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High Resolution Powder Diffractometer (HRPD) and Four Circle
Diffractometer/Texture Diffractometer (FCD/TD) are two BATAN-
owned neutron diffractometers which have been fully operational since
1992. These are used to investigate structure and texture of crystalline
materials, respectively. Before analyzing, the acquired raw neutron
diffraction data should first be processed in a specific way to achieve the
suitable data format required by the analysis software. This data
processing step is a repetitive task for every single experiment which is
previously done manually and very time-consuming. The purpose of this
development project was to optimize this step to be fully automatic and
executable by a code. This work was performed by means of Python
code utilizing the array manipulation in re-arranging and re-formatting
the raw data. The resulted Python codes were named as hrpd.py and
fcdtd.py. These have been successfully done and validated, making data
processing step easier, simpler, and significantly faster with only 20
seconds or less required.

© 2020 Tri Dasa Mega. All rights reserved.

1. INTRODUCTION

Neutron diffractometers are rarely available in
the world. BATAN is one of few institution which
possess this sophisticated instrument. Three neutron
diffractometers are fully functional in BATAN
under the Neutron Scattering Laboratory (NSL).
Two of them are High Resolution Powder
Diffractometer (HRPD), denoted as DN3, and Four
Circle  Diffractometer/Texture  Diffractometer
(FCD/TD), denoted as DN2. Both instruments use
the same neutron source which originated from
GA-Siwabessy multipurpose reactor (RSG-GAS)
through S5 radial neutron guide tube. RSG-GAS is
the only research reactor in Southeast Asia that was
designed to be able to operate at maximum power
of 30 MW with neutron flux of 2.5 x 10** ™/, s.
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However, normal operation was usually set to 15
MW reactor power.

Main components of HRPD and FCD/TD are
the same, which consist of monochromator as the
neutron wavelength selector, sample table, neutron
detector, and some collimators as the neutron beam
aligner. To stop the direct neutron beam, beam
stopper made from neutron absorbing material
(such as B4C) is installed behind the detector at the
direction of direct beam.

HRPD is utilized to investigate the structure,
nuclear phases, even magnetic phases of crystalline
materials which cannot be done by XRD [1, 2]. The
high resolution feature of this instrument comes
from 3 times collimation from collimator mounted
before monochromator, between monochromator
and sample table, as well as between sample table
and detector. HRPD has 32 neutron detectors, one
of each covers 5 degree of 26. Smallest 26 step of
0.02 degree can be obtained. These detectors are
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extremely heavy, thus air cushion is used to lift
them from the floor.

FCD/TD, on the other hand, can obtain texture
data to analyze the crystalline orientation. A recent
example is the texture of Stainless Steel SS420 [3].
This is possible due to the four-circle configuration
that refer to four rotation axis consisting of two
instrument rotation axis, which are 2-theta (26) and
theta () or omega (w), and 2 sample angular
rotation axis which are pi () and chi (y). Eulerian-
cradle goniometer mounted on the top of the
sample table made this angular rotation possible.
Smallest 20 step of 0.1 degree can be obtained.

Before analyzing the data using software
analysis such as FullProf and MAUD, the acquired
raw neutron diffraction data should be processed in
a specific way to achieve the suitable data format.
For HRPD, not only the format, the content of raw
data itself needs to be corrected first. This is
because the actual spacing between the center of
two neighboring detectors in HRPD may be slightly
deviated and not exactly 5 degree. Moreover, each
detector has different efficiency. The detector
spacing correction data and detector efficiency data
of HRPD was prepared in advance [4]. FCD/TD,
having only 1 detector, has much simpler data
processing with only background correction needed
and it depends on instrument performance which
sometimes has stochastic behavior. The background
correction data was also prepared in advance.

This data processing is a repetitive task on
every single experimental data, which previously
done manually using “copy-paste-edit” method,
manipulating each data column separately one by
one via Microsoft Excel. This method has been
done for years and remarkably time-consuming
with high risk of human error.

Programming can turn manual task into
automatic, making it more effective and efficient.
Python [5] is one of programming languages that is
widely used in academic and scientific
communities. It is considered superior in terms of
simple syntax, so one can focus more on the
problem solving than the syntax [9]. Furthermore,
Python is designed to be easy to learn and focuses
on its reliability. In particular, Python is very
powerful for data manipulation (acquisition,
editing, processing, etc) and computation that in
Radboud University, it is used instead of C++ [6].
Python is also very useful in various research field
such as simplifying genomic simulation and mass
spectrometric ~ data,  automatic =~ wavelength
calibration on spectroscopic data, etc [7-9]. In
2010, Zolnierczuk et al carried out the automation
of neutron scattering experiments on one of the

scientific instrument at the Oak Ridge National
Laboratory using Python [10].

This work was aimed to automate and
optimize the processing of raw neutron diffraction
data of HRPD and FCD/TD using Python. As the
input data for the Python code, raw neutron
diffraction data of Silicon Si640d standard sample
taken from both HRPD and FCD/TD are used.

2. METHODOLOGY
2.1 Instrumentation Specifications

Two of neutron diffractometers in BATAN,
HRPD (Fig. 1) and FCD/TD (Fig. 2), were installed
in different location. HRPD is located in neutron
guide hall (NGH) while FCD/TD located in
experimental hall reactor (XHR) (see Fig. 3) [11].
Since the installation of both instruments in 1992,
many developments have been done either in its
control system or in data acquisition system. Latest
specification and parameter of each instrument is
shown in Table 1 and 2.

Fig. 2. Four Circle Diffractometer / Texture
Diffractometer (FCD/TD)
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Fig. 3. Layout of NSL - BATAN [11]

Table 1. Specification and parameter of HRPD [1, 12]

Beam tube S5 radial, NGT-2, 33 x 90 mm’
Take-off Angle  41.5°, 89° (present), 130°
Monochromator Hot-pressed Ge (311)
Wavelenght 1.821399 A

Beam size 40 x 100 mm*

Collimator a; =16.2° (0.27%)

0 =20’ (0.33% 25 x 100 mm?)
o3 =12 (0.2° 20 x 100 mm?)

Scattering angle -170° < 205 < +10°
Detector 3He, XERAM 30NHI15
Control system  Rigaku

Data acquisition MESYDAQ

Table 2. Specification and parameter of FCD/TD [13]

Beam tube S5 radial, NGT-2, 33 x 90 mm?’
Take-off Angle £ 46°
Monochromator  Si (311)
Wavelenght 1.2799 A
Beam Size 20 x 20 mm®
Collimator o, =20, 30°, or open
o3 =20, 30’

-20°<20 <+105°% -30° <0 <+70°
-40° < y <+100°, -180° < 1t <+180°
BF; point detector

Rigaku

Visual Basics

Scattering angle
Angular range
Detector
Control system
Data acquisition

2.2 Automatic data processing for HRPD

Three files are required; raw neutron
diffraction data, detector spacing correction data,
and detector efficiency data. The contain layout of
each file is shown in Table 3-5 (within the red box).
In normal experiment, initial value and step of 280 is
set to 2.50 and 0.05 respectively. However, the
actual step may slightly vary due to limitation of
the motor stepper resulting in irregular increment of
26.

Table 3. Contain layout of raw data of HRPD

Count on the detector number-

20 1 2 3 .. 32
2.50 00 XX XX XX ... XX 00
2.55 00 XX XX XX ... XX 00
2.60 00 XX XX XX ... XX 00
2.65 00 XX XX XX ... XX 00
7.45 00 XX XX XX ... XX 00

Table 4. Contain layout of detector spacing correction

Det. No- 1 2 3 ... 32

Spacing (9) I XX XX XX XX I

Table 5. Contain layout of detector efficiency data

Det. No- 1 2 3 ... 32

Efficiency (17) I XX XX XX XX I

Detector efficiency data is used to correct the
diffracted neutron intensity, or count, on each
detector. The corrected count on the n™ detector
(C,)") can be calculated using Eq. (1).

C
x _ “nm )

Mn
Cnm is the uncorrected count on the n™ detector.
The value of subscript m depends on the step. Here,
since the step is 0.05, m has value from 1 to 100
indicating that each detector has 100 value of 26.
The result is then rounded to zero expected value
(no digit after comma, i.e. integer).

The 26 scanning in HRPD is only done in 5
degree and this covers 160 degree since 32 detector
move simultaneously. Detector spacing correction
data is used to correct the value of 26. First
detector has zero correction as it acts as the
reference point. The corrected 26 for the n™
detector, 26,,", can be obtained through Eq. (2).

Cn,m

n
20 m" =201, + Z Y; )
i=1

20 1, is the m™ value of 26 from the 1* detector.
For example, the 3" value of 26 on the 5™ detector,
20537, is 2013 +91+ 9, + 93+ 9, +95. The
result is then rounded to 2 digit after comma.

Two kinds of data format are targeted as the
result; one is called the XY format with two
columns data (26 and count) and one other is called
the intensity data series, or the free format with
only one column data (intensity or count). Table 6
shows the content layout of XY format (red box)
and free format (blue box).

All file can be treated as array by using the
readline command, then stripping and splitting the
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component based on the delimiter. The detector
spacing correction and detector efficiency data will
become 1-dimensional array while raw data will
become 2-dimensional one. 26 data is taken from
first component of each line in raw data file while
count data is taken from 3™ to 34™ component. 2™
and last (35™) component which only contain zeros
(00) in each line are neglected since both are only
dummy values. Last line of the raw data should be
popped out because the last value of 26 on a
detector is the first value of 26 on the next detector.
Each component, either 26 or count, is corrected
based on Eq. (1) and (2). The corrected values (26"
and C*) are collected in two new array named
“thetanew” and “countnew” respectively and then
stacked together in two new files, one for the XY
and the other for free format, with specific layout
arrangement as in Table 6. Both new files are
having .dat extension.

For the free format file, there are header and
some constants in the first two rows. Header is
taken from the name of raw neutron diffraction data
file which is input by the user. The constants are the
neutron wavelength (1), 26 initial, (26, 1), 26 step
(0.05), and the number of data (Ndata) which can

be calculated using Eq. (3).

5x32
Ndata = 3)
step

Table 6. XY format (red box) and free format (blue box)

20"
XX
XX
XX
XX

1* Detector

XX
XX
XX
XX
XX

2™ Detector

XX

XX
XX
XX
XX

32" Detector

XX

By using Matplotlib modul [14], graph of
diffraction or diffractogram (26* vs C*) could be
displayed. With yes/no option, user can decide
whether to display the diffractogram or not. The
diffractogram can be manually saved as picture.

2.3. Automatic data processing for FCD/TD

Since the only correction for the raw data in
FCD/TD 1is the background correction of the
diffracted neutron count, the Python code is simpler
than one for HRPD. The contain layout of raw
neutron diffraction data and background correction
data are shown together in Table 7 with the initial
value and step of 26 are set to 5.00 and 0.10,
respectively. In actual experiment, range of 26 can
be customized and the increment of 26 may also be
slightly vary due to the limitation of motor stepper
as in the case of HRPD. C;" count is corrected
through Eq. (4).

cr=_C 4)

Corr

Tabel 7. Contain layout of raw data of FCD/TD (red
box) and background correction data (blue box)

6 or w 260 Count Corr
2.50 5.00 XX XX
2.55 5.10 XX XX
2.60 5.20 XX XX
2.65 5.30 XX XX
52.50 105 XX XX

With array treatment, raw data and background
normalization data will become 2 dimensional and
1 dimensional array respectively. 26 data are taken
from 2™ component of each line in raw data while
count data is taken from its 3™ component and
directly corrected by dividing it with the
normalization value taken from the other file which
corresponds to the same 26 value. Two new arrays
named “theta” and “count” are prepared to collect
the value of 26 and corrected counts C*,
respectively, with the rest (stacking in two new files
and viewing the diffractogram) are exactly the same
as in HRPD.

To wvalidate these codes, the diffractogram
resulted from both hrpd.py and fcdtd.py were
directly compared with the diffractogram resulted
by manual method using Microsoft Excel. Identical
diffractogram indicates the correctness of the codes.

3. RESULTS AND DISCUSSION

The Python code for automatic data processing
of HRPD and FCD/TD is named as hrpd.py and
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Import matplotlib

=2
k=0

read detector efficiency data file
change into array “eff[]”

read detector spacing correction data file
change into array “det[]”

input user: file name of raw data
read raw data file
change into array “data[]”

correction=0
twothetanew=[]
countnew =[]

2<j<33and
0<k<31?
false

true

i=0
thetacorr=0
correction = correction + det[k]

a = length of array “data[]”

b=a-1
n=0
twotheta=[] (empty array)
count =[] (empty array)

create empty file “dataxy” for XY format
create empty file “datafree” for free format

thetacorr = thetali] + correction
countcorrli][j] = count[i][j] / eff[k]
append thetacorr to twothetanew( ]
append countcorr[i][j] to countnew[]

input user: A, 26, 4, s (step)
write (‘header’+\n’) to datafree file

write (‘twothetanew’+ "+'countnew[i[j]+\n’)
to dataxy file
write (‘countnew[i][i]'+'\n’) to datafree file

Import matplotlib

read background normalization data
change into array “bg[]”

input user: file name of raw data
read raw data file
change into array “data[]”

a = length of array “data[]”

b=a-1
n=0
twotheta= [] (empty array)
count =[] (empty array)

create empty file “dataxy” for XY format
create empty file “datafree” for free format

input user: A, 28, 1,5 (step)
write (*header’+\n’) to datafree file
write (‘Ndata’+ “+'s'+ + 28, '+ "+ N+'1'+\n’)
to datafree file

!

write (‘Ndata'+' +s'+ “+ 26, '+ '+ N+'1'+\n’)

to datafree file

| true
‘ strip array data[n]

strip array data[n]
dataline = data[n].split

E

dataline = data[n].split
append dataline[1] to array twotheta[ ]
append dataline[2]/bg[n] to array count[ ]

append dataline to array count[]
append count[n][0] to array twotheta[]

plot twothetanew vs
countnew

‘ write (‘twotheta[n]’+' +count[n]’+'\n’)
to dataxy file

n=n+1

close all files

write (‘count[n]’+\n’) to datafree file

C

(base) C:\Users\asus\Anaconda3>python.exe "D:\HRPD\hrpd.py"
hama of raw data file (without extension): Sié4@d-HRPD

heutron wavelenght (in angstrom): 1.820678
2-theta initial: 2.52

2-theta step: ©.05

data processing has been done successfully!
output files have been saved in "Output™ folder!
view diffractogram? (y/n): y

!

yes

plot twothetavs
count
close all files

Fig. 4. Flow chart of Python code for HRPD (A), FCD/TD (B), and example of hrpd.py code running
through Command Prompt (C)

fcdtd.py respectively. The flow chart is shown in
Fig. 4 (A) and (B). Both can be run through the
command prompt (cmd.exe). Graphical User
Interface (GUI) is not needed due to the low
complexity of the code. Even a complex code might
also be run through the command prompt [10].
Anaconda platform [15] for Python ver.2.7.8 is
used. The base activation should be conducted first
using ‘conda activate base’ command. The code
and input file must be located in the same directory
while the output files are saved inside a sub folder
in that directory. Using cmd, after directing to that
directory where the Python is installed, the code is
run by ‘python.exe’ command space quotation
marks containing the code location and name. Next,
an instruction to input the name of raw data
(without extension), neutron wavelength, 28 initial
and 26 step will appear. Fill it properly, then press
enter and the code will be running until an option to
whether to view diffractogram comes up (see Fig. 4
(C) for the example).

Until this step, raw data processing into ready-
to-refine data has been completed. It is very
practical compared to the manual “copy-paste-edit”

method using Microsoft Excel. Two output files,
the XY and free format file, will emerge in the
directory of output file. The user should simply
type ‘y’ and enter to view the diffractogram or ‘n’
and enter to end the code without it.

The computer equipment used in this work has
Intel Core i3 processor with 4 GB of RAM. Table 8
shows the comparison of average time for data
processing between using manual and automatic
method. Using this Python code, the average time
needed to perform the data processing step is
significantly reduced to only 20 seconds or less for
both HRPD and FCD/TD, which is 120 times faster
for HRPD and 30 times faster for FCD/TD using
manual method. Automating the repetitive and
time-consuming actions is clearly achieved in this
work as in other works by other researchers [7, 8].
Fig. 5 shows the diffractogram of Si640d acquired
from HRPD (A) and FCD/TD (B). There is no
difference between the result from manual method
via Microsoft Excel (red) and the result from
Python code via Matplotlib module (blue). This
clearly indicates that the codes are working
properly and the results are correct. These
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automatic Python codes have successfully made the
data processing become much easier, simpler, more
effective and efficient with nearly no risk of human
error.

Table 8. Comparison of required time (average) for data
processing between using manual and automatic method

HRPD FCD/TD
Manual 40 minutes 10 minutes
Automatic 20 seconds 20 seconds
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2 Theta (deg)
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— 3 " w w I
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= =3 = =3 = =3

=)
S

@
*_

s

20 40 60 80 100
2 Theta (deg)

=

5. CONCLUSION

Automatic data processing system for HRPD
and FCD/TD has been successfully created using
Python code. It processes raw neutron diffraction
data into corrected and formatted data which is
ready to be refined and analyzed. This code reduces
the data processing time significantly into only
around 20 seconds which is 120 times faster for
HRPD and
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Fig. 5. Comparison between diffractogram of Si 640d using HRPD (A) and FCD/TD (B) with manual method (red) and
Python code (blue)

30 times faster for FCD/TD. The codes have also
been validated. The data processing has become
significantly simpler, effective, and highly efficient.
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