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1.0 Scope

This Software Development Plan (SDP) addresses the software development activities that Solipsys will employ for upgrading the Range Mission Tool in response to requirements defined by the Pacific Missile Range Facility (PMRF).

The tasks to be performed in accordance with this SDP include the design and implementation of the 14 new functional requirements specified by PMRF for the Range Mission Tool. This includes new development, modification, reuse, reengineering, maintenance, and all other activities resulting in software products. The software requirement allocation process, the methods for performing software development and related activities are identified below.  This plan is maintained and supported via the Solipsys PROCEED internal web site.

1.1  Objective

The SDP describes the plans and procedures to be used for the Range Mission Tool (RMT) software development effort. This information will provide insight into the process that will be followed for this effort, including the methods used, the organization and resources used to perform this work, and the schedules used to monitor the progress of the software development.  This plan will be reviewed periodically, and modified as necessary during the span of the project.  Changes to the plan will be subject to Configuration Management, Quality Assurance, and problem tracking practices and procedures described below.

1.2 System Overview

The Range Mission Tool is an event planning and monitoring tool being developed for the Pacific Missile Range Facility  with the express capabilities to plan, rehearse, and monitor TBMD events.  It is comprised of the server processes and a variable number of client processes.  

The server processes include:

· definition and storage of event components, 

· computation of vehicle trajectories based upon waypoint entry, 

· target coverage analysis, 

· scenario playback, 

· network interface, and 

· real time data processing.  

The client processes include: 

· visualization,

· user interface to planning tools and controls,

· storage of working versions of plan components,

· real time data processing,

The following paragraphs describe the current capabilities of the RMT, and specifies the fourteen new requirements for implementation within the RMT.

1.2.1 Current RMT Feature Description

This section provides a summary and discussions of the current RMT functional capabilities.  These capabilities are grouped according to their role in scenario pre-planning, planning, execution, and event monitoring.

1.2.1.1 Scenario Pre-Planning

Scenario pre-planning refers to those sets of user actions to enter sensor and vehicle models, sensor entities, vehicle trajectory data sets, and overlays.  Scenario pre-planning establishes the building blocks used for subsequent scenario planning.

Sensor Model Entry

Through application of a data entry panel, the operator can enter model parameters and name a sensor model.  The sensor model contains data necessary to mimic the sensor's detection characteristics and calculate a signal-to-noise (S/N) statistic against a given target.  Supported sensor model types include active sensors (tracking and surveillance) and receiver only (Global Positioning System [GPS] and telemetry).  After entry, a sensor model may be selected, edited, copied to a file of a different name, or deleted. 

Vehicle Model Entry

Through application of a data entry panel, the operator can enter model parameters and name a vehicle model.  The vehicle model contains data necessary to constrain the vehicle performance during scenario planning so that the scripted vehicle behavior can be simulated realistically during scenario planning.  After entry, a vehicle model may be selected, edited, copied to a file of a different name, or deleted. 

Sensor Entity Entry

The Scenario Planner supports Sensor Entity creation.  A sensor entity is a single instance of a sensor model with a precise location and call sign or name.  Multiple sensor entities can be created from a single sensor model.  A mobile sensor entity is created by defining its location on a specified vehicle.  After entry, a sensor entity may be selected, edited, copied to a file of a different name, or deleted. 

Vehicle Entity Entry

Although considered early in the Scenario Planner’s evolution, vehicle entity definition as a phase of pre-planning was never elaborated.  Vehicle entity definition, instead, is accomplished during scenario planning by selecting the appropriate vehicle model and defining the vehicle’s behavior.

Data Set Entry

Outputs from external modeling software can be imported directly into the Range Mission Tool for subsequent incorporation into scenario plans.  

Imported models are modified and saved as new data sets by translation of the origin and/or rotation of the trajectory.

Overlay Generation

The Scenario Planner has a complete set of drawing tools that allow the generation of graphical overlays for definition of debris hazard areas, planned intercept areas, keep-out zones, etc.  The drawing tool allows precise location of overlay points and vertices, and exact specification of angles.  Additionally, overlays can be freely rotated or moved to alternative locations.

Complex overlays can be generated by the grouping of several simpler overlays.

Once generated, overlays can be selected, edited, renamed, or deleted.

The overlay generation capability includes the ability to translate graphical overlay group (GOG) files to and from Scenario Planner overlay files.

1.2.1.2 Scenario Planning

Scenario planning uses the models, entities, data sets, and overlays defined during pre-planning to script vehicle behavior, assign sensor tracking responsibilities, incorporate overlays, and generate the event timeline by synchronizing vehicle trajectories.

Vehicle Entity Assignment 

Vehicle entities are created and entered into a scenario by selection of the appropriate vehicle model or data set and assigning a Vehicle ID (VID).  The vehicle trajectory is predefined for data set entities.  Other vehicle trajectories are specified by the entry and modification of waypoints.  Waypoint trajectory specification allows precise definition of the vehicle path through entry of position, speed, maneuver characteristics, and dive/climb characteristics.  These parameters default to model nominal values and are constrained by model maximum and minimum values.  Waypoint entry can proceed in either a forward or backward direction of motion.  Additionally, waypoints can be inserted between a predecessor and successor waypoint.  Waypoints can be selected and edited or deleted. 

Sensor Entity Assignment

Sensor entities can be assigned to a scenario by simple selection and assignment of tracking responsibilities.  After entry, the sensor entity can be selected, edited, or deleted.

Event Timeline Synchronization

Specific points on each vehicle trajectory can be synchronized to permit expression of scenario objectives.  For example, each vehicle’s initial point (IP) position can be synchronized to each other.  Additionally, a specific point on a selected vehicle’s path can be assigned the time zero or T-0 designation.  All synchronized trajectory times are automatically adjusted to reflect relative launch times and on-station times.

Planning Aids

Planning aids assist the planner to validate and demonstrate that the plan will achieve the stated objectives.  These aids include:

1) Planning reports – include waypoint reports and vehicle trajectory reports.  These report outputs are suitable for entry into other presentation and analysis tools.

2) S/N plots -  allow the user to evaluate sensor detection probability during the course of a vehicle’s planned trajectory.  

3) Validity checks – user waypoint entries are checked to verify that model constraints are not violated.

4) Planned path time tics and synchronization lines -  assist the user to visualize relative timing objectives.

5) User-friendly planning tools -  allow position entry via point and click and/or precise data entry.

6) Data readout - provides constant feedback to planner of relative pointer position.

7) Scenario playback in preview mode - allows viewing of scenario plan and evaluation of time synchronization of vehicle paths. 

8) Scenario playback in local execution mode - allows multi-station event preview.

9) Scenario playback - allows playback at various speeds and includes controls for Start, Pause, Resume, and Stop.  Scenario playback start time can be controlled by the user.

1.2.1.3 Scenario Execution/Event Monitoring

Scenario Execution allows the user to execute the scenario plan in preview, rehearsal, or live event monitoring modes.

Visual Aids 

Scenario execution provides visual aids to:

· Monitor actual position to planned position and path

· Overlays used to monitor safety constraints

· Decision aids provided to monitor trajectory, Instantaneous Intercept Point  (IIP), aspect angle, and relative Times-To-Go (TGOs)

Display Features

The Scenario Planner visualization capability is built upon the Tactical Display Framework (TDF).  This is a mature and robust display capability that contains many features, including:

1. Customizable display presentation 

2. Multiple view/save for rapid recall

3. Presentation of items of interest only from customizable track lists 

4. Presentation of items of interest only from customizable track tags

5. Easy controls that bring target of interest into close control

6. Fully functional map features: terrain, lakes and rivers, depth contours, sovereign territories, etc.

7. Display use of the WGS 84 Earth Model

8. Orthographic, Mercator, or equidistant cylindrical map projections

9. Adjustable latitude/longitude grid lines with annotations

10. Customizable track history presentation

11. Selectable track symbol set

12. Fully adjustable color scheme

13. Ability to show range/bearing line, range circle, or range circle with compass points from reference to pointer

14. True North vs. Magnetic North presentation

15. Multiple range scale adjustment capabilities

16. Multiple view offset controls

1.2.2 New Features for the Range Mission Tool

Below is listed the fourteen new features to be implemented as part of the current Delivery Order.  The descriptions included come directly from the project State of Work.  Detailed specification of these new features is found in the requirements specification document listed as reference [??].

1.2.2.1 CD Installation

The user shall be able to install a runtime version of the Scenario Planner from a CD with minimal instruction on specified hardware.

1.2.2.2 Real Time Analysis Plots

The user shall be able to generate generic "X,Y" plots from readily accessible track data, specifying fixed scales, units, and increments.  As examples, the user shall be able to easily generate downrange/crossrange plots involving track pairs, velocity vs. time plots, and altitude vs. range plots.
1.2.2.3 Process ASCII Formatted Trajectory Data

The user shall be able to generate and process, in standalone, INET data in messages 25 and 26 (from an ASCII file)
1.2.2.4 Vehicle Trajectory Waypoint/PFPS File Interchange

The user shall be able to load aircraft flight paths (including a PFPS route for various support aircraft such as the SRALT C-130's flight path) and orientation where available, from a file.
1.2.2.5 Vehicle Waypoint Trajectories – Special Cases

The user shall be able to manually input all participant locations as paths or fixed points.
1.2.2.6 Classification Banner

The user shall be able to set a classification banner.
1.2.2.7 Decision Aid Matrix

The user shall be able to manually enter or import data to generate multiple go/no-go tables. This refers to the range’s ability  to create such a table.  (Note:  The format of the output needs to be discussed in detail.  A preliminary idea is to have the track icon flash in different colors to indicate the severity of the problem (yellow and red). Then the user could get a pop-up box by clicking on the icon. That box would have the contingency/mitigation plan, giving the user options and risks involved. The plan will include additional instrumentation required in order to ensure range safety.)
1.2.2.8 Compute Real Time Events

The tool shall be able to compute real time events (e.g., time to specified altitude, time to apogee altitude, impact point).
1.2.2.9 Mobile Sensors

The user shall be able to attach RF sensors to participants and define azimuth limits, elevation limits, or boresight and half-angle.
1.2.2.10 Scenario Plan Manipulation

The user shall be able to translate, rotate and flip (mirror imaging) missile trajectory, target, and ship auxiliary as a unit.
1.2.2.11 Radar and Target Coverage Analysis

The user shall be able to view vehicle vs. maximum range coverage within each scenario in graphical format.  This is the line of sight coverage from beginning to end and will include blockages using shadowgraphs.  Radar ‘fans’ such as those used in STK and SIMDIS would serve this purpose well.
1.2.2.12 Configuration Management

The user shall be able to generate approved missions that transition from working plans into certified plans.
1.2.2.13 Reports

The tool shall provide tabular/graphical data to support the following events, to include sensor acquistion and tracking:  Mission Control Panel (MCP) -> Mission Readiness Review -> Mission Rehearsal -> Flight test -> 60-day review.
1.2.2.14 Timeline Enhancements

The user shall be able to enter a timeline for the plan. The key here is that the tool must be flexible and easy to use when setting up this function. Vehicles would follow this time line rather than be hardwired to each other.

2.0 Documents

The documents listed below are those documents that have been identified as useful for the accomplishment of this project as well as those that that have been or well be developed as part of the project.

1. Solipsys Corporation, William J. Farrell III, WGS-84 Vehicle Trajectory Generator Algorithm Outline, July 1998.
2. Solipsys Corporation, Equations of motion for constant altitude trajectories along the WGS-84 ellipsoid Earth , August 1997.
3. Solipsys Corporation,  Extended Kalman Filter implementation for surface target state estimation from airborne sensors, August 1997.
4. Solipsys Corporation,  Covariance Transformation for Cartesian and Spherical Coordinates as required for an Extended Kalman Filter (EKF), August 1997.
5. Ballistic Missile Defense Organization,   Ballistic Missile Defense Navigation Standard,  BMD-P-SD-92-000002-A,  June 23, 1993.
6. Burden, Richard  L. & Faires, J. Douglas,  Numerical Analysis.  PWS Publishing Company: Boston, 1993.  Chapter 5.

7. Marion, Jerry B. & Thornton, Stephen T.  Classical Dynamics of Particles and Systems.  Saunders College Publishing: New York, 1995.  Chapters 7,9,10.

8. Naval Underwater Warfare Center, PMRF Naval Tracking and Display System (NTADS), Software User’s Manual (SUM), Preliminary, 2 Dec 1996.

9. PMRF, Site Manual, Mar 1997.

10. PMRF, PMRF Instrument Network (the iNet) Interface Design Specification, 12 June 2001.

11. PMRF, Socket Manager User’s Guide, 24 Oct 1995 .

12. PMRF, Track Manager User’s Guide, 17 Jan 1997.

13. PMRF, Filter iNet Process User’s Guide, 29 Nov 1994. 

14. PMRF, Data Storage System (DSS) User’s Guide, 30 May 1997. 

15. PMRF, Vehicle Identification Table (VIT) User’s Guide, 15 May 1997. 

16. PMRF, Sensor Identification Table (SIT) User’s Guide, 10 Dec 1996.

17. PMRF, Concept Engineering as Applied to the Range Operation & Control System (ROCS) Upgrade Program, 3 Mar 1997.

18. ROCS Upgrade Network Subgroup, Request for Quotations to Upgrade the Pacific Missile Range Facilities’ Real-time Data Processing Network, 9 Jul 1997.

19. Solipsys, Study Report for the Pacific Missile Range Facility TBMD Range Capabilities, 8 Feb 1998.

20. SPO-01 Solipsys Policy: Software Development Process, 18 November 1999, Revised March 2001.

21. SPO-02 Solipsys Policy: Project Tracking and Oversight, 18 November 1999, Revised March 2001.

22. SPO-03 Solipsys Policy: Software Configuration Management, 18 November 1999, Revised March 2001.

23. SPO-04 Solipsys Policy: Software Quality Assurance, 18 November 1999, Revised March 2001.

24. SPO-05 Solipsys Policy: Software Requirements Traceability, 18 November 1999, Revised March 2001.

25. SPR-01 Solipsys Procedure: Software Development Process, 18 November 1999, Revised March 2001.

26. SPR-02 Solipsys Procedure: Project Tracking and Oversight, Revised March 2001.

27. SPR-03 Solipsys Procedure: Software Configuration Management, Revised March 2001.

28. SPR-04 Solipsys Procedure: Software Quality Assurance,18 November 1999, Revised March 2001.

29. SPR-05 Solipsys Procedure: Software Requirements Traceability, 18 November 1999, Revised March 2001.

30. SPR-06 Solipsys Procedure: Deficiency Tracking and Reporting

3.0 Standards and Procedures

Tasks to be accomplished by Solipsys in support of this software development effort include:

· project management,

· requirements elaboration,

· software design and review,

· software unit implementation and test,

· component integration and test,

· system builds and test,

· system installations and test,

· event support,

· system documentation, and

· system training.

3.1 Life Cycle Model

This project will be developed following the spiral (evolutionary) development model, with the computer programs being released in several builds.  Each build serves as a milestone accomplishment against which actual progress can be measured against planned progress. Alterations to schedule, level-of-effort, etc. will be based upon these milestone accomplishments.

Each build will also be demonstrated/delivered to the customer with a detailed description of included functionality.  Customer feedback will be incorporated, as appropriate into subsequent development efforts to assure that each delivered build more closely matches the customers needs.





3.2  Requirements Specification

The Range Mission Tool requirements were defined through user interviews and use case analysis.  Specific system requirements were prioritized and fourteen requirements were chosen for implementation. These system requirements were elaborated and documented in the Range Mission Tool Requirements Specification.  Software requirements are derived from the system requirements using the structured analysis methodology.  An Interface Design Document (IDD) will also be developed describing the Interface to each of the CSCI’s in the system.  The CSCI’s of the Range Mission Tool system are the RMT server and the RMT Client.  These documents will be provided for review prior to the RMT Design/Requirements Review. Issues raised during this review will be resolved during the review or identified as action items for further analysis.  In view of the spiral model of system development, it is expected that the requirements refinement process will be performed in parallel with some of the design and development efforts.  

3.3 Software Design


Software design is performed using the object oriented design methodology. The product of this effort will be software design notebook(s).  These software design notes will be summarized and presented at the Software Design Review. Issues raised during this review will be resolved during the review or identified as action items for further analysis.  In view of the spiral model of system development, it is expected that the requirements process will be performed in parallel with some of the design and development efforts. 

3.4  Configuration Management

The definition of the products to be controlled and the delineation of the processes to effect these controls is specified in the  Solipsys Policy: Software Configuration Management, ( Reference 22).

3.5  Quality Assurance


The Quality Assurance practices and procedures to be employed are specified in the Solipsys Policy: Software Quality Assurance, (Reference 23).
3.6  Software Measurement


This plan will be periodically evaluated during the course of this project and revised as necessary.  All changes will be subject to project Configuration Management and Quality Assurance practices and procedures. 

3.7  Specific Work Products

The products to be generated and placed under project Configuration Management during the course of this project will include:

· Software Development Plan

· Configuration Management Plan

· Quality Assurance Plan

· Software Requirements Specification  and a Software Design notebooks for each CSCI

· Executable images for each CSCI, for each software build

· Source code for each CSCI, for each build

· Applicable Firmware and support packages for embedded software 


4.0 Schedule

The RMT development schedule, including project milestones, deliveries, and feature completion dates is provided in Table 1.  This schedule will be revisited at each delivery date to track and document actual progress versus planned accomplishments.  

Table 1.  RMT Project Schedule.  


[image: image1.png]D_|@ [TaskName |September_|October  |November |December |January  |February |March | April My June | duly |August | September
T |y Baseine Demonstation =]
2 | EventSupport > 2 « PacELTZ
5 O Software Builds o >5n >
5 |= Software Buiis 1 i
=] Baseline 1 QA Tests ‘;
El=] Baseline Review
Ell=] Baseline Delvery
= Software Buids 2 i
Q Baseline 2 GA Tests
Bl Baseline Review
| Baseline Delvery
= Software Buids 3 i
5 |= Baseline 3 QA Tests
= Baseline Review
@@= Baseline Delvery
T Acceptance Test
s |= Acseptance Test Documertation
] 1.CD Installation ————
£l 2. X0V Plots with Configurable As
e 3. Process iiet ASCIl Data
E 4. PFPS Fight Paths
G 5. Participant Paths ———————————————
6] 6. Classification Banner —————————————
6 7. Decision Aid Matrix
El & Compute Real Time Events
7 9. AQd RF Sensors to Participants | \e———————————————
7 10. Transtate, Rotate, and Flip Scenori emmm——————————————
E 1. Radar Coverage Analysis.
el 2. Plan Configuration Managemont | \emmm———————————————
e 13. Reports ——————————————————————————————
05 14, Timeline Enhancements ————————————————————————————





5.0 Software Builds

Three major software builds are scheduled during the term of this delivery order.  The Range Mission Tool version number, build date, and the anticipated capabilities added for each of the 14 new requirements are listed in Table 2.  

Table 2.  Range Mission Tool Build Description.

	Feature
	Build 1

2/4/02

Version 4.1
	Build 2

5/20/02

Version 4.2
	Build 3

9/2/02

Version 4.3

	1. CD ROM Install
	Complete


	
	

	2. Real Time Analysis Plots
	X/Y plots with fixed scales, units, and increments for all explicit and implicit track data

	X/Y plots with fixed scales, annotations, and increments for additional plots that are reference point dependent

	Refinements

	3. ASCII Formatted Trajectories
	Full Capability

	Refinements

	Refinements


	4. PFPS File Interchange
	Full Capability

	Refinements

	Refinements


	5. Waypoint – Special Cases
	Full Capability

	Refinements

	Refinements


	6. Classification Banner
	Classification Banner on TacSit Complete
	Classification Banner on Reports Complete
	Refinements


	7. Decision Aid Matrix
	-Constraint Entry Panel Complete
-Constraint definition messages fully defined and implemented

-Constraint monitoring algorithms defined and implementation completely defined

-Minimal constraint monitoring implemented

	-Constraint monitoring complete
-Decision Aids complete


	Refinements

	8.Compute Real Time Events
	–Presentation designed and implemented
–Event calculations designed

–Messages defined


	Implementation complete

	Refinements

	9. Mobile Sensors
	· Mount sensors on mobile platforms

· First cut of volume of coverage based upon earth curvature and radar equation

· Definitions of azimuth limits, elevation limits, boresight, and half-angle in hand
	· Sensor models modified as appropriate to include azimuth limits, elevation limits, boresight, and half-angle

· Refined sensor performance modeled using above parameters
	· Sensor performance parameters verified

· Refinements 

	10. Scenario Plan Manipulation
	· Waypoint, GOG, overlays, ASCII vehicle trajectory traversal algorithm designed and implemented

· Translation and Rotation algorithms specified and designed
	· Component rotation and translation implemented

· Component grouping method designed. 

· Component flipping designed
	Full implementation

	11. Radar & Target Coverage Analysis
	Target Coverage Analysis complete for stationary sensors
	Target and Radar Coverage Analysis complete for mobile and stationary sensors
	Refinements

	12. Configuration Control
	Ability to mark a scenario as certified  and store in “certified” directory 
	ASCII Scenario object specification complete and ability to store in CVS repository complete
	Refinements

	13. Reports
	Scenario traversal algorithm complete.  Sample reports complete.
	Full implementation for all specified reports
	Refinements

	14. Timeline Enhancements
	Event calculations designed
	Event Calculations complete and application as Timeline drivers design complete
	Implementation Complete


Each build will be followed by multiple minor “in-house” builds as defect repair and software development, between deliveries, progresses to the point where a new software baseline is desired.

Additionally, the final build will be followed by a minor build to fix noted defects, and will be delivered to the government.

5.1 Build Process Description

Each software build will commence on the specified date. It is anticipated that a three-week period will be required to evaluate and document the build prior to delivery to the government.  The following specific tasks will be accomplished during the three-week period

· The software development environment will be frozen and the CVS repository will be tagged with the appropriate “in-house” build number. 

· The development team will meet to elaborate the implemented and omitted capabilities of each required feature.  The implemented and omitted features will be documented as the initial draft of the Version Description Document (VDD).

· The RMT software will be delivered to the quality assurance team for a two-week test and evaluation period.  

· The version test plan will be refined during the test and evaluation period.  

· The RMT Users’ Manual will be refined during the test and evaluation period.  

· The project manager and appropriate development team members will meet daily with the QA team to review test progress and noted deficiencies. 

· The project manager will prioritize the noted deficiencies and determine which deficiencies should be repaired before final build delivery to the government.

· Approved deficiency repair and test will occur during the two-week evaluation period.

· The final build will be delivered to the QA team for final test and evaluation. It is anticipated that the final evaluation will take one week. 

· The VDD will be completed to accurately describe delivered software version, capabilities, and deficiencies.  

· All RMT features and limitations will be reviewed with the government at a build readiness review.  The impact of all noted limitations will be discussed and the decision to delay or complete delivery of the build will be decided.  

· The RMT version build will be delivered to the government with appropriate build description documentation approximately three weeks after the commencement of the build process.  

· At the end of the test and evaluation period, the final build will be tagged with the formal build delivery number.
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