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Abstract

BL31-FaXToR is the hard-X-ray micro-tomography and
radiography beamline at the third-generation ALBA syn-
chrotron. It enables 3D imaging with sub-second temporal
resolution under either monochromatic or white-beam con-
ditions. The control system is based on Tango, Sardana and
Taurus, providing an efficient, distributed Python environ-
ment with full user access to hardware via both graphical
and command-line interfaces. This paper outlines the
BL31-FaXToR control system architecture, presents im-
plementation examples, and discusses upcoming planned
features.

BL31-FAXTOR

BL31-FaXToR is fed by an in-vacuum multipole wig-
gler installed at port 31 of the ALBA storage ring. The
main optical element is a Double Multilayer Crystal Mon-
ochromator (DMM), chosen to provide tunable energy and
quantitative 3D analysis of tomografic datasets [1, 2, 3].
Other main components in the optics hutch are: set of fil-
ters in the multifilter unit acting as beam attenuators, two
blade vertical slits, diagnostic elements and bremsstrah-
lung attenuators. The experimental hutch includes a beam
conditioning table with four blade sample slits, a second
CVD diamond window, and an in-house—developed fast
shutter that ensures precise timing during dynamic acqui-
sitions and prevent radiation damage to sensitive samples.
To minimize air absorption at lower X-ray energies, mov-
able pipes guide the beam safely from the conditioning ta-
ble to the tomography stage, located 36.5 m from the
source.

Endstation

The endstation hosts two microscopes equipped with
four cameras, which can be positioned either close to the
sample for absorption measurements or at longer distances
to exploit phase propagation in soft materials. Configura-
tions can be switched easily depending on user require-
ments, offering a flexible design that supports multiscale
imaging (Fig. 1).

This setup enables simultaneous access to different spa-
tial and temporal resolutions, facilitating experiments that
demand both high throughput and dynamical studies with
temporal resolution better than one second. The high-speed
detector has been designed to provide live reconstructions
during scans with minimal latency [4], offering immediate
feedback to users and paving the way for time-resolved in-
situ experiments.
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Figure 1: BL31-FaXToR layout of the optical path on the
optic (top) and experimental (bottom) hutches. X-ray
beam enters from the left side. Both MB (green) and WB
(pink) are allowed [3].

CONTROLS SYSTEM ARCHITECTURE

The BL31-FaXToR control system follows the com-
mon architecture adopted for all ALBA beamlines, de-
signed to maximize similarity and reuse. Whenever possi-
ble, the same hardware and controller types are employed
across subsystems such as vacuum, motion, and diagnos-
tics, which in turn allows for shared software interfaces. As
part of the Tango community [5], we benefit from existing
device server developments while contributing new ones
when required.

Sardana serves as the common SCADA layer across
ALBA [6, 7], making control systems comparable and sim-
plifying the implementation of complex scans. Although
specific hardware controllers may differ between beam-
lines, their software access remains standardized. The Tau-
rus [8] framework further supports this approach by
providing consistent graphical user interfaces, enabling de-
velopment to be shared across projects. For exclusive hard-
ware, such as the FaXToR goniometer, dedicated Tango
device servers have been designed and integrated so that
higher-level control layers can access them through stand-
ard Taurus widgets or Sardana macros (Fig. 2).

High-speed data acquisition is a key requirement at FaX-
ToR. The detector subsystem uses multiple frame grabbers
in combination with an IBM Storage Scale clustered file

THPD: THPD Posters
MCO09: Experiment Control and Data Acquisition




20th Int. Conf. Accel. Large Exp. Phys. Control Syst. (ICALEPCS'25), Chicago, IL, USA

JACoW Publishing

ISBN: 978-3-95450-255-4

ISSN: 2226-0358

doi: 10.18429/JACoW-ICALEPCS2025-THPD039

1670

MC09: Experiment Control and Data Acquisition

THPD039

THPD: THPD Posters

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2025). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.


20th Int. Conf. Accel. Large Exp. Phys. Control Syst. (ICALEPCS'25), Chicago, IL, USA
ISSN: 2226-0358

ISBN: 978-3-95450-255-4

system, ensuring the throughput needed for dynamic to-
mography. Detectors are managed either through a REST-
based service or via the LImA [9,10] device server.

Finally, synchronization elements—including a voice-
coil actuated fast shutter with 10 ms openings and a peri-
odic chopper—introduced new challenges for the control
system. Addressing these required extending Sardana with
multiple synchronization modes in both the time and posi-
tion domains [11], laying the foundation for precise coor-
dination of dynamic experiments.

Taurus EEICELE] Lavue
Widgets Macros
Sardana Sardana
Controller Controller
Tango DS Tango DS

Figure 2: Control System Architecture with hardware ob-
jects at bottom.

EXPERIMENT SYNCHRONIZATION

Our tomography experiment is based on three main com-
ponents that must be precisely synchronized: the goniome-
ter, the shutter, and the 2D detector (Fig. 3). Synchroniza-
tion is achieved through a hardware trigger chain that starts
at the goniometer controller and ends at the detector. This
process involves two steps: first the goniometer controller,
in this case an ACS ECMsm, is configured to send a trigger
once a constant velocity is reached. Then this signal
reaches a National Instruments PCI-6602 card, which runs
two independent sequences to trigger both the shutter and
the 2D detector, using user-defined pulse patterns. Option-
ally, the goniometer trigger can also be configured to be
sent when the rotary stage is not only at constant velocity
but also at a specific angular position.

To manage this synchronization in a transparent way for
the user and to make it generalizable we have used two new
features of Sardana: 1) Shutter object: This feature intro-
duces a special element in the acquisition process that de-
fines the parameters associated with the shutter. These pa-
rameters are essential for computing the shape of the hard-
ware trigger that controls the shutter’s opening and closing.
These parameters include the time to open, time to close or
the window mode, all of them needed to avoid sample dam-
age due to the X-ray beam. 2) Multiple Synchronization
Descriptions: this feature allows each device involved in
the acquisition (such as shutters or detectors) to follow its
own independent timing pattern, which can also be linked
to a motor position domain. It also enables full exploitation
of the maximum acquisition frequency supported by each
channel.

We have also implemented two key optimizations that
improve user experience, particularly when dealing with
large samples that require multiple tomographies across a
mesh grid. 1) Scan state: This mechanism keeps track of
the current scan point. It allows users to pause or restart
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tomographies from any point without losing progress,
which is especially useful for long or interrupted experi-
ments. 2) Asynchronous motor movements: In tomogra-
phy, darkfield images (acquired without beam) and flat-
field images (acquired with beam but with the sample re-
moved from the trajectory) are typically collected to reduce
noise in reconstructions. The flatfield step requires moving
a motor to remove the sample from the beam. By perform-
ing this movement asynchronously, while the darkfield im-
ages are being acquired, we significantly reduce the total
experiment time. This is particularly beneficial for large
samples with hundreds of scan points. Additionally, we
have evaluated but not yet implemented another optimiza-
tion: dynamically calculating the nearest motor position
that ensures the sample is out of the beam for each scan
point during flatfield acquisition. This approach could fur-
ther reduce movement times and increase efficiency.
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Figure 3: Synchronization between elements. Constant ve-
locity of goniometer triggers the shutter opening. After
waiting for the shutter to be fully open, the detectors are
triggered following a time based pulse of triggers. Time
scale of plot is not proportional.

PHANTOM S710 CAMERA

The BL31-FaXToR fast camera subsystem is built
around a Phantom high-speed sensor connected to Euresys
frame grabbers, enabling sustained high-rate acquisitions
required for dynamic tomography and live reconstructions.
Integration was designed in three layers: (i) deterministic
GenlCam configuration to ensure reproducible behavior,
(i1) a zero-copy DMA data path with preallocated host and
GPU buffers to eliminate runtime overhead, and (iii) a par-
allel capture pipeline that streams data blocks to storage
without introducing control-loop dead time. Configuration
and live viewing are provided through a REST-based ser-
vice and a lightweight web interface, which facilitates
rapid testing and easy user access.

Deterministic camera operation is achieved by applying
all GenlCam register settings (pixel format, dimensions,
trigger mode, exposure, frame rate) during idle states, pre-
venting mid-scan reconfiguration. Stream-module parame-
ters that affect throughput, such as buffer-part count and
unpacking mode, are programmed per grabber, making ac-
quisition recipes portable across scan modes while ensur-
ing consistent multi-grabber performance.

Sustained frame rates are supported by subdividing
FIFO buffers into parts, which allows the software to pro-
cess and flush portions of data while acquisition continues
(Fig. 4). This prevents producer stalls and ensures efficient
use of limited onboard buffers. A parallel persistence
model then spawns multiple writers, each handling a block
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of images concurrently. This strategy amortizes storage la-
tency and preserves a deterministic file layout suitable for
downstream reconstruction. To provide user feedback, a
representative image from each buffer is copied for live
view, enabling monitoring at reduced frame rates without
impacting acquisition speed.

The system employs an on-demand callback model, giv-
ing precise control over when to poll the FIFO and sched-
ule writers. This approach keeps the software cadence
aligned with the beamline’s timing sequence. Explicit pixel
unpacking guarantees consistent interpretation across
boards, a prerequisite for deterministic multi-writer opera-
tion and any optional GPU-resident processing.

Finally, deterministic abort and teardown procedures en-
sure robust operation: acquisition can be safely interrupted
at any time, with all writers joined, resources released, and
buffers reset to a clean baseline before the next scan begins.
Data blocks are flushed to the IBM Storage Scale cluster,
which provides the parallel throughput required for long
high-speed acquisitions and makes datasets immediately
available for reconstruction pipelines.

Chunk 1
Chunk 2

Chunk 3
i —

Chunk 4

Chunk 1 Chunk 2
Chunk 3

Figure 4: IBM Spectrum Scale parallel write.

GRAPHICAL USER INTERFACE

A dedicated graphical user interface (GUI) was devel-
oped using Taurus and LaVue [12] to streamline tomogra-
phy experiments at FaXToR. The GUI targets both staff
scientists and visiting users, reducing setup time, simplify-
ing routine alignment, and surfacing safety-critical device
states.

The control stack follows ALBA’s standard design prin-
ciple: all scan logic resides in Sardana macros, while the
GUI only parametrizes and invokes these macros, report-
ing progress, logs, and errors. This separation ensures that
hardware procedures remain testable and reusable, and pre-
vents duplication of control logic.

The GUI is composed of modular widgets that cover es-
sential tasks: acquisition/file organization, macro execu-
tion with safe interrupt handling, microscope and optics
configuration, manual shutter and brake controls, goniom-
eter alignment, and grouped motor consoles (Fig. 5). This
design provides a consistent user experience across beam-
line operations while allowing flexible configuration for
specific experiments.

Live Imaging
The live imaging widget is built on the LaVue frame-

work (pyqtgraph backend). A thin decoder layer maps
LImA/TANGO image attributes to the format expected by
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LaVue, enabling seamless integration of LImA-based cam-
eras. For the Phantom S710, a REST server backend pro-
vides live images under a dedicated configuration fully
compatible with the viewer. During scans, the widget au-
tomatically pauses Phantom live triggering and resumes
once the scan is complete. This allows refresh rates of ~5—
10 Hz for LIMA cameras and ~2-5 Hz for the Phantom,
offering immediate visual feedback without interfering
with the main acquisition pipeline.
Setting Directory —

|Camera Live View 0 l — 0

Acquisition modalities:
+ Single Tomo (180 or 360 deg) o b e IBRCTHEI0

. Loc;l Tomo_graphy
il RecliogiEphics + Setting parameters

« Samplealignment ©
Figure 5: Graphical User Interface, showing different ac-
quisition modalities as implemented at BL31.

NEXT STEPS

Future work at BL31-FaXToR will concentrate on ex-
tending detector compatibility, improving synchronization
capabilities, and enabling new imaging modalities.

A key priority is the seamless integration of additional
detectors, in particular the PCO Dimax and C-blue One
cameras. Both will be incorporated into the Tango/Sar-
dana/Taurus control framework to ensure uniform user ac-
cess and consistent synchronization with the goniometer
and shutter. This will broaden the range of experimental
conditions that can be covered and provide flexibility in
spatial and temporal resolution.

On the instrumentation side, an in-house chopper is cur-
rently being designed. Its control and synchronization with
the existing acquisition chain will allow modulation of the
beam with higher precision, opening possibilities for ad-
vanced time-resolved and pump—probe style experiments.

Finally, BL31-FaXToR plans to integrate a grating inter-
ferometer at the endstation. Such interferometers, already
demonstrated at other synchrotron facilities, provide sim-
ultaneous access to absorption, phase-contrast, and dark-
field images. This will significantly expand the beamline’s
capabilities toward the study of low-absorption or highly
scattering samples, enabling multi-modal and more quan-
titative tomography.

CONCLUSION

The BL31-FaXToR beamline has represented a signifi-
cant challenge for the ALBA control system. Unlike BL09-
Mistral, which brought its own dedicated tomography con-
trol software, FaXToR has been fully integrated into the
ALBA standard frameworks (Tango, Sardana, and Tau-
rus). This required the design and implementation of new
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features specific to high-throughput tomography, most no-
tably a hardware-based synchronization chain between the
goniometer, shutter, and 2D detector. These developments
extend Sardana with multi-synchronization capabilities
and native shutter support, providing a generalizable solu-
tion for experiments requiring precise time- and position-
domain coordination.

Another key achievement has been the integration of the
Phantom high-speed camera subsystem, which demanded
advanced buffer management and parallel persistence
strategies to sustain line-rate acquisition without data loss.
The visualization layer has also been enhanced by adapting
features from LaVue, enabling live reconstructions, ROI
selection, and dynamic monitoring during scans. Together,
these developments have ensured that users can perform
complex, time-resolved tomography experiments reliably,
with minimal latency and reduced setup overhead, result-
ing in a smooth operational experience.

From the perspective of the control system, FaXToR
demonstrates the flexibility and scalability of the ALBA
frameworks when facing beamline specific requirements.
The lessons learned here—particularly in hardware syn-
chronization, high-speed acquisition, and user-facing visu-
alization—will be valuable not only for FaXToR but also
for future beamlines with similar demands. Planned im-
provements will focus on tighter integration of online re-
construction pipelines, automated experiment templates,
and continued optimization for high-performance image
acquisition.
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