Scenario Planner Requirements

1.0 Mission Tool Requirements

2.0 Requirements Definitions

2.1 Mission Tool Installation

The user shall be able to install a runtime version of the Scenario Planner from a CD with minimal instruction on specified hardware.  The installation CD shall be accompanied with “Quick Start” instructions that explain clearly all steps required for successful installation.  The installation CD shall include all current user documentation, including the Mission Tool Users’ Manual.

2.2 Real Time Analysis Plots

The user shall be able to specify analysis plots for observation during the event.  Event specific plots can be specified during the event planning phase and saved for activation during event rehearsals, dry runs, and during the actual event.  Plot specification will be accomplished by specifying the VID(s) of interest, the dependent and independent variables for plotting, and the range, units, scales, and annotations of the X and Y-axis.  Variables for plotting shall include all data contained in the relevant iNet Track Data messages, and shall also include derived variables such as heading and speed.  

Figure 2.1 shows a sample plot definition panel with entries for VID/SID, adaptive axis labels, dependent and independent variable definition, and unit definition.  Additional entries shall permit customization of color schemes, enabling of grid lines, and other features to customize the plot presentation.
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Figure 2.1.  Plot Definition Panel. 

Additionally, the Mission Tool shall allow the user to specify a reference point or reference vehicle.  Specification of such a reference shall expand the number of variables for plotting to include range, bearing, down range, cross range, closest point of approach, and time-to-go.  

2.3 Process ASCII Formatted Trajectory Data

The Mission Tool shall permit importing of vehicle trajectory data in ASCII format.  This format shall include time, position, and rate data.  Optionally, target orientation data may be added.  The mission tool shall permit import of this data, and shall process this data during playback and shall output the data in iNet message 25 and 26 format.  

Figure 3.1 illustrates the ASCII trajectory input panel.  File input shall be accomplished by placing the ASCII file in the appropriate directory and converting the file into the Mission Tool format by selecting the Convert command.  
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Figure 3.1. ASCII File Conversion Control Panel.

Once an ASCII dataset has been entered, the user shall be able to modify the dataset by specifying a different launch position and launch azimuth.  Figure 3.2 depicts the controls that shall be available for this option.  The operator shall be permitted to save the resultant converted file under a different name.
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Figure 3.2. ASCII Model Modification Panel

The user shall be able to specify a rehearsal mode for scenario playback.  This mode shall send iNet Track Data messages (MT 25 and MT 26) to simulate radar detection and tracking of each vehicle in accordance with sensor track assignments for tracking sensors and volume of coverage constraints for surveillance sensors.  This capability shall work for all vehicle trajectories, whether they were scripted with the waypoint editor or imported into the Mission Tool from a text file.  The simulated Track Data messages shall be broadcast to the iNet at the sensor detection rate specified by the appropriate sensor model.

These track data messages will be used by any client on the iNet that processes iNet Track Data messages, including Mission Tool clients.  Figure 3.3 depicts a Mission Tool client displaying ASCII file import data during scenario playback in the rehearsal mode.
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Figure 3.3.  Playback of imported ASCII dataset in the rehearsal mode.

2.4 Vehicle Trajectory Waypoint/PFPS File Interchange

The Mission Tool shall permit various methods of scripting and importing planned vehicle trajectories.  Current requirements include vehicle trajectory definition via waypoint definition,  ASCII  file import (see section 2.3 ), and PFPS file import and translation.

2.4.1 
Waypoint Definition

Waypoint definition shall permit the planner to select a vehicle type and plot its trajectory by dropping waypoints along the planned vehicle path. Waypoint position shall be determined by the position of the cursor accompanied by a mouse click. Vehicle performance values for speed, climb/dive rates, maneuver, etc shall initially be defaulted to the nominal values specified in the vehicle model.  Subsequent waypoints shall assume performance values from the previous waypoint. Each waypoint value, including latitude, longitude, altitude, speed, rate of turn, climb rate, dive rate, etc shall be modifiable by the planner, but shall be constrained by the vehicle model’s minimum and maximum performance values.

Vehicle trajectory planning using waypoints shall permit planning in the forward and/or backward direction from the chosen starting position.  Additionally, waypoint planning shall permit the insertion of a waypoint between two previously scripted waypoints and the deletion of a previously scripted waypoint.  The vehicle trajectory and timeline shall be automatically recalculated after each such trajectory modification.

Waypoint trajectory planning shall automatically compute the trajectory timeline.  This timeline start point shall be initialized to time T0, but shall be modifiable by synchronizing any trajectory waypoint to another vehicle path, to some external observable event, or by manually setting any waypoint time.

The Mission Tool shall complete the trajectory between specified waypoints using the vehicle performance data provided to plot the course and time of the vehicles path to the next waypoint. 

During scenario playback, the vehicle shall traverse the planned path at the speed specified.  In rehearsal mode, iNet Track Data messages (MT 25 and 26) will be generated for sensors tracking the target.  These messages can be used to stimulate any process on the iNet that processes the iNet Track Data messages.

2.4.2 
ASCII File Import


The Mission Tool shall permit import of vehicle trajectories via ASCII text files that specify vehicle  position, rates, and time.  These files may also include vehicle orientation (roll, pitch, and yaw).

The time element of the vehicle shall be capable of offset by the planner to synchronize with any other vehicle trajectory or with some observable external event.

During scenario playback, the vehicle shall traverse the planned path at the time increment specified.  In rehearsal mode, iNet Track Data messages (MT 25 and 26) will be generated for sensors tracking the target. If the vehicle trajectory file includes aspect angle data, the MT26 data shall include the roll, pitch, yaw element. These messages can be used to stimulate any process on the iNet that processes the iNet Track Data messages.

2.4.3 
PFPS File Conversion

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

Vehicle trajectories can be specified by the Portable Flight Planning System (PFPS).  The Mission Tool shall permit import of data in this file format and shall translate the information into a waypoint defined vehicle trajectory, with all the capabilities described above.  
2.5 Vehicle Waypoint Trajectories – Special Cases


The user of the Mission Tool shall be able to use the waypoint trajectory definition capability to define the paths for stationary and moving vehicle participants.  Additionally, options shall be provided to easily define special trajectories, such as orbits and racetracks. 

Figure 5.1 illustrates the entry panel for displaying and defining specific waypoint attributes.  The user shall be able to specify precise vehicle position and  performance values, as well as modify waypoint attributes such as annotations and time tic increments.  Figure 5.1 also illustrates that the user shall be able to script a vehicle trajectory in the forward or backward direction, and shall have a full set of waypoint editing capabilities. 
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Figure 5.1. Vehicle Waypoint Definition Panel.

Since many event participants are assigned a specific location and other participants are assigned to fly racetrack orbits about a specific point,  the waypoint editor shall provide a simple mechanism for scripting these trajectories.

2.5.1 Vehicle Waypoint Trajectories – Stationary Participants

Stationary participants shall be scriptable by assigning a single waypoint to the vehicle’s trajectory with a speed of zero.  Note that the trajectory will be declared invalid and ignored if the vehicle model does not permit a velocity of zero.   By default, a vehicle scripted with a velocity shall exist throughout the scenario,  but the editor shall permit entry of start and stop times.

2.5.2 Vehicle Waypoint Trajectories – Racetrack Trajectories

Racetrack participants shall be scriptable by assigning a single waypoint to the vehicle’s trajectory and designating a waypoint trajectory. Upon designation as a racetrack trajectory, the user shall be provided with an axis line through the waypoint to the cursor.  Manipulation of the cursor shall change the orientation and length of the axis.  A click of the mouse shall set the axis line.  The radius of the vehicle’s turn shall be set by the vehicle model default value,  but shall be modifiable within constraints set by the vehicle model.  Figure 5.2 illustrates the racetrack trajectory definition tool.   
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Figure 5.2. Racetrack Trajectory Drawing Illustration

2.6 Classification Banner

The user of the Mission Tool shall be able to attach a classification level to any scenario.  The default classification level of a new scenario shall be Confidential.  The user shall be able to choose from the following classification levels: Unclassified, Official Use Only, Confidential, Secret, and Top Secret.  Once established, the classification of a scenario shall be password protected to prevent unauthorized downgrade.  The classification level shall be displayed prominently on all Mission Tool displays and generated reports.  The classification banner shall be formatted and color-coded in accordance with appropriate Mil Standards.  Figure 6.1 provides an example Scenario Classification Entry panel.
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Figure 6.1.  Sample Scenario Classification Entry Panel.
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Figure 6.2. Sample TacSit Display with Classification Banner

Figure 6.2 shows a sample TacSit display with classification Banner.

2.7 Decision Aid Matrix

The Mission Tool shall provide the means for the planner to define and enter operational constraints, which can be either manually or automatically monitored during rehearsals and during the actual event.  During constraint definition, the user shall be provided with a list of constraint types from which to select.  Constraint types are defined below.  Upon selection of a constraint type for entry, the user shall be required to enter a category and shall be presented with a list of predefined parameters required to completely express the constraint.  During the event, the automatically monitored constraints shall be evaluated on a periodic basis, and the status of each constraint shall be presented in the pull-down constraint matrix.  Additional visual aids such as modified symbology, color, and notifications shall be provided to alert the Op Conductor of constraint violations and severity.  Figure 7.1 shows an example of a Constraint Matrix element editor.  This example shows partial entry of the parameters required to enter a distance constraint.
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Figure 7.1. Constraint Matrix Element Editor.

2.7.1 Constraint Category

During constraint definition, the user shall be prompted to enter a Category for each constraint.  Constraint categories shall be user defined to fit with the mission plan. The category shall be used by the mission tool to group constraints into meaningful sets for review. Example categories might include: Aux Sensors,  Pre-Launch (Target), Pre-Launch (Intercept), IP, etc. The Mission Tool shall present the Decision Aid Matrix to the user in a rolled-up fashion, with category being the level of grouping.  The category level will display summary data about the constraints in that category.  The user shall be able to select one or multiple categories for expansion and review of the status of the individual constraints contained in the category. 

2.7.2 Constraint Types

The following constraint types shall be implemented:

· Distance Constraint – This constraint type shall monitor the distance between two vehicles.  The relationship of distance between the two vehicles or vehicle and nominal can be expressed as either greater than or less than the constraining variable.

· Manual – This constraint type shall not be automatically monitored.  A check box shall be provided to allow manual confirmation that the described condition is met.

· In the Box – This constraint shall monitor vehicle position as either inside or outside of a prescribed polygon.

· Sensor on Line – This constraint type shall monitor if the sensor is reporting data, either valid or invalid, onto the iNet.

· Sensor on Target – This constraint type shall monitor if the sensor is providing valid target data for the vehicle to which it has been assigned within the Mission Tool.

· Off Nominal (Distance) – This constraint type shall monitor if the vehicle is more than a given distance from the closest point on its nominal trajectory.

· Off Nominal (Time) – This constraint type shall monitor if the vehicle’s time line is greater than the constraint value for the nominal time line at the closest position from the vehicle to its nominal.

· Closest Point of Approach (CPA) – This constraint type shall allow the user to constrain the CPA of a vehicle to a given reference point or vehicle.  This relationship can be expressed as either greater than or less than the constraining variable.

2.7.3 Constraint Monitoring

The constraint matrix shall be distributed upon scenario activation, upon request from a client, and periodically to assure receipt by all potential users.  Constraint monitor processing shall be accomplished by the Mission Tool server.  The constraint monitor shall periodically review all defined constraints and maintain a constraint compliance status.  Upon review of the constraint matrix for compliance, the constraint monitor shall send a constraint compliance message to all mission tool servers.  The mission tool clients shall use the Constraint Compliance message to update the Decision Aid Matrix, shown in Figure 7.2.
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Figure 7.2.  Decision Aid Matrix

The Decision Aid Matrix shall readily show which constraint categories have current violations and the highest level severity of violation within the category.  The user can open the category to get a full listing and status of all constraints within the category, as shown in Figure 7.3.


Figure 7.3. Category Constraint Status Listing 

The user shall be able to select any listed constraint to receive amplification data.  Additionally,  target symbology and other means shall be used to notify an observer of a constraint violation, as defined in Table 7.1.

Table 7.1. Constraint Violation Notifications.

	Type
	Constraint Matrix
	Symbology

	Distance
	Yes
	Blinking Symbol

	Manual
	Yes
	

	In the Box
	Yes
	Blinking Symbol

	Sensor Online
	Yes
	Icon

	Sensor on Target
	Yes
	Icon

	Off Nominal (Distance)
	Yes
	Blinking Symbol

	Off Nominal (Time)
	Yes
	Blinking Symbol

	CPA
	Yes
	Blinking Symbol


2.8 Compute Real Time Events


The Mission Tool shall compute real time events.  These computed events shall be available to other elements of the Mission Tool for Time Line initiation and/or constraint amplification.  Computed events shall include launch, achievement of specified altitude, apogee, and impact.  Computed time-to-event and event notifications will be periodically sent to Mission Tool functions that require this information to carry out their functionality, such as independent time line initiation and constraint monitoring.  

Real-time event calculations that have instantaneous numerical outputs are:

· Launch Time 



· Apogee Altitude

· Apogee Time 

· IIP Altitude

· IIP Time

· Splash Time

· Closest Point of Approach (CPA)

· CPA Time  OR Time-to-go

The results of these calculations shall be displayable in several ways:
· Columns in the track list

· Track Tags

· Track Details Box
2.9 Mobile Sensors

The user of the Mission Tool shall be able to mount sensors on auxiliary participant, such as aircraft and surface vehicles. Performance of such sensors shall be modeled to include such parameters as azimuth limits, elevation limits, boresight, and half-angle. During planning, the Mission Tool shall combine these additional sensor model parameters with the standard sensor model elements to determine sensor coverage during the entire trajectory of the auxiliary participant.  

2.9.1 Sensor Placement

The planner shall be able to designate a sensor entity as being either stationary (fixed) or mobile. A fixed sensor shall be specified by entering the latitude, longitude, and altitude of the sensor position.  A mobile sensor shall be specified by entering the vehicle identifier (VID) upon which the sensor is mounted.  Figure 9.1 illustrates the Sensor Entity assignment panel being used to place a sensor on a mobile platform.

Figure 9.1. Sensor Entity Assignment Panel and Entry of a Mobile Sensor Entity.

2.9.2 Mobile Sensor Performance Parameters Definitions

The sensor model definition capability shall be expanded to include azimuth limits, elevation limits, boresight, and half-angle.  These sensor parameters shall be included in the radar coverage analysis in accordance with the following definitions:

Azimuth Limits – The azimuth limits of radiation for the mobile sensor defined relative to the heading of the vehicle upon which the sensor is mounted.

Elevation Limits – The elevation limits of radiation for the mobile sensor defined relative to the aspect of the vehicle upon which the sensor is mounted.

Boresight – The direction the sensor is pointed defined relative to the to the heading of the vehicle.

Half-angle – One half of the sensor beam width centered upon the sensor boresight.

2.9.3 Mobile Sensor Coverage Analysis

The user shall be able to evaluate the effective coverage of mobile sensors during event planning.  The coverage analysis reports, presented in section 2.11, shall incorporate 

2.10 Scenario Plan Manipulation

The user of the Mission shall be able to select a set of scenario plan components, such as vehicle trajectories and overlays, and manipulate them as a unit.  Manipulations include translation, rotation, and flip.

Multiple component manipulations shall be allowed in sequence, i.e. rotation followed by translation.

2.10.1 Component Translation

Component translation shall be accomplished by drag and drop, by specification of an X and Y offset to be applied, or by specification of a new latitude and longitude for a selected point within the selected components. The Mission Tool shall automatically accomplish the same translation for all selected scenario plan components.

2.10.2 Component Rotation
Component rotation shall be accomplished by specification of a locus and degree of rotation.  The Mission Tool shall automatically accomplish the specified rotation on all selected scenario plan components.

2.10.3 Component Flip
Component flipping shall be accomplished by specification of the axis about which to perform the flip.  The Mission Tool shall automatically accomplish the specified flip on all selected scenario plan components.

2.11 Radar and Target Coverage Analysis


The mission tool shall provide analysis and graphical presentation of radar and target coverage.  

2.11.1 Radar Coverage Analysis

A radar’s coverage, when selected, shall be presented as a series of colored circles that extend from the radar to the maximum instrumented range of the radar.  Each circle represents the extent of the radar horizon for targets at increasing altitudes

The radar coverage analysis shall uses standard radar performance equations and a 4/3 earth model for determination of the radar’s coverage envelope.

Radar coverage analysis shall include blockages entered into the radar entity as shadow masks, radar control cutouts, and the terrain profile. 

The user shall be able to select one radar for single radar coverage analysis, or multiple radars to view overlapping and cooperative radar coverage.

Figure 11.1 shows an example radar coverage analysis presentation. Each contour line represents the radar horizon vs. target altitude at increments of 1000 meters.  The radar horizon vs. altitude increment shall be user selectable.  
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Figure 11.1.  Example Radar Coverage Presentation.

2.11.2 Target Coverage Analysis

The Mission Tool shall also provide a target coverage analysis tool.  The operator shall be able to select a target of interest for analysis.  This analysis tool shall provide multiple presentations of target coverage. 

Target coverage analysis shall include blockages entered into the radar entity as shadow masks and radar control cutouts.

2.11.2.1 Signal to Noise Ratio vs. Time

 A graphical representation of S/N vs. time for each radar assigned to track the target of interest shall be provided.  Figure 11.2  provides an illustration of the proposed S/N vs. Time plot.  This plot  shall be generated from the mission plan, and can be used to verify adequate radar coverage over the entire vehicle timeline.

Figure 11.2  provides an example of the Target Coverage Analysis presentation.  This presentation shows the computed signal to noise ratio for three sensors assigned to track vehicle #128.  


VID 128
Figure 11.2.  Signal to Noise Ratio Analysis Presentation.

2.11.2.2 Target Coverage vs. Time

The target coverage vs. time plot shall show target coverage vs. time for each radar assigned to track the target of interest.  Each radar plot shall be color coded, and a legend will be provided to specify which color is assigned to each radar’s plot.

Figure 11.3  provides an illustration of the proposed Target Coverage vs. Time plot.  This plot  shall be generated from the mission plan, and can be used to verify adequate radar coverage over the entire vehicle timeline.


Figure 11.3.  Target Coverage Analysis Presentation.

2.11.2.3 Radar Coverage versus Target Trajectory

The Range Mission Tool shall provide a radar coverage evaluation tool for use during scenario preview and rehearsal.  Application of this tool shall be user selectable and shall show the sensors capable of detecting the target as the simulated target moves along its planned path.  

Each sensor’s capability to detect the target of interest shall be determined based upon radar tracking assignment, a test Signal to Noise criteria, radar model, the radar equation,  radar horizon, shadow graph, and radar cut outs.

A fan from each sensor’s location to the maximum radar range shall be drawn through the target of interest while the target is visible to the radar.  The fan shall disappear when the target is no longer visible to the sensor.

Figure 11.4  shows the target clearly within coverage of the four assigned sensors, including one sensor mounted on an aircraft.


Figure 11.4. Sensor Coverage Presentation During Mission Preview. 

2.12 Configuration Management

The Mission Tool shall permit the classification of scenario plans and components as certified.  Scenario plan components shall include sensor and vehicle models, entities, and overlays.  Certified plans and components are those that have undergone a degree of verification and validation such that they are protected from unauthorized modification.

The user of the Mission Tool shall be able to check out and modify working versions of scenario plans and components.  The resultant modified plan or component may be saved in the working directory by overwriting the original component or by renaming the component with modifications and saving as a new version. 

The user of the Mission Tool shall be able to check out and modify certified versions of scenario plans and components.  The resultant modified plan or component may be saved only in the working directory. 

The Mission Tool administrator shall have the ability to move plans and components from the working directory to the certified directory.  The Mission Tool shall password protect write privileges within the certified plans and components directories.  It will be the responsibility of the Mission Tool administrator to verify and validate plans and components prior to certification.  The Mission Tool administrator will have responsibility for archiving and maintaining the scenario plans used in previous events in accordance with procedures established by the government.

2.13 Reports

The Mission Tool shall be capable of generating reports and graphical representations of the information contained within the scenario plan suitable for incorporation within reports and presentations.

The following reports shall be generated:

1. Vehicle State Report – this report shall contain time, position, velocity, and attitude data for selected vehicles.  This report shall be suitable for import into various analysis tools for plotting, etc.

2. Vehicle Timeline Report – this report shall list important events, as specified by annotation within the scenario plan, of selected vehicle timelines.

3. Scenario Timeline Report - this report shall list important events, as specified by annotation within the scenario plan, of all vehicle timelines.

4. Radar Assignment/Coverage Report – This report shall show radar coverage of selected vehicles during the event based upon radar tracking assignments and coverage analysis.

2.14 Timeline Enhancements

All vehicle trajectories shall have a method of synchronization to the event’s countdown clock.  Event timeline synchronization shall refer to the establishment of a reference time or event at which the Mission Tool shall initiate each vehicle’s planned flight.  The Mission Tool shall monitor real time events as well as the countdown clock for planned vehicle flight initiation. This additional timeline flexibility is desired in order to permit multiple independent timelines within a single scenario. The user shall be able to set a vehicle’s timeline in one of three manners, described below:


Manual Timeline Entry

A vehicles timeline initialization can be set to a fixed countdown time.  The user shall be able to enter a countdown clock value at any waypoint in a vehicles path and the rest of the vehicle’s path shall be computed in accordance with this entry.  If a countdown clock is entered at more than one waypoint, the vehicle’s accelerations and speeds between the waypoints will be automatically calculated.


Event Synchronization

The Mission Tool shall monitor for the occurrence of events, such as “launch”, to establish and fix vehicle trajectories and the countdown clock to real time events.  Detection of an event may be accomplished via iNet message or by Mission Tool processing.  For example, a launch event shall be recognized by either receipt of a launch event message, or by detection of motion of the specified vehicle.  The motion detection algorithm shall be robust enough to avoid false motion detections, and shall determine the vehicle position along the nominal path for determination of elapsed time since launch.  

Such detected events can serve two purposes. First, if the event is assigned a countdown clock value, the event clock can be set or reset to the value indicated by the event.  Second, if the event is not assigned a countdown clock value, detection of the event can fix the position and time of the vehicle within the timeline of the scenario.  


Vehicle Timeline Synchronization

Often, the objectives of an event are expressed by the synchronization of participant vehicle trajectories.  The mission tool shall permit the selection of any point along a vehicle path for synchronization with the timeline of a different vehicle.  
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