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This proposal has been formulated in response to the requirements formulated by the CHISOX Replacement Committee.  It addresses the major considerations and implements the required functionality of the measurement system as determined by the discussions and conclusions of the committee.  
I. VISION
The next generation measurement system will allow for leveraging the relative strengths of languages and platforms to create a comprehensive solution to measure and analyze accelerator components and manage test-related data. The emphasize is on the completeness of the solution that captures the full lifecycle of the measurement, starting from entering test subject information, through configuring a required measurement, conducting the measurement, saving the results and raw data, and, finally, reviewing and analyzing these results. The system will also allow for associating and storing any documents pertaining to the test, such as test plans, screen snapshots, comments, analysis reports, etc. The system will be extensible, allowing for new measurements or analyses to be added, as well as new DAQ instruments and subsystems. The automation of measurements will be accomplished by scripting that will provide the necessary flexibility in changing measurement sequences. 
II. USE CASES
The use of the measurement system is typically a sequence of the following activities:
· Configuring the system and  the subject
· Measuring/testing the subject
· Registering the successful  test  and publishing the data
· Off-line analysis of results.
Naturally, one can specify uses cases for each of the above activity groups. Additionally, use cases that address the maintenance and diagnostic activities will also be required. 
2.1 Configuration Use Cases
Several different aspects of the system can be configured in the following activities:
· Declaring a new subject and/or a new series of subjects
· Specifying the script to be used and the script’s parameter sets, including current profiles 
· Tailoring the analysis step (defining property sets)
· Tailoring the DAQ step (defining property sets)
· Tailoring the QA step (defining property sets)
· Tailoring the data saving step (defining property sets)
· Configuring probes and sensors to be used
· Declaring new probe or sensor calibrations 
2.2 Measurement Use Cases
During the measurement the operator will monitor its progress and perform required control functions, such as selecting the next configuration and script to be run or stopping the measurement in progress. Re-analysis of the raw data is regarded as a special case of the measurement, when no DAQ is needed.
· Controlling the measurement (e.g., starting, aborting)
· Monitoring the progress of the measurement
· Registering the successful measurement
· Publishing (submitting raw data, reduce/analyzed data, log, QA results, and  comments to the measurement CMS) 
2.3 Off-line Analysis Use Cases
In addition to the analysis performed on-line, analysts should be able to re-analyze the results of a particular measurement as well as to compare the results of several measurements. 
· Viewing measurement or measurement series reports
· Downloading raw data for off-line re-analysis
· Uploading documents including reports, test plans, screenshots, off-line analysis results, etc.
· Browsing the tests, checking progress, completeness, QA criteria, etc. 
2.4 System Maintenance Use Cases
The maintenance  use cases will help the maintenance personnel to diagnose problems, monitor, collect and analyze debugging information and perform various maintenance operations, such as exercising all the motions of the position system, manually controlling the power supply, or reading data from the selected DAQ device.  
III. ARCHITECTURE
The architecture reflects the major use case groups (Figure 1). At the center of the design is a content management system, built based on a relational database, which serves as a central repository for configuration, measurement results, and related documents. 
The data browser is a Web-based tool to be used by analysts and test coordinators to examine the progress of testing, peruse results, submit documents and comments, and obtain raw data for re-analysis. The configurator tool, another Web-based application, is meant to be used by test coordinators and operations personnel to prepare measurements, maintain hardware configuration information and create test configurations. 
Test configurations can be executed (run) on a particular subject using a selected measurement system, with help of the dashboard application. 
The dashkboard application will most likely be a rich-client application, and will allow measurers to choose and run the measurement configuration.
Instead of designing a single measurement system capable of performing all measurements, we have opted for a collection (family) of measurement systems, ideally built using common components, and conforming to the same interfaces to obtain configuration, automate control, and store their outputs. They would also be offering the same look and feel for the operator. The major functional parts of each measurement system will include its DAQ, on-line analysis, quality assurance, data saving, and test registration and results publication. The DAQ parts will be developed as a layered architecture with an upper layer implementing the logic and the lower layer interacting with the instruments and DAQ boards.  We intend to unify the interfaces between layers across a variation of DAQ solutions.
Some of the functionally complete parts of the measurement system will be implemented as separate sub-systems accessible via well-defined and standardized interfaces. These sub-systems include the probe and   sensor database sub-system, the power control sub-system and the probe positioning system. This architecture will allow for the measurement system to communicate and interact with these sub-systems, while not being fully aware of the actual implementation and the variant of the sub-system being used, which in turn would allow the   ofuse of different sub-system  implementationssystem implementations for different test stands and the different available hardware. 

Figure 1: Architecture


IV. PROJECT LIFECYCLE
The project lifecycle comprises several phases (Figure 2), with the phases not necessarily completed sequentially,sequentially; therefore  thetherefore the activities in one phase may overlap with activities in another phase. Also, some activities from a particular phase may be continued later on in the project, when corrections, retesting of designs and refactoring may be necessary. Therefore, it is not a classical “waterfall”- styled project, but rather a project with an R&D phase incorporated in order to reduce the risk.
The inception phase is charged with scoping the system, organizing known requirements and proposing an initial architecture. The organization phase, which may be partially executed in parallel with the inception phase, focuses on preparing the infrastructure to accomplish the project. The exploration  phase, which follows the organization phase, focuses on limiting risk items, adding details to the architecture of the system, and coming up with prototypes/templates to be used and repeated during the construction phase, where the actual development of the system takes place. The last phase focuses on deploying the new system and decommissioning of the previous system. 
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Figure 2: Project lifecycle


V. ACTIVITIES AND TASKS
The activities and tasks to be executed in each of the phases are described below.
A. INCEPTION PHASE
1. Design of Architecture
a. vision
b. overall architecture
2. Organizing requirements as a list of features/user stories and putting them into the user backlog tracking system.
B. ORGANIZATION PHASE
1. Setting up the project
a. Wiki and website
b. SVN Repository
c. Assignments/tasks,  issues/defect and requirements/backlog tracking tools
2. Establishing development standards, documentation, QA (peer design and code mini-reviews)
3. Setting up a project integration computer and a DAQ test computer
C. EXPLORATION PHASE
1. DAQ: architecture elaboration and a measurement system template development
a. Structure (architecture) including layers
b. Standard DAQ interface design
i. Hardware independent layer
ii. Hardware/instrumentation layer
c. A measurement architecture demo/prototype , which will serve as a proof of concept and be used as a template for specific measurements 
i. Test modularization (division into components)
ii. Inter-component communication (including components in different languages)
iii. DAQ-measurement system standard interface solution
2. Web apps: technology exploration prototype/demo  (rich web client)
i. AJAX
ii. Google web toolkit
iii. Flash UI
3. Measurement station computer organization
a. Investigate private DAQ subnet and two NICs
4. Authentication:  authentication and authorization scheme design/development
5. Raw data saving formats
6. Database selection


D. CONSTRUCTION PHASE
1. Instrumentation
a. Integrator sub-project
2. Data management/ system organization layer
a. Database design and creation
b. Data/results browser application
c. Measurement configurator
d. System dashboard (operations console)
3. Data access
a. API to configuration data
b. API to access raw data or export from raw data
c. API to access reduced data and/or export to other format
4. DAQ layer (sub-systems)
a. Probe and d,  sensor sub-system with its database
b. Power control sub-system
c. Positioning sub-system
5. Automation
a. Script-DAQ module  interface design and development
b. Script interpreter
6. Measurements
a. Harmonics and strength
b. Point scan (Hall and NMR)
c. Stretched-wire system
d. Flat coil
E. TRANSITION PHASE
1. Documentation (user manuals)
2. Training, 
3. Deployment of measurement systems (setting up computers, accounts)
4. CHISOX decommissioning 
a) Archival CHISOX database
b) Possibly porting/replacing some of the reports or analysis programs
VI. IV. WORKLOAD
Estimating the workload at the beginning of the project, when the detailed design is not known, the actual development team is not assembled, and not all of the requirements are known precisely, is  difficultis difficult and prone to errors. Table 1 includes rough estimates obtained with a consensus-based technique for estimating effort by the members of the Software Systems Group.  The estimated efforts are expressed in effort units, which are targeted at capturing the relative complexity and effort predicted at each phase. Once the actual velocity of the team (speed of developing the planned functionality) is known these estimates can be used to calculate the actual projected progress of the project.



Table 1: Effort
Development of magnetic measurement systems by TD in the past involved focused teams of several experienced developers in multi-year projects. Since the required scope of this project is bigger than any of the previous projects, the expected efforts and development time can easily eclipse the efforts expanded before.


VII. RESOURCES
One could stipulate that a project of this complexity would be optimally executed with a team of 5 to 7 developers working full-time only on this one project. At this  time, it appears the T&I department will be able to assign members of the Software Systems Group (Jerzy, Sergey, Dana, Kelley) and the Instrumentation and Control Group (Andrzej, Roger) to work on this project. Unfortunately, only fractions of the time of these contributors will be devoted to the project and the priority of the project versus other projects and activities is unclear. Therefore, the actual velocity of the team is hard to predict. The project would benefit from adding full-time professional software developers, preferably with degrees in computer engineering, computer science or software engineering.
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Activity/Task Effort Skill Set

Organization: infrastructure 3 IT

Organization: standards 1 architect

Inception: architecture 1 architect

Inception: requirements 1 analyst

Exploration: DAQ 8 DAQ developer

Exploration: web apps 4 Web developer

Exploration: raw data formats 2 programmer

Exploration: database 1 DBA

Exploration: other 3 programmer & IT

Construction: integrator sub-project 6 embedded developer

Construction:database 4 architect & DBA

Construction: data browser 12 Web developer

Construction: measurement configurator 6 Web developer

Construction: dashboard/control panel 4 programmer

Construction: APIs 8 programmer

Construction: calibration DB sub-system 4 programmer

Construction: power control sub-system 3 DAQ developer

Construction: positioning sub-system 5 DAQ developer

Construction: automation 6 programmer

Construction: harmonics msr. system 8+4 DAQ developer & programmer

Construction: point scan msr. system 4+2 DAQ developer & programmer

Construction: stretched-wire msr. system 8+4 DAQ developer & programmer

Construction: flatcoil msr. system 4+2 DAQ developer & programmer

Transition TBD
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