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So<ware	requirements	for	MX
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Crystal	characterisation	modes Cartography,	spiral	scanning,		centering	by	
diffraction...	

Crystal	diffrac>on	characteriza>on,	radia>on	
damage

EDNA,	BEST,	Stack	etc.,	Multi-crystal	approaches,	
Blend	etc.

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

Data	analysis	and	pipelines GreNADES,	Xia2,	Fast_dp,	GO.COM,	AutoRicksaw,	
Autosharp,	MrBump,	Dimple,	Phenix	related	
developments,	others...

Data	transfer	and	storage Data	produced	at		6.5	GB/sec.	
Storage	of	raw	data?

Sample	tracking iSPyB	database

Remote	access Reliable	&	safe	solutions

User	friendly,	intuitive	experiment	GUI

MXCuBE



MX-CuBE	history
● 2006	Development	started	of	MXCuBE	by	ESRF	and	MRC-UK	(in	
house	funding	and	BIOXHIT)	

● Initially	deployed	at	ESRF	MX	beamlines	and	the	CRG	MRC-UK	
beamline	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		

● MXCuBE2	also	allowed	for	more	synergy	with	ISPyB		

● Start	of	the	MX-CuBE	consortium,	MoM	in	2012	

● Now	3rd	generation	development	of	MXCuBE:	Qt4	and	v3	

● 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.

11th	MXCuBE	meeting,	June	2017	at	SOLEIL	

12th	MXCuBE	meeting,	January/
February	2018	at	Diamond	



Tools	to	collaborate
● GitHub	

● Website	

● Videoconferences	

● Developers	hackatons	

● Scrums	and	agile	methods	

● MX-CuBE	meetings,	organise	by	
site	to	site

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



MXCuBE2

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



Architecture

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



MXCuBE	-	HardwareRepository
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● Hardware	Abstraction	Layer	

● It	acts	as	a	container/Pool	of	single	python	objects	(called	Hardware	
Objects)	

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

REST API Channels/Commands

Sample Changer 
HardwareObject 

Diffractometer 
HardwareObject 

Equipment HardwareObject 

LIMS HardwareObject 

HardwareRepository

XXX HardwareObject 

Base HardwareObject API

Procedure HardwareObject 

Tango Channels/Commands

Custom Channels/Commands

TCP Channels/Commands

EPICS Channels/Commands



MXCuBE	-	HardwareObjects
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● A	HO	is	not	only	hardware!	Procedures/sequences	etc	

● Link	between	devices	and	the	graphical	interface	

● Through	the	HardwareRepository…	

● Configured	through	xml	files	

● emitting	signals	to	others	HOs,	graphical	elements

<device class="MicrodiffMotor"> 
    <username>Omega</username> 
    <exporter_address>130.235.94.124:9001</exporter_address> 
    <motor_name>Omega</motor_name> 
    <unit>1e-3</unit> 
</device>

udiff_omega.xml

class MicrodiffMotor(Device): 

def init(self): 
self.position_attr = self.addChannel({"type":"exporter", "name":"position"  }, self.motor_name) 

def getPosition(self): 
return self.position_attr.getValue() 

def move(self, absolutePosition) 
self.position_attr.setValue(absolutePosition)

MicrodiffMotor.py



New	generation	MXCuBE

● More	and	more	need	for	incorporation	of	new	methods.	

● 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

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

● Same	architecture	and	feel	as	
MXCuBE2	

● Introduction	of	many	new	
functionalities	(EMBL-HH)	
especially	for	serial	
crystallography From Ivars Karpiĉs, EMBL-HH



MXCuBE	v3

● Beamline	control	and	data	acquisition	as	
web	application	

● Modern	technologies	

● Future	easier	integration	and	
maintenance	

● Remote	access	in	a	more	natural	way	

● New	design	for	the	user	interface	

● Decoupling	logic	and	interface:	any	client	
possible	

● Started	as	a	collaboration	by	MAX	IV	and	
ESRF	



MXCuBE	3
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● Under	active	development	

● kickoff	meeting	in	September	2015	

● v	3.0.2	

● In	production	in	MAX	IV,	ESRF,	Elettra	(Roberto?)	

● Tests	in	Soleil?	

● Still	a	few	issues	to	be	solved

hqps://github.com/mxcube/mxcube3



Architecture A	schematic	view	of	the	MXCuBE3	
software	

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

Oscarsson et al., J. Synch. Rad. (2019) 26, 
393-405
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Frontend	-	REACT
● Javascript/React	library	(Facebook)	

● For	the	user	interface	(the	V	in	MVC)	

● Widgets	like	in	traditional	UI	development	

● Called	components	

● Reusing	existing	code	when	the	layout	changes	

● Express	the	UI	in	a	markup	language	called	JSX	(~html	+	javascript)
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MXCuBE	-	Today



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

MX-CuBE3	:	video	as	canvas



Adding	a	helical	scan	after	adding	two	collections



MX-CuBE3	enhanced	sample	logistics	and	
automatic	data	collection	support



MXCuBE	outlook:	new	methods	&	beyond	
MX	and	Xrays

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

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

● Use	of	the	front-end	technology		in	other	applications.
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MXCuBE	-	Today
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Layout	-	Fixed	component	based
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Future	-	Flexibel	Component	based

● GUI	creator	

● Drag	and	Drop	

● Extendable	

● Shareable

● Generic	

● Available	to	all	beamlines	

● User	driven	development

MAXIV	-	Mar.	2019
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WebJive



Thanks	to

● Many	people	at	the	ESRF,	
in	parVcular	MaVas	
Guijarro,	Marcus	
Oscarsson	&	Daniele	de	
SancVs	

● EMBL-HH,	in	parVcular	
Ivar	Karpiĉs	

● MAX	IV	in	parVcular	Mikel	
Eguiraun,	Fredrik	
Bolmsten	&	Jie	Nan	

● All	involved	with	the	
MXCuBE	consorVum
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