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ABSTRACT 
 
The Atacama Large Millimeter/submillimeter Array (ALMA) is a joint project between astronomical organizations in 
Europe, North America, and East Asia, in collaboration with the Republic of Chile. ALMA will consist of at least 54 
twelve-meter antennas and 12 seven-meter antennas operating as an interferometer in the millimeter and sub-millimeter 
wavelength range. It will be located at an altitude above 5000m in the Chilean Atacama desert. As part of the ALMA 
construction phase the Assembly, Verification and Integration (AIV) team receives antennas and instrumentation from 
Integrated Product Teams (IPTs), verifies that the sub-systems perform as expected, performs the assembly and 
integration of the scientific instrumentation and verifies that functional and performance requirements are met. This 
paper aims to describe those aspects related to the AIV Engineering team, its role within the 4-station AIV process, the 
different phases the group underwent, lessons learned and potential space for improvement.  
 
AIV Engineering initially focused on the preparation of the necessary site infrastructure for AIV activities, on the 
purchase of tools and equipment and on the first ALMA system installations. With the first antennas arriving on site the 
team started to gather experience with AIV Station 1 beacon holography measurements for the assessment of the overall 
antenna surface quality, and with optical pointing to confirm the antenna pointing and tracking capabilities. With the 
arrival of the first receiver AIV Station 2 was developed which focuses on the installation of electrical and cryogenic 
systems and incrementally establishes the full connectivity of the antenna as an observing platform. Further antenna 
deliveries then allowed to refine the related procedures, develop staff expertise and to transition towards a more routine 
production process. Stations 3 and 4 deal with verification of the antenna with integrated electronics by the AIV Science 
Team and is not covered directly in this paper. It is believed that both continuous improvement and the clear definition of 
the AIV 4-station model were key factors in achieving the goal of bringing the antennas into a state that is well enough 
characterized in order to smoothly start commissioning activities. 
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1 INTRODUCTION 
 

1.1 Atacama Large Millimeter/submillimeter Array (ALMA) 
 
ALMA is an international project to build and operate a large telescope which will make astronomical observations at 
millimeter and sub-millimeter wavelengths. ALMA's specified wavelength range is from 10 mm to 0.3 mm, 
corresponding to frequencies of approximately 30 to 950 GHz. Because these wavelengths are strongly absorbed by 
clouds and water vapor in the atmosphere, the instrument is located in the very dry Atacama region of northern Chile. 
The actual site is the Chajnantor plateau which is at an altitude of 5000 meters above sea level.  
 
The instrument is made up of an array of "dish" antennas which work together to form a single telescope. Despite the 
antennas being quite similar in appearance – compared to those used for radio astronomy and for communications - they 
are specially designed to be extremely stiff and to have surface accuracies of better than 25 microns. There will be 12 
dishes of 7 meters diameter, forming a close-packed array, and at least 54 dishes of 12-meter diameter. It is intended that 
these can be moved around on the plateau to provide different configurations of the array, ranging in size from about 150 
meters up to 15 kilometers. 
 
 



1.2 Assembly, Integration and Verification 
 
Assembly, integration and verification (AIV) is part of the construction phase of a project and precedes commissioning. 
Considering that international projects like ALMA usually have geographically wide-spread component providers (e.g. 
in ALMA components are shipped from Europe, North America and East Asia) and transport restrictions, the final 
assembly and integration is commonly done on or nearby the target site. In the case of ALMA this takes place at the 
Operations Support Facility (OSF) at an altitude of 3000 meters above sea level and at 30 kilometers distance from the 
Chajnantor plateau where the operational antennas are then moved to using special transporters. The verification aspect 
of AIV focuses on confirming that the specific equipment requirements are fulfilled. Note that user validation is not 
considered part of AIV but is being addressed in the following commissioning phase.  
 
 

2 AIV ENGINEERING: FIRST STEPS AND PREPARATION 
 

2.1 The group’s first steps 
 
After an initial hiring process in early 2007 a small number of staff was sent to the North American NRAO facilities in 
Charlottesville, VA, and Socorro, NM, where the ALMA Test Facility1 (ATF) is located. Initially, there were three and 
later two test antennas at the ATF, allowing engineers and scientists to become familiar with the antenna hardware, the 
preliminary scientific instrumentation, and the facility’s operation. Even if the test antennas and part of the equipment 
were considerably different from the production versions, working there allowed personnel to become conversant with 
the terminology, diagnostic tools, and some preliminary operational procedures. One possible improvement is that a 
specific contract clause requiring a minimum stay in the organization after this kind of training would have been an asset 
as there were cases of people leaving the organization quite soon after the return from this training trip. Nevertheless, this 
approach was shown to be effective when considering the added value obtained versus the costs associated to a 
prolonged stay for training purposes. 
 
2.2 Setting up the basic infrastructure 
 
Once ALMA’s basic installations became available by the end of 2007, the AIV group started to prepare the necessary 
basic infrastructure that would allow the execution of verification and integration tasks. As not all buildings were 
finished at that time, an interim laboratory was furnished with work benches, tools, a computer room, HVAC and cryo-
coolers. It also contained open areas for the storage and handling of equipment. Handicaps regarding the air temperature 
stability and dust had to be worked around considering the non-optimum conditions of this interim lab. One lesson 
learned during that phase is that internal inventory and tool control is a Must from the very beginning, especially when 
work is done within a shift system. Also, as temporary solutions easily tend to last for months/years, this workplace had 
to be outfitted accordingly. The staffs’ good disposition and good motivation policies from management’s side allowed 
getting around this phase. All in all, the situation greatly improved by the end of 2008 with the fitting out of office space 
at the Technical Facilities (TF) building. 
 
 

3 PRODUCTION MODEL, PROCESSES AND PROCEDURES 
 
3.1 The AIV 4-station production model and operations manual 
 
As a macroscopic baseline on how to settle the AIV production process a 4-station model (see Figure 1) had been 
defined that categorized the different steps of the AIV process as follows: station 1 refers to the antenna checkout; station 
2 to the integration of the different ALMA subsystems; station 3 to a total power single-dish system checkout and station 
4 to a quick verification of the antenna at the Array Operations Site (AOS). The antenna checkout (station 1) has two 
major parts: surface and pointing verification. The surface is checked using a radio holography system which is installed 
by Engineering and handled by the Science team. Engineering also perform the panel adjustment necessary to achieve 
the required surface accuracy. A last step considers the incorporation of gravitational and thermal bias corrections into 
the dish, which are determined by the Science team using the respective models. 
 



 
 

Figure 1: The AIV 4-station production model 
 
 
Station 2 consists in the integration of the ALMA subsystems into the antennas: Frontend and accessories, Backend 
(analog and digital), and the cryogenic system. Here, the challenge was to elaborate safe and practical ways to solve the 
handling and installation of this equipment. Safety for people and equipment has of course been a critical consideration. 
This made the definition of handling and installation procedures quite a lengthy research activity performed together 
with the different Integrated Product Teams (IPTs). Apart from the latter, significant efforts were spent in general safety 
training events, certifications, and the cultivation of staffs’ safety awareness. First time installations and procedures in 
general required the approval and coordination with the ALMA Safety department. Within the Engineering teams, 
“safety supervisors” were appointed for specific tasks in order to encourage individual awareness, and to have one staff 
member concentrate on safety-related issues only during a potentially risky task execution. Certainly this approach 
helped but a more formal training on risk prevention for these people would have been an asset. 
 
As an example, a challenging task was to prepare and perform the first receiver installation into an ALMA antenna. This 
very delicate equipment of around 800kgs has to be lifted into the receiver cabin of the antenna and later on be lifted and 
installed at the ceiling of the receiver cabin at three meters height. For this purpose, and in order to achieve a safe first 
installation, 3-D CAD models have been used in order to review each step before putting it into practice. After review 
and approval from Safety and the respective IPT of the proposed procedure, it was then applied using a mock-up receiver 
unit with similar mechanical characteristics. It is believed that this approach was effective in order to achieve safe and 
effective procedures; however, in several cases an earlier design consideration regarding the handling of the subsystems 
would have been an asset (e.g. dedicated handling vehicles). 
 
Station 3 focuses on the total power checkout of the complete antenna system as an operational single dish telescope, 
whereas station 4 takes place at the AOS and aims to confirm the operation of the characterized antenna at the high site. 
All four stations have been documented in detail in an AIV Operations Manual whose development allowed to settle all 
required steps in a systematic way and which would then be used as reference during the whole production process. Note 
that the term “production process” is aiming to reflect the repetitive nature of AIV tasks, considering that in ALMA at 
least 66 antennas are to be prepared. This situation differs from other large projects where single or only a few telescopes 
are being pursued, naturally with different kinds of challenges. With this in mind it is believed that a detailed definition 
of the whole process from the beginning will allow for consistency and uniform quality throughout the lifetime of AIV.  
 
3.2 Engineering workflow 
 
Entering into the specific tasks associated to the AIV engineering team Figure 2 shows a flow chart of all activities that 
need to be performed in order to process an antenna. Dependencies have been added in order to allow for efficient 
planning by pursuing non-dependent tasks in parallel. The antenna checkout station is visualized on the left hand side of 
the diagram, starting from the antenna delivery and finalizing after successful pointing and surface 
adjustment/verification campaigns. The starting point for the integration of equipment is the so called Provisional 
Acceptance on Site (PAS) tests which are verification tests that repeat parts of the thorough in-house tests performed on 
a device before shipment. Naturally, this also calls for a more detailed tracking of the several parts and pieces that are 
required per antenna integration and in order to have all these on the site with enough anticipation. In ALMA, a Project 
Control Management System (PCMS) is being used in order to track equipment on project level. AIV engineering 
complements this with additional tools to track minor parts and pieces linked to the devices.   



Coming back to the workflow per antenna, after successful acceptance tests of the individual parts these can be 
integrated and further subsystem and system verifications can be performed. Examples for these are a Computing 
hardware checkout which aims at confirming communications with all devices in the antenna, and the amplitude stability 
tests which aim to characterize the receiver. After all steps have been concluded there is a hand-off from Engineering to 
Science to follow up with stations 3 and 4.  
 

 
Figure 2: AIV engineering workflow 

 
In practice, considering the cutting edge technologies with their intrinsic unforeseen issues it has been quite difficult to 
smoothly proceed following this workflow. At the beginning there was the need to implement temporary solutions or to 
even re-do steps after some time in order to meet the given milestones. As the project stabilized these issues got less and 
less and a routine workflow is expected to be achieved during 2010. This would mean that a preparation and stabilization 
period of two years had to be considered for AIV Engineering within ALMA. 
 
3.3 Processes and procedures 
 
Together with the presented engineering workflow, other core processes were identified, documented via flow charts and 
published on the central AIV webpage in order to allow expedited access. The several steps belonging to the core 
processes were then documented in detail in diverse procedures, thus allowing for a uniform way of how the work gets 
done. 



Version control and a review and approval process were established at an early stage in order to keep this development 
under control. Furthermore, suggestions and needs for improvement were collected and continuously incorporated to the 
procedures, transforming them in a valuable knowledge base. Even if all AIV engineering tasks have been duly 
documented, the overall development process of these took nearly two years. In this context also internal quality 
assurance (QA) has been kicked off by reviewing the concept of continuous improvement, and by hiring dedicated QA 
personnel. A challenge still to be achieved is to foster deep quality awareness in staff members and define quality 
indicators which would allow quantifying the actual situation and trends. 
 
 

4 ORGANIZATION 
 

4.1 Engineering group internal organization 
 
In order to address the several tasks aforementioned an internal structure as shown in Figure 3 had been established. The 
organizational chart of the Engineering team considered a total of 46 people: 14 engineers and 32 technicians split into 
two teams working in counter-shifts. Team leads are the direct interface to the upper management and are responsible for 
coordinating all AIV activities on site. Specific branch leads for both the mechanical and electronics group are engineers 
who coordinate all area-related tasks as defined by the team leader. Within the branches, small unit groups were set up 
mainly with the objective of focusing knowledge on specific areas first in order to become productive within a short 
period of time. In case cross-area knowledge was needed, this would be addressed by task teams set up dynamically with 
staff from the different special areas. Note that as soon as a staff member achieves coverage of an area, that person would 
continue exploring other specialization areas depending on his/her motivation and interest.  
 
 

 
Figure 3: Organization chart of the AIV engineering teams (two teams in countershifts) 

 
In order to achieve the given staffing goal and considering the limited availability in the local market of the required 
specialties, significant effort had to be spent on this. Weekly job interviews arranged by the Joint Alma Office (JAO) HR 
department helped to establish a routine that helped keeping this process on a roll. Roughly speaking, one year was 
needed to hire all the core staff. Even if the presented organization chart proves to be functional, it is likely that, due to 
management reasons, further re-structuring will be required in the future.  
 
Considering that work is done in 8 days on/6 days off turno shifts, it has been very important to ensure an efficient flow 
of information among both counter-shifts, and to track tasks in a consistent way. The open-source bug-tracking tool JIRA 
has been chosen and adapted for this purpose. Task tickets would be created by the AIV leaders and assigned to the 
respective staff members for follow up. Work logs and reports would be posted to these tickets which would also use 
email exploders to distribute the information to a wider community, as applicable. 
 



 
5 CONCLUSIONS 

 
AIV Engineering initially focused on the preparation of the necessary site infrastructure for AIV activities, on the 
purchase of tools and equipment and on the first ALMA system installations. With the first antennas arriving on site the 
team started to gather experience with AIV Station 1 beacon holography measurements for the assessment of the overall 
antenna surface quality, and with optical pointing to confirm the antenna pointing and tracking capabilities. With the 
arrival of the first receiver AIV Station 2 was developed which focuses on the installation of electrical and cryogenic 
systems and incrementally establishes the full connectivity of the antenna as an observing platform. Further antenna 
deliveries then allowed to refine the related procedures, develop staff expertise and to transition towards a more routine 
production process. It is believed that both continuous improvement and the clear definition of the AIV 4-station model 
were key factors in achieving the goal of bringing the antennas into a state that is well enough characterized in order to 
smoothly start commissioning activities. 
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