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1 Introduction and Overview 

This document discusses the FE IPT’s work in developing, verifying, delivering and supporting the Holography System for ALMA.  Its purpose is to ensure that the IPT, Executives and the project have a common understanding of the development process, and of the exact nature, timing and composition of all deliverables that form part of, and are costed as part of, this work.  It will be used by the Joint ALMA Office to ensure the IPT deliverables are consistent with the overall project plan, and also serves the IPT as input to its planning and costing efforts.  The intended audiences of this document are the FE IPT staff, the Executive project managers and the Joint ALMA Office.

2 Scope

The “Development Phase” of the ALMA project was completed in 2002. The construction phase of ALMA started in 2002 and will extend until the end of 2011 (current baseline plan).  The planned start of full science operations is early 2012. This statement of work (SOW) describes development associated with the construction phase, and represents work described by the following ALMA WBS elements:

	WBS #
	Description

	(create new WBS #)
	OSF Holography System
(Holography receiver, transmitter, support equipment, etc..)

	???
	OSF Site Development
(Holography tower, trenches and cables)

	???
	Antenna Production
(Antenna cabin to quadrupod cables)

	???
	Computing

(Holography M&C)


3 Applicable and Reference Documents

3.1 Applicable Documents List (ADL)

The following documents, of the exact issue shown, form part of this SOW. In the event of conflict between the documents referenced here and this document, this SOW shall take precedence.

	No.
	Document  Title
	Reference

	AD 01
	ALMA Product Assurance Requirements
	ALMA-80.11.00.00-001-B-GEN

	AD 02
	OSF Holography System Technical Specification
	ALMA-42.00.00.00-001-A-SPE

	AD 03
	ICD between Antenna and Holography Receiver
	ALMA-34.00.00.00-42.02.00.00-A-ICD

	AD 04
	ICD between Instrument Tower and
Holography Transmitter
	New

	AD 05
	ICD between Holography Receiver and Computing/Control Software
	ALMA-42.02.00.00-70.35.25.00-A-ICD

	AD 06
	ICD between Holography Transmitter and Computing/Control Software
	New

	AD 07
	ICD between Holography Receiver and Back End Timing, Reference signals and power supply
	New

	
	
	

	
	
	

	
	
	

	
	
	


3.2 Reference Documents List (RDL)

	No.
	Document  Title
	Reference

	RD 01
	ALMA Project Plan, Version II
	Dated September 23rd, 2004

	RD 02
	ALMA Design Reviews - Definitions, Guidelines And Procedures
	ALMA-80.09.00.00-001-B-PLA

	RD 03
	ALMA Product Tree
	ALMA-80.03.00.00-001-M-LIS

	RD 04
	ATF Product Tree
	ALMA-80.03.00.00-004-A-LIS


3.3 Definitions, Abbreviations and Acronyms

	AD
	Applicable Document(s)

	ADL
	Applicable Documents List

	AIV
	Assembly, Integration and Verification

	ATF
	Antenna Test Facility

	ICD
	Interface Control Document

	IPS
	Integrated Project Schedule

	IPT 
	Integrated Product Team

	JAO
	Joint ALMA Office

	LRU
	Line Replaceable Unit

	M/C
	Monitor and Control

	OSF
	Operations Support Facility

	PAI
	Preliminary Acceptance In-House

	PAS
	Provisional  Acceptance On-Site

	PDR
	Preliminary Design Review

	PMCS
	Project Management Control System

	PSI
	Prototype System Integration

	RD
	Reference Document(s)

	SOW
	Statement of Work

	TBD
	To Be Determined


4 Project Definition

4.1 Item Definition

This document governs the work of designing, developing, integrating, verifying, shipping and supporting the ALMA Holography System to be used at the OSF to make holographic measurements of the ALMA antennas.  This system consists of:  

· A holography transmitter
· A holography receiver
· An equipment tower to support the transmitter
· Signal and power cables to the transmitter
· Signal and power cables to the receiver

· Means of attaching the transmitter to the tower

· Means of attaching the receiver to the antenna under test

· Monitor & control software/firmware

4.2 Project Phase Definition

The design and construction of the Holography System was completed in February 2003 and the system has been successfully used to make holographic measurements on both prototype antennas at the ATF. However, this system uses a prototype photonic transmitter which is unsuitable for the OSF in Chile and a new, reliable and robust transmitter will need to be designed and built.
The holography measurements at the ATF exposed a few, minor deficiencies of the holography receiver that will need to be corrected.
The design and construction of a new transmitter and improvements to the receiver are considered low risk tasks. We feel that a new design review of the OSF holography system is not necessary. The specifications and requirements of the system will be verified according to acceptance plans defined on 4.2.3
4.2.1 Preliminary Design Phase

4.2.2  Detailed Design and Production Phase.
A detailed plan for the design, production and delivery of the system is being generated for review by the Project Executives and JAO. 
4.2.3 Acceptance and delivery

4.2.3.1   Acceptance sequence of events

Acceptance and delivery will occur in the following sequence:

1. Preliminary in-house software acceptance (Embedded Software and LabView code)

2. M/C software integration 
3. In-house Provisional Acceptance

4. Shipment to OSF 

5. Post-shipment checkout 

6. On-site Provisional Acceptance 

7. Integration with antenna, final tests 

8. Acceptance 

The IPT will deliver to the Project Engineer a draft Acceptance Verification Plan by TBD, which is consistent with the above model and which lists the method and sequence of verification of all ICDs, as well as all performance, software and general requirements. Feedback from the JAO on the draft Acceptance Verification Plan will be incorporated by the IPT into a final Acceptance Verification Plan.

The In-house Software Acceptance Test Plan and Test Procedures should be delivered at least 4 months prior to the planned test date, and a final copy incorporating feedback at least 2 months prior to the planned test date.

The IPT will deliver to the JAO a draft Test Plan and Test Procedures detailing the process of preliminary acceptance in-house (PAI) and provisional acceptance on-site (PAS), at least 2 months prior to the first planned test date, and a final copy incorporating feedback from the JAO at least 1 month prior to the first planned test date.  The goal is to verify all performance and functional characteristics at the PAI test, with only a final proof of fit and demonstration of overall performance to be made after delivery.

4.2.3.2   Delivery and handover

The Project Engineer will approve shipment of the holography system after a successful in-house preliminary acceptance.  The IPT is solely responsible for the costs of all packing, shipping and insurance of all deliverables to the OSF, in accordance with ALMA policy.
Provisional acceptance and provisional handover to the project may be granted by the Project Director upon recommendation of the Project Engineer when the IPT has demonstrated for each unit, through successful Provisional Acceptance On-Site procedures, that the unit has been shipped successfully and with reasonable confidence that it has the same performance and functionality as when tested in-house.  The system will have PAS performed by the IPT. Following provisional acceptance, the FE IPT will lead the integration and checkout of the Holography System onto the antenna.  As part of this process, the IPT will train the AIV team on installation, operation and maintenance of the Holography system.

Final acceptance may be granted by the Project Director upon recommendation of the Project Engineer when safety, performance, functionality and conformance to ICDs are demonstrated at the telescope. 

4.3 Deliverables made by the IPT

4.3.1 PSI Deliverables

None.  A prototype system integration at the ATF is not required. The Holography System will be fully integrated at the OSF in Chile.

4.3.2 Deliverables

The FE IPT will provide one of each of the following, delivered to the ALMA OSF unless otherwise stated:

a) Holography receiver

b) Holography transmitter

c) Control software sufficient to manage, monitor and test the Holography System, using the LabView environment, along with any updates or revisions of that software after initial delivery. 

d) Any custom tools needed to handle or maintain the Holography System in the lab and in the antenna.
e) Documentation as described in the DDL, below.

f) On-site (Lab and Antenna at OSF) unpacking, re-integration, functionality testing of  the system units, along with procedures and training so that the AIV team can perform routine testing and maintenance of the unit on the FE IPT’s behalf. 

g) Facilities and support to the Computing IPT in Charlottesville for their integration and test of the Holography System component of the Monitor and Control software system.
4.3.3 Other IPT Deliverables

None
4.4 Deliverable Documents List (DDL)

The mandatory development process, including documentation requirements at each step, is described in RD2: ALMA Reviews Definitions, Guidelines and Procedures as well as AD2: the ALMA Product Assurance Requirements.

4.4.1 Document deliveries
The following documentation is expected to be delivered with the Holography System:

4.4.1.1

Product Final Specifications

· Detailed subsystem specifications, including embedded software specification, (down to the item level) in MS Word and PDF formats.

4.4.1.2

Interface Control Documentation

· Detailed interface control documents (down to the LRU level) in MS Word and PDF formats

4.4.1.3

Drawings and Diagrams

· Models

· Assembly drawings

· Detailed manufacturing drawings, including wiring and cable harness drawings

· Circuit diagrams

· Control Loop diagrams

· Parts drawings

· Software design description and flow chart.

· Source and binary files for all field programmable logic devices.

Drawings will be delivered in both native CAD format (including any custom libraries etc. which may be necessary to use the drawing files) and in PDF format, with a tabulated index of drawing numbers and names.

4.4.1.4

Assembly, Test, Installation and Commissioning Documentation

· Parts list in sufficient detail to enable ordering replacements

· Assembly and alignment procedures, detailed to a level that a skilled technician could perform the assembly and alignment.

· Test plans, procedures and nominal test results.
All of the above will be delivered electronically in both Word and PDF formats, in addition to print copies where stated.

4.4.1.5

Maintenance Documentation

· Three (3) printed copies of service manuals, including recommended preventive maintenance schedules and procedures. Manuals should be complete enough that a trained technician could successfully perform maintenance procedures.

· Any custom equipment needed for maintenance.

· Spare parts and suppliers (list only).

· Test equipment list.

· Shipping, handling and storage specification and equipment list.

· Fault record for the unit.

All of the above will be delivered in both Word and PDF formats.

4.4.1.6

Operations Documentation

· Three (3) printed copies of the User’s Manual and Operations Manual (including any safety concerns), as well as electron copies in Word and PDF format.

· Safety data package.

4.5 Deliverables made to the IPT

Site IPT:

· Holography tower
· Two buried conduits with cables carrying power, communications and RF signal between holography tower and the central electronics building
· Means of attachment

Antenna IPT:

· Cables for power, communications and RF references from antenna cabin to quadrapod.
· Means of attachment

Back End IPT:

· 48 VDC power supply

· Standard timing and reference signals

Computing IPT:

· M&C software integration at the FEIC 
4.6 Post-delivery Activities & Responsibilities

Following the successful delivery of the Holography System, the FE IPT will provide on-site assistance in the integration and verification of this with the antennas.  The amount of effort in Chile is anticipated to be three (3) person-months.  FE IPT will provide, two (2) months prior to the delivery of the system, a detailed draft Holography System Field Test and Integration Plan, describing the work of taking the system through integration and test on the first antenna.

FE IPT will train the AIV and operations staff in Chile on the installation, operation, routine maintenance and field-level corrective maintenance of the Holography System.  Training shall be to the level that the AIV and operations staffs are able to safely install, operate and maintain the subsystem. 

The IPT will perform any corrective maintenance and retest necessary to keep the system at a functional and performance level consistent with the requirements and acceptance tests, until the subsystem is handed over to operations.  The IPT will also provide remote support to help resolve any system integration problems, as needed.

4.7 Milestones
The project schedule, in sufficient detail to examine inter-task dependencies and monitor approximately bi-weekly progress of work, will be maintained by the IPT using the IPS.  The schedule shall incorporate the following Activity IDs.  Dates shown here are the initial baseline and can be updated according to the established procedures.
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5 Project management and control

5.1 Project management

The Holography System project will be managed by the NA Front End IPT. Reviews will be conducted in accordance with ALMA approved requirements. 
5.2 Project plan and PMCS

The IPS will be updated on a bi-weekly basis by the NA and European schedulers, using inputs from the IPT Leader.

5.3 Project reporting

Regular reports on a bi-weekly and quarterly basis will be supplied to the JAO by the IPT Leader and Deputy.
5.4 Progress meetings and reviews

The IPT Leader and Deputy will attend scheduled IPT meetings, and other specific meetings as required.
6 Configuration control and data management

The FE IPT will conform to project-approved change control and documentation control plans.
7 Product assurance plan and safety analysis

The Product Assurance Plan and Safety Analysis will be provided and reviewed by the FE IPT, the ALMA safety group, and the Systems Engineering IPT.

Notes on new scope or changes:

This page is a scratch sheet to keep notes on potential scope changes during the development of this SOW.  It is intended that this page will be deleted once the SOW is approved and its substance reflected in PMCS records.

1. Near field holographic measurements of the antennas at the OSF were not anticipated in the budget (AAP)
2. New transmitter costs were not anticipated in the budget (AAP)

3. Holography system is not listed in the Product Tree document (AAP)
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