The MXCuBE project:
Introduction to new developers
and partners

Marjolein Thunnissen



Crystal characterisation modes Cartography, spiral scanning, centering by

diffraction...
Crystal diffraction characterization, radiation DNA, BEST, Stack etc., Multi-crystal approaches,
damage end etc.

Data collection modes/ protocols ve, ligand,SAD/MAD, SSX others?

Data analysis and pipelines D (i2 act _dn GO,COM, AutoRicksaw,

ple, Phenix related
MXCuBE

Data transfer and storage sd at 6.5 GB/sec.
aw data?

Sample tracking o

Remote access Reliable & olutions

User friendly, intuitive experiment GUI

NAX



MX-CuBE history

® 2006 Development started of MXCuBE by ESRF and MRC-UK (in
nouse funding and BIOXHIT)

e Initially deployed at ESRF MX beamlines and the CRG MRC-UK
peamline BM14 at the ESRF

® Followed by installations at MAX-lab, HZB-BESSY, EMBL-HH & Soleil

® Installation were not straightforwards and development of
MXCuBE2 started —> GUI more independent from both beamline
hardware and control software

e MXCuBE2 also allowed for more synergy with ISPyB
e Start of the MX-CuBE consortium, MoM in 2012
® Now 3rd generation development of MXCuBE: Qt4 and v3

e Employed at the majority of MX beamlines in Europe



MXCuBE consortium

Memorandum of Understanding in 2012

Originally a collaboration between 6 European
partners.

Grown since with new partners and with an interest
from partners from different continents.

Partners are mainly synchrotrons, 1 company
involved

Goal of joint use and collaborative development of
MXCuBE.

Sharing development, experience, know-how and
resources.

Discuss strategies, difficulties and opportunities.

More rapid implementations of new methods for

the MX community in Europe. 12th MXCuBE meeting, January/
February 2018 at Diamond
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Tools to collaborate

e GitHub

e Website

® Videoconferences

e Developers hackatons

e Scrums and agile methods

e MX-CuBE meetings, organise by
Site to site

[ MXCuBE collaboration homepa: X () MXCUBE - GitHub X | NewTab x 4+ = o

« C @ Notsecure | mxcube.github.io/mxcube/ a % (

Apps maxiv recent w xtal

HOME

MXCuBE - Macromolecular Xtallography
Customized Beamline Environment

The MXCUBE project started in 2005 ot ESRE. mlh the obpmne of providing mmnugnpm beamlines users an easy-1o-use
software platform to run their n 2010, been signed for the development of
MXCuBE bctvm:n the mn)(w synchrotron l‘anlmcs in Eunpc

Today MXCuBE is actively supported by the Ihllo\l'mmm: ESRF. Soleil. MAXIV. HZB. EMBL. Global Phasine Lid.

Apps

C @ GitHub, Inc. [US] | https//github.com/mxcube/

maxiv recent w xtal
mxcube
Qt Front-end of MXCUBE A

qt

%10 Y29 PIGPL-30  Updated 2 days ago

HardwareRepository
Back-end level of MXCuBE A

@Python Y24 RIGPL-3.0  Updated 7 days ago

mxcube3
MXCUBE 3 (web) A A

JavaSerpt - W12 Y16 BB GPL.20  Updated 9 doys ago

mx3docker

Docker file + startup script for MXCuBE 2

@0Dockerfte W3 ¥3 Updatedon Jan 16

[} MXCuBE collaboration homepas: X () GitHub - rmucube/HardwareRep: X New Tab

< C @ GitHub, Inc. [US] | https://github.com/mxcube/Hardh

maxe rocent w atal
[ mxcube / HardwareRepository
<> Code Issues 17 | Pull requests 1 1 Projects 0 Insights
Back-end level of MXCuBE http://mxcube.github.io/mxcube/

{® 3,759 commits 1 15 branches © 0 releases

Top languages

@ Python JavaScript @C

@ Dockerfile

People 6>

OWah 18 ks 0  Yrork 24

42 21 contributors % LGPL-3.0

Branch: master v New pull r

%o marcus-oscarsson Merge pull request #354 from mucube/xray_imaging_fix

i Command

Update of EMBL hardware obj

i HardwareObjects M pull request #354 from mxc

i Server autopep8 and black

M configuration Fixed xml config

. test Created a test_en
gitignore gnore .pyo files
pylintre Fixes in EMBLXraylmaging py indicated by pylint
travis.yml Enabled pylint test for EMBL hwobjs

wray_imaging_fix

gy method to test energy hwabj

Latest commit 4e39e36 7 days ago
17 days ago

7 days ago

4 months ago

a month ago

16 days ago

ars ago

16 days ago

17 days ago

http://mxcube.github.io/mxcube/




File Instrumentation Help

[ Collect | @) System | EaFeedback | [JChat

User

User: mx-415  Group: Set

o3 Logout
Sample list

Mode: Sample changer - Show SC-details
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Pause

[2014-03-03 10:09:04] Ready

[2014-03-03 10:09:50] Centring saved

Sample centring
Sample position
89.98 /@ & 90 |~
Holder length: | 22.838 ::.3‘@70.1 Avr

Omega: Kappa:

Sample video
Light:

Snapshot

Anneal

Aperture 10 um

mxCuBE (mx-415)

00 @ &10 |~| Phi:

20 um

30 um

0.36 = P@K) Focus:| -0.379 +{&P0.01 |~| Frontlight:

® 50 um

00 @ &0

0.0/5 Zoom: 3
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Collection method

Standard Collection
Acquisition
Oscillation range: 0.1 First image:
Oscillation overiap: 0.0 Number of images:

Oscillation start: [89.9 Number of passes:

Exposure time: 0.037

Energy (KeV): 12.6 MAD
Resolution (A): 3.61

Transmission (%): [49.67

Inverse beam  Subwedge size:

X Shutterless

Data location
Folder:

I/dal’alvisltor/mx4151|d23ehll20140303lRAW_DATA

/A-TIM-Test02
File name: A-TIM-Test02_ 1 #### cbf
Prefix AT!MTcs;OZ

Run number |1

Processing
X Process and analyse data N.o. residues:
Anomalous Space group:

Characterisation

Browse

200

Helical Collection

Energy Scan

XRF spectrum
Advanced

=

>

Add to queue

Oscarsson et al., J. Synch. Rad.

*+ .8 X

Expert mode
Machine current

Flux: 2 ph/s
X Energy

Current: |12.6000 keV | 0.984
Move to: kevV v
Resolution

Current: |3.610 A [738.70 mn
Move to: A :- ©
Transmission

Current: | 49.67% 1

Set to:

Safety shutter
disabled

4 F

Fast shutter

.
Beamstop
5 .
r S

Current users

Selecting gives control
Allow timeout control

My name: -basil

<«

(2019) 26, 393-405

MAXTV



Architecture

Scientific Abstraction Queue, Centred
Layer positions, LIMS

Beamline Abstraction Layer
(Hardware Objects)

Hardware Access Layer (Control system)

Oscarsson et al., J. Synch. Rad. (2019) 26,
393-405




MXCuBE - HardwareRepository

e Hardware Abstraction Layer

e |t acts as a container/Pool of single python objects (called Hardware
Objects)

e The information necessary for a hardware object to operate a physical
device. Supported protocols: Tango, Spec, Exporter, Sardana, EPICS

_( HardwareRepository )

Base HardwareObject API

Sample Changer

HardwareObiject Tango Channels/Commands p O
 EEEEEEE—— )
Diffractometer @
. TCP Ch |
HardwareObject CP Channels/Commands > ‘

LIMS HardwareObject REST API Channels/Commands >
e

Equipment HardwareObject Custom Channels/Commands >

[

- et/

Procedure HardwareObiject

XXX HardwareObject EPICS Channels/Commands >

N




MXCuBE - HardwareObjects

e A HO is not only hardware! Procedures/sequences etc

e Link between devices and the graphical interface

e Through the HardwareRepository...
e Configured through xml files

e emitting signals to others HOs, graphical elements

class MicrodiffMotor(Device):

def init(self):

<device class="MicrodiffMotor"> self.position_attr = self.addChannel({"type":"exporter", "name":"position" }, self.motor_name)
<username>0Omega</username>
<exporter_address>130.235.94.124:9001</exporter_address> def getPosition(self):
<motor_name>0Omega</motor_name> return self.position_attr.getValue()
<unit>1e-3</unit>
</device> def move(self, absolutePosition)

self.position_attr.setValue(absolutePosition)

udiff_omega.xml MicrodiffMotor.py




New generation MXCuBE

e More and more need for incorporation of new methods.

e Number of samples within an experiment is increasing fast.
® Better employment of fully automatic data collection methods.
® Better integration of remote data collection protocols.

® There was a vulnerability: MXCuBE2 build on Python and Qt3.

® Better user ergonomics.



Qt4

e Migration of MXCuBE2 from
Qt3 to Qt4 spearheaded by
EMBL-HH

@ Same architecture and feel as
MXCuBE?2

® Introduction of many new
functionalities (EMBL-HH)
especially for serial
crystallography

From lvars Karpi¢s, EMBL-HH




Feature

MXCuBE targets third phase

Europe boasts several synchrotron X-ray sources offering some 30 experimental stations for
macromolecular crystallography. Thanks to the MXCuBE platform, originally developed at the
ESRF, users now have a common standard and language to make the most of these facilities.
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Started as a collaboration by MAX IV and
ESRF




MXCuBE 3

e Under active development | Latest release
e kickoff meeting in September 2015 © v3.0.2
e v3.0.2 -O- aled9fh

e [n production in MAX |V, ESRF, Elettra (Roberto?)
® Tests in Soleil?

e Still a few issues to be solved

MXCuBE 3 (web) Edit

Manage topics

D 3,328 commits ¥ 13 branches © 7 releases AL 8 contributors sk GPL-2.0

https://github.com/mxcube/mxcube3
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Architecture

Scientific Abstraction Queue, Centred
Layer positions, LIMS

Beamline Abstraction Layer
(Hardware Objects)

Hardware Access Layer (Control system)

Oscarsson et al., J. Synch. Rad. (2019) 26,
393-405

A schematic view of the MXCuBE3
software

Users
Client

Front-End

HardwareObjects
SampleChanger Collect Beam DataAnalysis

ISPyBClient

Detector Diffractometer
| | |

Processing

Control System Cluster

Exporter @ Tango Sardana
A A A

Uwe Mueller, et al. (2017) Synchrotron Radiation News,
30:1, 22-27




Frontend - REACT

e Javascript/React library (Facebook)
® For the user interface (the Vin MVC)
e \Widgets like in traditional Ul development
e Called components
® Reusing existing code when the layout changes

® Express the Ul in a markup language called JSX (“html + javascript)

React



MXCuBE - Today

Data collection

B iine Adii Energy: 12.0000 keV Resolution: 3.000 A Transmission: 100.000 % Cryo: 0K
panINenelons Wavelength:  1.0332 A Detector: 277.282 mm Flux: 0 phls
Phase Control:
Transfer ¢ $ Settings
Beam sixe: Sample: Sample-1:01 Queued Samples (0)
5 5
Point-2: Data Collection
Omega:
0.00 2lo0° Point-1: Data Collection x
Kappa: Point-2 : Characterisation x
0.00 -|%1" Path: ref-idtest000_1_####.cbf
Phi: Start ° Osc.° t (ms) #Img T (%) Res. (A) E (KeV) ®° K°
0.00 “lo4e 0.00 1.00 5.000 1 100.00 3.000 12.0000 0.00 0.00
Y: Point-1 : Characterisation x
T | 01
2000 v | mm Line-1: Data Collection x
Z:
o - 01
0.000 v i
Focus:
0000 a 01
mm
Samp-X:
0.000 al 0.1
v . mm
Samp-Y:
0.000 - 01
v . mm

16 MAXIV



< & A Not secure | b-v-biomax-web-0:8081 Q % 0 :

12 Apps maxiv recent LU xtal

© Help © RrA @ Sign out

MXCuBE 3

Bissiiiling Aot Energy: 13.5000 keV Resolution: 1.529 A Transmission: 0.101 % Cryo: 0K [ Sample changer | Safety Shutter
Wavelength:  0.9184 A Detector: 219.996 mm Flux: 0 phi/s OPEN | 25029 |

Phase Control:

ue £ Settings ~

Centring v
bediy ~lze Sample: cime - cime Queued Samples (0)
20 v
Point-2: Data Collection
Omega:

10047 | C 90° Point-3: Data Collection

Kappa:
0.00

a

Phi:

T x|

Sample alignment:

N
£ o) > Add Datacollections Diffractometer v
Add Characterisations
v Add Helical Scan

%% Show motors v

When selecting two points, one can add two collections or characterizations or
one helical scan



& C' A Notsecure | b-v-biomax-web-0:8081 Q v o :

2=z Apps maxiv recent LU xtal

Ll

Helical Data Collection

Data location

Path: /data/staff/biomax/commissioning/20190310/raw/cime/cime-cime/

Subdirectory cime/cime-cime/

Prefix cime-cime

Filename: cime-cime_[RUN#]_[IMG#]
Acquisition

Oscillation range B Firstimage

Oscillation start Number of images
Exposure time (s) ! Transmission
Energy Resolution

Show

Processing Diffractometer v

Default Parameters m Add to Queue

BioMAX 2019-03-10 21:32:11

Adding a helical scan after adding two collections



MX-CuBE3 enhanced sample logistics and
automatic data collection support

Sample Overview () r

Get samples from SC | ~ 2 ISPyB Clear sample list Filter: v =+ Add to Queue  ~ £ Settings v

1:01 (MOUNTED) | | O 102 |0 103 | O 104 | O 105 | | O 108 | O 107 | O 108 || O 1:09

Sample-1:01 Sample-1:02 Sample-1:03 Sample-1:04 Sample-1:05 Sample-1:06 Sample-1:07 Sample-1:08 Sample-1:09
1

(m) || | O 201 | O 202/ | O 203/ | O 204/ | O 205 | O 206 | | O 207|| | O 2:08
Sample-1:10 Sample-2:01 Sample-2:02 Sample-2:03 Sample-2:04 Sample-2:05 Sample-2:06 Sample-2:07 Sample-2:08
(m) 200/ | O 210 || | O 301 | O 302/ | O 303 | | O 304 | O 305 | | O 306 | | O 3:07
Sample-2:09 Sample-2:10 Sample-3:01 Sample-3:02 Sample-3:03 Sample-3:04 Sample-3:05 Sample-3:06 Sample-3:07
(m) 308/ | O 309/ | O 30 | O 40 | O 402 | 0 403 | | O 404 | | O 405 | | O 4:08
Sample-3:08 Sample-3:09 Sample-3:10 Sample-4:01 Sample-4:02 Sample-4:03 Sample-4:04 Sample-4:05 Sample-4:06
(=) 407 | O 408 | O 409 | | O a0 | O 501 || O 502 | O 503 | | O 504 | | O 5:05
Sample-4:07 Sample-4:08 Sample-4:09 Sample-4:10 Sample-5:01 Sample-5:02 Sample-5:03 Sample-5:04 Sample-5:05
(m) 506 || | O 507/ | O 508 | O 509/ | O 5:10
Sample-5:06 Sample-5:07 Sample-5:08 Sample-5:09 Sample-5:10




MXCuBE outlook: new methods & beyond
MX and Xrays

® Incorporation of new methods, e.g. different serial crystallography
methods (fixed target, microfluidics, extruders etc etc).

e Use at other highly standardised beamlines e.g. BioSAXS.

® Use of the front-end technology in other applications.



MXCuBE - Today

Data collection

B iine Adii Energy: 12.0000 keV Resolution: 3.000 A Transmission: 100.000 % Cryo: 0K
panINenelons Wavelength:  1.0332 A Detector: 277.282 mm Flux: 0 phls
Phase Control:
Transfer ¢ $ Settings
Beam sixe: Sample: Sample-1:01 Queued Samples (0)
5 5
Point-2: Data Collection
Omega:
0.00 2lo0° Point-1: Data Collection x
Kappa: Point-2 : Characterisation x
0.00 -|%1" Path: ref-idtest000_1_####.cbf
Phi: Start ° Osc.° t (ms) #Img T (%) Res. (A) E (KeV) ®° K°
0.00 “lo4e 0.00 1.00 5.000 1 100.00 3.000 12.0000 0.00 0.00
Y: Point-1 : Characterisation x
T | 01
2000 v | mm Line-1: Data Collection x
Z:
o - 01
0.000 v i
Focus:
0000 a 01
mm
Samp-X:
0.000 al 0.1
v . mm
Samp-Y:
0.000 - 01
v . mm
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out - Fixed componen

Data collection

t based

Beamline Actions ~

Transmission:

Resolution: 3.000 A

Phase Control:

Transfer
5
Omega
0.00 2l90°
Kappa
I'o'_co 0.1°
Phi:

IO.DO 0.1°

Yz

! 0.1
f o.000 B
Z:

S 0.1
looo G >
Focus:

f 0.000 =
mm

Samp-X:

f 0.000 i
mm

Samp-Y:

I 0.000 0.1
mm
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Sample changer

£ Settings v

Sample: Sample-1:01

Queued Samples (0)

| Point-2: Data Collection

I Point-1: Data Collection

Point-2 : Characterisation

Path: ref-idtest000_1_###H##.cbf
Start ° Osc. ° t (ms) #Img T (%)

.00 1.00 5.000 1 100.00

Res. (A)

3.000

E (KeV) 9° K°

12.0000 0.00 0.00

I Point-1 : Characterisation

I Line-1: Data Collection

MAXV



Future - Flexibel Component based

MAXIV - Mar. 2019

» Start Logged in s frebol. Log Out

Label
Dashboard
Label
—e— sysftg_test/3/double_scalar —e— sysfig_test/1/double_scalar —*— sys/tg_test/2/double_scalar

Attribute Display
i Idouble_scalar: value I 4 i

attribute: value
3 s ‘ output I 3 3 Attribute Writer

device/attribute:

2 i 2 .
Ilnl \ output I Attribute Plot

1 1 1 —— attribute 1 —— attribute 2
5
O Y 0 .
0
-1 -1 = =5
() 20 40 60 80 100 120 () 20 40 60 80 100 120
1
I

I Command Executor I

| command | output

Attribute Dial

e Dragand Drop e Available to all beamlines

® GUI creator ® Generic

e Extendable e User driven development

e Shareable

23



Weblive

# Edit

24

—— sysig_test/3/double_scalar

-160

-180

-200

-220

Time (s)

Dashboard

double_scalar: 22.37

Status | The device is in

RUNNING state.

n/a

—— sysfg_test/1/double_scalar — sysftg_test/2/double_scalar

double_scalar

B

100

double_scalar

-240

-260

120






