
An open source control  
system framework for ALMA:
how ESO and Cosylab shared  
a mission

EXECUTIVE SUMMARY

As a large international collaboration, the ALMA telescope project envisioned a 
standardization of the control infrastructure to ensure a manageable integration of all 
subsystems.

Together with ESO, Cosylab played a valuable role in building the right control system 
framework, and provided expert support to achieve the high level of harmonization of 
system control that ESO was aiming for. ALMA’s breakthrough astronomy vouches for 
its success.

ESO AND THE INTEGRATION CHALLENGE

ALMA (Atacama Large Millimeter/submillimeter Array) is the world’s largest ground-
based radio telescope for observations in the millimeter/submillimeter wavelength 
regime located in the Atacama Desert, at an altitude of 5000 m in northern Chile. 
ALMA is, to date, also the most expensive ground-based astronomical project, costing 
between US$1.4 and 1.5 billion. Construction started in 1997 and the telescope was 
fully commissioned in 2013.

Since its beginnings, the European Southern Observatory’s (ESO) ALMA software 
project has been characterized by a great complexity: there was a wide geographical 
distribution of its development teams, they had diverse development cultures and 
the number of developers and applications that they would develop was expected to 
increase to very large numbers.

It was therefore considered essential to adopt common software infrastructure, 
services and application frameworks on top of which control system and high level 
applications would have been built in a consistent way.

“Based on my experience with projects like the VLT telescope I realized that a common soft-
ware layer and the accompanying development infrastructure was vital to the success of the 
eventual system integration. So, I went out to look for existing solutions to start from and 
found Mark Plesko and Cosylab at ICALEPCS ‘99 having the right technical solution and the 
right mindset to fit in the ALMA development” 

Gianluca Chiozzi,  
Former Head of ALMA Common Software subsystem team
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KEY CHALLENGES

To make the adoption of the ALMA Common Software (ACS) a success, three elements were 
seen as vital:

1. ACS should be built on solid technological foundations and be extended to ALMA’s 
needs with high-quality and well-maintained code

2. The development team should be very familiar with the open-source software develop-
ment culture in the scientific community

3. The development team should help advocate the platform through established chan-
nels in the scientific community, i.e. with scientific publications and presentations at 
scientific conferences, such as SPIE and ICALEPCS

THE ALMA COMMON SOFTWARE SOLUTION

ACS KEY REQUIREMENTS

The key requirements for the technical foundations of the common software for a large 
distributed system as defined at the time were: [1]

• Usage of distributed object-oriented development techniques with multi-language 
support

• Centralized lifecycle management of software components that represent physical 
devices

• Communication based on a well-supported standard, preferably CORBA
• 3- tier architecture supported by central control system services

The CORBA-based control system that Cosylab had already developed for the ANKA 
accelerator proved to be a good starting point. Cosylab also had the software architecture 
and development expertise and resources to adapt it to a solution for ESO.

ACS SYSTEM SERVICES

There was a shortlist of control system framework services that the ACS was envisioned to 
support. These are similar to other control system frameworks like EPICS and TANGO:

• XML-based configuration Database
• Synchronous and asynchronous communication
• Configurable monitors and alarms
• Run-time name/location resolution
• Archiving
• Error system
• Logging system

For a full overview, see the published paper [2].

To facilitate adoption of the new framework by the development community, it was decided 
that Cosylab’s experts would develop a prototype of ACS for the team at ESO to evaluate. 
The ESO reaction was very positive. The code and architecture of the prototype were of 
such quality that the ESO team decided to develop the final framework as iterations on this 
prototype.

To allow this iterative way of working, ESO and Cosylab engaged in a 14-year long business 
partnership. Cosylab would provide high-level experts to maintain the integrity of the critical 
components of the ACS core, thus maintaining a stable basis for contributions from an 
ever-growing ACS development user base from various labs and institutes.

[1] http://www.eso.org/projects/alma/develop/acs/OtherDocs/ACSPapersAndSlides/ICALEPCS2009/
ICALEPCS2009-TUP101.PDF
[2] http://www.eso.org/projects/alma/develop/acs/OtherDocs/ACSPapersAndSlides/ICALEPCS2003_MP704.pdf

SERVICES

• Software Development
• Software Documention
• Expert Technical Support
• Expert Core System 

Maintainance 

TECHNOLOGIES

• CORBA
• Container-Component model
• Component Lifecycle 

Management
• C++, Java, Python
• Open source (LGPL license) 

BENEFITS 

• Sub-systems better prepared 
for integration

• Risk of rework reduced
• Un-interrupted high level 

support
• Good documentation 

shortens length of learning 
curve

• Leverage usage of standard 
software management 
technologies

 

“As in any good open source 
project, the community 
outside the core development 
team took a very active role 
[...]

Having Cosylab professional 
experts as part of the core 
team made this model work. 
We could depend on them”

Gianluca Chiozzi,  
Head of ALMA Common  
Software subsystem team



THE RESULT OF THE COOPERATION

The higher sensitivity and higher resolution of ALMA, in comparison to earlier 
submillimeter telescopes, means that all the systems in the telescope array have 
to operate in perfect harmony to deliver the collected data into the hands of the 
astronomers. This can only be done if the ACS at the core is fully performing its tasks.

The more than 1000 scientific papers published since March 2013 that describe 
astronomical discoveries that are based on data from ALMA, are evidence of the 
success of the ACS project and the ALMA project as a whole. [4], [5]

Together with ESO, Cosylab’s contributions achieved:

• High maintainability of the ALMA telescope software
• Meeting the performance and throughput requirements
• A well-documented open-source core code base, written by experts. This allows 

noncore experts to make contributions. For example, students from the Univer-
sitad Technica Federico Santa Maria (UTFSM) in Valparaiso, Chile, formed a team 
that gave important contributions to core features of ACS.

Gianluca Chiozzi, former Head of ALMA Common Software subsystem team, says:

“As in any good open source project, the community outside the core development team takes 
a very active role in doing the investigations and developing prototypes or even implementing 
production quality solutions in these areas. A major role has for example been played by the 
collaborations with UTFSM in Valparaiso and other universities. Nevertheless, this external 
work is coordinated with the core team, ensuring coherent development and avoiding dead-
ends. Having Cosylab professional experts as part of the core team made this model work. We 
could depend on them”

[3] http://www.almaobservatory.org/en/press-release/alma-rewrites-history-of-universesstellar-baby-boom/
[4] https://www.annualreviews.org/action/doSearch?SeriesKey=astro&AllField=ALMA
[5] https://public.nrao.edu/news/2018-alma-1000-papers/

“eso1336 ALMA Takes Close Look at Drama of Starbirth”, 20 August 2013
Astronomers using the Atacama Large Millimeter/submillimeter Array (ALMA) have 
obtained a vivid closeup view of material streaming away from a newborn star.[3]

The team leader and first author of the new study, Héctor Arce (Yale University, USA) 
explains that “ALMA’s exquisite sensitivity allows the detection of previously unseen 
features in this source, like this very fast outflow. It also seems to be a textbook 
example of a simple model where the molecular outflow is generated by a wide-
angle wind from the young star.”



LONG-TERM COMMITMENT

The construction of these projects run 
over many years and certain aspects 
(like workload, details of technology 
choices) can evolve or change. The 
software development partner needs 
flexibility to adjust to those needs.

OPEN SOURCE MINDSET

The development partner needs to 
be very familiar with the open source 
nature of the code. In the case of ACS, 
all the code and documentation were 
maintained on a public website, so in 
order to avoid duplication and redun-
dancy, Cosylab relied on this setup 
rather than maintaining a separate 
repository in-house.

ADAPTATION OF PROCESSES

Working on Big Physics projects re-
quires a flexibility with respect to tools 
and processes from the development 
partner. Even though Cosylab has very 
strict quality norms through its own ISO 
9001 certification, they were willing and 
able to adapt to the specific processes 
of the open-source project.

CONTACT US

We’re here to answer your questions.

For more information on building the 
right control system infrastructure for 
your integration project, send an email 
to tech_questions@cosylab.com

www.cosylab.com

KEY SUCCESS FACTORS

Cosylab’s continued work on the development and maintenance of ACS over this 
stretch of time is a good illustration of the kind of commitment Big Physics customers 
are seeking.

13 June 2018 ALMA has uncovered convincing evidence that three young planets are in 
orbit around the infant star HD 163296. Using a novel planet-finding technique, astron-
omers have identified three discrete disturbances in the young star’s gas-filled disc: the 
strongest evidence yet that newly formed planets are in orbit there. These are considered 
the first planets discovered with ALMA. This image shows part of the ALMA data set at one 
wavelength and reveals a clear “kink” in the material, which indicates unambiguously the 
presence of one of the planets.

THE ROAD AHEAD

Such long-term commitment from a supplier from this domain is mutually beneficial. 
For example, when ESO began work on the Extremely Large Telescope (ELT), it was 
natural to seek out Cosylab to discuss the system architecture, in particular critical 
aspects of the control system middleware. There is an immediate common ground 
based on the successes and lessons learned from the cooperation on the ACS.

Founded in 2001, Cosylab provides and integrates state-of-the-art software and 
electronics for the world’s most complex, precise and advanced systems, to enable 
research organizations to discover scientific breakthroughs, hospitals to deliver better 
cancer treatment and organizations to improve their performance. The company 
employs engineers and physicists that understand the physical operational principles 
of highly complex devices and master the software and hardware engineering of 
large-scale distributed control systems at the same time. Headquartered in Slovenia, 
Cosylab has a strong international presence and has worked on hundreds of multi-
year and multi-people projects all over the world.
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