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Neutron imaging measures the tfransmifted neutrons
though an object

Source Object Detector

%OAK RIDGE | feieio (Figure source: aven.amritaleaming.com,. (2013). Shadows and Pin Hole Camera.)
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Transmitted neutrons recorded as image/images

Con’rinuous neutron beom
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Neutrons interact uniguely with matter
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Neutron cross-section
(Zhang Y. The University of Utah; 2016)

Non-destructive

absorption

High penetration through metals

scattering

Sensitive to light elements (H, Li, etc.)

Isotopic contrast

A. Tengattini, et al. Geomechanics for Energy and the Environment 27 (2021)
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Neutrons inferact uniquely with matter (cont’'d)

Neutron

Gupta, D., Zhang, Y., Nie, Z., & Koenig, G. M. (2024).
¥ OAK RIDGE | iz IPTS-33592, Y. Zhang, 2024 Journal of Industrial and Engineering Chemistry
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Neutrons inferact uniquely with matter (cont’'d)

Neutron
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The MARS instrument at HFIR
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Example: visualize live root system
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%9&5}5{2%‘3 NEUTRON (J. Warren (Pl), H, Bilheux, M. Kang, S. Voisin, C. Cheng, J. Horitq, E. Perfect, Plant Soil, 2013)




Resolve the composition gradient in graded superalloy

Build
Direction

Laser Travel

Direction
Scale: mm
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Huang S., Shen C., AnK., Zhang Y., Spinelii |., Brennan M., Yu D., Frontiers in
Metals and Alloys, 1, 1070562 (2022)
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Measures molten salt densities at MSR operatfing
temperatures
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Resolutions and FOVs

Type of e . . Highest spatial Typical acquisition time . .
Field-of-view (FOV) Pixel size (um) resolution (um) of 1 radiograph Maximum speed @16 bit

36 x 24 mm? : 10-15 900 1 image/second

High-res (.5x) 50 x 48 mm? 7.63 20-25 300s 1 image/second

High-speed 88 x 88 mm? 43 ~100 = 74 image/second

Balanced 88 x 88 mm? 16 ~50 30-90s 1 image/second

Gap betwéen
lines = 20 um

Gap between
lines = 100 um

(Sample credit: George Williams)
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Transmission mode
resolves micro features (10-100 um)
in cm sized samples v/

Go down to smaller length scale ?




What is neutron grating interferometry (nGl)?

A neutron imaging instrumentation that enable
the utilization the wave properties of neutron, to

: ) 2
spatially resolve sub um internal features 2
=
Interference
Sample pattern S =
X . o position
I (cm size) / T. Reimann et al., J. Applied
- 3 Crystallography. (2016)
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Source Phase grating ~ Analyzer Raw qu_wiss‘gffcdafr?m B
grating 0 = 10-50 um grating P Transmission Image (TI)

Y. Kim et al., Applied Sciences (2022).
(Sample courtesy of Dr. Chris Fancher)
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What is neutron grating interferometry (nGl)?

A neutron imaging instrumentation that enable
the utilization the wave properties of neutron, to I/T\

. . .= e W
spatially resolve sub um internal features 3| @ \7;/
2
Interference
y Sample pattern G, position
I (cm size) / T. Reimann et al., J. Applied
| . S & Crystallography. (2016)
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Source Phase grating Analyzer qu; qu_wii‘g*fcdqfr?m :
grating o = 10-50 um grating P Dark Field Image (DFl)

Y. Kim et al., Applied Sciences (2022).
(Sample courtesy of Dr. Chris Fancher)
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More about this sample along with the nGl results

Photo EBSD [Transmission (TI)\

Dark Field (DFI)

Inconel

Region 2

y (mm)

Region 1

Two different
cooling rate regions
in an Inconel
sample

(Sample courtesy of Dr. Chris Fancher)

EBSD image is from Plotkowski et al., Additive Manufacturing. 46, 102092, (2021).
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How to interpretate the DFI?




Scan through various correlation lengths to understand
the length scale

Interference
" (Sample) pattern
cm size
1_ /
§ pl1= Autocorrelation length DI\/%L\J/T;?Qngm
: g | \ ~
: -1 = —
- = f _ 2'lJS/I?
i -1
Source Phase grating Analyzer
grating p=10-50 um grating

Y. Kim et al., Applied Sciences (2022).

(Sample courtesy of Dr. Chris Fancher)
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Scan through various correlation lengths to understand
the length scale

Correlation length \ljlveu’frcl)n o
Interference N\ /{/ aveleng
S I pattern —
X (om siz0) / S Ls/p
- Pl ;
: - -
- = WS
- - £=223nm €=313nm =401 nm € =491 nm
| N
Source Phase grating Analyzer
grating p=10-50 um grating

Y. Kim et al., Applied Sciences (2022).

(Sample courtesy of Dr. Chris Fancher)
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Plotting the dark field intensity vs. ¢ in region-of-interest
(ROI)
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0
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Autocorrelation length (nm)

DFI

« Indicating different microstructures between

(Sample courtesy of Dr. Chris Fancher) selected ROIs
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Measurement of suspended PMMA spheres in solution as
a calibration standard

Tl DFI
(Sample courtesy of Dr. Fankang Li)
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* The curves indicate the size of the PMMA spheres,which
match well with the spec. (~100 nm in the top cell, ~150
nm in the bottom cell)

e Some settling observed in the boftom cell, resulted
difference in number density of PMMA can be observed
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NGl capability at MARS

Two setups to cover ACL ranges from ~40 nm to ~3400 nm

ACL Coverage for 2.5 A
(Max. sample distance = 20 cm)

ORI
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Avuto-correlation length (um)

Transmission Dark field

(Sample courtesy of R. Dehoff)
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Imaging at a pulsed source (SNS)

Energy;dependen’r
Detector radiographs

Hg Neutron pulse
Target ' .

\
- éolaooﬂ»i
pulse vA>cierc’ror — »

Incident Transmitted
To L > T I(X, y, t)
Courtesy of Y. Zhang, ORNL l
N 1(X, Y, 4)
— _ A or
(1) =1,(A)e D wA=o)= 104y, E)
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Higher energy neutrons can also be used for imaging (neutrons of energies
higher than 1 eV): Resonance Imaging

2.8cm

Ag In
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g =
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Energy (eV)

Zhang Y., Myhre K.G,, Bilheux H.Z, Tremsin A.S., Johnson J.A, Bilheux J,, Miskowiec

A., Hunt R.D, Santodonato L., Molaison J.J., "Neutron Resonance Radiography

and Application to Nuclear Fuel Materials", Transactions of the American Nuclear
Society, (2018).
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http://answinter.org/wp-content/2018/data/pdfs/287-26287.pdf
http://answinter.org/wp-content/2018/data/pdfs/287-26287.pdf

Resonance imaging (> 1eV or < 0.286 A): preparing
your experiment

o Soll surveys, contaminants in soll, etc.: nevirons _lgmg | Overal
» ICKNEeSS
— transmission through 0.01 mm thickness of "o'Co (between 1 and 5 A) =99.5% fhroughbeam
— fransmission through 1 mm thickness of otZn (between 1 and 5 A) = 96.4 % > Q
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Resonance imaging: preparing your experiment (cont’'d)

« Hg contamination in soll

— Assumptions: 0.1 mm Hg (13.6 g/cm?3) + 12.5 mm SiC (with 1.5 g/cm?)
e Transmission (1 and 5 A) = 66.4 %

Resonance peaks plotted
with:

INEUIT (“I knew it")

Attenuation

iN EUtron |maging Toolbox
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Using epithermal neutrons (energy > 1 €V), resonance
Imaging can map the isotopic content in advanced
nuclear fuel materials in 3D

» Distribution of elements drive the performance of the novel advanced
nuclear fuel materials
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> Quantitative analysis is being developed using in-house open-source
Python package (ResofFit)

Myhre KG ZhangY Bllheux H.Z, JohnsonJA BllheuxJ MISkOWIeCA HuntRD

SRR -Re

SOURCE Nggimn_mmg Transactzons ofthe Amerzcan Nuclear Soczety (201 8). ‘
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http://answinter.org/wp-content/2018/data/pdfs/264-26727.pdf
http://answinter.org/wp-content/2018/data/pdfs/264-26727.pdf

Bragg edge imaging: how does it worke

AR Different Bragg edges | ( ﬂ,) — | ( /’L)e_”(/l)x
e ’ measure different phases pN
and lattice spacings, dy. u(A) =o, (1) =—=

The height of Bragg edge
provides the amount of a
specific phase.

Neutron
Transmission

Barton J.P, Bilheux H.Z., Bossi R,
Herwig KW, Santodonato L,

TaonrM "Chapter 12: Neutro
R hy for Non iv

Testlng ., Nondestructive Testmg
Handbook, Fourth Edition: Volume
3, Radiographic Testing

:(RD (2019).
3D printed Neutron Wavelength Ak
Inconel 718 Rod|ogroph The position of the Bragg
%()AK RIDGE SPALLATION < > O-I- HFlR : edge )\hkl 2 dhkl |S a measure
National Laboratory | SOURCE 1 cem Fe i of the strain in the sample



https://www.asnt.org/Store/ProductDetail?productKey=78f4798c-cfb2-44df-92dc-1c0e97b106ca
https://www.asnt.org/Store/ProductDetail?productKey=78f4798c-cfb2-44df-92dc-1c0e97b106ca
https://www.asnt.org/Store/ProductDetail?productKey=78f4798c-cfb2-44df-92dc-1c0e97b106ca

Principle of Bragg edge Transmission

v Utilizes thermal and cold neutrons (approximately between 1 and 10 A)
v Obeys Bragg's Law A = 2dy Sin B, simplifies: A= 2dp

March-Dollase ~Sabine’s primary
model extinction model  y,: volume of unit cell

A2 2dppi>A Fi«: Structure factor including Debye-
Opragg(A) = _Zvozhkl | Frjal® dhkl P (“;‘{(/1)) Eni(4, Fhkz) Waller factor

Crystallite orientation

Total cross section for d”1 Crystallite size effect _
Inconel 718 | (Er) effect (P(a;(4)): r and B)
|
== Total Cross Section | (111): r=5, B=9Q°
[l Coherent Elastic ' ' 1 100 S E— ' ' ' ' ' [‘\| tl t! ' ' '
= |Incoherent Elastic . —_— - NO texture
100 __ Coherent Inelastic : - é Hm 1 300 r=1torall (hkl)
== Incoherent Inelastic —_—O UM
g 80+ Absoption / L~ - 80F—10 pm /1 ,A ~
& 60 i Ve Ve £ / £ 200 (110 r=5, B8t
= 311 200 200 111 | Qo / d a (111): r=5, B=70°
bE 40 222311 /z “ b§ 60 ,/ y b:é (111): r=5, p=50° N
1 (W [ [ [ I (' [ [ 1
0 % 40 222311 220 200 111 0 222311 220 00 111

15 20 25 30 35 40 45 1.5 20 25 30 35 40 45 15 20 25 30 35 40 45
Wavelength (A) Wavelength (A) Wavelength (A)
%8{2{&5{2%% E‘E%LEE?QT“ION G. Song et al., Journal of Imaging, 3, 65 (2017).




The perfect case study: powders

" Pure Ni powder e e |
075 0.45 111 Plane
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I | | | Fid e
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20 25 30 35 40 1 S
Wavelength (A) Wavelength (4)

(a) (¢)

Song G, Lin JY., Bilheux J, Xie Q, Santodonato L., Molaison JJ., Skorpenske H.D. dos Santos A.M., Tulk CA.,, An K, Stoica A.D,, Kirka M.M., Dehoff

%OAK RIDGE | #auaron RR,, Tremsin A.S., Bunn J.R, Sochalski-Kolbus LM., Bilheux H.Z,, "Characterization of Crystallographic Structures Using Bragg-Edge Neutron
National Laboratory | SOURCE | maging at the Spallation Neutron Source", Journal of Imaging, 3, 4, 65 (2017).



http://dx.doi.org/10.3390/jimaging3040065
http://dx.doi.org/10.3390/jimaging3040065

Materials Behavior: Monitoring residual strain relaxation and preferred grain orientation of
additively manufactured Inconel 625 by in-situ neutron imaging

Fig. 8. Strain distribution (in microstrain) at the (111) Bragg edge measured at room temperature along the sample thickness direction X. SNAP beamline. The image
integration time was about 2 h at SNAP. i, value iz taken from the annealed sample #]-8 (average across the entire sample). The legend indicates the strain values in
microstrain.
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Engineered Materials: Monitoring residual strain relaxation and
preferred grain orientation of additively manufactured Inconel
625 by in-situ neutron iImaging (10 min measurements)
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-P Fig. 16. Vartatlon of the standard deviation of the reconstructed strain as a functon
Neutron wa\relength hl] ""’ HHE of image integration dme. Three different gzes of the area used for pixel grouping are
O R used for straln reconstruction, as indicated by the legend (in mm?).
AK RIDGE | sPALLATION . oqe . ;
¥Na‘“’"a‘ Laboratory | Soutce” fremsin et al, Addifive Manufacturing, 2021. Tremsin et al, Nuc. Instr. Methods in Phys. Res. A, 2021.




Autonomous Hyperspectral

Neutron CT Experiment
at ORNL

Up to factor 5 improvement in time
P> Optimization of the scan based on the unique
sample geometry
> Ability to provide real-time reconstructed data
A\ Autonomous using advanced iterative reconstruction
Decision methods

S

i

Al Quality Sample Adaptive
% OAK RIDGE 70" Evaluation - Scanning Angles
National Laboratory | SOURCE (qciive qurninq)
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<311> Bragg edge reconsfruction at ~2.17 A+ 0.2 A

Conventional reconstruction methods Our advanced algorithms/methods

fbp-recon_.Ang-num_015 - O X fbp-recon.Ang_.num.027 - @O X recon_Ang_num_015 e recon_Ang_num_027 _ o x
124/250 (rec_fbp_00123.tiff); 400x400 (400x400); 32-bit; 153M 124/250 (rec_fbp_00123.tiff); 400x400 (400x400); 32-bit; 153M

125/250 (rec_svmbir_00124.tiff); 400x400 (400x400); 32-bit; 15

125/250 (rec_svmbir_00124.tiff); 400x400 (400x400); 32-bit; 15

“Final result

SVMBIR- 27
projections

SVMBIR- 15
projections

4 ] »E] ] 2 O E T

MSE along reconstructions 55IM along reconstructions

=== threshold value === threshold value

005 4
MSE'  5.689x 103 .
SSIM? 0.634

003

1Znou Wang; Bovik, A.C.; ,"Mean squared 002 -
error: Love it orleave it2 A new look at
Signal Fidelity Measures,” Signal
Processing Magazine, IEEE, vol. 26, no. 1,
pp. 98-117, Jan. 2009.

1Z. Wang, A. C. Bovik, H. R. Sheikh and E. 0.00 -
P. Simoncelli, “Image quality assessment:

From error visibility to structural similarity,”

IEEE Transactions on Image Processing,

vol. 13, no. 4, pp. 600-612, Apr. 2004.
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Neutron Imaging Capabilities at VENUS

e Bragg edge imaging

e Resonance IMmaging
e Epithermal imaging
e Largest field-of-view thermal/cold imaging

 Neutron grating interferometry (to be implemented)

e Polarized imaging (to be implemented)

0K RIDGE | ibreei” https://neutrons.ornl.gov/venus
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Bragg edge imaging:

20 x 20 cm?, spatial resolution ~ 100
Cave Kum, time resolution is 5 ps.
shielding | Resonance imaging:
4 x 4 cm?, spatial resolution ~ 150 pm,
time resolution is 150 ns.

P

< Beam stop
Front-end optics :

buried in shielding - & VENUS wall of signatures

Cave door

) Control hutch

L

Radiological
Materials Area

% OAK RIDGE (RMA)
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20 cm

v

Largest field of view: 20 x 20 cm?

Imaging detector at VENUS ‘f’ \
g T 1. ] \ Y
[ A
4 _ [rbﬁ\
# g 4
/ First 20x20 cm? large field-of-view radiograph

Spatial resolution mask W ik .
R AN N measured at VENUS (July 24, 2024)!11
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Resonance radiography demonsirated with Tantalum foil and
the microchannel plate (MCP) Timepix (TPX) detector

1.2
—— Tantalum attenuation peaks at VENUS (shifted up for visualization)
—Tantalum attenuation peaks (theoretical)
1
0.8
c
o
=
4%}
= 0.6
c
5
=T
0.4
| B
'ﬂl 1
0.2
0
0 50 100 150 200 250 300

Neutron Energy (eV)
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Bragg edge radiography demonstrated with Nickel powder
and the microchannel plate (MCP) Timepix (TPX) detector

130 —NMickel total cross section (theoretical )

+ Mickel measured at VENUS [shifted down for visualization)
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¥0skRGE - We hope to see you at VENUS!

National Laboratory

The VENUS control hutch
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Scientific programming

5 things you must know
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Jean Bilheux

Neutron Imaging Computer Insirument Scientist

ORNL is managed by UT-Battelle, LLC for the US Department of Energy




The 5 things that will save your life
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The 5 things that will save your life

1 Pick the right language
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Which language ?

TIOBE Programming Community Index

Source: www.tiobe.com
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Which language ?

Jul 2024 Jul 2023 Change Programming Language Ratings Change

Python 16.12% +2.70%

C+ 10.34% -0.46%

L
3 2 v G c 9.48% -2.08%
A

4 4 Java 8.59% -1.91%
5 5 c# 6.72% 0.15%
6 6 Js JavaScript 3.79% +0.68%
7 13 Py 6o Go 2.19% +1.12%
8 7 v @ Visual Basic 2.08% -0.82%
9 11 " @ Fortran 2.05% +0.80%
10 8 v SQL SQL 2.04% +0.57%
1 15 P @ Delphi/Object Pascal 1.89% +0.91%
12 10 v 4 MATLAB 1.34% +0.08%
13 17 A ® Rust 1.18% +0.29%
14 16 ~ & Ruby 1.16% +0.25%
15 12 v @ Scratch 1.15% +0.08%
16 9 v . PHP 1.15% -0.27%
17 18 ~ e Swift 1.13% +0.25%
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Python

e Huge community (help, libraries, ...)
e Easy to learn (no compiler needed)
e Easy to build GUI (standalone application, Web interface)

» Run on any platform (5 ¢§ & @&:os-.)
* Notebooks
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Notebooks A

HEY, LOOK, WE HAVE A BUNCH
OF DATAl I'M GONNA ANALYZE IT.

NO, YOU FooL! THAT WiLL
ONLY CREATE. MORE DATA!

So... how much is a TB, really?

We have been talking about different data amounts of MB, GB, and TB. But, what does that really mean in reality? Let us explore what is a TB.
If you looked at one image with 1024 x 1024 pixels (1 Mpixels)
Here we create one image with 1000x1000 pixels with random values form a uniferm distribution [0,1) and show it.

In [2]: =matplotlib inline
dimport matplotlib.pyplot as plt
import numpy as np

plt.figure(figsize=(4,4))

plt.imshow(np.random.uniform{size = (1024, 1024)),
cmap = 'viridis');

plt.title(*1k x 1k random image'};

1k x 1k random image

¥OAK RIDGE | fsseenon https://imaginglectures.github.io/Quantitative-Big-imaging-2024/
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Notebooks
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another cell

S men e [P e * e e
? e L

: Busy Buny

/

R GQMm-wlsmpwmm

1. Select your IPTS

from __code import system
from __code.ipywe.myfileselector import FileSelection
from __code.profile.profile import Profileui

system,System,select_working_dir(notebook='profile’)
from __code.__all import custom_style

custom_style.style()
#+ Using Debugging Mode! =

Select Instrument €610
SNAP
VENUS

IPTS-

OR
1PTS-19621-compass

Select Folder 1PTS-19921
IPTS-20267
IPTS-20748-Frederik
IPTS-23788

IPTS-24863-test-imars3d-notebook
IPTS-25696-guang
IPTS-26647-grating

IPTS-27158

1PTS-27829

IPTS-27939-cylindrical _correction
IPTS-28170-test_ct_reconstruction
IPTS-29298

IPTS-30610

IPTS-30750

IPTS-31148

IPTS-31601-megan

HELP

2. Python Import

°o@
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The 5 things that will save your life

1 Pick the right language

) Stay green
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&Y
»

A
S'l'dy green We need to preserve our environment! -

it
:
#
'S
Al

Anaconda.com

"3 3.8 ‘f';}

2 [ o
&«

MyProgram

|:5| pandas

Python
environments
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The 5 things that will save your life

1 Pick the right language

) Stay green
3 Write good code
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Write good code

There is a good chance that
later, you will be the one trying
to understand your own code.

THE ART OF PROGRAMMING - PART 2: KISS
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Write good code

© 0@ O cmeanomboktutmn x | & Lk

- x | W Tt X ) WaniOcimasidpice x4

« C @ = github.comjornieutronimagingiMar

« Name of variable is

Settings

[gamma_filter.pyl

what they represent

> rosswhitfield " History

Code = Blame

« Name of method

indicates what they do

logger = logging.getL

« Explain strange choices

« Add examples at top of

methods/classes .

ing, default

arrays = param.Array(doc of 1 s ¢ 0 gle omega”, default=t
th d = param.

doc="thresh

Clean Code

A Handbook of Agile Software Craftsmanship

nedian_kernel = paran.I

axis = param.1

QAKIIS})DGE NEUTRON
attonal Laboratory | SOURCE https://www .youtube.com/resultsesearch_query=clean+code+uncle+bob

37330 backend corractions. imimars 3 backend. corroct

7 ook

s

class inars3d.backend. corrections gama_filter.gama_filter(’ am
ctive. median e, hreshold. name

5. Y tomopy.

Bases: Parsseterizedfunctiss
Gamma filter

median values. The median fitering

1 is enabled (default, anly

Parameters:  + arrays (np.ndarmay) - 3D array of images, the first dimension is the rotation
=
+ threshold (int = -1) - threshold

+ median_kemel (int = 5)

 internally defined threshol

of the median

+ axis (it = 0) - axis along which to chunk ¢

filtering. default

o use for parallel median

+ max workers (int number of ¢

0. which me:

ing. default g il availabl

+ selective_median_filter (bool = True) - whether

filtering. default is
+ diff_tomopy (float = -1) -

uttier

Returns:
Return type:  np.ndarray

array of images, the first dimension is the rotation angle omega

imars3d. d.correction:

module

IMars3D's intensity fluctuation correction module.

3d. backend.

ai_pixels, ct, max_workers, sigmo, tadm_clos,

\_correction. intensity_fluctuation_correction"

Bases: Parasaterizedfunctiss
Correct for intensity fluctuation in the radiograph

Parameters:  + ¢t (np.ndaray) - The image/rads

+ air_phxels it ach boundary to calcul

§iven, the auto air region

+ sigma fint
when using the auto air region detection v
skimage.

+ max_workers (i

0) - The number of cor
processing default is 0, which means

+ tqdm_class (panelwidg
progress

Returntype:  The corrected image/radiograph stack

imars3d. backs

nckaray, sigmar in

orrections. intensity_fluctuation_correction. intensity_fluctuation_correction_skimageimase

IFC via skimage

98¢ to auto detect the air region

Parameters:  + image (np.nd The Image/radiograph (20) to correct for beam

d deviation of the G:

« sigma inf) - The in filter for the canny
edge detection.

Returntype:  The corrected image/ra A (20)

Notes

version is rear interpolation

imars3d.backend.. intensity_t ¥ i Lize_roil’, et

Bases: Parsseterizedrunctisa

Nocalize o oxoiection data uslos an 2ecace of 2 selected dodow oo oiection iaces




Write good code

Workflow

decide the code to write
Write the tfest

It should fail

Write the code to pass the test

It should pass

Move on to the next one

Advantages

The unit tests are often used as documentation to
learn how the software works

You write better code (simpler)

People will trust your code

You can check the unit test coverage

Later on, when you make changes, you will quickly
find out if the software still works

If someone report a bug, first write a unit test to

reproduce the bug, then fix it!

Disadvantages

It seems slower to code (but overall, it's not)




Write good code

Bt e i [ o tbmnts 0 e e W @ 0 .
[ Fetat i [ - o

— DOl

The Journal of Open Source Software s a developer
friendly, open access journal for research software O T
Jackanes.
P 4 I
el O Documentation
EEEEREEEE P
Rocently Pubiished Papers
ST .
— €308 % ew————————a——— s cmsnemrgTo @
Pt b e P e b (Do 3 s [ i 3 tntrne [ s i g
chmmtose A Fymon Pactag g s a0 i e et kB G O Sk & e g The ot
( Od e et e s s
i
Seaprc: s ey o parmancs ety = —— [
About the journsl

Unit tests

DOCU men'l'(]'hon —_— m}: : lmm e s sesse

License file —

Openly.
Without restrictions.

o
o
O
O

Future work file

Fepulr

n 1000Research 1) Publeting with Submtnng yous
o reoaweh

Getting a publication out of your software ! .@:] 00OResearch
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The 5 things that will save your life

1 Pick the right language

Stay green

Write good code

B~ WO DN

How {o keep your job!
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iBeatles

« Program that perform
automatic strain

mapping calculation

« 1 million lines of code

« Syears development

« Kept top secret until
today (only copy is on

this machinel)

&OAK RIDGE | spacLation
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[ BON 5. Fitting
Kropff

Image Preview

Bin Transparency =

Bragqg Edge

Plot (® Active Bins

Locked Bins

Step 1 Step 2

Automatic Bragg peak threshold finder Width 5 Q [Fit All Regions (High,Low,Bragg Peak)
5 Initial Guess Lock Rejected Settings
(=4
=
.%’ Ao [ T 1 o |le-7 ~ v| Auto lock and reject rows []
5 Table | Graph
=
g row # column # Anka T a Anw_@rror T_error -
=

3.4534 0.0143 0.0000

8 --_____l
[
@
o
= 3.45386 0.0132 0.0000
@
: -------l
=
5 --_____l
E
g 3.4542 0.0133 0.0000
w

4 2

Number of digits | 4

Percentage of Bragg peak fitted showing uncertainties within the constraint ranges defined: 18.75%

Bragg Edge Infos

C (diamond)
hk, | V| Auto
N 3567 A

Range Selected

hein |3.01

Amax |4.09




iBeatles

Demo time |
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iBeatles

Demo time |
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Error
|

.'@'. No you are not ok!

FI“ Error h'ﬂE OCCUY You program is gone, bye bye, Kapout,

Niet, adios, Aurevaoir!
Press Enter to ret

Press CTRL+ALT+DEL do this,
you will lose any unsaved intformation In all open applications.

Error: OE : 016F : BFF9B3D4

Press any key to continue
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My Awasome Project | commit-graph

Repositories

Commits

29 master v

GitHub

. Backup of your project sl =
o ie
» Provide a full history (easy to reverse changes, ...) E

» |deal for collaboration (parallel work, ...)

« Documentation
« Necessary tool for publication of the code
« Easy to share code (web interface, ...)
« GitAction (automatic test, deployment, build documentation ....)
ﬁ documentation
o dep:loyn)ent
8~ Q-ta=~ffl~ 1

user GitHub GitAction nit Test
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The 5 things that will save your life

1 Pick the right language

Stay green

Write good code

How to keep your job!

or & WO N

Use the best debugging tool
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Best debugging tool

¥

OAK RIDGE | seataron

National Laboratory | SOURCE

Any OS ... .’ & ﬁOS

Any computing language
It takes no time to learn how to use it
It never needs any software update

It has a very small carbon footprint

Each of you willl
leave foday with
that tooll

YoU'LL THANK ME LATER




Best debugging togl

« Tell your new friend what
your program does, and
you will find what is wrong
with it |
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The 5 things that will save your life

1 Python

use environments

Good naming & unit tests

Repository

or & WO N

Talk to your yellow duck
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