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Problem statement:  Currently, there is not a complete suite of models that is recognized throughout the DoD space and M&S communities which explicitly represent space-based systems and platforms at the desired levels of resolution.  Likewise, there are few studies and analysis that have been performed throughout DoD which quantify the military utility or added value of these systems and platforms for each of the various areas of space.  These areas include:

Computer Network Operations (CNO) which includes:

· Computer Network Defense (CND)

· Computer Network Attack (CNA)
Space Control which includes:

· Surveillance

· Protection
· Prevention
· Negation
Force Application – Space Based Weapons
Space Force Enhancement including:

· Satellite communications (SATCOM)

· Weather, terrain, and environmental monitoring (WTEM) which includes:

-  Satellite imagery (multi-spectral and hyper-spectral)

-  Space environment/weather

· TBM warning

· Position and navigation (Pos/Nav) using the Global Positioning System (GPS)

· Intelligence, Surveillance, and Reconnaissance (ISR)

Space Support – Space Lift

There are several models that have been developed within the space and M&S communities which represent individual space systems such as GPS, ISR, space weather, etc., at various levels of resolution, however not all of these models are jointly recognized throughout the DoD M&S and space communities.  Models must undergo verification, validation, and accreditation (VV&A) before they are properly recognized and accepted as “credible” simulations within the DoD.  Meanwhile, the space and M&S communities lack the ability to explicitly represent these space-based systems and platforms which will allow these communities to quantify the added value of these systems during joint military operations.

Additionally, there is no recognized executive agent for the National Security Space Architecture (NSSA) that has the responsibility and adequate resources to develop, accredit, and maintain a suite of models that represent these space systems as well as perform analysis that quantifies the military utility of these space systems.

The need for modeling of space-based assets:

The space community requires the ability to explicitly represent space-based systems and platforms in M&S in order to demonstrate the military utility of these systems during joint military operations and exercises.  Space systems include those assets owned and operated by the commercial and civil sectors as well as the DoD.  Space-based models should be able to simulate individual space platforms, constellations of space platforms, and the interoperability between space platforms and conventional systems.  The capability to model these space systems must also include the ability to identify the vulnerabilities encountered by military forces that rely on these systems as well as the vulnerabilities of the systems themselves.  A complete suite of models must include models that represent space systems at various levels of resolution from campaign-level effects to engineering-level analysis.  Only then can we consider the space community to have a complete suite of models that represent space-based systems and platforms.  Figure 1. below shows the hierarchy of models in terms of their levels of resolution.  Space-based models must be able to represent current space platforms as well as future space architectures such as Computer Network Operations (CNO), space control platforms, space-delivered weapons, and force enhancement areas.  These models should also be able to account for second and third order effects encountered by space-based systems in order to accurately represent these space systems and platforms and their true environment.  These effects include phenomena such as solar blanking (blinding by the sun), effects of terrestrial weather on satellites (cloud cover), etc.  The space community needs to develop a comprehensive list of these requirements for the space functionality in M&S before we can proceed effectively.

   

Figure 1. Hierarchy of Models

The Space Commission report addressed modeling and simulation by stating:

“Pg78 To support exercises, wargames, and experiments, DoD must develop and employ modeling and simulation tools based on measures of merit and effectiveness that will quantify the effects of space-based capabilities.”

The CINCSPACE addressed M&S as an “enabler” in a letter to the Vice Chairman Joint Chiefs of Staff, dated 9 February 01.  Based upon that memo, the USSPACECOM has internally established the Space Commission Implementation Working Group to address M&S as well as other issues specified in the Space Commission report.  The issues addressed in this paper were also submitted as part of that working group in order to bring further attention to the issue of space representation in M&S.

Proposed solutions to areas affected by M&S:  Models and simulations are widely used to perform analysis to develop alternative military courses of action as well as strategic deterrence measures for national security.  These models and simulations are also used to further develop these courses of action and strategic deterrence measures during joint military and service component training exercises.  The space community and the M&S community need to collectively address space representation in M&S in terms of both of these uses.  The capability of these models to accurately represent space systems will ultimately allow the space and M&S communities to articulate the military utility of these systems and platforms.  Space representation in M&S is addressed for analysis and training below. 

Analysis:  In order to effectively model space-based systems and platforms, the space and M&S communities may have to consider a new long-term approach.  Most models that are currently being used throughout the DoD were originally developed to model specific systems and aspects of the battlespace such as air forces, TBM defense, etc.  New models may have to be developed from the ground-up that accurately capture the added value of space systems.  This may require these communities to take a hard look at prototype models being developed within the government as well as the private sector using new approaches and technologies, or models already being used elsewhere such as the National Reconnaissance Office (NRO).  These space-based models should also be federated with many of the existing models at various levels of resolution.

There are several ongoing efforts to include space representation in M&S.  The THUNDER model version 6.7 developed and used by the Air force Studies and Analysis Agency (AFSAA), for example, now includes the representation of GPS, vital to the delivery of precision-guided munitions (PGM), as well as space-based systems that perform ISR.  In the future, the Joint Warfare Simulation (JWARS) model will become the jointly recognized standard for theater campaign modeling within the DoD.  There is an ongoing effort to include space in JWARS.  This effort includes the JWARS space strategic partner (JASPAR).  The JASPAR includes a team of developers, programmers, and analysts whose mission is to explicitly represent space in JWARS.  The JASPAR is just one of many ongoing effort to include space representation in M&S.  Further efforts may require the space and M&S communities to work with academic organizations such as such as MIT/Lincoln Labs or John Hopkins University (JHU) Applied Physics Laboratory (APL) as well as Federally Funded Research and Development Companies (FFRDC) or other private organizations.

Training:  Models and simulations are used to generate scenarios to train the  

forces during joint and service component training events, however space is not equally represented during these training events due to the lack of models that simulate space-based systems and platforms.  In addition to using models to generate these scenarios during training events, operators must have the ability to capture the situational awareness and space-based products and information provided by these platforms using a common operating picture (COP).  This COP should be capable of operating in a real world as well as a synthetic environment and be compatible with each of the air, ground, and sea digital architectures.  

The Army, Navy, and joint space support teams (SSTs) are a key conduit to incorporate space into joint and service component training exercises as well as during real-world operations.  These SSTs attempt to overcome the “terrestrial” mindset of most warfighters by bringing new technologies, awareness, and education of space-based capabilities to the joint military forces in the field.  Currently, the US Army Space Command (ARSPACE) G-2 is developing a space COP called the Space IPB Tool while the Air Force Space Command (AFSPC) is fielding the Space Battle Management Core System (SBMCS).  These tools need to serve as a single integrated air (space) picture to allow space personnel to access the products and information provided by space-based systems and platforms.  The Space IPB and SBMCS tools should further allow the SSTs to inject space as a combat multiplier into the digital architecture of the supported unit during training events and real world operations.  Space representation in M&S during these training events is a crucial link to space being properly recognized within the operational force and will also serve as an enabler for space being incorporated into M&S by demonstrating the military utility of space during joint military operations. 

The Space Commission report addressed space applied during training events by stating:

“Pg77 Space capabilities should be embedded in military exercises.”
Who has the responsibility to include space in M&S:  There is clearly a need to formalize the process of developing and maintaining a complete, and jointly recognized suite of models that represent space systems and platforms.  One organization should be established as the executive agent for the National Security Space Architecture (NSSA) for space representation in joint campaign M&S.  Presently, no one DoD organization has the adequate resources needed to develop, accredit, and maintain a suite of models as well as perform analysis.  A formal architecture of space organizations and stakeholders should be established to develop and maintain models that represent joint space systems.  This organization should consist of the Space Battle Lab, Space Warfare Center (SWC)-Analysis and Engineering (SWC-AE) Directorate, and the Air Force Space Command (AFSPC) Analysis Center (ASAC) as a minimum.  Each service component would be a primary stakeholder in this architecture and development process.  Other DoD and national organizations, including the Defense Modeling and Simulation Office (DMSO), the National Reconnaissance Office (NRO), and the National Imagery Mapping Agency (NIMA) would be vital to the success of integrating space in M&S as well as quantifying the military utility of these space systems.  The space community needs to define the roles and missions of each of these organizations and their responsibilities for M&S.  The USSPACECOM will maintain oversight authority as the joint space headquarters and functional CINC to establish priorities for joint space campaign modeling and serve as the accreditation authority for space campaign M&S.  The space user’s group (SPUG) should become the forum for the organization of stakeholders for space representation in M&S where the issues addressed herein may be discussed.  The USSPACECOM will be the lead organization for the SPUG.

The effort to represent space in M&S comparable to other military functionalities will take the cooperative effort of each stakeholder as well as the private sector.

Request that all stakeholders respond to the POC below by 15 June 2001 with comments on the issues addressed herein.  Further request that each stakeholder review the list of models included in Appendix A and provide comments and a list of additional models that may be included in the suite of space models being considered.  The intent of USSPACECOM is to make these issues a topic of discussion during future space users group (SPUG) meetings.

Summary of key points:
· Establish a jointly recognized suite of models that explicitly represent current and future space systems and architectures for joint DoD, civil, and commercial space systems.

· Establish a comprehensive list of requirements for space functionality in M&S.

· Infuse space M&S into joint and service component military training exercises.

· Conduct, lead, and leverage studies to quantify the added value of space systems and platforms which allows for the development of joint military space COA and strategic deterrence options.

· Establish an organization as the executive agent for space representation in joint campaign analysis for the NSSA.  

· Define the M&S roles and missions for each space organization and stakeholders.  The USSPACECOM will maintain oversight and accreditation authority to establish priorities for space campaign M&S. 

· Establish a formal organizational architecture to develop, accredit, and maintain a suite of space models among the Space Battle Lab, Space Warfare Center-Analysis and Engineering (SWC-AE), and the Air Force Space Command (AFSPC) Analysis Center (ASAC).

· Acknowledge the SPUG as the joint working group for recognizing a suite of models for space representation in M&S.  The USSPACECOM will lead the SPUG effort.

POC for this paper is MAJ Bill McLagan, USSPACECOM Analysis Division, at DSN 692-5122, Commercial (719) 554-5122.  Unclassified email at bill.mclagan@peterson.af.mil or classified mclaganb@spacecom.smil.mil
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