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Specification Statements


3.4.1.1.1.6	Aircraft Performance (Item 6)


Aircraft performance data/polynomials shall be provided as part of the software load of each MPM and shall require no action on the part of the TAMPS DBA to load into the system.


The aircraft performance subfunction shall support the use of drop-in polynomials for calculation of A-6E, AV-8B, F-14, S-3B, AH-1, E-2C and UH-1N performance data.  Backwards capability for MPMs based on non drop-in polynomials and performance tables shall be shall be maintained.


The aircraft performance data subfunction shall allow the DBA to activate and de-activate flight modes loaded by drop-in polynomial based MPMs. 





3.4.1.3.5.3	Flight Leg Control


(4th paragraph)


Flight mode processing shall use the flight mode from the previous leg as the default until the planner changes the flight mode for the navigation point being created.  The flight mode shall be either cruise (maximum range, maximum endurance, constant speed) or transition (climb, descent, or acceleration). For Drop-in polynomial based  MPMs, the planner shall be provided the option to select a sub-mode for the selected flight mode category (cruise, climb, descent) for use in calculation of performance data.


�
�
Concept of Operations


Scope


TAMPS caluculates aircraft flight performance and fuel consumption using a digitized version of Naval Air Training and Operating Procedures Standardization (NATOPS) performance data. For some aircraft, this data is represented in a polynomial format for direct calculations, but for others the data is stored in MPM specific database tables. Polynomial calculations are much faster than table look-up techniques, and allow performance to be updated throughout the interactive mission planning process.


Polynomials are developed under a joint service program by Eglin AFB. The Navy can have as many as 8 polynomials developed each year. TAMPS currently uses these polynomials for F/A-18, F-14, E-2C, and C-2A. Eglin AFB also maintains the polynomials through a corrective action process with user input through an Interface Control Working Group (ICWG), of which TAMPS is a member.


The format for polynomials was changed through the ICWG process in 1995 to enhance maintenance. In the original format, polynomial use in TAMPS requires a low level of integration that forces both Core and MPM changes for most polynomial updates. The new format was designed to allow polynomial changes to be ìdropped inî without impacting Core, promising to significantly reduce maintenance costs. This new format will also allow more of the polynomial software to become common across aircraft platforms, simplifying Mission Planning Module (MPM) code and maintenance by allowing Core to absorb route validation, flight mode validation, and non-MPM specific flight event validation.


All maintenance of existing polynomials (old format) has stopped. Several problems are known to exist in these polynomials and will not be corrected. These polynomials have all been transitioned to the maintained drop-in format. All new polynomials will be produced in this drop-in format including F/A-18E/F and V-22. Current TAMPS cannot use these polynomials without modifications to the Core and MPMs. Transition to drop-in format is a necessary step for TAMPS to achieve full NATOPS compliance.


Backwards compatibility will be assured for non drop-in, table-driven, and custom MPMs by leaving the existing functional areas of Core intact. A new set of interface functions will be developed as part of this SOR for drop-in MPMs. Existing public functions which should only be accessed by non-drop-in MPMs will documented accordingly in the IDD.


Of the current set of TAMPS aircraft MPMs, the following are of the non drop-in polynomial-driven variety: C-2A, E-2C, F-14, and F/A-18. The others are of the table-driven variety, which include: A-6E, AH-1W, AV-8B, CH-46E, CH-53D/E, EA-6B, HH-60H, SH-60B/F, KC-130F/R/T, P-3C, S-3B, UH-1N. This SOR shall include the conversion of all MPMs (except for F/A-18C/D, which is maintained by MDA) for which drop-in polynomials are available, which includes: A-6E, AV-8B, EA-6B, F-14, S-3B, AH-1W, E-2C, and UH-1N.


The application of drop-in polynomials leads TAMPS towards a more distributed ìplug-and-playî architecture.  Each MPM converted to drop-in polynomials will be supported by a common performance server which supports a particular aircraft type. MPMs and their respective performance server can be launched on remote machines, thus balancing total system load in a networked configuration. These servers could potentially provide performance support to JMCIS clients.





Applicable Documents


Government Documents


Specifications


Tactical Aircraft Mission Planning System (TAMPS) Version 6.1 System Specification, July 1996 (160002-SSS-6.1).


Department of Defense (DOD) Flight Performance Module (FPM) Interface Control Document (ICD) (46 OG/OGS), Version 3.0, November 1995.


Standards


None


Other Publications


None


Non-Government Documents


TAMPS 6.1 Preliminary Design Review (PDR) materials for SOR 94-08


Impact Analysis


Mission Planners


The performance data for both drop-in and non drop-in polynomials are organized by categories. Each category (climb, cruise, and descent) has distinct sub-modes which define the various performance modes available for the MPM. The modes in each category are defined by a unique numeric identifier and text. The text of the mode is usually cryptic and not useable in its native state. Each category also contains a default mode and typically it is listed first. However, in certain FPM polynomials, some categories have had two default modes. For this reason, to assure that one and only one default mode per category exists; the text of each mode is readable; and unique mnuemonics are defined, TAMPS Core will create a table which each drop-in MPM will be required to populate at MPM installation.


From the human-machine interface perspective, Coreís Edit Flight Parameters dialog will require a minor enhancement which provides for the display and selection of the flight mode category and the flight mode within the selected category. When a category is selected only those modes pertinent to the category will be displayed for user selection.


In addition to the aforementioned MMI change, mission planners can expect to see a significant performance improvement in route validation after converting from table-driven to drop-in polynomials. See following section on performance and sizing for details.


System Administrators


This SOR will impose no impact on the system adminstrator.


Database Administrators


A new menu option will be added to the DBA Tool which will launch a dialog to drive the viewing and editing of the new flight mode table. The only edits that the DBA will be permitted to make are the activation/deactivation of individual flight modes for each of the drop-in polynomial driven MPMs. This tool will allow the DBA to keep this table in sync with any out-of-cycle drop-in polynomial updates that may be applied.





Operating Locations


Drop-in polynomial processing will be required at all TAMPS locations: afloat, ashore, training, marine corps expeditionary, DTE/OTE sites, and coast guard bases.





Hardware and Software Configuration


System Hardware


No changes to the currently supported TAMPS configurations are required.


Operating System


No changes to the currently supported TAMPS configurations are required.


Commercial-Off-The-Shelf (COTS) Application Software


This SOR will require the new version (4.1.1) of the Adaptive Communication Environment (ACE) Network Programming Toolkit to support communications between MPMs and the new performance calculation servers. This new version provides enhanced support for constructing multi-threaded servers.





Installation


Table-driven MPMs will continue to be responsible for the installation of the performance database tables unique to the MPM. Poly-based MPMs, both drop-in and non-drop in will continue to be responsible for the installation of the performance data files unique to the MPM. Drop-in polynomial-based MPMs will now be required to add to their installation process a step which populates a new flight mode table which maps the delivered flight mode category/flight mode name pairs to their associated mnemonic and human-readable name, along with a flag indicated whether the mode is the default mode within its category. In addition, these MPMs will also be required to populate  a new Core database table which contains the available flight events which are valid for the MPM.


Description of Processing


Processing of drop-in polynomial data will be implemented using a client/server architecture. The server (to also be referred to as the performance or calculation server) will simply interact with the MPM-provided polynomial data files. It will contain the required calls to the Flight Performance Module (FPM) library to interact with the polynomial files. The client (in this case an MPM implemented using drop-in polynomials) will utilize a new layer of Core which will perform all communications with the server. Note that the client will not directly invoke FPM functions (as is the case with non-drop-in polynomial-driven MPMs). The new layer of Core will contain public functions which emulate the FPM functions. Drop-in and non-drop-in polynomial-based MPMs will co-exist within TAMPS as illustrated in Figure 1.


The performance server will provide performance results in the same manner as the FPM library currently does (based on aircraft, flight mode, and specific flight mode input). Results will vary from mode to mode. For example, climb and descent modes return time, fuel, and distance values, while cruise modes return altitude, speed, and specific range.


Once an MPM is launched, there will be an initialization phase and route planning phase whereby polynomial data will be processed. In the initialization phase, all of the flight modes and their data definitions will be extracted and stored in local memory for instantaneous access. During route planning, Core will determine what flight mode to use based on elevation deltas between points.


If the planner used the edit flight parameters dialog to edit a specific point, the available flight mode categories and their associated flight modes will appear as separate options menus, at which time the planner may elect to change flight modes as is currently the case. 


Figure 2 illustrates in detail the flow of data between a drop-in polynomial-based MPM, its associated performance server, and Core.








�


Figure 1.  Polynomial-based flight performance processing data flow
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Figure 2.  Detailed Drop-in polynomial data flow





�
�
Performance Criteria


Route validation for non polynomial-based MPMs are conservatively 10 times slower than polynomial-based MPMs. Fleet input has been particularly harsh in this area. MPM conversion from being table-driven to drop-in polynomial-based, as polynomials become available, will thus increase route validation performance.


The E-2C MPM is largely unusable for fuel/range information because 10% flaps (and other modes) are not supported/accurate. Updates to correct these problems only exist in drop-in format. Non drop-ins have never been updated.


F-14 non-drop in polynomials do not cover the envelope of the aircraft. Many of these trouble reports have been corrected with drop-ins.


A savings of approximately 0.75 MB in performance database table size will be realized for each table-driven MPM converted to drop-in polynomials.


Because of performance processing associated with computations in route validation, flight mode processing, and flight events being absorbed into core, the size of each MPM (poly-based or table-driven) converted to drop-in polynomials will be reduced by approximately 2,000 LOC. This translates into a per-MPM savings of approximately 2MB in object library and executable image size.�
�
System Architecture


Software Architecture


This SOR will be implemented with a client-server approach.  A new server, the drop-in-polynomial server, will be added to the software architecture.  This server provides MPMs with access to the drop-in data.  The processing flow is described in  Section 4 below.


Aside from this SOR, the libraries associated with the ACE Object-Oriented Network Programming Toolkit middleware product that are currently used should be added to TAMPS Core in Figure 3.2.1-1 of the TAMPS 6.1 System Specification.


The version of the the Flight Performance Module (FPM) library currently used by polynomial-based MPMs, version 1.4, will remain unchanged as part of Core for those MPMs which do not convert to drop-in polynomials. However, a new library, avt, will be added to provide an interface with the new drop-in-polynomial server for MPMs which use the drop-in-polynomials.


Hardware Architecture


This SOR will not impact the TAMPS hardware configurations as shown in Appendix B of the TAMPS System Specification.�
�
�
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