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1 Introduction

1.1 Scope of Document

This capability specification specifies the requirements for the Autorouter (AR) Common Capability (CC) of the Joint Mission Planning System (JMPS).    

This document identifies the requirements for the Autorouter, their relationship to each other, and their relationships to other requirements external to this capability.  This document does not include implementations or design.  It comprises operational requirements that describe a subset of JMPS behavior in terms of function and performance expected by the user.  Since this document addresses only a subset of the overall JMPS requirements, it necessarily includes dependencies with other capabilities.

Development of the complete Autotouter CC will evolve in incremental spiral efforts.  This document specifies the functionality required for the present spiral.  Note that the corresponding Autorouter Common Capabilities Requirements Document (CCRD), referenced in Section 2 of this specification, describes the overarching high-level functionality envisioned for the completed Autotrouter CC and may include functionality beyond that which is required for the present spiral.

Finally, this specification serves as the basis for development and qualification of the Autorouter Common Capability.

1.2 Capability Overview

The Autorouter CC provides an integrated set of functionality to support the mission planner in determining survivable and efficient paths for the set of given route objectives and user-defined constraints.  It supports air vehicles by developing and updating, with decision aids, a plan to get a vehicle from a current location to desired destination and back safely, within a given amount of time and a given allotment of fuel.
The objectives of the JMPS Autorouter Common Component encompass the following:

· Provide the mission planner with the ability to specify constraints that must be considered in developing desired solutions.

· Provide the algorithms that determine path solutions that meet specified constraints

· Provide aids for the evaluation, assessment and refinement of generated solutions 

· Reduce mission planner and aircrew mission planning time through computer automation and connectivity
· Improve mission planner and aircrew contingency planning through interactive and graphic interfaces
1.3 Document Overview

This specification consists of the sections described below.

Section 1 (Introduction) identifies the scope of this document, provides an overview of the common capability, and contains an overview of the document's organization and contents.

Section 2 (Reference Documents) lists documents that are either referenced in this document or applicable in developing this document and capability.

Section 3 (Capability Operational Overview) identifies the common capability within the operational context.  It identifies requirements dependencies, information exchanges and requirements scenarios.

Section 4 (Capability Detail) specifies requirements and detailed data exchanges of this capability. 

Section 5 (Capability Spirals) identifies a suggested prioritization of functionality for achieving the required capabilities in an incremental manner and supporting the dependencies of larger JMPS evolution plan.

Section 6 (Design Constraints) provides the constraints that must be considered when developing the Common Capability.

Section 7 (Notes) provides the Glossary of terms and the list of Acronyms used in this document.

Appendix A  contains a traceability to JMPS SSS requirements as well as Navy and Air Force User Requirements Database (URDB) items that are related to the Autorouter CC.

Appendix B  refers to a classified list of functional requirements and is available under separate cover.

2 Reference Documents

· Autorouting Common Capabilities Requirements Document (CCRD), Prepared by the Systems Engineering Integration Contractor, Posted on the HERBB Web site.

· JMPS User Requirements Database (URDB) 

· System Engineering Management Plan for JMPS Combat One (JC1), Version 1.01, 22 July 2002, prepared by Northrop Grumman Corporation.

· Joint Mission Planning System (JMPS) System/Subsystem Specification (SSS), Version 1.11, 18 March 2002, Prepared by Naval Air Systems Command and Electronic Systems Center.

· Joint Mission Planning System (JMPS) Interface Requirements Specification, LAT990158 Version 1.06, 03 December 2003, Prepared by Northrop Grumman Information Technology.

· JMPS Elaboration Use Cases, JC1-4897-1002 Version 1.13, 17 November 2003, Prepared by Northrop Grumman Corporation.

· JMPS Combat One (JC1) Top-Level Design, JC1-4897-01003 Version 1.01, 07 Dec 2001, Prepared by Northrop Grumman Corporation.

· System Engineering Management Plan (SEMP) for JMPS Combat One (JC1), JC1-4897-01004 Version 1.01, 22 July 2002, Prepared by Northrop Grumman Corporation.

· Intelligence Data Interface Control Document (ICD) for JMPS, Version 0.4, 5 June 2003, Prepared by ESC/ACU

· Capability Specification for the Joint Mission Planning System (JMPS) Electronic Warfare (EW) Common Capability, Posted on the HERBB Web site.

· Capability Specification for the Joint Mission Planning System (JMPS) Intel Planning (IP) Common Capability, Posted on the HERBB Web site.

· Capability Specification for the Joint Mission Planning System (JMPS) Weather Common Capability (WxCC), Posted on the HERBB Web site.

· Capability Specification for the Joint Mission Planning System (JMPS) Mission Rehearsal (MR) Common Capability, Posted on the HERBB Web site.

3 Capability Operational Overview

The Autorouter CC is a route optimization and mission analysis application within JMPS that will be an integral part of the overall planning process.  It will provide autorouting capabilities that are common across all airframes as well as provide services that analyze the robustness of the mission.

The application of the autorouter in the mission planning process will vary extensively between missions and even between different segments of the same mission.  The intent of the autorouter will be to interact smoothly with other JMPS components, and more importantly interact smoothly and flexibly with the human controlling the entire planning process.  The battlefield environment for which the human must plan can vary in locale, area extent, geographic and cultural content, numbers and composition of threats, and numbers and types of targets.  Superimposed on this scene can be more dynamic considerations such as enemy and friendly mobility, weather, time of day, mission weapons characteristics, mission‑specific tactics, and the tactics of other collateral or support sorties.

For a single autorouter to effectively support such a myriad of scenarios, the planner must be given extensive latitude in interacting with the tool in many unpredictable ways during a planning session in order to tailor the analysis for the specific mission and to interject their personal expertise at appropriate junctures within the process. Such requirements demand designed‑in flexibility. Such flexibility demands an architecture that is highly modular, highly data driven, highly responsive, highly user‑oriented with consistent language and terminology across functions, and highly graphical with mission planning​ oriented icons and symbology ‑‑ all within a framework that organizes functions consistent with the user's normal work flow while still affording the user control to easily diverge from that normal work flow. 

It is imperative that the CC development be modular enough so that only the necessary components required to generate a solution be loaded into memory, depending upon the evaluation criteria.  Therefore, a core set of components labeled the Autorouter Framework will be necessary in order to load the appropriate components needed to solve a particular scenario.  Figure 3‑1 provides a pictorial representation of what is required for the JMPS Autorouter CC to be effective.

From a high level point of view, the Autorouter CC is a participant in the overall mission plan construction.  The functionality needs to support automatic receipt of tasking and relevant air information, then based on user specified preferences, create a route.

The following material describes the high-level operational constructs that comprise the Autorouter CC and their associated use cases.  It only contains requirement information associated with the initial spiral of development.  Future spiral information is referenced in Section 5.  Use case naming employs the following convention:

<Broad function><CC Identifier><Unique ID><Service-unique suffix(es)>

Example:   MPAR01

Where: 

MP
= mission planning, as opposed to C2, or IN (Intel), or other broad function

AR
= Autorouter CC

01
= ID unique within this specification

Note: Since this represents a use case that all services will use, there is no unique suffix on the end (N=Navy, AF=Air Force, A=Army, S=SOF) 

Figure 3‑2 is the top level use case diagram for the Autorouter CC.  It identifies all the use cases associated with this capability, requirements dependencies on other capabilities, and all actors associated with this CC.

The following use cases comprise the Autorouter CC:

Use Case Name


Identifier
Airspace Weighting  


MPAR21 

Analyze GPS Prediction  

MPAR31 

Auto-Deconflict  


MPAR19 

Create Tie-Up Routes 
 

MPAR27

Define Altitudes  


MPAR09 

Define Constraints  


MPAR04 

Define Cost Function  
 

MPAR05 

Define Defaults  


MPAR08 

Define Preferences  


MPAR03 

Define Route Controls  


MPAR07 

Display Threat Fans   


MPAR29 

Display Threat Timeline  

MPAR30 

Evaluate Route  


MPAR18 

Generate Candidate Route  

MPAR16 

Generate Target Complex   

MPAR23

Generate Templates


MPAR34 

Generate Threat Characterization  
MPAR11 

Identify Conflicts


MPAR33 

Import/Export AR Data  


MPAR15 

Load AR Data  



MPAR13 

Manually Define Complex  

MPAR25 

Manually Tie-Up Routes  

MPAR28 

Model Threats  



MPAR17 

Perform Jamming Analysis  

MPAR32 

Save AR Data  



MPAR14 

Select DMPI  



MPAR22 

Select Target Complex  


MPAR24 

Sequence Targets  


MPAR26 

Threat Weighting  


MPAR12 

View Results  



MPAR20 

Select Route Generation  

MPAR01 

Select Route Evaluation  

MPAR02
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Figure 3‑1  Autorouter CC Architecture
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Figure 3‑2  Autorouter CC Operational Use Case Diagram

The actors and their roles associated with this Common Capability are defined in the following table.

Table 3‑1 Actor Roles

	Actor
	Role

	Aircraft UPC
	A vehicle specific planning component that is utilized to generate a mission plan.  For the Autorouter CC, the aircraft UPC will be utilized to identify vehicle specific characteristics in modeling the aircraft during routing.  Represented by the use cases Create Fixed Wing Route, Create Rotary Wing Route, and Model Weapon Delivery.

	JMPS Framework
	Provides underlying framework capabilities for functioning within the JMPS environment.   Specific capability required by the Autorouter CC will be interfaces with route data, mission binders, threat data, FPMs, airspace regions, and terrain data.  Represented by the use cases colored green in Figure 3‑2.

	Mission Planner
	Interactive user interfacing with the Autorouter CC graphical  and textual functionality.

	Weather CC
	Provides interfaces to weather sources to access and download forecast and current weather to support planning.  Represented in two use cases:  Import Static and Import Dynamic Environmental Data

	EW Planning CC
	Provides an interface to a more robust threat detection model, to defining an Order of Battle scenario, and to a Template On Path capability.  Represented by the use cases Define OB Scenario, Analyze Threats – Route Analysis, and Analyze Threats – Route Fly-Through. 

	GPS Prediction UPC
	Actually a component within the JMPS Framework but referred to as a UPC, this provides interfaces to calculate dilution of precision measurements.  Represented by use case Define GPS Prediction.

	Intel Planning CC
	Provides interfaces to RCS data to be applied in routing.  Represented by the use case Serve RCS Data.

	Weapon UPC
	Like the Aircraft UPC, this is a weapon specific planning component that is utilized to generate a mission plan.  For the Autorouter CC, the weapon UPC is utilized to aid in modeling weapon delivery to  determine the optimized route.  Represented by the use cases Create Weapon Route and Model Weapon Delivery. 

	Mission Rehearsal CC
	Provides interfaces to perform a route fly-through of the candidate route and manual deconfliction.  Represented by the use case Play Views and Configure Mission Rehearsal.


3.1 Operational Connectivity

Figure 3‑3 shows information exchanges with the Autorouter CC at the center of the diagram and information providers and consumers depicted.  The nodes are elements in the operational architecture that produce, consume, or process data. “Needlines” document the requirements for information exchange between the nodes but do not indicate how the information transfer is implemented. Refer to section 3.2 for information identifying the needlines and their associated information.

[image: image4.wmf]«framework»

JMPS Enterprise

Define 

Airspace 

Region

Autorouter CC

:Mission Planner

Import Static 

Environmental 

Data

Import 

Dynamic 

Environmental 

Data

Analyze 

Terrain Effects

Play Views  

MPMR002

Define GPS 

Prediction

Define OB 

Entity Set  

MPEW012

UPC 

Interaction with 

Mission Binder 

MPFW041

Load Order of 

Battle  

MPFW057

Access Threat 

Parametrics

Model Flight 

Performance

Model Weapon 

Delivery

Save Route(s)

Open Route(s)

Serve RCS 

Data  MPIP015

AR101

AR201

AR301

UPC

AR401

AR501

AR601

AR701

AR801

AR901

AR1001

AR1101

AR1201

AR1301

AR1401

AR1501

AR1601

AR1701

Configure 

Mission 

Rehearsal  

MPMR001

AR1801


Figure 3‑3  Information Exchange for the Autorouter CC
3.2 Operational Information Exchange
The following table is the Operational Information Exchange Matrix associated with the Autorouter CC identifying the information exchanged for each of the needlines identified in Figure 3‑3.
Table 3‑2  Information Exchange Matrix

	Flow Line Identifier
	IER
	Description
	Producer
	Receiver
	Activity

	AR101
	A
	The AR CC requests environmental data such as winds and pressure for the target area
	Autorouter CC
	Weather CC
	Generate Candidate Route


	
	B
	The Weather CC provides the requested data in the region specified.
	Weather CC
	Autorouter CC
	

	AR201
	A
	The AR CC requests environmental data for the solution area under evaluation
	Autorouter CC
	Weather CC
	Generate Candidate Route


	
	B
	The Weather CC provides the requested data in the region specified.
	Weather CC
	Autorouter CC
	

	AR301
	A
	A request for parametric data about threat types.  This includes ELNOT/DIEQP pairs, range, and frequencies
	Autorouter CC
	Framework
	Select Route Generation, Select Route Evaluation


	
	B
	The Framework provides the requested data
	Framework
	Autorouter CC
	

	AR401
	A
	The Framework provides the route context to be worked with to the Autorouter CC
	Framework
	Autorouter CC
	Select Route Generation, Select Route Evaluation


	AR501
	A
	The AR CC requests the filtered OB scenario to work with
	Autorouter CC
	EW Planning CC
	Select Route Generation, Select Route Evaluation

	
	B
	The EW Planning CC provides the filtered list of threats that are in the scenario
	EW Planning CC
	Autorouter CC
	

	AR601
	A
	The AR CC requests a list of the OB that is currently loaded
	Autorouter CC
	Framework
	Select Route Generation, Select Route Evaluation


	
	B
	The Framework provides the requested data
	Framework
	Autorouter CC
	

	AR701
	A
	The AR CC instructs the Framework to save the route context that the CC has been working with.
	Autorouter CC
	Framework
	Generate Candidate Route


	
	B
	The Framework instructs the CC to save the CC unique data that has been edited during the save operation.
	Framework
	Autorouter CC
	

	AR801
	A
	The mission planner commands functions to be performed within the CC interactively.
	Mission Planner
	Autorouter CC
	All



	
	B
	The AR CC responds to the mission planner requests.
	Autorouter CC
	Mission Planner
	

	AR901
	A
	The UPC commands functions to be performed within the CC programmatically.
	UPC
	Autorouter CC
	All

	
	B
	The AR CC responds to the UPC requests.
	Autorouter CC
	UPC
	

	AR1001
	A
	The AR CC requests the UPC to model a candidate weapon delivery arc as part of route generation.
	Autorouter CC
	UPC
	Generate Candidate Route


	
	B
	The UPC responds with the trajectory of the weapon delivery so that it can be evaluated for costs in the Autorouter CC
	UPC
	Autorouter CC
	

	AR1101
	A
	The AR CC requests the boundaries of an airspace region from the Framework.
	Autorouter CC
	Framework
	Select Route Generation, Select Route Evaluation


	
	B
	The Framework provides the requested data
	Framework
	Autorouter CC
	

	AR1201
	A
	The AR CC requests the Framework to calculate flight performance for a candidate path
	Autorouter CC
	Framework
	Generate Candidate Route, Evaluate Route



	
	B
	The Framework provides the requested performance data
	Framework
	Autorouter CC
	

	AR1301
AR1801
	A
	The AR CC requests the candidate route to be rehearsed
	Autorouter CC
	Mission Rehearsal CC
	View Results



	
	B
	The Mission Rehearsal asks the Autorouter CC to check for conflicts with other routes
	Mission Rehearsal CC
	Autorouter CC
	

	AR1401
	A
	The AR CC requests the Framework to calculate if the candidate path is terrain masked from a location or if the candidate path will clobber the terrain
	Autorouter CC
	Framework
	Generate Candidate Route, Evaluate Route



	
	B
	The Framework provides the requested data
	Framework
	Autorouter CC
	

	AR1501
	A
	The AR CC passes the framework a series of set of target complexes and a sequenced route to strike the targets
	Autorouter CC
	Framework
	Create Tie-Up Routes



	AR1601
	A
	The AR CC requests the RCS data of the vehicle being routed.
	Autorouter CC
	Intel Planning CC
	Select Route Generation, Select Route Evaluation



	
	B
	The Intel Planning CC provides the requested data
	Intel Planning CC
	Autorouter CC
	

	AR1701
	A
	The AR CC requests the Framework to calculate if a position on the route has adequate GPS connectivity
	Autorouter CC
	Framework
	View Results


	
	B
	The Framework provides the requested data 
	Framework
	Autorouter CC
	


3.3 Operational Activity

The Autorouter CC for JMPS can be applied in a variety of situations.  It can be used for simple derivation of a flight path through a non-combat area as well as for pre-planning a first strike attack in a hostile threat environment.   While the Autorouter common capability does not quite have the generic application that the JMPS Route Editor possesses, its usefulness can be applied to most vehicle planner UPCs.  In order to derive an operational activity for the CC, consideration must be made to the type of mission the autorouter is used for and the platform for which it is deriving a solution.

Table 3-3 provides a matrix of the primary mission application of most vehicles in the branch services.  This table helps to identify the mission types the autorouter must be able to accommodate.

Table 3‑3  Mission Types

	Service
	Mission Area

	
	Combat
	Combat Support
	Combat Service Support

	
	Strategic Attack
	Interdiction/Strike/CAS
	C2
	ISR/EW/
CSAR
	Refuel
	Airlift

	
	
	Fixed Wing
	Rotary Wing
	
	
	
	Fixed Wing
	Rotary Wing

	Air Force
	B-1B
	JSF (F-35)
	
	E-3
	E-8C
	KC-10
	C-5
	MH-53J

	
	B-52
	F/A-22
	
	
	RC-135
	KC-135
	C-17
	HH-60

	
	B-2
	F-16
	
	E-10A
	U-2
	
	C-130
	

	
	F-117
	F-15
	
	
	MQ-1
	KC-767
	
	

	
	
	A-10
	
	
	RQ-4
	Smart Tanker
	
	

	
	PGMs:
	AC-130
	
	
	
	
	
	

	
	JASSM
	
	
	
	
	
	
	

	
	ACM
	
	
	
	UCAV
	
	
	

	
	ALCM
	
	
	
	
	
	
	

	
	CALCM
	
	
	
	
	
	
	

	
	Global Strike
	
	
	
	
	
	
	

	Army
	
	
	AH-66
	
	OH-58
	
	
	UH-60

	
	
	
	AH-58
	
	
	
	
	CH-47

	
	
	
	AH-64
	
	
	
	
	

	Navy
	Tomahawk
	F-14
	SH-3
	E-2C
	EP-3
	KC-135
	
	UH-3

	
	
	F/A-18
	
	
	P-3
	
	
	CH-46

	
	
	JSF (F-35)
	
	
	S-3B
	
	
	HH-60

	
	
	EA-6B
	
	
	EA-6B
	
	
	

	
	
	
	
	
	MH-53J
	
	
	

	Marine Corps
	
	F/A-18
	AH-1
	UH-1N
	EA-6B
	KC-130
	KC-130
	MV-22

	
	
	JSF (F-35)
	UH-1
	
	HH-53E
	MC-130
	MC-130
	CH-53

	
	
	AV-8B
	
	
	
	
	
	CH-46

	
	
	EA-6B
	
	
	
	
	
	UH-1

	
	Future
	
	Required
	
	Scheduled
	
	Unknown
	


The generic mission planning process for each of the services is similar, but different terminology is used.  A top-level operational activity diagram that would apply to all services is as follows (Figure 3‑4):
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Figure 3‑4  Mission Planning Activity Diagram

As noted in the concept of operations for Army Aviation, the actual conduct of mission planning occurs at several echelons and the seven steps are

(1) Receive the Mission 

(2) Conduct Mission Analysis

(3) Develop Courses of Action

(4) Analyze Courses of Action

(5) Compare Course of Action

(6) Select Course of Action

(7) Produce Orders

The Air Force Concept of Employment documents the process as

(1) Receipt of Tasking

(2) Aircraft Configuration

(3) Detailed Mission Planning

· Weapons Planning

· Airdrop Planning

· Air Refueling

· SEAD Planning

· CAS Planning

· CSAR Planning

· Sensor Planning

· SIOP Planning

(4) Mission Material Production

The Naval Concept Of Operation documents a generic mission planning flow in the following figure (Figure 3‑5):
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Figure 3‑5  Naval Mission Planning Concept Of Operation

In each of these descriptions, there is a portion of the process which involves the generation of a route plan.  Some of this route plan generation can be automated, some of it will be manual.  Figure 3‑6 describes a generic autorouting process flow.   All or a subset of these activities are performed depending on the intended use of the autorouter capability.  For this reason, the breakout of the capability activity for the Autorouter CC is identified as being that portion of the mission planning process during which a standard mission type is generated.  In order to tie together the operational connectivity and information exchange with the operational activity associated with route generation, the following paragraphs describe scenarios associated with this CC.  These scenarios apply to the current spiral.  Future spiral scenarios are described in Section 5.
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Figure 3‑6  Autorouter CC Activities

3.3.1 Strategic Attack Combat Mission Scenario

This notional scenario describes the process associated with the route generation portion of the planning for a strategic attack combat mission.  These are primarily first strike vehicles, bombers with significant payloads or cruise missiles that follow a mission plan.  These vehicles are also generally stealthy and low observable for the purposes of penetrating a rich enemy threat environment.  Because of the lengthy and complex nature of the missions, the autorouter is used to speed the development of the mission profile.  Because of the penetrating nature of the missions, the autorouter is used to analyze the survivability of the route.  Order of Battle (OB), Radar Cross-section (RCS), and flight performance are essential factors in evaluating the risk introduced as well as determining an optimum path.  Threat modeling is the primary discriminator.  This scenario is subject to time constraints depending upon the vehicle type, the payload, and the number of desired mean points of impact (DMPIs).   These time constraints are captured in the performance requirement section of this document, Section 6.2.  Figure 3‑7 depicts the path for this scenario.
Initialization

The user will load a candidate route(s) into a read/write context.  This may be through the Route Editor, or it may be through a separate UPC based context which does not encompass route editing.  In the latter case, the UPC may provide a utility which allows a candidate route to be generated programmatically.  To the planner, the data flow is transparent, but the UPC behind the scenes is invoking a programmatic interface in the Autorouter CC to perform the route generation.  A candidate route cannot be loaded into an read/write context outside of the Route Editor if that route is currently being edited in the Route Editor.  (UC Reference:  Create Route, Open Route(s))

Event Sequence

(Note:  The reference to the user in the following sequence can be either an interactive user or a programmatic user)

Once the stick route to be elaborated through route generation has been identified, the user notes which portions of the candidate route are to be generated.  (UC Reference:  MPAR01 Select Route Generation)  There could be an occasion where portions of the stick route are fixed because of corridor restrictions, deconfliction, etc.  Typically only the portions of the route that are subjected to enemy threats are given to the autorouter to generate.  The route generation capability meanwhile will be engaged in loading the necessary reference data needed to evaluate the candidate route.  (UC Reference:  Serve RCS Data, Load Order of Battle, Access Threat Parametrics, MPAR03 Define Preferences, MPAR04 Define Constraints, MPAR11 Generate Threat Characterization, MPAR13 Load AR Data)  The user will then filter the order of battle to reflect the threat state as directed by the intel suppliers and apply a threat weighting to threat types.  (UC Reference:  MPAR12 Threat Weighting, Define OB Scenario)  The user will define a set of criteria to tell the autorouter what to evaluate against which reflects what the user is most interested in at the time, be it generating an optimal solution or planning for a contingency.  The evaluation criteria will be a combination of the cost function which calculates the figure of merit for the candidate route, the fidelity at which the route is evaluated, and a set of altitudes in which to the candidate solution may fly on and transition between.  (UC Reference:  MPAR07 Define Route Controls, MPAR05 Define Cost Function, MPAR09 Define Altitudes)   Cruise missile planning might involve terrain-following modes as a possible flight path.  The user may have canned sets of evaluation criteria and constraints to apply directly and bypass defining them specifically for this session.  (UC Reference:  MPAR08 Define Defaults)
The user then instructs the system to generate a candidate route. The autorouter uses the parametrics to produce a route for non-target segments using the following criteria: terrain avoidance, threats, terrain masking, no-fly zones, time-dependent avoidance zones, must-fly zones, altitude, fuel, and weather.  (UC Reference:  MPAR16 Generate Candidate Route)  In the case of bomber routes, the autorouter also performs a specific plan for the target area, identifying the safest path through the target area by applying vehicle specific route tactics (e.g., GPS Aided Targeting System (GATS) for the B-2) and constraints through interaction with the vehicle and weapon UPC. (UC Reference:  Model Weapon Delivery)  The autorouter takes the solution space into account to identify a network in which to find a solution.  Using RCS parameters, order of battle data, and threat parametric data, the system models the enemy air defense system kill-chain at each evaluation point along candidate edges within the network.  (UC Reference:  MPAR17 Model Threats).  The system models probability of terrain impact along the candidate edges.  (UC Reference:  Analyze Terrain Effects)  The system also models flight performance and vehicle characteristics.  (UC Reference:  Model Flight Performance)  In some cases, the user may ask for a high fidelity of evaluation independent of time constraints, one that may include a vehicle simulation and/or a threat detection model simulation  (UC Reference:  Analyze Threats – Route Analysis)  The autorouter will also account for environmental effects at the time of the mission by requesting weather data to apply in performance calculations.  (UC Reference: Import Static Environmental Data, Import Dynamic Environmental Data)  The autorouter concludes its processing when it routes all the way to the requested end point.  At that point, a final route evaluation of the entire candidate route is performed.  (UC Reference:  MPAR18  Evaluate Route)  This may include a vehicle simulation to offer a more robust modeling of the vehicle and its threat susceptibility.  A calculation of a cumulative score for the route based upon weighting factors and thresholds defined in the set of evaluation criteria is the result of this final evaluation.

The system then presents to the planner a summary as a cumulative result or on a leg-by-leg basis.  (UC Reference:  MPAR20 View Results)  To visually simulate the mission, the mission planner may choose to rehearse the mission.  (UC Reference: Configure Mission Rehearsal, Play Views).  The user may also choose to deconflict the current route being evaluated against other routes that are in the user’s mission binder.  (UC Reference:  MPAR33 Deconflict Route)

The user also has the option to perform the above event sequence for a number of routes concurrently.  The initialization, setup, and sequence is the same.  However, the user has the additional option to command the autorouter to automatically deconflict all of the routes concurrently.  (UC Reference:  MPAR19 Auto-Deconflict)  During automatic deconfliction, the same calculations utilized for manual deconfliction are used.  (UC Reference:  MPAR33 Deconflict Route)

The event sequence concludes with the user requesting to save the results to a persistent storage area.  (UC Reference:  Save Results, MPAR14 Save AR Data).  The user will then enter an evaluation period of assessing and adjusting the route to plan for contingencies or to find a user preferred route.  This process will continue until the user has completed their assessment of the candidate route. The user will then close the route generation context and return to the initial scenario start state.

(Note that this scenario is similar in detail to that of the Interdiction/Strike Combat Mission Scenario.  This scenario will be elaborated in further spirals of the Autorouter CC.  See Section 5.1.1 for these details.  For this initial spiral development, the sequences are similar so that a common solution can be applied to both mission types.)

[image: image8.wmf]Select Route 

Generation  

MPAR01

Select Route 

Evaluation  

MPAR02

Model 

Threats  

MPAR17

Generate 

Candidate 

Route  

MPAR16

Evaluate 

Route  

MPAR18

Define 

Preferences  

MPAR03

Load AR Data 

MPAR13

View Results  

MPAR20

Threat 

Weighting  

MPAR12

Define 

Constraints  

MPAR04

Define 

Altitudes  

MPAR09

Define Route 

Controls  

MPAR07

Define Route 

Merit   

MPAR05

Save AR Data  

MPAR14

Define Route 

Controls 

MPAR07

Generate 

Threat 

Characterization 

MPAR11

Select DMPI  

MPAR22

Generate 

Target 

Complex   

MPAR23

Sequence 

Targets  

MPAR26

Select Target 

Complex  

MPAR24

Manually 

Define 

Complex  

MPAR25

Manually Tie-

Up Routes  

MPAR28

Create Tie-Up 

Routes  

MPAR27

Display 

Threat Fans   

MPAR29

Display 

Threat 

Timeline  

MPAR30

Analyze GPS 

Prediction  

MPAR31

Perform 

Jamming 

Analysis  

MPAR32

Airspace 

Weighting  

MPAR21

Import/Export 

AR Data  

MPAR15

Create/Open 

Mission 

Binder  

MPFW059

UPC 

Interaction 

with Mission 

Binder  

MPFW041

Open 

Route(s)

Auto-

Deconflict  

MPAR19

Autorouter CC 

Use Case

Framework 

Component

UPC/Other CC 

Component

Analyze 

Threats - 

Template On 

Path  

MPEW006

Save Route(s)

Save Results

Define GPS 

Prediction

Play Views  

MPMR002

Define OB 

Entity Set  

MPEW012

Define 

Airspace 

Region

Serve RCS 

Data  MPIP015

Load Order 

of Battle  

MPFW057

Access Threat 

Parametrics

Analyze 

Terrain Effects

Model Flight 

Performance

Model 

Weapon 

Delivery

Import 

Dynamic 

Environmental 

Data

Import Static 

Environmental 

Data

Create Route  

MPFW033

Create Fixed 

Wing Route

Create Rotary 

Wing Route

Create 

Weapon 

Route

Define 

Defaults  

MPAR08

Identify 

Conflicts 

MPAR33

Analyze 

Threats - 

Route 

Analysis  

MPEW004

:Mission 

Planner

Generate 

Templates  

MPAR34

Import/Export 

AR Data  

MPAR15

:Mission 

Planner

Configure 

Mission 

Rehearsal  

MPMR001

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«extend»

«extend»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«extend»

«extend»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«include»

«extend»

«extend»

«extend»

«extend»

«include»

«include»

«include»

«include»

«extend»

«extend»

«extend»

«include»


Figure 3‑7  Strategic Attack Combat Mission Scenario

3.3.2 Interdiction/Strike Combat Mission for Fixed Wings Scenario

This notional scenario describes the process associated with the route generation portion of the planning for a strike combat mission.  The vehicles flying these missions are the tactical engagement vehicles in the Air Force and Navy, the fighters.  A few of these vehicles are also stealthy and low observable for the purposes of penetrating a rich enemy threat environment.  The Army also has tactical engagement vehicles, but all rotary winged.  Therefore, these are addressed in the rotary wing scenario.  Because of the penetrating nature of the missions, the autorouter is used to analyze the survivability of the route.  Given the mission objective, rules of engagement, asset assignment and platform data (e.g. performance, signature characteristics), base assignment, terrain/environment data, threat and intelligence data, Enemy-Order-of-Battle information, Blue-Order-of-Battle information and any time constraints, an optimum path can be determined by the autorouter.  This scenario is subject to time constraints, but these are currently undefined.  Figure 3‑8 depicts the path for this scenario.
Initialization

The user will load a candidate route(s) into an read/write context.  This may be through the Route Editor, or it may be through a separate UPC based context which does not encompass route editing.  In the latter case, the UPC may provide a utility which allows a candidate route to be generated programmatically.  To the planner, the data flow is transparent, but the UPC behind the scenes is invoking a programmatic interface in the Autorouter CC to perform the route generation.  A candidate route cannot be loaded into an read/write context outside of the Route Editor if that route is currently being edited in the Route Editor.  (UC Reference:  Create Route, Create Fixed Wing Route, Open Route(s))

Event Sequence

(Note:  The reference to the user in the following sequence can be either an interactive user or a programmatic user)

The scenario begins with the receipt of a new mission objective that requires route planning information.  Once the stick route to be elaborated through route generation has been identified, the user notes which portions of the candidate route are to be generated.  (UC Reference:  MPAR01 Select Route Generation)  There could be an occasion where portions of the stick route are fixed because of corridor restrictions, deconfliction, etc.  Typically only the portions of the route that are subjected to enemy threats are given to the autorouter to generate.  The route generation capability meanwhile will be engaged in loading the necessary reference data needed to evaluate the candidate route.  (UC Reference:  Serve RCS Data, Load Order of Battle, Access Threat Parametrics, MPAR03 Define Preferences, MPAR04 Define Constraints, MPAR11 Generate Threat Characterization, MPAR13 Load AR Data)  The user will then filter the order of battle to reflect the threat state as directed by the intel suppliers and apply a threat weighting to threat types.  (UC Reference:  MPAR12 Threat Weighting, Define OB Scenario)  The user will define a set of criteria to tell the autorouter what to evaluate against which reflects what the user is most interested in at the time, be it generating an optimal solution or planning for a contingency.  The evaluation criteria will be a combination of the cost function which calculates the figure of merit for the candidate route, the fidelity at which the route is evaluated, and a set of altitudes in which to the candidate solution may fly on and transition between.  (UC Reference:  MPAR07 Define Route Controls, MPAR05 Define Cost Function, MPAR09 Define Altitudes)   The user may have canned sets of evaluation criteria and constraints to apply directly and bypass defining them specifically for this session.  (UC Reference:  MPAR08 Define Defaults)
The user then instructs the system to generate a candidate route. The autorouter uses the parametrics to produce a route for non-target segments using the following criteria: terrain avoidance, threats, terrain masking, no-fly zones, time-dependent avoidance zones, must-fly zones, altitude, fuel, and weather.  (UC Reference:  MPAR16 Generate Candidate Route)  Missions of this type do not include the payloads that bomber missions have, but nevertheless there will be occasion for the autorouter to perform a specific plan for the target area, identifying the safest path through the target area by applying vehicle specific route tactics and constraints through interaction with the vehicle UPC.  Using vehicle signature, order of battle data, and threat parametric data, the system models the enemy air defense system kill-chain at each evaluation point along candidate paths within the solution space.  (UC Reference:  MPAR17 Model Threats).  The system models probability of terrain impact along the candidate edges.  (UC Reference:  Analyze Terrain Effects)  The system also models flight performance and vehicle characteristics.  (UC Reference:  Model Flight Performance)  In some cases, the user may ask for a high fidelity of evaluation independent of time constraints, one that may include a vehicle simulation and/or a threat detection model simulation  (UC Reference:  Analyze Threats – Route Analysis)  The autorouter will also account for environmental effects at the time of the mission by requesting weather data to apply in performance calculations.  (UC Reference: Import Static Environmental Data, Import Dynamic Environmental Data)  The autorouter concludes its processing when it routes all the way to the requested end point.  At that point, a final route evaluation of the entire candidate route is performed.  (UC Reference:  MPAR18  Evaluate Route)  This includes identifying large route deviations for potential smoothing. This may also include a vehicle simulation to offer a more robust modeling of the vehicle and its threat susceptibility.  A calculation of a cumulative score for the route based upon weighting factors and thresholds defined in the set of evaluation criteria is the result of this final evaluation.

The system then presents to the planner a summary as a cumulative result or on a leg-by-leg basis.  (UC Reference:  MPAR20 View Results)  To visually simulate the mission, the mission planner may choose to rehearse the mission.  (UC Reference: Configure Mission Rehearsal, Play Views).  The user may also choose to deconflict the current route being evaluated against other routes that are in the user’s mission binder.  (UC Reference:  MPAR33 Deconflict Route)

The user also has the option to perform the above event sequence for a number of routes concurrently.  The initialization, setup, and sequence is the same.  However, the user has the additional option to command the autorouter to automatically deconflict all of the routes concurrently.  (UC Reference:  MPAR19 Auto-Deconflict)  During automatic deconfliction, the same calculations utilized for manual deconfliction are used.  (UC Reference:  MPAR33 Deconflict Route)

The event sequence concludes with the user requesting to save the results to a persistent storage area.  (UC Reference:  Save Results, MPAR14 Save AR Data).  The user will then enter an evaluation period of assessing and adjusting the route to plan for contingencies or to find a user preferred route.  This process will continue until the user has completed their assessment of the candidate route. The user will then close the route generation context and return to the initial scenario start state.
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Figure 3‑8  Interdiction/Strike Combat Mission Scenario

3.3.3 Evaluate Mission Scenario

During contingency planning or a route refinement portion of the planning timeline, the planner may choose to evaluate a candidate route against a planner selectable set of evaluation criteria.  The candidate route may be one that has been manually generated via a route editor or auto generated with the Autorouter CC.  The evaluation is intended to provide a quantified “goodness” of the candidate route that the planner can determine if it is acceptable against defined thresholds.   The evaluation of the route may be against any combination of the following criteria:  threats, terrain, obstacles, vehicle capabilities, air space characteristics, fuel, time of arrival, GPS link coverage, and weather conditions.  The evaluate route process is independent of vehicle type.  The process may include vehicle specific evaluation criteria, but the methods in which the route is evaluated apply to any candidate route.  An evaluation should take no longer than 30 seconds to complete independent of workstation configuration and threat density because of the limited planning time and number of contingencies that may be modeled.  Figure 3‑9 depicts the path for this scenario.
Initialization

During the course of the mission plan, the planner will be engaged in evaluating contingencies to the primary plan or in evaluating the accuracy of an auto-generated route.  The user will load a candidate route(s) into an evaluation context.  This may be through the Route Editor, or it may be through a separate UPC based context which does not encompass route editing.  In the latter case, the UPC may provide a utility which allows a candidate route to be evaluated programmatically.  To the planner, the data flow is transparent, but the UPC behind the scenes is invoking a programmatic interface in the Autorouter CC to perform a route evaluation.  A candidate route cannot be loaded into an evaluation context outside of the Route Editor if that route is currently being edited in the Route Editor.  (UC Reference:  Open Route(s))

Event Sequence

(Note:  The reference to the user in the following sequence can be either an interactive user or a programmatic user)

Once the route to evaluate has been identified, the user notes which portions of the candidate route are to be evaluated.  (UC Reference:  MPAR02 Select Route Evaluation)  The evaluation capability meanwhile will be engaged in loading the necessary reference data needed to evaluate the candidate route.  (UC Reference:  Serve RCS Data, Load Order of Battle, Access Threat Parametrics, MPAR03 Define Preferences, MPAR04 Define Constraints, MPAR12 Threat Weighting, MPAR21 Airspace Weighting)  The user will define a set of criteria to evaluate against which reflects what the user is most interested in at the time, be it assessing a contingency or getting an idea of the susceptibility of the candidate route.  The evaluation criteria will be a combination of the cost function which calculates the figure of merit for the candidate route and the fidelity at which the route is evaluated.  (UC Reference:  MPAR07 Define Route Controls, MPAR05 Define Cost Function)  

The user then instructs the system to evaluate the candidate route. (UC Reference:  MPAR18 Evaluate Route)   Using RCS parameters, order of battle data, and threat parametric data, the system models the enemy air defense system kill-chain at each evaluation point along the candidate route.  (UC Reference:  MPAR17 Model Threats).  The system models probability of terrain impact along the candidate route.  (UC Reference:  Analyze Terrain Effects)  The system also models flight performance and vehicle characteristics.  (UC Reference:  Model Flight Performance)  In some cases, the user may ask for a high fidelity of evaluation independent of time constraints, one that may include a vehicle simulation and/or a threat detection model simulation  (UC Reference:  Analyze Threats – Route Analysis)  Route evaluation will also account for environmental effects at the time of the mission by requesting weather data to apply in performance calculations.  (UC Reference: Import Static Environmental Data, Import Dynamic Environmental Data)  The system will identify any restricted zones that are violated or any must-fly zones that aren’t entered.  The evaluation concludes with the calculation of a cumulative score for the route based upon weighting factors and thresholds defined in the set of evaluation criteria.

The system then presents to the planner an evaluation results summary as a cumulative result or on a leg-by-leg basis.  (UC Reference:  MPAR20 View Results)  To visually simulate the mission, the mission planner may choose to rehearse the mission.  (UC Reference: Configure Mission Rehearsal, Play Views).  The user may also choose to deconflict the current route being evaluated against other routes that are in the user’s mission binder.  (UC Reference:  MPAR33 Deconflict Route)

The event sequence concludes with the user requesting to save the evaluation results to a persistent storage area.  (UC Reference:  Save Results, MPAR14 Save AR Data).  The user will then adjust the initial settings by re-setting the portions of the candidate route to evaluate and/or the evaluation criteria and begin the sequence again.  This process will continue until the user has completed their contingency planning and assessment of the candidate route. The user will then close the route evaluation context and return to the initial scenario start state.
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Figure 3‑9  Evaluate Route Scenario

4 Capability Detail

This section contains a use case narrative for all use cases identified in Section 3 that apply to this CC.  For each use case there is an associated activity diagram.  Additional functional requirements for this CC can be found in section 4.2.  Finally, section 4.3 contains a detailed data matrix for this CC that relates to the Operational Information Exchange found in Figure 3‑3.
The following use cases comprise this spiral of the Autorouter CC:

Use Case Name  
Identifier 

Select Route Generation  
MPAR01 

Select Route Evaluation  
MPAR02

Define Preferences  
MPAR03 

Define Constraints  
MPAR04 

Define Cost Function  
MPAR05 

Define Route Controls  
MPAR07 

Define Defaults  
MPAR08 

Define Altitudes  
MPAR09 

Generate Threat Characterization  
MPAR11 

Threat Weighting  
MPAR12 

Load AR Data  
MPAR13 

Save AR Data  
MPAR14 

Generate Candidate Route  
MPAR16 

Model Threats  
MPAR17 

Evaluate Route  
MPAR18 

Auto-Deconflict  
MPAR19 

View Results  
MPAR20

Identify Conflicts
MPAR33

4.1 Capability Use Cases

The following sections describe the capability use cases for this spiral.

Requirements in order to execute the use case are noted by an identifier in parenthesis immediately following the statement to which it applies.  The syntax is:

(AR-MPARXX-YYYY)

XXX = use case number

YYYY = requirements number

The user in the courses can be either the interactive mission planner or the programmatic UPC.  If a function is interactive only, the actor will be noted as the planner instead of the user.

4.1.1 MPAR01 Select Route Generation Use Case

Description:

This use case describes the process in setting up an autorouting session and the initialization steps involved.

Actors:

Mission Planner (interactive user), UPC (programmatic user), Intel Planning CC

Assumptions and Pre-conditions:

The user can specify any and all combinations of setup parameters, preferences, and constraints for use in the generation of routes.  (AR-MPAR01-0100)

Basic Course:

1. The user designates the route or routes to be worked with in the Autorouter CC.  (AR-MPAR01-0200)  The user may generate and deconflict routes for multiple air vehicles, including different vehicle types.  (AR-MPAR01-0300)  The user may generate multiple routes for a single vehicle route, up to 10 “operationally significant” routes which satisfy the same set of route constraints and evaluation criteria.  (AR-MPAR01-0400)

2. For each route, the user is given a context to work with in read/write mode.

3. For each route, the user notes which portions of the candidate route are to be generated.  [A1]  (AR-MPAR01-0500)  The default is set to all legs.  (AR-MPAR01-0600)  Route legs are selected individually or in groups, with the option of having fixed legs in between selected legs or groups of legs.  (AR-MPAR01-0700)  This allows for ordered points and route segments through which the autoroute must pass.  This also allows for the incorporation of a time of arrival for each specified point through which the autoroute must pass.  (AR-MPAR01-0800)   Legs or sets of legs are selected up to and including the whole route.
4. The Autorouter CC determines the vehicle types of the routes and requests a 3-D RCS representation for each vehicle type.  (AR-MPAR01-0900) (<<include>> Serve RCS Data MPIP015)  RCS data is defined in accordance with the JMPS Intel ICD.

5. The Autorouter CC requests the contents of the order of battle that is loaded into the JMPS workstation.   (AR-MPAR01-1000) (<<include>> Load Order of Battle).  OB data is defined by the JMPS Intel ICD, Appendix B.

6. The Autorouter CC requests the parametric data for all the threat types in the order of battle. [A2]   (AR-MPAR01-1100) (<<include>> Access Threat Parametrics)  Threat parametric data is defined by the JMPS Intel ICD, Appendix J.

7. The user identifies the preferences to apply to the generation.  (AR-MPAR01-1200) (<<include>> Define Preferences MPAR03)
8. The user identifies the constraints to apply on a leg by leg basis.  (AR-MPAR01-1300)  (<<include>> Define Constraints  MPAR04)
9. The user identifies cost functions, evaluation criteria, and candidate altitudes to fly as setup parameters on a leg by leg basis.  (AR-MPAR01-1400)  (done in concert with MPAR05, MPAR07, and MPAR09)

10. The user continues to apply settings for each route the user has designated for autorouting until complete.

11. The Autorouter CC requests the loading of the preferences to apply. 

12. The Autorouter CC requests the loading of the constraints to apply.

13. The Autorouter CC requests the loading of the setup parameters to apply.

14. The Autorouter CC optionally displays the autorouting solution space corresponding to the available fuel for each leg selected for generation.  (AR-MPAR01-1500)

15. The user completes all the necessary initialization settings and the Autorouter CC is now prepared to execute the request and/or save the settings.

Alternate Courses:

[A1]  The user optionally selects an existing set of initialization settings to open that were created in a previous session and can then edit.  (AR-MPAR01-1600)  (<<include>> Load AR Data MPAR13)
[A2] If threat characterization data does not exist for the threat types in the order of battle against the vehicle type of the route, then generate them.  (AR-MPAR01-1700)  This requires JMPS Administrator privileges. (<<include>> Generate Threat Characterization MPAR11) 

Post Conditions:

The initialization for performing a route generation has been completed.

Figure 4‑1 is the activity diagram for this use case.
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Figure 4‑1  MPAR01 Activity Diagram

4.1.2 MPAR02 Select Route Evaluation Use Case

Description:

This use case describes the process in setting up for an evaluation of a route and the initialization steps involved.

Actors:

Mission Planner (interactive user), UPC (programmatic user), Intel Planning CC

Assumptions and Pre-conditions:

The user can specify any and all combinations of setup parameters, preferences, and constraints for use in evaluation of routes.  (AR-MPAR02-0100)

Any route, whether autorouted or not may be evaluated by the route evaluation tool.  (AR-MPAR02-0200)

Basic Course:

1. The user is given the route context to work with in read/write mode.

2. The user notes which portions of the candidate route are to be evaluated.  (AR-MPAR02-0300)  The default is set to all legs.  (AR-MPAR02-0400)

3. The Autorouter CC determines the vehicle type of the route and requests a 3-D RCS representation for the vehicle.  (AR-MPAR02-0500) (<<include>> Serve RCS Data MPIP015)  RCS data is defined in accordance with the JMPS Intel ICD.

4. The Autorouter CC requests the contents of the order of battle that is loaded into the JMPS workstation.   (AR-MPAR02-0600) (<<include>> Load Order of Battle).  OB data is defined by the JMPS Intel ICD, Appendix B.

5. The Autorouter CC requests the parametric data for all the threat types in the order of battle.   (AR-MPAR02-0700) (<<include>> Access Threat Parametrics)  Threat parametric data is defined by the JMPS Intel ICD, Appendix J.

6. The user identifies the preferences to apply to the evaluation.  (AR-MPAR02-0800) (<<include>> Define Preferences MPAR03)
7. The user identifies the constraints to apply on a leg by leg basis.  (AR-MPAR02-0900)  (<<include>> Define Constraints  MPAR04)
8. The user identifies cost functions & evaluation criteria setup parameters on a leg by leg basis.  (AR-MPAR02-1000)  (done in concert with MPAR05 & MPAR07)

9. The Autorouter CC requests the loading of the preferences to apply. 

10. The Autorouter CC requests the loading of the constraints to apply.

11. The Autorouter CC requests the loading of the cost functions & evaluation criteria to apply.

12. The user completes all the necessary initialization settings and the Autorouter CC is now prepared to execute the request and/or save the settings.

Alternate Courses:

None

Post Conditions:

The initialization for performing a route evaluation has been completed.

Figure 4‑2 is the activity diagram for this use case.
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Figure 4‑2  MPAR02 Activity Diagram

4.1.3 MPAR03 Define Preferences Use Case

Description:

This use case describes the steps involved in defining preferences for the autorouting session.  Preferences follow the JMPS standard with access via the Preferences Editor and settings for the Administrator level, the User level, and factory defaults.  Priorities are defined according to the preferences component in the JMPS Framework.  Preference items are those which relate more to the presentation layer as opposed to a default value to apply in the calculation algorithms.  For example, the user may prefer to use a labeled set of constraints, but the values of each element in the constraint set are defined as part of use case MPAR04.  This use case is included in the initialization for route generation and route evaluation, described in MPAR01 and MPAR02.

Actors:

Mission Planner (interactive user), JMPS Preferences Control

Assumptions and Pre-conditions:

Preferences defined here are unique to the Autorouter CC.  The CC should apply existing JMPS Framework preferences such as display and route preferences where applicable.  (AR-MPAR03-0100)

A set of preferences is prioritized by the JMPS Preferences control; an install level, an administrator level, and a user level. (AR-MPAR03-0200)  When applicable, preferences are defined further by vehicle type.  (AR-MPAR03-0300)  

This use case assumes that the JMPS Administrator has previously set preferences for all accounts on the JMPS server.  Programmatic preferences are defined by default parameters.

Basic Course:

1. The planner requests to define a set of preferences to apply for the account by opening the JMPS Preferences Control.  [A1]

2. The planner selects the category of preferences related to the Autorouter CC.

3. The Autorouter CC retrieves saved preferences from the Administrator level and presents them to the planner.  [A2]  (AR-MPAR03-0400)

4. The planner assigns a preference for a set of constraints.  (AR-MPAR03-0500)

5. The planner assigns a preference for a set of evaluation criteria to apply during routing.  (AR-MPAR03-0600)

6. The planner assigns a preference for a set of altitudes to use in deriving a solution.  (AR-MPAR03-0700)

7. The planner assigns a preference for a set of weights to apply in determining a candidate route’s figure of merit.  (AR-MPAR03-0800)

8. The planner assigns a preference for which segments of the route to automatically generate.  (AR-MPAR03-0900)

9. The planner assigns a preference for threat categories which are to be excluded from threat analysis (e.g. SAM or AAA).  (AR-MPAR03-1000)

10. The planner assigns a preference for colors to apply when highlighting Autorouter CC unique data and events in the graphical view.  (AR-MPAR03-1100)

11. The planner requests to save the modified preferences.  

12. The Autorouter CC saves the preferences to a persistent storage area.   (AR-MPAR03-1200)

Alternate Courses:

[A1]  The preferences were previously defined by the planner and are now being edited.

[A2]  When previously defined by the user, the Autorouter CC retrieves saved preferences from the user level and presents them to the planner.  (AR-MPAR03-1300)

Post Conditions:

A set of user preferences to apply for route generation or route evaluation has been defined.
Figure 4‑3 is the activity diagram for this use case.
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Figure 4‑3  MPAR03 Activity Diagram

4.1.4 MPAR04 Define Constraints Use Case

Description:

This use case describes the types of constraints the user can define to limit the derived solution by the autorouter.  These constraints are related to route parametrics such as leg lengths and route time/distance/fuel limits as opposed to vehicle limits.  This use case is included in the initialization for route generation and route evaluation, described in MPAR01 and MPAR02.

Actors:

Mission Planner (interactive user), UPC (programmatic user)

Assumptions and Pre-conditions:

A distinct set of constraints is defined by user and by vehicle type.  (AR-MPAR04-0100)

Basic Course:

1. The user requests to define a set of constraints to impose on the autorouter.  If the user is interactive, the user launches a capability in the Autorouter CC in which to define the constraints.  The user may choose to constrain the autorouter via any combination of possible parameters.  (AR-MPAR04-0110)

2. The user opens a previously saved set of constraints. [A1]  (AR-MPAR04-0200)
3. The user chooses to activate a leg length constraint (AR-MPAR04-0300) and defines a minimum leg length (AR-MPAR04-0600) and maximum leg length (AR-MPAR04-1100) threshold.  

4. The user chooses to activate a time on altitude constraint (AR-MPAR04-0400) and defines a minimum time on altitude (AR-MPAR04-1200) and maximum time on altitude (AR-MPAR04-1300) threshold. 

5. The user chooses to activate a heading change constraint (AR-MPAR04-0500) and defines a minimum heading change (AR-MPAR04-1600) and maximum heading change (AR-MPAR04-1700) threshold.   

6. The user chooses to activate a fuel constraint  (AR-MPAR04-0800) and defines a minimum fuel remaining to be met.  (AR-MPAR04-0700)

7. The user chooses to activate an altitude change constraint and defines a minimum altitude change to be met when climbing or descending.  (AR-MPAR04-1900)

8. The user chooses to activate a constraint to keep the starting point altitude untouched.  (AR-MPAR04-0950)

9. The user chooses to activate a constraint to keep the route course out of a fixed must-fly point (MFP) to be within a degree delta from the direct course to the next MFP.  (AR-MPAR04-0960)

10. The user chooses to activate a constraint such that the generated route will not transition back to higher altitudes after descending.  (AR-MPAR04-0970)

11. The user saves the defined constraints to a persistent storage area.  (AR-MPAR04-1000)  [A2]  [A3] [A4]
Alternate Courses:

[A1]  The user optionally selects default constraints to open and edit in order to generate a new set (<<include>> MPAR08 Define Defaults).

[A2]  The system allows the user to save the constraints as the master set for all routes of the current vehicle type (AR-MPAR04-1010).

[A3]  For maintenance purposes, the user may choose to delete  (AR-MPAR09-1020) or save a copy of (AR-MPAR04-1030)  the constraints.

[A4] The planner requests the system to print the constraints.  (AR-MPAR04-1040) 

Post Conditions:

A set of constraints to apply for route generation or route evaluation has been defined.

Figure 4‑4 is the activity diagram for this use case.
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Figure 4‑4  MPAR04 Activity Diagram

4.1.5 MPAR05 Define Route Merit Use Case

Description:

This use case identifies the processing associated with defining the figure of merit that is a part of the evaluation criteria for the JMPS Autorouter. This process is performed for both the generation of routes and the evaluation of routes.  In route generation, the cost and the evaluation criteria is used to determine a best path solution according to planner defined priorities and associated weightings.  In route evaluation, the evaluation criteria is used to determine a quantifiable measure of the “goodness” of the route according to planner defined priorities and associated weightings.  A grouping of parameters comprises a figure of merit set to be applied in route generation and evaluation.
Actors:

Mission Planner (interactive user), UPC (programmatic user)

Assumptions and Pre-conditions:

Any combination of cost parameters can be grouped together as a set.  (AR-MPAR05-0050)

A distinct set of evaluation criteria is defined by user and by vehicle type.  (AR-MPAR05-0300)

Basic Course:
1. The user requests to define the figure of merit for the evaluation criteria. (AR-MPAR05-0100) The Autorouter CC presents a dialog to the interactive user in which to define the parameters.

2. The user opens a previously saved set of evaluation criteria. [A1]  (AR-MPAR05-0200)

3. The user defines weighting factors for detection and engagement as evaluation criteria components. (AR-MPAR05-0400) (see classified Appendix B for list of detection and engagement components to apply)

4. The user defines a weighting factor to apply for probability of terrain impact as a component in the set of evaluation criteria.  (AR-MPAR05-0500)

5. The user defines a weighting factor to apply for fuel consumption as a component in the set of evaluation criteria.  (AR-MPAR05-0600)

6. The user defines a weighting factor to apply for violation of restricted zones as a component in the set of evaluation criteria.  (AR-MPAR05-0700)

7. The user defines a weighting factor to apply for violation of must-fly zones as a component in the set of evaluation criteria.  (AR-MPAR05-0800)

8. The user defines a UPC specific parameter to be used as a component in the set of evaluation criteria.  (AR-MPAR05-0900)

9. The user defines a weighting factor to apply to a UPC specific parameter that is used in a set of evaluation criteria.  (AR-MPAR05-1000)  UPC specific parameters may not be defined for certain vehicle UPCs.

10. The user saves the customized set of evaluation criteria to a persistent storage area.  [A2] [A3]  [A4]  (AR-MPAR05-1100)

Alternate Courses:

[A1]  The user optionally selects default settings to open and edit in order to generate a new set of evaluation criteria  (<<include>> MPAR08 Define Defaults).

[A2] The planner requests the system to print the customized set of evaluation criteria.  (AR-MPAR05-1200)

[A3]  For maintenance purposes, the user may choose to delete  (AR-MPAR05-1120) or save a copy of (AR-MPAR05-1140)  an existing set of evaluation criteria. 

[A4]  The system allows the user to save the set as the master set for all routes of the current vehicle type (AR-MPAR05-1200).

Post Conditions:

A figure of merit set of evaluation criteria to apply for route generation or route evaluation has been defined.

Figure 4‑5 is the activity diagram for this use case.
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Figure 4‑5  MPAR05 Activity Diagram

4.1.6 MPAR06 Deleted

4.1.7 MPAR07 Define Route Controls Use Case

Description:

This use case identifies the processing associated with defining a set of controls that will be used as part of evaluation criteria for the JMPS Autorouter. This process is performed for both the generation of routes and the evaluation of routes.  In route generation, these controls are used as part of a set of evaluation criteria that is used to determine a best path solution.  In route evaluation, these controls are used to help determine a quantifiable measure of the “goodness” of the route.  A grouping of evaluation components comprises a set of controls to be applied in route generation and evaluation.
Actors:

Mission Planner (interactive user), UPC (programmatic user)

Assumptions and Pre-conditions:

Any combination of evaluation components can be grouped together as an evaluation criteria set.  (AR-MPAR07-0050)

A distinct set of controls is defined by user and by vehicle type.  (AR-MPAR07-0100)

Basic Course:

1. The user requests to define a set of controls as an evaluation criteria.  If the user is interactive, the user launches a capability in the Autorouter CC in which to define a control set.

2. The user opens a previously saved set of evaluation criteria. [A1]  (AR-MPAR07-0200)

3. The user defines a frequency in which to evaluate conditions along the route, either as a time step (AR-MPAR07-0300) or as a distance step.  (AR-MPAR07-0400)

4. The user specifies that ground impact and terrain masking calculations be accounted for. [A4] (AR-MPAR07-0450)  The user specifies the level of DTED to be used in terrain impact calculations and in terrain masking computations.  (AR-MPAR07-0500) The user can specify DTED Level 0 (30 arc second resolution) (AR-MPAR07-0540), DTED Level 1 (3 arc second resolution) (AR-MPAR07-0550) or DTED Level 2  (1 arc second resolution).  (AR-MPAR07-0560)

5. The user defines a density of the solution space in which the autorouter is to search the underlying routing area as an evaluation criteria component. (AR-MPAR07-0600)

6. The user saves the customized set of evaluation criteria to a persistent storage area.  [A2]  [A3]  [A5] (AR-MPAR07-0700)

Alternate Courses:

[A1]  The user optionally selects default settings to open and edit in order to generate a new set of evaluation criteria  (<<include>> MPAR08 Define Defaults).

[A2]  For maintenance purposes, the user may choose to delete  (AR-MPAR07-0920) or save a copy of (AR-MPAR07-0940)  an existing set of evaluation criteria. 

[A3] The planner requests the system to print the customized set of evaluation criteria.  (AR-MPAR07-0900)

[A4] The user may choose to ignore terrain effects in calculations.  Checking for ground impact is set as a default.  (AR-MPAR07-0950)   Ignoring terrain masking effects is set as a default.  (AR-MPAR07-0960)

[A5]  The system allows the user to save the route controls as the master set for all routes of the current vehicle type (AR-MPAR07-1200).

Post Conditions:

A set of controls used for evaluation criteria to apply for route generation or route evaluation has been defined.

Figure 4‑6 is the activity diagram for this use case.
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Figure 4‑6  MPAR07 Activity Diagram

4.1.8 MPAR08 Define Defaults Use Case

Description:

This use case describes the steps involved in assigning default settings for a routing session.  This operation would customarily be performed by a user with JMPS Administrator privileges, creating a set of defaults that can be accessed and used by all the planners in the battalion, squadron or wing.   This process is useful in strike planning when applying a single set of criteria to a number of missions, not having to recreate the set for each user/mission combination.   This use case is an extension of the setup processes for performing autorouting.

Defaults are defined through the Preferences tool.  The Preferences tool allows for factory default settings, administrator settings, and user settings for each set of elements.  Refer to the JMPS Programmers Guide for details on the Preferences tool functions.  This use case identifies the course taken by the administrator but can equally apply to individual users and their unique default settings.

Actors:

JMPS Administrator (interactive user), UPC (programmatic user)

Assumptions and Pre-conditions:

The administrator has the right privileges to assign default values for all setup parameters needed to perform route evaluation and route generation.  A set of defaults is provided upon installation of the common capability.   (AR-MPAR08-0100)  Defaults are defined by vehicle type unless they are vehicle independent items.  (AR-MPAR08-0200).  The vehicle UPC will have privileges to edit their own vehicle defaults, but no others.  (AR-MPAR08-0300)  

Basic Course:

1. The user requests to define defaults for the setup criteria used in the common capability.  In interactive mode, the administrator selects the vehicle type to apply and applies defaults through the Preferences Editor.

2. The Autorouter CC loads the current set of defaults for the vehicle type and the vehicle independent items.

3. The user applies default parameter values by either editing existing defaults  (AR-MPAR08-0400)  or defining a UPC specific parameter and providing a default value.  (AR-MPAR08-0500)

4. The user requests to save the defaults.  (AR-MPAR08-0600)

Alternate Courses:

None

Post Conditions:

Defaults are modified and saved by the user.

Figure 4‑7 is the activity diagram for this use case.
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Figure 4‑7  MPAR08 Activity Diagram

4.1.9 MPAR09 Define Altitudes Use Case

Description:

This use case identifies the processing associated with defining altitudes for the autorouter. The JMPS AR must accept a set of altitudes over which the route path may navigate to find an optimized solution.  Altitudes can be defined as discrete or as a block range with an altitude block sizing increment. 
Actors:

Mission Planner (interactive user), UPC (programmatic user), JMPS Framework

Assumptions and Pre-conditions:

Any combination of cost parameters can be grouped together as a set.  (AR-MPAR09-0050)

An distinct altitude set is defined by user and by vehicle type.  (AR-MPAR09-0300)

Basic Course:

1. The user requests to define altitude constraints.  If the user is interactive, the Autorouter CC launches an interface in which to define the altitude set.

2. The user opens a previously saved set of evaluation criteria. [A1]  (AR-MPAR09-0100)

3. The Autorouter CC requests the JMPS Framework to load the applicable cruise, climb, and descent flight types for the current vehicle type (AR-MPAR09-0200).  

4. The user adds a discrete altitude [A3] and defines it as a

a. Constant AGL
(AR-MPAR09-0310)  

b. Constant MSL
(AR-MPAR09-0320)

c. Constant FL 
(AR-MPAR09-0330) 

d. Constant Above Target Level (ATL) for target legs   (AR-MPAR09-0350)   

5. The user specifies the commanded cruise flight type for the discrete altitude (AR-MPAR09-0400) [A4]. 

6. The user specifies the commanded climb and descent types to apply when transitioning off the altitude. (AR-MPAR09-0420)

7. The user specifies a nominal airspeed to fly at the altitude  (AR-MPAR09-0450), a minimum airspeed threshold to stay above (AR-MPAR09-0460), and a maximum airspeed to stay below (AR-MPAR09-0470).
7. The user defines a constant bank angle to apply at the discrete altitude when a turn is required (AR-MPAR09-0500) and the turn type to apply.  (AR-MPAR09-0520) [A5].  

8. The user repeats the discrete altitude definition up to a limit of 10 altitudes.  (AR-MPAR09-0550) 

9. The Autorouter CC notifies the user of each defined altitude and its turn characteristics which do not fall within the flight performance envelope (AR-MPAR09-0600).  

10. The user corrects entries to satisfy vehicle constraints.

11. The user saves the defined vertical profile to a persistent storage area.  (AR-MPAR09-0700)  [A6]  [A7]  [A8]

Alternate Courses:

[A1]  The user optionally selects default settings to open and edit in order to generate a new set (<<include>> MPAR08 Define Defaults). 

[A2]  The system allows the user to define a block altitude floor and ceiling and an altitude block sizing increment (AR-MPAR09-0800). [A2]

[A3]  The system converts an altitude block sizing increment of zero into a discrete altitude at the ceiling of the block (AR-MPAR09-0900).

[A4]   The user optionally defines an independent optimum cruise flight type of max range cruise.  (AR-MPAR09-1400)

[A5]  The system allows the user to alternatively define turns by using an applied turn radius or a sustained g-load through the turn (AR-MPAR09-1100).

[A6]  The system allows the user to save the altitude definition as the master set for all routes of the current vehicle type (AR-MPAR09-1200).

[A7]  For maintenance purposes, the user may choose to delete  (AR-MPAR09-0720) or save a copy of (AR-MPAR09-0740)  an existing altitude definition.

[A8] The planner requests the system to print the altitude definition.  (AR-MPAR09-1500) 

Post Conditions:

An altitude definition is saved which can be applied when deriving an optimal three dimensional autoroute.

Figure 4‑8 is the activity diagram for this use case.
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Figure 4‑8  MPAR09 Activity Diagram

4.1.10 MPAR10 Deleted

4.1.11 MPAR11 Generate Threat Characterization Use Case

Description:

This use case describes the methods the autorouter employs to characterize the threat parametric data.  This is part of a setup process for the autorouter and is included in the initialization for route generation, described in MPAR01.  Threat types are analyzed and a level of the threat’s effectiveness against the vehicle type is determined.  This characterization data is used within the autorouter to help define an optimal route through a threat area.  This operation would customarily be performed by a user with JMPS Administrator privileges, creating a set that can be accessed and used by all the planners in the battalion, squadron or wing.   The operation is normally done once for setup purposes and then applied in subsequent calculations.

Actors:

JMPS Administrator (interactive user)

Assumptions and Pre-conditions:

All threat types and submodes associated with the threat type in the OB will be characterized  (AR-MPAR11-0100)

There is a set of threat characterization data for each vehicle type.  (AR-MPAR11-0200)

Basic Course:

1. The administrator requests to define threat characterization data as setup data to be used in the common capability.

2. The administrator selects the vehicle type to apply.

3. The administrator defines vehicle altitudes at which to define threat effectiveness.  (AR-MPAR11-0300)   These serve as boundary points in which the autorouter interpolates between when generating a candidate route.

4. The administrator defines a step size to apply between 0 to the threat’s max range in which to evaluate the threat type’s effectiveness.  (AR-MPAR11-0400)

5. The administrator requests all threat types in the archived order of battle of the JMPS workstation to be processed.  (AR-MPAR11-0500)

6. The Autorouter CC computes the threat effectiveness against the vehicle type at each defined altitude for each step size distance between 0 and the threat’s max range.   (AR-MPAR11-0600)

7. The administrator requests to save the characterized data to a persistent storage area.   (AR-MPAR11-0700)  [A1]

Alternate Courses:

[A1]  The administrator can export the characterized data to an archive for backup or transfer  (go to extension Import/Export AR Data MPAR15)
Post Conditions:

Threat characterization data is initialized and can now be applied in modeling threats during autorouting.

Figure 4‑9 is the activity diagram for this use case.
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Figure 4‑9   MPAR11 Activity Diagram

4.1.12 MPAR12 Threat Weighting Use Case

Description:

This use case describes the process of applying a specific weight factor to a threat type.  This has application in the case when a higher/lower level of emphasis is desired on certain threat types that cannot be accommodated when applying weights in a cost function to a general threat category such as AAA or target tracking radars.  The user defines weights by threat type(s), threat site(s), and region(s) - each uniquely specifiable and applied by aircraft type.
Actors:

Mission Planner (interactive user), UPC (programmatic user)

Assumptions and Pre-conditions:

The order of battle has been loaded and filtered according to the user’s objectives.

Basic Course:

1. If the user is interactive, the user launches a capability in the Autorouter CC to define threat weights.  If the user is programmatic, the user requests a threat weight object.
2. The user defines the aircraft type to which the weightings apply.  (AR-MPAR12-0100)
3. The user creates a new threat weighting set for the aircraft type or asks the JMPS Framework to restore a previously saved set.  (AR-MPAR12-0150) 

4. A list of threat types in the order of battle is generated and presented to the user.  (AR-MPAR12-0200)
5. A default weighting factor is loaded for a new set or a threat type that has not been previously defined.  (AR-MPAR12-0250)  (<<include>> MPAR08 Define Defaults)
6. The user can apply weighting factors on a threat type [A1], on an individual threat site [A2], or on a geographic region basis [A3].  (AR-MPAR12-0300)
7. The user instructs the system to save the selections and store the settings.  The Autorouter CC interacts with the JMPS Framework to perform the save.
Alternate Courses:

[A1]  The user selects all threat types and globally applies a threat weight to all.  (AR-MPAR12-0400).  The user could also as an alternative select a group of threat types by function (i.e. AAA, EW, SAM) and apply a threat weight to all types of that group.  (AR-MPAR12-0500).

[A2]  The user enters an individual threat site (AR-MPAR12-0600) or the planner selects one graphically from the display  (AR-MPAR12-0700) and assigns a weight to that threat site.

[A3]  The user defines a bounding box  (AR-MPAR12-0800)  (planner can select graphically)  (AR-MPAR12-0900) and assigns a weight to all threats within that bounding box.

Post Conditions:

A set of airframe specific threat weighting factors are defined.
Figure 4‑10 is the activity diagram for this use case.
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Figure 4‑10  MPAR12 Activity Diagram

4.1.13 MPAR13 Load AR Data Use Case

Description:

This use case contains the steps in retrieving saved data related to an autorouting session from a repository.   The data may include the set of evaluation criteria previously used to analyze the route, notation of the portions of the route that were autorouted, and the results that were generated from the session.  When a route is loaded into a context for route generation or evaluation, saved data that was used during a previous session with the same route would be loaded automatically.  This is part of a setup process for the autorouter and is included in the initialization for route generation, described in MPAR01. 

Actors:

Autorouter CC

Assumptions and Pre-conditions:

The route generation/evaluation process has been activated by the user and the route(s) being edited has previously been worked with in the Autorouter CC.  During the previous session, the user requested that data associated with the route generation/evaluation be saved to a repository.  The repository where the data was saved is assumed to be available at the start of this use case.

Basic Course:

1. The Autorouter CC opens the repository where the data is saved in read only mode. [A1]  (AR-MPAR13-0100)
2. If they exist, the Autorouter CC reads from the repository the values of the evaluation criteria applied when the user saved the data previously.  (AR-MPAR13-0200)
3. If they exist, the Autorouter CC reads from the repository the values of which segments of the route were analyzed by the Autorouter CC when the user saved the data previously.  (AR-MPAR13-0300)
4. If they exist, the Autorouter CC reads from the repository the evaluation results which were calculated by the Autorouter CC when the user saved the data previously.  (AR-MPAR13-0400)
Alternate Courses:

[A1]  The repository source could be external media that is a backup archive or transfer from another workstation.  (go to extension Import/Export AR Data MPAR15)
Post Conditions:

The data that was saved by the user in a previous session of the settings that were used during route generation/evaluation in that previous session have been loaded into the context of the route being edited.

Figure 4‑11 is the activity diagram for this use case.
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Figure 4‑11  MPAR13 Activity Diagram

4.1.14 MPAR14 Save AR Data Use Case

Description:

This use case describes the steps in saving data related to an autorouting session into a repository.   The data may include the set of evaluation criteria used to analyze the route, notation of the portions of the route that were autorouted, and the results that were generated from the session.  This is part of the overall saving of the routing session process and is derived from the Save Results process in JMPS. 

Actors:

Autorouter CC, Mission Planner (interactive user), UPC (programmatic user)

Assumptions and Pre-conditions:

This process is assumed to be invoked when the user saves the route being edited within the Autorouter CC.  While the route data itself is managed within the JMPS Framework, the portion of the data related to the Autorouter CC is saved as part of the request.  The user may choose not to save any of this data while still saving the generated route result.  The repository where the data is to be saved is assumed to be available.

Basic Course:

1. The Autorouter CC opens the repository where the data is to be saved in read/write mode.  [A3]  [A4] (AR-MPAR14-0100) 
2. The Autorouter CC writes to the repository the values of the evaluation criteria that were applied during the routing session.  [A1]  [A2]  (AR-MPAR14-0200)
3. The Autorouter CC writes to the repository the values of which segments of the route were analyzed by the Autorouter CC during the routing session.  [A1]  [A2]  (AR-MPAR14-0300)
4. The Autorouter CC writes to the repository the evaluation results which were calculated by the Autorouter CC during the routing session.  [A1]  [A2]  (AR-MPAR14-0400)
Alternate Courses:

[A1]  If the data associated with the edited route is already saved in the repository from a previous action, the planner is queried if the data is to be overwritten. (AR-MPAR14-0500) If the planner does not acknowledge the overwrite, the existing data is preserved.  (AR-MPAR14-0600)

[A2] The programmatic user can force an overwrite if data already exists in the repository.  (AR-MPAR14-0700)

[A3] An error is returned to the user if the repository cannot be opened in read/write mode and the use case completes.  (AR-MPAR14-0800)

[A4]  The repository can also be exportable media for backup or transfer purposes.  (go to extension Import/Export AR Data MPAR15)

Post Conditions:

The settings that were used during the routing session have been saved for the route being edited.

Figure 4‑12 is the activity diagram for this use case.
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Figure 4‑12  MPAR14 Activity Diagram

4.1.15 MPAR15 Import/Export AR Data Use Case

Description:

This use case describes the process by which the planner can export data related to the Autorouter CC to an external source for archiving or for transfer to another JMPS workstation.  The external source may be a local hard drive, a network drive, or external media.  This use case also describes the reverse process of importing data related to the Autorouter CC into a JMPS workstation for mission planning purposes.

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.  Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios. 

4.1.16 MPAR16 Generate Candidate Route Use Case

Description:

This use case details the steps of the process by which the autorouter generates the candidate route.  The process will involve many components within JMPS to help in deriving a solution based upon user inputs.  This use case describes the coordination between these components.

Actors:

Autorouter CC, Weather CC, Vehicle UPC

Assumptions and Pre-conditions:

The user (interactive or programmatic) has invoked the request to generate.

The user may be autorouting multiple routes concurrently or requesting multiple routes to be generated from a single base stick route.

Basic Course:

1. A list of base stick routes to derive solutions for is passed into the component.  (AR-MPAR16-0100) The list of routes may be from 1 to 10.  (AR-MPAR16-0200)  They are listed in order of priority (i.e. conflicts between routes 1 and 2 are resolved by moving route 2)  (AR-MPAR16-0300)

2. For each base stick route which designates the start/end points of the segment to autoroute as well as must fly points en route, the characteristics of the route are loaded into the component.

3. Requested evaluation criteria, constraints, altitudes, threat weightings and preferences are passed in or loaded into the component to establish setup parameters for the autorouter.

4. The Autorouter CC creates a solution space in which to generate a candidate route which encompasses the start/end points and the must fly points.  (AR-MPAR16-0400)

5. The Autorouter CC provides the caller with an estimate of the time to perform prior to the initiation of the task.  (AR-MPAR16-0500)  

6. The Autorouter CC performs the route generation as a non-blocking task to allow users to perform other tasks and/or run other processes.  (AR-MPAR16-0600)  

7. The Autorouter CC provides an indication of time remaining for extended route generation processes.  (AR-MPAR16-0700)  

8. The Autorouter CC begins to propagate through the solution space looking for an optimal solution that meets the specified criteria.  [A1]  

9. Candidate segments are identified within the solution space and evaluated.

10. The component accounts for turns between legs  (AR-MPAR16-0800), changes in altitude  (AR-MPAR16-0900), changes in velocity  (AR-MPAR16-1000), fuel usage  (AR-MPAR16-1100), and flyability of the segment (AR-MPAR16-1200)  by working with the vehicle’s FPM. (<<include>> Model Flight Performance) 

11. The component takes into account time of arrivals at the must fly points and the end point while creating candidate segments.  (AR-MPAR16-1300)  

12. The component takes into account environmental effects by accessing forecast, climatological (these two through Weather CC), and manual data.  (<<include>> Import Static Environmental Data  <<include>> Import Dynamic Environmental Data) (AR-MPAR16-1400)  Priority is user-entered manual data followed by forecast data followed by climatological data.  (AR-MPAR16-1500)  [A2]

13. Probability of terrain impact is calculated for the candidate segment.  (AR-MPAR16-1600)  (<<include>> Analyze Terrain Effects)  [A3]

14. The candidate segment is evaluated for risk against threats and utilizing terrain masking.  (AR-MPAR16-1700)  (<<include>> Model Threats MPAR17)

15. The Autorouter CC determines a figure of merit for the candidate segment, which represents the quantification of the segment’s value relative to the mission planner weighted evaluation criteria.  (AR-MPAR16-1800)  This is calculated by applying the weighted evaluation criteria to the threat events identified when evaluating the segment.

16. As the candidate segments are generated, the component takes into account other routes which are being generated concurrently and how many routes are to be generated from the base stick route to automatically deconflict all of them together by user specified thresholds.  (AR-MPAR16-1900)  (<<include>> Auto-Deconflict MPAR19)
17. The component determines if the destination is reached.  If not, the Autorouter CC continues the propagation through the solution space.

18. The process continues until the component determines the aircraft route and standoff weapon route that minimizes threat effectiveness against both the aircraft and the standoff weapon.  [A4]  (AR-MPAR16-2000)  

19. A cumulative optimized and survivable route based on user specified criteria that meets the vehicle’s performance parameters is the finished product.  (AR-MPAR16-2100)  

20. The process continues until all routes in the list passed into the component are processed.

21. The candidate route results are returned to the caller.

Alternate Courses:

[A1]  If one of the points in the base points in the stick route is designated as a target to strike, the Autorouter CC determines the release point in a launch acceptability region that can be tied with the aircraft route.  This is the target area planning aspect of the autoroute.  (AR-MPAR16-2200)  

The Autorouter CC uses specific air vehicle tactics e.g.  B-2 GATS, F-117A IRADS ingress/egress and LOS constraints, JASSM terminal profiles and others necessary, as necessary in the autorouting and evaluation process.  (AR-MPAR16-2300)   (<<include>> Model Weapon Delivery)
A set of target area solutions are generated as candidates for the en route and recovery portions of the route to tie into as the autorouter creates an overall solution.  (AR-MPAR16-2500)  

The autorouter returns to the start point of the segment to begin finding a solution that ties into one of the candidate target area solutions. 

[A2] No winds and standard day temperature/pressure conditions are used if weather data is undefined or unavailable.  (AR-MPAR16-2600)  

[A3] Bald earth is used if DTED is unavailable.  (AR-MPAR16-2700)  
[A4] If no weapon release is designated in the base stick route, all weapon routes are disregarded in identifying a solution.  (AR-MPAR16-2800)
Post Conditions:

Requested paths to autoroute have been evaluated for flyability, performance, and threat risk according to user specified criteria and modified appropriately.  The results are available for the user to assess.

Figure 4‑13 is the activity diagram for this use case.
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Figure 4‑13  MPAR16 Activity Diagram

4.1.17 MPAR17 Model Threats Use Case

Description:

This use case describes the steps involved in modeling the threat environment over which the route is being generated and/or evaluated.  The level of modeling is at the discretion of the user and is a function of timing constraints and fidelity of the threat parametric data.  The detail may range from a robust simulation of a threat’s flyout model to simple range rings.  The choice of using a robust simulation is dictated by the vehicle type being autorouted and whether the UPC has provided a simulation.  Performance requirements for the simulation are defined by the UPC.  This use case is included in the route generation and route evaluation process, described in MPAR16 and MPAR18.

Actors:

Autorouter CC

Assumptions and Pre-conditions:

Modeling of threats involves applying parameters which are deemed classified according to the existing Security Classification Guide.  Therefore, the complete course is not defined in this use case.  Additional functional requirements regarding threat evaluation which apply to this use case are contained within Appendix B to this document, available under separate cover.

The ability exists for a UPC to replace the CC threat model with a specific model if desired.  (AR-MPAR17-0100)

The threat analysis step size along a candidate segment has been defined elsewhere as a routing control (MPAR07).  The minimum time/distance threshold for a detection or engagement event has been defined.  The fidelity of the threat model has been defined through threat characterization (MPAR11).  

Basic Course:

1. A candidate segment to evaluate is passed in from another component in the Autorouter CC.  The segment is submitted to the threat model for evaluation.  [A1]  

2. The threat model takes into account the vehicle RCS, the order of battle scenario, the threat parametric data, and the threat characterization data and evaluates the segment.  (AR-MPAR17-0200)  [A2] [A3] [A4]

3. The threat model takes into account if a threat event is already ongoing at the start of the segment.  (AR-MPAR17-0300)  

4. The threat model incorporates airframe, (AR-MPAR17-0400) frequency, (AR-MPAR17-0500)  and polarization dependent RCS values (AR-MPAR17-0600)  within its analysis functions.

5. Detection and tracking is computed using the three-dimensional RCS of the air vehicle.  (AR-MPAR17-0700)  

6. The segment is evaluated for radar detection.  (AR-MPAR17-0800)   (See appendix B for more detail)

7. The segment is evaluated for the ability of a threat to acquire track.  (AR-MPAR17-0900)  (See appendix B for more detail)

8. If a threat event is still active at the end of the segment, detection and track events are modeled cumulatively over successive segments.  (AR-MPAR17-1000)  

9. The segment is also evaluated for the ability of a SAM to fire  (AR-MPAR17-1100)  as well as the ability of a SAM to intercept.   (AR-MPAR17-1200)   (See appendix B for more detail)

10. The ability of a SAM or gun system to fire and the ability of a SAM to intercept are modeled cumulatively over successive segments.  (AR-MPAR17-1300)  

11. Radar queuing is also taken into account in the evaluation.  (AR-MPAR17-1400)  

12. Detection, tracking, and intercept take into account terrain masking and obstruction.  (AR-MPAR17-1500)  (<<include>> Analyze Terrain Effects)  
13. The threat model as an option analyzes segments for delayed detection  (AR-MPAR17-1600)  and delayed engagement.  (AR-MPAR17-1700)

14. When completed, the results of the evaluation are returned to the caller.

Alternate Courses:

[A1]  When the segment passed in is an entire route, an end to end route evaluation is requested, and there is no time constraint, analyze for detection through a higher fidelity threat model in another component.  (AR-MPAR17-1800)   (<<include>> Analyze Threats – Route Analysis in EW Planning CC)
[A2]  As an option for rapid threat modeling, the RCS is disregarded and the model is simplified by using maximum ranges of radars and maximum ranges of missiles.  (AR-MPAR17-1900)  
[A3]  As an option for simplified modeling that takes into account threat characterization, a constant RCS for the air vehicle is used.  (AR-MPAR17-2000)    (Constant RCS is assigned through Intel Planning CC)

[A4] When data is available, threat modeling includes event driven changes in the RCS data, such as bomber doors opening.  (AR-MPAR17-2100)

Post Conditions:

The candidate segment has been evaluated against the threat model.

Figure 4‑14 is the activity diagram for this use case.
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Figure 4‑14  MPAR17 Activity Diagram

4.1.18 MPAR18 Evaluate Route Use Case

Description:

This use case details the steps of the process by which the capability evaluates the candidate route.  The process is performed when a simple evaluation of a route is requested or after a candidate route has been generated and an end-to-end evaluation of the entire route is done.   The modeling done during route generation is at a minimum equivalent to that done during route evaluation.  However, if a UPC has provided a vehicle simulation in which to connect, the evaluation can be done in coordination with the positional points generated by the simulation.

Actors:

Autorouter CC, Weather CC, JMPS Framework, Vehicle UPC

Assumptions and Pre-conditions:

A route evaluation is always performed on the candidate route after route generation completion from start to end in order to calculate an overall figure of merit for the route.  (AR-MPAR18-0100)

In the case where a simple evaluation of a route is requested, the user (interactive or programmatic) has activated the request.

Basic Course:

1. A route to evaluate is passed into the component.  The route is evaluated from start to finish according to user specified evaluation criteria.  (AR-MPAR18-0200)

2. The component accounts for turns between legs  (AR-MPAR18-0300), changes in altitude  (AR-MPAR18-0400), changes in velocity  (AR-MPAR18-0500), fuel usage  (AR-MPAR18-0600), and flyability of the route (AR-MPAR18-0700)  by working with the vehicle’s FPM. (<<include>> Model Flight Performance)  [A1]
3. The component takes into account environmental effects by accessing forecast, climatological (these two through Weather CC), and manual data.  (AR-MPAR18-0800)  Priority is user-entered manual data followed by forecast data followed by climatological data.  (AR-MPAR18-0900)  [A2]

4. Probability of terrain impact is calculated for the route.  (AR-MPAR18-1000)  (<<include>> Analyze Terrain Effects)  [A3]

5. The route is evaluated for risk against threats.  (AR-MPAR18-1100)  (<<include>> Model Threats MPAR17)

6. The component determines a figure of merit for the route, which represents the quantification of the route segment "goodness" relative to the mission planner weighted evaluation criteria.  (AR-MPAR18-1200)  This is calculated by applying the weighted evaluation criteria to the threat events identified when evaluating the route.

7. A summarized list of evaluation results is prepared and returned to the caller.  (AR-MPAR18-1300) 
Alternate Courses:

[A1] Call vehicle UPC to perform vehicle simulation and return positional trajectory points along route to be evaluated against threats.  (AR-MPAR18-1400)  The vehicle simulation will substitute for the FPM used in basic course.  (AR-MPAR18-1500)  
[A2] No winds and standard day temperature/pressure conditions are used if weather data is undefined or unavailable.  (AR-MPAR18-1600)  

[A3] Bald earth is modeled if DTED is unavailable.  (AR-MPAR18-1700)  
Post Conditions:

The route has been evaluated for flyability, performance, and threat risk and results are available for the user to assess.

Figure 4‑15 is the activity diagram for this use case.
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Figure 4‑15  MPAR18 Activity Diagram

4.1.19 MPAR19 Auto-Deconflict Use Case

Description:

This use case describes the process by which routes are analyzed for safe separation from conflicts.  This process is typically performed when doing a number of autoroutes concurrently so that each solution is automatically deconflicted from the other.  In addition, generated routes can be commanded to have safe separation from canned routes in the mission binder.  The conflict analysis supports time-wise separation as well as vertical separation and horizontal separation.  The user can choose whether threat cost or time in conflict takes the top priority. Time in proximity is an additional control that always takes the lowest priority and is used to force routes to avoid each other in the absence of any threat cost or time in conflict.   This use case is included in the route generation process, described in MPAR16.

Actors:

Mission Planner (interactive user), UPC (programmatic user)

Assumptions and Pre-conditions:

The deconfliction process described in this use case occurs during route generation and is not a component of manual deconfliction, which is done in another component of JMPS.   Auto-deconfliction is handled in cases when either multiple routes are generated from the same initial stick route or when multiple routes with individual stick routes are generated concurrently.  Apart from the user initializations done prior to route generation starting, this use case covers the part of the process when deconfliction is handled during route generation.

Basic Course:

1. The user launches a capability in the Autorouter CC to define deconfliction parameters when working with multiple routes concurrently or when generating multiple variations from a single parent route.  (AR-MPAR19-0050)

2. The user specifies a number of operationally significant routes which satisfy the same set of route constraints to be generated, up to 24.  (AR-MPAR19-0100)  The number of routes to generate is defaulted to 1.  (AR-MPAR19-0200)

3. The user specifies a set of parameters in which the generated routes are to be mutually deconflicted.  (AR-MPAR19-0300)  The user sorts the criteria by time (AR-MPAR19-0400), by distance (AR-MPAR19-0500), and by altitude (AR-MPAR19-0600).  The user can specify any of these parameters to be disregarded in deconfliction.  [A1]  (AR-MPAR19-0700)

4. The user selects a priority between conflict avoidance and threat avoidance to apply during route generation.  (AR-MPAR19-0800)

5. During route generation, the Autorouter CC creates a set of routes that do not have segments with closely spaced, nearly parallel groundtracks when the option to generate > 1 operationally significant routes is requested.  (AR-MPAR19-0900)

6. During generation of multiple routes concurrently, the Autorouter CC calculates segments that are spatially and directionally deconflicted from each other according to priority and deconfliction criteria.  (AR-MPAR19-1000)  (include MPAR33 Deconflict Route UC)

7. When weapon delivery and target area planning is incorporated as part of route generation, the Autorouter CC generate segments which are frag deconflicted according to the munition’s weapon delivery, the vehicle’s delivery/recovery maneuvers, and the fragmentation cloud data.  (AR-MPAR19-1100)

Alternate Courses:

[A1]   The user can specify that a route be fixed and not subject to modification when working with multiple routes concurrently.  (AR-MPAR19-1200)    If conflicts are unable to be resolved, an error condition is generated.  (AR-MPAR19-1300)

Post Conditions:

Multiple routes of any vehicle type that are generated concurrently have their solutions automatically deconflicted according to the deconfliction criteria specified by the user.  In the option where the user asks for multiple routes to be generated from a single parent stick route, the solutions are automatically deconflicted according to the deconfliction criteria specified by the user.

Figure 4‑16 is the activity diagram for this use case.
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Figure 4‑16  MPAR19 Activity Diagram

4.1.20 MPAR20 View Results Use Case

Description:

This use case describes the steps the planner follows in viewing the results of a route generation or evaluation.  In addition to a summary of the results, the planner has the ability to further analyze the solution through supplemental tools  (Note:  supplemental tool development is deferred to a future spiral).    Results would be shown on a cumulative or a leg-by-leg basis.

Note that this use case will be expanded in future spirals to include analysis tools to aid the planner in assessing the candidate route and to aid in contingency planning.  This includes Display Threat Fans MPAR29, Display Threat Timeline MPAR30, Route Fly-Through via Configure Mission Rehearsal and Play Views from Mission Rehearsal CC and Analyze Threats – Route Fly-Through from EW Planning CC, Jamming Analysis MPAR32, and Analyze GPS Prediction MPAR31.

Actors:

Mission Planner (interactive user)

Assumptions and Pre-conditions:

Results are presented to the planner for the generation of a route or a set of routes, or for the evaluation of a route or set of routes.  Unless saved, results are discarded with each generation/evaluation operation requested.   Results are presented only upon the successful completion of a generation or evaluation request.  An assumption is the Autorouter CC has the ability and privileges to display the results on the planner’s console.  A route evaluation is always performed on the candidate route after route generation completion from start to end in order to calculate an overall figure of merit for the route.

Basic Course:

1. The Autorouter CC presents the planner with the results of the evaluation requested.  (AR-MPAR20-0100)  The data is displayed in a tabular format.  (AR-MPAR20-0200)  The planner views the data on a leg by leg basis (AR-MPAR20-0300)  or in a cumulative total.  (AR-MPAR20-0400)   The table only provides entries for those items the planner requests to be part of the cost function evaluation criteria.   (AR-MPAR20-0500)   All routes which have been requested for evaluation are presented concurrently.  (AR-MPAR20-0600)

2. The Autorouter CC also provides the planner with a way of distinguishing the results of a route by noting with colors which results correspond to which route displayed on the graphical view.  (AR-MPAR20-0700)

3. The Autorouter CC shows the planner the overall cost of the route as a figure of merit, which is the weight applied to a cost parameter times the number of units that parameter accumulates during the evaluation.  (AR-MPAR20-0800)

4. The Autorouter CC shows the planner the individual components that comprise the figure of merit as well as a route summary.  (AR-MPAR20-0900)  This may include threat detection and engagement costs, probability of terrain impact, and time/distance/fuel calculations for the route.

5. The planner further analyzes the solution through supplemental tools.  [A1]

Alternate Courses:

[A1]  The planner can perform a mission rehearsal on the route results.  The planner configures the mission rehearsal component (include MPMR001 Configure Mission Rehearsal), and then plays the rehearsal through the viewer.  (include MPMR002 Play Views)

Post Conditions:

The results of an evaluation of the candidate route are presented to the planner.

Figure 4‑17 is the activity diagram for this use case.
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Figure 4‑17  MPAR20 Activity Diagram

4.1.21 MPAR21 Airspace Weighting Use Case

Description:

This use case describes the process in which the user defines a level of importance to a airspace region to be applied in route generation and route evaluation.  While airspaces can be defined in another portion of JMPS, they cannot be assigned a weight to use in generating a candidate route or in evaluating the “goodness” of a route.  Airspace weighting can be applied to no-fly zones, time dependent avoidance zones (4 dimensional), and must-fly zones.  They can also apply to Air Traffic Control airspaces (e.g. Class A, B, C airspace) when performing autorouting for global mission support  (see Section 5.1.5).  This use case also describes the process of associating a must-fly zone with a route, which will then be fed into the set of evaluation criteria for route generation.

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification. 

4.1.22 MPAR22 Select DMPI Use Case

Description:

This use case describes the process of loading DMPI data from the PGMTDB or configuring it manually in order to coordinate weapon routes, aircraft missions that carry them, and targets attacked en route.  This process is typically for bomber missions, but with the progression of other vehicles towards carrying a significant number of smart weapons, this will have applicability to many mission types. 

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.  Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios.
4.1.23 MPAR23 Generate Target Complex Use Case

Description:

This use case describes the steps in allocating DMPIs to targets in order to generate a target complex that can be attacked with an aircraft mission.  The relationship to autorouting is that these target complexes can be auto-generated based upon DMPI location, aircraft performance, and vehicle specific attack maneuvers.

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.   Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios.
4.1.24 MPAR24 Select Target Complex Use Case

Description:

This use case describes the process in building a target complex to be struck in a strategic attack mission.  The process takes into account selected DMPIs and planner defined criteria in order to group DMPIs into a target complex.   Target complexes can be auto-generated or manually defined.  This process is typically for strategic attack type missions.

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.   Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios.

4.1.25 MPAR25 Manually Define Complex Use Case

Description:

This use case describes the steps in allocating DMPIs to targets via manual means in order to define a target complex.  

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.   Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios.

4.1.26 MPAR26 Sequence Targets Use Case

Description:

This use case describes the steps for auto-generating a sequence in which to strike a set of target complexes.  The planner defines entry and exit points for the target area and the complexes with the target area.  The relationship to autorouting is that the sequencing takes into account flight performance, planner routing controls, and the entry/exit points to generate a route for the aircraft that can then be refined through threat analysis either manually or via more restrictive route generation criteria.

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.  Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios.

4.1.27 MPAR27 Create Tie-Up Routes Use Case

Description:

This use case describes the process for tying together target complexes struck by weapons with aircraft missions.   Route tie-ups can be auto-generated via sequencing or manually defined.  This process is typically for bomber missions where many target complexes are struck in one mission, but with the progression of other vehicles towards carrying a significant number of smart weapons and striking multiple targets, this will have applicability to many mission types.

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.  Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios.
4.1.28 MPAR28 Manually Tie-Up Routes Use Case

Description:

This use case describes the steps in allocating target complexes to aircraft routes via manual means.  The planner defines entry and exit points for the target area and legs which tie together the target complexes to the aircraft route. 

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.  Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios.
4.1.29 MPAR29 Display Threat Fans Use Case

Description:

This use case describes the steps in displaying threat fans for the purposes of planner route analysis.  Threat fans apply to any route that has been evaluated for threats, so it includes both manually generated routes and autoroutes.  A threat fan shows the intersection of the portion of the route with the threat that is seeing the vehicle.  Threat fans take into account the entire threat modeling kill chain and show both detection and engagement events.  Therefore, it is more applicable to route analysis, which accounts for flight performance.

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.  Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios.
4.1.30 MPAR30 Display Threat Timeline Use Case

Description:

This use case describes the steps in displaying the events during the route where a threat is seeing the vehicle.  The timeline can be displayed in either a textual or in a graphical format.  Events in the timeline take into account the entire threat modeling kill chain and show both detection and engagement events.  The threat timeline applicability therefore lies within the context of route analysis.

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.  Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios.
4.1.31 MPAR31 Analyze GPS Prediction Use Case

Description:

This use case describes the process for determining the portions of the route which violate GPS dilution of precision thresholds (GDOP, PDOP, HDOP, and VDOP).  It takes into account GPS satellite locations and vehicle position to identify precision.  The areas of the route which violate the thresholds are highlighted and the events are also displayed in a tabular format.
The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.  Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios.

4.1.32 MPAR32 Perform Jamming Analysis Use Case

Description:

This use case describes the steps in which a planner can identify if the planned route is able to jam other emitter threats during its mission.  This is done as a post route evaluation analysis.  Determining the potential for jamming takes into account vehicle performance as well as threat performance, so therefore it is allocated as a route analysis function. 

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.  Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios.
4.1.33 MPAR33 Identify Conflicts Use Case

Description:

This use case describes the process by which a candidate route is determined to be in conflict with another route in the area.  This use case does not resolve the conflict, it merely identifies if one exists.  This is a common function to be utilized by both the autorouting process and the Mission Rehearsal common capability.  

Actors:

Autorouter CC, Mission Rehearsal CC

Assumptions and Pre-conditions:

This use case identifies if a conflict exists between two segments and is therefore of common use to both the Autorouter CC and the Mission Rehearsal CC.

Basic Course:

1. The Autorouter CC accepts two route segments and an altitude, distance, and time separation criteria which must be satisfied.  (AR-MPAR33-0050)

2. The Autorouter CC identifies if a conflict exists among the specified route segments.  (AR-MPAR33-0100)  The Autorouter CC checks for conflicts along great circle paths (AR-MPAR33-0200), constant radius waypoint turns (AR-MPAR33-0300), and altitude transitions. (AR-MPAR33-0400) Conflict interval endpoints are identified with an error not greater than 0.5 seconds.  (AR-MPAR33-0500)

3. The Autorouter CC returns the points along the route segments where conflicts occur to the caller.  (AR-MPAR33-0600)

Alternate Courses:

None
Post Conditions:

Identification of points where conflict occurs are provided to the caller and the caller can disposition them as necessary.

Figure 4‑18 is the activity diagram for this use case.
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Figure 4‑18  MPAR33 Activity Diagram

4.1.34 MPAR34 Generate Templates Use Case

Description:

This use case describes the steps in which the CC generates sets of threat templates during the route generation process so that they can be applied to other areas of functionality within JMPS.  For example, B-2 planners use templates for on board re-planning.

The definition of this use case is to be implemented in the future and is beyond the current scope of this specification.  Refer to Section 3, Capability Operational Overview, for a depiction of where this use case is applied in operational scenarios.
4.2 Additional Functional Requirements

This section contains additional functional requirements associated with this spiral of the CC that were not captured in a use case.  This section does not contain requirements already identified in a use case and  provides a reference back to the use case(s) to which the requirements apply.
Table 4‑1  Additional Functional Requirements

	Requirement Number
	Associated

Use Case
	Requirement Text ( or Title)

	AR-FCNL-0000
	
	General Requirements (0000-0999)

	AR-FCNL-0010
	All
	The JMPS AR shall provide the capabilities herein and shall be extensible to provide capabilities for manned and unmanned, Low observable, and non Low Observable airframes and weapons including, but not limited to F-18 , B-2 , F-117 , F-22 , JASSM,  JSF, Comanche and TASM aircraft.

	AR-FCNL-0020
	All
	The capability to interrupt and cancel long AR tasks or processes shall be provided to the degree allowed by the JMPS framework.   Task termination shall not corrupt the integrity of data or parameters being input to the task or process. 

	AR-FCNL-0030
	All
	JMPS AR shall provide an autorouter framework with a non-proprietary, plug and play interface and control scheme that meets the JMPS technical and business rules.  

	AR-FCNL-0040
	MPAR07
	JMPS AR shall enable mission planners to trade off autorouting efficiency with fidelity of autorouting by limiting algorithm parameters (e.g. grid size, step size, etc.) and area of interest. 

	AR-FCNL-0050
	All
	The JMPS AR shall provide an architectural framework allowing maximal flexibility in terms of plug and play capabilities. 

	AR-FCNL-0060
	All
	JMPS AR framework shall be designed to allow use in a classified or an unclassified environment by removal or addition of functions.     

	AR-FCNL-0999
	
	End of  General Requirements

	AR-FCNL-1000
	
	Route Evaluation (1000 – 1999)

	AR-FCNL-1010
	MPAR16
	JMPS AR shall not induce any positional error by relocating any specified object location, including targets, waypoints and threats.

	AR-FCNL-1020
	MPAR18
	JMPS AR shall verify terrain clearance for segments of a terminal maneuver using a variable clearance buffer value.

	AR-FCNL-1999
	
	End of Route Evaluation

	AF-FCNL-2000
	
	Route Generation and Optimization (2000-2999)

	AR-FCNL-2010
	MPAR16
	JMPS AR shall determine the aircraft route and standoff weapon route that minimizes threat effectiveness against both the aircraft and the standoff weapon. 

	AR-FCNL-2020
	MPAR16
	JMPS AR shall allow the mission planner to trade threat effectiveness between the aircraft and the standoff weapon. 

	AR-FCNL-2030
	MPAR16
	JMPS AR shall select a launch point for a standoff weapon that minimizes threat effectiveness against the aircraft. 

	AR-FCNL-2040
	MPAR16
	JMPS AR shall create either great circle legs or rhumb-lines as specified by the mission planner.

	AR-FCNL-2050
	MPAR16
	JMPS AR shall be capable of generating routes that incorporate pre‑defined air vehicle alignment maneuvers.

	AR-FCNL-2060
	MPAR16
	JMPS AR shall choose from among the specified vertical profiles and altitudes to generate a route which is a "global" optimum.

	AR-FCNL-2070
	MPAR16
	JMPS AR routes generated with an ATL altitude type shall level off at the ATL altitude at a minimum user specified distance from the final (target) waypoint.   An warning message shall be generated if this is not possible.

	AR-FCNL-2080
	MPAR16
	JMPS AR routes generated with an ATL altitude type shall not include climbs after the ATL level off point.

	AR-FCNL-2090
	MPAR16
	JMPS AR shall generate routes which terminate at target impact following any aircraft defined terminal maneuver profile.

	AR-FCNL-2100
	MPAR16
	JMPS AR shall generate routes which achieve a final enroute altitude based on an aircraft system specified above target level.

	AR-FCNL-2110
	MPAR07
	JMPS AR shall determine optimum turns from a preset list of allowable turns types for the vehicle. 

	AR-FCNL-2120
	MPAR16
	JMPS AR shall generate routes which incorporate achievable stand-off weapon releases.

	AR-FCNL-2999
	
	End or Route Generation and Optimization

	AR-FCNL-4000
	
	Programmatic Interfaces (4000 - 4199)

	AR-FCNL-4010
	MPAR01
	The capability shall be provided to allow a UPC to programmatically invoke route generation and pass information directly from the UPC to the capability and back.

	AR-FCNL-4011
	MPAR02
	The capability shall be provided to allow a UPC to programmatically invoke route evaluation and pass information directly from the UPC to the capability and back.

	AR-FCNL-4020
	MPAR01
	The capability shall be provided to allow a UPC to programmatically invoke target area planning as a standalone component of route generation and pass information directly from the UPC to the capability and back.

	AR-FCNL-4030
	MPAR16
	JMPS AR shall ignore the constraint buffer value for segments specified by the UPC such as the terminal maneuver.

	AR-FCNL-4040
	MPAR16

MPAR18
	JMPS AR programmatic interface shall allow a UPC to monitor and cancel a programmatically invoked JMPS AR function to the degree allowed by the JMPS architecture.

	AR-FCNL-4050
	MPAR16

MPAR18
	JMPS AR programmatic interface shall return a status indicating the success or failure of the invoked JMPS AR functionality.

	AR-FCNL-4600
	MPAR33
	JMPS AR programmatic interface shall allow a UPC to specify parameters to apply during deconfliction.

	AR-FCNL-4070
	MPAR04

MPAR06

MPAR07

MPAR08

MPAR09

MPAR12
	The capability shall be provided to allow a UPC to programmatically invoke the options necessary for setting up route generation and route evaluation.

	AR-FCNL-4090
	MPAR04

MPAR06

MPAR16

MPAR18
	JMPS AR shall provide bindings which enable a UPC to programmatically define function-related parameters for its aircraft type.

	AR-FCNL-4199
	
	End of Programmatic Interfaces

	AR-FCNL-4300
	
	Usability Requirements (4300- 4799)

	AR-FCNL-4310
	All
	JMPS AR shall provide seamless planning by platform context and across the full platform environment which is consistent with the JMPS Framework.

	AR-FCNL-4320
	All
	JMPS AR shall only provide display information that is pertinent to mission planners platform needs and requirements. 

	AR-FCNL-4330
	All
	JMPS AR shall provide graphical interfaces that have simple controls with shortcuts for advanced users.

	AR-FCNL-4340
	All
	Where applicable, the user shall be given the choice of defining parameters through keyboard entry or through graphical means.

	AR-FCNL-4350
	All
	All user inputs shall be range and validity checked.

	AR-FCNL-4799
	
	End of Usability Requirements

	AR-FCNL-4800
	
	Platform Specific Requirements (4800 – 5999)

	AR-FCNL-4810
	MPAR16
	JMPS AR shall generate optimal routes which meet the following user or UPC specified weapon delivery constraints:

1. Specific on‑board sensor(s) to be used for target imaging.

2. Imaging time requirements for the on‑board sensor(s).

3. Minimum time prior to weapon delivery by which target imaging must be complete.

4. Imaging approach axis.

5. Weapon delivery maneuver type (e.g., level, loft, dive).

6. Weapon delivery approach axis.

7. Maintaining LOS between delivery/controlling aircraft and munition trajectory.

8. Maintaining LOS between delivery/designating aircraft and target.

9. Minimum and maximum weapon range. 

10. Recovery maneuver.

	AR-FCNL-4820
	MPAR16
	JMPS AR shall determine the weapon delivery parameters based upon the specified delivery and recover maneuvers.

	AR-FCNL-4830
	MPAR16
	The JMPS AR shall be capable of generating target area solutions for two or more close targets without the need to insert additional navigation points between the previous target EP and the next target IP given the distance between target points for a direct EP to IP connection is sufficient to achieve the egress and ingress constraints within the capabilities of the aircraft performance.

	AR-FCNL-4840
	MPAR16
	JMPS AR shall generate routes which satisfy a user-specified minimum time between the EP of one target area solution and the IP of a subsequent area.

	AR-FCNL-4850
	MPAR16
	JMPS AR shall generate imaging legs which extends, straight and level, beyond the End Image (EI) point for a user-specified time.

	AR-FCNL-5999
	
	End of Platform Specific Requirements

	AR-FCNL-6000
	
	Threat Model, Depictions, Weighting and Analysis

(6000 – 6499)

	AR-FCNL-6010
	MPAR17
	JMPS AR shall determine threat detection capabilities using the airframe 3D, a six DOF airframe attitude model, and the contractor provided threat model.

	AR-FCNL-6020
	MPAR17
	JMPS AR shall account for refraction effects by calculating RF energy propagation paths using a LOS horizon as approximated by a 4/3 earth radius or similar model.

	AR-FCNL-6030
	MPAR17
	JMPS AR shall account for RF energy loss due to atmospheric attenuation effects.

	AR-FCNL-6499
	
	End of Threat Model, Depictions, Weighting and Analysis

	AR-FCNL-9000
	
	Other Requirements (9000 -9499)

	AR-FCNL-9010
	MPAR01
	 JMPS AR shall provide the ability to incorporate data defining an integrated air defense system (IADS) network.

	AR-FCNL-9020
	MPAR01
	 JMPS AR shall provide the ability to incorporate data designating the probability of suppression for individual radars.

	AR-FCNL-9030
	MPAR18
	 JMPS AR shall provide an algorithm to evaluate routes based on one or more IADS network.

	AR-FCNL-9040
	MPAR18
	JMPS AR shall provide an algorithm to evaluate routes where selected radars have a probability of suppression.

	AR-FCNL-9050
	MPAR16
	JMPS AR shall provide an algorithm to generate routes based on one or more IADS network.

	AR-FCNL-9060
	MPAR16
	JMPS AR shall provide an algorithm to generate routes where selected radars have a probability of suppression.

	AR-FCNL-9070
	MPAR03
	JMPS AR shall allow the user to graphically define IADS regions such that all early warning radars in a region will cue all fire control radars in that same region.

	AR-FCNL-9080
	MPAR03
	JMPS AR shall allow the user to group IADS regions into sets such that any specific set of regions can be used for evaluation and/or route generation purposes.

	AR-FCNL-9090
	MPAR03
	 JMPS AR shall allow the exclusion of specified threat sites and/or types for any IADS region.

	AR-FCNL-9100
	MPAR16
	 JMPS AR shall generated imaging legs which satisfy a user specified minimum drift angle.

	AR-FCNL-9110
	MPAR16
	JMPS AR shall allow the user to specify  insertion of a 4 point Inertial Navigation System (INS) alignment maneuver which satisfy the following constraints independent of other routing constraints :


straight and level distance prior to the roll-in at 1st point of maneuver


straight and level distance after the roll-out at last point of maneuver


maximum and minimum course change at waypoints of INS maneuver


max time from beginning of route to the completion of the maneuver 


max time between turns in the maneuver


max and min bank angles for turns in the INS maneuver


min time  from beginning of route to the start of the maneuver 

	AR-FCNL-9499
	
	End of Other Requirements


4.3 Capability Data Exchange

Table 4‑2 further describes the information exchange identified in Table 3‑2 and identifies the Use Cases where the data is used.
Table 4‑2  Capability Data Exchange

	Identifier
	Data Reference
	Data Item
	Description
	Producer
	Receiver
	Use Case(s)

	AR101
	Target Area Environmental Data
	Climatological, Forecast and Current Winds, Temperature, Pressure
	Environmental data needed by the CC to model threats and vehicle flight
	Weather CC
	Autorouter CC
	MPAR16 MPAR18

	AR201
	En Route Environmental Data
	Climatological, Forecast and Current Winds, Temperature, Pressure
	Environmental data needed by the CC to model threats and vehicle flight
	Weather CC
	Autorouter CC
	MPAR16 MPAR18

	AR301
	Threat Parametric Data
	All in Appendix J of JMPS Intel ICD
	Information and capabilities of threat types
	Framework
	Autorouter CC
	MPAR11
MPAR17

	AR401
	Stick Route
	Waypoint locations of initial path
	Initial route passed to autorouter to be refined against user evaluation criteria
	Framework
	Autorouter CC
	MPAR01
MPAR02

	AR501
	Filtered OB
	List of threat locations
	Locations of threats in filtered order of battle to be modeled during routing
	EW Planning CC
	Autorouter CC
	MPAR16
MPAR18

	AR601
	Order of Battle Data
	List of all items in order of battle and threat types
	Imported order of battle representing enemy locations
	Framework
	Autorouter CC
	MPAR16
MPAR18

	AR701
	Generated Route
	Waypoint locations of refined route
	Finished route which meets user evaluation criteria for optimal generation
	Autorouter CC
	Framework
	MPAR16

	AR801
	Man in the loop execution
	Console Entry of data items for setup and execution of Autorouter functions
	Interactive user 
	Mission Planner
	Autorouter CC
	Many

	AR901
	JMPS component execution
	Programmatic entry of data items for setup and execution of Autorouter functions
	Programmatic user
	UPC
	Autorouter CC
	Many

	AR1001
	Weapon Delivery Data
	Weapon trajectory for vehicle delivery maneuver
	Produced by UPC as model of weapon flight when launched by vehicle
	UPC
	Autorouter CC
	MPAR16
MPAR19

	AR1101
	Airspace Data
	Boundary of airspace region, entry restrictions by alt/time
	Custom or DAFIF defined zones that are designated as no-fly/restricted/must-fly
	Framework,
NIMA
	Autorouter CC
	MPAR21

	AR1201
	Flight Performance Data
	Time, distance, fuel for route segment
	Calculation of flight performance for a candidate path, used for flyability of candidate solutions
	Framework, FPM
	Autorouter CC
	MPAR16
MPAR18

	AR1301A
	Route Fly-Through
	Waypoint locations of refined route
	Refined route available for route fly-through with Mission Rehearsal
	Autorouter CC
	Mission Rehearsal CC
	MPAR20

	AR1301B
	Manual Deconfliction
	Two segments of two different routes
	Identifies deconfliction between two paths as aid to manual deconfliction
	Mission Rehearsal CC
	Autorouter CC
	MPAR33

	AR1401
	Terrain impact and masking data
	DTED
	Input to calculation if path is terrain masked from a location or if the path will impact the terrain
	Framework, NIMA
	Autorouter CC
	MPAR16
MPAR17
MPAR18

	AR1501
	Coordinated Strike Data
	Target complexes of DMPIs tied to sequence in aircraft route
	Weapon/Aircraft tie-up routes
	Autorouter CC
	Framework, Mission Binder
	MPAR27

	AR1601
	RCS Data
	Table of vehicle RCS by elevation and azimuth
	Vehicle’s signature which makes vehicle detectable by threats
	Intel Planning CC
	Autorouter CC
	MPAR01
MPAR02

	AR1701
	GPS Dilution of Precision Data
	Geometric, Horizontal, Vertical Dilution of Precision
	Used for calculation of vehicle’s connectivity to GPS satellites
	Framework
	Autorouter CC
	MPAR31


5 Capability Spirals

The following is a suggested prioritization of capabilities to support the user and/or the evolution of dependent common capabilities.  The development includes an autorouter framework for further expansion to other mission types and support for integration with vehicle UPCs which are scheduled for system integration in the same time frame.  

5.1 Spiral Identification

The development of the Autorouter CC will consist of 3 spirals.  Dates for the spiral deliveries are intended to coincide with system integration efforts with vehicle UPCs.  

The initial spiral of the Autorouter CC will be to provide a capability which supports the strategic attack combat missions and the interdiction/strike combat missions that utilize vehicles with low observable characteristics.   The capability will consist of the following:

Single and Multi-route optimization capability with basic deconfliction

This includes the modeling of:

Threats (EOB only) with actual parametric data

Terrain with real DTED

Target Area Planning including weapon delivery

Vehicle RCS

Vehicle flight performance

Environmental effects (winds only)

Basic Route Evaluation capability for test and evaluation.

Platform Specific Preferences

The following sub-paragraphs describe scenarios which apply to the Autorouter CC but are to be implemented in a future spiral than the one currently described in this specification.  They are here to demonstrate the future applicability of this CC to other scenarios.  They are also defined here as information only and not to be bid upon for the initial spiral.

5.1.1 Strategic Attack Combat Mission Scenario  -  Full Implementation 

This notional scenario describes the process associated with the route generation portion of the planning for a strategic attack combat mission.  These are primarily first strike vehicles, bombers with significant payloads or cruise missiles that follow a mission plan.  These vehicles are also generally stealthy and low observable for the purposes of penetrating a rich enemy threat environment.  Because of the lengthy and complex nature of the missions, the autorouter is used to speed the development of the mission profile.  Because of the penetrating nature of the missions, the autorouter is used to analyze the survivability of the route.  Order of Battle (OB), Radar Cross-section (RCS), and flight performance are essential factors in evaluating the risk introduced as well as determining an optimum path.  Threat modeling is the primary discriminator.  When fully implemented, the Autorouter CC will support the strategic attack combat mission from start to finish.  The autorouter will play a key role in being able to plan a bomber route which carries dozens of weapons for a strategic strike.  A large portion of the process must be automated in order to meet time constraints.  

This scenario is subject to time constraints depending upon the vehicle type, the payload, and the number of desired mean points of impact (DMPIs) and will be developed by the contractor upon award.   Figure 5‑1 depicts the path for this scenario.
Initialization

This scenario will start with the Air Tasking Order or some form of communication which dictates the striking of a number of strategic targets in enemy territory as a first wave strike.  A mission may represent the launching of 80 JDAMs from a B-2, a Tomahawk cruise missile strike, or a JASSM standoff weapon launch from an F-18.  This scenario has to assume that  some type of weapon modeling has been done with a UPC such as the PGMPS or the CWDS in JMPS.  At that point, weapons have been tied to DMPIs, but the tie up to the aircraft route and the clustering of the weapons to targets has not yet occurred.  The planner will have loaded the weapon plans done with PGMPS/CWDS into a mission binder.  The planner will then generate an aircraft route to tie the weapons to the aircraft.    (UC Reference:  Create/Open Mission Binder)
Event Sequence

Following the definition of the mission binder and the aircraft route context within it, the planner will cluster the weapon strikes together as best as possible in order to minimize threat susceptibility while performing many delivery maneuvers.  The planner will select the DMPI set that is assigned through the ATO (UC Reference:  MPAR 22 Select DMPI ) and select a series of target complexes in which to cluster the DMPIs.  (UC Reference:  MPAR24  Select Target Complex)  The planner can either select the target complexes manually  (UC Reference:  MPAR25  Manually Define Complex)   or let the Autorouter CC attempt the clustering based upon planner specified criteria.  (UC Reference:  MPAR23 Generate Target Complex)
After target complexes have been established and DMPIs clustered, the aircraft route can be roughly generated to strike the target complexes.  This is tying up the aircraft route to the weapon plans.  (UC Reference:  MPAR27 Create Tie-Up Routes)  The planner can either generate the strike sequence of the target complexes manually  (UC Reference:  MPAR28 Manually Tie-Up Routes)  or let the Autorouter CC attempt the sequencing.  The Autorouter CC will take into consideration the aircraft’s performance and planner specified criteria in generating a sequence.  (UC Reference:  MPAR26 Sequence Targets, MPAR07 Define Route Controls)  When the sequencing is complete, the aircraft route can be stored in the mission binder.  (UC Reference:  UPC Interaction with Mission Binder)

Once the aircraft stick route and the weapon plans have been tied up, the planner will elaborate the aircraft route further through route generation to minimize threat coverage.   The planner notes which portions of the candidate route are to be generated.  (UC Reference:  MPAR01 Select Route Generation)  There could be an occasion where portions of the stick route are fixed because of corridor restrictions, deconfliction, etc.  Typically only the portions of the route that are subjected to enemy threats are given to the autorouter to generate.  The planner may also be given restrictions about areas which are restricted, areas which are keep out, and areas which the route must be constrained within.  These areas will have been previously defined for the Autorouter CC to reference.  (UC Reference:  Define Airspace Region)  The route generation capability meanwhile will be engaged in loading the necessary reference data needed to evaluate the candidate route.  (UC Reference:  Serve RCS Data, Load Order of Battle, Access Threat Parametrics, MPAR03 Define Preferences, MPAR04 Define Constraints, MPAR11 Generate Threat Characterization, MPAR13 Load AR Data)  The user will then filter the order of battle to reflect the threat state as directed by the intel suppliers and apply a threat weighting to threat types.  (UC Reference:  MPAR12 Threat Weighting, Define OB Scenario)  The user will assign priorities to keep out areas, restricted areas, and areas in which the route must be constrained.  (UC Reference:  MPAR21 Airspace Weighting)  The user will define a set of criteria to tell the autorouter what to evaluate against which reflects what the user is most interested in at the time, be it generating an optimal solution or planning for a contingency.  The evaluation criteria will be a combination of the cost function which calculates the figure of merit for the candidate route, the fidelity at which the route is evaluated, and a set of altitudes in which to the candidate solution may fly on and transition between.  (UC Reference:  MPAR07 Define Route Controls, MPAR05 Define Cost Function, MPAR09 Define Altitudes)   Cruise missile planning might involve terrain-following modes as a possible flight path.  The user may have canned sets of evaluation criteria and constraints to apply directly and bypass defining them specifically for this session.  (UC Reference:  MPAR08 Define Defaults)
The user then instructs the system to generate a candidate route. The autorouter uses the parametrics to produce a route for non-target segments using the following criteria: terrain avoidance, threats, terrain masking, no-fly zones, time-dependent avoidance zones, must-fly zones, altitude, fuel, and weather.  (UC Reference:  MPAR16 Generate Candidate Route)  In the case of bomber routes, the autorouter also performs a specific plan for the target area, identifying the safest path through the target area by applying vehicle specific route tactics (e.g., GPS Aided Tactics System (GATS) for the B-2) and constraints through interaction with the vehicle and weapon UPC. (UC Reference:  Model Weapon Delivery)  The autorouter takes the solution space into account to identify a network in which to find a solution.  Using RCS parameters, order of battle data, and threat parametric data, the system models the enemy air defense system kill-chain at each evaluation point along candidate edges within the network.  (UC Reference:  MPAR17 Model Threats).  The system models probability of terrain impact along the candidate edges.  (UC Reference:  Analyze Terrain Effects)  The system also models flight performance and vehicle characteristics.  (UC Reference:  Model Flight Performance)  In some cases, the user may ask for a high fidelity of evaluation independent of time constraints, one that may include a vehicle simulation and/or a threat detection model simulation  (UC Reference:  Analyze Threats – Route Analysis)  The autorouter will also account for environmental effects at the time of the mission by requesting weather data to apply in performance calculations.  (UC Reference: Import Static Environmental Data, Import Dynamic Environmental Data)  While the autorouter is executing, the threat templates that are computed for detection and engagement for each threat type are being archived for future use in other applications.  (UC Reference:  MPAR34 Generate Templates)  The autorouter concludes its processing when it routes all the way to the requested end point.  At that point, a final route evaluation of the entire candidate route is performed.  (UC Reference:  MPAR18  Evaluate Route)  This may include a vehicle simulation to offer a more robust modeling of the vehicle and its threat susceptibility.  A calculation of a cumulative score for the route based upon weighting factors and thresholds defined in the set of evaluation criteria is the result of this final evaluation.

The system then presents to the planner a summary as a cumulative result or on a leg-by-leg basis.  (UC Reference:  MPAR20 View Results)  Visual aids the mission planner might use to help in assessing the route include a threat event history in tabular form,  (UC Reference:  MPAR30 Display Threat Timeline)  and a highlighting of the portions of the route where the threat events occur.  (UC Reference:  MPAR29 Display Threat Fans)  The user can also instruct the system to calculate the Geometric Dilution Of Precision (GDOP), Position Dilution Of Precision (PDOP), Horizontal Dilution Of Precision (HDOP), and Vertical Dilution Of Precision (VDOP) along the candidate route.  (UC Reference:  MPAR31 Analyze GPS Prediction)   The mission planner might employ a visual aid to highlight the portions of the route which violate GDOP, PDOP, HDOP, and VDOP thresholds, or where restricted zone violations occur.  The planner may also use an analysis tool to model self-jamming effects while the route is being flown.  (UC Reference:  MPAR32 Perform Jamming Analysis)  To visually simulate the mission, the mission planner may choose to walk the route in either direction with a template by threat type and highlight the threats which cause an event at a step in the route.  (UC Reference:  Analyze Threats – Route Fly-Through, Play Views).  The user may also choose to deconflict the current route being evaluated against other routes that are in the user’s mission binder.  (UC Reference:  MPAR33 Deconflict Route)

The user also has the option to perform the above event sequence for a number of routes concurrently.  The initialization, setup, and sequence is the same.  However, the user has the additional option to command the autorouter to automatically deconflict all of the routes concurrently.  (UC Reference:  MPAR19 Auto-Deconflict)  During automatic deconfliction, the same calculations utilized for manual deconfliction are used.  (UC Reference:  MPAR33 Deconflict Route)

The event sequence concludes with the user requesting to save the results to a persistent storage area.  (UC Reference:  Save Results, MPAR14 Save AR Data).  The user will then enter an evaluation period of assessing and adjusting the route to plan for contingencies or to find a user preferred route.  This process will continue until the user has completed their assessment of the candidate route. The user will then close the route generation context and return to the initial scenario start state.

During archiving periods, the user may choose to preserve the data used in route generation and evaluation by exporting it to an archive source.  Similarly, when reinstalling or setting up a new JMPS workstation, the user may choose to restore archived data related to route generation and evaluation.  (UC Reference:  MPAR15 Import/Export AR Data)
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Figure 5‑1  Strategic Attack Combat Mission Scenario – Full Implementation

5.1.2 Interdiction/Strike Combat Mission for Fixed Wings Scenario  -  Full Implementation 

This notional scenario describes the process associated with the route generation portion of the planning for a strike combat mission.  The vehicles flying these missions are the tactical engagement vehicles in the Air Force and Navy, the fighters.  A few of these vehicles are also stealthy and low observable for the purposes of penetrating a rich enemy threat environment.  The Army also has tactical engagement vehicles, but all rotary winged.  Therefore, these are addressed in the rotary wing scenario.  Because of the penetrating nature of the missions, the autorouter is used to analyze the survivability of the route.  Given the mission objective, rules of engagement, asset assignment and platform data (e.g. performance, signature characteristics), base assignment, terrain/environment data, threat and intelligence data, Enemy-Order-of-Battle information, Blue-Order-of-Battle information and any time constraints, an optimum path can be determined by the autorouter.  This scenario is subject to time constraints, but these are currently undefined.  Figure 5‑2 depicts the path for this scenario.
Initialization

The user will load a candidate route(s) into an read/write context.  This may be through the Route Editor, or it may be through a separate UPC based context which does not encompass route editing.  In the latter case, the UPC may provide a utility which allows a candidate route to be generated programmatically.  To the planner, the data flow is transparent, but the UPC behind the scenes is invoking a programmatic interface in the Autorouter CC to perform the route generation.  A candidate route cannot be loaded into an read/write context outside of the Route Editor if that route is currently being edited in the Route Editor.  (UC Reference:  Create Route, Open Route(s))

Event Sequence

(Note:  The reference to the user in the following sequence can be either an interactive user or a programmatic user)

The scenario begins with the receipt of a new mission objective that requires route planning information.  Once the stick route to be elaborated through route generation has been identified, the user notes which portions of the candidate route are to be generated.  (UC Reference:  MPAR01 Select Route Generation)  There could be an occasion where portions of the stick route are fixed because of corridor restrictions, deconfliction, etc.  Typically only the portions of the route that are subjected to enemy threats are given to the autorouter to generate.  The planner may also be given restrictions about areas which are restricted, areas which are keep out, and areas which the route must be constrained within.  These areas will have been previously defined for the Autorouter CC to reference.  (UC Reference:  Define Airspace Region)  The route generation capability meanwhile will be engaged in loading the necessary reference data needed to evaluate the candidate route.  (UC Reference:  Serve RCS Data, Load Order of Battle, Access Threat Parametrics, MPAR03 Define Preferences, MPAR04 Define Constraints, MPAR11 Generate Threat Characterization, MPAR13 Load AR Data)  The user will then filter the order of battle to reflect the threat state as directed by the intel suppliers and apply a threat weighting to threat types.  (UC Reference:  MPAR12 Threat Weighting, Define OB Scenario)  The user will assign priorities to keep out areas, restricted areas, and areas in which the route must be constrained.  (UC Reference:  MPAR21 Airspace Weighting)  The user will define a set of criteria to tell the autorouter what to evaluate against which reflects what the user is most interested in at the time, be it generating an optimal solution or planning for a contingency.  The evaluation criteria will be a combination of the cost function which calculates the figure of merit for the candidate route, the fidelity at which the route is evaluated, and a set of altitudes in which to the candidate solution may fly on and transition between.  (UC Reference:  MPAR07 Define Route Controls, MPAR05 Define Cost Function, MPAR09 Define Altitudes)   The user may have canned sets of evaluation criteria and constraints to apply directly and bypass defining them specifically for this session.  (UC Reference:  MPAR08 Define Defaults)
The user then instructs the system to generate a candidate route. The autorouter uses the parametrics to produce a route for non-target segments using the following criteria: terrain avoidance, threats, terrain masking, no-fly zones, time-dependent avoidance zones, must-fly zones, altitude, fuel, and weather.  (UC Reference:  MPAR16 Generate Candidate Route)  Missions of this type do not include the payloads that bomber missions have, but nevertheless there will be occasion for the autorouter to perform a specific plan for the target area, identifying the safest path through the target area by applying vehicle specific route tactics and constraints through interaction with the vehicle UPC.  Using vehicle signature, order of battle data, and threat parametric data, the system models the enemy air defense system kill-chain at each evaluation point along candidate paths within the solution space.  (UC Reference:  MPAR17 Model Threats).  The system models probability of terrain impact along the candidate edges.  (UC Reference:  Analyze Terrain Effects)  The system also models flight performance and vehicle characteristics.  (UC Reference:  Model Flight Performance)  In some cases, the user may ask for a high fidelity of evaluation independent of time constraints, one that may include a vehicle simulation and/or a threat detection model simulation  (UC Reference:  Analyze Threats – Route Analysis)  The autorouter will also account for environmental effects at the time of the mission by requesting weather data to apply in performance calculations.  (UC Reference: Import Static Environmental Data, Import Dynamic Environmental Data)  While the autorouter is executing, the threat templates that are computed for detection and engagement for each threat type are being archived for future use in other applications.  (UC Reference:  MPAR34 Generate Templates)  The autorouter concludes its processing when it routes all the way to the requested end point.  At that point, a final route evaluation of the entire candidate route is performed.  (UC Reference:  MPAR18  Evaluate Route)  This includes identifying large route deviations for potential smoothing. This may also include a vehicle simulation to offer a more robust modeling of the vehicle and its threat susceptibility.  A calculation of a cumulative score for the route based upon weighting factors and thresholds defined in the set of evaluation criteria is the result of this final evaluation.

The system then presents to the planner a summary as a cumulative result or on a leg-by-leg basis.  (UC Reference:  MPAR20 View Results)  Visual aids the mission planner might use to help in assessing the route include a threat event history in tabular form,  (UC Reference:  MPAR30 Display Threat Timeline)  and a highlighting of the portions of the route where the threat events occur.  (UC Reference:  MPAR29 Display Threat Fans)  To visually simulate the mission, the mission planner may choose to walk the route in either direction with a template by threat type and highlight the threats which cause an event at a step in the route.  (UC Reference:  Analyze Threats – Route Fly-Through, Play Views).  The user may also choose while simulating the mission to deconflict the current route against other routes that are in the user’s mission binder.  (UC Reference:  MPAR33 Deconflict Route)  The user can also instruct the system to calculate the Geometric Dilution Of Precision (GDOP), Position Dilution Of Precision (PDOP), Horizontal Dilution Of Precision (HDOP), and Vertical Dilution Of Precision (VDOP) along the candidate route.  (UC Reference:  MPAR31 Analyze GPS Prediction)   The mission planner might employ a visual aid to highlight the portions of the route which violate GDOP, PDOP, HDOP, and VDOP thresholds, or where restricted zone violations occur. The planner may also use an analysis tool to model self-jamming effects while the route is being flown.  (UC Reference:  MPAR32 Perform Jamming Analysis)
The user also has the option to perform the above event sequence for a number of routes concurrently.  The initialization, setup, and sequence is the same.  However, the user has the additional option to command the autorouter to automatically deconflict all of the routes concurrently.  (UC Reference:  MPAR19 Auto-Deconflict)  During automatic deconfliction, the same calculations utilized for manual deconfliction are used.  (UC Reference:  MPAR33 Deconflict Route)

The event sequence concludes with the user requesting to save the results to a persistent storage area.  (UC Reference:  Save Results, MPAR14 Save AR Data).  The user will then enter an evaluation period of assessing and adjusting the route to plan for contingencies or to find a user preferred route.  This process will continue until the user has completed their assessment of the candidate route. The user will then close the route generation context and return to the initial scenario start state.

During archiving periods, the user may choose to preserve the data used in route generation and evaluation by exporting it to an archive source.  Similarly, when reinstalling or setting up a new JMPS workstation, the user may choose to restore archived data related to route generation and evaluation.  (UC Reference:  MPAR15 Import/Export AR Data)
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Figure 5‑2  Interdiction/Strike Combat Mission Scenario – Full Implementation

5.1.3 Interdiction/Strike Combat Mission Scenario for Rotary Wings

This scenario describes how a JMPS planner can obtain an optimized route for a rotary wing platform.  Rotary wing vehicles have specific flight characteristics that fixed wing aircraft and precision guided munitions cannot match and therefore must be accounted for independently.   Rotary wing combat missions have an objective of routing to an area as opposed to putting a weapon on a target.  The autorouter CC’s function in this regard is therefore to identify an observation point or firing position on an area which provides the greatest field of regard and lowest possibility of exposure.  This is in addition to the typical enroute portion which minimizes threat avoidance and probability of terrain impact during terrain following.
Initialization

The planner will load a candidate route(s) into an read/write context.  This may be through the Route Editor, or it may be through a separate UPC based context which does not encompass route editing.  In the latter case, the UPC may provide a utility which allows a candidate route to be generated programmatically.  To the planner, the data flow is transparent, but the UPC behind the scenes is invoking a programmatic interface in the Autorouter CC to perform the route generation.  A candidate route cannot be loaded into an read/write context outside of the Route Editor if that route is currently being edited in the Route Editor.  (UC Reference:  Create Route, Create Rotary Wing Route, Open Route(s))

Event Sequence
The scenario begins with the receipt of a new mission objective that requires route planning information.  The mission planner opens a base stick route that may have come from an Air Tasking Order or another source and identifies the destination point of the mission. This can be designated as either a Forward Assembly Area (FAA) points, a Holding Area (HA) point, a Battle Position (BP) point, a Attack by Fire Position (AFP) point, a Support by Fire Position (SFP) point, a Firing Position (FP) point, or a Rally Point (RP).   Once the stick route to be elaborated through route generation has been identified, the planner notes which portions of the candidate route are to be generated.  (UC Reference:  MPAR01 Select Route Generation)  There could be an occasion where portions of the stick route are fixed because of corridor restrictions, deconfliction, etc.  Typically only the portions of the route that are subjected to enemy threats are given to the autorouter to generate.  The route generation capability meanwhile will be engaged in loading the necessary reference data needed to evaluate the candidate route.  (UC Reference:  Serve RCS Data, Load Order of Battle, Access Threat Parametrics, MPAR03 Define Preferences, MPAR04 Define Constraints, MPAR11 Generate Threat Characterization, MPAR13 Load AR Data)  The planner will then filter the order of battle to reflect the threat state as directed by the intel suppliers and apply a threat weighting to threat types.  (UC Reference:  MPAR12 Threat Weighting, Define OB Scenario)  The planner will define a set of criteria to tell the autorouter what to evaluate against which reflects what the user is most interested in at the time, be it generating an optimal solution or planning for a contingency.  The evaluation criteria will be a combination of the cost function which calculates the figure of merit for the candidate route, the fidelity at which the route is evaluated, and a set of altitudes in which to the candidate solution may fly on and transition between.  (UC Reference:  MPAR07 Define Route Controls, MPAR05 Define Cost Function, MPAR09 Define Altitudes)   The planner may have canned sets of evaluation criteria and constraints to apply directly and bypass defining them specifically for this session.  (UC Reference:  MPAR08 Define Defaults)
The rotary wing planner applies different evaluation criteria for a combat mission than a fixed wing scenario.  The planner provides setup parameters that account for rotary wing specific operability characteristics such as acoustic, infrared, and electro-optical effects.  The planner accounts for rotary wing specific flight characteristics by specifying distances between route points to be as small as 100 meters and altitude increments as small as 25 feet.  Rotary wing specific flight performance is considered by defining nap-of-the-earth and low-level flight profiles as candidate solutions.

The planner then instructs the system to generate a candidate route. The autorouter uses the parametrics to produce a route for non-target segments using the customary criteria: terrain avoidance, threats, terrain masking, no-fly zones, time-dependent avoidance zones, must-fly zones, altitude, fuel, and weather.  (UC Reference:  MPAR16 Generate Candidate Route)   In the case of rotary wing solutions, terrain effects have a much stronger influence, taking into consideration backdrop, shadows, concealment, and areas to maneuver.  Rotary wing plans also consider the additional environmental effect of sun/moon illumination avoidance in addition to the typical winds, temperature, humidity, and air pressure while calculating flight performance.  The autorouter might modify the predefined Forward Assembly Area (FAA) point, Holding Area (HA) point, Battle Position (BP) point, Attack by Fire Position (AFP) point, Support by Fire Position (SFP) point, Firing Position (FP) point, or Rally Point (RP) if it exceeds a designated survivability threshold.

Using vehicle signature, order of battle data, and threat parametric data, the system models the enemy air defense system kill-chain at each evaluation point along candidate paths within the solution space.  (UC Reference:  MPAR17 Model Threats).  The system models probability of terrain impact along the candidate edges.  (UC Reference:  Analyze Terrain Effects)  The system also models flight performance and vehicle characteristics.  (UC Reference:  Model Flight Performance).  The autorouter concludes its processing when it routes all the way to the requested end point.  At that point, a final route evaluation of the entire candidate route is performed.  (UC Reference:  MPAR18  Evaluate Route)  This includes identifying large route deviations for potential smoothing. This may also include a vehicle simulation to offer a more robust modeling of the vehicle and its threat susceptibility.  A calculation of a cumulative score for the route based upon weighting factors and thresholds defined in the set of evaluation criteria is the result of this final evaluation.

The system then presents to the planner a summary as a cumulative result or on a leg-by-leg basis.  (UC Reference:  MPAR20 View Results)  Visual aids the mission planner might use to help in assessing the route include a threat event history in tabular form,  (UC Reference:  MPAR30 Display Threat Timeline)  and a highlighting of the portions of the route where the threat events occur.  (UC Reference:  MPAR29 Display Threat Fans)  To visually simulate the mission, the mission planner may choose to walk the route in either direction with a template by threat type and highlight the threats which cause an event at a step in the route.  (UC Reference:  Analyze Threats – Route Fly-Through, Play Views).  The planner may also choose to deconflict the current route being evaluated against other routes that are in the mission binder.  (UC Reference:  MPAR33 Deconflict Route)

The event sequence concludes with the planner requesting to save the results to a persistent storage area.  (UC Reference:  Save Results, MPAR14 Save AR Data).  The planner will then enter an evaluation period of assessing and adjusting the route to plan for contingencies or to find a preferred route.  This process will continue until the planner has completed their assessment of the candidate route. The planner will then close the route generation context and return to the initial scenario start state.

5.1.4 ISR/EW/CSAR Combat Support Mission Scenario

This scenario describes the process for generating a route which supports a combat support mission type that has reconnaissance, intelligence gathering, or electronic warfare (i.e. jamming enemy radar) characteristics.  The generated route is dependent on the route objectives set for the mission, they may be complete avoidance of threats, delivering SEAD weapons against threats, collecting electronic data from threat emitters, or searching a strategic area.

Initialization

The planner will load a candidate route(s) into an read/write context.  This may be through the Route Editor, or it may be through a separate UPC based context which does not encompass route editing.  In the latter case, the UPC may provide a utility which allows a candidate route to be generated programmatically.  To the planner, the data flow is transparent, but the UPC behind the scenes is invoking a programmatic interface in the Autorouter CC to perform the route generation.  A candidate route cannot be loaded into an read/write context outside of the Route Editor if that route is currently being edited in the Route Editor.  (UC Reference:  Create Route, Open Route(s))

Event Sequence

The scenario begins with the receipt of a new mission objective for a combat support mission that requires route planning.  A stick route to be elaborated through route generation is identified and the planner notes which portions of the candidate route are to be generated.  (UC Reference:  MPAR01 Select Route Generation)  There could be an occasion where portions of the stick route are fixed because of corridor restrictions, deconfliction, etc.  Typically only the portions of the route that are subjected to enemy threats are given to the autorouter to generate.  The route generation capability meanwhile will be engaged in loading the necessary reference data needed to evaluate the candidate route.  (UC Reference:  Serve RCS Data, Load Order of Battle, Access Threat Parametrics, MPAR03 Define Preferences, MPAR04 Define Constraints, MPAR11 Generate Threat Characterization, MPAR13 Load AR Data)  

The combat support mission planner will apply different evaluation criteria than a combat scenario.  For missions with an EW objective, the planner specifies the following parameters to be used in defining the preferred flight route: weapon target set objectives, jamming target set objectives, surveillance target set objectives, and the weighting of those objectives.  For missions with an ISR objective, the mission planner requests the Autorouter CC to automatically develop collection scenes and a basic stick-route connecting them (see Section 5.1.7 Future Functional Requirements - UAV Requirements for detailed modeling requirements)
The planner will then filter the order of battle to reflect the threat state as directed by the intel suppliers and apply a threat weighting to threat types.  (UC Reference:  MPAR12 Threat Weighting, Define OB Scenario)  The planner will define a set of criteria to tell the autorouter what to evaluate against which reflects what the user is most interested in at the time, be it generating an optimal solution or planning for a contingency.  The evaluation criteria will be a combination of the cost function which calculates the figure of merit for the candidate route, the fidelity at which the route is evaluated, and a set of altitudes in which to the candidate solution may fly on and transition between.  (UC Reference:  MPAR07 Define Route Controls, MPAR05 Define Cost Function, MPAR09 Define Altitudes)   The planner may have canned sets of evaluation criteria and constraints to apply directly and bypass defining them specifically for this session.  (UC Reference:  MPAR08 Define Defaults)

The planner then instructs the system to generate a candidate route. The autorouter uses the parametrics to produce a route for non-target segments using the customary criteria: terrain avoidance, threats, terrain masking, no-fly zones, time-dependent avoidance zones, must-fly zones, altitude, fuel, and weather.  (UC Reference:  MPAR16 Generate Candidate Route)   For EW objectives, during this process, the autorouter requests data from the EW CC to be used in determining the optimal flight route.  The EW CC, using the platform RCS, provides parameters including: threat detection envelopes, threat engagement envelopes, launch acceptability regions, jamming locations, and surveillance regions.

As a combat support mission, threats would typically not be modeled for vehicle susceptibility.  Threats would be taken into consideration in deriving an optimal EW jamming plan or a path for an ISR platform which maximizes coverage of a threat area.  The system models probability of terrain impact along the candidate paths.  (UC Reference:  Analyze Terrain Effects)  The system models flight performance and vehicle characteristics.  (UC Reference:  Model Flight Performance).  The autorouter concludes its processing when it routes all the way to the requested end point.  At that point, a final route evaluation of the entire candidate route is performed.  (UC Reference:  MPAR18  Evaluate Route)  This includes identifying large route deviations for potential smoothing. This may also include a vehicle simulation to offer a more robust modeling of the vehicle.

The system then presents to the planner a summary as a cumulative result or on a leg-by-leg basis.  (UC Reference:  MPAR20 View Results)  Visual aids are available that the mission planner might use to help in assessing the route.  The planner may also choose to deconflict the current route being evaluated against other routes that are in the planner’s mission binder.  (UC Reference:  MPAR33 Deconflict Route)  The event sequence concludes with the user requesting to save the results to a persistent storage area.  (UC Reference:  Save Results, MPAR14 Save AR Data).  The planner will then enter an evaluation period of assessing and adjusting the route to plan for contingencies or to find a user preferred route.  This process will continue until the planner has completed their assessment of the candidate route. The planner will then close the route generation context and return to the initial scenario start state.

5.1.5 Global Mission Combat Service Support Scenario

This scenario addresses the automated routing of a single-element mission in a non-combat environment.  This may include en route portions of combat missions or combat support missions in friendly territory or standard material transfer missions.  The key factor in this type of autorouting is use of standard approach/departure/enroute routes, predicted weather and fuel optimization.  Use of aerial refueling is optional.  The mission can consist of several legs with refueling stops.  All stops will include alternate airfields.  The solution must take into account GATM and preset times and altitudes for corridor flight.  The primary users of this portion of the capability will be the tanker and airlift units as well as flights in a non-combat situation.   The functionality covered in this scenario is equivalent to the autorouting service provided by Air Mobility Command’s (AMC) Advanced Computer Flight Plan (ACFP) software.

Initialization

The user will load a candidate route(s) into an read/write context.  This may be through the Route Editor, or it may be through a separate UPC based context which does not encompass route editing.  In the latter case, the UPC may provide a utility which allows a candidate route to be generated programmatically.  To the planner, the data flow is transparent, but the UPC behind the scenes is invoking a programmatic interface in the Autorouter CC to perform the route generation.  A candidate route cannot be loaded into an read/write context outside of the Route Editor if that route is currently being edited in the Route Editor.  (UC Reference:  Create Route, Open Route(s))

Event Sequence

The scenario begins with the receipt of a new mission objective for a combat support mission that requires route planning.  A stick route to be elaborated through route generation is identified and the planner notes which portions of the candidate route are to be generated.  (UC Reference:  MPAR01 Select Route Generation)  There could be an occasion where portions of the stick route are fixed because of corridor restrictions, deconfliction, etc.  The planner enters settings such that the solution will save fuel and be the shortest route with the fewest stops.  The solution will utilize DAFIF routes, airways, approaches if selected.  Zones will be defined to constrain the route to potentially use existing route segments, particular airways/routes to use or avoid, types of airways/routes to use and/or to avoid, particular refueling bases to use and/or avoid, refueling tracks to use, utilize only military bases for refueling stops (yes/no), or other routing constraints unique to non-combat missions.  The user will assign priorities to keep out areas, restricted areas, and areas in which the route must be constrained.  (UC Reference:  MPAR21 Airspace Weighting ) The evaluation criteria will be a combination of the cost function which calculates the optimality for the candidate route, the fidelity at which the route is evaluated, and a set of altitudes in which to the candidate solution may fly on and transition between.  (UC Reference:  MPAR07 Define Route Controls, MPAR05 Define Cost Function, MPAR09 Define Altitudes)   The user may have canned sets of evaluation criteria and constraints to apply directly and bypass defining them specifically for this session.  (UC Reference:  MPAR08 Define Defaults)
The user then instructs the system to generate a candidate route. The autorouter uses the setup parameters to generate a route which meets the specified conditions for terrain avoidance, no-fly zones, time-dependent avoidance zones, must-fly zones, altitude, fuel, and weather.  (UC Reference:  MPAR16 Generate Candidate Route)  The system models flight performance and vehicle characteristics.  (UC Reference:  Model Flight Performance).  The autorouter concludes its processing when it finds a solution between the requested start and end points.  At that point, a final route evaluation of the entire candidate route is performed.  (UC Reference:  MPAR18  Evaluate Route)  This includes identifying large route deviations for potential smoothing.  The system then presents to the planner a summary as a cumulative result or on a leg-by-leg basis.  (UC Reference:  MPAR20 View Results)  The event sequence concludes with the user requesting to save the results to a persistent storage area.  (UC Reference:  Save Results, MPAR14 Save AR Data).  
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Figure 5‑3  Global Mission Combat Service Support Scenario

5.1.6 Replan Mission Scenario

This scenario provides a dynamic replanning capability which is supported both in the aircraft and off where the solution is the same on both provided all other variables are equal.   This capability is current CONOPS in Comanche and JSF planning and will become applicable to more platforms in the future.  The scenario presumes a mission is under way and that a contingency has occurred that demands a new routing solution.  The contingency may be driven by a mission objective change, an emerging threat, a vehicle system problem, an emerging support requirement or an operator requirement.  The scenario requires either an existing mission/route plan/status or the following parameters to generate the “current state” information:  mission objective, rules of engagement, asset assignment and platform data (e.g. performance, signature characteristics), base assignment, terrain/environment data, threat and intelligence data, Enemy-Order-of-Battle information, Blue-Order-of-Battle information and any time constraints.

Initialization
The planner will load a candidate route(s) into an read/write context.  This may be through the Route Editor, or it may be through a separate UPC based context which does not encompass route editing.  In the latter case, the UPC may provide a utility which allows a candidate route to be generated programmatically.  To the planner, the data flow is transparent, but the UPC behind the scenes is invoking a programmatic interface in the Autorouter CC to perform the route generation.  A candidate route cannot be loaded into an read/write context outside of the Route Editor if that route is currently being edited in the Route Editor.  (UC Reference:  Open Route(s))
Event Sequence
The scenario begins with  an interrupt-driven contingency, as described above.  A new or revised route plan must be generated to address those contingencies and missions that require route planning information.  (Some mission objectives may not require route planning, say if they do not utilize a vehicle capable of route control.)  The system generates a “current state” (including short term air space availability) for involved vehicle and informs the operator.  The system the solution timeliness requirement for a new route.  The system analyzes what optimization parameters are impacted by the current state, the solution timeliness requirement and the contingency.   The system generates a non-optimized baseline route based on these factors and presents the route plan to the operator or the autopilot as required.  The system continues to update the “current state” information and recommends route corrections to the operator or autopilot.  The system analyzes the priority and validity of these parameters based upon the “current state”, the contingency and operator inputs.  The system analyzes and calculates the summative weighting of the parameters.  The system analyzes the availability of air space for the balance of the new route.  The system calculates the optimized route for addressing the contingency and weighting factors. The optimized baseline route solution is presented to the planner.  The system identifies large route deviations for potential smoothing.  The system analyzes which weighting factors are driving the route solution and deviations.  The system identifies potential refactoring for route smoothing and calculates alternate routes.  Alternate routing solutions and analytics are presented to the planner. The system allows for planner entries to modify parameters, weightings or any of the recommended route solutions.  The system allows the planner to analyze other route solutions as described by the planner’s inputs.

5.1.7 Future Functional Requirements

This section contains functional requirements that are to be considered in a future spiral implementation.  In some cases, the associated use case the requirement relates to is provided.   These requirements over time may become incorporated into use cases as existing ones are refined and new ones are generated.

	Requirement Number
	Associated

Use Case
	Requirement Text

	AR-FCNL-xxxx
	MPAR24
	The JMPS AR shall be capable of supporting mission planning sessions where two or more different airframes of the same or different types are included, either to support user selection of the best airframe/munition for the mission or to support coordinated attacks. 

	AR-FCNL-xxxx
	MPAR18
	As an option, the leg shall be evaluated based on intersection with no fly, must fly, SUAS, and political boundaries.   

	AR-FCNL-xxxx
	MPAR01


	JMPS AR shall allow the mission planner to specify a polygonal region within which an optimized solution shall be generated.

	AR-FCNL-xxxx
	MPAR18
	JMPS AR shall be capable of modeling unpowered flight where the air vehicle is not burning fuel.

	AR-FCNL-xxxx
	MPAR01
	Based on user preferences, route generation shall take into account no fly, must fly, SUAS, and political boundaries.   

	AR-FCNL-xxxx
	MPAR16

MPAR04
	JMPS AR shall, as an option, create routes using GATM airspace as must fly area. 

	AR-FCNL-xxxx
	MPAR16

MPAR04
	JMPS AR shall, as an option, create routes using GATM airspace as no fly area. 

	AR-FCNL-xxxx
	MPAR16

MPAR04
	JMPS AR shall provide autoroute using air to air refueling tracks. 

	AR-FCNL-xxxx
	MPAR16

MPAR04
	JMPS AR shall allow users to optionally specify DAFIF routes to be used as part of the autorouting process. 

	AR-FCNL-xxxx
	MPAR16

MPAR04
	JMPS AR shall generate autoroutes which are constrained to lie within user specified geographic regions (must-fly areas).

	AR-FCNL-xxxx
	MPAR14
	JMPS AR shall save the restricted zone constraints with those autoroute(s) to which the constraints are applied.

	AR-FCNL-xxxx
	MPAR04
	JMPS AR shall allow the mission planner to specify the order in which the must-fly areas will be accessed.

	AR-FCNL-xxxx
	MPAR16
	JMPS AR shall generate autoroute(s) which are constrained to lie outside of user specified geographic regions (no fly zones) or regions.

	AR-FCNL-xxxx
	MPAR18
	 JMPS AR shall warn the mission planner whenever a user specified waypoint is positioned within a no fly zone.

	AR-FCNL-xxxx
	MPAR21
	JMPS AR shall allow the mission planner to assign weights to restricted areas.

	AR-FCNL-xxxx
	MPAR21
	JMPS AR shall determine the cost of violating a restricted area based upon the mission planner defined weights.

	AR-FCNL-xxxx
	MPAR21
	JMPS AR shall default to infinite cost for violation of any restricted area; i.e., to force compliance with restricted regions.

	AR-FCNL-xxxx
	MPAR21
	JMPS AR shall alert the mission planner whenever the generated autoroute(s) violate a restricted zone.

	AR-FCNL-xxxx
	MPAR21
	JMPS AR shall highlight those sections of the autoroute(s) which violate no-fly zones.

	AR-FCNL-xxxx
	MPAR21
	JMPS AR shall highlight those must-fly areas which the autoroute(s) violate.

	AR-FCNL-xxxx
	MPAR21
	JMPS AR shall notify the mission planner if the allocated fuel is insufficient to traverse all must-fly zones.

	AR-FCNL-xxxx
	MPAR16
	JMPS AR shall generate autoroutes which are constrained to lie within user or UPC specified geographic regions (must‑fly areas)

	AR-FCNL-xxxx
	MPAR01
	 JMPS AR shall incorporate possible holding points, holding point specific orbits, and the maximum allowable time to be spent at each holding point.

	AR-FCNL-xxxx
	MPAR07
	JMPS AR shall allow the mission planner to specify leg length constraints to user​ defined geographic regions.

	AR-FCNL-xxxx
	MPAR07
	JMPS AR shall allow the mission planner to specify the minimum number of waypoints which the generated autoroute must contain and the maximum number of waypoints that the generated autoroute shall not exceed.

	AR-FCNL-xxxx
	MPAR03
	JMPS AR shall allow the mission planner to define Operational Data air routes as must-​fly zones.

	AR-FCNL-xxxx
	MPAR03
	JMPS AR shall allow the mission planner to specify the order in which the must‑fly areas will be accessed.

	AR-FCNL-xxxx
	MPAR03
	JMPS AR shall allow the mission planner to specify Operational Data exclusion zones as no‑fly zones.

	AR-FCNL-xxxx
	
	 JMPS AR shall allow the mission planner to define no‑fly zones by latitude, longitude, floor (minimum altitude), ceiling (maximum altitude).

	AR-FCNL-xxxx
	MPAR21
	JMPS AR shall allow the mission planner or UPC to assign weights to restricted areas.

	AR-FCNL-xxxx
	MPAR21
	JMPS AR shall determine the cost of violating a restricted area based upon the mission planner defined weights.

	AR-FCNL-xxxx
	MPAR21
	JMPS AR shall highlight those sections of the autoroute(s) which violate no-​fly zones.

	AR-FCNL-xxxx
	MPAR21
	JMPS AR shall highlight those must‑fly areas which the autoroute(s) violate.

	AR-FCNL-xxxx
	MPAR20
	JMPS AR shall rank up to and including 100 user‑specified routes based upon the user‑specified criteria.

	AR-FCNL-xxxx
	TBD
	JMPS AR shall allow the user to specify the minimum and maximum weapon range.

	AR-FCNL-4200
	
	GPS Connectivity (4200 - 4299)

	AR-FCNL-4210
	MPAR31
	JMPS AR shall allow the mission planner to specify the maximum time interval between successive GPS updates.

	AR-FCNL-4220
	MPAR31
	JMPS AR shall default to using the UPC provided weapon system specific maximum time between successive GPS updates.

	AR-FCNL-4230
	MPAR31
	JMPS AR shall allow the mission planner to specify the minimum time interval for which the weapon system must have continuous LOS to the GPS constellation during each update.

	AR-FCNL-4240
	MPAR31
	JMPS AR shall default to using the UPC provided minimum time interval for which the weapon system must have continuous LOS to the GPS constellation.

	AR-FCNL-4250
	MPAR31
	JMPS AR shall highlight those portions of any specified route at which GPS updates cannot occur.

	AR-FCNL-4260
	MPAR31
	JMPS AR shall allow the mission planner to specify those regions in which planned GPS updates can occur.

	AR-FCNL-4270
	MPAR31
	JMPS AR shall allow the mission planner to specify the GPS updates regions by both data input and graphical methods.

	AR-FCNL-4280
	MPAR31
	JMPS AR shall default to accounting for terrain masking when determining LOS to each satellite within the GPS constellation. 

	AR-FCNL-4299
	
	End of GPS Connectivity

	AR-FCNL-4000
	MPARxx
	Rotary Wing Requirements

	AR-FCNL-4230
	MPARxx
	As the ultimate analysis capability, the JMPS AR shall provide a Tactics Planning (TP) function for preflight and enroute planning capable of generating a route of flight which ensures the aircraft's 3D track remains outside of any known th

	AR-FCNL-4240
	MPARxx
	The TP function shall identify an observation point or firing position, which provides the greatest field of regard (FOR) and lowest possibility of exposure prior to being within sensor range.  

	AR-FCNL-4250
	MPARxx
	The JMPS AR shall be required to utilize and automate all of the calculations, analysis and decision risk analyses functions described previously to accomplish the TP function.

	AR-FCNL-4260
	MPARxx
	The JMPS AR shall provide the capability to calculate the IDAS Kill-Chain event based on a threshold time of 15 second steps and objective time of 0.01 second steps, using multi Neighbor Methodology to ensure a minimum of five leg segments 

	AR-FCNL-4270
	MPARxx
	The JMPS AR shall consider early warning detection radar time, hand-off time to acquisition radar system, acquisition time, hand-off time to a tracking radar, tracking time, missile launch time, and fly out time.

	AR-FCNL-4280
	MPARxx
	The JMPS AR shall provide the capability to calculate the networked and linked capabilities of IDAS Kill-Chains event based on a 15 second steps and an objective time of 0.01 second steps, using multi Neighbor Methodology to ensure a minimum

	AR-FCNL-4290
	MPARxx
	The JMPS AR shall consider early warning detection radar time, hand-off time to acquisition radar system, acquisition time, hand-off time to a tracking radar, tracking time, missile launch time, and fly out time.  

	AR-FCNL-4300
	MPARxx
	The JMPS AR shall also account for and calculate the cueing by early earning radar systems as a part of the survivable calculation.

	AR-FCNL-4310
	MPARxx
	The JMPS AR shall provide the user with the capability to autoroute around a threat or other hazard and shall provide the user with not less that three choices of acceptable routes for operational consideration.  

	AR-FCNL-4320
	MPARxx
	The JMPS AR shall display the choices both graphically and in tabular format, in order of most survivable to least survivable, and allow the user to select the route most satisfactory to his mission.

	AR-FCNL-4330
	MPARxx
	The JMPS AR shall provide a default grid setting of no less that 100 meter edges and be capable of altitude bans of 25 feet increments, starting at 0 feet AGL.  

	AR-FCNL-4340
	MPARxx
	The JMPS AR shall also account for aircraft speeds for 0 knots to 150 knots and allow the user to set and adjust speeds for each segment of the route as the mission dictates.

	AR-FCNL-4350
	MPARxx
	The JMPS AR shall provide radar characteristics of the aircraft being autorouted.

	AR-FCNL-4360
	MPARxx
	The JMPS AR shall provide Infrared characteristics of the aircraft being autorouted.

	AR-FCNL-4370
	MPARxx
	The JMPS AR shall provide visual characteristics of the aircraft being autorouted.

	AR-FCNL-4380
	MPARxx
	The JMPS AR shall provide audio characteristics of the aircraft being autorouted.

	AR-FCNL-4390
	MPARxx
	Low Observable Autorouting is a requirement for all Army Aviation assets.

	AR-FCNL-4400
	MPARxx
	The JMPS AR shall function both in the aircraft and the AMPS, and the solution must be the same on both provided that all other variables are equal.

	AR-FCNL-4410
	MPARxx
	The JMPS AR shall use the Flight Performance Module (FPM) provide in the AMPS system.  It will allow the JMPS AR to calculate performance predictions for take-off, hover in and out of ground effect, fuel usage, velocity best range (BR), vel

	AR-FCNL-4420
	MPARxx
	The JMPS AR shall be able to use and update the current threat profile and use that data to generate a flight plan.

	AR-FCNL-4430
	MPARxx
	The JMPS AR shall provide tools to analyze mission plans for susceptibility to threats along specific planned routes.  The analysis results should be presented in a manner that assist users to plan/select optimal routes based on minimum det

	AR-FCNL-4440
	MPARxx
	The JMPS AR shall perform the threat susceptibility analysis using data and models that are compatible with helicopter missions; and the results of these analyses should be consistent.

	AR-FCNL-4450
	MPARxx
	The JMPS AR shall be able to use and update the current threat profile to avoid current threats and to recommend other flight path options in real time to the pilot.

	AR-FCNL-4460
	MPARxx
	The JMPS AR shall allow the user to plan LOA routs while taking into account static numbers in the EOB, with the ability to enter subjective values as the mission dictates and intelligence information develops.  

	AR-FCNL-4470
	MPARxx
	The system shall allow the JMPS AR to provide accurate survivability calculations using scenario dependent mission.

	AR-FCNL-4480
	MPARxx
	The JMPS AR shall be able to provide the minimum fuel requirement based on load, weight and balance of the aircraft.

	AR-FCNL-4490
	MPARxx
	The JMPS AR shall be able to determine the consumption rate of the air craft based on load, weight, balance and flight path, and determine if there is sufficient fuel to accomplish the mission.

	AR-FCNL-4500
	MPARxx
	The JMPS AR shall be able to generate a single flight path, from start to finish, generating all mission critical data.

	AR-FCNL-4510
	MPARxx
	The JMPS AR shall be able to generate multiple flight paths, from start to finish, generating all mission critical data.

	AR-FCNL-4520
	MPARxx
	The JMPS AR shall be able to generate flight paths for several aircraft in a group, from start to finish, generating all mission critical data.

	AR-FCNL-4530
	MPARxx
	The JMPS AR shall be able to calculate the heading of any or all legs of a flight path, to include waypoints, sub-waypoints, latitude and longitude, and other critical data.

	AR-FCNL-4540
	MPARxx
	If there are points along the mission that the air vehicle must be at a specific time, then these points shall be defined and times entered.

	AR-FCNL-4550
	MPARxx
	The JMPS AR shall be able to determine the current fuel status of the aircraft.

	AR-FCNL-4560
	MPARxx
	The JMPS AR shall be able to determine the initial fuel status at the beginning of a mission.

	AR-FCNL-4570
	MPARxx
	The JMPS AR shall be able to determine the remaining fuel of the aircraft at any point in the mission.

	AR-FCNL-4580
	MPARxx
	The JMPS AR shall provide the capability to automatically generate routes with collection scenes and tie-ups.

	AR-FCNL-4590
	MPARxx
	The JMPS AR shall generate a sequence of route legs satisfying fuel and time constraints to replace the range of route legs selected by the user.

	
	
	Other Platform or Mission Requirements

	AR-FCNL-xxxx
	MPARxx
	The JMPS AR shall generate scenes for only those targets selected by the user.

	AR-FCNL-xxxx
	MPARxx
	The JMPS AR shall account for pre-existing tie-ups when generating new tie-ups.

	AR-FCNL-xxxx
	MPARxx
	The JMPS AR shall generate multiple route legs and tie-ups to satisfy a large directed search area (DSA) target.

	AR-FCNL-xxxx
	MPARxx
	The JMPS AR shall generate multiple route legs and tie-ups to satisfy a large line of communication (LOC) target.

	AR-FCNL-xxxx
	MPARxx
	The JMPS AR shall provide the capability to automatically generate scenes and tie-ups.

	AR-FCNL-xxxx
	MPARxx
	The JMPS AR shall generate scenes for only those targets selected by the user.

	AR-FCNL-xxxx
	MPARxx
	The JMPS AR shall generate tie-ups for only the range of route legs selected by the user.

	AR-FCNL-xxxx
	MPARxx
	The JMPS AR shall account for pre-existing tie-ups when generating new tie-ups including target area covered and tie-up transition constraints.

	AR-FCNL-xxxx
	MPARxx
	The JMPS AR shall automatically create Sensor Calibration Action Points.

	AR-FCNL-xxxx
	MPARxx
	The JMPS AR shall generate scenes that do not violate collection request look angle, NIIRS and temporal fields.

	AR-FCNL-xxxx
	MPARxx
	The JMPS AR shall use the collection tasking target elevation for scenes associated to point targets when DTED data is not available.

	AR-FCNL-xxxx
	MPAR29
	JMPS AR shall allow the user to specify by both graphical and data input methods the collection of threats for which detection fans are generated.

	AR-FCNL-xxxx
	MPAR29
	JMPS AR shall allow the user to specify the analysis step size (in seconds or nm) to be used for the generation of the detection fans.

	AR-FCNL-xxxx
	MPAR29
	JMPS AR‑generated detection fans shall be based upon the detection model.

	AR-FCNL-xxxx
	MPAR29
	JMPS AR shall allow the user to specify the minimum duration detection interval which shall be displayed by the detection fans.

	AR-FCNL-xxxx
	MPAR29
	JMPS AR shall allow the user to specify by both graphical and data input methods the collection of threats for which engagement fans are generated.

	AR-FCNL-xxxx
	MPAR29
	JMPS AR shall allow the user to specify the analysis step size (in seconds or nm3 to be used for the generation of the engagement fans.

	AR-FCNL-xxxx
	MPAR29
	JMPS AR‑generated engagement fans shall be based upon the engagement model used to generate the route.

	AR-FCNL-xxxx
	MPAR29
	JMPS AR shall allow the user to specify the minimum duration engagement interval which shall be displayed by the engagement fans.

	AR-FCNL-xxxx
	MPAR34
	JMPS AR shall generate the threat template based upon the detection models used to generate the route.

	AR-FCNL-xxxx
	MPAR34
	 JMPS AR shall, at user request, print a correctly scaled copy of the currently displayed detection or engagement template.

	AR-FCNL-xxxx
	MPAR34
	JMPS AR shall generate and print a set of detection or engagement templates based on user‑specified scales, attitudes, altitudes, and threats.

	AR-FCNL-xxxx
	MPAR34
	JMPS AR shall generate SAM engagement template displays analogous to the detection template display and shall be based upon the threat engagement model.

	AR-FCNL-xxxx
	MPAR34
	JMPS AR shall generate engagement templates based upon a level flyby assuming a constant pitch, yaw, user‑specified altitude, and user‑specified airspeed.

	AR-FCNL-xxxx
	MPAR34
	JMPS AR shall provide the capability to save the engagement templates to a file.

	AR-FCNL-xxxx
	MPAR30
	JMPS AR shall generate and display a textual representation of the time during which each of a user‑specified collection of threats can detect, track, and engage (as determined by the JMPS AR threat model) the user‑specified airframe along the user‑specified route segment, i.e., a "textual timeline".

	AR-FCNL-xxxx
	MPAR30
	JMPS AR shall allow the user to specify the timeline "fidelity"; i.e., the step size to be used during threat analysis.

	AR-FCNL-xxxx
	MPAR20
	JMPS AR shall allow the user to print any user‑specified section of the textual timeline.

	AR-FCNL-xxxx
	MPAR20
	JMPS AR shall graphically display, such as via bar graphs, the textual data generated for the "textual timeline" function

	AR-FCNL-xxxx
	MPAR33
	JMPS AR shall allow the user to specify a polygonal area in which, conflicts are to be identified and outside of which, conflicts are to be ignored.

	AR-FCNL-xxxx
	MPAR07
	JMPS AR shall allow the user to modify the minimum fuel allocated to each autorouted leg and target zone area using graphical and textual inputs.

	AR-FCNL-xxxx
	MPAR07
	JMPS AR shall allow the user to modify the maximum autorouting area for each autorouted leg using graphical and textual inputs.

	AR-FCNL-xxxx
	MPAR18
	JMPS AR shall notify the user if the maximum routing area settings exclude the must-fly zones.

	AR-FCNL-xxxx
	MPAR15
	MPS AR shall provide the capability to export (or save offline) JMPS AR-specific data sets for subsequent import (or restore) to any compatible JMPS system.

These data sets shall, as a minimum, include the following:

  1. Master controls (altitude definitions, routing controls, cost function)

  2. Airspace weighting data

  3. UPC airspace data

  4. Complex footprints

  5. Template generation data

  6. Terrain masking data

  7. Threat characterization

  8. Endgame data

  9. Threat templates

 10. Threat weighting data

	AR-FCNL-xxxx
	MPARxx
	JMPS AR shall create a route which maximizes the effectiveness of EW-specific sensors and emitters. 

	AR-FCNL-xxxx
	MPARxx
	JMPS AR shall provide the ability to deconflict sensors and emitters with platform position and weapon employment.  

	AR-FCNL-xxxx
	MPARxx
	JMPS AR shall provide the ability to create a route which uses acoustics as one of its cost functions, in conjunction with other cost functions.  

	AR-FCNL-xxxx
	MPARxx
	JMPS AR shall display a timeline using user‑specified time interval spacing which denotes LOS between the specified airframe flight path and the munition flight path.

	AR-FCNL-xxxx
	MPARxx
	 JMPS AR shall display a timeline using user‑specified time interval spacing which denotes LOS between the specified airframe flight path and the target.


6 Design Constraints

6.1 Extensibility

As noted in Section 4, the Autorouter CC should be built in a manner in which it can be extended with unique functionality over time as requirements change.  (AR-EXTN-0100)  A modular design based upon a framework will ensure future capabilities by aircraft and weapon UPCs can be supported by plugging in a new component or replacing an existing component with an update.  Figure 6‑1 again demonstrates the architectural concept of the Autorouter CC.  The plug-ins into an autorouter framework are of varying sizes.  Receptacles for plug-ins should be provided that can substitute objects at varying levels.  (AR-EXTN-0150)   For example, a UPC may choose to substitute a simple object such as a display threat fan component while another UPC may choose to replace an object at a higher level such as generating the candidate route.   The Autorouter CC provides components to satisfy the requirements contained within this specification, but the architecture should be such that unique requirements for UPCs can be met by replacing CC provided objects with their own.  (AR-EXTN-0170)

The Autorouter CC has application to many vehicles, but it is not to be used for the purposes of nuclear weapon delivery.  Other capabilities exist to support those functions and are beyond the scope of this CC.

Another extensibility concept important to the Autorouter CC is the ability to partition components in a way such that route evaluation and route generation are not co-dependent.  (AR-EXTN-0200)  Many Mission Planning Environments (MPEs) will not require the complexity of an autorouter because of its simple mission planning process and the costs of integrating it in with the vehicle UPC.  However, most MPEs will welcome the capability to evaluate the route for threat susceptibility, terrain clobber, and deconfliction from other routes.  Therefore, the design of the autorouter CC must consider the additional requirement of being able to install a set of components related to route evaluation/deconfliction separately from the installation of the components solely related to route generation.  (AR-EXTN-0300)  This will ensure a more thorough use of the Autorouter CC in the JMPS environment as well as reduction in memory usage.
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Figure 6‑1  JMPS Autorouter CC Architectural Concept

6.2 Performance

The JMPS AR must accommodate the performance requirements of many different airframes with diverse planning areas of coverage, missions, flight performance characteristics, tactics, and numbers of missions to be planned per time period. Superimposed on these airframe‑related performance considerations are the myriad of battle field scenarios and analysis parameters. The performance requirements that will drive the architecture and design primarily will be in the form of well‑defined scenarios on an airframe by airframe basis. These scenarios will encompass definition of all parameters that can influence the performance of the analysis and the maximum amount of time to accomplish the analysis.

Performance requirements for the JMPS AR are captured as part of supporting an overall scenario timeline.  Specific timing requirements are to be developed by the bidder after contract award which take into account hardware and software environments.  For the time being, the following scenarios must be supportable within JMPS.  These scenarios characterize overall capability requirements.

6.2.1 AR-PERF-0100 (F‑117 Scenario 1)

1. Mission: Eight aircraft will have 12 DMPIs, realistically placed within two successive target areas in a high‑threat environment. All aircraft will have four identical must‑fly points, which will include two refueling points (one out‑bound, one in‑bound) one takeoff point and one landing point. Each aircraft will also have a must‑fly point on entering the target area and a must‑fly point on exiting the target area. All aircraft will follow autorouted routes within the threat area. Three AAA exclusion zones will be defined. The target areas will be approximately 500 nautical miles from the take‑off/landing base and approximately 30 nautical miles apart. All eight routes must be deconflicted.

2. Personnel: Up to two F‑117A mission planners will operate one JMPS workstation with one additional system administrator to assist with tasks such as security review of materials; mounting, loading, and dismounting of DTDs; and organization of materials for briefings.

3. Time Zero: Time will be measured from the point when all data required to plan and build the missions, including initial EOB and ATO data and MCG&I data, are available on JMPS; the ATO is broken out and individual route tasking information is available including all target weapon, aircraft, and ATO line number pairing; and all initial stick routing is complete.

4. ATO Update: An unexpected ATO update, changing the four DMPIs associated with two aircraft, will be provided at a time of one hour.

5. EOB Update: An EOB update, that requires the re‑routing of four aircraft, will be incorporated after all aircraft routing and reviewing of routes has been completed, but prior to writing data transfer devices. The routes affected shall be the last four routes assessed for EOB impact. The EOB update shall not affect either target area.

6. Navigation Update Points: Each route will have eight (minimum) navigation update points added. The lay‑down of available navigation update points shall be assumed to be such that the assessment of the routes after addition of the navigation update points to the already developed routes will show that the acceptability of the routes has not been changed by the addition of the navigation update points. ​

7. Flight Briefing: A flight briefing will occur upon completion of all mission planning activities including effects of ATO and EOB updates. At the time of the briefing the following materials will be required: one hardcopy of the Form 70 for each aircraft, one hardcopy of the TOLD card for each aircraft, one hardcopy of the threat timeline for each route, one hardcopy of the threat fans for each route. For timeline purposes, the flight briefing shall be assumed to be of one hour duration.

8. Data Devices: Two EDTMs and one DDC must be built for each aircraft; however, all data to be loaded onto the DDCs are already generated and organized prior to the start of mission planning.

9. Duration: From time zero to readiness for flight briefing shall be less than or equal to four hours. The time required to write all required data transfer devices, as specified above, shall be included in the four hour mission planning duration, plus the one hour flight briefing time (five hours total).

6.2.2 AR-PERF-0200 (F‑117 Scenario 2)

1. Mission: Thirty ‑two aircraft will have 48 DMPIs, realistically placed within two successive target areas in a high‑threat environment with an actual, operational order of battle. All aircraft will have four identical must‑fly points, which will include two refueling points (one out‑bound, one in‑bound) one takeoff point and one landing point. Each aircraft will also have a must‑fly point on entering the target area and a must‑fly point on exiting the target area. Three AAA exclusion zones will be defined. The target areas will be approximately 500 nautical miles from the take‑off/landing base and approximately 30 nautical miles apart. All thirty‑two routes must be deconflicted.

2. Personnel: Up to four F‑117A mission planners will operate one to two JMPS workstations with one additional system administrator to assist with tasks such as security review of materials, mounting, loading, and dismounting of DTDs, and organization of materials for briefings.

3. Time Zero: Time will be measured from the point when all data required to plan and build the missions, including initial EOB and ATO data and MCG&I data, are available on JMPS; the ATO is broken out and individual route tasking information is available, including all target, weapons, aircraft, and ATO line number pairing; and all initial stick routing is complete.

4. ATO Update: An unexpected ATO update, changing twelve DMPIs associated with eight aircraft, and interchanging the targets of eight other aircraft (affecting a total of 16 routes), will be provided at a time of one hour.

5. EOB Update: An EOB update, that requires the re‑routing of eight aircraft, will be incorporated after all aircraft routing and reviewing of routes has been completed, but prior to writing data transfer devices. The routes affected shall be the last eight routes assessed for EOB impact. The EOB update shall not affect either target area.

6. Navigation Update Points: Each route will have eight (minimum) navigation update points added. The lay‑down of available navigation update points shall be assumed to be such that the assessment of the routes after addition of the navigation update points to the already developed routes will show that the acceptability of the routes has not been changed by the addition of the navigation update points.

7. Flight Briefing: A flight briefing will occur upon completion of all mission planning activities including effects of ATO and EOB updates. At the time of the briefing the following materials will be required: one hardcopy of the Form 70 for each aircraft, one hardcopy of the TOLD card for each aircraft, one hardcopy of the threat timeline for each route, one hardcopy of the threat fans for each route. For timeline purposes, the flight briefing shall be assumed to be of one hour duration.

8. Data Devices: Only two EDTMs must be built for each aircraft. It shall be assumed that the DDCs have previously been created for theater wide use.

9. Duration: From time zero to completion of the flight briefing material shall be less than or equal to eight hours.

6.2.3 AR-PERF-0300 (AGM‑137 (aka JASSM) Scenario)

Four (4) mission planners planning for launch of 96 air vehicles from four aircraft, 48 DMPIs with a GFE threat EOB within an 800x800 nm planning area The planners shall each plan for one‑quarter the workload at separate planning stations.

Scenario 3 has a six (6) hour start‑to‑finish timeline:


00:00
All EOB, ATO resident on planning stations.



Aircraft routes pre‑planned.



Air‑vehicle launch points pre‑planned


06:00
All planning complete.



All mission products built.

All briefing products built. 

DTUCs are not loaded.
6.2.4 AR-PERF-0400  (B-2 Scenario 1)


Weapons Configuration
Five Gravity Weapons % JDAM (high altitude releases)


Route Definition
One take off base with two runways ‑ precanned



One landing with two alternate runways ​precanned



One air refueling track ‑ precanned



Approximately 200 aimpoints (80% aimpoints



and 20% navaids)



Approximately 300 destinations (includes



destinations/waypoints, rollouts, targets,



alternate routes, disconnected segments, etc.)



One route (precanned) consisting of:



· 20 threats



· DTED and DVOF associated along and



throughout the route



· Three targets (5 weapons divided



between the three targets)



· Aimpoints, navaids, airspeed schedule,



turn radius, times, etc. are complete and accurate



Two high altitude JDAM targets/releases, each



with a GATS maneuver (both precanned)



Two alternate routes, each will contain: (both



precanned)



· One Air refueling



· One Low level route



· A return routing to MOB



Two disconnected segments: (both precanned)



· One alternate air refueling segment



· One alternate recovery base


Performance Requirement:
Plan the mission as described above.

6.2.5 AR-PERF-0500  (B-2 Scenario 2)


Weapons Configuration
l 6 JDAM


Route Definition
MOB to Ingress Corridor



· Take off with two runways



· Two Air Refueling Tracks ‑ (or as



deemed necessary for routing)



Target/Threat Area: (the routing from start



ingress corridor to exit point of egress corridor



and contains all targets)



· Threat based on target/target area



selected (Maximum l 0,000)



· DOB missionizing is required



Exit Target Area (exit egress corridor) to‑PSB. .



· One landing with two runways



· One Air Refueling Track (or a deemed necessary for routing)



Other:



· Two disconnected segments



(emergency/alternate recovery bases)



· Approximately 350 destinations (for



all of above segments)



· Approximately 200 aimpoints (for all above segments)



Recovery Route:



· Take off with two runways



· Landing with two runways



· One Air Refueling Track (or as deemed necessary for routing)



· Aimpoints and destinations as necessary for routing


Target Planning
Four, independent high altitude JDAM releases,



one weapon per TGT, each with a GATS maneuver



Three JDAM targets with 4 DMPIs each, no



GATS maneuvers

Performance Requirement: 
Plan the missions (strike and recovery) as described above within 8 hours.

SEE CLASSIFIED APPENDIX FOR FURTHER DETAIL

6.3 Certification and Accreditation

Based upon past experience with the domain, autorouters are difficult to build, test, and certify.  Certifyability therefore should be designed in, not added on when needed.  The Autorouter CC shall comply with applicable provisions contained in the appropriate implementation standards that provide an open architecture that will run on standard Air Force information infrastructure (e.g. DII COE, DoD Information Technology Security Certification and Accreditation Process, Global Information Grid).  (AR-CERT-0100)
Certification of the JMPS autorouter will include an evaluation of

· Safety of flight for aircraft or autonomous weapons  (AR-CERT-0200)
· Creating survivable routes  (AR-CERT-0300)
· Creating acceptable routes (route meets user specified criteria)  (AR-CERT-0400)
Certification and accreditation must be performed in coordination with a UPC Mission Planning Environment (MPE) and cannot be done by the common capability standalone.   A MPE certification will include Development Test & Evaluation Certification, MPE-based Operational Test & Evaluation Certification, and verify the MPE meets unit-level organization security specifications. 

For operation with allied and coalition forces, the technical characteristics of the system should conform to the applicable requirements of the Standardization Agreements and Allied Communications Publications.  (AR-CERT-0500)
7 Notes

7.1 Glossary

	Term
	Meaning
	Definition/Explanation

	AAA
	Anti-Aircraft Artillery
	AAAs are a significant threat to the helicopter community.

	ACFP
	Advanced Computer Flight Plan
	ACFP is a route generation capability that is used by Air Mobility Command (AMC) aircraft to provide routes for their aircraft.    ACFP does not use threats or RCS.    ACFP is hosted on a VAX at a central location and a route is sent to that location, routed, and returned to the wing.

	AFMSS
	Air Force Mission Support System
	The AFMSS is a mission planning system based on the SUN Solaris (UNIX) operating system.   This system is currently used by the B-2, B-1, F-117, Global Hawk, JASSM, and U-2 platforms.    CLOAR is the autorouter supported by AFMSS.

This is a legacy system to be replaced by the JMPS.

	AFWA
	Air Force Weather Agency
	

	AGL
	Above Ground Level
	The concept of AGL is important for those air vehicles that fly at a constant level above the ground.  This is applicable to low flying airframes such as helicopters as well.

	Aircraft Tactics
	
	Aircraft tactics are specific flight manoeuvers such as B-2 GATS imaging, F-117A IRADS ingress/egress and line-of-sight constraints, and JASSM unique terminal profile altitude.    The Comanche helicopter will require use of tactics to account for its unique capabilities.

	Airspace Weighting
	
	Air Space weighting allows the mission planner to assign weights to airspace to give preference to certain areas over others in the Autorouting process.

	AOB
	Air Order of Battle
	

	ATI
	Access Target Information
	

	ATL
	Above Target Level
	ATL information is important in the autorouting process, since it is affected by the type of munition, target and air vehicle used.

	ATO
	Air Tasking Order
	

	Autoroute
	
	Autorouting is the creation of an optimized route from another route or route leg.

	B-2
	
	The B-2 is an LO Bomber

	BDA
	Battle Damage Assessment
	

	BE
	Basic Encyclopedia
	Number that defines threats.

	BE Number
	
	See ELNOT

	C2
	Command and Control.
	

	C4I
	Command, Control, Communications,Computer and Intelligence
	

	CALCM
	Conventional Air Launch Cruise Missile
	

	CAS
	Calibrated Air Speed
	

	CC
	Common Components
	CCs are common mission planning components that provide functionality that is common to one or more air vehicles.

	CCRD
	Common Capability Requirements Document
	

	CEP
	Circular Error Probable (or Probability)
	This is a measure of the accuracy of weapons on target, defined as a probability.

	CIS
	Combat Intelligence System
	

	Comanche
	
	The Comanche is a state of the art LO helicopter that is in the design stages.    This helicopter will be capable of flying forward, backward, and sideways at high speed, while shooting at a target.   Comanche will require autorouting, both on board and ground based.

	CONOPS
	CONcept of OPerationS
	

	Coordinated Strike Planning
	
	As it applies to autorouting, Coordinated Strike Planning is the ability to construct an entire strike package including target definition, aircraft assignment, target tie-up, target area constraints definition, load-out assignments, time-on-target constraints etc.

	CSAR
	Combat Search and Rescue
	

	CWDS
	Combat Weapons Delivery Software
	

	Deconfliction, Auto
	
	The deconfliction that happens during multiroute route generation.    In the CLOAR software this is done by creating a route and then creating additional routes that don't conflict with the previously generated routes.

	Deconfliction, Manual (a.k.a. Manual Conflict Resolution)
	
	This process starts with identification of the conflicts among a group of routes.    The user may then modify the routes using the route editing tool to remove conflicts.

	DIEQP
	Defense Intelligence Equipment Index
	DIEQPs are alpha numeric codes that identify hardware such as missles, trucks, physical radar placements. etc.

	DII COE
	Defense Information Infrastructure Common Operating Environment 
	

	Dijkstra Algorithm
	
	Dijkstra's algorithm is known to be a good algorithm to find a shortest path.          1.Set i=0, S0= {u0=s}, L(u0)=0, and L(v)=infinity for v <> u0. If |V| = 1 then stop, otherwise go to step 2.         2.For each v in V\Si, replace L(v) by min{L(v), L

	DMPI
	Desired Mean Point of Impact
	DMPIs are the target areas used in the mission planning process.    These are important in the target area planning and coordinated strike planning phases of mission planning.

	DOB
	Defense Order of Battle
	Defensive Order of Battle is an order of battle that makes up the OB

	DOD
	Department of Defense
	

	DPPDB
	Digital Point Positioning Database
	NIMA provided data base in a three coordinate system for use with PGMs.

	DTD
	Data Transfer Device
	

	DTED
	Digital Terrain Elevation Data
	DTED is the elevation data used by an Autourouter to determine altitude above the ground and above threats.

	DTM
	Data Transfer Module
	

	DTUC
	Data Tape Unit Cartridge
	Cartridge for B-1B and B-52

	DVOF
	Digital (or DMA) Vertical Obstruction File
	DVOF information is important in the AR process for low flying air vehicles such as helicopters.   This data includes towers, tall buildings, and other man made objects that do not appear in DTED data.

	EA
	Electronic Attack
	Electronic Attack (EA) includes use of electromagnetic or directed energy to attack personnel, facilities, or equipment with intent to degrade, neutralize, or destroy enemy combat capability.    This is a form of jamming.

	EDTM
	Expanded Data Transfer Module
	F-117A Cartridge

	EI
	End Image
	This is a point defined for the B-2 GATS maneuver using SAR (Radar).

	ELNOT
	Electronic Intelligence NOTation
	ELNOTs are alpha numeric codes that identify signal emissions such as those from radars.  ELNOTs and DIEQPs must be matched for AR use.

	EOB
	Electronic Order of Battle 
	EOB is the category that includes radars.    Radars and their signal information are essential in the autorouting process for LO air vehicles

	EP
	Electronic Protect
	Electronic Protect/Protection (EP) includes actions to protect personnel, facilities, and equipment from any effects of friendly or enemy employment of electronic warfare that degrade, neutralize, or destroy friendly combat capability.  These actions will need to be accounted for in the autorouting process.

	EP (GATS)
	End Point
	

	ES
	Electronic Surveillance
	Electronic Surveillance (ES) includes actions to search for, intercept, identify, and locate sources of intentional and unintentional radiated electromagnetic energy for the purpose of immediate threat recognition. 

	EW
	Electronic Warfare
	

	EW Planning
	
	A Common Capability (CC) that is closely coupled with the AR CC.   This CC provides threat modeling and Radar Characterization data that can be used by the Autorouter.

	F-117
	
	The F-117 is a small LO bomber that is based primarily at Holloman AFB.  

	FL
	Flight Level
	

	FOM
	Figure Of Merit
	The  FOM is an attribute applied to the autorouter which tells the autorouter the relative weighting functions to use based on user input.    Typical examples of FOMs include detection, fuel, and intercept.

	FPM
	Flight Performance Module 
	The Flight performance module provides aircraft characteristics and calculations for use by the mission planning software and other mission uses.     Autorouting requires many of the elements of the FPM to create an optimized route. 

	Framework
	
	A framework, as it applies to the Autorouter, is a set of interfaces and software that allows multiple plug in software capabities to be used interchangeably with other capabilities.

	GATM
	Global Air Traffic Management
	

	GATS
	Global Positioning System (GPS) Aided Targeting System (GATS)
	The GATS is a system that uses GPS to assist in targeting on the B-2 aircraft. 

	GDOP
	Geometric Dilution Of Precision
	

	GFE
	Government Furnished Equipment
	

	GOB
	Ground Order of Battle
	GOB is of interest to the Army, especially for Helicopter autorouting.

	GPS
	Global Positioning System
	This system provides positioning data to the aircraft and weapons.    Information about the location of these satellites at a particular time will be required by the AR for those weapons using GPS.

	Grazing Angle
	
	That angle which is the deflection due to wind and is the angle between the forward velocity vector of the air vehicle and the center line (front to back) of the air vehicle.

	HDOP
	Horizontal Dilution of Precision
	

	IADS
	Integrated Air Defense System
	An IADS is a combination of air defense assets that together provide defense against enemy attack.   These assets may be linked electronically.    The autorouter needs to have a threat model that takes into account IADS systems.

	ICD
	Interface Control Document
	

	INS
	Inertial Navigation System
	An INS is a system which allows an air vehicle to keep track of it's position based on an internal system using inertia mesuring equipment.     

	IP (GATS)
	Initial Point
	

	JASSM
	Joint Air-To-Surface Standoff Missile 
	The JASSM is a LO standoff missle, which will allow air craft to remain far away from targets and threats, especially early in a war, when enemy defenses are still active.

	JC1
	JMPS Combat 1
	

	JMPE
	JMPS Environment
	The JMPS enviroment is the environment in which the JMPS are will operate.    It includes the Windows operating system, COE, and JMPS framework.

	JMPS
	Joint Mission Planning System
	The JMPS system is a mission planning system being developed by the Navy and the Air Force.  JMPS is the replacement for PFPS, AFMSS MPS, and TAMPS.

	JMPS AR
	JMPS Autorouter
	The current name of the JMPS Autorouting CC.

	JTA
	Joint Tactical Architecture
	

	JV1
	JMPS Version 1
	

	LO
	Low Observable
	Low observability is a designed in characteristic in many newer aircraft.    These aircraft are designed to lower or skatter radar signals through the use of special materials and unique shapes.  Examples include the B-2, F-117, JASSM and Comanche. 

	LO Platform
	
	A low observable (LO) platform is one that has been designed with the intent of keeping the RCS of the air vehicle to a minimum.  (See LO)

	LOA
	Low Observable Autorouter
	This is the name given to the JMPS AR by the Army.

	LOS
	Line-of-Sight
	LOS calculations are important in the calculation of threat masking.

	MAJCOM
	MAJor Air Force COMmand
	

	MCG&I
	Mapping, Cartography, Geodesy, and Imagery
	

	MFP
	Must Fly Point
	MFPs are used in the AR process.      These are points through which the aircraft must fly.

	MIDB
	Modernized Integrated Data Base
	

	Minimum Detectable RCS (also Min Detectable RCS
	
	Minimum Detectable RCS is a CLOAR calculated value which provides, at a particular location in space and for a particular set of radar characteristics, what the minumum value of RCS that can be seen by that radar.   This is a CLOAR specific term.    The generic term is Radar Characterization data.

	MPARxx
	Mission Planning Autorouter (xx = Use Case Number)
	

	MPE
	Mission Planning Environment
	

	MSL
	Mean Sea Level
	MSL is an elevation number that is defined based on the average sea level world wide.;

	Multi Route Autoroute
	
	Multi-route autouring is the creation of multiple optimized routes, which have been deconflicted in the generation process.

	Neighbors
	
	Neighbors, as they apply to Autorouting, are the points that are near other points on the Network Graph.   1st Neighbors are the closest, second neighbors the next level... and so on.

	Network Density
	
	Network Density is the measure of the spacing of the nodes of a given network in a Dijkstra or Dijkstra like autorouting solution.

	Node
	
	One point in the graph of a Dijkestra solution set.

	OAP
	Offset Aim Point
	

	OB
	Order of Battle 
	OB data includes what we commonly call threat data (EOB).   It includes also includes GOB, EOB, DOB etc.

	Optimization
	
	Optimization, when used in autorouting, is a contrained optimization based on user defined contstraints such as grid size

	PDOP
	Position Dilution of Precision
	

	PGM
	Precision Guided Munitions
	

	Radar Characterization Data
	
	This is data that is calculated data based on data provided in the radar parametric data and possibly other data such as elevation, distance, air craft FPM etc.

	RCS
	Radar Cross Section 
	RCS is the signiture (reflection characteristics) of an aircraft, weapon, or other vehicle in the direction of a radar.    This signiture includes such items as polarization, frequency,  amplitude, and azimuth.

	Restricted Zones
	
	Restricted Zones are zones such as No-fly, Must Fly and SUAS.     These zones require special processing by the AR to ensure that the rules are met.

	Route
	
	A route is a set of route legs jointed together along with any route segments.   The route stored format is defined by the particular mission planning system (e.g. JMPS, AFMSS, PFPS).   A common route definition (CRD) has been defined.

	Route Fly Through
	
	As it applies to autorouting, this is an aircraft icon on a two dimensional map, showing the outline of the signature of the RCS of the air vehicle as it follows the route or routes.

	SAM
	Surface to Air Missile
	SAMs are a significant threat to the bomber autorouting community.     

	SAR
	Synthetic Aperture Radar
	Synthetic Aperture Radar allows aircraft (e.g. the B-2) to take radar images of the target area or other areas of interest.    In the B-2's case, this data is used to more precisely locate the target.

	SEAD
	Suppression of Enemy Air Defenses
	

	SIOP
	Single Integrated Operational Plan
	

	SUAS
	Special Use Air Space
	This space will be used for autorouting either as an avoidance area or as a must fly area.

	TAP
	Target Area Planning
	TAP (Registered Trade Mark) is a set of analysis tools designed by the Bonn Corporation.    These tools are used by the F-117 planners.

	TASM
	Tanker, Airlift, and Special Missions
	

	Threat Correlation
	
	Threat Correlation is the matching of intel data to remove duplicate threat indications and threats that are no longer valid or not appropriate.   

	Threat Cost
	
	Threat Cost is a numerical value associated with a route or route leg which quantifies a physical cost such as detection time, fuel use, intercept time etc. 

	Threat Parametric (Data)
	
	Threat Parametric Data specifies the characteristis of each threat.   These include radar characteristics and missle characteristics such as frequencies, range, flyout range, type of radar, speed, type of missle, seek type etc.

	Threat Ranking
	
	Threat ranking is the ability to rank threats according to their cost on a user specified route(s) based on the user specified FOMs, threat type, and location.

	Threat Weighting
	
	As it pertains to autorouting, Threat Weighting allows users to apply relative weights to each threat in relation the lethality or other characteristic with respect to a specified airframe.    (e.g. a threat that is of interest to a helicopter flying at 200 feet may be less important to a B-2 at 30,000 feet).

	TOLD
	TakeOff & Landing Data
	

	TOT
	Time-On-Target
	Time on Target is a time that an air vehicle must be at a certain location.    This data is used in the autorouting process.

	TTR
	Target Tracking Radar
	TTRs are important in the calculation of such costs as "intercept" in the autorouting process.

	UPC
	Unique Planning Component
	These are mission planning components of the JMPS architecture which specifically pertain to one air frame.

	VDOP
	Vertical Dilution of Precision
	

	WxCC
	Weather Common Capability
	


7.2 Acronyms

	Acronym
	Meaning

	AAA
	Anti-Aircraft Artillery

	ACFP
	Advanced Computer Flight Plan

	AFMSS
	Air Force Mission Support System

	AFWA
	Air Force Weather Agency

	AGL
	Above Ground Level

	AOB
	Air Order of Battle

	AOC
	Air Operations Center

	ATI
	Access Target Information

	ATL
	Above Target Level

	ATO
	Air Tasking Order

	AWE
	Aircraft/Weapons/Electronics

	BDA
	Battle Damage Assessment

	BE
	Basic Encyclopedia

	C2
	Command and Control.

	C4I
	Command, Control, Communications, Computer and Intelligence

	CALCM
	Conventional Air Launch Cruise Missile

	CAS
	Calibrated Air Speed

	CC
	Common Components

	CCRD
	Common Capability Requirements Document

	CEP
	Circular Error Probable (or Probability)

	CONOPS
	Concept of Operations

	CSAR
	Combat Search and Rescue

	CWDS
	Combat Weapons Delivery Software

	DIEQP
	Defense Intelligence Equipment Index

	DII COE
	Defense Information Infrastructure Common Operating Environment 

	DMPI
	Desired Mean Point of Impact

	DOB
	Defense Order of Battle

	DOD
	Department of Defense

	DOV
	Deflection of Vertical

	DPPDB
	Digital Point Positioning Database

	DTD
	Data Transfer Device

	DTED
	Digital Terrain Elevation Data

	DTM
	Data Transfer Module

	DTUC
	Data Tape Unit Cartridge

	DVOF
	Digital (or DMA) Vertical Obstruction File

	EA
	Electronic Attack

	EDTM
	Expanded Data Transfer Module

	EI
	End Image

	ELNOT
	Electronic Intelligence Notation

	EOB
	Electronic Order of Battle 

	EP
	Electronic Protect

	EP (GATS)
	End Point

	ES
	Electronic Surveillance

	EW
	Electronic Warfare

	FL
	Flight Level

	FOM
	Figure Of Merit

	FPM
	Flight Performance Module 

	GATM
	Global Air Traffic Management

	GATS
	Global Positioning System (GPS) Aided Targeting System (GATS)

	GDOP
	Geometric Dilution Of Precision

	GFE
	Government Furnished Equipment

	GOB
	Ground Order of Battle

	GPS
	Global Positioning System

	HDOP
	Horizontal Dilution of Precision

	IADS
	Integrated Air Defense System

	ICD
	Interface Control Document

	INS
	Inertial Navigation System

	IP (GATS)
	Initial Point

	ISR
	Intelligence, Surveillance & Reconnaissance

	JASSM
	Joint Air-To-Surface Standoff Missile 

	JC1
	JMPS Combat 1

	JDAM
	Joint Direct Attack Munition

	JMEM
	Joint Munitions Effectiveness Manual

	JMPE
	JMPS Environment

	JMPS
	Joint Mission Planning System

	JMPS AR
	JMPS Autorouter

	JTA
	Joint Tactical Architecture

	JV1
	JMPS Version 1

	LO
	Low Observable

	LOA
	Low Observable Autorouter

	LOS
	Line-of-Sight

	MAJCOM
	Major Air Force Command

	MCG&I
	Mapping, Cartography, Geodesy, and Imagery

	MFP
	Must Fly Point

	MIDB
	Modernized Integrated Data Base

	MOB
	Main Operating Base

	MPARxx
	Mission Planning Autorouter (xx = Use Case Number)

	MPE
	Mission Planning Environment

	MSL
	Mean Sea Level

	NIMA
	National Imagery and Mapping Agency

	NOB
	Naval Order of Battle

	OAP
	Offset Aim Point

	OB
	Order of Battle 

	PDOP
	Position Dilution of Precision

	PGM
	Precision Guided Munitions

	RCS
	Radar Cross Section 

	SAM
	Surface to Air Missile

	SAR
	Synthetic Aperture Radar

	SEAD
	Suppression of Enemy Air Defenses

	SIOP
	Single Integrated Operational Plan

	SUAS
	Special Use Air Space

	TAP
	Target Area Planning

	TASM
	Tanker, Airlift, and Special Missions

	TOLD
	Takeoff & Landing Data

	TOT
	Time-On-Target

	TTR
	Target Tracking Radar

	UPC
	Unique Planning Component

	VDOP
	Vertical Dilution of Precision

	WxCC
	Weather Common Capability


APPENDIX A

Traceability to User Requirements Database (URDB) and JMPS SSS
The following statements are derived from the Navy based JMPS Combat One URDB, the Air Force URDB, and the JV1 SSS as being related to the Autorouter CC.  They are to be used as a guideline for recognizing the scope of the functional requirements of the CC.  Traceability to use case is provided where applicable.

	Source Tracking Number
	Requirements Statement
	Use Case

	JMPS SSS-006-06350
	JMPS Data Communications shall accept RCS data.
	MPIP015

	JMPS SSS-018-25550
	JMPS shall display predicted areas of threat radar coverage based upon the target platform's radar cross section (RCS).
	MPAR29

	JMPS SSS-018-27920
	JMPS shall provide the capability to display threat engagement ranges based upon the target platform's RCS.
	EW Planning

	JMPS SSS-018-28900
	JMPS shall provide a graphical representation of exposure to threats based on the mission route and the user prepared threat range ring display
	MPAR34

	JMPS SSS-018-28950
	JMPS shall provide a textual representation of exposure to threats based on  the mission route and the user prepared threat range ring display
	MPAR30

	JMPS SSS-018-29000
	JMPS shall consider the hostile air defense environment along a route at intervals no greater than two seconds of flight time.
	MPAR16

MPAR18

	JMPS SSS-018-29100
	JMPS shall provide the capability for the user to use or disregard own ship azimuth/aspect to a weapon system in threat exposure calculations.
	MPAR03

	JMPS SSS-018-29200
	JMPS shall provide graphic information describing the threat exposure along a route.
	MPAR30

	JMPS SSS-018-29300
	JMPS shall provide textual information describing the threat exposure along a route.
	MPAR20

	JMPS SSS-018-29400
	JMPS shall display threat exposure entrance/exit times.
	MPAR20

	JMPS SSS-018-29600
	JMPS shall display total time in view for each threat exposure.
	MPAR20

	JMPS SSS-018-29700
	JMPS shall display total distance flown within range of each threat exposure.
	MPAR20

	JMPS SSS-021-09010
	JMPS route planning shall support the Common Low Observable Autorouter (CLOAR) by providing access to the JMPS framework functions via UPC interface.
	N/A

	JMPS SSS-028-00000
	The Autorouter route path optimization should use such criteria as: Preferred Routes (i.e., from DAFIF)
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Aircraft ingress and egress headings in the target area
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Signature modeling
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Effects of multiple threat sites
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Electronic Counter Measures (ECM)
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Surface radar ducting
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Time visible to the threat (time segments and cumulative)
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Threat reaction time
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Terrain Elevations
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Man-made obstacles/vertical obstructions
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: North Atlantic Tracks (NAT)
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Threat type and location relative to the aircraft
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Weather
	MPAR16

	
	JMPS should perform autorouting analyses using data and models that are compatible with those used by Threat Susceptibility Analysis; and the results of these analyses should be consistent.
	EW Planning

	
	The Autorouter route path optimization should use such criteria as: Speed, and altitude
	MPAR16

	
	JMPS should provide generic automated tools for general-purpose optimization of route-paths  based upon various criteria for mission effectiveness and ownship survival.  The system should provide the capability to recommend mission-optimal routes between two user-designated points and with user-selected constraints and optimization parameters (e.g., altitude, fuel, and probability of detection).  The auto-router generator also should include formation flights (for similar or dissimilar aircraft) and optimum corridor routes (for inbound, outbound) with user-defined widths.  The tools should also be capable of generating serpentine (curvilinear) nap-of-the-earth routes at a user-specified altitude above ground level (AGL).  
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Global Positioning System (GPS) availability and accuracy
	MPAR16

	
	The Autorouter route path optimization should use such criteria as: Corridor restrictions and fuel/time/distance constraints
	MPAR16

	JMPS SSS-073-02030
	JMPS threat parametric services shall store and provide platform signature data including RCS characteristics data for use by the functions in this specification
	MPIP015

	JMPS SSS-073-02040
	JMPS threat parametric services shall maintain platform signature data for all platforms and variants supported by JMPS.
	MPIP015

	JMPS SSS-074-01800
	JMPS shall access and display to the user platform RCS data in graphical format.
	MPIP015

	JMPS SSS-074-01900
	JMPS shall access and display to the user platform RCS data in tabular format.
	MPIP015

	JMPS SSS-081-18100
	JMPS shall provide the capability to receive RCS Data.
	MPIP015

	AF URDB-3067
	The B-2 A/W/E shall enable the user to develop a route through interactive application of threat analysis.
	EW Planning

	AF URDB-3068
	The B-2 A/W/E shall use the Common Low Observable Autorouter (CLOAR) functions of AFMSS in accordance with 4102079/ISD420/B021-1 and 4102079F/ISD420g/B021-8.
	N/A

	AF URDB-3483
	B-2 mission planning systems and software must automatically optimize the route using B-2 specific LO characteristics, capabilities, and tactics. 
	MPAR16

	AF URDB-3751
	The F-117A Mission Planning System shall enable complete and partial missions to be planned for single aircraft or simultaneously for multiple aircraft and shall include coordination with refueling tankers.  The system shall allow the collection of multiple aircraft routes into missions.  The system shall allow a mission plan to be developed by invoking any sequence of the mission planning functions described in the following paragraphs and integrate them into a complete mission plan.  This shall include the capability to independently develop different portions of the same route (e.g., takeoff, target area) at different planning stations and times.
	MPAR16

	AF URDB-3752
	Duplicate of AF URDB-3751
	

	AF URDB-3780
	a. F-117A MPS shall accept, process, display, transfer, and output all parametric data listed in Appendices E and H of ESC-82155046A009 and all other parametric data required to support F-117A mission planning, materials preparation, and post mission debriefing. 
	JMPS Framework

	AF URDB-3795
	c. F-117A MPS shall provide automation tools that enable the user to plan complete and partial missions including Air Interdiction, Refueling, and Airdrop missions.
	MPAR16

	AF URDB-3796
	d. F-117A MPS shall enable the user to plan for missions involving single and multiple aircraft, including all user selected combinations of fighter, bomber, airlift, tanker, and special operations rotary and fixed-wing aircraft. 
	MPAR16

	AF URDB-3797
	a. F-117A MPS will provide capabilities that enable the user to formulate an overall concept of how the mission will be accomplished.  
	MPAR24

	AF URDB-3803
	a. F-117A MPS shall allow the target area to be defined as a function of aircraft, weapons or geographical constraints.  
	MPAR24

	AF URDB-3810


	c. F-117A MPS shall provide decision aids including graphics for manual route planning based on:
	JMPS Framework

JMPS AR

	
	1. number of targets or missions  
	JMPS Framework

	
	2. route/mission target identifiers, mission designators and keywords
	JMPS Framework

	
	3. mission descriptor entries 
	JMPS Framework

	
	4. threats (including assessments) and weapon types 
	MPAR03

	
	5. constraints of the NIAC navigation model 
	MPAR16

MPAR18

	
	6. option to use previously defined threat or weapon type selections or defaults
	MPAR03

	
	7. minimum detection/engagement time for all applicable threat sensors 
	MPAR04

	
	8. maximum delay of initial detection/engagement 
	MPAR04

	
	9. minimum shot opportunities 
	MPAR04

	
	10. altitudes derived from user selected routes/corridors 
	MPAR04

	
	11. information resident in the core AFMSS database such as terrain masks and aircraft constraints 
	N/A

	
	12. aircraft attitude, speed and location (i.e., latitude, longitude and altitude) 
	MPAR04

	
	13. Deleted. 
	

	
	14. GPS Geometric Dilution of Precision (GDOP) using the GPS System Effectiveness Model (SEM) or equivalent. 
	MPAR31

	AF URDB-3811
	Duplicate of AF URDB-3810
	N/A

	AF URDB-3818
	j. F-117A MPS shall use the AFMSS Common Low Observable Autorouter (CLOAR) to generate up to and including the best n routes, as determined by the user-specified route specific optimization criteria and route constraints.
	N/A

	AF URDB-3829
	k. F-117A MPS shall generate multiple routes which are frag deconflicted, based upon the user-specified F-117A munitions and delivery/recovery maneuvers.
	MPAR16

	AF URDB-3832
	a. F-117A MPS shall enable the user to perform detailed route planning so as to comply with all time/location requirements and other mission constraints which are consistent with the performance limitations of the aircraft.  These include time of arrival at the Target/Objective Area IP, as well as refueling and rendezvous with other force elements.  
	MPAR16

	AF URDB-3833
	Duplicate of AF URDB-3832 
	N/A

	AF URDB-3834
	c. F-117A MPS shall compute optimal route(s) by optimizing over a user-weighted and prioritized set of FOMs, including detection, engagement, number of Surface-to-Air Missile (SAM) shots, ground clobber, and fuel consumption. 
	MPAR05

	AF URDB-3835
	h. F-117A MPS shall allow the user to specify the optimization criteria to be used following the initial detection/engagement along delayed detection/engagement routes.  
	MPAR05

	AF URDB-3837
	y. F-117A MPS shall allow the user to specify up to and including 100 ordered points and route segments through which the autoroute must pass. 
	MPAR04

	AF URDB-3838
	z. F-117A MPS shall allow the user to specify a TOT for each specified point through which the autoroute must pass.  
	MPAR04

	AF URDB-3840
	ab. Each CLOAR generated route shall pass through the specified points and segments and satisfy the TOT constraints.  
	MPAR04

	AF URDB-3845
	d. F-117A MPS shall constrain the route so that the route probability of clobber (Pc) shall not exceed a user or F-117A-specific value.  
	MPAR04

	AF URDB-3856
	b. For threat analysis calculations, F-117A MPS shall use weapons capability and threat parametric data, as well as updated order of battle information (including EOB data) from manual inputs and electronic interfaces to external intelligence and operational sources.  
	MPAR01

	AF URDB-3857
	c. F-117A MPS shall use this data, together with aircraft signature data (radar) to predict threat performance and to generate and display threat depiction and weapon engagement zones.  
	MPAR34

	AF URDB-3858
	Duplicate of AF URDB-3857
	N/A

	AF URDB-3859
	d. F-117A MPS shall perform threat analysis on any collection of up to and including 300 distinct threat types including those listed in ESC-82155046A009.  
	EW Planning

	AF URDB-3860
	f. F-117A MPS shall perform threat analysis based upon the modified threat parameters values. 
	EW Planning

	AF URDB-3861
	g. F-117A MPS shall allow selection of displayed threats and shall display associated intelligence data.  
	EW Planning

	AF URDB-3862
	h. F-117A MPS shall provide, for the F-117A, a 360 degree x 180 degree RCS model (in one degree x one degree increments) for use by the F-117A MPS threat analysis functionality. 
	MPIP015

	AF URDB-3871
	a. To assist the planner in determining the tactics which maximize the probability of mission success and aircrew survival, F-117A MPS shall provide the capability to assess the threats in the target/objective area using the threat analysis tools described in this section. 
	EW Planning

	AF URDB-3872
	Duplicate of AF URDB-3871
	N/A

	AF URDB-3873
	a. F-117A MPS shall enable the user to deconflict any user-specified collection of routes, flights, and missions. 
	MPAR19

Play Views

	AF URDB-3874
	b. F-117A MPS shall determine all instances where user-selected routes intersect, according to the user-defined criteria for intersection, and provide tools which enable the user to perform route deconfliction, including the display of time, location, and altitude at each user-selected intersection point. 
	MPAR19

	AF URDB-3955
	AFMSS shall support the ability for automated selection of an optimal route(s) (using either user or computer selected points) based upon user selected constraints and parameters (e.g., threats, altitude, fuel, weather). 
	MPAR16

	AF URDB-4338
	F-22 To assist the mission planner in determining the tactics that maximize the probability of mission success and aircrew survival, the F-22 MPS shall provide the capability to assess the threats to be encountered using the threat analysis tools of AFMSS.
	EW Planning

	AF URDB-4340
	F-22 The F-22 MPS shall provide an RCS model for use in the F-22 MPS threat analysis functionality.
	MPIP015

	AF URDB-4341
	F-22 CIDS Mission planners will analyze threat system performance capabilities in order to exploit system weaknesses and vulnerabilities.
	EW Planning

	AF URDB-4343
	F-22 The F-22 MPS shall use this data, together with aircraft signature data, to predict threat performance and to generate and display threat depiction and weapon engagement zones.
	MPAR34

	AF URDB-4353
	F-22 CIDS The target area is the area around one or more Designated Mean Point of Impact (DMPI) where aircraft survivability/vulnerability and weapons delivery planning considerations must be analyzed.  If more than one aircraft is involved in the same target area, coordination and deconfliction must also be considered.  
	MPAR23

	AF URDB-4360
	F-22 F-22 may be tasked to attack time-critical, re-locatable targets.  Pilots will need to plan for tactics to search for and locate these targets with sufficient accuracy for attack.
	MPAR23

	AF URDB-4366
	F-22 The F-22 MPS shall compute optimal route(s) by optimizing a user-weighted and prioritized set of FOMs, including detection, engagement, number of SAM shots, fuel consumption, etc. 
	MPAR16

	AF URDB-4367
	F-22 The F-22 MPS will allow the user to specify the optimization criteria to be used following the initial detection/engagement. 
	MPAR05

	AF URDB-4375
	F-22 F-22 MPS shall allow the user to assign multiple routes per aircraft. 
	JMPS Framework

	AF URDB-4376
	F-22 LO paths within an operations area may be planned to optimize/increase F-22 survivability against threats.
	MPAR16

	AF URDB-4408
	F-22 CIDS In wartime mission planning, the MPC must insure precise coordination between F-22 aircraft in the target area and coordination with other assets is established/maintained.  This may include tankers, fighters and air defense for safe ingress and egress, and unmanned weapons (such as cruise missiles).
	JMPS Framework

	AF URDB-4411
	F-22 CIDS Mission planners may use the multiple route display tool to check deconfliction with other missions.
	MPAR33

Play Views

	AF URDB-4413
	F-22 CIDS Following mission route development, flight path deconfliction with other aircraft/flight routes, to include both time-phased and geo-location, may be performed.
	MPAR33

Play Views

	AF URDB-4414
	The F-22 MPS shall enable the user to deconflict any user-specified collection of routes, flights, and missions.
	MPAR33

Play Views

	AF URDB-4415
	F-22  The mission planners may also use the multiple route display to gain situational awareness as to the aircraft that will be near his AOR.
	JMPS Framework

	AF URDB-4425
	F-22 CIDS The threat area planning and attack planning should be done concurrently.  Review and modify, if required, the threat aimpoint filter parameters for the mission.  Select and attach aimpoints to routing.
	JMPS Framework

	AF URDB-4445
	F-22 CIDS Peacetime missions, other than air to air practice sorties, include JDAM, instrument proficiency sorties and cross country flights.  Here the pilot will be required to actually construct a "route" to obtain the required time, distances, and courses to the waypoints along the route of flight.  Fuel consumption will also be a required item.  Finally, the F-22 pilot will have to really use the flight planner on AFMSS.
	JMPS Framework

	AF URDB-4450
	F-22 Typically there are no "real world" threats in a training area (high or low area).  Therefore, little or no threat analysis will be required.  Since training threats are generally fictitious, and the pilot must remain inside controlled airspace during flight to and from working areas for safety of flight reasons, autorouting functions and threat analysis tools will rarely be used to build flying training missions.  F-22 pilots may employ the threat analysis tools for proficiency, or as needed for check ride scenarios.  The PFPS may be used to generate mission routing and the resulting missions brought in and loaded onto the MPS system for mission completion.
	EW Planning

	AF URDB-4983
	B-2 mission planning systems and software must automatically optimize the route using B-2 specific LO characteristics, capabilities, and tactics. 
	MPAR16

	AF URDB-4984
	Duplicate of AF URDB-4983
	N/A

	AF URDB-4985
	Duplicate of AF URDB-4983
	N/A

	AF URDB-4986
	Duplicate of AF URDB-4983
	N/A

	AF URDB-4987
	Duplicate of AF URDB-4983
	N/A

	AF URDB-4988
	Duplicate of AF URDB-4983
	N/A

	AF URDB-4989
	Duplicate of AF URDB-4983
	N/A

	AF URDB-4990
	The AFMSS will host an LO autorouter and B-2 data preparation software. 
	N/A

	AF URDB-4992
	The LO autorouter will be part of AFMSS core system. 
	N/A

	AF URDB-5632
	It must support B-2 weapon system capabilities and characteristics (to include optimizing LO characteristics through tactics).
	MPAR16

	AF URDB-5693
	The B-2 A/W/E shall use the Common Low Observable Autorouter (CLOAR) functions of AFMSS in accordance with 4102079/ISD420/B021-1 and 4102079F/ISD420g/B021-8.
	N/A

	AF URDB-5694
	Duplicate of AF URDB-5693
	N/A

	AF URDB-5695
	Duplicate of AF URDB-5693
	N/A

	AF URDB-5696
	Duplicate of AF URDB-5693
	N/A

	AF URDB-5698
	Duplicate of AF URDB-5693
	N/A

	AF URDB-5778
	B-2 Requirement - Terrain Avoidance - GATS, Radar range limits.
	Analyze Terrain Effects

	AF URDB-5784
	CLOAR network construction, PGM raw data view and then correlated data of crew use (raw data for analyses).
	N/A

	AF URDB-5785
	Basic AFMSS route construction and implementation of destinations, aim points, navaids, apply basic route constraint checking, etc. 
	JMPS Framework

	AF URDB-5900
	CLOAR autorouting and route evaluation.
	N/A

	
	The B-2 mission planning system must be compatible with USSTRATCOM's mission planning architecture (Strategic War Planning System (SWPS)) and provide for timely generation of mission plans and data transfer devices at USSTRATCOM, the unit, and while deployed. 
	TBD

	AF URDB-6399
	2.1.3 b The Mission Planning function shall provide the capability to automatically generate routes which optimize user-selectable Figures of Merit (to include survivability and collection effectiveness) and consider user specified constraints.   (3.3.2.1)
	MPAR16

	AF URDB-6400
	2.1.3 c The Mission Planning function shall provide the capability to automatically generate Global Hawk UAV routes using Common Low Observable Autorouter capabilities.    (3.3.1.6 & 3.3.2.1)
	Future

	AF URDB-6401
	Duplicate of AF URDB-6400
	Future

	AF URDB-6415
	2.1.3 k The Mission Planning function shall provide the capability to display multiple routes across multiple missions simultaneously.   (7.1.3.1 & 7.1.4)
	JMPS Framework

	AF URDB-6416
	Duplicate of AF URDB-6415
	JMPS Framework

	AF URDB-6486
	2.1.6 d The Mission Planning function shall provide the capability to perform partial mission planning/evaluation.   (3.9.3.2)
	JMPS Framework

	AF URDB-9999
	Missile Route Planning.  The missile route planning software will be capable of operating at the wing/unit-level and will be designed for use by aircraft crewmembers.  The  missile route planning software will be capable of generating and assembling mission routes from the launch point to the target impact or vice versa.  Missile route planning software will be capable of performing TAM manipulation, automatic route generation, and provide tools supporting manual modification by the user.  Missile route planning software will support threat assessment, terrain avoidance planning, weather visualization, and TOT planning.  As a threshold, mission planning within the Air Tasking Order (ATO) cycle for one JASSM must not exceed an average of ten minutes (objective is under a five minute average) including planning the missile from launch-to-target and manipulating the TAM (i.e. moving aim points and modifying azimuths).  Generation times begin when all data necessary for generation of the missile mission route are
	N/A

	JC1 URDB-10801
	The mission planner shall have access to Auto-Router Tools.  Provide an automatic route  
 generator, which will determine the best route from a user defined starting point to a user 
 defined endpoint, or the target, based on user specified criteria to include threat avoidance
	MPAR16

	JC1 URDB-10893
	The mission planner shall be able to conduct route planning via an autorouter capability.
	MPAR16

	JC1 URDB-10998
	Upon command, the TCS shall run an optimization algorithm to determine the best route to  avoid restricted/threat zones and minimize the threat to the AV when it must enter threat zones for mission critical needs (e.g., for data collection
	MPAR16

	JC1 URDB-11335
	Mission planners shall be able to generate optimal routing to minimize counter-detection prior to accomplishing the mission.
	MPAR16

	JC1 URDB-11501
	Determine optimal routing to minimize counter-detection prior to mission accomplishment.
	MPAR16

	JC1 URDB-11511
	The mission planning system shall be able to recommend flight profile to minimize  
 counter-detection (e.g., SLAM, Harpoon, Maverick).
	Future

	JC1 URDB-13109
	The mission planning system shall support quick planning of survivable missions by providing   access to a GFE low observable auto-route capability.
	MPAR16

	JC1 URDB-13110
	Allow the planner to use the automated features of a low observable auto-router, merge the  results with previously defined navigation elements, and allow subsequent editing to refine the combined mission plan.
	JMPS Framework

	JC1 URDB-13804
	Mission planning shall provide an autorouting capability based on threats, fuel, time on station, weight, balance and configuration
	MPAR16

	JC1 URDB-14671
	Recommend further review of CLOAR-like capabilities with respect to F/A-18E/F.
	N/A

	JC1 URDB-6289
	Autorouter should provide justification for its routing, and provide mission planner override ability. Should incorporate RCS and emisson management.
	MPIP015

	JC1 URDB-9738
	The mission planning system shall allow for autonomous execution of emergency recovery procedures
	Future

	JC1 URDB-9739
	The mission planning system shall allow for automatic return to pre-planned recovery areas in the event a lost data link is not reacquired
	Future

	JC1 URDB-9740
	The mission planning system shall allow for autonomous navigation and flight between multiple, selected waypoints
	Future

	JC1 URDB-9776
	The mission planning system shall allow for autonomous navigation and flight between  multiple, selected way points; the capability of updating or reprogramming way points from controlling GCS or Launch and Recovery (L/R) equipment.  During flight, the AV must perform automatic loiter (adjustable by the AVO for radius, pattern, standoff distance and azimuth) on command, execute lost-link procedures to attempt to reacquire the link in the event of data link loss, be capable of returning to preplanned recovery areas in the event of failure of reacquisition of data link, and be capable of executing autonomous emergency recovery procedures (such as parachute deployment) (threshold).  A non-explosive, self-destruct capability is also a threshold requirement
	Future
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