AFSPC Astrodynamic Standard Software
Last Revision: 7 July 2014
AFSPC/A9YA maintains and provides technical support, for AFSPC, the following Astrodynamic Standard Software.   Beginning 1 June 2014, portions of the Astrodynamic Standard Software have become Non-Export Control.  The U.S. Only, Unclassified, Export Controlled software, due to its sensitive nature, access still remains tightly controlled.    All requests for U.S. Only, Unclassified, Export Controlled software must be approved in writing by HQ AFSPC/A3C. Procedures are below for requesting both Export and Non-Export Control Software.
 (To request the Astrodynamic Standards software, see the section titled “Obtaining the Astrodynamic Standards Software Products” below.) 
Available Software
	Key to Table Entries:  (next two tables)
      Y - Listed program/version IS available for operating system/platform.

      • - Listed program/version is NOT available for operating system/platform.


Officially Released Astrodynamic Standards Software (Export Controlled)
	SOFTWARE
	VERSION
	Linux32-bit
	Linux 64-bit
	SGI
	Sun Solaris Sparc 

32 bit
	Sun Solaris Sparc 

64 bit
	SunSolaris x86_64 bit
	Windows 32-bit 
	Windows 64-bit 

	AOF 
	V5.4.2
	Y
	Y
	Y
	Y
	•
	Y
	Y
	Y

	BatchDC
	V5.4.1c
	•
	•
	Y
	•
	•
	Y
	•
	•

	BatchDC
	V5.4.1d
	Y
	•
	•
	•
	•
	•
	Y
	•

	COMBO
	V5.4.2
	Y
	Y
	Y
	Y
	•
	Y
	Y
	Y

	FOV
	V5.4.2
	Y
	Y
	Y
	Y
	•
	Y
	Y
	Y

	IOMOD
	V5.4.2
	Y
	Y
	Y
	Y
	•
	Y
	Y
	Y

	LAMOD
	V5.4.2
	Y
	Y
	Y
	Y
	•
	Y
	Y
	Y

	LAMOD SP Tasker 
	V5.4.2
	Y
	Y
	Y
	•
	•
	•
	Y
	•

	ROTAS
	V5.4.2
	Y
	Y
	Y
	Y
	•
	Y
	Y
	Y

	SATRAK
	V7.7.2
	•
	•
	•
	•
	•
	•
	Y
	•

	SeqDC
	V5.2
	•
	•
	•
	•
	•
	•
	Y
	•

	SGP4
	V5.4.2
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	SPEPH*
	V5.4.2
	Y
	Y
	Y
	Y
	•
	Y
	Y
	Y

	Space Brawler / MDR ***
	V2.0.1
	•
	•
	•
	•
	•
	•
	•
	Y

	ISSA-AV
	V5.0
	•
	•
	•
	•
	•
	•
	Y
	•

	GELCON
	V3.1
	•
	•
	•
	•
	•
	•
	Y
	•


Pre-Release (BETA) Astrodynamic Standards Software (Export Controlled)  (not for use in operational systems)
	SOFTWARE
	VERSION(family)
	Linux 32-bit
	Linux 64-bit
	Windows 32-bit 
	Windows 64-bit 

	COMBO
	V7.beta4
	Y
	Y
	Y
	Y

	LAMOD
	V7.beta4
	Y
	Y
	Y
	Y

	SGP4
	V7.beta4
	Y
	Y
	Y
	Y

	SP *
	V7.beta4
	Y
	Y
	Y
	Y

	ROTAS
	V7.beta
	Y
	Y
	Y
	Y

	OBSOPS (IOMOD)
	V7.beta
	Y
	Y
	Y
	Y

	JAFSPCAS-SGP4 **
	V1 (beta)
	


Pre-Release (BETA) Astrodynamic Standards Software (Non-Export Controlled)  (not for use in operational systems)
	SOFTWARE
	VERSION(family)
	Linux 32-bit
	Linux 64-bit
	Windows 32-bit 
	Windows 64-bit 

	SGP4 AnPro
	V7.beta4
	Y
	Y
	Y
	Y

	SP NuPro
	V7.beta4
	Y
	Y
	Y
	Y

	AS Utilities Package
	V7.beta4
	Y
	Y
	Y
	Y


Alert:  AFSPC/A9 starting on 1 October 2017 will only be supporting Version 7 of the Astrodynamic Standards software.  

Distribution and techical support of previous versions of the software will no longer be provided starting 1 October 2017.  

Users of previous versions should plan accordingly and build into their development schedule the transition to Version 7 of the software.
Notes:  

1) For Pre-Release software: version family shown.  Actual version currently available may include minor version designators not listed here.  

2) * The V7.beta SP program is the follow-on product to the V5.4.2 SPEPH program.  Previous versions of the SPEPH program had SGP4 functionality embedded in it.  The new SP program no longer contains this functionality.  (Note: The SGP4 functionality is available in the SGP4 program - a separate software product available from HQ AFSPC/A9).

What this means from a user perspective...

The older SPEPH program would accept either VCMs or TLEs as input for ephemeris generation calculations.  The new SP program will only accept VCMs as input for ephemeris generation calculations.  If you need to generate ephemeris data from TLE input data, you'll need to use the SGP4 program.
3) ** JAFSPCAS-SGP4 is the java implementation of the SGP4 product.  It also contains the following propagators: SGP, Two-Body, and GPJ2.  An example Graphical User Interface is included.

4) *** Space Brawler can be requested at the Unclassified, Secret and Top Secret levels from Space and Missile Center (see below for POCs). The Maneuver Detection Recovery (MDR) module used with Space Brawler is available for download on SARP.
Astrodynamic Standards Software Products - Program File Types
The Astrodynamic Standard programs are available in the following formats:

· BatchDC and SeqDC, are only available as standalone executable programs.

· SATRAK V7.7 (Approved on AF Enterprise Product List) is available in an install package format.  It relies on a .msi (Windows Install file) to install the software.
· JAFSPCAS-SGP4 (Beta) is only available as java compiled bytecode (class files).  
· All other programs are delivered as either Dynamic Link Library (DLL) files (MS Windows operating systems) or Shared Object (so) files (Linux/Unix operating systems).   These programs cannot be run standalone.  A separate driver program is required to access the Astrodynamic Standards functionality.   An example driver program (including source and build file) is included in all deliveries of this type.

Software Descriptions
	Abbreviations used in this section:

	ASTAT - Association STATus

JSpOC - Joint Space Operations Center

	 TLE - Two Line Element set


VCM - Vector Covariance Message


PROPAGATORS: 

SGP4 - (Simplified General Perturbations #4) Is an analytic method based on a general perturbation theory for generating ephemerides for satellites in earth-centered orbits.  It is the proper means for correctly propagating a JSpOC TLE 
SP and SPEPH - (Special Perturbations) Is a high accuracy special perturbations theory which uses numerical integration to calculate ephemerides for satellites in earth-centered orbits.  It is the proper means for correctly propagating a JSpOC VCM.
IDL (Interface Development Library) Non-Export Controlled Software
SGP4 AnPro is a compiled library, which is not export controlled and does not give operationally useful results from the propagator inside.  However, it can be requested and used by developers to establish the SGP4 library interface and does not require special permission to acquire.  Developers can test and develop applications using SGP4 AnPro, then replace the AnPro library with SGP4’s whenever release of SGP4 is granted.  That is, if AnPro works, then SGP4 will.  This is especially useful for commercial vendors who want to provide application calls to the SGP4 library, but don’t want to encounter the associated export control issues.  Instead, qualified application users can request the software directly from Headquarters, Air Force Space Command, and upon inclusion of the library, SGP4 is used in the application.

SP NuPro is a compiled library, which is not export controlled and does not give operationally useful results from the propagator inside.  However, it can be requested and used by developers to establish the SP library interface and does not require special permission to acquire.  Developers can test and develop applications using SP NuPro, then replace the NuPro library with SP’s whenever release of SP is granted.  That is, if NuPro works, then SP will.  This is especially useful for commercial vendors who want to provide application calls to the SP library, but don’t want to encounter the associated export control issues.  Instead, qualified application users can request the software directly from Headquarters, Air Force Space Command, and upon inclusion of the library, SP is used in the application.

APPLICATIONS: 

AOF - (Area Over flight) - AOF computes when overhead satellites have potential visibility to a geographic location or area on the surface of the earth.  Visibility is defined as a nominal FOV (user specified angle

half-angle) around the satellite's subpoint intersecting the defined points or areas on the surface.  Supported geometries include either a point, a circular area about a point, or a regular trapezoidal area based on two

geodetic coordinates.  The satellite's input orbit description may be either a SGP4 TLE or a SP VCM.

BATCHDC - (Batch Differential Correction) Performs a least squares batch differential correction of orbital elements using tracking data (sensor observations).  It will properly update either SGP4 keplerian elements (JSpOC TLE) or SP state vectors (JSpOC VCM) using the appropriate propagator theory.  

COMBO - (Computation of Miss Between Orbits) Computes close approaches between satellite orbits based on user specified criteria. The input orbit descriptions may be either a SGP4 TLE, a SP VCM, or an externally generated ephemeris file.  In COMBO V7 probability of collision is calculated when SP VCMs are input.

FOV - (Field-of-View) FOV determines times in which orbiting satellites fly through a ground based observer’s conical field of view.  The field of view can be defined by a constant azimuth and elevation boresight, a constant right ascension and declination boresight, or as a line-of-site to an orbiting satellite. The input orbit descriptions may be either a SGP4 TLE, a SP VCM, or an externally generated ephemeris file.
 

IOMOD - (Initial Orbit Generation) Computes an initial set of orbital elements (JSpOC TLE) from three sensor observations. 


LAMOD - (Look Angle Module) Computes sensor (ground based or space based) viewing opportunities (i.e., “look angles”) for earth centered satellites.  The input orbit description may be either a SGP4 TLE, a SP VCM, or an externally generated ephemeris file.
LAMOD SP Tasker has the following special features:

· Treats observation types V and P as observation  type 9 

· Provides the ability to generate a customized format for observation  types P and V (7 decimal digits)

This package includes a Windows 32bit executable, SGI 32bit executable and a LINUX 32/64 bit tar file.

ROTAS - (Report/Observation Association) Associates sensor observations against satellite element sets using the same algorithms used by the JSpOC.  It correctly determines the appropriate ASTAT association status category (0, 1, 2, 3).  The input orbit description may be either a SGP4 TLE, a SP VCM, or an externally generated ephemeris file.

SEQDC - Sequential Differential Correction performs a series of least-squares differential corrections (DC). These differential corrections are computed in a sequential mode, which uses one or more observations or tracks while retrieving former covariance information from a prior DC. SEQDC uses either the SGP4 or SP theory for ephemeris calculation.
UTILITIES: 

AS Utilities Package is made up of several DLLs that are Non-Export Controlled and can be obtained without authorization from AFSPC.  This package is required by the Export Control Software, so should be requested in conjunction with any request for Export Control software.  The package includes the following:
· DllMain: Host DLL that allows all Astrodynamic Standards in the suite to communicate to each other.
· EnvConst: Allows the users to set geopotential constants/FK models.
· TimeFunc: Provides the users with methods to convert between different date time group strings to the internal days since 1950 UTC. It also allows the users to load timing constants data from a file so that the data can be used in other AS software.
· AstroFunc: Provides the users with methods to convert between different types of orbital elements, coordinate frames, and many other Astrodynamic quantities.
· TLE: Allows the users to load/delete/update/parse two-line element sets.
· SPVEC: Allows the users to load/delete/update/parse SP osculating vectors.
· VCM: Allows the users to load/delete/update/parse VCMs.
· OBS: Allows the users to load/delete/update/parse observations.
· Sensor: Allows the user to load/delete/update sensors.
· ExtEphem: Allows the user to use their own ephemeris data as a substitute for data propagated by the  SGP4/SP propagators. It can load external ephemerides from many supported file formats (ASCII and/or BINARY). It uses its own interpolator to interpolate ephemeris to the desired time.
· SatState: Returns satellite state by utilizing SGP4/SP/ExtEphem DLLs. This DLL facilitates the use of the propagators and/or external ephemeris in the AS software.
TOOLS: 

ISSA-AV -  ISSA is a government owned and government developed software product. It is based on the Space Common Operating Picture and Exploitation System (SCOPES), which was created in November 2003 by the Space Innovation and Development Center to support the Single Integrated Space Picture (SISP) initiative.

ISSA can be used for creating specific scenarios and performing analyses, using either real world data or by importing exercise/wargame databases into the program. ISSA supports exercises, experiments, and wargames by using game-specific databases and associated space order of battle data files.

Tools in ISSA include Satellite Reconnaissance Advance Notice, satellite overflight, pass scheduling, navigation accuracy, and solar conjunction. Analysis functions include space and missile launch modeling, nodal analysis, and satellite filtering. Object editing can be performed in ISSA, including satellite and constellation creation, moving objects, and modification of space and ground sensors. Finally, ISSA can model offensive and defensive counter-space (OCS/DCS): including directed energy (DE) attacks, direct ascent anti-satellite (ASAT) attacks, satellite orbital attacks, conjunction analysis, exclusion zones, and co-planar orbit approaches. Blue, Gray, and Red systems are modeled in ISSA, including space and ground orders of battle. Futuristic systems and engagement scenarios can also be modeled. In particular, ISSA can quantify the impacts of actions taken on operational effectiveness.

ISSA 5.0 received DoDIIS certification to operate on JWICS on 18 Apr 2008.

SATRAK - (Satellite Trajectory and Attitude Kinetics) SATRAK V7 replaces the legacy DOS-based SATRAK V6 with a modern and richly interactive user interface suited for current Windows operating systems.  SATRAK allows analysts to generate SGP4 ephemeris, use LAMOD to determine satellite viewing opportunities, and analyze JSpOC TLE datasets.  The results may be displayed on 2D and 3D maps/views, as plain text listings, and/or as tabular data.  There is advanced sorting, filtering, and grouping capabilities for the tabular input and output data. Graphics options include the display of sensor coverage, color coding of various display elements, and various other enhancements/features that aid analysis.

In addition, some additional specialized functionality is also included:

· SimOrb - Create a TLE from launch related data (launch time, launch location, azimuth or inclination, period or altitude).

· Decay - Estimate when one or more satellites will decay using the King-Hele algorithm (TLE & solar flux inputs).

· BLUE - Update a nominal launch folder TLE to a "on-orbit" TLE based on launch time.

· MANAL - Given pre- and post- maneuver orbit descriptions (TLE), analyze a maneuver's parameters.
SATRAK v7 received AF approval to operate on NIPRNet and SIPRNet on 29 April 2013.
Space Brawler - Space Brawler is a baseline, version control model of space operations that provides a standard point of departure, which can rapidly be modified or tailored for quick turn studies with a focus on space.   It is used in conjunction with the System Effectiveness Analysis Simulation (SEAS), V3.9 or higher.   Using SEAS alone without Space Brawler required doing extensive research, manually coding parameters for each satellite, and modeling the Command and Control (C2) structure from scratch.  Additional effort would be required to carefully construct the simulation to model space effects to the warfighter before one could investigate how the contribution of these space assets could be impaired by orbit degradation, maneuver, jamming, C2 constraints, Anti Satellites (ASATs) or a host of other threats to the orbital asset that the analyst may choose to investigate. The starting Space Brawler configuration contains a simple representation of normal peacetime operations. Satellite operations centers receive perception updates with rates and accuracies statistically matching that provided by the current Space Surveillance Network. By tracking the orbits of objects and monitoring the health of Space Vehicles, the Space Operations Centers (SOCs) decide how to command their satellites and how to request satellite control network resources to upload the commands. Operations that are currently automatically modeled in Space Brawler include Station Keeping (orbit maintenance), Collision Avoidance (COLA), and basic Defensive Counter Space (DCS) maneuvering which is designed to maintain a minimum separation distance between objects. All of the commands are scheduled for upload over the associated Satellite control network based on antenna status, visibility, and availability.  

Almost all functions in Space Brawler are based on these perceived states rather than truth.  Space Brawler represents four different and important states for a satellite:

1. Its goal state (the orbit that it is trying maintain through station keeping)

2. Its true state as a result of perturbations

3. The state it is perceived to be in by the US (referred to as blue perception)

4. The state foreign actors perceive the satellite to be in (red perception). 

 These values are calculated by one of two methods. The first method is to use the Space Brawler internal statistical perception engine, called SEAS SSA Modeling. The second method uses an external SSN modeling tool called the Maneuver Detection and Recovery Tool (MDR), MDR has separate representation of the Space Surveillance Network that is modeled to a high degree of fidelity outside of SEAS and Space Brawler. At this stage of development the tools are loosely integrated, data is exchange between the tools via temporary text files. An analyst requiring high fidelity starting perception can use MDR to drive perception orbits in Space Brawler but currently performance limitations makes full catalog modeling with MDR prohibitive. MDR is most commonly used only for high interest objects.

32-bit vs. 64-bit Operating System Considerations
The 32-bit Astrodynamic Standards programs will generally run on platforms running a 64-bit version of the same operating system.  For standalone executables (such as BatchDC), there is rarely a problem.  However for dll and so-based programs, care must be taken to insure that the program and all the necessary runtime components are of the same architecture.   Reminder: Be sure to use the correct 32 or 64-bit compiler option when compiling the driver programs.
For example, if the 32-bit AOF program is planned to be run on a 64-bit system:

· the 32-bit AOF dlls (or shared objects) must be installed on the system,  
· the associated driver program used to access the AOF functions must be present and compiled as a 32-bit executable, and
· any necessary “non-A9-developed” runtime libraries (e.g. FORTRAN Math Libraries), must be of the correct architecture to be called by the 32-bit AOF program and suitable for the operating system type.
Note that none of the 64-bit Astrodynamic Standards programs will run on a 32-bit operating system.
Astrodynamic Standards Software Technical Contacts

More information on the suitability of the software products (except ISSA-AV and Space/Brawler/MDR) for an intended purpose can be obtained from:

Dinh Nguyen, HQ AFSPC/A9YA, 719-556-3723, dinh.nguyen.1@us.af.mil
Elizabeth Jaszkowiak, HQ AFSPC/A9YA, 719-556-3713, elizabeth.jaszkowiak@us.af.mil
Stephen McCaughey, HQ AFSPC/A9YA, 719-556-3708, mailto:stephen.mccaughey@us.af.mil
Tim Payne, HQ AFSPC/A9Y, 719-556-3706, tim.payne@us.af.mil
Integrated Space Situational Awareness (ISSA 5.0 AV) (Formerly SCOPES) software product is maintained by AFSPC/A3LS.  For more info on this product, contact:

Mr. Marlyn Evenson, 719-567-9193, marlyn.evenson@us.af.mil
Space Brawler/MDR:  Information on this product can be obtained from:

Lt. Jason Cammarata, SMC/XRDA, 310-653-9151, Jason.Cammarata.2@us.af.mil
Obtaining the Astrodynamic Standards Software Products

Astrodynamic Standards software will not be released without written approval from HQ AFSPC/A3C.

The following are the Government Points of Contact for Distribution of AFSPC Astrodynamic Standards:

Primary email contact:  
       Mr. Mark S. Riddle, HQ AFSPC/A3SC ,
mark.riddle.2@us.af.mil, 719-554-9582, DSN 692-9582
Include Courtesy Copy emails to:

Maj Nathaneal T White, HQ AFSPC AFSPC/A3SC,

nathanael.white@us.af.mil, 719-554-3770, DSN 692-3770 
and

Lt Col Tyler M. Evans, Chief, Space Control Operations, HQ AFSPC/A3SC
tyler.evans@us.af.mil, 719-554-3606,
DSN 692-3606 
Requests for Astrodynamic Standards Software products must be made through HQ AFSPC/A3SC.  Due to the sensitive nature of these products, access to these programs is tightly controlled.  All applicants must be working on programs in support of or in partnership with the U.S. Government.  These programs are not available for commercial use.  
There are two methods currently available for requesting the Astrodynamic Standards software.  The Manual Method will take the longest in servicing your request.  
Manual Method:  Users who do not have access to NIPRNet – Requests are submitted via the Public AstroStandards Distribution Site (PADS), http://www.afspc.af.mil/units/ASDA.  This website CAN be accessed from the Internet.  Requests typically take on the order of 2 – 4 weeks.  
AFSPC will in turn send the applicant the request paperwork in MS Word format.  (Contact the POCs listed above for more information).  Requests typically take on the order of 4 – 6 weeks.

Automated Method:  Users who have access to the NIPRNet - Requests are submitted via the Space/Cyberspace Analysis Resource Portal (SARP) website.   In order to navigate to the SARP website, https://halfway.peterson.af.mil/SARP, the requestor must have an U.S Government issued CAC card or soft PKI certificate.  This website CANNOT be accessed from the Internet.  For more information on obtaining the Astrodynamic Standards software using the SARP method, refer to the document, “Instructions for Requesting Astrodynamic Standards Software” (available upon logging onto the SARP website or available upon request).  Requests typically take on the order of 1 – 2 weeks.
Space Brawler/MDR

SMC/XRDA is the model manager for both SEAS and Space Brawler but does not manage MDR as it contains the Air Force Space Command Astrodynamic Standards.  These standards are under Export Control and fall under the International Traffic in Arms Regulations.  There are three versions of Space Brawler, Unclassified, SECRET and Top Secret.

To request Space Brawler without MDR and SEAS, please contact Lt. Jason Cammarata, SMC/XRDA at 310-653-9151, Jason.Cammarata.2@us.af.mil
There are two versions of MDR, an unclassified version and a SECRET version.  The SECRET version can be used with the Top Secret version of Space Brawler.   The unclassified version of MDR models Blue assets ONLY.  The SECRET version models both Blue and Red assets.

Requests for both the unclassified and the SECRET version of MDR can be made on NIPRNet SARP using the Astrodynamic Standards Request Wizard.  Once you have a initiated the request and provided a government sponsor and justification for the software, you will be submitted for approval for MDR (determination made by AFSPC/A3SC).  Once your request has been approved for MDR, you will be able to download the unclassified version of MDR from SARP NIPRNet.  Instructions will be provided to you on SARP NIPRNet on how to obtain the SECRET version of MDR on the SARP Secure Internet Protocol Router Network (SIPRNet) website.

To run MDR, you will also have to download the MATLAB Compiler Runtime, Version R2012a, Windows 32 bit / 64 bit from the following website at: http://www.mathworks.com/products/compiler/mcr/
Astrodynamic Standards Release Package - Contents
Once the necessary request has been approved by HQ AFSPC/A3C, HQ AFSPC/A9Y be notified and will create an Astrodynamic Standards Release Package for the requesting entity.   This delivery package will typically contain:

· The latest currently available documentation for the software product(s),
· The approved software product(s),
· Example driver files (including driver source), if applicable.  For Dynamic Link Libraries (DLL) and shared object-based Astrodynamic Standard programs (see Program File Types), this will include an example driver program written in C for V5.4.2 products, and an example driver program written  in C, C#, VB.NET, FORTRAN, Java (via provided JNAs), Python, and MATLAB for the V7.beta programs (when available).
· A working, standalone test environment, if available.  Typically, all that is necessary to run the included test files is to copy the directory to the target machine (although some setup may be necessary for Unix/Linux machines).  The test environment contains test cases, input and data files necessary to run the program.  Output data from A9 runs is included, as well as a means to compare the output generated by the test cases to the output provided by A9,
· The newer products (generally V7.beta and some 64-bit programs) include VERDICT, a comparison program written by HQ AFSPC/A9YA.  This program can compare selected results between two runs even if the formats of the files differ.  The VERDICT program output describes the magnitude of the differences, so it is easier to tell whether the difference is significant or not.
The SATRAK and JAFSPCAS-SGP4 Release Packages do not contain the standalone test environment detailed in the previous paragraph.  They do provide a graphical or form-based user interface.  
Astrodynamic Standards Release Package – Delivery Method
Depending on the request method used, the software is delivered via the following means:
If the request was generated by the SARP method:

If all the requested software is available via the SARP website, the requestor will obtain the software via download from the website.   Note that the requestor here is the person who actually submitted the request on the SARP website.   This might be different than the POC identified in the approval paperwork.
If some software is not available on the SARP website, the missing software items will be sent to the applicant using an optical disc (CD or DVD)
If the request was generated by the “manual” method, the software is typically sent to the POC on an optical disc (CD or DVD) sent via U.S. Mail, Certified Delivery.   The POC can specify an alternate recipient or delivery address be used instead as long as the recipient is covered by the signed MOA/NDA legal agreements   For example, the POC can direct that the delivery be sent to the Technical POC at the actual work location.  
Other delivery methods are also possible (local delivery, overnight, etc), but require prior coordination.
Appendix A

Astrodynamic Standards – Grouped by Functionality 
ORBITAL APPLICATIONS

· Look Angle Generation (LAMOD) 

· Computation of Miss Between Orbits (COMBO) 

· Overfly (AOF) 

· Field of View (FOV) 
EPHEMERIS GENERATION

· SGP4 

· SPEPH and SP 
ORBITAL CORRECTION

· BATCHDC (Provides orbital correction to both SGP4 and SP) 
· SEQDC (Provides batch sequential DC capability for both SGP4 and SP)
OBSERVATION ASSOCIATION

· ROTAS 

INITIAL ORBIT GENERATION

· IOMOD 
