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Motivation

Mame

The NeXus file will contain: v

964281_00003931.hdf

v = entry

- Groups with corresponding NeXus classes.
- Static data (e.g. experiment title, users etc.).
- Dynamic data.

- Alarm information from instrument
devices.

- Transformations (dynamic and static) that
define instrument component locations and
rotations.

At ESS, our data structures will follow the
NeXus
standard specification as much as possible!

m data
~s definition
~v experiment_identifier
m instrument
v m flir camera
v = data
~v cue_index

~+ cue_timestamp_zero

~s time
@ value
v m image_key
~s alarm_severity
~v alarm_status
~ alarm_time
~s average_value
~s connection_status

~s Connection_status_time

~s cue_index

~v cue_timestamp_zero

~» maximum_value
~s minimum_value
~s time
| value
» m laser_monitor
» = laser_source
v | light_source
~s probe
» = Mini_chopper

v m Sample

~ depends_on

~vs hame
» m transformations
o title

Dascription

(™) ["Unassigned experiments"]

) ["NXtomo"]
) ['964281"]

0
® 0
() 1D data
(¥) 3D data

(¥) 1D data
vy 1D data
V) 1D data
) [1.71429]
0

]

]
1D data

@ 2D data

0
0
0
[3
[0

P@REeREEe

) ["visible light"]

) ["lego”]

) ["/entryfsampleftransformations/rotation”]

@ ['lego’]

W) ["Unassigned experiments”]

Type

NXentry
NXdata
string
string
NXinstrument
NXdetector
NXlog
uint32
uintg4
uint64
float64
NXlog
string
string
uintg4
float64
string
uint64
uint32
uintg4
floatg4
float64
uintg4
int16
NXmonitor
NXsource
NXsource
string
NXdisk_chopper
NXsample
string
string
MXtransformations
string

0

1]

416

416 = 480 = B30

R = == = N N B

E
-



Motivation =

[E] “name”: "prope”,
64 “values": "visible light",
85 "type": "string” . . . . . . .
e : Conf file the ESS fil NeXus fil
o - ; ontiguration tile the lle writer uses to write NeXus Tiles
68 - ]
69 - s
7o - { MName Description Type Shape
n “game": "flir_camera"”, v 964281_00003931.hdf
72 "type": "group", " . . "
73 - "attributes": [ v = entry (T ["Unassigned experiments"] NXentry
74 - { = data NXdata
75 "name": "MNX_class", ~v definition ) ["NXtoma"] string 1
76 lldtypell: "String“, . . Y " " H
77 wyalues": "Nxdetector” ~» experiment_identifier W) ['964281"] string 1
78 « } ¥ m instrument NXinstrument
73 = 1, v m flircamera NXdetector
80 - "children": [
v |m data NXlog
81 -
82 “name": "image_key", .| o, ~v cue_index w0 uint32 0
83 "type": "group”, FI e ertl ng ~v Cue_timestamp_zero w0 uint64 0
B4 w "attributes": [ . !
~v time ) 1D data uint4 416
85 -
86 “name”: "NX_class”, W value ) 3D data float64 416 = 480 x 830
87 "dtype": "string", v m image_key NXlog
g: 3 e M ~s alarm_severity ) 1D data string 7
90 ~ 1, ~s alarm_status ) 1D data string 7
91 - "children": [ ~v alarm_time ) 1D data uint64 7
3; - { dul 142 ~ average value W [1.71429] float64 1
"module™: " ", - .
94 - "config": { ~vs connection_status w0 string 0
95 "source": "flir_image_key", ~s connection_status_time &) [] uint64 0
3? :;:pic::: :\:rm'l;;gnicus_devices“, ~ cue_index @ 0 uint32 0
98 « } ypeti Tan ~s Cue_timestamp_zero w0 uintG4 0
99 = } ~s maximum_value W [3] float64 1
100 - . ] ~s minimum_value @ [0] float64 1
181 = B . ]
102 - 1 ~s time W) 1D data uint64 7
183 "name": "data", W valus ® 20 data int16 7 =1
104 “type": “group", » @ laser monitor NXmenitor
1:: : a}trlbutes o1 = laser_source MNXsource
187 “name": “NX_class", m light_source NXsource
108 "dtype": "string", ~v probe @ ["visible light"] string 1
189 "values": "NXlog" L .
T s } » m mini_chopper NXdisk_chopper
111 » 1. v m sample ) ["lego"] NXsample
112 « “children": [ ~» depends_on W) ["/entry/sample/transformations/rotation]  string 1
113 " " :
114 "module™: "ADAr", ~v name . © [lego’] string . 1
115 ~ “config": { » m transformations NXtransformations
116 “source": “some_source", ~s title ) ["Unassigned experiments"] string 1
117 “topic": “ymir_camera",
118 "array_size": "$AREADETS"
119 = }

170 = hs




Motivation @

Some problems to solve...

- Generating template files is a tedious work.

Why?

- Even the simplest cases result in files that are 1000s of lines.

- It is hard to verify the validity of structures with respect to the NeXus standard specification.

https://manual.nexusformat.org/classes/index.html

- Verifying instrument component layouts requires writing your own plotting tools.

- People use different libraries to create template files. Scripts used are usually not well-
documented.

- Sometimes manual editing of the JSON file is needed.



https://manual.nexusformat.org/classes/index.html

NeXus Constructor

Seamlessly building configuration files

- NeXus Constructor comes with a proper and rather simple graphical user interface.

- Developed in Python 3.7 using PySideZ2 (upgrading to PySide6) for graphical
components.

- You are able to see both the NeXus configuration structure and a 3D rendering of
NeXus groups with geometric properties (e.g. choppers, detectors, monitors and slits).

- It is easy to load an existing configuration file and edit it in the NeXus constructor.

- Definitions and documentation of NeXus base classes is integrated in the application.

- NeXus constructor suggests group/field names, does verifications of inputs, suggests
units etc.

- Works on macQOS, Linux and Windows.

—
NeXus Constructor is open-source and can be founc @E@

https://github.com/ess-dmsc/nexus-constructor
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NeXus Constructor

o User Interaction Pane

NeXus Constructor

[ ]
Nexus Structure
=, L&A
+ + + + i :
Group Edit |
Proposal ID: Use placeholder
Title: Use placeholder
Configure users Use placeholder
iéntry (NXentry)

Component 3D viewer



Creating a NeXus group

~ Configure users




INAdpPEI LUTE

Creating a NeXus group @

NXattenuator ES ot

Name: sample : Eiz:z;asgtjzagnet

‘ | o
. NXcrystal o .

o iy B - Choose the desired NeXus class from the list.
NXdetector_module

© No Shape ~ Box isk_c 0_ er . . . .

o Norghiint - NeXus classes in the list are split in two
NXfilter

| categories: components and groups.

NXfresnel_zone_plate -

NXgrating
i NXguide

- A component is something physical on the

et beam line, with geometric properties
NXmonochromator . . .
N¥pinhole (dimensions, shape and location).

NXpolarizer
NXpositioner

| Nxsample |
Naameia_componert - Suggested NeXus classes are based on the

NeXus standard specification.
NXvelocity_selector

NXbeam
NXcite
NXcollection
NXcylindrical_geometry
NXdata
NXentry
NXenvironment
NXevent_data
NXgeometry
NXinstrument
NXlog
NXnote
NXobject
NXoff_geometry

| NXorientation
NXparameters 13
NXpdb




Creating a NeXus group fess

Mame: sample

nexus v2020.10 documentation » 3. NeXus: Reference Documentation » previous | next |
Description: 3.3. NeXus Class Definitions » 3.3.1. Base Class Definitions » 3.3.1.46. NXsample
Group type: Use placeholder NXsample 3.3.1_46. NXsampIe |
Shape type:
O Auto ) Box ) Mesh ) Cylinder Status: 3.'391,.':5&2?2?(?3“
Fialds base class, extends NXobject |
Add field Remove field Description:

3.3.1.45. NXroot
Any information on the sample. |

This could include scanned variables that are associated with

one of the data dimensions, e.g. the magnetic field, or logged 3.3.1.47.
data, e.g. monitored temperature vs elapsed time. NXsample_component
Symbols: |

symbolic array lengths to be coordinated between various Show Source

fields |

n_comp: number of compositions
n_Temp: number of temperatures

n_eField: number of values in applied electric field

n_mField: number of values in applied magnetic field |

n_pField: number of values in applied pressure field

. . . " global ) Nex e
n_sField: number of values in applied stress field global @ Nexus manual | Gc

Groups cited:

NXbeam, NXdata, NXenvironment, NXgeometry, NXlog, NXposi-
tioner, NXsample component, NXtransformations

Structure:
@default: (optional) NX CHAR

Declares which child group contains a path leading to a
N¥data araun.

Add group Cancel 14




Creating a NeXus group

Creation of a sample using the NXsample class

Name: sample

O

Description:
Group type: | Use placeholder MXsample
Shape type:
O Auto " | Box " Mesh " Cylinder
Fields
Add field Remove field
|c| |  Scalar dataset |_|  double units Attrs

J changer_position
chemical_formula
component
concentration

15



Creating a NeXus group fess

Creation of a sample using the NXsample class

Name: sample

nexus v2020.10 documentation » 3. NeXus: Reference Documentation » previous | next |
Description: 3.3. NeXus Class Definitions » 3.3.1. Base Class Definitions » 3.3.1.46. NXsample
Group type: | Use placeholder MNXsample o
— 3.3.1.46. NXsample |
Shape type:
B B B . 3.3.1.46. NXsample
 Auto © Box I Mesh ) Cylinder Status: = Hypertext Anchors
Shape options: base class, extends NXobject |
Units -
Description:
| P 3.3.1.45. NXroot
m Any information on the sample. |
This could include scanned variables that are associated with
Length: D50 Iz one of the data dimensions, e.g. the magnetic field, or logged 3.3.1.47.
data, e.g. monitored temperature vs elapsed time. NXsample_component
Width: |0.20 [=
. . Symbols:
Height: |0.30 | - ymbals |Sh "
symbaolic array lengths to be coordinated between various owsouree
Fields fields |
Add field Remove field n_comp: number of compositions

n_Temp: number of temperatures

chemical_formula m n_eField: number of values in applied electric field

. n_mField: number of values in applied magnetic field |
Kafka stream units

n_pField: number of values in applied pressure field

. . . “global @ Nex; || G
n_sField: number of values in applied stress field olobal @ Nexus manual | Ge

Groups cited:

NXbeam, NXdata, NXenvironment, NXgeometry, NXlog, NXposi-
tioner, NXsample component, NXtransformations

Structure:
@default: (optional) NX CHAR

Declares which child group contains a path leading to a
NXdata aroun.

Add group Cancel 16




Creating a NeXus group

Creation of a sample using the NXsample class

File View

Mexus Structure

@ L G.KQ O

+

Group | Translation | Rotation Edit Zoom Delete

Proposal ID: | Use placeholder

Title: | Use placeholder
Configure users | Use placeholder

entry (NXentry)
sample (NXsample)
dataset

\l_formula ol p2 stringa

142

= units

¥ geometry (NXgeometry)
v shape (NXshape)

dataset
dataset

shape s ox 5tri|a

17



Shape type:

Components O
Aspects of components in NeXus Constructol -~
Length: 0,00
1. A component has dimensions, shape and widh: - 000
1 Height: 0,00
location. :
2. Shape type is at the moment limited to " oo »

following set of shapes:
Auto, box, mesh and cylinder.

3. There are components with customized
Shapesl SUCh as NXSIit’ NXdetector and fUsers/kenanmuric/Desktop/OFF files/cube_color.off Browse...
NXdisk_chopper.
Add field Remove field

4. More shapes and customized components
could be added in the future. No Shape Mesh O cyiinder
Note: the sample is a component!

Height 0,00 2! Radius 0,00

X: 0,00 2l 0,00 : Z: 100

Cylinder Count:




Components @

Defining sample (or other component) position and rotation

The NeXus standard uses the NeXus class NXtransformations to define translations and
rotations for a given component. Link is used to link transformations to other components.

Nexus Structure "
= q:‘:

QI- ’1 + + t‘.I/+ « : O\ H e
Group || Translation | Rotation | Link Edit | Zoom i Delete |
|

Proposal ID: Use placeholder

|
Title: Use placeholder |

Configure users Use placeholder |

v entry (NXentry)
sample (NXsample

¥ transformations (NXtransformations)
rotation
Name
Rotation Axis
0 y:
Angle (°)
Value to use in 3D view:
translation
Name
Direction
V'
Distance (m)
Value to use in 3D view:

19




Components @

Defining a chopper using NXdisk_chopper

You need to provide radius, slits, slit_edges and slit_height to get a proper disk chopper.

+ + + Uy \Q g

Use placeholder

Proposal ID:
Title: Use placeholder
Configure users Use placeholder
entry (NXentry)
chopper (NXdisk_chopper)
DATASET
slits 2 int64 n units Attrs
DATASET
slit_edges Edit double & deg Attrs
DATASET
radius 1 double B m attrs
eCe
DATASET
+ Ad W -
slit_height 06 double B 'm Attrs
o (1]
o0 00
shape
1 600
2 1800
3 2400

20




Components

Defining a slit using NXslit

Provide x_gap and y_gap to render a proper slit.

MNexus Structure

@ . & Q =l

Use placeholder

Proposal ID:
Title: Use placeholder
Configure users Use placehaolder
entry (NXentry)
¥ slit (NXslit)
DATASET
%_gap s 30 double B mm Attrs
y_gap =40 double mm Attrs

» shape (NXoff_geometry)




omponents

Defining a detector using NXdetector and cylinder shapes

Mame: detector]
Description:
Group type:
Shape type:
Auto Box

Shape options:
Units

mm

Cylinder options
Height 20,00
X: 0,00

Cylinder Count:

Pixel options

Pixel layout:

© Repeated Single Pixel Shape

Pixel grid:
Row: 20
Columns: 10
First 1D: 0

Start counting from:

Fields

Add field

NXdetector
Mesh o Cylinder
Radius 30,00 z
i 0,00 sz 1,00
Entire Shape Mo Pixels
2 Row height: 70,00
~ Column width: 70,00

Bottom Left

Remove field

o

22



Components @

Defining a component with complicated geometry using an OFF file

Geometry of the detector used in the different instruments can be defined using an
OFF file if the geometry does not conform to the shapes in NeXus Constructor.

Example of such a case is the DREAM (Bi-spectral Powder Diffractometer) instrument
at ESS.

New high efficient 1°B detectors
(initial coverage is 1.82 sr)

Moderator m=4 35 25 2 15 m=2 m<3.5
om 23.75m 58.95m 2m
1 ' .
Heavy Y unpea e | variable
| light ! elliptic - ballistic guide !
cold hlfl‘u_., P|S BC T0 Shutter E S o E collimation
~ N—i N !
thermal ' "OC =1 : - } : 1} : h
bu;:e:luatlps 617 m 10.83 m , (_( ! (_( 1 Monitor
switc [ |
6.15m :bunker ' H
:24.5m
Choppers | Ref TCS




File writer modules

Different fields to add in a group

1. When creating the sample, we added a
static dataset containing the chemical
formula of the sample.

2. This dataset is added as a field to the
instance of the NXsample called sample.

3. However, there are in total 3 types of
fields that can be added to a group (or
component).

4. These are: datasets, links and streams.

o

Datasets:

Datasets contain static data that we know the
value of beforehand. Added directly to NeXus
structure.

Streams:

Streams define how dynamic data is written by
the file writer using predefined flatbuffer
schemas:

Event data would use ev42 schema.
Chopper rotation speed would use f142 schema.
Links:

These are “shortcuts” to other parts of the NeXus
file.

24



File writer modules @

Different fields to add in a group

Configuring a f142 stream Configuring a link
@® @ Editing f142 stream field Name: lentry
Description:
Schema: f142 3 Group type: NXentry
Shape type:
Topic: my_topic © No Shape " Box ' Mesh " cylinder
Source: my_source]| Fleds
Add field Remaove field
Value Units: P
Kafka streamﬁ Edit m Att
Type: double 4 >-“ -
o Scalar —~ A"ay my._link Link fentry/finstrument/data

Show/hide advanced options

OK

25




Saving the NeXus template file is easy -
€sS

63 "
name": “probe",

1. Once the desired NeX :
the desired NeXus structure has  ©: y TP e —
. - } v | 964281.00003931.hdf 2
been produced, it can e i : 1 e
. ! Xpo rt It to a JSO N gz . }{'» o data (™) ["Unassigned experiments"]
file. ; s o omer st © tcenor
ol g:imutg;wp[ . ~ ?xierimem'ide““ﬁer @ ['964281")
m~e g - 75 { " : " f?‘lment
. .— . 4 m  gmenm P = “name"il--Tx_anE..' w flir camera
: L 7 atiests astettor b
m View - ¥ ~ cuendex ®0
g ']'Ehj_Ld . s Cue_timestamp_zero @ 0
Create new NeXus JSON template  ¥N a1 o - - © 1D data
Open File writer JSON file 20 v . rtypen: grougts v @ image key © 3pcete
Export to file writer JSON TY E e ey O
N q 7 : - Hy " _status
Export to compressed file writer JSON : O\ ? 9 o “dtypets siring, ~ alarm.time % 1o
|l 1 - . : i p—_— "values": "NXlog" ~v average_value
Group | Translation | Rotation Edit | Zoom ® - 1,} ~ connection_status % 5'71429]
; i Delete - "children": [ ~ connection status_time - © I
s U ncdute: mr1aze v cue ndex ©1
94 = " S + ~s cue_timestam,
config": { p_zero @0
g: ::ot?_"ce“: “flir_image_key", v maximum_valus W [3]
2 o8 ;:;;; “ymir_nicos_devices", ~ minimum_value © [0]
: "int1g" i
. The saved JSON fil b : o } " w tme ® D
} m value
the fi . e can be provided to  i:: O e © 260
. i - . w laser.
ile writer to write a NeXus data file " e e
* o o type;: "group"', ~s probe @ ["visible light"
3 Y 106 attributes": [ » Bm mini_chopper isible light"]
. . {
. YOU Can a|SO Ioad an eX|St|ng and Valld 108 el v san::e ) @ ["lego"]
. i ) oa "Va{E:s:‘: 5;;11-29, ~v depends_on @ ['/entry/sample/transformations/rotation’
le and edit it by: o
o I y' 11; : 1. » & transformations 9
“children": [ Ao title .
Fll — > O F.l ) 113 € W) ["Unassigned experi ts"]
e pen File writer JSON file .
116 "config": {
"source": " "
o “topic*: “ynir canera”,
T ; array_size": "$AREADETS"

178 = N
26




Summary

NeXus Constructor

1. As can be seen, the graphical user interface is simple.

2. The 3D component viewer enables the user to verify component
geometries and locations while building the NeXus structure.

3. Complicated geometries can be imported as OFF files.
4. It is easy to save, load and share templates between people.

5. NeXus class documentation in the Ul, field name suggestions and error
checking helps the user to avoid the most obvious mistakes.

NeXus Constructor can be found on:

https://github.com/ess-dmsc/nexus-constructor

B0
¢

27
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Thank you for your attention!

Questions?

Kenan Muri¢, Data Acquisition Scientist, ESS ERIC
Contact: kenan.muric@ess.eu



