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The usage of microservices in ultrashort pulse (USP) ablation systems allows for
a flexible integration of process evaluation sensors which can be used to enable in
process optimization loops. These optimization loops and the underlying system
could be expanded to not only optimize traditional processing parameters but also
the beam shape through the utilization of diffractive neural networks.

1 Introduction

Current USP processing systems adhere to a well-
defined sequence of steps. The workflow com-
mences with the preprocessing of a workpiece’s ab-
lation geometry, converting it into a process path
that incorporates specific parameters. This process
path is subsequently loaded onto the manufactur-
ing system, the USP laser is configured, and the
process is initiated. In the context of Industry 4.0,
the integration of sensors such as confocal sensors
or white light interferometers enables the assess-
ment of product quality, which in turn allows for dy-
namic adjustments of the process. Additionally, the
incorporation of optimization techniques permits au-
tonomous parameter searching.

A critical factor influencing all USP processes is the
beam shape. The combination of diffractive neural
networks as a phase mask design method with spa-
tial light modulators provides precise control over the
laser beam shape, allowing for the adjustment of
the beam shape on demand. Nevertheless, current
software systems impede the adoption of these ad-
vancements due to their lack of flexibility, which hin-
ders the integration of neural networks, optimization
techniques, and adaptive measurement analysis. In
this paper a software architecture is proposed which
allows the beam shaping on demand and process
optimization coherently.

2 Proposed software architecture

The proposed architecture is based on the microser-
vice concept, where loosely coupled subsystems
interact through request-response communication
patterns. Each service operates as an encapsulated
unit, fulfilling a distinct function within the manufac-
turing system. These services are autonomous and
decoupled from the rest of the system, offering sig-
nificant flexibility. This decoupling ensures that mi-
croservices can be adapted and modified on de-

mand without impacting other subsystems, thereby
enhancing the system’s overall adaptability and re-
silience. [1]

Additionally, this architecture facilitates easier re-
source allocation, driver management, and de-
pendency management. By isolating services, re-
sources can be allocated more efficiently accord-
ing to specific needs. Driver updates and modifica-
tions are managed independently, reducing the risk
of system-wide disruptions. Dependency manage-
ment is streamlined, as each service maintains its
own dependencies, further simplifying maintenance
and upgrades. As discussed in our previous work [2]
the system is split into multiple microservices types
which are catagorized into Control Services, Infor-
mation Services and Application Controllers. This
work also showcases the flexibility of this architec-
ture for experimental manufacturing workflows.

3 Autonomous Process Optimization

The microservice system architecture can be used
to inject Bayesian optimization into the manufac-
turing system. An example use case for an au-
tonomous execution system is autonomous process
optimization. In this use case, an industrial USP
laser machine was reprogrammed using a Microser-
vice based architecture. The Control Services used
in this use case are:

The Movement Service (Aerotech A3200) is respon-
sible for moving the workpiece in 3D space. The
Scanner Service (Scanlab RTC6) is responsible for
controlling the USP Scanner System. The Laser
Service (Edgewave FX Series) is responsible for
controlling the parameters of the laser source. The
Distance Measurement Service (Keyence CL3000)
is responsible for line measurements on the work-
piece surface substrate. A Cavity Information Ser-
vice can generate a productivity performance index
from these measurements for a given cavity. The
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Metrology Service (GBS Smart WLI) is responsible
for 3D metrology measurements on the workpiece
surface. A Metrology Information Service can gen-
erate a quality performance index from these mea-
surements for a given cavity.

The Bayesian optimizer controls the parameter
search and is responsible for proposing experimen-
tal parameter sets. Afterwards, the Application Con-
troller is responsible for loading these parameters
into the control services and coordinating the abla-
tion of example cavities. It autonomously analyzes
these cavities through the Metrology and Distance
Measurement Services. The data from these mea-
surements are automatically saved in the special-
ized Information Service and autonomously ana-
lyzed. Afterwards, the resulting quality and produc-
tivity parameters of the just proposed and analyzed
cavity are sent to the optimizer. Preliminary results
show that a standard material characterization (op-
timization of fluence and pulse/line overlap for spe-
cific ablation efficiency and quality defined by SA) for
metals can be automatically generated in 14 subse-
quent experiments.

4 Integration of Diffractive Neural Networks

Diffractive Neural Networks have proven to be a reli-
able method to efficiently generate phase masks for
arbitrary beam shapes [3]. Preliminary benchmarks
have shown that GPU-accelerated algorithms can
generate phase masks for arbitrary beam shapes
in minutes. The integration of such an algorithm
is the example at hand of the usage of microser-
vices in a manufacturing system. The system ex-
plained above can therefore be expanded with a
Spatial Light Modulator (SLM) Control Service and
an SLM Oracle Service, which allows the applica-
tion controller to generate phase masks on demand
and hides the needed GPU infrastructure and de-
pendencies. At LLT, in cooperation with TOS and ILT,
an SLM is integrated into the mentioned Pulsar sys-
tem and the Diffractive Neural Network software is
incorporated into the microservice architecture. First
tests show promising results, as seen in Fig. 1.
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Fig. 1 Picture of the laser focal point of the experimen-
tal setup shaped by an SLM phase mask calculated by a
Diffractive Neural Network

In the next step, the described use case will be ex-
panded to not only optimize laser and process pa-
rameters but also the beam shape. For that, an al-
gorithm will be used which allows the definition for
a parameterized beamshape. Fig. 2 shows example
beam shapes that can be generated from these con-
tinuous parameter sets.
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Fig. 2 Examples of possible parameterized beam shapes
that can be generated on the fly through diffractive neural
networks

5 Summary and Outlook

The proposed microservice architecture shows ad-
vantages when using it as a platform to integrate
modern optimization techniques into manufacturing
systems. Algorithms like diffractive neural network
can leverage this architecture and allow the inte-
gration of new on demand calculation concepts into
manufacturing systems which can be used for very
sophisticated optimization loops. This optimization
loops can in the future be extended to include even
more manufacturing paramaters.
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