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Abstract

In this paper, we propose a highly scalable XRD analysis software framework design and develop a minimal runtime version
of the oneXRD software based on the Apache 2.0 open source license. The primary benefit of this framework is that it en-
ables the segregation of the primary XRD program from the expansion program. Consequently, researchers are no longer re-
quired to master multiple complex workflows; rather, they are only required to easily call the primary program to utilise a
variety of interfaces and to format data for their own XRD analysis plug-ins. The structure in question facilitates the realisa-
tion of traditional XRD analysis software, by supporting patented and dedicated PDF standard card formats. Furthermore,
it can accommodate open-source formats such as .xy and .cif, among others. This will enable researchers to construct struc-
tural databases on their personal computers, swiftly compare global open structural databases to confirm the structural in-

formation of the materials they develop, and access various automated processes to monitor structural data.

Keywords: Open-Source Software; Plugin Architecture; Scientific Software Framework; X-ray Diffraction; Materials Charac-

terization; Rietveld Refinement
N J

©2025 The Authors. Published by the JScholar under the terms of the Crea-tive Com-
mons Attribution License http://creativecommons.org/licenses/by/3.0/, which per-

mits unrestricted use, provided the original author and source are credited.

JScholar Publishers J Comput Sci Software Dev 2025 | Vol 4: 102



Introduction

X-ray diffraction (XRD) is a critical technology for
analyzing novel substances in chemistry and materials sci-
ence. However, most XRD data analysis software remains
proprietary, relying on closed-source systems and the pa-
tented Powder Diffraction File (.pdf) format. Open-source
XRD software often lacks user-friendliness and poses signifi-
cant technical barriers, limiting its adoption by researchers.
To address these challenges, we propose oneXRD, an inno-
vative XRD analysis software framework designed to bal-

ance functionality, accessibility, and extensibility.

Developing XRD analysis software from scratch
presents several challenges. The primary obstacles include
the extended development timeline, the need to incorporate
emerging XRD functionalities, and the complexity of sup-
porting diverse data formats from various instrumentation
systems. Additionally, to promote openness, the software
must enable developers to contribute and customize with
minimal friction. Finally, an over-reliance on command--
line interfaces risks alienating researchers who prefer intui-

tive, user-friendly tools.

To overcome these issues, oneXRD adopts a dual--
parallel architecture, integrating a robust main program
with a flexible plugin system, complemented by a modern
graphical user interface (GUI). The main program supports
a wide range of XRD file formats and standardizes core cal-
culations to ensure broad compatibility and reliability. The
core GUI framework provides an intuitive, customizable
platform that simplifies operation and reduces the learning
curve for users. Meanwhile, the plugin system enables cont-
inuous development of new XRD analysis components with-
out requiring frequent updates to the main program. This
modular approach shortens the development cycle and em-
powers researchers to create tailored workflow plugins to

foster collaboration and innovation.
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This design ensures oneXRD is both user-friendly
and adaptable, addressing the limitations of existing solu-
tions while promoting accessibility and extensibility for the

global research community [1,2].

Framework Design

The first step in designing the architecture of our
XRD analysis software is to address the issue of how to han-
dle the numerous XRD raw data formats. Our solution in-
volves designing a separate “reader” system for each format,
which formats and standardizes data from various formats
into a universal data format based on the fundamental prin-
ciple of XRD—the path difference principle—and saves it as
angle and intensity data. For formats like CIF, we can recon-
struct XRD data for multiple angles using crystal format da-
ta, simulating the processing of standard-formatted data.
Based on a design like Figure 1, we can achieve near-univer-
sal compatibility with all XRD files. The design of the plu-
gin system gives our XRD analysis software framework un-
limited potential, allowing for virtually unlimited updates to
functionality without modifying the main program. The plu-
gin system uses a modern PluginAPI object as a bridge be-
tween the main program and plugins, allowing plugins to ac-
cess standardized data, add menus, and more, while remain-
ing securely isolated from the main program. This isolation
is similar to a sandbox, restricting plugins from directly ac-
cessing or modifying the internal state of the main program,
thereby ensuring the security of the main program data and
the stability of the main program. In simple terms, as shown
in Figure 2, when the main program starts, the PluginMan-
ager automatically scans the plugins/ directory. Any subdi-
rectory that meets the specifications (i.e., contains an
__init__.py file with a register_plugin(api) function) is rec-
ognized as a valid plugin and automatically loaded. This pro-
cess is fully dynamic; users only need to place the new plu-
gin folder in the specified location to complete the “installa-

tion.”
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Figure 3: Introduction Diagram Showing the Main Interface UI of oneXRD

Based on support for multiple XRD file formats
and a powerful plug-in system, we developed and imple-
mented the minimal runtime software, oneXRD frame-
work. Furthermore, as we analyzed at the beginning, we de-
signed the main program UI framework of oneXRD to be
both aesthetically pleasing and easy to use. We highlighted
the core functions of XRD analysis software, such as the vi-
sualization of angle and light intensity data, the drawing
and comparison of CIF (or PDF standard structure compari-

son cards), and other basic functions, as shown in Figure 3.

We also concentrated on various advanced XRD functions,
such as background analysis, in a location that can be seen
immediately upon opening the software. Of course, just hav-
ing an advanced framework design and an attractive GUI is
not enough for scientific XRD analysis software. In the
most basic verification, we have integrated the most basic
and commonly used XRD analysis functions. These include

>

the core “Bragg's law” calculation, reference intensity ratio
analysis, diffraction peak shape analysis, and full spectrum

fitting.
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Figure 4: Visualization of the phase identification process for CaTiOs. The experimental peaks (blue stems with ‘o' markers),

representing data from an unknown sample, are compared against the theoretical diffraction pattern (red dashed stems) calcu-

lated from a standard CaTiOj; CIF file via Bragg's Law. The green “match!” arrow indicates a successful correspondence be-

tween the experimental peak position and the theoretical peak position, thereby confirming the identity of the phase.
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The process of analyzing Bragg's law using
oneXRD is shown in Figure 4. First, the software uses a
peak search algorithm to extract the unknown “experimen-
tal fingerprint” from the user's experimental data, which is a
list of all diffraction peak positions. Then, it connects to a
large open crystallography database (such as COD), which
is like an archive containing the standard fingerprints of all

known substances. For each reference phase of interest to
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the user (stored as a .cif file), oneXRD uses Bragg's law to
perform inverse calculations, generating a precise “theoreti-
cal fingerprint,” i.e., the complete set of diffraction peak po-
sitions that the substance should theoretically exhibit. Final-
ly, the software's search_match.py module acts as an “identi-
fication expert,” precisely comparing the experimental fin-
gerprint with the theoretical fingerprint. If the two match
closely, the crystalline phase present in the experimental

sample can be successfully identified [3].
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Figure 5: Principle of the Reference Intensity Ratio (RIR) method for quantitative phase analysis, as implemented in oneXRD.

The process begins with the user identifying a representative peak for each phase in the experimental diffraction pattern (left

panel, e.g., Phase A intensity I=800, Phase B intensity I=600). As shown in the upper right corner, once the user has set the RIR

values for A and B, the system will automatically begin calculations and display the results visually, as shown in the pie chart in

the lower right corner.

The quantitative analysis functionality of oneXRD
is based on the classical reference intensity ratio (RIR)
method, which determines the relative abundances of vari-
ous substances in the sample. In the quantitative analysis
plugin of oneXRD, this RIR method is transformed into an

intuitive interactive workflow: users first identify a represen-

Wt% =
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2.

tative experimental diffraction peak for each known phase
in the mixture sample in a dedicated UI interface to obtain
its intensity (I), and input the known RIR value for that
phase; Subsequently, the performing normalized calcula-
tions on the intensity-RIR ratios of all phases to precisely de-
termine the weight percentage of each component in the

sample.

I

RIR

Ly
RIR

J Comput Sci Software Dev 2025 | Vol 4: 102



A. Peak Broadening Sources

-=- Large Size, Law Strain
= Small Size [ High Strain

T
Y
P
f A

1
i
T
1 v
:
i
1]

Microstrain (&)

Williamson — Hall Equation
Bcos@ = + 4esin 6

y=c+mx

is derived from the

Slope (m)

B. Williamson-Hall Plot
|

0006{ @ Datafrom Experimental Peaks |

— Linear Fit

0.005

e
=1
=1
4

Crystallite Size (D)
is derived from the
¥ —intercept (c)

0.003

Pcos 8 (radians)

0.002

0.001

0.000

0.0 05 15

4sin @

2.0 10

Figure 6: Schematic diagram of Williamson-Hall (W-H) analysis for microstructure determination, implemented in the

oneXRD microstructure analysis plugin. (A) The broadening of diffraction peaks is caused by both small grain size and the pres-

ence of microstrain. (B) The W-H method separates these two co

ntributions by plotting the transformed peak width data (f-

cos) against the diffraction angle function (4sinf). The resulting data points are then fitted linearly.

The microstructure analysis functionality of
oneXRD focuses on the precise analysis of diffraction peak
shapes. The scientific basis for this is that the diffraction
peaks of an ideal infinite perfect crystal are infinitely sharp,
while in reality, peak broadening is primarily contributed

by two factors: grain size (when grains are smaller than

~100 nm, the smaller the grain, the broader the peak) and
microstrain (uneven expansion and contraction caused by
lattice defects). As shown in Figure 6, the microstructure
analysis plugin cleverly implements two mainstream analy-
sis models to decouple these two effects: for strain-free nano-
materials, it provides a fast estimation based on the Xerxes

formula,

K\

D

attributing all peak widths (P) to grain size (D); for
more complex cases, it offers powerful Williamson-Hall
(W-H) diagram analysis functionality. This method con-
verts the two contributions to peak width into a linear equa-
tion. The plugin automatically calculates the corresponding
x-y coordinate points for the selected multiple diffraction
peaks and performs linear fitting. The grain size is then cal-
culated from the y-intercept (c) of the fitted line, and the mi-
crostrain (¢) is directly obtained from the slope (m). Its core
value lies in fully visualizing this complex physical model
analysis process, making the results clear at a glance. As
shown in Figure 7, oneXRD's Rietveld full-spectrum fitting
employs a global optimization strategy based on first-princi-

ples calculations. Its scientific core involves starting from an

JScholar Publishers

B B cost

initial crystal structure model and using a least-squares algo-
rithm to iteratively refine and fine-tune dozens of physical
parameters (such as lattice constants, atomic coordinates,
peak shape parameters, and background) that describe both
the crystal structure and the diffraction process. The goal is
to achieve the best possible match between the calculated
theoretical diffraction spectrum and the user's entire experi-
mental spectrum. In oneXRD, the Rietveld refinement plu-
gin is the specific implementation of this cutting-edge func-
tionality: its engine.py module translates the user's simple se-
lections in the UT (such as “fit unit cell”) into a series of un-
derlying commands required to drive the complex GSAS-II
library, and automatically completes project creation, data

loading, and iterative calculations; while the ui.py module
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presents the refinement results in a standardized spectrum
format, where observed data (points), fitted curves (red li-

nes), background (green lines), and most importantly, the

7

difference curve (black line below) collectively serve as the fi-
nal criteria for evaluating refinement quality—a flat differ-
ence curve and extremely low weighted residual factor (Rw-

p) values.
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Figure 7: An example figure showing the successful results of Rietveld refinement, generated by the rietveld_refinement plugin

in oneXRD. The figure above shows the precise overlap between the experimental data (black dots, y_obs) and the theoretically

calculated pattern (red line, y_calc), which is based on a structural model optimized using the least squares method. The fitted

background is shown as a blue curve, and the allowed Bragg peak positions are marked with green vertical scales. The figure be-

low shows the difference curve (gray curve), which plots the residual intensity between the experimental and calculated diffrac-

tion patterns.

Case Study

To further verify that oneXRD can indeed be di-
rectly applied to scientific research and is easy to use, we
adopted internationally accepted testing methods and used
three specific cases to illustrate. To ensure repeatability, all

data is stored in the /tests folder of the GitHub repository.
Data Import and Peak Position Accuracy Validation

To validate the usability of oneXRD's file import
system, background recognition, and peak detection algo-
rithm, we used XRD data from NIST SRM 660c (lanthanum
hexaboride, LaBs) as the import data, which is certified by
the National Institute of Standards and Technology (NIST)

as a standard reference material. Certified peak positions
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for Cu Ka, radiation (\=1.54059 A). The visual analysis of
Figure 8 confirms that oneXRD successfully imports the
xrdml data, accurately performs background subtraction us-
ing the iterative erosion method, and visually identifies the
prominent diffraction peaks. The plot clearly distinguishes
between the raw data, the estimated background, and the
identified peak locations, demonstrating the functionality of

these core modules.

However, a detailed comparison with NIST-certi-
fied values in Table 1 reveals varying degrees of agreement.
The first observed peak (20.6600°) shows a very close match
to the certified (100) reflection (20.697°), with a difference
of -0.037°. This demonstrates oneXRD's ability to identify
peak positions with high precision under optimal condi-

tions.
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Figure 8: Processed XRD pattern of NIST SRM 660c (LaBs) in oneXRD. The plot displays the raw experimental data, the calcu-

lated background (red dashed line) after iterative erosion, and the automatically identified peaks (black 'x' markers).

Table 1: Comparison of Peak Positions from oneXRD vs. NIST Certified Values for SRM 660c.

Peak Index | Miller Indices (hkl) Certified 220(2\)HST SRM Observed 20 (oneXRD) | Difference (A26)
1 (100) 20.697 20.6600 -0.0370
2 (110) 29.682 29.0200 -0.6620
3 (111) 36.657 36.6000 -0.0570
4 (200) 42.668 43.7800 +1.1120
5 (210) 48.163 50.5600 +2.3970
6 (211) 53.220 57.0000 +3.7800
7 (220) 61.425 63.1600 +1.7350
8 (300) 66.866 69.0200 +2.1540
9 (222) 71.865 74.6200 +2.7550
10 (310) 76.549 80.0200 +3.4710

For subsequent peaks, the observed positions
show increasingly larger discrepancies from the expected
NIST values. These larger deviations (e.g., -0.662° for the se-
cond peak, +1.112° for the fourth peak) suggest that the au-
tomatic peak picking parameters (e.g., min_prominence)
might not have been optimally tuned for distinguishing all
individual peaks in this specific high-density pattern, or
there might be minor instrument misalignment contribut-
ing to systematic shifts that were not accounted for in this

basic peak-finding step. It's also possible that automatic in-
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dexing without explicit knowledge of the hkl planes led to
oneXRD identifying peaks in slightly different positions or
order than a direct hkl-indexed comparison might imply, or

that the sample itself contains other minor phases.

Microstructure Analysis Validation (Scherrer and
Williamson-Hall)

To validate the functionality and accuracy of the
Microstructure Analysis plugin, specifically the Scherrer

and Williamson-Hall methods, for determining crystallite

J Comput Sci Software Dev 2025 | Vol 4: 102



size and lattice strain. We chose Nanocrystalline Cerium

Oxide (CeOs) for validation. This material is widely studied,
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and its diffraction peaks exhibit significant broadening due

to small crystallite size, making it an ideal candidate [4].
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Figure 9: Processed XRD pattern of nanocrystalline CeO, in oneXRD. The plot shows the raw data, the subtracted background,

and the seven peaks identified for analysis. The significant broadening of the peaks is visually apparent.

A raw xrdml data file of a nanocrystalline CeO,

sample was loaded into oneXRD. As shown in Figure 9, the

Bockgron 4 S
[« i—
Scherrer Equation: Crystallile Size

0. Angle 28,54, FWHM=0 2397
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background was subtracted, and seven prominent diffrac-
tion peaks were identified using the peak finding tool. The
FWHM for each peak was automatically calculated.

BN I
: A i N

Figure 10: Scherrer analysis result in oneXRD. Using the (111) peak at 28.54° with an FWHM of 0.2397°, the calculated crystal-
lite size is 342.00 A (or 34.2 nm).

The sizes calculated by oneXRD (34.2 nm from
Scherrer and 31.1 nm from W-H) fall squarely within the
upper range of values reported in the literature for well-crys-
tallized CeO, nanoparticles, as shown in Figure 10. The

slight difference between the Scherrer and W-H methods is
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expected; the Scherrer equation considers only size broaden-
ing, while the W-H method attempts to separate size and
strain effects, often yielding a slightly different (and general-
ly more accurate) size value. The calculated strain of

-0.042% is physically reasonable. The negative sign indi-

J Comput Sci Software Dev 2025 | Vol 4: 102



cates a slight compressive average strain in the lattice, which
is common in nanocrystalline materials due to surface ten-

sion effects. The R-squared value of 0.9403 indicates a good,

10

but not perfect, linear fit, as shown in Figure 11. The scatter
of points around the line is typical for real experimental da-

ta and reflects the different contributions of size and strain

broadening at different angles.
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[

Strain, 000042
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Foune 7 paaks.

Figure 11: Williamson-Hall analysis result in oneXRD. The W-H plot shows a reasonable linear trend (R-squared = 0.9403).

The analysis yields an average crystallite size of 311.06 A (or 31.1 nm) and a microstrain of -0.00042 (or -0.042%).

Quantitative Phase Analysis Validation (RIR
Method)

To validate the accuracy, functionality, and user
workflow of the Quantitative Analysis plugin using the Ref-
erence Intensity Ratio (RIR) method. A synthetic, known

o

mixture of Aluminum Oxide (Corundum, Al,O3) and Zinc
Oxide (Zincite, ZnO). For this validation, a sample with an
expected composition of approximately 50/50 weight per-
cent was used. The known composition of the physical mix-

ture and established RIR values for the pure phases [5].

Backgeuund Subsarsion

Peak Finding i
Projes:t Dt st

Funond 17 ks

Figure 12: The oneXRD main window showing the fully prepared analysis. The experimental data from the mixture is plotted,

the background is subtracted, peaks are found, and the two reference patterns for AL,O; and ZnO are overlaid.
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An experimental XRD pattern of the Al,O3;-ZnO
mixture was loaded into oneXRD. Reference .cif files for
both pure ALO; and pure ZnO were also loaded into the

project, causing their theoretical patterns to be overlaid on
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=3 s & Eimty S Vi

3 1. Add & Seloct Phases 2, Edit Solected Phase

RIR Valus: 100

Found 19 peaks,

Assigned Peak: | 1:31 760"

11

the main plot for visual confirmation, as shown in Figure
12. Background subtraction and peak finding were per-
formed on the experimental data. A total of 19 peaks were
identified.

ol
~ 203 mprL143ci iRef)
— o0 mp 21330 (hef)

Figure 13: The "Setup & Edit" tab of the QPA plugin. This view demonstrates the seamless workflow where the two phases are

preloaded. The user has assigned the appropriate experimental peaks to each phase using the "Inspector” panel.
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Figure 14: The "Results & Visualization" tab of the QPA plugin. After calculation, the plugin automatically switches to this

dashboard, displaying a clear pie chart of the phase composition and a validation plot showing the location of the assigned

peaks relative to the full experimental pattern.

The Quantitative Analysis plugin was launched.
The UT automatically detected and pre-populated the phase
list with the AlL,O; and ZnO references that were already
loaded in the main project (a key feature demonstrating da-

ta synchronization). Within the plugin, each phase was as-
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signed to its strongest, non-overlapping experimental peak,

as shown in Figure 13:

AI203_mp-1143.cif[6] was assigned to the experi-
mental peak at 25.580° (Intensity: 552.50).

J Comput Sci Software Dev 2025 | Vol 4: 102



ZnO_mp-2133.cif[7] was assigned to the experi-
mental peak at 31.760° (Intensity: 550.05).

With the assigned intensities (I_(AL2 O_3

552.50
Total = | ————
ota ( 10 >+<

12

The RIR value for both phases was set to 1.00 for

this specific analysis.

The RIR formula is

)=552.50, I_Zn0=550.05) and RIR values set to 1.0 for both,

the calculation is:

550.05

— | = 1102.55
)

552.50

Wikano, = (m

) x 100 = 50.11%

550.05
1102.55

Wt%ZnO - <

The plugin's result of 50.0% / 50.0% is a correctly
rounded and accurate implementation of the underlying for-
mula, validating the analysis engine. The results dashboard
is a critical feature. The pie chart provides an immediate, un-
ambiguous summary of the composition. The "Assigned Ex-
perimental Peaks" plot gives the researcher crucial visual
confidence that the peaks they selected are indeed represen-
tative of the phases, helping to catch potential errors in peak
assignment, as shown in Figure 14. This validation case
study confirms that the Quantitative Analysis (RIR) plugin
for oneXRD is a robust, accurate, and user-friendly tool. It
correctly implements the RIR method and presents the re-
sults in a clear, visual format that enhances scientific unders-

tanding and confidence. The seamless integration with the
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> x 100 = 49.89%

main application's project state makes it a powerful and effi-

cient component of the oneXRD ecosystem.

Advanced Features Preview

The future development direction of oneXRD is to
create a more advanced and user-friendly XRD analysis
tool. A synthetic, known mixture of Aluminum Oxide
(Corundum, Al,O;) and Zinc Oxide (Zincite, ZnO). For
this validation, a sample with an expected composition of
approximately 50/50 weight percent was used. The known
composition of the physical mixture and established RIR val-

ues for the pure phases [5].

An experimental XRD pattern of the Al,O05-ZnO

mixture was loaded into oneXRD.

J Comput Sci Software Dev 2025 | Vol 4: 102
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The Principle of X-ray Diffraction Computed Tomography (XRD-CT)

A. Data Acquisition at Multiple Angles B. Diffraction Sinogram
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Figure 15: Schematic illustration of the X-ray Diffraction Computed Tomography (XRD-CT) process, the scientific basis for

the 3D reconstruction feature in oneXRD.

(A) Data acquisition involves collecting a series of two-dimensional diffraction patterns while the sample is rotated through
multiple angles (w). Unlike medical CT which measures a single absorption value, each projection here contains a full diffrac-
tion pattern. (B) The collected data is arranged into a "Diffraction Sinogram,” where each row represents a full 1D diffraction
pattern (azimuthally integrated from the 2D detector) at a specific rotation angle. The sinusoidal traces indicate the changing
orientation of different phases relative to the X-ray beam. (C) A reconstruction algorithm, such as Filtered Back-Projection or

ART, is then employed to solve the complex "inverse problem," calculating the most probable diffraction properties for each in-
ternal point of the sample. (D) The final output is a 3D voxel model where each voxel contains structural information. This al-
lows for the visualization of the spatial distribution of different phases (e.g., Phase A core in red, Phase B shell in cyan), crystal-

lite orientation, or strain, effectively transforming 2D diffraction "fingerprints" into a 3D structural "body scan" of the material.

Modern XRD analysis software requires complex tometer, then importing these multi-angle raw data into the
operations and involves repeatedly analyzing various crystal oneXRD XRD-CT plugin. The core of this plugin is based
planes, selecting effective crystal planes, and reconstructing on the cutting-edge scientific technology of X-ray diffrac-
the 3D crystal structure. To address this, the 3D diffraction tion computed tomography. Its fundamental difference
tomography reconstruction (XRD-CT) feature of oneXRD from medical CT lies in the fact that at each measurement
aims to elevate traditional analysis of the macroscopic “aver- point, it no longer obtains a single absorption intensity val-
age” composition of a sample to a new dimension of three- ue but rather an entire diffraction spectrum containing
-dimensional spatial analysis of the sample's internal mi- structural information. The plugin's reconstruction algo-
crostructure. As shown in Figure 15, this functionality relies rithm addresses a complex “inverse problem”: it first inte-
on the user first acquiring a series of two-dimensional dif- grates all angle-specific diffraction data into a high-dimen-
fraction images from multiple rotation angles on the diffrac- sional “diffraction sinogram,” then employs advanced itera-
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tive reconstruction algorithms (such as Algebraic Recon-
struction Technique - ART) to reconstruct the unique “dif-
fraction fingerprint” corresponding to each three-dimensio-
nal voxel within the sample. Finally, the plugin synthesizes

this information into a three-dimensional digital model, al-
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lowing users to slice, rotate, and visually analyze the model
within the software. This enables intuitive observation of
phase distribution, grain orientation, or stress states at any
spatial location within the sample, achieving a revolutionary
leap from “two-dimensional average fingerprints” to a

“three-dimensional structural full-body image.”[8][9]

Cloud-Based Fast Matching: From Linear Search to Al Recognition
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Figure 16: Comparison Flowchart for the Design of the oneXRD Cloud-based Rapid Comparison System

oneXRD's cloud-based rapid comparison feature
aims to revolutionize the traditional phase identification
process by integrating machine learning and big data index-
ing technology, transforming the slow “one-by-one compari-
son” method into an efficient “pattern recognition” ap-
proach. The comparison between this method and tradition-
al comparison methods is shown in Figure 16. The scientific
core of this approach lies in the fact that we first utilize a
massive dataset containing millions of known diffraction
patterns to train a deep learning model, specifically a convo-
lutional neural network. This AT model learns to no longer
rely solely on the positions of a few diffraction peaks but in-
stead directly “sees” and understands the complex wave-
form features of the entire diffraction pattern, much like the
human eye. Once trained, the model can compress any dif-

fraction pattern into a highly condensed high-dimensional

JScholar Publishers

feature vector—essentially generating a unique, machine-
readable “mathematical fingerprint” for the pattern. In the
cloud, oneXRD's servers pre-process a massive amount of
standard patterns (covering both open and commercial
databases), converting them all into feature vectors and stor-
ing them in a specially optimized vector database. When a
user uploads their experimental pattern, it is first converted
by the AI model into a query vector, which then performs
an approximate nearest neighbor search in this cloud
database, instantly identifying the most similar match in the
feature space within milliseconds. This workflow revolution-
izes the paradigm of phase identification, achieving a quali-
tative leap from traditional, time-consuming linear searches
to near-real-time, Al-driven pattern recognition, thereby
creating a continuously learning and evolving “global XRD

intelligence brain.”[10]
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Automated Experiment Integration: From Automation lo Inteligence
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Figure 17: How oneXRD evolved from data analysis software into an experimental control and decision-making center.

The final advanced feature, oneXRD's automated
integration functionality, is designed to transform the soft-
ware from an offline “post-processing tool” into an online
“experiment command center” by integrating instrument
control APIs with an internal automated workflow engine,
as shown in Figure 17. Its core scientific foundation lies in
the use of software development kits (SDKs) provided by
modern XRD instruments, enabling oneXRD to send pre-
cise instructions directly to instrument hardware (such as
goniometers, detectors, temperature control accessories,
etc.) via program code and receive real-time data. In terms
of functionality, users can design complex, time-resolved ex-
perimental workflows within oneXRD's dedicated interface,
such as programmed temperature ramping with stepwise da-
ta acquisition of diffraction patterns. The internal workflow
engine translates this user-designed process into an instruc-
tion script and executes it automatically in sequence, there-
by standardizing and ensuring the reproducibility of the ex-
perimental process, significantly reducing errors and the te-
diousness of manual operations. Building on this, the ad-
vanced stage of this functionality will introduce a “closed-
loop feedback and intelligent experiment” mechanism:
oneXRD will no longer merely passively execute predefined

workflows but will be able to analyze newly acquired data in
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real time and dynamically adjust subsequent experimental
strategies based on analysis results, such as automatically in-
creasing scan point density upon detecting signs of phase
transitions. This evolution from “automation” to ‘intelli-
gence’ will transform oneXRD into an “intelligent research
partner” capable of proactive thinking and decision-mak-
ing, ushering materials research into a new era of “autono-

mous operation.”[11]

Conclusion

Compared with mature XRD analysis software,
our oneXRD has been developed in an era of advanced com-
puter science and materials science. Although various ad-
vanced analysis functions are not yet complete and lack
widespread use and verification, oneXRD can still form a
certain comparative advantage with FullProf and MAUD,
as shown in Figure 18. The diagram illustrates oneXRD's
unique strategic position, scoring highly in User-Friendli-
ness, Cost-Effectiveness, and Extensibility—areas where
established tools show significant trade-offs. While the com-
mercial HighScore Plus excels in features at a high cost, and
the academic FullProf and MAUD offer powerful analysis
with a steep learning curve, oneXRD provides a balanced,

accessible, and powerful platform for modern XRD analysis.
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Figure 18: A radar chart comparing the software capability profiles of oneXRD, HighScore Plus, FullProf, and MAUD across

six key metrics. The diagram illustrates oneXRD's unique strategic position, scoring highly in User-Friendliness, Cost-Effective-

ness, and Extensibility—areas where established tools show significant trade-offs. While the commercial HighScore Plus excels

in features at a high cost, and the academic FullProf and MAUD offer powerful analysis with a steep learning curve, oneXRD

provides a balanced, accessible, and powerful platform for modern XRD analysis.

The modern software engineering concepts and
user-friendly XRD development architecture proposed in
this paper, as well as the successful development of the mini-
mum viable version of the oneXRD software, demonstrate
how to introduce more modern computer science technolo-
gies into the traditional field of XRD analysis, rather than be-
ing limited to the few available resources. In addition, by
combining more modern interdisciplinary XRD technolo-
gies, we can consider the future direction of XRD software
for chemistry and materials science and how to design the
corresponding hardware. By integrating Al and automation
technologies, XRD analysis can be liberated from cumber-

some manual operations and transformed into automated
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and efficient workflows. Furthermore, the open-source na-
ture of the framework we have designed ensures that its ben-
efits can be more equitably shared across relevant discip-
lines as it evolves, thereby fostering the synergistic develop-

ment of computer science and traditional disciplines.

Code Availability

The complete source code for oneXRD has been
made publicly available under the Apache-2.0 license to en-
sure full reproducibility of experimental results. The code re-

pository can be accessed via the following link:

https://github.com/little-gt/TOOLS-oneXRD
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