.imageWidget] [SAMPLE LXL] scan loaded
. plotiidgsts.image\idget] C180614083 Scan Type: sample_image Line_Unidr Energy: 720.01 eV

0
ter: (-1515.23, 544.93)um

Range: (10.
2f07 17:

73499V |

00, 10.00) um

19 [ds.plotWidgets.imageWidget]

21135ma | CL5SM 10101 | UHV Cryo STXM |

AT
180614080

Visual cues to indicate an
impossible scan

- When the max range of the
positioner would be exceeded
the selection area background

changes to solid red and the

scan range fields are no
updated until scan range is
valid again

GONI_ZONEPLATE |




pySTXM
Easy access to data, Thumbnail viewer

[ e —— Data

. m 2018\0614

Loads data from disk
as it becomes available

Images | Spectra

Mouse over brings up
tooltip of metadata
mined from the hdf5
file(s)

F I = %
y File: C:/controls/stxm-data/2018/0614%C180614029.hdE5
Date: 2018-06-14 Time: 10:59:56
Scan Type: sample_image Line Unidir
e Energy: 720.01 &V
'?%’5 Polarization: Circleft Offset: 0.00 mm Angle: 0.00 deg
~ Dwell: 1.00 ms
= Points: 150 x 150
Center: (-1491.73, 603.67) um
- Range: (15.00, 15.00) um
StepSize: (0.100, 0.100) um

Canadian Centre canadien
Light de rayonnement
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pPySTXM

Easy access to data, print or load into a viewer

guest\0614

Right Click
\\% i RS *ﬁ%

Print Preview A
Send to Viewer F

mm %7 o

Canadian Centre canadien
Light de rayonnement
Source  synchrotron

-1,517.5 -1,515

C1806 1408_;

4,000 545

3,000

5425

Right click menu:

- “print” data small
enough to fit in log
book

- “send to Viewer” to
load data into
separate viewer




pySTXM
Easy access to data, quickly load a previous scan

B pystm 2.4 Canadian Light Source Inc, [C: it i el = ==
File Edit User Help

Detector Counts

o=

" Dwell(ms) -

Spatial

— | S .7 Load previous scan and
o — — C— e : e 15
— po— - s i use to select scan area

Drag and drop data
from Thumbnail viewer
to central plot to be
used to select ROl for a
different scan

- [DISABLED by scan

Estmated Tme00:00:00

jser:
116 [ds. ful logged in
Jun/21 16:09:52 [ds.2pplications. pyStum. stxmMain] Active user data dr : S:\STXM-data\Cryo-STXM)2018\guest\p621

0.51 volts | 71967 eV | SR1 STORED cLs s 10101 | COARSE_ZONEPLATE Scanning |

Canadian Centre canadien
Light de rayonnement
Source  synchrotron




pySTXM

Easy access to data, Load previous scan for re-exec

B pyStm 24 Canadian Light SeurceInc, [Cicontrols\git_sandbox\pyStxm\cls\applications\pyStam]
File Edit User Help
Detector Counts

o) o )

Drag and Drop

C180614083.hdf5

1515

Load Scan

DDL Mode @ Auto

Rng¥

300000

Drag and drop data from
. % | Thumbnail viewer to central

ettt NN

plotter
Or
'/ ‘ Onto the scan plugins pane to
e - ‘ be reloaded

1,515

Enabled
spotsizeby | 00 BT
vertcltracking o
..... | Focallengthmode  [I=S P S

..... L

zm

Elapsed Time: 00:00:00 Estimated Time00:00:00 Junf21 16:08:52 [dls.appWidgets user _account. user_scct_utils] User: [guest] logged in
Juny21 16:08:52 [ds.applications.pyStam.stxmMain] guest succesful logged in
Junj21 16: pplications.pyStxm.stxmMain] Active user data di
Jun/21 16: pplicati o _table

o Junf21 16:32:59 [ds.plotWidgets imageWidget] [SAMPLE_LXL] scan loaded
= Jun/21 16:32:59 [ds.plotWidgets.imageWidget] C180614083 Scan Type: sample_image Line_Unidir Energy: 720.01 eV

Dwell: 2.00 ms
#Points: 300 x 300
Center: (-1515.23, 544.93) um
Range: (10.00, 10.00) um

/\STXM-data\Cryo-STXM\20 18\guest\D621
[] scan loaded

3unf21 16:32:59 [ds plotWidgets imagelidge ]

0.51 volts | 72028eV | SR1 STORED 22032 mA | assmiom | (COARSE_ZONEPLATE Scanning |
Canadian Centre canadien

Light de rayonnement

Source

synchrotron




pPySTXM
Interactively build larger view from smaller images

g
T T

Data
= I

I I‘
||

Drag and drop multiple
images from thumbnail
viewer onto another
viewer building up a
mosaic of a number of

180308114

SCans

Or select and load
multiple files from disk

Canadian Centre canadien
Light de rayonnement
Source  synchrotron




pYSTXM
combine coarse and fine images

Images are placed on top of each
other based on scan resolution

Hl I’“‘”"‘ bl and scan range

C180812000
9.9

L]
C180812000

T T T
-100 1] 100
000 001 002 005 007 009

Sl | el el el e e e e

S oA A A w F
3 8388 38 <28 3 8

Canadian Centre canadien
Light de rayonnement
Source synchrotron




pySTXM

-
D)
1S
O
I
D
Q.
-
qV)
V)]

/

images of OSA

| tools - Overlay

Vvisua

OSA scan image

Recreated as a drag 'able overlay

CAD drawing of 4 hole OSA

drawing
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pySTXM
Interactive tools — Drag the beam

Target shows current position of beam, then use tool to drag it to desired location, ex: |0 optimization

EETE;

RE O E]oqs-*er"..»-—--

Al il
| | Ej

Image | Spectra | Calbration Camera ) ]

Drag beam to new location &
¥ = 20.2254
= 10,4802

8 -

@ Reinitialize Drag beam to new location
x = 20.2254

StepY PntsX PntsY
1] 0.400 150.000 150.000

Load Scan
ode O Auto @ Renitalze

RngY StepX StepY PntsX PntsY
10.000 4 4 1

#Points

1

Canadian Centre canadien

WE 2 Light de rayonnement
Source  synchrotron



pySTXM
To prevent collisions, typically requires an expert to calibrate the sy




pySTXM

Make use of CCD camera that was there for a different pu

File Edit User Help
Detector Counts.

2z

1,250
1,000
750
500
250

B pyStem 2.4 Canadian Light Source Inc. [C:\controls\git_sandbox\pyStxmclstapplicationstpyStim]

Set Detector Center

Incoming
X-ray Beam

0.51 volts |

42810 eV |

SR1 STORED

19532mA |

LS SM 10ID1 |

UHVSTXM |

[ o] & (==

COARSE_ZONEPLATE Scanning |

Canadian Centre canadien
Light de rayonnement

Source  synchrotron

Calibration Camera,
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Future for the project

- Install as part of a current beamline upgrade 10ID1
- Extend to include Ptychography (started)
- Automate Tomography

- Have interest from other labs, no simple way yet for
people to install/configure without my help
- Goal of making this an inter lab collaboration
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https://github.com/RussBerg/pyStxm3.git
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Thank you very much for listening!
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