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I Executive Summary
It has been well documented that the populations of the world have been relocating from farms, towns, and rural areas, to live in cities or other densely populated areas (mega-cities).  It has been estimated that by the year 2030, five billion of the world’s 6.5 billion people will live in cities.  The densely populated cities that are being produced by this population shift have been given the name ‘Urban Canyons.’
There has been an increase in the number of militaristic organizations and groups willing to use violence or terror to achieve an ideological objective.  In some ways, this is related to a change in the type of organizations that heretofore engaged in armed conflict.  There has been a transition from warring nations to nation-states, and now to non-state groups.  Some groups have determined that densely populated cities or Urban Canyons create an ideal arena for achieving violent objectives, since the capability of organizations to stop or limit their activities can be reduced.

The idea that densely populated cities have become and will continue to be targets for major criminal activity, terrorist violence, or even war has prompted governments, military and law enforcement organizations to contemplate and assess how to best respond to threats of violence within the Urban Canyon.

This report focuses on a particular area of the Urban Canyon conflict: The future role of Vertical Take Off and Land (VTOL) aircraft in responding to potential Urban Canyon conflicts.  It has been recognized that the spatial and vertical architecture of cities combined with dense populations would limit the capability and operating effectiveness of VTOLs in an Urban Canyon.  This report has been prepared by the GMU-Sikorsky Team under the sponsorship of the George Mason University Systems Engineering and Operational Research Graduate Program, and the Sikorsky Aircraft Corporation.  Through discussions with our sponsors, and given the limitations of time, the project team narrowed its assessment to analyzing the capability of VTOLs to conduct Search and Rescue (SAR) missions in an Urban Canyon environment.

Although many significant documents have been prepared to support this project, the overall analysis resulted in three principle deliverables:  A set of Requirements for the Urban Canyon VTOL; A System Architecture for the VTOL; and a Quantitative Analysis of the capability of current VTOLs as well as a Gap Analysis and Technology Assessment.  The Urban Canyon VTOL requirements were developed through an elicitation process from high-level System Attributes, Urban Canyon VTOL Scenarios, and Use Cases.  These activities identified VTOL Safety, Maneuverability, and Operational Effectiveness as the most important attributes for the Urban Canyon VTOL.

The VTOL System Architecture process was also built upon VTOL scenarios, Use Cases, Activity Diagrams and Requirements in order to develop a System Functionality Description and also to map Functions to Logical Physical Components of the VTOL.   The System Architecture includes a System View, which details the communication and data interfaces that the Urban Canyon VTOL will share with external systems.

Perhaps most interesting is the development of the Quantitative Analysis of the capability of current VTOLs to conduct SAR missions within an Urban Canyon.  This analysis compared weighted preferences for attributes of an Urban Canyon VTOL to similar attribute specifications of currently available VTOLs.  The results were showed that most existing VTOLs exhibit some operational difficulty in the urban canyon.  However, the data identified capability gaps and helped the team characterize technology deficiencies.  The deficiencies appear to be in the attributes of Maneuverability and Operational Effectiveness.  These are the VTOL attribute areas that should be pursued with future technology enhancements.

As a byproduct of the VTOL Selection analysis and Gap analysis, this report includes an assessment of future technology needs for the attributes of attributes of Maneuverability and Operational Effectiveness.  Using a “Function-to-form” decomposition approach, we speculate on design solutions that would make the VTOL more capable for use in a SAR mission.  This assessment shows that limitations in propulsion systems, energy, material flexibility and weight vs. strength; are technology areas that should be addressed in the future.
	Lastly, the GMU-Sikorsky Team would like to thank Sikorsky Aircraft Corporation, and especially Mr. Chris VanBuiten, Mr. John Burton, and Mr. David Kingsbury, for their guidance, insight, and support in the fulfillment of this assignment.  We would also like to thank Dr. Speller for many hours of technical leadership in support of this project.


II Introduction & Concept of Operations
a) Background

It is predicted that eighty percent of the world’s population will live in urban environments by 2030.  Whether terrorists attack the United States or military forces are deployed to other countries, the urban environment is where terrorists can blend in among the population and have adequate infrastructure to hide within and attack from.  In November 2008, Mumbai terrorists laid siege to the Taj Mahal Hotel in India, killing approximately one hundred and fifty people.  This is a perfect example of terrorist activities that utilized infrastructure to aid the accomplishment of their mission.  Uses for VTOL vehicles in urban environments include Search & Rescue (SAR), Attack & Target Designation, Troop Transport, Reconnaissance, and Logistical Resupply missions.  This incorporates troop extraction missions, evacuation scenarios - such as the 9-11 terrorist attack on the World Trade Center, along with enemy surveillance support to track the location and activities of enemy combatants, while providing the opportunity to gather additional intelligence data.  With sensor technology maturing rapidly, open architecture will play an important role to ensure that the most accurate enemy detection and precision non-collateral weapons are integrated onto the vehicle platform.
b) Problem Statement

The battlefield of the future is increasingly urban.  The urban environment poses unique challenges as a battlefield, especially for aviation assets.  The old model of Red versus Blue simply does not apply to urban warfare.  In the future urban combat environment, the role of VTOL aviation in military missions is largely undefined.
c) Project Objective

The objective of this project is to analyze the role of vertical takeoff and landing (VTOL) aviation for future military missions in urban environments.  To meet this objective, the team evaluated current aviation platforms such as the Blackhawk and F-22, as well as current prototypes such as the Sikorsky Cipher and X2 platforms.  The evaluation focused on the role of those assets in future urban missions, and sought to identify technology gaps.  With a goal of influencing the design of future urban warfare VTOL platforms, the team developed mission and system requirements and conducted trade-off analysis.
d) Deliverables

The objective stated above implies the delivery of certain products.  Those are tentatively listed here, pending sponsor approval:
1) Quantitative analysis of relevance of current aviation systems in urban fight
2) Requirements for VTOL in urban fight in 2050
3) Architecture for urban warfare VTOL aviation
e) Schedule
Team Sikorsky developed two views of the Project Schedule.  Figure 1 shows the schedule as a Gantt chart with a description of tasks.  We used both a Gantt Chart view and a Network Diagram view to display our schedule.  We developed these views because they provide different insights into the project schedule.  The use of these two schedule views allowed us to effectively track and manage our project effectively from start to finish.

[image: image1]
Figure 1:  Project Schedule – Gantt Chart
The Gantt Chart view allowed us to keep track of the progress we made on each task.  It depicts the scheduled start and finish dates of each tasks.  Additionally, it highlighted milestones and weekly meetings with the sponsor.  Lastly, it depicts the predecessors and successors of each task in the project schedule.


[image: image2]
Figure 2:  Project Schedule - Network Diagram 1 of 2
Figure 2 shows schedule elements as a Network Diagram.  The Network Diagram view allowed us to identify our critical path tasks.  The tasks which were on the critical path were mainly project research tasks, task which involved receiving feedback from the stakeholder, and the tasks of modeling the project in Enterprise Architect.  Laying the schedule out in this view drew our attention to these critical tasks and helped us manage their completion more closely to prevent any major slips to the schedule.

[image: image3]
Figure 3:  Project Schedule - Network Diagram 2 of 2
f) Project Challenges

The problems that urban canyons present must be analyzed due to their affect on the success of the proposed missions.  Some examples include the risk of failure (causing damage or death), wind tunnels, and turbulence, autonomous navigation without global position systems due to the canyon effect or precise three-dimensional building maps.  Urban geometry (tall, closely spaced infrastructure) also presents obvious challenges in the physical design of an aviation asset, affecting size and weight specifications.
g) Assumptions & Scope
Due to time constraints for the project to be complete in fourteen weeks, the problem was appropriately scoped so a well-defined output is achieved for successful completion of the project.
1) Focus on military operations and military vehicles.  The same concepts of search and rescue can be applied to DHS national emergency and local EMS missions.
2) Focus on VTOL vehicles.  Fixed wing, linear flight vehicles will not be the optimal vehicles for within the urban canyon.
3) Focus on operations within the urban canyon, which may include dropping a “system” within the canyon.  Current operations today include operations above the urban canyon, but have limitations.  In-canyon operations are the problems that need to be analyzed for future technology to progress.
h) Stakeholders

· US Navy and Marine Corps - Potential user of the Urban Canyon VTOL to resolve conflicts in coastal cities
· Sikorsky Aircraft - Potential designer and builder of an Urban Canyon VTOL and Sponsor our Development efforts
· US Army  -  Potential user of the Urban Canyon VTOL to resolve conflicts in cities
· Department of Homeland Security - Potential user of the Urban Canyon VTOL to resolve conflicts in CONUS Border cities and towns
· US Air Force - Potential user of the Urban Canyon VTOL to resolve conflicts in cities
· US Dept. of State - Provider of National and International Policy regarding the use of the Urban Canyon VTOL in densely populated cities
· Other VTOL Aircraft Manufacturers

· Other providers of national and international security organizations
III System Definition, Analysis, & Development
a) Building Analysis

A key consideration to help understand the problem is an analysis of the urban geospatial environment.  The table below represents the height of the tallest New York City skyscrapers in meters and number of floors.  
	Tallest New York City Buildings (pinnacle heights used)

	Name
	Height (m)
	Floors

	One World Trade Center
	527
	110

	Two World Trade Center
	415
	110

	Singer Building
	187
	47

	7 World Trade Center
	174
	47

	Deutsche Bank Building
	172
	40

	Trinity Church
	85
	1

	World Building
	106
	20

	Manhattan Life Insurance Building
	106
	18

	Park Row Building
	119
	30

	Metropolitan Life Insurance Company Tower
	213
	50

	Woolworth Building
	241
	57

	Bank of Manhattan Trust Building
	283
	70

	Chrysler Building
	319
	77

	Empire State Building
	449
	102

	Bank of America Tower
	370
	54

	New York Times Buildings
	319
	52

	American International Building
	290
	66

	40 Wall Street
	283
	70

	Citigroup Center
	279
	59

	Trump World Tower
	262
	72

	GE Building
	259
	70

	CitySpire Center
	248
	75

	One Chase Manhattan Plaza
	248
	60

	Conde Nast Building
	341
	48

	MetLife Building
	246
	59

	Bloomberg Tower
	287
	54

	Average
	262.6154
	58.38462


Table 1:  Tallest New York City Buildings
b) Street Width Analysis

According to a survey assembled in 1997 and conducted by Alan Cohen and commissioned by the Transportation Task Force of the Congress for the New Urbanism, street widths prior to WWII for a traditional US neighborhood street was in the range of 28'-30' wide with corner radius of 5'-10'.  Since then the typical local neighborhood street width has grown to 36’ with a corner radius of 25’.  An in-depth analysis of the City of Vancouver in Canada was conducted which breaks down their city into the following pie chart.  The pie chart for Vancouver verifies the survey conducted by Alan Cohen showing that 54% of the streets are less than 36’ wide.  Therefore, we believe that a VTOL should be able to navigate through Streets as narrow as 36’ and have the ability to turn around in such a tight space.  A VTOL, which can navigate through these tight spaces, will be able to complete most of the mission sets required of Operations in an Urban Canyon.
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Figure 4: Street Widths (All Streets) in Vancouver, BC
c) Use Case Analysis

A majority of the systems engineering work performed on this project stemmed from an initial use case analysis (as taught in GMU SYST 520).  The insight gained from our use case analysis led to the definition and refinement of system requirements.  The use case analysis also helped the team to identify the system interfaces and system functionality documented in the system architecture.  Finally, the use case analysis heavily influenced our quantitative analysis of current systems.  This section describes our use case analysis process, and highlights some examples.  The complete use case analysis is included in appendices to this document (both in text form as part of the requirements specification Appendix D: , and as a part of the system architecture Appendix C: .
In order to gain insight about how a VTOL platform would perform its mission in its intended environment, the team identified a broad range of scenarios in which the system could be called upon for employment.  We started with a basic vision of how the system would be used.  That vision, as documented in the System Requirements Specification (SRS), is:

“The Urban Canyon Vertical Take-off and Landing System (UC-VTOL) will conduct Search and Rescue (SAR) missions in the urban environment, below the city building rooflines.  The UC-VTOL defies the conventional notion of airspace limitations, operating where traditional aircraft cannot go.  The UC-VTOL will fly through the narrow urban canyon, between buildings, and above the city streets in the execution of the SAR mission.”

From that basic vision, nine operational scenarios were identified:

· Be On Look Out (BOLO) Search Operations

· Tsunami

· Hurricane

· Terrorist in Building Before Terrorism Event

· Search and Evacuation of Building After Terrorism Event

· Contested Casualty Evacuation (CASEVAC)

· Hostage (Bank Robbery)

· Foreign Embassy Evacuation

· Building/Bridge Collapse

The team vetted this list of scenarios with the sponsor, Sikorsky, to ensure accuracy and sufficient breadth.  It was agreed that the proposed list represented an adequate range of possible scenarios for the system in its intended scope (in fact, subsequent analysis, and discussion even revealed a certain amount of overlap).  The team then used these scenarios to explore “a day in the life of” the system.  Initially, the team worked with narrative descriptions of the scenarios.  Next, each scenario was elaborated as a use case, defining a sequence of actions performed by actors.  In some cases, alternate flows of events were documented, to allow for potential variations in the scenarios.  To illustrate the product of our analysis process, an example is given below, the Contested Military Evacuation.

Description 

In this scenario, a friendly force and an enemy force are engaged in armed conflict in an urban area.  The setting for the scenario is the 30th story of a 50-story building in the downtown region of a densely populated city.  Two friendly individuals are seriously injured, but alive.  The site of the conflict is still contested, with neither the friendly nor the hostile forces controlling the “indoor battlefield”.  Assume that there is no egress from the ground or from the roof; an aerial evacuation of the casualties is the only option.

The VTOL platform would be called in from a nearby landing zone, with basic tasking information provided by a ground control station.  Given general coordinates, and possibly little else, the aircraft would need to locate the precise position of the conflict.  This could be as simple as the operator visually spotting the site, or using some type of digital location (e.g., Blue Force Tracking (BFT)).  Once in position, the aircraft would need to open a route to the building, by either breaking a window or even blowing a hole in the building façade and structure.  The platform would likely be marked as a medical unit, but the rules of engagement could be ignored, leaving the aircraft subject to attack.  Given that the hostile forces are inside a building, it is assumed that heavy artillery is not a threat, but small fires and rocket-propelled grenades (RPG) are plausible from within the building.  Hostile forces could also engage from the ground, a nearby building, or the rooftop.  Given such threats, the VTOL aircraft would likely need some means of knowing when a threat is present (surveillance), and at least some means of self-defense.  Finally, the VTOL would need some method of extracting the casualties, either in a group, or individually.  This would be no trivial matter, given that the platform is hovering outside the window, 30 stories up.  Some type of retractable boom, basket, or extending arm could assist.

The contested CASEVAC scenario poses serious challenges for a single urban VTOL platform.  This scenario involves elements of other mission areas, including reconnaissance and possibly even attack (from a self-defense perspective).

Example Use Case

Summary: The UC-VTOL system is tasked with a CASEVAC in a contested urban environment.  The UC-VTOL approaches the 30th floor of a 50-story building, in which friendly and hostile forces are engaged in ongoing conflict.  The UC-VTOL retrieves two injured friendly combatants, and transports them to a medical facility.

Actors:
· UC-VTOL

· UC-VTOL operator

· UC-VTOL crew (1 person)

· Injured friendly combatants (2 persons)

· Un-injured friendly combatants

· Hostile combatants

Normal Flow of Events:

1. Via Communication system, the UC-VTOL receives a command from ground controller to perform CASEVAC at given location (50-story building at coordinates x, y).

2. The UC-VTOL operator responds WILCO.

3. The UC-VTOL operator launches.

4. The UC-VTOL maneuvers to given coordinates.

5. The UC-VTOL searches area for precise location of activity.

6. The UC-VTOL operator/crew confirms visual identification of activity on 30th floor.

7. The UC-VTOL checks in with friendly forces in building via Communication system.

8. The UC-VTOL gains physical access to the building floor (e.g., breaks window(s), creates hole in building).

9. The UC-VTOL employs Retrieval system (e.g., basket, mechanized arm, cable and pulley) to retrieve injured friendly combatants.  (Note: the mechanics of the Retrieval system are not specified at this stage in project).

10. The UC-VTOL retreats with injured friendly combatants.

11. The UC-VTOL operator reports mission status to ground controller.

12. The UC-VTOL delivers injured friendly combatants to medical facility.

13. The UC-VTOL returns to base (RTB).

14. The UC-VTOL lands at base.

Alternate Flows of Events:

Hostile Combatants engage UC-VTOL with small fires

8a. The UC-VTOL gains physical access to the building floor (e.g., breaks window(s), creates hole in building).

9a. The hostile combatants engage the U-VTOL with small fires.

10a. The UC-VTOL armor system absorbs/deflects the effects of the small fires.

11a. The UC-VTOL Self-Defense system returns fire on hostile combatants, temporarily neutralizing threat.

12a. Return to Normal Flow of Events, step 9.

Hostile Combatants engage U-VTOL with Rocket Propelled Grenade (RPG)

8b. The UC-VTOL gains physical access to the building floor (e.g., breaks window(s), creates hole in building).

9b. The hostile combatants engage the UC-VTOL with RPG.

10b. The UC-VTOL surveillance system detects the incoming RPG.

11b. The UC-VTOL surveillance system classifies the incoming RPG as a threat.

12b. The UC-VTOL Self-Defense system engages the incoming RPG, neutralizing the threat.

13b. Return to Normal Flow of Events, step 9.

U-VTOL sustains critical damage

8c. The UC-VTOL gains physical access to the building floor (e.g., breaks window(s), creates hole in building).

9c. The hostile combatants engage the U-VTOL.

10c. The UC-VTOL sustains critical damage.

11c. The UC-VTOL Communication system emits distress beacon.

12c. End Use Case.

U-VTOL retrieves injured friendly combatants individually (1 at a time)

9d. The UC-VTOL employs Retrieval system to retrieve 1 of the injured friendly combatants.

10d. The UC-VTOL employs Retrieval system to retrieve the second injured friendly combatant.

11d. Return to Normal Flow of Events, step 10.
To reiterate, the above example is one of nine scenarios that comprise the use case analysis.  The complete use case analysis is provided in Appendix C: of this document.  In addition to the text format illustrated above, each use case was modeled in a diagram format, providing the basis of the system functionality description of the system architecture, which will be discussed in detail in a later section.  The next section, however, describes the analysis completed to examine the possibility for current and proposed systems to operate in scenarios like those describe above.
d) Analysis of Alternatives (Scorecard)
i) Operational Phases
One of the key deliverables from this project is an analysis of current aviation systems.  The primary stakeholder, Sikorsky Aircraft Corp., expressed interest in a quantitative assessment of the suitability and effectiveness of current VTOL platforms in the urban environment.  In essence, the task was to develop a “scorecard” of current options.  Even before any analysis began, it was generally understood that no current platform is suitable for urban operation (hence, the need for the project).  Thus, the analysis was less about finding the “best” current option, and more about identifying strengths and gaps in the current technologies.

To provide a structure to the analysis, the team applied the methodology of Ralph Keeney’s value-focused thinking (as taught in GMU SYST 571, as well as several other courses, including SYST 680, SYST 542, and SYST 520).  The basic premise of Keeney’s value focused thinking is to identify and analyze the stakeholder’s values before sorting out possible outcomes.  For this exercise, Sikorsky was our primary stakeholder.  As will be seen below, we used a multi-attribute utility hierarchy (MUH, which we refer to as the “objectives hierarchy”) to organize the stakeholder’s values.  Before we discuss the evaluation of platforms against the values, the following paragraphs briefly describe the value elicitation process.

The elicitation of values from our stakeholder was an interactive process.  Early work in this area helped to refine our scope, setting the framework for later deliverables.  The fundamental value in this analysis involved the ability to conduct airborne operations in the urban environment.  We quickly discovered that the term “urban environment” needed some refinement.  The figure below illustrates a basic decomposition of the environment.
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Figure 5: Urban Environment Decomposition

The team scoped the effort to focus on “inside the canyon” (i.e., below the rooflines, between buildings).  We also agreed that the vehicle would not need to be able to operate on rooftops or inside of buildings.

Originally, our vision of the system encompassed a full range of conceivable mission areas, which we outlined as the following:

· Search and Rescue (SAR)

· Attack and Target Designation

· Troop Transport

· Reconnaissance

· Logistical Resupply

However, after collaboration with the sponsor, it was agreed that this scope was too large; clearly, different missions would call for different system attributes.  For example, an Unmanned Aerial System (UAS) could make an excellent (arguably even the optimal) reconnaissance VTOL platform for urban areas.  That same UAS VTOL platform would do very poorly at troop transport, however.  It is unlikely that a single VTOL platform could efficiently perform all of the missions listed above, especially within the urban canyon; one size would not fit all.  For this reason, the scope of the analysis (and consequently, the entire project) was limited to a single mission area, SAR.  The figure below illustrates the refinement in mission scope:
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Figure 6: Missions within the Urban Canyon

With the refinement in scope, in terms of both mission and environment, we could state the fundamental objective: “Conduct SAR within the Urban Canyon”.  The elicitation of values could then begin to proceed to more detailed values (a.k.a., means objectives), which decompose the fundamental objective into lower levels of the objectives hierarchy.  We began to consider which attributes of a VTOL would make it suitable and effective for SAR operations within the urban canyon.  Again, this was an interactive process, involving elicitation, review, and revisions from the stakeholder.  After some iteration, the means objectives emerged:
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Figure 7: Means Objectives

Agreed upon Definitions for VTOL System Characteristics

Through collaboration with our primary stakeholder, the means objectives were defined as:

· Operational Effectiveness  -  This value area is concerned with measuring how well the Urban Canyon VTOL can perform its various missions.

· Maneuverability  -  The ability of a VTOL to move easily in three-dimensional space in the tight confines of an Urban Canyon.

· Payload  -  The VTOL system will posses an adaptable configuration capability to accommodate different payloads.

· Safety (Survivability)  -  The VTOL system will provide “armor-level” protection to personnel.  The system will be capable of exhibiting safe escape strategies, and posses personnel protection and deflection systems.

· Endurance  -  The VTOL system will have fuel economy to support a three (3) hour flight time mission and will be refuel-able by air.  All electrically powered systems will be capable of battery backup power.   The system batteries will support a 24 hour mission without charge and a thirty day mission under charge.  The system batteries will be rechargeable. 

· Modularity (Configurability)  -  This value area describes how well the Urban Canyon VTOL is adaptable as a modular system in critical system areas.

· Autonomy  -  The VTOL system will be fully mission operable by a crew of three (3)  persons.   The VTOL system will be configured for autonomous flight.  All sensors and weapons will be capable of automated operation.

· Logistics  -  This value area describes the life cycle support and material network needed for the Urban Canyon VTOL.

The final stage of the value elicitation was the decomposition of the means objectives into measurable levels.  The figure below illustrates the final objective hierarchy:
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Figure 8:  Objectives Hierarchy
Using the objectives hierarchy, we assessed the current systems against the stakeholder’s values.  To make it a quantitative assessment, however, we had to define relative weighting of each branch (set of siblings) in the hierarchy.  We also had to define scoring functions and criteria for each of the lowest-level measures.
At this point, the team agreed that, even with the refined mission scope, some variability would still exist in value weights.  In one type of use case scenario, certain values could be more important than they would be in other scenario types.  For example, a search for a missing person on the crowded streets would be quite different from a rescue from a 30-story building occupied by enemies.  Given this variability, the team decided to weight the objectives hierarchy differently for different types of scenarios.  The use case scenarios (previously described) were grouped into categories for which the values would be similarly weighted.  Those Search and Rescue categories are:

1) Contested Evacuation

2) SAR Following Destruction

3) Be on the Look Out (BOLO)

4) Hostage Rescue

In effect, there are four versions of the objectives hierarchy.  The values and their structure remained constant in each of the four versions, but the weighting varied.  Because of this breakout, each VTOL assessed against the objectives hierarchy was given four scores, corresponding to its suitability and effectiveness to conduct the four types of SAR scenarios in the Urban Canyon.

Given the complexity and relative subjectivity of the problem, we determined that direct weighting was the most appropriate weighting method for the values.  As with all previous steps, we proposed notional weighting to the sponsor, and Sikorsky responded with adjusted results.  Finally, scoring functions were additive; the lowest level branches were scored as the weighted averages of each score on that level, and higher level branches were simply the weighted averages of their children’s weighted averages.

The following paragraphs describe the mechanism for scoring different VTOL platforms (referred to herein as “candidates”) against the objectives hierarchy, and the results.

Each measure has discrete numerical preference values.  The provided measures are used to define and calculate each means category.

The table below defines factors and measures to evaluate their relative importance.  The higher the weighted value the more desirable that feature is to the users.  It is possible for two attributes to apply to the same vehicle, if this is the case; the higher weighted value is applied to the vehicle.  For example, if a vehicle can excavate a people AND rubble, the value applied is the “excavate people” value carrying a weight of 1.0 (the highest possible).

Note that the third tier values were not considered for this analysis and would be considered “rolled-up” into their respective second tier parent.

[image: image9.png]B Microsoft Excel - ¥TOL. =18 x|
H) B Edt Vew Imet Fomat Iodk Date Window Heb Typemestion ot - _ @ X
DHEROGATEI S DA F[9-0- (83 - 4HWBSw -0
arial 10 - B I U $ % 0 W%y 3
J1o > A
A B © 1] E F H A
1
2[ Factor T befimwon T 7 T 08 T 06 T oa ]
Tracking  |Does the platform have a cability to Automatically Track People
or Vehicles or does the platform rely on human sensors (vision Cannot Track
3 and hearing) to track such targets? (Manual Only)
Locating ~ [Does the platform have a cabiliy to Automatically Locate
People or Vehicles given a set of input data such as pictures or
 vehicle database or does the platform rely on human sensors Cannot Locate
4 [(vision and hearing) to track such targets? Locates Paople Locates Vahicles (Manual Only)
Does the platform have the ability to provide first aide? I so, Is Mo First Aide
5 Jihat First Aide provided robotically or by a human? Robotic First Aide First Aide by Medi Capability
Excavation  [Does the platform have the ability to excavate rubble or
3 personell from the rubble? Excavate People | Excavate Rubble Mo Capability
Lethali Does the platform have the ability to retum fire in event of
ethality [ ictance from the enemy? What level of force can the Lethal vs Light
7 platform retum? Lathal vs Heavy Armor Armor Lathal vs Personnel Use Mon-Lethal Mo Lethality
Communication -
8 No Comms
I 5 S -_— -
Size
[\What is the largest span of the platform? This helps determine
10 f the vehicle will be manuverable in tight city streets. Span < 19' Span <28 Span < 35' Span > 35
Agility [What is the platforms tum radius at minimum speed? This Tum Radius 8
1 again helps determine a platforms manuverability Tum Radius < B 16
Does the platform have Stability Control? I that stability control
12 [automatic, manually control assistance, or no stabilization. Auto Stabilized Manual Stabilized
[E] Flow ruch weight can the platfiom 17 EETTI I I
Flight System [How 15 the FIght System Data dieplayed? Oigial, Analog, or
15 Data none? Digital

1« v WA { 5pec ) Factor Definitons

Ready

Look Up Values





Table 2:  Measures of Effectiveness 1
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Table 3:  Measures of Effectiveness 2
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Table 4:  Measures of Effectiveness 3
In order to begin the assessment, the team had to understand how we were going to obtain data for our analysis.  The team conducted internet searches on current vehicles.  Comparing the actual specifications would be a good initial way to determine how one vehicle compared to another.  This current vehicle analysis would help to identify gaps in current vehicle capabilities specific to flying in the urban canyon.  These gaps would then be the hallmark of where Sikorsky can focus their efforts via technology investments to develop a vehicle to perform these missions.

The analysis was developed in Microsoft Excel format per the direction of the sponsor.  Microsoft Office products were preferred so that they could open the files and trace our analysis process.  The spreadsheets were also designed so that the user could go in and manipulate the vehicle attributes using dropdowns or weight values via percentage values and obtain immediate results without having to learn how to use an analysis tool such as Matlab or Minitab.
The team took the actual vehicle specifications and developed a Decision Support System using direct weighting in accordance with the techniques learned in SYST 542, the team called this the low level “engineering”.  We did this because of the availability of the raw data on the Internet.  The downside to this is that there are few available technical specifications for the futuristic prototype vehicles, so they were not evaluated in this manner.

[image: image12]
Table 5:  Engineering level Decision Support System. 

Note that the user has the flexibility to select the preferred attribute, and weight the values appropriately.

As discussed previously, the nine use cases were combined into four high level scenarios.  To evaluate how each vehicle scored in its ability to support each of the four scenarios, a new high level, Objective Decision Support System was developed.
The team then weighted each of the means objectives and their factor measures with an appropriate weighting value for each scenario based on the importance of that factor’s contribution to the scenario success.  The reasoning behind the weightings was validated by Sikorsky and is described in detail in Table 2,Table 3, and Table 4.  The graphic below shows how two of the four scenarios were evaluated.

[image: image13.png]06,1l =18 ]

) Fle Gt Wow Dwet Famat Dok Data Wndow fels Type s uesionforhep = _ @ x

DSHRSRTEIEDR- S92 BE> o)

 arial -0 -B I U Bl % \M\M,-&-é!
B51 - £ V22 Osprey
a1 5 1 o T £ T F T S T i T
T
2 Contested Evasustion SR Following Desiructive Event Bz On Look Ot
3
4 Operational Effectiveness
s Tracking
3 Locating
7 Firel Ade
o Excavation
a Lethaliy
10 Communicaiion
1 18R
2 Manewverabiity
13 Size
14 Ay
15 Stabilty
16 Favoad
17 L Caparity
18 PAX Capaiy
1a Communications
x Flight Sysiem Dala
2 Taclical Data
22| TacicalVoice Infercom
= Endurance
2 Range
£ WTT Refuel
= Satety (Burvvabilty
2 Top Speed
= Stealin
= Rolor Protecion
£ Acoustlc Signature
31 Radar Cross Section
32 rmor
1« > W\AHP Analysis { Ress Graphs {_Vehic Specticatons /Pl Defitians { Look Up Vaues

iaws g [aoshapes- N N IO A 4 @ &-Z-A-=
Ready





Table 6:  Means Objectives measurement factors weighted. 

The weights are used to signify factor importance among the different scenarios.
To score each vehicle, the user does not get to pick in the DSS itself the “preferred attribute/factor” as was done in the original engineering DSS.  If the user wishes to pick a different value as more relevant than another value for the same factor, the user would re-evaluate the measurement weights on the “Field Definitions” tab (refer to Table 2,Table 3, and Table 4, Measures of Effectiveness).  Values with a probability score for each of the high-level means objectives’ measurement factors were developed so that they could be applied and matched to each vehicle.

This allows the user to spend more time evaluating the operational effectiveness through operational testing.  The results obtained are then used to refine the values that were applied on the “Vehicle Specification” table, shown below.  Since the team did not have access to the operational test results for these vehicles the team used the original internet research of the detailed specifications, and the detailed specifications were taken into account where possible.  For example, this was the case for vehicle size, which was now discretized into a category rather than a specific numerical value.  However, applying some of the values was very subjective due to the lack of information that could be obtained about the vehicle (such as Lethality, Communication, and ISR as examples).  In the absence of known data, engineering experience and judgment was applied to obtain sponsor review, feedback, and concurrence.
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Table 7:  Vehicle Specification tab, Means Objectives measurement factors’ values applied to Vehicles. 

Note that the non-bold columns were the original engineering specifications that were taken into account when applying the more subjective (or discretized) means objective measurements such as the ability to evacuate people using max payload factor and specify the ability of a vehicle to fly in-between buildings using size factor.

The following paragraphs describe the specific results see section.
ii) Consolidated Areas of Analysis

This section will lay out how each consolidated scenario will have a different effect on the importance of the means objectives to achieve the Search and Rescue mission.

Note that initial application of measured values to the specific vehicles for this project was a subjective process and will need to be refined as further research time and reliable data sources are available.

Also note that the percentages applied to each scenario were set for this analysis report, but if the stakeholders desire, they can conduct what-if questions to change their preference options by easily modifying the fields in the DSS.  For each scenario the objective hierarchy is shown with certain attributes highlighted in red to convey the most important factors.
1) Contested Evacuation

Contested Evacuation is a combination of the main features found in the Foreign Embassy Evacuation scenario and the CASEVAC scenario.  A contested Evacuation has to be analyzed for the hostile nature of the environment due to enemy combatants.  

The main features to take away from the distribution of importance percentages below is are the following points agreed to by all stakeholders:

1. Safety and Survivability is the main means objective considered within a hostile evacuation environment.

2. Within Operational Effectiveness means objective, the ability to return fire and kill accurately without collateral damage.  In order to do this, the location of the hostile forces must be very precise (consistent), and reliable.

3. The vehicle must be stable to evacuate soldiers and be able to handle human weight load shifts.
4. The ability to evacuate multiple human personnel weighing 200+ lbs is highly desirable.

5. The range of the vehicle is important to reach the safe zone.

6. Stealth by having a very low acoustic signature is of most importance, since it falls under the Safety and Survivability category, in order to safely rescue people in need in a covert manner without drawing unnecessary attention.

7. An unmanned vehicle is highly preferred if possible, to maximize human payload for extraction.
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Figure 9:  Weightings for CASEVAC Use Case
Analysis Results
Top results:

1. V22 Osprey

2. MD500
3. Blackhawk
4. S-76
5. F35 Lightning II
2) Search & Rescue Following Destructive Event

Search and Rescue Following a Destructive Event is a combination of the main features found in the Building/Bridge Collapse scenario and both the Tsunami and Hurricane natural disaster scenarios.  The analysis will focus on the ability for the VTOL vehicle system to search and provide help for humans in need once chaos has occurred.

The main features to take away from the distribution of importance percentages below is are the following points agreed to by all stakeholders.  Note that these objectives are highlighted in red in the table below.

1. Operational Effectiveness is the main means objective considered within a non-hostile evacuation environment where the vehicle needs to perform and save lives.

2. Within Operational Effectiveness means objective, the ability to locate the people in need must be very reliable.  If people in need cannot be accurately located then the vehicle is not much value.  In addition, the rescued people must be moved to safe locations each rescue, which may or may not be the same area.

3. The vehicle must be stable to evacuate people in need and be small enough to perform in the urban canyon, by moving people to a safe location.

4. The ability to evacuate multiple human personnel weighing 200+ lbs is highly desirable.

5. The range of the vehicle is important to reach the safe zone and provide the proper services in the event of a huge explosion, which could cause building damage over a wide city area.

6. Protecting the vehicle which is flying through a disturbed building layout (could be different from the 3d preplanned mapping systems) with dangerous debris is of most importance, since it falls under the Safety and Survivability category.

7. A vehicle which has support mounts for multiple different sensors and equipment for search & rescue of human life.  This is more focused on harnesses and ropes that can lowered for rescuing or an external system that may be mounted that can break windows and provide resources for people to survive longer.

8. An unmanned vehicle is not preferred, but a vehicle with some autonomy in searching, flying, and hovering so the pilot could help with the rescue would be desirable.  In addition, the ability for the vehicle to continue to keep track of people in need and receive reports and tasks from the Mission Control Center.
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Figure 10:  Weightings for SAR Following Destruction Use Case
Analysis Results

Top results:

1. V22 Osprey

2. F35 Lightning II
3. Blackhawk
4. S-76
5. MD500
3) Be On the Look Out (BOLO)

The analysis will focus on the ability for the VTOL vehicle system to track down the bad guy and its capacity to interdict or stop the bad guy from carrying out his plan.

The main features to take away from the distribution of importance percentages below is are the following points agreed to by all stakeholders.  Note that these objectives are highlighted in red in the figure below.

1. Operational Effectiveness is the main means objective considered within a non-hostile search & tracking environment within the urban canyon.

2. Within Operational Effectiveness means objective, the ability to track the good or bad guy is desired.  The person may be in a car or on foot, but sophisticated feature recognition & tracking of the target is necessary.  

3. The vehicle must be agile to hover and turn building corners sharply.

4. The vehicle may have to track a person or vehicle across a city and beyond into the suburbs, thus the further the vehicle can go the better, thus range is a very important attribute.

5. Since the vehicle will be flying in the canyon and it will be closer to the target vehicle, it will need to have a reduced acoustic signature.  In addition, the reduced acoustic signature will be necessary to reduce noise pollution to city residents since the vehicle may be used in a constant patrol capability rather than less frequent emergency situations.

6. A patrol vehicle which has support for standards compliance of existing interfaces which allow multiple different sensors (and upgrades) for search & tracking of objects.

7. An unmanned vehicle is not preferred, but a vehicle with some autonomy in searching, tracking, flying, and hovering to relieve the pilot so he can focus on other duties such as fighting the affects of turbulence in the urban canyon.  In addition, the ability for the vehicle to continue to keep track of multiple targets of interest, and communicate and receive reports and tasks to/from the Mission Control Center.
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Analysis Results
For this Contested Evacuation consolidated scenario the preferred current vehicle is
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Figure 11:  Weightings for BOLO Use Case
Analysis Results

Top results:

1. V22 Osprey

2. Fire Scout MQ8
3. Blackhawk
4. S-76
5. A-160 Hummingbird
4) Hostage Rescue

Hostage Rescue is a combination of the main features found in the Terrorist in Building Before Event scenario and the Bank Robbery scenario.  A contested rescue has to be analyzed for the life saving benefits of innocent people in need.
The main features to take away from the distribution of importance percentages below is are the following points agreed to by all stakeholders.  

1. Operational Effectiveness is the main means objective considered within a hostile rescue & evacuation environment within the urban canyon.

2. Within Operational Effectiveness means objective, the ability to provide lethal fire against enemy strong holds such as a fortified bank or building structure when the time calls.  Importance in the lethality category also places high importance against light armor and “unstoppable” humans, which may be using drugs.

3. The vehicle will need to save as many hostages as possible when it gets the opportunity to, thus passenger payload capacity is highly rated for this scenario.

4. The vehicle may have to provide a perimeter or fly a distance to get to the location of interest, thus range track a person or vehicle across and city and beyond into the suburbs, thus the farther the vehicle can go the better, thus range is a very important attribute.

5. Since the vehicle will be flying in the canyon and it will be closer to the target buildings, it will need to have a reduced acoustic signature.

6. The ability for the vehicle to continue to keep track of multiple targets of interest if spotted within the buildings with the mission planning onboard software.  In addition, communicate the intelligence and receive reports and tasks to/from the Mission Control Center using the mission planning software.
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Figure 12:  Weightings for Hostage Rescue Use Case
Analysis Results
Other Top 5 results:

1. V22 Osprey

2. Blackhawk
3. S-76
4. MD500

5. F35 Lightning II

5) Discussion of Results

The result of the analysis shows that the traditional helicopters scored higher than the smaller UAVs.  However, it is important note that none of the systems analyzed would be suitable to support in the canyon operations; each system has at least one mission deficiency.  Note that the Sikorsky helicopter fleet may be able to continue to support the future in the canyon missions.  The analysis must consider that while the current vehicle may have been selected to perform the mission, there is still the possibility that it cannot in its current form.  Due to percentage weighting of a factor such as size, it may be evaluated high or low, but it is not 100%.  While it would be favorable for every factor to be weighted 100%, this is not feasible for the trade-off analysis because there would be no vehicle that meets all factors exactly.

In the analysis, there is a certain amount of subjectivity in applying the factor values to the actual vehicles.  This project has tried to reduce the engineering-subjectivity, by allowing the vehicle subject matter experts (the sponsors) review and modify the values for the means objective factors.
d) Requirements Analysis
i) Requirements Elicitation 

Requirements elicitation is recognized as one of the most critical, knowledge-intensive activities of system development; poor execution of the elicitation process will almost guarantee that the final project is a failure in some way.  Elicitation has been defined as learning, uncovering, extracting, surfacing, and/or discovering needs of customers, users, and other potential stakeholders.  Elicitation is all about determining the needs of stakeholders.

Elicitation methodologies may include the use of interviews, surveys, modeling, prototypes, and use cases.  Four phases are usually involved as the elicitation process leads to requirements generation:

· Understand the stakeholders and ‘capture’ their requirements

· Analyzing stakeholder selections

· Communicating stakeholder ideas: transfer knowledge between stakeholders

· Agreeing on selections/requirements: negotiate with stakeholders about selections/requirements
Conversational methods

· Verbal communication (interviews)
· Practical and efficient to elicit non-tacit knowledge

· Labor intensive

· Examples: Interview, Workshop, Focus groups, Brainstorming
Observational methods

· Observing human activities (Role playing)
· Elicit tacit knowledge and understand complex societies

· Time -consuming, normally hard to specify and analyze observer’s perception

· Examples: Observation, Social science, Ethnographic study, Protocol analysis

Analytic methods

· Exploring documentation and expert’s knowledge (non user)
· Elicit domain requirements for a product family

· Lack of user involvement

· Examples: Documentation studies, Content analysis, Requirements reuse, Laddering, Card sorting, Repertory grid

Synthetic methods

· Combining conversation, observation, and analysis into a coherent method

· Examples: Scenarios, Passive storyboards, Prototyping, Interactive storyboards, JAD/RAD session, Contextual inquiry
· A checklist for the Requirements Elicitation is provided below:
1. Define the project’s vision and scope.

2. Identify user classes.

3. Identify appropriate representatives from the user classes.

4. Identify the requirements decision-makers and their decision-making process.

5. Select the elicitation technique(s) that you will use.

6. Apply the elicitation techniques to develop and prioritize the attributes/requirements for a portion of the system.

7. Gather information about quality characteristics and nonfunctional requirements from users.

8. Elaborate the attributes/use cases into the necessary functional requirements and document them.

9. Review the use case descriptions and the functional requirements.

10. Develop analysis models if needed to clarify the elicitation participants’ understanding of portions of the requirements.

11. Develop and evaluate user interface prototypes for portions of the requirements that are not clearly understood.

12. Develop conceptual test cases from the use cases (if needed).

13. Use the test cases to verify the quality of the use cases, functional requirements, analysis models, and prototypes.

14. Repeat steps 6 through 14 for the other portions of the system until the team concludes that requirements elicitation is as complete as it needs to be.

15. Baseline the documented requirements.
Requirements Elicitation Discussions

As part of the Requirements Elicitation discussions, we revisited the Problem Statement, Scope and Deliverables and assumptions.
Stakeholder Elicitation of System Attributes and Characteristics

For the VTOL Project, Requirements Elicitation was accomplished primarily through:
· Weekly Meetings with Prime Stakeholder 
· Use of Interviews, Brain Storming Sessions

· Scenario Discussions

· Use Case Development

· Requirements Document Reviews and Negotiations
The table below contains a ranked list of attributes which apply to the VTOL system under consideration for development.  Based on our requirements elicitation process and using the attribute definitions provided above for the VTOL system considered for development.  The table below ranks the attributes according to the degree of importance or favorability (1 = most important/favorable).
	Attribute
	Rank

	Endurance
	5

	Autonomy
	6

	Safety(Survivability)
	1

	Payload
	4

	Modularity
	7

	Maneuverability
	3

	Logistics
	8

	Operational Effectiveness
	2


Table 8: Urban Canyon VTOL High Level Attribute Ranking
i) System Requirements Model

1) Vision

The Urban Canyon Vertical Take-off and Landing System (UC-VTOL) will conduct Search and Rescue (SAR) missions in the urban environment, below the city building rooflines.  The UC-VTOL defies the conventional notion of airspace limitations, operating where traditional aircraft cannot go.  The UC-VTOL will fly through the narrow urban canyon, between buildings, and above the city streets in the execution of the SAR mission.
2) External Systems Diagram
The figure below provides context for the UC-VTOL:

[image: image19.emf]
Figure 13: External Systems Diagram

The basic function of the UC-VTOL, as represented by the central box in Figure 13 above, is to provide search and rescue services.  The arrows entering the box from above represent controls, factors that guide or constrain the system.  In this diagram, FAA and Military guidelines govern the execution of the system’s basic function.  The arrows entering the box from below represent the mechanisms that enable the system to perform its function.  The VTOL platform, along with crew, is the mechanism for this system function.  The arrows entering the box function from the left are data inputs, which at the highest level, are the flight plan and position information.  The top-level output of the SAR function is life preservation.
3) System Requirements
The system requirements are documented in the System Requirements Specification (SRS), Appendix D: .  The requirements are organized into six categories, as follows:

1) External Interface Requirements

2) Functional Requirements

3) Input Requirements

4) Operational Concepts

5) Output Requirements

6) Technology and System-Wide Requirements

In addition to paragraph numbering, unique identifiers (e.g., r2.26) are assigned to each requirement.  This facilitates configuration management, as well as requirements traceability with other documents and artifacts.  Should the SRS change at any point in the future, resulting in paragraph renumbering or other formatting modifications, the unique identification numbers will remain unchanged.  The unique identification numbers, vice the paragraph numbers, should be used for all cross-referencing of requirements in other engineering documentation for this system.
IV System Architecture
One of the key deliverables for this project is the System Architecture.  The team used the DoD Architecture Framework (DoDAF) v1.5 as the guiding reference for architecture development.  It was agreed that the architecture should describe the system interfaces, the system functionality, and the physical composition of the system.  Accordingly, the views that describe system interfaces and functionality were selected from the set of views described in DoDAF v1.5.  A non-DoDAF view was also used to describe the physical architecture of the system.  The following subsections describe the three system architecture views.  

Note:  All diagrams were developed in a software tool called Enterprise Architect (EA) v7.1.  In addition to modeling system architecture, EA is capable of modeling requirements.  Hence, the team added the requirements from the SRS to the EA model.  The entire system architecture, as well as the requirements model, is available in HTML format in Appendix C: of this document.  The HTML version shows the model exactly as it appears in EA, with the added benefit of being compatible with a standard web browser, rather than the proprietary architecture tool, EA.

a) System Interface Description
In DoDAF v1.5, the Systems and Services View (SV-1) is the System Interface Description.  It depicts the system interfaces between the Urban Canyon VTOL and other external systems.  The SV-1 shows the system in the larger context of external systems with which system data must be exchanged. 
The SV-1for the UC-VTOL, in the figure below, shows that the system will share communications, data, and video interfaces with most systems.  SWAT Teams and Police will share only voice communications.


[image: image20]
Figure 14: SV-1 Systems Interface Description
b) System Functionality Description
The DoDAF view that describes system functionality is the SV-4, the System Functionality Description.  Team Sikorsky began modeling the SV-4 using a structured modeling approach.  The initial plan was to develop a functional decomposition to document all system functions, and then use IDEF0 to model the flow of data between those functions.  On the advice of the professor, however, the team concurred that Unified Modeling Language (UML) would be a more appropriate language than IDEF0.  The UML was considered more user-friendly for the non–systems engineer (including our sponsor).
In accordance with DoDAF v1.5, the team used two types of UML diagrams to represent the SV-4: use case diagrams and activity diagrams.  The use cases modeled for this project directly correspond to the Use Case analysis described in Section II, above.  In general terms, the use case diagrams represent system functionality at a very high level.  The activity diagrams, however, show a lower level of detail about what the system does.  As a rule, many activity diagrams are linked to a single use case diagram.
Following are three example diagrams that depict the SAR use cases inside the urban canyon, a view of the SAR following a destructive event use case, and an activity flow diagram from within the said use case.
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Figure 15:  Search & Rescue Use Cases Package
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Figure 16:  Search & Rescue Following Destructive Event Use Case
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Figure 17:  Receive SITREP Activity

Again, the diagrams above are only included as examples.  The complete SV-4 is available for review as part of the overall System Architecture in Appendix C: .
c) Physical Architecture
The last step in the architecture process was the development of the physical architecture.  The team employed a methodology described by Ed Crawley, known as Function to Form mapping.  Function to Form mapping starts with an analysis of the system functionality.  Leveraging the SV-4 products, the team organized the system functions into logical groups.  The groups were modeled in a class diagram, showing high-level functions decomposed into lower-level functions.  The diagram below illustrates:

[image: image24]
Figure 18: VTOL Functional Decomposition

Next, the team defined logical subsystems that would satisfy the functional groups, as shown in the diagram below:
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Figure 19: Function to Form Map (Top-Level)

In turn, the logical subsystems were decomposed into lower-level components.  The figure below is an example:
[image: image26.png]<procasss

==
= i
] [z o] o
=

upsystE





Figure 20: Function to Form Map (Lower-Level Example)

The complete physical architecture is available as part of the System Architecture in Appendix C: .  The analysis of design solutions for the components of the physical architecture is included in Section Vb), below.
V Business & Technology Assessment

a) Business Plan

Business planning is extremely important to the Sikorsky Corporation.  The Sikorsky Technology group has a Product Lifecycle Management Program to improve product design & innovation.  As DoD customers, Sikorsky must run their projects through the DoD acquisition process, thus they support the work packages required to go through that process.  The work packages make up the Performance Management Baseline which forms the basis for Earned Value Management which is an extremely important tool of the technical assessment process.  The work packages are broken up based on the project timeline, so only the near term work packages are developed in detail.  Program Managers review this performance management baseline to understand risks in the plans and the control systems.  Given that Sikorsky has made the decision to choose a technology to develop and start the process, they will develop the contracting portion of the Work Breakdown Schedule (4th level on down).
[image: image27.png]8§YS202

Systems Engineering Management

Defonse Acquison Unversity

[Expand Treel [Collapse Treel

= Ssvsa IMP/IMS Cost and Schedule Linkages
© Systems Engineering
Management The IMP and IMS unambiguously communicate the

expectations of the program team. They also set forth the

© About the Course
activities to be performed by all functional disciplines and the

Work Package

©_Technical Foundations contractor. The IMP and IMS provide traceability to the
O fam system model (WBS), which defines the End Products and tgly
O o Enabling Products. By scheduling key tasks, these documents Task B
Desian Considerations facus the activities associated with techrical development and TaskC
O Bam the application of Technical Processes. The IMS also serves as
O SEAcrossthelife the basis of bottom-up cost estimates and cost reporting and Tt e oo
Cyele: Introduction s0 is directly related to technical cost and schedule. Schedule and §
O Concept Refinement
O bom Program Managers are required to conduct Integrated Baseling
Bxam Reviews (IBRs) for certain types of contracts. The [BR has a
O Technology business focus, but includes important technical
Development considerations 5o that there is a sound basis for cost and
O Bam schedule execution of the program, including its technical 7/ Berforniance Measurement
O System Development 8 components. In part, this verification is based on an 4 Gzln
Demonstrati assessment of the realism of the IMP and IMS and related iicTiEacksges
[ — products. The IBR assesses the Performance Measurement
Exam Baseling (PMB) and, when successfully completed, the [BR
O Productions provides a mutual understanding of risks inherent in
Deployment contractor's performance plans and underlying management
O Bam control systems. The PMB forms the basis for the use of
O operations & Support Earned Value Management, ane of the key tools of the
[ — Technical Assessment Process.
1 Sanosnthelte QUICK REFERENCES ERws ge 44 of 55 < B NBT >
Cyete Summary
O Eoc survey

Done [ [ [5[® e





Figure 21: Visual Representation of a Performance Measurement Baseline

Reference DAU SYS202

Sikorsky’s main business goal is to make a profit, as should any successful business that plans to stay alive and competitive to continue to support its customers and the American people.  Sikorsky watches how its competitors are developing new technologies, as does their competitors.  Sikorsky can use their previous history of choosing technologies to predict whether future business decisions will be fruitful.  This can be conducted many ways.  One way which we explored is using Sikorsky’s existing Technology Readiness Level analysis process.  Using the history of the TRL of the technology pursued and the resulting outcome of the projected (whether it was a successful business decision or not) and developing two distribution graphs for each.  It was found that technologies with a TRL of 5 had a certain probability that they turned out good and bad.  So when Sikorsky has to make future decisions on a technology with a TRL of 5 they can use this decision analysis technique to determine the amount of risk they are taking.
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Figure 22:Choose to invest if TRL > 6 and choose not to invest if TRL < 5.
In addition, this analysis technique can be extended to other business decisions beyond TRLs.  Thus, Sikorsky can compare many of their historical decision making factors, and then analyze them using a best attribute technique such as an ID3 learning algorithm or combine them into a multi attribute decision analyzer. We propose future teams use an elicitation technique to understand and document Sikorsky’s business decision workflow in order to build a decision tree or influence diagram in which a very detailed decision analysis can be conducted using Bayesian Network calculators such as MSBNx and DPL.

Usage

The initial usage of such a a system would be for urban military missions.  As the technology is proven through successful military missions, it will become more readily available for internal Homeland Security missions for local governments to use, much like the traditional helicopter has been used for police missions.  Proof of success to the American people will be through humanitarian efforts much the same way that helicopters are used in MEDEVAC situations to save the critically injured typically in automobile accidents.  As pilots retire they will demand for the technology on a personal basis much like how the jeep was introduced as a vehicle into the American car fleet.  Laws will have to be made for a class of vehicles that has never been available to the general public, much like new laws are being written for hybrid compact vehicles that are being classified as motorcycles.

The usage of this project package of Systems Engineering products can be used to develop advertisements and television commercials for the Sikorksy Corporation.
Marketability

While the initial research of this project is on military missions, and the scenarios considered are thought to be “rare” occurrences, the marketability of an air vehicle product that can navigate urban canyons can dramatically impact the lives of humans.   Since it is predicted that 80% of the world’s population will live in urban areas by 2030, the majority population’s ideas will win.  And people will want ways to use airspace to travel efficiently.  Today’s current airline industry is struggling, because demand is relatively low to fly from airport to airport.  The demand is significantly higher for local urban traffic which demands point to point travel, and this is reflected in the number of people that drive carpools or take taxis, busses, trains, and metro/subways daily to commute and conduct daily business.

Investment

Like the hybrid vehicles and other emerging technologies there will be a number of investments by governments (at all levels, federal, state, and local) national and foreign.  This will allow partnerships and pooled investments for directed designs to be built for specific purposes whether for military, humanitarian, or personal use.  The majority of American taxpayer does not pay much attention to military vehicles, despite the quantity of money which is invested in military vehicles, thus congress and the GAO will keep the military honest.  Taxpayers will become more involved when these vehicles will interface more with their lives on a personal level to provide taxi and carpool services to alleviate congestion on major city highways, and when the vehicles will be used to save lives at a local level.

Forecasting

Currently, the U.S. military and commercial corporations are developing a host of small VTOL UAVs.   There are some micro prototype helicopters designed that could be unmanned or carry one pilot.  The next 10 years is predicted that the scale of the vehicles will need to be increased to perform the missions required for urban military operations.  In the next twenty years, the U.S. military will develop and produce the first line of urban combat VTOL vehicles which can be manned or unmanned to support insurgent terrorist activities in urban areas.  The life of this vehicle will extend 30-40 years over which there will be other lines of vehicles by other companies and various design modifications.

The numbers of these vehicles that can be produced will be 10 times the current day helicopters such as the V22 Osprey, which 458 are planned to be produced at $110 million each.  To support operations world wide, over 4000 vehicles, at a predicted value of $30 million each will be needed to support urban operations.
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Figure 23:  In the Canyon Urban Air Vehicle Predicted Time to Markets
b) Critical Technology

In a previous section, a generic physical architecture was discussed; functions were mapped to generic (logical) components, such as a UHF radio.  The instantiated architecture takes the next step, identifying design solutions for each logical component.  To extend the previous example, an actual UHF radio system, say the AN/ARC-164, could be selected as the design solution for meeting the UHF communications functionality.  In this case, the UHF radio is a commercially available, technically mature item, a Non-Developmental Item (NDI).  For many components in the generic physical architecture, NDI solutions are readily available.  In fact, this is the case for most of the avionics, the electronic components of the system (e.g., radio, display).  There are a few components, however, for which the technology is not yet mature and no design solutions exist.  Based on the scorecard analysis of current systems, as well as the use case analysis, the team has designated certain components as depending on “Critical Technologies.”  The critical technology components include:

· Extraction Subsystem

· Demolition Subsystem

· Mobility Subsystem

Successful fielding of the system depends on scientific advancement and innovation in these critical technology areas.  Accordingly, the remaining design solution analysis focuses on these critical technologies, rather than the mature technologies; the instantiated physical architecture is discussed only in terms of the critical technologies.  The critical technologies, extracted from the overall generic physical architecture, are shown in the following figure:
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Figure 24: Critical Technologies

The process for generating and analyzing design solutions for the instantiated architecture was adapted from SYST 520.  The team used a morphological box to capture possible instantiations of the logical components.  The table below illustrates:
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Table 9:  Morphological Box of Design Solutions

Each column represents possible solutions for the corresponding logical component (stated in the first row of each column).  The logical components are taken directly from the generic physical architecture (see Figure 24).  The possible solutions represent the results of team brainstorming sessions (in which no idea was considered too absurd, clearly).  The next stage of the process involved the examination of feasible combinations.  Again, this was analyzed in a simple spreadsheet format:

[image: image32.emf]Internal Seats Internal Stretcher

Internal Open 

Area External Seats

External Stretcher 

(sidecar)

External Stretcher 

(hanging basket)

Internal Seats

Internal Stretcher X

Internal Open 

Area

X X

External Seats X X X

External Stretcher 

(sidecar)

X X X X

External Stretcher 

(hanging basket)

X X X X X

Telescoping Arm X X

Hanging Basket

Door (requires 

system to be very 

close to 

passenger)

X X

Retractable Planks

Jointed Arms X X

Zip Line (shot in 

direction of 

passenger)

Parachute (shot in 

direction of 

passenger)

Magnet X X

Claw

X X

Passenger Retreival 

Component

Manipulation Component

Passenger Cabin

An "X" in a cell indicates that the 

intersection of the corresponding row and 

column components is 

infeasible.

Passenger Cabin


Table 10: (Excerpt from) Combination Feasibility Table

Table 10 above, is only an excerpt of the larger table (which is a 43-by-43 matrix).  The entire spreadsheet is available as a separate file.  In the table, it is assumed that more than one solution for each component will not be combined together, hence the “X”s in the off diagonal for each logical component.  Aside from those infeasibilities, certain solutions did not pair well with others.  The external seats, for example, were not considered feasible combinations with several other potential components due to safety concerns.  As can be seen in the table, there are very many feasible solutions.  To narrow the field, the team selected a number of promising design solution combinations.  Those are listed in the table below:
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Table 11: Promising Design Solution Combinations

In each case, as noted earlier, the solution depends on considerable advancement in technology.  The first design, for example, would hinge on the development of lightweight, durable material; it is assumed that any material that would be light enough to lift would have deficiencies in survivability and strength.  The third design, on the other hand, would require a significant amount of mechanical and structural engineering.  The basic premise of the “cable grid” would be that a grid of cables could be erected over an urban battle zone, from which a vehicle could be suspended.
VI Conclusions and Recommendations
The objective of the GMU-Sikorsky Team was to utilize a systems engineering methodology to analyze the role of VTOL aviation systems for future military missions in an Urban Canyon environment.  Based on the research and analysis performed herein, and based on the deliverables provided, the following conclusions are offered:

Overall, the existing inventory of VTOLs are operationally unsuitable for conducting the full range of Search and Rescue (SAR) missions in an Urban Canyon.  

Some VTOL technology areas such as Communications, logistics, and medical appear to be ready to support the conduct of SAR missions in an Urban Canyon.

The Gap Analysis shows that VTOL maneuverability, propulsion, and extraction systems represent the critical technology sectors that must be addressed to ensure operational success in future Urban Canyon missions.

Using Function to Form analysis, an idea generating process, the team identified potential design solutions to bridge the technology gaps. 
Conduct Analysis of Alternatives on future innovative technologies.

Focus on modular VTOL designs to allow for future adaptability and modification.
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· University of Maryland. 2003. “Urban Disaster Response System”. American Helicopter Society Winning Design sponsored by Sikorsky and NASA

http://www.ahs.umd.edu/design/
b) Operations Research Articles:
i) Helicopter Operational Applications in Urban Environments

· Light/Attack Helicopter Operations in the Three Block War. Major Harry J. Hewson. April 1999

http://www.geocities.com/pentagon/6453/mouthelo.html
· Mumbai Terrorist Siege Over, India Says. New York Times. November 2008

http://www.nytimes.com/2008/11/29/world/asia/29mumbai.html
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· United Nations Population Information Network

http://www.un.org/popin/data.html
iii) Street Width Analysis
· Narrow streets Database
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Appendix A:  GIS Open Source Mapping Technologies

i) Microsoft Bing Bird’s Eye

ii) Google Earth
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Yahoo Maps

Figure 25:  Rooftop Obstructions in the Urban Canyon
It is clear that there are an unpredictable number of obstacles about the rooftops and architecture of the buildings.  In addition, there may be wires and cranes that cause additional obstructions.
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Figure 26:  Urban Canyon Street Obstructions and Complexities

In the Financial District within Manhattan, New York, the one-way streets provide enough space for a single vehicle to fit down.  The people walking down the streets provide obstacles and slow down the speed of travel to a crawl.
Appendix B:  VTOL Research
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Appendix C:  System Architecture Model
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To view the system architecture as in HTML, click on the embedded object above and extract all files to a empty folder.  Double click the index.html file to open.
Appendix D:  System Requirements Specification Document
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Appendix E:  Design Solution Analysis
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	<p>The system shall be able to communicate with Air Traffic Control, Municipal EOC, Mil C2, LE, & Public Safety Communications infrastructures.  The system shall be able to communicate to said systems at any point inside and above the urban canyon within the limits of the local municipality to a minimum of 1 sq. mile of the VTOL's position<br/></p>
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	<p>The VTOL vehicle shall be controllable by common ground station for autonomous flight.<br/></p>
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	<p>The system shall communicate in the Ultra High Frequency (UHF) band.<br/></p>
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	<p>The system shall communicate in the Very High Frequency (VHF) band.<br/></p>
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	<p>The system shall be capable of operation on a minimum of 5 simultaneous voice communication frequency channels (nets) (Threshold).  The system shall be capable of operation on a minimum of 10 simultaneous voice communication frequency channels (nets) (Objective).<br/></p>
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	<p>The Functional Requirements package details behavioral requirements that specify how a proposed system will process and handle information. It details the features and rules that must be present to fully implement the functionality desired.<br/></p>
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	<p>The Non-Functional Requirements package specifies the various operational parameters that define the environment in which the system will exist. These are criteria which define performance levels, scalability, security requirements, backup, disaster recovery and other operational requirements.<br/></p>
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	<p>The Requirements model is a structured catalogue of end-user requirements. These are represented as either Requirement or Feature elements.<br/></p><p><br/></p><p>The model is divided into two sub-catalogues:<br/></p><p><br/></p><p>1. The Functional requirements package contains requirements and features that represent functional behavior and features that the system under development must support.<br/></p><p><br/></p><p>2. The Non-functional requirements package contains constraints and performance levels the system must meet. For example response times, transactions per second, security strength.<br/></p>
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	<p>Functional Requirements describe the features, behavior, business rules and general functionality that the proposed system must support.  <br/></p>
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	<p>The system shall be capable of performing the nessicary calculation to determine the incident area within 1 minute of reception of an incident report.<br/></p>
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	r2.02 - Locate Survivors In Rubble  : public  <<Functional>> requirement
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	<p>The System shall be capable of locating a living person buried in 1 foot of concrete debris.<br/></p>
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	r2.03 - Excavate Rubble  : public  <<Functional>> requirement
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	<p>The System shall be capable of excavating and lifting 1000 pounds of rubble and debris in order to free located people.<br/></p>
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	r2.04 -  Operate in a Narrow Corridor  : public  <<Functional>> requirement
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	<p>The system shall be capable of operation in a corridor X1 feet wide (Threshold). The system shall be capable of operation in a corridor X2 feet wide (Objective)<br/></p>
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	r2.05 - Capable of Roof Rescue Operations  : public  <<Functional>> requirement
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	<p>The System shall be capable of Roof-Rescue Operations<br/></p>
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	r2.06 - Capable of Window-Rescue Operations  : public  <<Functional>> requirement
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	<p>The System shall be capable of Window-Rescue Operations<br/></p>
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	r2.07 - Detect Persons Beyond Visual Obstructions  : public  <<Functional>> requirement
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	<p>The system shall be capable of detecting living persons beyond visual obstructions (e.g., building walls, debris).<br/></p>
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	r2.08 - Manual Control via Pilot or Control Station  : public  <<Functional>> requirement
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	<p>The VTOL vehicle shall allow manual control. (whether via pilot operator or via external 3rd person controlled flight).<br/></p>
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	r2.09 - Autonomous Flight Control via Flight Plan  : public  <<Functional>> requirement
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	<p>The VTOL vehicle shall allow for autonomous control via a flight plan. <br/></p>
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	r2.10 - Navigable via VFR or IFR  : public  <<Functional>> requirement
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	<p>The system shall be navigable via VFR.  The system shall be navigable via IFR<br/></p>
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	r2.11 - Automatically Generate Flight Plan to Destination  : public  <<Functional>> requirement
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	<p>The system shall automatically generate a flight plan to a given destination.<br/></p>
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	r2.12 - Avoid Collisions  : public  <<Functional>> requirement
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	<p>he VTOL vehicle shall avoid collisions utilizing a collision avoidance system that exceeds the performance parameters of TCAS level III.<br/></p>
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	r2.13 - Visual Indication of Maneuver Intent  : public  <<Functional>> requirement
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	<p>System shall provide visual indications of maneuvering intent.<br/></p>
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	r2.14 - Avoid Damage by Surrounding Structures  : public  <<Functional>> requirement
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	<p>The VTOL vehicle shall avoid damage by surrounding structures.<br/></p>
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	r2.15 - Autonomously Detect Unstable Flight  : public  <<Functional>> requirement
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	<p>The VTOL vehicle shall autonomously detect when unstable flight conditions exist.<br/></p>
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	r2.16 - Capable of Withstanding Impact / Collision  : public  <<Functional>> requirement
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	<p>The system shall be capable of withstanding an impact / collision with a stationary object at a vehicle speed of 10 kts<br/></p>







 






VTOL Analysis/EARoot/EA2/EA2/EA163.htm








	r2.17 - Protect Passengers  : public  <<Functional>> requirement
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	<p> The system shall protect passengers in event of a collision at speeds greater than 10 kts<br/></p>
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	r2.18 - Detect Persons in Need of Help  : public  <<Functional>> requirement
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	<p>The VTOL vehicle shall be able to detect person(s) in need of help.<br/></p>
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	r2.19 - Detect Person of Interest  : public  <<Functional>> requirement
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	<p>The system shall detect a person(s) of interest <br/></p>
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	r2.20 - Detect Vehicle of Interest  : public  <<Functional>> requirement
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	<p>The system shall detect a vehicle(s) of interest <br/></p>
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	r2.21 - Track Target or Point of Interest  : public  <<Functional>> requirement
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	<p>The system shall be able to track an isolated human or platform target (Threshold). The system shall be able to track a human or platform target in a crowd or formation (Objective).<br/></p>
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	r2.22 - Provide Video Stabalization  : public  <<Functional>> requirement
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	<p>The tracking system shall provide the video gimble system commands to turn the camera independent of vehicle movements so that the camera is always pointed at the target.<br/></p>
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	r2.23 - Covertly Track Target or Point of Interest  : public  <<Functional>> requirement
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	<p>The system shall be capable of covertly tracking targets.<br/></p>
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	r2.24 - Detect Incoming Fire  : public  <<Functional>> requirement
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	<p>The system shall accurately detect direction from which the insurgent fire is coming from within 1 minute of angle.<br/></p>
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	r2.25 - Return Lethal Fire  : public  <<Functional>> requirement
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	<p>The system shall return lethal fire if being fired upon and weapons have been activated.  Rationale: In the event a friendly needs to disable the vehicle and weapons have not been armed then the friendly can do so.  If the vehicle detects it is being fired upon it shall warn the operator and then the operator can make the decision of whether to arm the weapons.  In complete, autonomous mode, weapons are not able to be armed.<br/></p>







 






VTOL Analysis/EARoot/EA2/EA2/EA172.htm








	r2.26 - Encrypt Outgoing Communications  : public  <<Functional>> requirement
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	<p>The system shall be capable of encrypting outgoing communication.<br/></p>
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	r2.27 - Decrypt Incoming Communications  : public  <<Functional>> requirement

	

		

						Created:

						11/10/2009 22:20:10

		




		

						Modified:

						11/10/2009 22:20:33

		




					




		

						[image: ]Project:

						

		




		

						Author:

						Michael Bovan

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{9DCF7195-C8B2-490e-AD03-63D78B4EEA40}

		




		

						Appears In:

						r2 - Functional Requirements

		




	




	<p>The system shall be capable of decrypting incoming communication.<br/></p>
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	r2.28 - Capable of Unencrypted Communications  : public  <<Functional>> requirement
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	<p>The system shall be capable of unencrypted communication.<br/></p>
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	r2.29 - Configurable for Simplex, Half-Duplex, or Full Duplex Comms  : public  <<Functional>> requirement
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	<p>The system shall be configurable for independent simplex, half-duplex, or full duplex communications<br/></p>
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	r2.30 - Determine Own Position  : public  <<Functional>> requirement
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	<p>The system shall determine own-unit position.<br/></p>
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	<p>The system shall automatically digitally transmit own-unit position.<br/></p>
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	r2.32 - Penetrate Building Exterior  : public  <<Functional>> requirement
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	<p>The system shall be capable of penetrating a city building exterior to create an unobstructed opening no smaller than 2 feet by 2 feet, and no larger than 10 feet by 10 feet.  (Rationale:  The system's mission includes extraction of personnel directly from a city building, potentially in situations in which egress is not provided.  At the same time, collateral damage must be minimized.)<br/></p>
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	<p>The system shall be capable of extracting injured personnel directly from a city building, within operation elevation constraints.<br/></p>
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	r2.34 - Mitigate Effects of Small Arms  : public  <<Functional>> requirement
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	<p>The system shall mitigate the effects of small arms fires received from any direction. (Rationale: The system must be able to withstand direct impact from small arm fires from any azimuth or bearing.<br/></p>
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	r2.35 - Detect Incoming Threats  : public  <<Functional>> requirement
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	<p>The system shall detect incoming airborne threats.  (Rationale:  The system will not likely be able to mitigate the effects of more destructive attacks than small arms, such as a Rocket-Propelled Grenade.  Such threats should be detected to allow the system to respond.)<br/></p>
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	<p>The system shall automatically engage detected incoming airborne threats, subject to pre-defined criteria.<br/></p>
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	r2.37 - Provide Means to Manually Eliminate Threat  : public  <<Functional>> requirement
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	<p>The system shall provide a means to manually engage/neutralize enemy personnel and light armor.<br/></p>
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	<p>The system shall provide a means to automatically engage/neutralize enemy personnel and light armor.<br/></p>
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	<p>The system shall be capable of vertical take-off.<br/></p>
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	r2.40 - Vertical Landing  : public  <<Functional>> requirement
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	<p>The system shall be capable of vertical landing.<br/></p>
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	r2.41 - Manuever in 3d space.  : public  <<Functional>> requirement
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	<p>The system shall be capable of maneuvering in any direction in 3-Dimensional space.<br/></p>
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	r2.42 - Hover  : public  <<Functional>> requirement
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	<p>The system shall be capable of hovering at all levels within the urban canyon within a 1 foot tolerance in 3 dimensional space<br/></p>
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	r2.43 - Auto-stabilize  : public  <<Functional>> requirement
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	<p>The system shall be capable of automatic stabilization (self-leveling), upon operator prompt.<br/></p>
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	r2.44 - Avoid Collision with Horizontal Objects  : public  <<Functional>> requirement
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	<p>The system shall automatically avoid horizontal collision damage from contact with surrounding stationary (fixed position) objects (Threshold).  The system shall automatically avoid collision damage from contact with any stationary (fixed position) object in the 3-Dimensional space (Objective).<br/></p>
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	r2.45 - Auto-hover upon Pilot Disengagement  : public  <<Functional>> requirement
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	<p>The system shall be capable of auto hover upon pilot disengagement.  Rationale: Requirement derived from consideration of hostile urban environment / increased liklihood of pilot injury or casualty<br/></p>
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	r3 - Input Requirements : requirements diagram
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	r3.1 - Allow for a Predetermined Street Search Pattern  : public  <<Functional>> requirement
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	<p>The flight plan mode shall allow for a predetermined street search pattern.<br/></p>
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	r3.2 - Receive Video Input  : public  <<Functional>> requirement
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	<p>The need detection system shall receive video input.<br/></p>
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	r3.3 - Receive Data on Vehicle Attributes  : public  <<Functional>> requirement
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	<p>The system shall be capable of rx data on vehicle attributes.<br/></p>
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	r3.4 - Operator Lock on Target  : public  <<Functional>> requirement
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	<p>The tracking system shall allow the operator to lock onto a target.<br/></p>
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	r3.5 - Receive Digital Position Reports  : public  <<Functional>> requirement
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	<p>The system shall receive digital position reports for units, platforms, and special points.<br/></p>
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	r4 - Operational Concepts : requirements diagram
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	r4.01 Performance Period  : public  <<Functional>> requirement
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	<p>The performance period shall be August 31 to December 18, 2009<br/></p>
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	r4.02 - Design Activity Limitations  : public  <<Functional>> requirement
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	<p>This effort shall be limited to software and hardware design activities<br/></p>







 






VTOL Analysis/EARoot/EA2/EA4/EA203.htm








	r4.03 - Define and Scope Problem  : public  <<Functional>> requirement
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	<p>9/21/2009 - Projected Defined and Scoped<br/></p>
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	r4.04 - Develop Requirements  : public  <<Functional>> requirement
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	<p>10/12/2009 - Develop Requirements<br/></p>
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	r4.05 - Develop Stakeholder Scorecard  : public  <<Functional>> requirement
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	<p>10/19/2009 - Develop Stakeholder Scorecard<br/></p>
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	r4.06 - Elicite Feedback from Stakeholders  : public  <<Functional>> requirement
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	<p>10/26/2009 - Elicite Feedback on Requirements from Stakeholders<br/></p>
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	<p>11/2/2009 - Analyze Current Vehicles with Urban Canyon Capability<br/></p>
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	<p>11/9/2009 - Identify Current Vehicle Capability Gaps<br/></p>
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	<p>11/16/2009 - Develop System Architecture for New Urban Canyon Vehicle<br/></p>
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	<p>12/17/2009 - Deliver Final Paper<br/></p>
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	<p>12/18/2009 - Deliver Final Brief<br/></p>
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	r5.01 - Audible Warn of Falling Vehicle  : public  <<Functional>> requirement
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	<p>The VTOL vehicle shall audibly warn people below when the vehicle is falling uncontrollably.<br/></p>
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	r5.02 - The system shall provide the operator general navigation information.  : public  <<Functional>> requirement
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	r5.03 - Broadcast Message to Point of Interest  : public  <<Functional>> requirement
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	<p>The VTOL vehicle shall be able to audibly broadcast a customized message to the target.<br/></p>
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	r5.04 - Warn Operator of Detected Lethal Fire  : public  <<Functional>> requirement
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	<p>The system shall warn the operator that it has detected lethal fire.<br/></p>
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	r5.05 - Report Arcminute to HUD  : public  <<Functional>> requirement
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	<p>The fires system shall report the arcminute on the heads up display for the operator.<br/></p>
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	r5.06 - Display NGA Info on a Map  : public  <<Functional>> requirement
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	<p>The system shall display National Geospatial-Intelligence Agency (NGA) geospatial information as a 2-Dimensional map of a given urban environment, including roads and major buildings (Threshold).  The system shall display geospatial information as a 3-Dimensional map of a given urban environment, including roads and major buildings (Objective).<br/></p>
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	r5.07 - Display Own Unit Status  : public  <<Functional>> requirement
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	<p>The system shall display own-unit status information, including, at a minimum:<br/></p><p>-fuel remaining<br/></p><p>-altitude<br/></p><p>-speed<br/></p><p>-weapon load-out<br/></p><p>-latitude<br/></p><p>-longitude<br/></p><p>-heading<br/></p>
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	r5.08 - Display Own Position on Map  : public  <<Functional>> requirement
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	<p>The system shall automatically display own-unit position on a geospatial overlay (e.g., map).<br/></p>
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	r5.09 - Display Adjacent Unit Positions  : public  <<Functional>> requirement
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	<p>The system shall display positional information for a minimum of 20 reported units, platforms, and special points on a geospatial overlay (e.g., map) (Threshold). <br/></p><p><br/></p><p> The system shall display positional information for a minimum of 40 reported units, platforms, and special points on a geospatial overlay (e.g., map) (Objective).<br/></p>
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	r5.10 - Emit Distress Signal   : public  <<Functional>> requirement
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	<p>The system shall automatically emit a distress beacon to signal an emergency condition.<br/></p>







 






VTOL Analysis/EARoot/EA2/EA5/EA224.htm








	r5.11 - Perform ID Analysis on Person of Interest  : public  <<Functional>> requirement
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	<p>The system shall use human attribute data to perform identification analysis a person(s) of interest<br/></p>
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	r5.12 - Perform ID Analysis on Vehicle of Interest  : public  <<Functional>> requirement
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	<p>The system shall use vehicle attribute data to perform identification analysis of a vehicle(s) of interest<br/></p>
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	r6 - Technology and System Wide Requirements : requirements diagram
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	r6.01 - Transport Persons  : public  <<Functional>> requirement
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	<p>The System shall be capable of transporting up to 4 persons OR passenger weight of less than 1000 pounds.<br/></p>
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	r6.02 - Minimize Operators  : public  <<Functional>> requirement
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	<p>The System shall minimize the number of operator's required to operate the system.<br/></p>
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	r6.03 - Provide First Aide  : public  <<Functional>> requirement
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	<p>The system shall be furnished with first aid supplies.<br/></p><p><br/></p><p>The system cabin interior space shall permit a crew member to administer first aid to an injured occupant.<br/></p><p><br/></p><p>The system shall provide a secure accommodation for an injured occupant.<br/></p>
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	r6.04 - Land on a Carrier  : public  <<Functional>> requirement
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	<p>The System shall be capable of Landing on an Aircraft Carrier<br/></p>
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	r6.05 - Capable of Desert Operations  : public  <<Functional>> requirement
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	<p>The system shall be capable of operation in a desert environment.<br/></p>
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	r6.06 - Redundant Power Systems  : public  <<Functional>> requirement
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	<p>The system shall have redundant power systems<br/></p>
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	r6.07 - Redundant Sensor Systems  : public  <<Functional>> requirement
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	<p>The System shall have redundant Sensor Systems<br/></p>
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	r6.08 - Redundant Communication Systems  : public  <<Functional>> requirement
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	<p>The System shall have redundant Communication Systems<br/></p>
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	<p>The navigation system shall operate in winds not to exceed 27 km/hr (15 knots).<br/></p>
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VTOL Analysis/EARoot/EA2/EA6/EA244.htm








	r6.17 - Configurability  : public  <<Functional>> requirement

	

		

						Created:

						11/18/2009 11:11:16

		




		

						Modified:

						11/18/2009 11:11:28

		




					




		

						[image: ]Project:

						

		




		

						Author:

						jay.stewart

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{F87967C3-30C3-47b8-AD7C-927C8E1A9D78}

		




		

						Appears In:

						r6 - Technology and System Wide Requirements

		




	




	<p>Configurability<br/></p>







 






VTOL Analysis/EARoot/EA2/EA6/EA245.htm








	r6.18 - Lethality  : public  <<Functional>> requirement

	

		

						Created:

						11/18/2009 11:11:52

		




		

						Modified:

						11/18/2009 11:12:01

		




					




		

						[image: ]Project:

						

		




		

						Author:

						jay.stewart

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{772D8BB7-1EBF-4ecb-A645-58F805267D2C}

		




		

						Appears In:

						r6 - Technology and System Wide Requirements

		




	




	<p>Lethality<br/></p>
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	<p>The system shall be capable of continuous operations (without refueling) for a minimum of 2 hours flight time (Threshold). <br/></p><p><br/></p><p>The system shall be capable of continuous operations (without refueling) for a minimum of 4 hours flight time (Objective). <br/></p>
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	<p>The system shall be capable of operating at an altitude range of 0 - 5,000 feet (Threshold).  <br/></p><p><br/></p><p>The system shall be capable of operating at an altitude range of 0 - 15,000 feet (Objective).  <br/></p><p><br/></p><p>(Rationale: Highest urban altitude is currently La Plaz, ~12,000 feet.  Elevations in high-altitude cities are added to ground altitude).<br/></p>
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	<p>The system shall provide on-board operators with a continuous 180 degree horizontal field of direct view (Threshold).<br/></p><p><br/></p><p>The system shall provide on-board operators with a continuous 360 degree horizontal field of direct view (Objective).<br/></p>
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	<p>The system shall be capable of operation in low-light or no-light conditions.<br/></p>
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	<p>The system shall be capable of operation in rainy conditions.<br/></p>
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	<p>The system shall be capable of operation in snow or sleet conditions.<br/></p>
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	<p>The system shall be capable of operation in a temperature range of -40oF to 120oF.<br/></p>
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	r6.26 - Minimize Acoustic Signature  : public  <<Functional>> requirement

	

		

						Created:

						11/10/2009 23:39:53

		




		

						Modified:

						11/18/2009 11:41:36

		




					




		

						[image: ]Project:

						

		




		

						Author:

						Michael Bovan

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{AC67E493-B811-4913-8ECB-41AE03864623}

		




		

						Appears In:

						r6 - Technology and System Wide Requirements

		




	




	<p>The system's acoustic signature shall be less than Z1 decibels (Threshold).  The system's acoustic signature shall be less than Z2 decibels (Objective).<br/></p>
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	<p>The system shall consist of a vehicle that can conduct Search and Rescue (SAR) operations (Under Attack and Peace Time) in the urban canyon.<br/></p>
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	BOLO Activities : package diagram
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	CASEVAC Activities : package diagram
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	Change Flight or Search Plan : interactionoverview diagram
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	Confirms Visual ID of Incident : interactionoverview diagram
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	Contested Evacuation (CASEVAC) : use case diagram
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	Delivers Injured Friendly Combatants to Medical Facility : interactionoverview diagram
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	Detects Object(s) or Person(s) of Interest : interactionoverview diagram
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	Determines the Location of the Hostages : interactionoverview diagram
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	Displays a Three-Dimensional Picture of Hostages & Location : interactionoverview diagram
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	Employ Nonlethal Threat Elimination Methods : interactionoverview diagram
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	Employs Retrieval System  : interactionoverview diagram
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	Enters Building Through Roof  : interactionoverview diagram
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	Est. Comms with Friendly Forces in Building : interactionoverview diagram
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	Gains Physical Access to Building  : interactionoverview diagram
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	Hostage Rescue : use case diagram
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	Hostage Rescue : package diagram


	

		

						Created:

						12/14/2009 15:16:57

		




		

						Modified:

						12/14/2009 19:40:43

		




		

						[image: ]Project:

									

		




		

						Author:

						jay.stewart

		




		

						Version:

						1.0

		




		

						[image: ]Advanced:

									

		




		

						ID:

						{E946396B-14CD-4426-A980-5FE2AC0C6D6D}

		




	




	




 





VTOL Analysis/EARoot/EA3/EA2/EA314.png

Seanna
Resou Use
Casas
Determines the
Location ofthe
Hostages.

Seanna
Resou Use
Casas: Losates
Human Inside
Building

Seanna
Resou Use
Casas
Receives
Medical

Seanna
Resou Use
Casas: Dislays
a Three
Dimansional
Picture of
Hostages &
Location

Seanna
Resou Use
Casas: Lowers
SWAT Team
onto Building
Roottop

Seanna
Resou Use
Casas
Fala

Seanna
Resou Use
Caas
Engages
Enemy.

Seanna
Resou Use
Casas
Manewvars
Vahicls within
Close Prosimity
o Window

Seanna
Resou Use

Casas: Raseuss

Seanna
Resou Use
Casas: Enters
Buiding
Thiough Root

Seanna
Resou Use
Casas
Provides
Buiding
Resous Mision
Padage

Seanna
Resou Use
Casas: Tradke









VTOL Analysis/EARoot/EA3/EA2/EA315.htm





	

[image: ]































	ID the Survivor's Location : interactionoverview diagram
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	Lands at Base : interactionoverview diagram
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	Locates Humans Inside Building : interactionoverview diagram
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	Locks in on Detected Target : interactionoverview diagram
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	Lowers SWAT Team onto Building Rooftop : interactionoverview diagram
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	Maneuvers the Vehicle to a Safe Location : interactionoverview diagram
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	Maneuvers to Given Coordinates / Address of Call : interactionoverview diagram
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	Maneuvers Vehicle to the Incident Location  : interactionoverview diagram
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	Maneuvers Vehicle within Close Proximity to Window : interactionoverview diagram
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	Notify Command Staff of Detection : interactionoverview diagram
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	Patrols Streets : interactionoverview diagram
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	Performs Image Recognition (on faces & vehicles) : interactionoverview diagram
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	Provides Building Rescue Mission Package : interactionoverview diagram
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	Receives a Situational Awareness Report (SITREP) : interactionoverview diagram
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	Receives Command to Perform CASEVAC : interactionoverview diagram
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	Receives Medical Treatment (aboard VTOL) : interactionoverview diagram
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	Relocates Hostages to Safe Location : interactionoverview diagram
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	Remove Obstacles Between the Vehicle and Survivor : interactionoverview diagram
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	Removes the Survivor from the Debris : interactionoverview diagram
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	Reports Mission Status to Ground Controller : interactionoverview diagram
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	Rescues Hostages (to VTOL) : interactionoverview diagram
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	Responds WILCO : interactionoverview diagram


	

		

						Created:

						11/10/2009 13:17:14

		




		

						Modified:

						12/14/2009 15:01:38

		




		

						[image: ]Project:

									

		




		

						Author:

						nossauser

		




		

						Version:

						1.0

		




		

						[image: ]Advanced:

									

		




		

						ID:

						{EB22F300-EF21-4fd5-B8E0-4107CDD9437D}

		




	




	




 





VTOL Analysis/EARoot/EA3/EA2/EA358.png

This Activity Diagram
Shows haw o Reosive
an adnomadgement
ofthe reporton the
CASEVAC Mission
Status from the Ground
Controler

Pilot Reports Plans for

Performing CASEVAC at

Locstion to the Ground
Contoller

£

Ground Controller
Acknolowledges Recsipt
of the CASEVAC Report

VTOL Pilot Responds
wiLco

=0








VTOL Analysis/EARoot/EA3/EA2/EA359.htm





	

[image: ]













































	Retreats with Injured Friendly Combatants : interactionoverview diagram


	

		

						Created:

						11/10/2009 13:17:18

		




		

						Modified:

						12/14/2009 15:02:28

		




		

						[image: ]Project:

									

		




		

						Author:

						nossauser

		




		

						Version:

						1.0

		




		

						[image: ]Advanced:

									

		




		

						ID:

						{68D784F0-4BE3-4a44-BE44-A47243597DCA}

		




	




	




 





VTOL Analysis/EARoot/EA3/EA2/EA360.png

Ground Controller
Request hat he VTOL
Team Procesd with the
CASEVAC 32 Planned

¢ SesrohSosn Sensors

Evaluste Accass Aress

fe Buitsing and Location
FriendlyHostile Forces

Creste s
[thvee Dimensionsi image
of the Building ana
FriendlyHostile Forces

V7oL Assessmentofthe
Struoture of the Building
“and the Loostion of
FriendlyHostle
Combatants Determines
that's Roofiop CASEVAC

fords highest Sucoess

Using the VTOL

VoL Remsins in Hover
Mode Uni Clearea to
Depart by Medical

Thi Activity Diagram
Shaws haw o Retieat
with njured Frisndly
Combatants

Specisl Forces Gain
oess o Building via the
Root

“The Frieny Combatant
Plzoes hisiher arms and
Iegs into the Harness

o &y s 2y Comtg i 2an Retreiaa?

Personnel

Wedios! Personnel Trisg
‘e Inured Friendly
Combatants

dios! Personnel Ssoure
the Inured Friendly

|combatants snd Ciear the

VTOL to Exit Hover Wode

fsing he Medioal Package)
‘onbosr the VIOL,

ersonnel Trest the njurec|

‘Combatants WorstFirs)

Medios! Personnel

VIOL Transports to2
Local Hospitl

=0









VTOL Analysis/EARoot/EA3/EA2/EA361.htm





	

[image: ]





























	Retrieve Injured Friendly Combatants : interactionoverview diagram
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	Returns to Base (RTB). : interactionoverview diagram
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	SAR Following Destruction : use case diagram
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	SAR Following Destruction : package diagram
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	Scans Incident Area for Survivors : interactionoverview diagram
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	Scans Streets or within Buildings : interactionoverview diagram
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	Search & Rescue Use Cases : use case diagram
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	Search & Rescue Use Cases : package diagram
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	Searches Area to Refine Incident Location : interactionoverview diagram
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	Track Target : interactionoverview diagram
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	Tracks the Location and Movement of the Humans Inside Building : interactionoverview diagram
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	<p>This Activity Diagram Shows how to Prepare a VTOL using a Building Rescue Mission Package<br/></p>
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	<p>This Activity Diagram Shows how to Receive a Command to Perform a CASEVAC<br/></p>
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	<p>This Activity Diagram Shows how to Land the VTOL at its Base<br/></p>
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	<p>This Activity Diagram Shows how to Friendly Combatants will be Transported to a Medical Facility.<br/></p>
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	<p>Lock on and Detect Target Activity Diagram<br/></p>
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	<p>This Activity Diagram Shows how to Maneuver the VTOL to Given Coordinates.<br/></p>
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	<p>This Activity Diagram Tracks the Location and Movement of Humans Inside a Building<br/></p>
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	<p>This Activity Diagram Displays the Three-Dimensional Image of the Location of the Hostages.<br/></p>
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	<p>This Activity Diagram Shows how to Medical Personnel will Provide Treatment Aboard a VTOL<br/></p>
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	<p>This Activity Diagram Shows how to Receive an acknowledgement of the report on the CASEVAC Mission Status from the Ground Controller<br/></p>
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	<p>This Activity Diagram Shows how the VTOL Searches an Area to Refine the Incident Location.<br/></p>







 






VTOL Analysis/EARoot/EA3/EA2/EA901.htm








	Activate Sensors and Scan the Incident Area to Develop Image Maps  : public   activity

	

		

						Created:

						11/15/2009 21:37:03

		




		

						Modified:

						11/15/2009 21:39:03

		




					




		

						[image: ]Project:

						

		




		

						Author:

						mike.ingram

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{B3DF5615-382D-4c4e-9E26-D5AE65B0F908}

		




		

						Appears In:

						Searches Area to Refine Incident Location

		




	




	

	

		

						Flow To




						Flow From




						Custom Properties




		




		

			

				

								Element

								Name

								Details

				




				

								

						VTOL Creates a Three-Dimensional Image of the Building and its Occupants


						Activity  

					

								 					

								 

				






			




		


		

			

				

								Element

								Name

								Details

				




				

								

						Arrive at the Coordinates of the Location of the Incident


						Activity  

					

								 					

								 

				






			




		


		

			

				

								Property

								Value

				




			

							isReadOnly:

							false

			







			




		
	





 






VTOL Analysis/EARoot/EA3/EA2/EA902.htm








	Arrive at the Coordinates of the Location of the Incident  : public   activity

	

		

						Created:

						11/15/2009 21:36:03

		




		

						Modified:

						11/15/2009 21:36:46

		




					




		

						[image: ]Project:

						

		




		

						Author:

						mike.ingram

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{7D568DFD-66F5-4b76-9842-A15F3BAE0B57}

		




		

						Appears In:

						Searches Area to Refine Incident Location

		




	




	

	

		

						Flow To




						Flow From




						Custom Properties




		




		

			

				

								Element

								Name

								Details

				




				

								

						Activate Sensors and Scan the Incident Area to Develop Image Maps


						Activity  

					

								 					

								 

				






			




		


		

			

				

								Element

								Name

								Details

				




				

								

						Receives Instructions and Location Coordinates from Command Central


						Activity  

					

								 					

								 

				






			




		


		

			

				

								Property

								Value

				




			

							isReadOnly:

							false

			







			




		
	





 






VTOL Analysis/EARoot/EA3/EA2/EA903.htm








	Begin  : public   activityinitial

	

		

						Created:

						11/15/2009 21:35:03

		




		

						Modified:

						11/15/2009 21:35:47

		




					




		

						[image: ]Project:

						

		




		

						Author:

						mike.ingram

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{74BE895A-629C-4ba1-965E-C209AD38E7CA}

		




		

						Appears In:

						Searches Area to Refine Incident Location

		




	




	

	

		

						Flow To




		




		

			

				

								Element

								Name

								Details

				




				

								

						Receives Instructions and Location Coordinates from Command Central


						Activity  

					

								 					

								 

				






			




		


	





 






VTOL Analysis/EARoot/EA3/EA2/EA904.htm








	End  : public   activityfinal

	

		

						Created:

						11/15/2009 21:45:02

		




		

						Modified:

						11/15/2009 21:45:18

		




					




		

						[image: ]Project:

						

		




		

						Author:

						mike.ingram

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{F149134A-2A77-4828-9356-2A0F602BF27A}

		




		

						Appears In:

						Searches Area to Refine Incident Location

		




	




	

	

		

						Flow From




		




		

			

				

								Element

								Name

								Details

				




				

								

						Provide the Refined image of the Incident Area and Surroundings to Command Center


						Activity  

					

								 					

								 

				






			




		


	





 






VTOL Analysis/EARoot/EA3/EA2/EA905.htm








	Prepare a Refined image of the Incident Area and Surroundings  : public   activity

	

		

						Created:

						11/15/2009 21:42:13

		




		

						Modified:

						11/15/2009 21:43:11

		




					




		

						[image: ]Project:

						

		




		

						Author:

						mike.ingram

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{2C7F0CD0-8FE3-4520-8AEA-D4A72677EB82}

		




		

						Appears In:

						Searches Area to Refine Incident Location

		




	




	

	

		

						Flow To




						Flow From




						Custom Properties




		




		

			

				

								Element

								Name

								Details

				




				

								

						Provide the Refined image of the Incident Area and Surroundings to Command Center


						Activity  

					

								 					

								 

				






			




		


		

			

				

								Element

								Name

								Details

				




				

								

						VTOL Creates a Two-Dimensional Image of the Surrounding Area and its Occupants


						Activity  

					

								 					

								 

				






			




		


		

			

				

								Property

								Value

				




			

							isReadOnly:

							false

			







			




		
	





 






VTOL Analysis/EARoot/EA3/EA2/EA906.htm








	Provide the Refined image of the Incident Area and Surroundings to Command Center  : public   activity

	

		

						Created:

						11/15/2009 21:43:54

		




		

						Modified:

						11/15/2009 21:44:45

		




					




		

						[image: ]Project:

						

		




		

						Author:

						mike.ingram

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{5DECD1E1-FA3E-448e-B12A-E5186D241BF5}

		




		

						Appears In:

						Searches Area to Refine Incident Location

		




	




	

	

		

						Flow To




						Flow From




						Custom Properties




		




		

			

				

								Element

								Name

								Details

				




				

								

						End


						StateNode  

					

								 					

								 

				






			




		


		

			

				

								Element

								Name

								Details

				




				

								

						Prepare a Refined image of the Incident Area and Surroundings


						Activity  

					

								 					

								 

				






			




		


		

			

				

								Property

								Value

				




			

							isReadOnly:

							false

			







			




		
	





 






VTOL Analysis/EARoot/EA3/EA2/EA907.htm








	Receives Instructions and Location Coordinates from Command Central  : public   activity

	

		

						Created:

						11/15/2009 21:34:46

		




		

						Modified:

						11/15/2009 21:34:58

		




					




		

						[image: ]Project:

						

		




		

						Author:

						mike.ingram

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{73A950D6-7E14-4cd0-9860-42B43A6842FE}

		




		

						Appears In:

						Searches Area to Refine Incident Location

		




	




	

	

		

						Flow To




						Flow From




						Custom Properties




		




		

			

				

								Element

								Name

								Details

				




				

								

						Arrive at the Coordinates of the Location of the Incident


						Activity  

					

								 					

								 

				






			




		


		

			

				

								Element

								Name

								Details

				




				

								

						Begin


						StateNode  

					

								 					

								 

				






			




		


		

			

				

								Property

								Value

				




			

							isReadOnly:

							false

			







			




		
	





 






VTOL Analysis/EARoot/EA3/EA2/EA908.htm








	VTOL Creates a Three-Dimensional Image of the Building and its Occupants  : public   activity

	

		

						Created:

						11/15/2009 21:39:35

		




		

						Modified:

						11/15/2009 21:39:51

		




					




		

						[image: ]Project:

						

		




		

						Author:

						mike.ingram

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{8AE1EDF9-AFF8-4474-A954-5A058AAD91F6}

		




		

						Appears In:

						Searches Area to Refine Incident Location

		




	




	

	

		

						Flow To




						Flow From




						Custom Properties




		




		

			

				

								Element

								Name

								Details

				




				

								

						VTOL Creates a Two-Dimensional Image of the Surrounding Area and its Occupants


						Activity  

					

								 					

								 

				






			




		


		

			

				

								Element

								Name

								Details

				




				

								

						Activate Sensors and Scan the Incident Area to Develop Image Maps


						Activity  

					

								 					

								 

				






			




		


		

			

				

								Property

								Value

				




			

							isReadOnly:

							false

			







			




		
	





 






VTOL Analysis/EARoot/EA3/EA2/EA909.htm








	VTOL Creates a Two-Dimensional Image of the Surrounding Area and its Occupants  : public   activity

	

		

						Created:

						11/15/2009 21:40:20

		




		

						Modified:

						11/15/2009 21:40:33

		




					




		

						[image: ]Project:

						

		




		

						Author:

						mike.ingram

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{00018F37-ED73-4bcd-9183-0513E380710B}

		




		

						Appears In:

						Searches Area to Refine Incident Location

		




	




	

	

		

						Flow To




						Flow From




						Custom Properties




		




		

			

				

								Element

								Name

								Details

				




				

								

						Prepare a Refined image of the Incident Area and Surroundings


						Activity  

					

								 					

								 

				






			




		


		

			

				

								Element

								Name

								Details

				




				

								

						VTOL Creates a Three-Dimensional Image of the Building and its Occupants


						Activity  

					

								 					

								 

				






			




		


		

			

				

								Property

								Value

				




			

							isReadOnly:

							false

			







			




		
	





 






VTOL Analysis/EARoot/EA3/EA2/EA910.htm








	  : public   note

	

		

						Created:

						11/15/2009 19:17:50

		




		

						Modified:

						11/15/2009 19:18:25

		




					




		

						[image: ]Project:

						

		




		

						Author:

						nossauser

		




		

						Version:

						1.0

		




		

						Phase:

						1.0

		




		

						Status:

						Proposed

		




		

						Complexity:

						Easy

		




		

						[image: ]Advanced:

						

		




		

						UUID:

						{159B4FF8-C3E4-40ff-A853-FBDE4F2DFBF0}

		




		

						Appears In:

						Est. Comms with Friendly Forces in Building

		




	




	<p>This Activity Diagram Shows how to Establish Comms with Friendly Forces within the Building.<br/></p>
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	<p>This Activity Diagram Shows how to Retreat with Injured Friendly Combatants.<br/></p>
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	<p>This package contains use cases which define how an Actor will interact with the proposed system. <br/></p><p><br/></p><p>Each interaction may be specified using scenarios, sequence diagrams, communication diagrams and other dynamic diagrams or textual descriptions which together how the system when viewed as a "black-box" interacts with a user.<br/></p>
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	<p>Actors are the users of the system being modeled. Each Actor will have a well-defined role, and in the context of that role have useful interactions with the system.<br/></p><p><br/></p><p>A person may perform the role of more than one Actor, although they will only assume one role during one use case interaction.<br/></p><p><br/></p><p>An Actor role may be performed by a non-human system, such as another computer program.<br/></p>
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	<p>The Use Case model is a catalogue of system functionality described using UML Use Cases. Each Use Case represents a single, repeatable interaction that a user or "actor" experiences when using the system. <br/></p><p><br/></p><p>A Use Case typically includes one or more "scenarios" which describe the interactions that go on between the Actor and the System, and documents the results and exceptions that occur from the user's perspective.<br/></p><p><br/></p><p>Use Cases may include other Use Cases as part of a larger pattern of interaction and may also be extended by other use cases to handle exceptional conditions<br/></p>
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	<p><b>Sikorsky VTOL Model Framework.</b><br/></p><p>Double click on any of the following sections of this model to explore the detail in those sections.<br/></p>
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	<p>Interface Codes:<br/></p><p><br/></p><p>  I-01 = Voice (UHF, VHF)<br/></p><p>  I-02 = Data (UHF)<br/></p><p>  I-03 = Voice (UHF SATCOM DAMA)<br/></p><p>  I-04 = Data (UHF SATCOM non-DAMA)<br/></p><p>  I-05 = Video Imagery<br/></p>
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	<p>The Topology package models the connectivity, networks, physical locations and spatial characteristics of the system to be implemented. <br/></p>
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	<p>The Nodes package contains models of all the processors, devices and hardware components that are required to be deployed or utilized in the final implementation of the modeled system.<br/></p>
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	<p>The Artifacts package contains models of all software and related components that will be deployed onto the Nodes.<br/></p>
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	<p>The Deployment model describes how and where the system will be deployed. <br/></p><p><br/></p><p>Physical machines, devices and processors are reflected as nodes, and the internal construction can be depicted by embedding additional nodes or artifacts. <br/></p><p><br/></p><p>Artifacts, such as executables, are allocated to nodes to model the system's run-time configuration. The allocation is guided by the use of deployment specifications.<br/></p><p><br/></p><p>The physical locations, deployment of artifacts and connectivity between nodes of the final deployed system is depicted in the Topology package. <br/></p><p><br/></p>
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VTOL Analysis/js/displayToc.js

var tocRoot, tocBranch, tocSel, tocLoading, tocLastID, tableSel, tabHead, data, tocTab, tocInitRoot, tocMemToc, rFStatus, oldData, tableSelTable;

var initI;

var icon=new Array();

var preloadIcons=new Array(1,10,101,102,103,104,106,107,108,11,113,116,118,16,175,176,177,178,179,180,181,182,183,184,185,186,187,188,189,19,20,21,24,25,26,28,29,31,34,4,5,52,53,56,57,6,60,68,69,7,8,82,9,99);



var browser=browserCheck();

var content=0;

var Linkguid="";

function browserCheck() {

	browser=navigator.userAgent.toLowerCase();

	if (browser.indexOf('msie')!=-1) {

		if(browser.substring(browser.indexOf('msie')+5,browser.indexOf('.',browser.indexOf('msie')))>6) return("ie7");

		if(browser.substring(browser.indexOf('msie')+5,browser.indexOf('.',browser.indexOf('msie')))>5) return("ie6");

		else return("ie_old");

	}

	else if (browser.indexOf('firefox')!=-1) return("ff");

	else if (browser.indexOf('opera')!=-1) return("op");

	else if (browser.indexOf('gecko')!=-1) return("ff");

}



function changeCSS(theClass,element,value,target) {

	var cssRules;

	target = eval(target+'.document.styleSheets'); 

	if (browser=='ie6'||browser=='ie7') {

		cssRules = 'rules';

	} else if (browser=='ff'||browser=='op') {

		cssRules = 'cssRules';

	}

	for (var S = 0; S < target.length; S++){

		for (var R = 0; R < target[S][cssRules].length; R++) {

			if (target[S][cssRules][R].selectorText == theClass) {

				try {

					target[S][cssRules][R].style[element] = value;

				} catch(e) {}

			}

		}

	}

}



function initItem(item) {

	tableSel=null;

	if (cont.document.getElementById('TableGroup')!=null) {

		toggleItem(cont.document.getElementById('TableGroup').getElementsByTagName('li')[0].id.replace("Title",""));

	}

}



function initLoad(src,toc,home) {



	var qs=document.location.search.substring(1);



	if (qs.substring(0,qs.indexOf('='))=='goto') {

		var gotoPage = qs.substring(qs.indexOf('=')+1).split(':');

		var fExt = home.substring(home.lastIndexOf('.'));

		var home = "./EARoot/";

		for (var i=0; i<gotoPage.length; i++) {

			home += "EA"+gotoPage[i];

			if (i!=gotoPage.length-1)

				home += "/";

			else

				home += fExt;

		}

	}



	content = document.createElement('div');

	content.className = "IndexBody";

	content.innerHTML="	<iframe src='"+toc+"' name='toc' id='tocIFrame' frameborder='0'></iframe>\n";

	

	if (qs.substring(0,qs.indexOf('='))=='guid') {

		Linkguid = qs.substring(qs.indexOf('=')+1).split('?guid=');

		LoadGuidMap(OnReadyLoadGuidMap);

	}

	else{

		// We don't have a guid in the address bar, so set the default homepage and continue

		content.innerHTML+="	<iframe src='"+home+"' name='cont' id='contentIFrame' frameborder='0'></iframe>";

		content.innerHTML+="	<div id=\"resizeFrames\"></div>";

	

		// Pass in the guid of the home page or class.

		initPreLoad(content);

	}

}



function LoadGuidMap(ResponseFunc){



	// Get the correct file

	var FirstTwoHexDigits = new String(Linkguid);

	FirstTwoHexDigits = FirstTwoHexDigits.slice(0,2);

	var src = "js/data/guidmaps/"+"GuidMap"+FirstTwoHexDigits+".xml";



  RequestPage(src,ResponseFunc);// Request the page passing in the filelocation and the response function.

}



function OnReadyLoadGuidMap(){



	if (data.readyState == 4){

		try{

		

			var Home = GetPageAddressFromMapString(data.responseText);

			

			//Set the home page.

			content.innerHTML+="	<iframe src='"+Home+"' name='cont' id='contentIFrame' frameborder='0'></iframe>";

			content.innerHTML+="	<div id=\"resizeFrames\"></div>";

      

      //Make sure memory for the string is cleared. The browser should do this anyway but just in case.

      Home=null;

        

			// Continue loading the rest of the page.

			initPreLoad(content);

		} 

		catch(e){

			return;

		}

	}

}



function GetPageAddressFromMapString(MapString)

{

    

      var LG = new String(Linkguid);

  		var Page = new String(MapString);

  				

  		LG = LG.toLowerCase();    //Make searching case insensitive.

  		Page = Page.toLowerCase();

  		

			var Pos1 = Page.search(LG);   // Search the the guid in the string and return the position.

			Page = Page.slice(Pos1);// Remove the top half of the string.

			

			var Pos2 = Page.search("/");  //Search for the start of the web address.

			var Pos3 = Page.search(";");  //Search for the end of the web address. 

			Page = Page.slice(Pos2+1,Pos3);   // extract the web address.

			Page = "EARoot/" + Page; // At the root back onto the page.

	

			return Page;

}



function guidLink(guid,qs) {



  guid = guid.substring(1,guid.length-1); //Remove the brakets

	Linkguid = guid;

	LoadGuidMap(OnReadyGuidLink);



}



function OnReadyGuidLink(){



  if (data.readyState == 4){

    try{

         

      // Get the page location from the guid map.

      var Page = GetPageAddressFromMapString(data.responseText);

    

      cont.location = Page;

    

      //Make sure memory for the string is cleared. The browser should do this anyway but just in case.

      Page=null;

      Linkguid=null;

    } 

    catch(e){

      return;

    } 

  }

}



function RequestPage(Page,ResponseFunc)

{

 	try {

		data = new XMLHttpRequest();

		data.onreadystatechange = ResponseFunc;

		data.open("GET", Page, true);

		data.send(null);

	} catch(e) {

		if (browser=="ie6"||browser=="ie7"||browser=="ie8"){

			data = new ActiveXObject("Microsoft.XMLHTTP");

			if (data) {

				data.onreadystatechange = ResponseFunc;

				data.open("GET", Page, true);

				data.send();

			}

		}

		else{

			alert(e);

		}

	}

}



function initPage(src) {      



	if (browser=="ie_old") return;



	if (toc.document==null) toc=top.frames[0];

	if (cont.document==null) cont=top.frames[1];

	if (cont.document==null) {

		setTimeout("initPage('"+src+"')","1000");

		return;

	}



	var curPage = cont.document.location+"";

	if (curPage.indexOf('EARoot')!=-1) curPage = curPage.substring(curPage.indexOf('EARoot'));

	else curPage = curPage.substring(curPage.lastIndexOf('/')+1);



	for (var j=0; j<cont.document.getElementsByTagName('div').length; j++) {

		if (cont.document.getElementsByTagName('div')[j].className=="ObjectDetailsNotes") {

			var tmpStr = cont.document.getElementsByTagName('div')[j].innerHTML;

			//tmpStr=tmpStr.replace(/&nbsp;<WBR>/g," "); //GAS 810 - removed as it adversely affect PreserveWS

			tmpStr=tmpStr.replace(/&gt;/g,">");

			tmpStr=tmpStr.replace(/&lt;/g,"<");

			cont.document.getElementsByTagName('div')[j].innerHTML=tmpStr;

		}

	}



	if (src!=null) initItem();



	if(curPage.substr(0,curPage.indexOf('.'))=="blank")

		return;



	//Check ToC is loaded

	if (toc.document.body==null) {

		setTimeout("initPage('"+src+"')","1");

		return;

	} else if (toc.document.body.childNodes && toc.document.body.childNodes.length==1) {

		setTimeout("initPage('"+src+"')","1");

		return;

	} else if (toc.document.body.lastChild && toc.document.body.lastChild.childNodes && toc.document.body.lastChild.childNodes.length==0) {

		setTimeout("initPage('"+src+"')","1");

		return;

	} else if (!toc.document.body.childNodes || !toc.document.body.lastChild || !toc.document.body.lastChild.childNodes) {

	   setTimeout("initPage('"+src+"')","1");

		return;

	} else {

		var parTree = curPage.substr(0,curPage.lastIndexOf('/')).substr(curPage.indexOf('/')+1).replace(/EA/g,"").replace(/\//g,".");



		if (parTree) {

			if (parTree.indexOf('0')!=0) parTree = "0."+parTree;

			parTree=parTree.split('.');

			var tocTmp;



			for (var j=0; parTree.length>j; j++) {



				if (j>=2) tocTmp += "."+parTree[j];

				else tocTmp = parTree[j];



				if (toc.document.getElementById('toc'+tocTmp)==null) {

					setTimeout("initPage('"+src+"')","1");

					return;

				}



				var tmpCurToc = toc.document.getElementById('toc'+tocTmp).parentNode.childNodes;



				toc.tocMemToc = parTree.length-j;



				if (tmpCurToc.length>3&&tmpCurToc[tmpCurToc.length-4].src.substring(tmpCurToc[tmpCurToc.length-4].src.lastIndexOf('images')).indexOf('plus')!=-1) {

					toc.tocClick(tmpCurToc[tmpCurToc.length-4]);

				}

			}

		}



		if (toc.document.getElementById(curPage)==null) {

			setTimeout("initPage('"+src+"')","1");

			return;

		}



		if (toc.document.getElementById(curPage).parentNode.parentNode.parentNode.parentNode&&toc.document.getElementById(curPage).parentNode.parentNode.parentNode.parentNode.childNodes.length>3) {

			if (toc.document.getElementById(curPage).parentNode.parentNode.parentNode.parentNode.childNodes[toc.document.getElementById(curPage).parentNode.parentNode.parentNode.parentNode.childNodes.length-4].src.indexOf('plus')!=-1) {

				toc.tocClick(toc.document.getElementById(curPage).parentNode.parentNode.parentNode.parentNode.childNodes[toc.document.getElementById(curPage).parentNode.parentNode.parentNode.parentNode.childNodes.length-4]);

			}

		}



		if (toc.document.getElementById(curPage).parentNode.parentNode.childNodes[toc.document.getElementById(curPage).parentNode.parentNode.childNodes.length-4].src.indexOf('plus')!=-1) {

				toc.tocClick(toc.document.getElementById(curPage).parentNode.parentNode.childNodes[toc.document.getElementById(curPage).parentNode.parentNode.childNodes.length-4]);

		}



		if (tocSel) tocSel.parentNode.childNodes[tocSel.parentNode.childNodes.length-2].style.backgroundColor = "";



		//Highlight selected ToC item and store in memory

		if (toc.document.getElementById(curPage)) {

			tocSel = toc.document.getElementById(curPage).parentNode;

			tocSel.parentNode.childNodes[tocSel.parentNode.childNodes.length-2].style.backgroundColor = "#B2B4BF";

			if (tocSel.offsetTop<toc.document.body.scrollTop||tocSel.offsetTop>toc.document.body.offsetHeight+toc.document.body.scrollTop) {

				toc.scrollTo(0, tocSel.offsetTop-20);

			}

		}

	}

}



function initPreLoad(content) {



	var preload=document.getElementById('IndexHeader').parentNode.insertBefore(document.createElement('div'), document.getElementById('IndexHeader').nextSibling);

	preload.id="Preload";

	preload.appendChild(document.createElement('p'));

	preload.firstChild.appendChild(document.createTextNode("Loading..."));



	if (browser=="ie_old") return;



	if (browser=="ie6"||browser=="ie7")

		changeCSS('#Preload','height',top.document.body.clientHeight-67+'px','this');

	else

		changeCSS('#Preload','height',top.innerHeight-67+'px','this');



	for (var i=0; i<preloadIcons.length; i++) {

		icon[preloadIcons[i]]=new Image();

		icon[preloadIcons[i]].src="images/"+preloadIcons[i]+".png";

	}



	var preloader = document.body.appendChild(document.createElement('div'));

	preloader.style.display="none";

	preloader.id="preloader";

	preloader.appendChild(content);

	

	resizeFrames('init');

	

}



function initPreLoaded() {



	if (browser=="op")

		setCSS();



	var preloader = document.getElementById('preloader');



	document.getElementById('Preload').parentNode.replaceChild(preloader.firstChild, document.getElementById('Preload'));

	preloader.parentNode.removeChild(preloader);



	if (browser!="op")

		setTimeout('setCSS();','1000');

	

}



function resizeFrames(str) {



	var resizeFrames = document.getElementById('resizeFrames');



	if (str=="init") {

		resizeFrames.onmousedown = resizeFramesOn;

		resizeFrames.onmouseup = resizeFramesOff;

		resizeFrames.onmouseout = resizeFramesOff;

		resizeFrames.onmousemove = resizeFramesMove;

	}

		

}



function resizeFramesOn(e) {

	rFStatus=1;



	var resizeFrames = document.getElementById('resizeFrames');

	tmpRF = resizeFrames.parentNode.appendChild(document.createElement('div'));



	tmpRF.style.left=(document.getElementById('tocIFrame').clientWidth+1)+"px";

	tmpRF.id="tmpRF";

	resizeFrames.style.width="100%"

	resizeFrames.style.left="0px";

}



function resizeFramesOff(e) {

	rFStatus=0;



	var resizeFrames = document.getElementById('resizeFrames');



	if (document.getElementById('tmpRF')!=null)

		document.getElementById('tmpRF').parentNode.removeChild(document.getElementById('tmpRF'));



	resizeFrames.style.width="5px";

	resizeFrames.style.left=(document.getElementById('tocIFrame').clientWidth+1)+"px";

}



function resizeFramesMove(e) {

	if (rFStatus!=0) {

		if (rFStatus==2)

			var posX = e+2;

		else if (browser=="ff")

			var posX = e.pageX;

		else

			var posX = event.x;



		if (posX<=150)

			posX=150;

		else if (posX>=top.document.body.clientWidth/2)

			posX=top.document.body.clientWidth/2;



		document.getElementById('contentIFrame').style.left=(posX+3)+"px";

		document.getElementById('contentIFrame').style.width=(top.document.body.clientWidth-posX-4)+"px";

		if (document.getElementById('tmpRF')!=null)

			document.getElementById('tmpRF').style.left=(posX-2)+"px";

		if (browser=="ie6")

			document.getElementById('tocIFrame').style.width=(posX-4)+"px";

		else

			document.getElementById('tocIFrame').style.width=(posX-3)+"px";



		if(tableSelTable!=null) {

			if(tableSelTable.childNodes.length>1&&document.getElementById('tmpRF')!=null) {

				tableSelTable.style.width=(document.body.clientWidth-(document.getElementById('tmpRF').offsetLeft+6)-20)+"px";

				tableSelTable.childNodes[0].style.width=(tableSelTable.offsetWidth-19)+"px";

				tableSelTable.childNodes[1].style.width=(tableSelTable.offsetWidth-19)+"px";

			}

		}

	}

}



function resizePage() {

	if(rFStatus==1) return;

	rFStatus=2;



	if(document.getElementById('resizeFrames')==null)

		return;

	

	if (browser=="ie6") {

		pHeight=top.document.body.clientHeight;

	} else {

		pHeight=top.document.documentElement.clientHeight;

	}



	resizeFramesMove(document.getElementById('resizeFrames').offsetLeft);

	document.getElementById('contentIFrame').style.height=pHeight-74+'px';

	if (browser=="ie7") {

		document.getElementById('resizeFrames').style.height=pHeight-72+'px';

		changeCSS('#tmpRF','height',pHeight-72+'px','this');

	} else {

		document.getElementById('resizeFrames').style.height=pHeight-70+'px';

		changeCSS('#tmpRF','height',pHeight-70+'px','this');		

	}

	document.getElementById('tocIFrame').style.height=pHeight-74+'px';

	rFStatus=0;

}



function setCSS() {

	if (browser=="ie6") {

		pHeight=top.document.body.clientHeight;

	} else {

		pHeight=top.document.documentElement.clientHeight;

	}



	if (browser=="ie6"||browser=="ie7") {

		changeCSS('.IndexBody','width','','this');

		changeCSS('.IndexBody','top','0px','this');

		changeCSS('.IndexBody','position','relative','this');

		changeCSS('#contentIFrame','height',pHeight-74+'px','this');

		changeCSS('#contentIFrame','left','257px','this');

		changeCSS('#resizeFrames','background','#000000','this');

		changeCSS('#resizeFrames','filter','progid:DXImageTransform.Microsoft.Alpha(opacity=0)','this');

		changeCSS('#resizeFrames','height',pHeight-72+'px','this');

		changeCSS('#tmpRF','border','0px','this');

		changeCSS('#tmpRF','height',pHeight-70+'px','this');

		changeCSS('#tocIFrame','height',pHeight-74+'px','this');

	}



	changeCSS('#contentIFrame','width',top.document.body.clientWidth-258+'px','this');

}





function tocBuild(data) {



	var tocType = new Array();

	var tocTypes = new Array();

	var tocErrs = new Array();



	for (var i=0; i<tocTab.length; i++) {

		if (!tocTab[i][8]) tocTab[i][8] = 'misc';

		if (tocTab[i][8].toLowerCase().indexOf('diagram')!=-1 && (tocTab[i][6]=="" || tocTab[i][6]=="0")) tocTab[i][8] = "0Diagram";

		if (tocTab[i][8].toLowerCase().indexOf('package')!=-1) tocTab[i][8] = "1Package";

		if (!tocType[tocTab[i][8]]) {

			tocType[tocTab[i][8]] = new Array();

			tocTypes[tocTypes.length]=tocTab[i][8];

		}

		tocType[tocTab[i][8]][tocType[tocTab[i][8]].length] = i;

	}



	tocTypes.sort();



	for (var i=0; i<tocTypes.length; i++) {

		for (var j=0; j<tocType[tocTypes[i]].length; j++) {

			var build = tocBuildItem(tocType[tocTypes[i]][j]);

			if (build!=true) {

				build = build.substring(1);

				tocErrs[tocErrs.length]=build;

			}

		}

	}

	

	var errRuns=0;

	var errTotal=tocErrs.length;



	while(tocErrs.length!=0) {

		if (errNums==tocErrs.length) {

			errRuns++;

			if (errRuns>errTotal) {

				break;

			}

		}

		var errNums=tocErrs.length;

		var tmp=tocBuildItem(tocErrs.shift());

		if(tmp!=true) {

			tocErrs[tocErrs.length]=tmp.substring(1);

		}

	}



	while(tocErrs.length!=0) {

		tocTab[tocErrs[0]][6]="0";

		tocBuildItem(tocErrs.shift());

	}



	if (tocLastID!=0) {

		var tocLastSrc = document.getElementById("toc"+tocLastID).parentNode.childNodes[document.getElementById("toc"+tocLastID).parentNode.childNodes.length-4];

		tocLastSrc.src = tocLastSrc.src.substring(tocLastSrc.src.lastIndexOf('images')).replace("01","02");

	}

}



function tocBuildItem(i) {



	var childItem = false;



	if (tocTab[i][0].indexOf(':')!=-1) tocBranch = document.getElementById("toc"+tocTab[i][0].substring(0, tocTab[i][0].lastIndexOf(':')));

	else if (tocTab[i][0].indexOf('.')!=-1) tocBranch = document.getElementById("toc"+tocTab[i][0].substring(0, tocTab[i][0].lastIndexOf('.')));

	else if (tocTab[i][0]!="0") tocBranch = document.getElementById("toc0");

	else if (tocTab[i][1]==3) tocBranch = document.getElementById("System").parentNode.lastChild;

	else tocBranch = tocRoot;

	

	//Check if item is child

	if (tocTab[i][5]&&tocTab[i][6]&&tocTab[i][6]!="0") {

		if (document.getElementById(tocTab[i][6])==null) return 'i'+i;

		tocBranch = document.getElementById(tocTab[i][6]).parentNode.lastChild;

		childItem = true;

	}



	tocBranch = tocBranch.appendChild(document.createElement('li'));



	if (tocTab[i][0]!=0||tocTab[i][1]==3) {

		tocImage = tocBranch.appendChild(document.createElement('img'));



		if (tocTab[i][0].indexOf('.')==-1&&(tocTab[i][0].indexOf(':')==-1||tocTab[i][0].indexOf('0')==0)) tocImage.src = "images/join01.gif";

		else if (tocTab[i][0].indexOf('.')!=-1||tocTab[i][0].indexOf(':')!=-1) {

			var tocTmp=tocTab[i][0].replace(':','.');

			for (var m=0; tocTmp.split('.').length>m+1; m++) {

				if (document.getElementById("toc"+tocTmp.substring(0,tocTmp.lastIndexOf('.'))).parentNode.childNodes[m].src.substring(document.getElementById("toc"+tocTmp.substring(0,tocTmp.lastIndexOf('.'))).parentNode.childNodes[m].src.lastIndexOf('images')).indexOf('02')!=-1||document.getElementById("toc"+tocTmp.substring(0,tocTmp.lastIndexOf('.'))).parentNode.childNodes[m].src.substring(document.getElementById("toc"+tocTmp.substring(0,tocTmp.lastIndexOf('.'))).parentNode.childNodes[m].src.lastIndexOf('images')).indexOf('04')!=-1) tocImage.src = "images/join04.gif";

				else tocImage.src = "images/join03.gif";

				tocImage = tocBranch.appendChild(document.createElement('img'));

			}

			tocImage.src = "images/join01.gif";

		}

		tocImage.onclick = function() { tocClick(this); }



		if (tocTab[i][1]==3) {

			tocImage.src=tocImage.src.substring(tocImage.src.lastIndexOf('images')).replace("01","02");

			if (tocImage.parentNode.parentNode.childNodes.length>1) {

				tocTmp = tocImage.parentNode.previousSibling.childNodes[tocImage.parentNode.previousSibling.childNodes.length-4];

				tocTmp.src=tocTmp.src.substring(tocTmp.src.lastIndexOf('images')).replace("02","01");

			}

		}



		//Check if item has children data

		if (tocTab[i][1]&&tocTab[i][1]!=3) {

			tocImage.id=tocTab[i][7];

			tocImage.alt=tocTab[i][7];

		} else if (childItem==true) {

			while (tocImage.parentNode.childNodes.length<document.getElementById(tocTab[i][6]).parentNode.childNodes.length-2) {

				tocImage.parentNode.insertBefore(document.createElement('img'), tocImage).src="images/join03.gif";

			}

			tocImage.src=tocImage.src.substring(tocImage.src.lastIndexOf("images")).replace('01','02');

			if (document.getElementById(tocTab[i][6]).parentNode.lastChild.childNodes.length>1) {

				tocTmpSrc=document.getElementById(tocTab[i][6]).parentNode.lastChild.lastChild.previousSibling.childNodes[document.getElementById(tocTab[i][6]).parentNode.lastChild.lastChild.previousSibling.childNodes.length-4];

				tocTmpSrc.src=tocTmpSrc.src.substring(tocTmpSrc.src.lastIndexOf('images')).replace('02','01');

			}

			tocImage = document.getElementById(tocTab[i][6]).parentNode.childNodes[document.getElementById(tocTab[i][6]).parentNode.childNodes.length-4];

			tocImage.parentNode.lastChild.style.display = "none";

		}



		if ((tocTab[i][1]&&tocTab[i][1]!=3)||childItem==true) {

			tocImage.id=tocImage.id.substr(1,tocImage.id.length-2);

			tocImage.src=tocImage.src.substring(tocImage.src.lastIndexOf('images')).replace('join','plus');

		}

	}



	//Set Icon

	if (tocTab[i][3]) {

		tocImg = tocBranch.appendChild(document.createElement('a'));

		tocImg.href = tocTab[i][3];

		tocImg.target = top.frames[1].name;

	} else tocImg = tocBranch;

	tocTab[i][4]=tocTab[i][4].substring(0,tocTab[i][4].indexOf('.'))



	tocImg = tocImg.appendChild(document.createElement('img'));

	if(top.icon[tocTab[i][4]])

		tocImg.src = top.icon[tocTab[i][4]].src;

	else

		tocImg.src = "images/"+tocTab[i][4]+".png";



	if (tocTab[i][3])

		tocImg.id=tocTab[i][3];



	//Set Text/Link

	if (tocTab[i][5]&&tocTab[i][8]!="0Diagram") tocBranch.lastChild.id=tocTab[i][5];

	else tocBranch.lastChild.id="0";

	tocBranch.lastChild.style.marginRight="4px";

	if (tocTab[i][3]) {

		tocText = tocBranch.appendChild(document.createElement('a'));

		tocText.href = tocTab[i][3];

		tocText.target = top.frames[1].name;

		if (tocTab[i][9])

			tocText.id = tocTab[i][9];

		else if (tocTab[i][7])

			tocText.id = tocTab[i][7];

	}

	else tocText = tocBranch;

	var j=0;

	var nodeText;



	//Replace values

	while (tocTab[i][2].indexOf('&quot;')!=-1) tocTab[i][2] = tocTab[i][2].replace('&quot;','\"');

	while (tocTab[i][2].indexOf('<br />')!=-1) tocTab[i][2] = tocTab[i][2].replace('<br />','\n');

	while (tocTab[i][2].indexOf('&#39;')!=-1) tocTab[i][2] = tocTab[i][2].replace('&#39;','\'');

	if (tocTab[i][2]=="") tocTab[i][2]="               ";



	nodeText = tocText.appendChild(document.createTextNode(tocTab[i][2]));	

	while (nodeText.nodeValue.indexOf('&lt;')!=-1) nodeText.nodeValue = nodeText.nodeValue.replace('&lt;','<');

	while (nodeText.nodeValue.indexOf('&gt;')!=-1) nodeText.nodeValue = nodeText.nodeValue.replace('&gt;','>');

	

	tocBranch.appendChild(document.createElement('ul')).id = "toc"+tocTab[i][0];



	tocLastID = tocTab[i][0];



	return true;



}



function tocClick(tocSrc) {



	if (tocSrc.src.substring(tocSrc.src.lastIndexOf('images')).indexOf('minus')!=-1) {



		tocSrc.parentNode.childNodes[tocSrc.parentNode.childNodes.length-1].style.display = "none";

		tocSrc.src=tocSrc.src.substring(tocSrc.src.lastIndexOf('images')).replace('minus','plus');



	} else if (tocSrc.src.substring(tocSrc.src.lastIndexOf('images')).indexOf('plus')!=-1) {



		tocSrc.parentNode.childNodes[tocSrc.parentNode.childNodes.length-1].style.display = "block";

		tocSrc.src=tocSrc.src.substring(tocSrc.src.lastIndexOf('images')).replace('plus','minus');



		//Check if children data built

		if (tocSrc.parentNode.childNodes[tocSrc.parentNode.childNodes.length-1].childNodes.length==0) {

			tocLoadData(tocSrc.id+".xml");

		}



	}



}



function tocInit() {

	if (browser=="ie_old") {

				top.document.getElementById('Preload').childNodes[0].innerHTML="<strong>It appears you are using an outdated version of Internet Explorer, please download a later version from <a href=\"http://www.microsoft.com/windows/ie/default.mspx\">Microsoft</a></strong>";

				return;

	}

	tocLoading = document.body.appendChild(document.createElement('div'));

	tocRoot = document.body.appendChild(document.createElement('ul'));

	tocRoot.id = "tocRoot";

	tocInitRoot = 1;

	tocLoadData('root.xml');

}



function tocLoadData(src) {



	var tmp=document.location+"";

	tmp=tmp.substring(0,tmp.indexOf('toc.'));



	src = tmp+"js/data/"+src;

	tocTab = new Array();



  RequestPage(src,tocLoadDataProcess);

}



function tocLoadDataProcess() {

	if (data.readyState == 4) {

		if (oldData==data)

			return;

		oldData=data;

		try {

			eval(data.responseText);

			tocBuild();

			tocInitRoot++;

			if (tocInitRoot==2) {

				tocLoadData(tocTab[0][7].substring(1,tocTab[0][7].length-1)+".xml");

			} else if (tocInitRoot==3&&top.document.getElementById('Preload')!=null) {

				tocInitRoot=0;

				top.initPreLoaded();

			}

		} catch(e) {

			if(top.document.getElementById('Preload')!=null)

				top.document.getElementById('Preload').childNodes[0].innerHTML="<strong>An error occured while loading data files, please confirm that all files have been generated and are intact.</strong>";

			return;

		}

	}

}



function toggleData(src) {

	var dataRoot = cont.document.getElementById(src).parentNode.parentNode.parentNode;

	if (cont.document.getElementById(src).src.substring(cont.document.getElementById(src).src.lastIndexOf('images')).indexOf('plus')!=-1) cont.document.getElementById(src).src=cont.document.getElementById(src).src.substring(0,cont.document.getElementById(src).src.lastIndexOf('images'))+cont.document.getElementById(src).src.substring(cont.document.getElementById(src).src.lastIndexOf('images')).replace('plus','minus');

	else cont.document.getElementById(src).src=cont.document.getElementById(src).src.substring(0,cont.document.getElementById(src).src.lastIndexOf('images'))+cont.document.getElementById(src).src.substring(cont.document.getElementById(src).src.lastIndexOf('images')).replace('minus','plus');

	for (var i=0; i<dataRoot.getElementsByTagName('tr').length; i++) {

		if (dataRoot.getElementsByTagName('tr')[i].id.indexOf(src)!=-1&&cont.document.getElementById(src).src.substring(cont.document.getElementById(src).src.lastIndexOf('images')).indexOf('minus')!=-1&&dataRoot.getElementsByTagName('tr')[i].getElementsByTagName('td')[1].firstChild!=null) dataRoot.getElementsByTagName('tr')[i].style.display="";

		else if (dataRoot.getElementsByTagName('tr')[i].id.indexOf(src)!=-1) dataRoot.getElementsByTagName('tr')[i].style.display="none";

	}

	if (cont.document.getElementById('TableGroup')!=null) {

		toggleItem(tableSel,2);

	}

}



function toggleItem(item,type) {



	if (tableSel!=null) {

		cont.document.getElementById(tableSel+"Title").style.background="#FFFFFF";

		cont.document.getElementById(tableSel+"Title").style.color="#000000";

		cont.document.getElementById(tableSel+"Table").style.display="none";	

	}

	tableSel=item;

	tableSelTable = cont.document.getElementById(item+"Table");

	tableSelTitle = cont.document.getElementById(item+"Title");



	tableSelTitle.style.background="#DDDDDD";

	tableSelTitle.style.color="#666666";

	tableSelTable.style.display="block";

	

	if (browser=="ff"||browser=="op"||browser=="ie7") {

		var contWHeight = document.documentElement.clientHeight-78;

		var contWWidth = cont.document.documentElement.clientWidth;

	} else {

		var contWHeight = document.body.clientHeight-74;

		var contWWidth = document.body.clientWidth-(top.document.getElementById('resizeFrames').offsetLeft+6);

	}



    if (tableSelTable.id=="LinkedDocumentTable")

		tableSelTable.style.overflow="scroll";

			

	if (cont.document.body.offsetHeight-contWHeight>0) {

		if (tableSelTable.id!="LinkedDocumentTable")

			tableSelTable.style.overflow="scroll";

		if (browser=="ff"||browser=="op") {

			tableSelTable.style.height=tableSelTable.offsetHeight-(cont.document.body.offsetHeight-cont.innerHeight)-12+"px";

		} else {
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1 Operational Concept


1.1 Vision

The Urban Canyon Vertical Take-off and Landing System (UC-VTOL) will conduct Search and Rescue (SAR) missions in the urban environment, below the city building rooflines.  The UC-VTOL defies the conventional notion of airspace limitations, operating where traditional aircraft cannot go.  The UC-VTOL will fly through the narrow urban canyon, between buildings, and above the city streets in the execution of the SAR mission.  

1.2 Operational Scenarios


SAR is a mission which can be applied to military or homeland security functions to serve and protect.  SAR encompasses a broad range of activities, under potentially diverse conditions.  To explore and better understand the SAR mission, a representative set of scenario threads have been identified:


· Be On Look Out (BOLO) Search Operations


· Tsunami


· Hurricane


· Terrorist in Building Before Terrorism Event


· Search and Evacuation of Building After Terrorism Event


· Contested Casualty Evacuation (CASEVAC)


· Hostage (Bank Robbery)


· Foreign Embassy Evacuation


· Building/Bridge Collapse


The elaboration of these operational scenarios provides motivation and justification for the requirements specified later in this document.  The following sub-sections describe these scenario threads in detail.  For each scenario, a text description is given first, followed by a sequential ordering of steps (called a “Use Case”).  In some cases, alternate flows of events are documented, to allow for variations in the scenarios.

1.2.1 BOLO Search Operations


1.2.1.1 Description:  BOLO Search Operations


Search operations within the urban canyon can take on two perspectives, searching for the ““bad guy”” or searching for people in need of help.  The two perspectives can contain many different situations, which complicates this simple idea.


1.2.1.1.1 Searching for the “Bad Guy”


Searching for the “bad guy” provides a protection service so that justice can be served and the community can rest assured.  The urban environment provides a multitude of infrastructure to hide within such as buildings, cover such as cars and other obstacles in the streets.  But current operations today involve police helicopters to routinely track the “bad guy” whether they are running away by vehicle or running on foot.  Helicopters use sensors such as infrared imaging devices to track humans at night.  An in-the-canyon VTOL vehicle could enhance this existing search mechanism, by providing closer support, thus reducing the potential for the target to get away due to blending in, or shaking off the search vehicle.


Helicopters flying above the urban canyon can lose sight of the vehicle due to the tight road angles and the height of the buildings, which causes the VTOL to fly directly over the target.  Since the pilot has a blind spot below the VTOL, they must rely on the video feed from the attached cameras to decide which direction to turn next.


One complication is the communication between the trailing ground police cars who call out “turning left onto street X”.  This causes two issues for the pilot, first they may not be oriented the same exact way in which the police are traveling, so directional queues such as “left” may be ambiguous or confusing.  Second, the pilot may not have situational awareness of the street names, and typically rely on latitude/longitude coordinates.


An in-the-canyon VTOL air vehicle could not only provide better tracking capability because they would be following the target in the same orientation as the trailing police cars, but street navigation systems could be used within the air vehicle “as-if” the air vehicle was driving on the ground.  Sticky positioning devices, as small as microchips, could be shot onto the actual person or the target vehicle.  The benefit is that the air vehicle is not restricted to the road, and thus could fly up and over buildings to make up time or cut off the target.


1.2.1.1.2 Searching for the “Good Guy”


The “good guy” is usually in need of help.  A general area is needed to search within.  Typical police procedures can be used to define the estimated search area.  If the “good guy” has been kidnapped, there may be an eye-witness report due to something similar to a response to an Amber-Alert or general investigative intelligence.  If the “good guy” is in need of help and possibly has a cell phone, or a military person has an iridium phone, usually some general cell tower area can be determined.  GPS may possibly work in an urban canyon, but due to the tall metal buildings, the weak GPS signals may fail to reach the GPS receiver.


1.2.1.2 Use Case:  BOLO Search Operations

Summary: Searching for a target within the city’s urban canyon.

Precondition: Vehicle Deployed, 


Postcondition: Vehicle Search Complete.  Doesn’t always end with someone being found, but the vehicle performed the mission it was asked to do.


Actors: 


· “Bad Guy” – The “bad guy” could be as simple as a suspect who has done something wrong and the police are out looking for him/her to a terrorist.


· Victim – The “good guy” who is need of help.  With different situations the victim has different names such as asset, hostage, kidnapped, bystanders, but for purposes of these use cases the name “victim” will be used.


· Vehicle – The actual VTOL vehicle system(s) that will be used to support the mission.  The actual system may be a System-of-Systems.


· Operator – The vehicle operator.  He/She will have concerns with operating the vehicle in all kinds of conditions.  Assume the operator has traditional helicopter VTOL or STOL flight experience.


Assumptions: assume daylight conditions, know who the “bad guy” or “good guy” potentially is.


Normal Flow of Events:


1. Operator patrols streets.


2. Vehicle’s imager(s) and the Operator scans the streets or inside buildings using vehicle independent scan patterns with different levels of zooming.


3. Software scans faces based on where the visible imager is pointing.


4. If operator or software detects face or car make/model/color, then notify Command Staff


5. Command Staff can change flight plan or search plan based on intelligence.


6. Pattern matching software allows locking in on a detected target to track.  Operator does not want to lose target.


7. Gimble system in which the imager is attached stays focused on the target independent of vehicle movement.


8. The operator can illuminate the target with various nonlethal methods such as lights, lasers, dazzlers, designators, or with accurate lethal return fire.


Alternate Flow of Events:


Assume daylight conditions, don’t know where target is.


1a. Operator patrols streets based on city streets that serve as ways out of the city or junction points.


2a. Potential location using GPS coordinates is communicated via dispatch from an above the canyon asset.


3a. Vehicle rises above the urban canyon to directly fly at full speed to the nearest street in which help is needed.


4a. Vehicle gives the operator orientation information such as heading in degrees to true north.


5a. Altitude, current latitude and longitude, and heading are acquired from GPS


6a. Return to Normal Flow of Events, step 2


Assume night conditions


1b. Operator employs black & white infrared imager to search at night.  Searching is highly limited during nighttime.


2b. The imager employs its own autonomous method of searching as a street is patrolled such as scanning and zooming in on the streets or into buildings.


3b. Operator or software scans humans and vehicles for suspicious movements or maneuvers for detecting “bad guys” or signs for help.  


4b. Operator or software can detect reflective optics, hot weapons, muzzle flashes, etc.


5b. Return to Normal Flow of Events, step 5


1.2.2 Tsunami


1.2.2.1 Description:  Tsunami


During a tsunami which is a rapid unpredictable wave event in costal areas due to an oceanic earthquake, hundreds, or thousands of people may be affected.  Deployment of the vehicle must be very quick to the emergency event. The VTOL will be able to search for signs of life possibly underneath water that may have flooded streets, or be able to detect yells for help.   Sensor packages attached to the VTOL will be able to detect for signs of life by detecting flailing arms in the water and detecting body heat.  Humans controlling the device may be able to watch the video from the imaging sensors, or the vehicle may be able to autonomously determine if a human is in need of help.  To save the victim from drowning due to the water turbulence or being knocked unconscious by debris, the VTOL may be able to drop a rope line or basket to extract the victim.  Another option if the vehicle cannot actually lift the person is that it could drop a life preserver which may prolog the life of the victim long enough so that they can survive the event, rescue themselves, or be detected/spotted and rescued by some other type of vehicle which doesn’t have weight restrictions.  If the vehicle can lift multiple human beings, then efficiency becomes a factor so that N-number of people can be saved in M-minutes, possibly by conducing pattern recognition.  The vehicle may have to determine where a safe place to extract the humans to, before it goes back to save more lives.  The other scenario in saving people, is the titanic scenario where there are bunches of people grouped together that need saved, but too many for the capacity of the VTOL, it must be able to notify the people it is saving that only so many can board.  The consequence is that the vehicle is overloaded and system failure occurs, possibly injuring and killing the innocent people it is trying to save due to the greediness of one person.  The downwash from the propellers will cause spray and disorient the victims; this must also be considered when saving a person.  The tactic of saving a person may include throwing out a line “horizontally” for the person to grab onto and then reeling them in.  Swift water rescues traditionally provide a perpendicular safety line downstream to the flow of the water; the vehicle could possibly employ some type of safety system, which shoots a harpoon or snaring device to string this safety rope along the water’s surface.


1.2.2.2 Use Case: Tsunami


Summary: A tsunami is headed for a coastal area and VTOL aircraft are used to warn and save lives.


Precondition:   Oceanic Earthquake detected. 


Postcondition:  Lives in critical danger of drowning have been saved.


Actors: 


· Victim – The “good guy” who is need of help.  With different situations the victim has different names such as asset, hostage, kidnapped, bystanders, but for purposes of these use cases the name “victim” will be used.


· Vehicle – The actual VTOL vehicle system(s) that will be used to support the mission.  The actual system may be a System-of-Systems.


· Operator – The vehicle operator.  He/She will have concerns with operating the vehicle in all kinds of conditions.  Assume the operator has traditional helicopter VTOL or STOL flight experience.


Normal Flow of Events:


1. The few local vehicles already rigged for the mission that are standing by are immediately deployed.  The vehicles display red and yellow flashing lights.


2. All other local vehicles are rigged to support the tsunami mission.


3. Sensor packages are properly connected and configured.


4. Vehicles fly to the beach shoreline area, and through an audible loudspeaker, warn the people that a tsunami has been detected, and to evacuate to higher ground immediately.  Surfers & motorized vehicles out in the water that are far from shoreline-hardwired-speakers are also warned.


5. People who were not able to evacuate to higher ground in time will be cherry picked from the ground and the flood via rope or basket and off lifted onto pre-designated safe building rooftop sites that are determined tsunami safe.


6. The vehicle’s sensor package detects human movement that is signaling need for help, such as flailing arms or running.


7. If the vehicle system is being overloaded with weight, it can detect this before lifting the load to high.  


8. First the vehicle will give an audible warning that vehicle is in danger of crashing due to excessive weight, and extra people must let go.  


9. A last ditch attempt to save the vehicle from crashing into the people it is trying to save, the vehicle will release the harness or rope from its attachment point to the vehicle.  


10. It will then deploy life floats/preservers or a raft for the people below.


11. Finally the vehicle must have a way to redeploy another rope to continue its mission to save other people.


Alternate Flow of Events:


Testing system within general public


1a. When testing the system, the vehicles will deploy with only the required white flashing lights that helicopters must display.  


2a. The warning message will blare “This is a system test, and only a test” repeatedly.


3a. End Use Case.


1.2.3 Hurricane


1.2.3.1 Description:  Hurricane


For a hurricane, people generally have an idea that danger is coming with forecasting, but can also take unpredictable shifts and turns due to the impact with land.  For those that do not evacuate the vehicle serves as a search and rescue operation “after” the storm is complete and winds have died down, but flooding may still be an issue.  Rooftop rescue is a much more likely scenario (where it wasn’t critical for the tsunami scenario).  The VTOL in-the-canyon rooftop rescue would be required over traditional helicopters if there were surrounding buildings of different sizes or power lines or other structures that created a canyon.  Extracting the people is necessary.  But the vehicle may not necessarily have to lift the people and drop them to safety if they were not injured and had the energy to save themselves.  Due to the calm after the storm, the VTOL vehicle may be able to provide air deployable rafts which will float multiple people and give them the means to row to safety.   For autonomous vehicles that would be flying around providing services, there should be some way for the vehicle to converse with the people to determine what their needs are, and for the vehicle to log that information and pass it along in the event that any on–scene vehicle cannot provide the services needed at any given time.


1.2.3.2 Use Case:  Hurricane

Summary: People who were not able to leave in time, or failed to heed the warnings of an approaching hurricane need to be rescued.


Precondition:   Hurricane main event is over and historic flooding like was seen with Kathrina is happening again in a costal area. 


Postcondition:  Lives in critical danger of drowning have been saved.


Actors: 


· Victim – The “good guy” who is need of help.  With different situations the victim has different names such as asset, hostage, kidnapped, bystanders, but for purposes of these use cases the name “victim” will be used.


· Vehicle – The actual VTOL vehicle system(s) that will be used to support the mission.  The actual system may be a System-of-Systems.


· Operator – The vehicle operator.  He/She will have concerns with operating the vehicle in all kinds of conditions.  Assume the operator has traditional helicopter VTOL or STOL flight experience.


Normal Flow of Events:


1. The few local vehicles already rigged for the mission that are standing by are immediately deployed.  The vehicles display red and yellow flashing lights.


2. All other local vehicles are rigged to support the tsunami mission.


3. Vehicles from surrounding areas are flown in to support. 


4. Vehicles with the necessary capability for multi-human rescue are transported in from around the country.


5. Sensor packages are properly connected and configured.


6. Vehicles fly in search patterns going from house to house.  


7. The vehicle’s sensor package detects human movement that is signaling need for help, such as flailing arms or running.  Priority is given to people who are already out on their rooftops in need of rescue.


8. People who are on the rooftop must be rescued no less than two people at a time, and dropped off at a predetermined safe dry-land location, or to a rescue boat that may also be serving as a vehicle control boat.  


9. If the vehicle system is being overloaded with weight, it can detect this before lifting the load to high.  


10. First the vehicle will give an audible warning that vehicle is in danger of crashing due to excessive weight, and extra people must let go.  


11. A last ditch attempt to save the vehicle from crashing into the people it is trying to save, the vehicle will release the harness or rope from its attachment point to the vehicle.  


12. It will then deploy life floats/preservers or a raft for the people below.


13. Finally the vehicle must have a way to redeploy another rope to continue its mission to save other people.


14. The vehicle lands on a rooftops with pitches as steep as 6/12.  The landing gear stabilizes the vehicle.  


15. Extra unused stabilizers (due to the way the vehicle landed) are used to tap the roof.


16. Sensors listen for response through audible cries for help or other human noises.  Vibration sensors listen for a human to respond by banging or tapping.


17. If a human is detected and the person or people cannot get out onto the rooftop the vehicle may be able to puncture perforate small holes in a circular pattern between the trusses and then punch it out with the unused stabilizers.


18. If the people still cannot be rescued, the vehicle’s software will digitally mark the house’s location and send a critical message back to the command station using satellite communications that a person is in need of rescue.  The small holes will provide some ventilation for heat to escape the house.


19. The vehicle will also spray paint standard markings on the rooftop depending on the situation outcome.


Alternate Flow of Events:


Manual control of vehicle is switched to autonomous mode.


1a. When the control/rescue boat is full of people and needs to make a run back to harbor, the vehicle could be switched to autonomous mode.


2a. Vehicle continues its search pattern, ignoring houses with people on the rooftops if the safe dry-land location is too far way.


3a. Vehicle continues landing on houses and detecting for people trapped inside.


4a. Vehicle should have comforting messages to broadcast for the people still on the rooftops that the vehicle knows your location and is waiting for the rescue boat to return.


5a. Vehicle should be able to reliably lower fresh water, food, and a first aid kit to the people still on the rooftops it cannot rescue.


6a. Vehicle will digitally mark this location to go back to so the people are not forgotten.


7a. When control boat returns, switch the vehicle system back into manual mode or give it instructions to carry out.


8a. End Use Case.


1.2.4 Terrorist in Building before Terrorism Event


For a terrorist inside of a building, searching takes on two meanings, searching for the “bad guy” and searching for people in need of rescue.  If the location of the terrorist event is not known yet, the vehicle may be patrolling the streets and find many people running out of a building.  It may autonomously recognize this as a sign for help, contact authorities, and provide them initial information.  If the vehicle can get close enough to listen to what the people are saying as they are running from the building it may be able to gather key words that it can use to determine the event type.  One woman may shout “Help there is a guy with a gun/bomb…” or “Help he has others hostage…”.  For a high rise, the terrorist may have tried to just secure the bottom floor, thus the rest of the people in the building are stuck and the only other current day rescue would be from the roof, so surely this would be the next place the terrorist would want to secure.  They would probably keep clear of external windows due to police and swat teams taking aim from nearby buildings.  An example of an event that mimics this type of event is the Taj Mahal Terrorist attack in Agra, India


Some evacuation routes should only be used when the situation calls for it.  As an example, airplanes do not advise passengers to escape via air slide unless necessary because more minor injuries occur.  The air bags that fire departments provide for people to jump into are only good for about a rescue at 30 floors or ~300 feet. Providing a VTOL air “jump” bag, a deployable system in which people can jump onto an air cushion to gain access to an adjacent building.  The air cushions can obscure to what is going on above the balloon if one is deployed in the air between buildings.  The idea is that the air needs to escape out of the balloon when the person lands, so bullet holes will not incapacitate the balloon’s ability to continue to rescue people or provide obscure cover.


The vehicle could provide ropes for rappelling, or hang gliding into other adjacent buildings (may require the help other others in the adjacent building or could include a lightweight compact crossbow design).  In the situation where multiple human lives are in danger, damage to surrounding buildings would be tolerated.  Depending on the height of the building, parachutes may be a viable option.  Simple instructions would need to be provided on common techniques such as tying a common hitch seat to lower an injured person or how to loop a single person rappelling loop, using a belt to glide to another building.  Weapons could also be delivered to allow people to protect themselves; encourage hostages to work as a team, utilizing their numbers to defeat the terrorists.  Radios and wireless cameras could allow for communication between the hostages inside so that support outside can gain intelligence; this would facilitate searching for the “bad guy”s.  The vehicle may be able to provide intelligence by looking into the building to gather numbers of hostages or the types of weapons that the terrorists have (only seen knives so far, or whether they have AK-47s).  Facial recognition software could be used by the cameras (on vehicle or off) to determine who the terrorists are and what group they belong to and what their motivations are.


1.2.5 Search and Evacuation of Building after Terrorism Event


The events like the Oklahoma City bombing and the Word Trade Center bombings make it clear that extraction of humans or providing them a way to escape can save many lives.  In Oklahoma, the uncertainty of the stability of the building was in question, thus if there were more ways in which people could have been extracted such as flying right up to a high rise window, breaking it and attaching itself to the building to evacuate people would have helped get people out faster, especially for people on higher floors where damage to the underlying floors was not known or where escape routes were known to be disabled.  After the World Trade Center towers crashed, the immediate need was to search for people still alive that were under the rubble.  Search and cadaver dogs could be deployed from above where humans could not reach but could be notified via verbal detector on the collar of the dog, or listen acoustically for someone banging for help.  The rotor downwash of the VTOL craft could unwontedly stir up debris and sediment or it may actually be used advantageously to steer smoke and debris out of the way.  Sensor packages attached to the VTOL will be able to detect for signs of life by detecting normal body heat (filtering out the heat from flames and very hot surfaces).


1.2.6 Contested Military Evacuation


1.2.6.1 Description:  Contested Military Evacuation


In this scenario, a friendly force and an enemy force are engaged in armed conflict in an urban area.  The setting for the scenario is the 30th story of a 50-story building in the downtown region of a densely populated city.  Two friendly individuals are seriously injured, but alive.  The site of the conflict is still contested, with neither the friendly nor the hostile forces controlling the “indoor battlefield.”  Assume that there is no egress from the ground or from the roof; an aerial evacuation of the casualties is the only option.


The VTOL platform would be called in from a nearby landing zone, with basic tasking information provided by a ground control station.  Given general coordinates, and possibly little else, the aircraft would need to locate the precise position of the conflict.  This could be as simple as the operator visually spotting the site, or using some type of digital location (e.g., Blue Force Tracking (BFT)).  Once in position, the aircraft would need to open a route to the building, either by breaking a window or even blowing a hole in the building façade and structure.  The platform would likely be marked as a medical unit, but the rules of engagement could be ignored, leaving the aircraft subject to attack.  Given that the hostile forces are inside a building, it is assumed that heavy artillery is not a threat, but small fires and rocket propelled grenades (RPG) are plausible from within the building.  Hostile forces could also engage from the ground, a nearby building, or the rooftop.  Given such threats, the VTOL aircraft would likely need some means of knowing when a threat is present (surveillance), and at least some means of self-defense.  Finally, the VTOL would need some method of extracting the casualties, either in a group, or individually.  This would be no trivial matter, given that the platform is hovering outside the window, 30 stories up.  Some type of retractable boom, basket, or extending arm could assist.


The contested CASEVAC scenario poses serious challenges for a single urban VTOL platform.  This scenario involves elements of other mission areas, including reconnaissance and possibly even attack (from a self-defense perspective).


1.2.6.2 Use Case:  Contested Casualty Evacuation


Summary: The UC-VTOL system is tasked with a CASEVAC in a contested urban environment.  The UC-VTOL approaches the 30th floor of a 50-story building, in which friendly and hostile forces are engaged in ongoing conflict.  The UC-VTOL retrieves two injured friendly combatants, and transports them to a medical facility.


Actors: 


· UC-VTOL


· UC-VTOL operator


· UC-VTOL crew (1 person)


· Injured friendly combatants (2 persons)


· Un-injured friendly combatants


· Hostile combatants


Normal Flow of Events:


1. Via Communication system, the UC-VTOL receives a command from ground controller to perform CASEVAC at given location (50-story building at coordinates x, y).


2. The UC-VTOL operator responds WILCO.


3. The UC-VTOL operator launches.


4. The UC-VTOL maneuvers to given coordinates.


5. The UC-VTOL searches area for precise location of activity.


6. The UC-VTOL operator/crew confirms visual identification of activity on 30th floor.


7. The UC-VTOL checks in with friendly forces in building via Communication system.


8. The UC-VTOL gains physical access to the building floor (e.g., breaks window(s), creates hole in building).


9. The UC-VTOL employs Retrieval system (e.g., basket, mechanized arm, cable and pulley) to retrieve injured friendly combatants.  (Note: the mechanics of the Retrieval system are not specified at this stage in project).


10. The UC-VTOL retreats with injured friendly combatants.


11. The UC-VTOL operator reports mission status to ground controller.


12. The UC-VTOL delivers injured friendly combatants to medical facility.


13. The UC-VTOL returns to base (RTB).


14. The UC-VTOL lands at base.


Alternate Flow of Events:


Hostile Combatants engage UC-VTOL with small fires


8a. The UC-VTOL gains physical access to the building floor (e.g., breaks window(s), creates hole in building).


9a. The hostile combatants engage the U-VTOL with small fires.


10a. The UC-VTOL armor system absorbs/deflects the effects of the small fires.


11a. The UC-VTOL Self-Defense system returns fire on hostile combatants, temporarily neutralizing threat.


12a. Return to Normal Flow of Events, step 9.


Hostile Combatants engage U-VTOL with Rocket Propelled Grenade (RPG)


8b. The UC-VTOL gains physical access to the building floor (e.g., breaks window(s), creates hole in building).


9b. The hostile combatants engage the UC-VTOL with RPG.


10b. The UC-VTOL surveillance system detects the incoming RPG.


11b. The UC-VTOL surveillance system classifies the incoming RPG as a threat.


12b. The UC-VTOL Self-Defense system engages the incoming RPG, neutralizing the threat.


13b. Return to Normal Flow of Events, step 9.


U-VTOL sustains critical damage


8c. The UC-VTOL gains physical access to the building floor (e.g., breaks window(s), creates hole in building).


9c. The hostile combatants engage the U-VTOL.


10c. The UC-VTOL sustains critical damage.


11c. The UC-VTOL Communication system emits distress beacon.


12c. End Use Case.


U-VTOL retrieves injured friendly combatants individually (1 at a time)


9d. The UC-VTOL employs Retrieval system to retrieve 1 of the injured friendly combatants.


10d. The UC-VTOL employs Retrieval system to retrieve the second injured friendly combatant.


11d. Return to Normal Flow of Events, step 10.


1.2.7 Hostage / Bank Robbery


1.2.7.1 Description:  Hostage / Bank Robbery


The scenario presented here involves the use of a VTOL to respond to a bank robbery, in progress, where hostages have been taken.


A densely populated coastal city in the United States is experiencing a bank robbery at a branch of Coastal City National Bank (CCNB).  The robbery is in progress, but was disrupted by an alarm, which alerted the local police.  The bank robbers responded by locking the doors and taking five (5) hostages.


The local police contingent of twenty (20) officers has been augmented by a local SWAT attachment of ten (10) officers and by five (5) FBI officers.


As a routine response to this type of event, the police have evacuated and sealed off a four block area surrounding the bank.  The bank has a street-level entrance and exit and a special basement-level exit for bank employees only.  The basement level exit leads to an alley running parallel to the street where the bank entrance is located.  The police are monitoring all entrances and exits, as well as all telephone lines from the bank.   The police have developed the following list of hostages:


Mary Rogers, Bank Manager, age - 57 years


Crystal Johnson, Bank Teller, age - 26 years


James McPherson, Security Guard, age – 30 years


Dr. Ben Taylor, Bank Customer, age – 67 years


*Sharon Saunders, Bank Customer, age – 25 years (with 2 yr old son)


At this time, it is known that the bank robbers are armed with semi-automatic rifles, and a homemade explosive device.  They are wearing combat gear and bulletproof vests.  They have exhibited an intimate knowledge of the layout of the bank’s three floors (basement, first level, and second level).  At this time, the location of the hostages within the bank is not known.  The bank robbers have the ability to communicate with the police and have made the following demands:


That the police do not attempt to free the hostages or enter the bank


They request three additional rifles


That they are provided with vehicle transportation to the airport


That they are provided with aircraft transportation out of the area


Once they are out of the area, they will release the hostages


As the bank robbery and hostage taking incident reaches a stalemate, the local authorities request the involvement of an Urban Canyon VTOL and crew to provide assistance in the following areas.


Arial survey of the bank building:  The Urban Canyon VTOL could be used to determine structural weak points on the exterior of the building.  The survey could also be used to create a realistic three-dimensional image of the building for use by forces on the ground.  The VTOL can also be used to observe, visually, the robbers in order to record their activities and patterns.


Assistance with determining the location of the hostages and the bank robbers:  The Urban Canyon VTOL could use its onboard optical sensors, infrared sensors, radio waves, and acoustic sensors to locate the hostages and bank robbers and provide this information in real time as a three-dimensional map to devices used by the SWAT team and police.


Assistance with placing members of the SWAT team on the roof of the bank building or near a second floor window:  The Urban Canyon VTOL could be used to deliver SWAT members to the roof of the building, either by landing directly on the building or by lowering the team onto the roof via lanyard.


Assistance with hostage removal:  The Urban Canyon VTOL could provide its Window Rescue mission package, which is a box-like module that can be lowered to a window, is self-securing to the window.  The hostages can then exit the building via the window, or rescuers can enter the building via the window.


Assistance with tracking the bank robbers if they flee the bank on foot through the city:  The Urban Canyon VTOL could use its onboard optical sensors, infrared sensors, and acoustic sensors to track the fleeing robbers.  The VTOL could also use its non-lethal precision weapons (electro-magnetic stun gun, heat pulse, nervous system pulse, and paint marker) to disable the bank robbers as they escaped the building.


1.2.7.2 Use Case:  Bank Robbery with Hostages


Summary: Operator operates a vehicle that assists in the rescue of hostages in a foiled bank robbery, by using sensors to locate the hostages within the bank and maneuvering the vehicle to perform a rescue operation through a window of the bank and move the hostages to a safe location.  


Actors: Vehicle Operator; Vehicle


Normal Flow of Events:

1. The VTOL is requested to provide its Building Rescue Mission Package.


2. The VTOL and crew are requested to aid in determining the location of the hostages, assisting in a rooftop or window rescue, and providing the SWAT team with access to the bank.


3. The VTOL operator arrives on the scene and circles the bank using its sensors to locate humans inside the bank.


4. The VTOL operator displays a three-dimensional picture of the location of the humans inside the bank and provides this display to the police command.


5. The VTOL operator lowers members of the SWAT team onto the roof of the bank.  The SWAT team can communicate with the VTOL operator.


6. The VTOL operator tracks the location and movement of the humans inside the bank in real time.


7. The SWAT Team enters the bank through the roof and engages the bank robbers.


8. The VTOL operator maneuvers the vehicle near a window of the bank in the alley at the rear of the bank and rescues the hostages.


9. The VTOL operator tells the SWAT Team where other bank robbers are located inside the bank.


10. The Rescued hostages receive medical treatment in the VTOL.


11. The VTOL operator relocates the hostages to a safe location.


Alternate Flow of Events:


Autopilot Operations

1a. The VTOL is requested to provide reconnaissance services at the location of the bank robbery.


3a. The VTOL arrives on the scene and circles the bank using its sensors to locate humans inside the bank.


4a. The VTOL displays a three-dimensional picture of the location of the humans inside the bank and provides this display to the police command.


6a. The VTOL tracks the location and movement of the humans inside the bank in real time.


9a. The VTOL communicates to the SWAT Team where other bank robbers are located inside the bank.


11a. The VTOL operator relocates the hostages to a safe location.


Alternate Area Scan Operations


3b. The VTOL operator arrives on the scene and circles the bank, firing sensors into the building that will be used to locate humans inside the bank.


6b. The VTOL operator tracks the location and movement of the humans inside the bank in real time, using the sensors that have been placed inside the bank.


Alternate Rescue Operations


8a. The VTOL operator coordinates with multiple VTOLs located at different windows of the bank and rescues the hostages


1.2.8 Foreign Embassy Evacuation


1.2.8.1 Description:  Foreign Embassy Evacuation


The scenario presented here involves the use of a VTOL to respond to an emergency evacuation of a US Embassy OCONUS, because of a protest and riot near the embassy.


Trouble in the coastal city of Desh has been building for months.  The protests in this city of 5 million have been largely peaceful.  However, dissatisfaction over the recent reelection of the president of Desh over a popular rival have led to widespread allegations of fraud, along with allegations of election tampering by several western nations, including the United States, has led to several days rioting and violent attacks against the US Embassy in Desh.


The embassy is located in the center of the one of the oldest parts of the city.  The streets are narrow and almost impassible during parts of the day.  The US Embassy is located within a compound that includes ten other structures, which support life for the embassy workers.  According to emergency protocol, all embassy staff has been required to remain in the main four-story building since the riots began.  The main embassy structure is semi-protected by a ten foot wall that surrounds the compound.  However, many of the embassy windows are broken because the building is located only 20 meters from the public street where the protest is being staged.  US Embassy personnel have been pinned down in various locations of the building because of the rock throwing and small arms fire of the protesters.


The decision has been made by the Secretary of State to remove and relocate the 100 embassy workers, including diplomats and 15 member Marine Security Staff, to an aircraft carrier 10 miles off the cost of Desh.  The US military has decided to use its fleet of Urban Canyon VTOLs for the mission.  The US Navy and the State Department still have several forms of communication to the embassy building, but electrical power to the building has been cut, and the President of Desh has ruled out using the military to quell the protests or save the several embassies that are under siege.


It has been determined that the 100 people that, of remain in the embassy building, 10 are children between the ages of 3 years and 15 years.  Five employees are citizens of Desh.  Two of these employees do not wish to be airlifted to the carrier.


The US Navy intends to use a fleet of 25 Urban Canyon VTOLs and crews to provide assistance in the following areas.  


Provide non-lethal perimeter security while the embassy is evacuated.  Five Urban Canyon VTOLs could be dispatched to increase perimeter security for the embassy.  Each VTOL would carry an additional five marines to install behind the embassy wall for additional security.  Each VTOL could then hover within the canyon and use its non-lethal precision weapons (electro-magnetic stun gun, heat pulse, nervous system pulse, and tear gas) to reduce the action of the protestors while the rescue is ongoing.


Provide real time data on the strength, movement and actions of the protestors to the embassy staff, State Department, and Military.   Each VTOL crew could use the onboard optical sensors, infrared sensors, and acoustic sensors to track the movement and actions of the protesters.  Each VTOL could also use its non-lethal precision weapons (electro-magnetic stun gun, heat pulse, nervous system pulse, and tear gas) to reduce the threat of reprisals by the protestors.


Rescue US Embassy Personnel from the roof of the building.  15 Urban Canyon VTOLs (12 active, 3 in reserves) could be dispatched to search for and rescue the embassy personnel.  An appropriate number of VTOLs would take turns hovering near and landing on the roof until all rooftop personnel have been removed.  Each VTOL is capable of carrying five people (in addition to its crew). Three Urban Canyon VTOLs could attach the Window Rescue mission package, which is a box-like module that can be lowered to a window and is self-securing to the window.  The embassy personal can then exit the building via the window, or rescuers and medical personnel can enter the building via the window


Rescue US Marine Force from the Embassy Grounds.  Five Urban Canyon VTOL vehicles could be used to land and rescue the Marines behind the wall, or hover and drop lanyards for the rescue operation.  Each VTOL can carry five marines in addition to its crew.


1.2.8.2 Use Case:  Foreign Embassy Evacuation


Summary: Operators of multiple vehicles perform several operations to rescue personnel from a US Embassy that is under siege in a foreign country.  The operators use the vehicles to control crowds and protesters, locate embassy personnel inside the building, and rescue staff through several windows and from the roof of the embassy and move the personnel to a safe location.


Actors: Vehicle Operator; Vehicle


Normal Flow of Events:

1.  Twenty-five VTOLs with crew are repositioned from an aircraft carrier to a base on the coast of Desh, approximately tem miles from the city.


2.   Fifteen VTOLs are equipped with the Building Rescue Mission Package.


3.  Five VTOLs are equipped with the Non-Lethal Perimeter Defense Package.


4.  Five VTOLs are equipped with the Human Reconnaissance Package.


5.  The Defense VTOLs and the Recon VTOLs travel to the Embassy to secure the Facility for the arrival of the Rescue VTOLs.


6.  The Recon VTOL operators arrive at the Embassy and circle, using its   sensors to locate humans inside the Embassy.


7.  The Recon VTOL operators also use its sensors to locate and study the location and activity of the protestors near the Embassy.


8.  The Recon VTOL operators display a three-dimensional picture of the location of the humans inside the Embassy and provides this display to the Command Staff at the coastal Station.


9.  The Defense VTOL operators establish a perimeter in front of the Embassy Compound wall and augment the 15 Marines on site.  Tear gas is released into the crowd.  High intensity light is used to temporary blind the protestors.


10.  The Rescue VTOL operators will arrive in waves of five each, approximately 30 minutes apart until all Embassy Personnel have been relocated to the coast.


11.  The first wave of five Rescue VTOLs arrive and land on the roof of the Embassy.  The personnel who have made it to the roof are rescued.


12.  The second wave of five Rescue VTOLs arrive and land on the roof of the Embassy.  Fifteen Marines leave these VTOLs and enter the Embassy through the roof.  The Marines will assist the rescue operation from inside the Embassy.


13.  The second wave of five Rescue VTOLs operators then position their vehicles near embassy windows and rescue additional personnel.


14.  The third wave of five Rescue VTOLs operators then arrive at the embassy and position their vehicles near embassy Windows and rescue additional personnel.


15.  The Rescue VTOLs operators continue to cycle back and forth between the embassy and the coastal base, removing then position their vehicles near embassy windows or landing on the roof to rescue personnel until all embassy staff and marines have been airlifted to the coastal base.   


Alternate Flow of Events:


Autopilot Operations

1a. Ten VTOLs are repositioned from an aircraft carrier to a base on the coast of Desh, approximately ten miles from the city.


3a. Five VTOLs are equipped with the Non-Lethal Perimeter Defense Package.


4a. Five VTOLs are equipped with the Human Reconnaissance Package.


5a. The Defense VTOLs and the Recon VTOLs travel to the Embassy to secure the Facility for the arrival of the Rescue VTOLs.


6a. The Recon VTOLs arrive at the Embassy and circle, using its sensors to locate humans inside the Embassy.


7a. The Recon VTOLs also use its sensors to locate and study the location and activity of the protestors near the Embassy.


8a. The Recon VTOLs display a three-dimensional picture of the location of the humans inside the Embassy and provides this display to the Command Staff at the coastal Station.


9a. The Defense VTOLs establish a perimeter in front of the Embassy Compound wall and augment the 15 Marines on site.  Tear gas is released into the crowd.  High intensity light is used to temporary blind the protestors.


Alternate Area Scan Operations


6b. The VTOL operator arrives on the scene and circles the embassy, firing sensors into the building that will be used to locate humans inside.


1.2.9 Building/Bridge Collapse


1.2.9.1 Description:  Building/Bridge Collapse

A scenario involving a building or bridge collapse would occur deep within the urban canyon.  If a building collapsed, one would be looking to search and rescue people at the 4th level and below.   The same could be said if a bridge collapsed.  The scenarios I think about with both these scenarios is a building collapse such as the one that happened in New York during 9-11 or a bridge collapse similar to the one that happened in the Minneapolis, Minnesota.


Access to an area of a bridge/building collapse may be very accessible from above the urban canyon into the site of the collapse.  This will probably not drive any serious requirements for a VTOL vehicle.


Once a vehicle is in the area of the collapse, the first priority is to identify the location of any survivors.  This may require the VTOL to squeeze into tight spaces between buildings in order to put a sensor in a position to locate survivors.  Additionally, if the VTOL kicked up a lot of debris when maneuvering into location, this could obscure the desired location or push debris into a location where survivors are trapped.  Once the sensor is in a position to locate survivors, the sensor would have to be able to penetrate or look through a great deal of rubble.   Being able to locate were survivors are within all the debris, mangled cars, or other obstacles would greatly increase the probability of success for rescuing survivors in this scenario.


Once the survivors are located it would be important to try to remove the rubble or provide a path to get to the survivors.  There might be the need for a crane or a claw to lift the rubble out of the way.


Lastly, extracting the survivors would be necessary.  The need to transport or bring a transport in to extract the survivors would be necessary.  There could be a large number of survivors and the VTOL may not be the best vehicle to extract the survivors.  However, consideration should definitely be placed on extracting the survivors.  This scenario has a lot of capabilities which would require trade-off analysis.  There are capabilities to find the survivors and capabilities to extract the survivors which will compete for space on the VTOL.  The right mix of capabilities will be difficult to find.


1.2.9.2 Use Case:  Building/Bridge Collapse

Summary:  Operator operates a vehicle that helps identify the location of the building/bridge collapse, maneuvers to the locations of the incident, locates survivors in the building/bridge collapse, retrieves survivors from the bridge collapse, and moves survivors to a safe location.


Actors: Vehicle Operator; Vehicle


Normal Flow of Events:

12. The Vehicle receives a Situational Awareness Update on the Vehicle’s information screen.


13. The Operator Maneuvers Vehicle to the Location of the Incident with assistance from the Vehicle Information Screen.


14. The Operator Maneuvers the Vehicle around the Incident area and the vehicle scans the incident area for survivors within the rubble of the fallen buildings/bridges.


15. The vehicle displays a 3d image of the location and obstacles between the vehicle and the survivor.


16. The operator maneuvers the vehicle into a position where the vehicle can remove debris between the vehicle and survivor.


17. The Operator utilizing the vehicle removes the survivor from the debris and into the holding bay of the vehicle.


18. The operator maneuvers the vehicle to a safe location.


Alternate Flow of Events:


Autopilot Operations:

2a. The Vehicle receives Situational Awareness Update, plots path to the incident area, de-conflicts flight path, and maneuvers to the incident area.


3a. The Vehicle maneuvers the vehicle around the incident area and the vehicle scans the incident area for survivors within the rubble of the fallen buildings/bridges.


5a. The Vehicle maneuvers the vehicle into a position where the vehicle can remove debris between the vehicle and survivor.


6a. The Vehicle removes the survivor from the debris and into the holding bay of the vehicle.


7a. The Vehicle returns to a safe location.


Minimal Holding Bay Operations


6b. The Vehicle removes the survivor from the debris.  The vehicle coordinates with recovery unit and provides pick-up location, survivors needed care, and number of survivors needing evacuation.


Minimal Incident Area Scan Operations


3c. The Vehicle receives Situational Awareness updates from vehicles with scanning capability.  The Vehicle processes the updates to provide operator with 3d picture of survivor location and debris between vehicle and survivor.


Minimal Excavation Operations


5d. The Vehicle passes the survivor location and debris operational picture to an excavating vehicle to remove the survivor from the debris.

2 External Systems Diagram


The figure below provides context for the UC-VTOL:


[image: image1.emf]

Figure 1: External Systems Diagram

The basic function of the UC-VTOL, as represented by the central box in Figure 1 above, is to provide search and rescue services.  The arrows entering the box from above represent controls, factors that guide or constrain the system.  In this diagram, FAA and Military guidelines govern the execution of the system’s basic function.  The arrows entering the box from below represent the mechanisms that enable the system to perform its function.  The VTOL platform, along with crew, is the mechanism for this system function.  The arrows entering the box function from the left are data inputs, which at the highest level, are the flight plan and position information.  The top-level output of the SAR function is life preservation.

3 System Requirements


The following subsections specify the system requirements.  The requirements are organized into six categories, as follows:


1) External Interface Requirements


2) Functional Requirements


3) Input Requirements


4) Operational Concepts


5) Output Requirements


6) Technology and System-Wide Requirements


In addition to paragraph numbering, unique identifiers (e.g., r2.26) are assigned to each requirement.  This facilitates configuration management, as well as requirements traceability with other documents and artifacts.  Should this document change at any point in the future, resulting in paragraph renumbering or other formatting modifications, the unique identification numbers will remain unchanged.  The unique identification numbers, vice the paragraph numbers, should be used for all cross-referencing of requirements in other engineering documentation for this system.

3.1 External interface (r1)


The external interface requirements below specify the need for the system to interface with external systems.

3.1.1 Communicate with Similar Systems (r1.1)


The system shall be able to communicate with Air Traffic Control, Municipal EOC, Mil C2, LE, &amp; Public Safety Communications infrastructures.  The system shall be able to communicate to said systems at any point inside and above the urban canyon within the limits of the local municipality to a minimum of 1 sq. mile of the VTOL's position


3.1.2 Controllable by Common Ground Station (r1.2)


The VTOL vehicle shall be controllable by common ground station for autonomous flight.


3.1.3 Communicate in UHF (r1.3)


The system shall communicate in the Ultra High Frequency (UHF) band.


3.1.4 Communicate in VHF (r1.4)


The system shall communicate in the Very High Frequency (VHF) band.


3.1.5 Operate on 5-10 Simultaneous Voice Communication Frequencies (r1.5)


The system shall be capable of operation on a minimum of 5 simultaneous voice communication frequency channels (nets) (Threshold).  The system shall be capable of operation on a minimum of 10 simultaneous voice communication frequency channels (nets) (Objective).


3.2 Functional Requirements (r2)


The functional requirements below specify automated processes which the system must be capable of performing.

3.2.1 Determine Incident Area (r2.01)


The system shall be capable of performing the necessary calculation to determine the incident area within 1 minute of reception of an incident report.


3.2.2 Locate Survivors in Rubble (r2.02)


The System shall be capable of locating a living person buried in 1 foot of concrete debris.


3.2.3 Excavate Rubble (r2.03)


The System shall be capable of excavating and lifting 1000 pounds of rubble and debris in order to free located people.


3.2.4  Operate in a Narrow Corridor (r2.04)


The system shall be capable of operation in a corridor X1 feet wide (Threshold). The system shall be capable of operation in a corridor X2 feet wide (Objective)


3.2.5 Capable of Roof-Rescue Operations (r2.05)


The System shall be capable of Roof-Rescue Operations


3.2.6 Capable of Window-Rescue Operations (r2.06)


The System shall be capable of Window-Rescue Operations


3.2.7 Detect Persons beyond Visual Obstructions (r2.07)


The system shall be capable of detecting living persons beyond visual obstructions (e.g., building walls, debris).


3.2.8 Manual Control via Pilot or Control Station (r2.08)


The VTOL vehicle shall allow manual control (whether via pilot operator or via external 3rd person controlled flight).


3.2.9 Autonomous Flight Control via Flight Plan (r2.09)


The VTOL vehicle shall allow for autonomous control via a flight plan. 


3.2.10 Navigable via VFR or IFR (r2.10)


The system shall be navigable via VFR.  The system shall be navigable via IFR


3.2.11 Automatically Generate Flight Plan to Destination (r2.11)


The system shall automatically generate a flight plan to a given destination.


3.2.12 Avoid Collisions (r2.12)


The VTOL vehicle shall avoid collisions utilizing a collision avoidance system that exceeds the performance parameters of TCAS level III.


3.2.13 Visual Indication of Maneuver Intent (r2.13)


System shall provide visual indications of maneuvering intent.


3.2.14 Avoid Damage by Surrounding Structures (r2.14)


The VTOL vehicle shall avoid damage by surrounding structures.


3.2.15 Autonomously Detect Unstable Flight (r2.15)


The VTOL vehicle shall autonomously detect when unstable flight conditions exist.


3.2.16 Capable of Withstanding Impact / Collision (r2.16)


The system shall be capable of withstanding an impact / collision with a stationary object at a vehicle speed of 10 knots.

3.2.17 Protect Passengers (r2.17)


 The system shall protect passengers in event of a collision at speeds greater than 10 knots.

3.2.18 Detect Persons in Need of Help (r2.18)


The VTOL vehicle shall be able to detect person(s) in need of help.


3.2.19 Detect Person of Interest (r2.19)


The system shall detect a person(s) of interest 


3.2.20 Detect Vehicle of Interest (r2.20)


The system shall detect a vehicle(s) of interest 


3.2.21 Track Target or Point of Interest (r2.21)


The system shall be able to track an isolated human or platform target (Threshold). The system shall be able to track a human or platform target in a crowd or formation (Objective).


3.2.22 Provide Video Stabilization (r2.22)


The tracking system shall provide the video gimble system commands to turn the camera independent of vehicle movements so that the camera is always pointed at the target.


3.2.23 Covertly Track Target or Point of Interest (r2.23)


The system shall be capable of covertly tracking targets.


3.2.24 Detect Incoming Fire (r2.24)


The system shall accurately detect direction from which the insurgent fire is coming from within 1 minute of angle.


3.2.25 Return Lethal Fire (r2.25)


The system shall return lethal fire if being fired upon and weapons have been activated.  Rationale: In the event a friendly needs to disable the vehicle and weapons have not been armed then the friendly can do so.  If the vehicle detects it is being fired upon it shall warn the operator and then the operator can make the decision of whether to arm the weapons.  In complete, autonomous mode, weapons are not able to be armed.


3.2.26 Encrypt Outgoing Communications (r2.26)


The system shall be capable of encrypting outgoing communication.


3.2.27 Decrypt Incoming Communications (r2.27)


The system shall be capable of decrypting incoming communication.


3.2.28 Capable of Unencrypted Communications (r2.28)


The system shall be capable of unencrypted communication.


3.2.29 Configurable for Simplex, Half-Duplex, or Full Duplex Communications (r2.29)


The system shall be configurable for independent simplex, half-duplex, or full duplex communications


3.2.30 Determine Own Position (r2.30)


The system shall determine own-unit position.


3.2.31 Digitally Transmit Own Position (r2.31)


The system shall automatically digitally transmit own-unit position.


3.2.32 Penetrate Building Exterior (r2.32)


The system shall be capable of penetrating a city building exterior to create an unobstructed opening no smaller than 2 feet by 2 feet, and no larger than 10 feet by 10 feet.  (Rationale:  The system's mission includes extraction of personnel directly from a city building, potentially in situations in which egress is not provided.  At the same time, collateral damage must be minimized.)


3.2.33 Extract Injured Personnel (r2.33)


The system shall be capable of extracting injured personnel directly from a city building, within operation elevation constraints.


3.2.34 Mitigate Effects of Small Arms (r2.34)


The system shall mitigate the effects of small arms fires received from any direction. (Rationale: The system must be able to withstand direct impact from small arm fires from any azimuth or bearing.


3.2.35 Detect Incoming Threats (r2.35)


The system shall detect incoming airborne threats.  (Rationale:  The system will not likely be able to mitigate the effects of more destructive attacks than small arms, such as a Rocket-Propelled Grenade.  Such threats should be detected to allow the system to respond.)


3.2.36 Engage Detected Incoming Threat (r2.36)


The system shall automatically engage detected incoming airborne threats, subject to pre-defined criteria.


3.2.37 Provide Means to Manually Eliminate Threat (r2.37)


The system shall provide a means to manually engage/neutralize enemy personnel and light armor.


3.2.38 Provide Means to Automatically Eliminate Threat (r2.38)


The system shall provide a means to automatically engage/neutralize enemy personnel and light armor.


3.2.39 Vertical Take-off (r2.39)


The system shall be capable of vertical take-off.


3.2.40 Vertical Landing (r2.40)


The system shall be capable of vertical landing.


3.2.41 Maneuver in 3D space. (r2.41)


The system shall be capable of maneuvering in any direction in 3-Dimensional space.


3.2.42 Hover (r2.42)


The system shall be capable of hovering at all levels within the urban canyon within a 1 foot tolerance in 3 dimensional space.

3.2.43 Auto-stabilize (r2.43)


The system shall be capable of automatic stabilization (self-leveling), upon operator prompt.


3.2.44 Avoid Collision with Horizontal Objects (r2.44)


The system shall automatically avoid horizontal collision damage from contact with surrounding stationary (fixed position) objects (Threshold).  The system shall automatically avoid collision damage from contact with any stationary (fixed position) object in the 3-Dimensional space (Objective).


3.2.45 Auto-hover upon Pilot Disengagement (r2.45)


The system shall be capable of auto hover upon pilot disengagement.  Rationale: Requirement derived from consideration of hostile urban environment / increased likelihood of pilot injury or casualty


3.3 Input Requirements (r3)


The input requirements below specify the types of data that the system must be capable of accepting.

3.3.1 Allow for a Predetermined Street Search Pattern (r3.1)


The flight plan mode shall allow for a predetermined street search pattern.


3.3.2 Receive Video Input (r3.2)


The need detection system shall receive video input.


3.3.3 Receive Data on Vehicle Attributes (r3.3)


The system shall be capable of receiving (rx) data on vehicle attributes.


3.3.4 Operator Lock on Target (r3.4)


The tracking system shall allow the operator to lock onto a target.


3.3.5 Receive Digital Position Reports (r3.5)


The system shall receive digital position reports for units, platforms, and special points.


3.4 Operational Concepts (r4)


The operational concepts below specify general constraints and schedule guidelines.

3.4.1 Performance Period (r4.01)


The performance period shall be August 31 to December 18, 2009


3.4.2 Design Activity Limitations (r4.02)


This effort shall be limited to software and hardware design activities


3.4.3 Define and Scope Problem (r4.03)


9/21/2009 - Projected Defined and Scoped


3.4.4 Develop Requirements (r4.04)


10/12/2009 - Develop Requirements


3.4.5 Develop Stakeholder Scorecard (r4.05)


10/19/2009 - Develop Stakeholder Scorecard


3.4.6 Elicit Feedback from Stakeholders (r4.06)


10/26/2009 - Elicit Feedback on Requirements from Stakeholders


3.4.7 Analyze Current Vehicle Capabilities (r4.07)


11/2/2009 - Analyze Current Vehicles with Urban Canyon Capability


3.4.8 ID Capability Gaps (r4.08)


11/9/2009 - Identify Current Vehicle Capability Gaps


3.4.9 Develop System Architecture (r4.09)


11/16/2009 - Develop System Architecture for New Urban Canyon Vehicle


3.4.10 Deliver Final Paper (r4.10)


12/17/2009 - Deliver Final Paper


3.4.11 Deliver Final Brief (r4.11)


12/18/2009 - Deliver Final Brief


3.5 Output Requirements (r5)


The output requirements below specify the types of data that the system must be capable of producing.

3.5.1 Audible Warning of Falling Vehicle (r5.01)


The VTOL vehicle shall audibly warn people below when the vehicle is falling uncontrollably.


3.5.2 General Navigation Information (r5.02)


The system shall provide the operator general navigation information.

3.5.3 Broadcast Message to Point of Interest (r5.03)


The VTOL vehicle shall be able to audibly broadcast a customized message to the target.


3.5.4 Warn Operator of Detected Lethal Fire (r5.04)


The system shall warn the operator that it has detected lethal fire.


3.5.5 Report Arcminute to HUD (r5.05)


The fires system shall report the arcminute on the heads up display for the operator.


3.5.6 Display NGA Info on a Map (r5.06)


The system shall display National Geospatial-Intelligence Agency (NGA) geospatial information as a 2-Dimensional map of a given urban environment, including roads and major buildings (Threshold).  The system shall display geospatial information as a 3-Dimensional map of a given urban environment, including roads and major buildings (Objective).


3.5.7 Display Own Unit Status (r5.07)


The system shall display own-unit status information, including, at a minimum:


· fuel remaining


· altitude


· speed


· weapon load-out


· latitude


· longitude


· heading


3.5.8 Display Own Position on Map (r5.08)


The system shall automatically display own-unit position on a geospatial overlay (e.g., map).


3.5.9 Display Adjacent Unit Positions (r5.09)


The system shall display positional information for a minimum of 20 reported units, platforms, and special points on a geospatial overlay (e.g., map) (Threshold).  The system shall display positional information for a minimum of 40 reported units, platforms, and special points on a geospatial overlay (e.g., map) (Objective).


3.5.10 Emit Distress Signal (r5.10)


The system shall automatically emit a distress beacon to signal an emergency condition.


3.5.11 Perform ID Analysis on Person of Interest (r5.11)


The system shall use human attribute data to perform identification analysis a person(s) of interest


3.5.12 Perform ID Analysis on Vehicle of Interest (r5.12)


The system shall use vehicle attribute data to perform identification analysis of a vehicle(s) of interest


3.6 Technology and System Wide Requirements (r6)


The technology and system-wide requirements below specify general logistical and environmental requirements.

3.6.1 Transport Persons (r6.01)


The System shall be capable of transporting up to 4 persons OR passenger weight of less than 1000 pounds.


3.6.2 Minimize Operators (r6.02)


The System shall minimize the number of operators required to operate the system.


3.6.3 Provide First Aide (r6.03)


The system shall be furnished with first aid supplies.


The system cabin interior space shall permit a crew member to administer first aid to an injured occupant.


The system shall provide a secure accommodation for an injured occupant.


3.6.4 Land on a Carrier (r6.04)


The System shall be capable of Landing on an Aircraft Carrier


3.6.5 Capable of Desert Operations (r6.05)


The system shall be capable of operation in a desert environment.


3.6.6 Redundant Power Systems (r6.06)


The system shall have redundant power systems


3.6.7 Redundant Sensor Systems (r6.07)


The System shall have redundant Sensor Systems


3.6.8 Redundant Communication Systems (r6.08)


The System shall have redundant Communication Systems


3.6.9 Operate in Windy Conditions (r6.09)


The navigation system shall operate in winds not to exceed 27 km/hr (15 knots).


3.6.10 Deployability (r6.10)


Deployability


3.6.11 Reliability (r6.11)


3.6.12 Flexibility (r6.12)


Flexibility


3.6.13 Manueverability (r6.13)


Maneuverability


3.6.14 Survivability (r6.14)


Survivability


3.6.15 Maintainability (r6.15)


Maintainability


3.6.16 Modularity (r6.16)


Modularity


3.6.17 Configurability (r6.17)


Configurability


3.6.18 Lethality (r6.18)


Lethality


3.6.19 Capable of Continuous Operations (r6.19)


The system shall be capable of continuous operations (without refueling) for a minimum of 2 hours flight time (Threshold). The system shall be capable of continuous operations (without refueling) for a minimum of 4 hours flight time (Objective). 


3.6.20 System Operational Altitude Ceiling (r6.20)


The system shall be capable of operating at an altitude range of 0 - 5,000 feet (Threshold).  The system shall be capable of operating at an altitude range of 0 - 15,000 feet (Objective).  (Rationale: Highest urban altitude is currently La Plaz, ~12,000 feet.  Elevations in high-altitude cities are added to ground altitude).


3.6.21 Horizontal Field of View (r6.21)


The system shall provide on-board operators with a continuous 180 degree horizontal field of direct view (Threshold).  The system shall provide on-board operators with a continuous 360 degree horizontal field of direct view (Objective).


3.6.22 Low Light & No Light Operations (r6.22)


The system shall be capable of operation in low-light or no-light conditions.


3.6.23 Rainy Conditions (r6.23)


The system shall be capable of operation in rainy conditions.


3.6.24 Snow or Sleet Conditions (r6.24)


The system shall be capable of operation in snow or sleet conditions.


3.6.25 Temp Requirements (r6.25)


The system shall be capable of operation in a temperature range of -40oF to 120oF.


3.6.26 Minimize Acoustic Signature (r6.26)


The system's acoustic signature shall be less than Z1 decibels (Threshold).  The system's acoustic signature shall be less than Z2 decibels (Objective).


3.6.27 Capable of Urban Operations (r6.27)


The system shall consist of a vehicle that can conduct Search and Rescue (SAR) operations (Under Attack and Peace Time) in the urban canyon.

2
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V22 Osprey
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= On 11 June 1991, a mis-wired flight control syster led to two minor injuries when the left nacelle struck the ground while the aircraft was hovering =
_

15 feet in the air, causing it to bounce and catch fire. E

= On 20 July 1992, 3 leaking gearbox led to a fire in the right nacelle, causing the aircraft to drop into the Potomac River in front of an audience of

Congressmen and other government oficials at Quantico, killing all seven an board and grounding the aircraft for 11 months
AUS. V-2 0sprey tctor &7
= On'8 Aprl 2000, a V-22 loaded with Marines to simulate a rescue, attempted to land at Marana Northwest Regional Airport in Arizona, stalled e o e
when its right rotor entered vortex ring state, rolled over, crashed, and exploded, killing all 19 on board 22/
= On 11 December 2000, after a catastrophic hydraulic leak and subsequent software instrument failure, a V-2 fell 1 500 feet into a forest in Jacksomlle, North Carolina, killing all four
aboard

Since becoming operational in 2008, the V-2 has had seven other notable, but minor incidents.
Specifications (MV-22B) [edit]

Data from Boeing Integrated Defense Systems, ™% Naval Air Systems Command, US air Force Cv-22 fact sheet, "2l and Norton®®!
General characteristics

= Crew: Four (pilot, copilot and two fight enginer)
= Capacity: 24 troops (seated), 32 troops (foor loaded) or up to 15,000 Ib (6,80 kg) of cargo (dual hook)

= Length: 57 ft 4 in (17.5 m) L

= Rotor diameter: 38 0 in (11.6 m)

= Wingspan: 45 # 10 in (14 m) AMV-220sprey cartiesan &1
= Width with rotors: 84 7 in (25.8 ) HbAY

= Height: 22 fi 1 in/B.73 m; overall with nacelles vertical (17 f 1 inf5.5 m; at top of tailfins)

= Disc area: 2,268 fi* 212 m)

= Wing area: 301.4 2 (28 m3

= Empty weight: 33,140 Ib (15,032 k)

= Loaded weight: 47,500 Ib (21 500 kg)

= Max takeoff weight: 60,500 Ib (27 400 kg)

= Powerplant: 2« Rolls-Royce Allison TADB/AE 1107C-Liberty turboshats, 6,150 hp (4,590 kW) each

Performance

= Maximum speed: 305 knots (351 mph, 565 km/h) max operating at 15,000 57!
= Cruise speed: 241 knots (277 mph, 448 kiih) at sea level

= Range: 879 nmi (1,011 mi, 1627 km)

= Combat radius: 370 nmi (430 mi, B30 krn)

= Ferry range: 2417 nmi (2,781 mi, 4,476 km)

= Senvice ceiling: 25,000 ft (7,925 m)

= Rate of climh: 2320 fifmin (1.8 mis)

= Disc loading: 20.9 b= @ 47,500 1h GW (10223 ky/m?)

= Power/mass: 0.259 hpflb (427 Wikg)

Popular culture [edit]

Twa CV-225 (of anly three in the USAF inventary at the time){®) were fimed in flight at Holloman Air Force Base, New Mexico, in May 2008 for the 2007 Transformers film. 15170 [l
€l [T [ [ meme







F-35 Lighning II
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= Crowi | 350 Lightaing Wcutavway TTustration =]
= Length: A'51.4 %, B: 5131, C: 51.5f (& 1557 m, B: 156 m, C: 15.7 m) A Hires cutaway of F-358 Lightning | STOVL by 69 Fiight Giokal, 2006

= Wingspan: A/B: 35 f, C: 43 f (AB: 10.7 m, C: 13.1 m)
= Height: A/B: 14.2 1, C: 14.9  (AB: 433 m, C: 454 m)
= Wing area: A/B: 450 2, C: 668 f4°'] (A/B: 427 m?, C: B2.1 m?)
= Empty weight: A: 29,300 Ib, B: 32,000 Ib, C: 34 800 Ib (& 13,300 kg, B: 14,500 kg, C: 15,800 kg)
= Loaded weight: 44,400 Ib (20,100 kg)
= Max takeoff weight: A/C: 70,000 Ib, B 60,000 o (A/C: 31,800 kg, B: 27,200 kg)
= Powerplant: 1x Pratt & Whitney F135 afterbuming turbofan
= Dry thrust: 25,000 I6f*7 (111 kN)
= Thrust with afterburner: 42,000 Ibf' %] (178+ kN)
= Lift fan (STOVLY: 1x Rolls-Royce LitSystem driven from main power plant, 18,000 Ibf (0 kN)
= Internal fuel: F-35A: 18,480 Ib (8,382 ko); F-358: 14,003 Ib (5,352 ke); F-35C: 20,085 Ib (9,10 ko)
Performance

£

= Maximum speed: Mach 1.67'%] (1,283 mph, 2,085 km/h)
= Range: A: 1,200 nmi; B: 900 nmi; C: 1,400 nmi (A 2220 km; B: 1 670 km; C: 2,520 k) on internal fuell! 3]
= Combat radius: A 10 nmi; B: 500 nmi; C: 540 nmi (A 1,110 km; B: 910 km; C: 1,150 km) on intemal fuell 4]
= Service ceiling: A/B/C: 60,000 "% (18,288 m)
= Rate of climb: classified (not publicly available) R T T aiEla)
= Wing loading: 91.4 Ib/f* (445 kg/m?) undergoss attude testing at the
= Thrustiweight: Aol Engingering Development

= With full fuel: A 0.84; B: 0.86; C: 0.77") Certer

= With 50% fuel: A' 104 B: 1.02; C: 0,951
= gLimits: F-35A 9 g, F-358: 7.5 ¢, F-35C: 75 ¢
Armament

= Guns: 1 x GAU-22/A 25 mrm (1.984 ir) cannon — slated to be mounted internaly with 180 rounds in the F-35A and fitted a5 an extemal pod with
220 rounds in the F-35B and F-35¢ 147)

= Hardpoints: 5x extenal pylons on wings with a capacity of 15,000 Ib (5,800 kg)'*"15") and 2x intemal bays with 2 pylons each{>'] (Total weapans
payload of 18,000 Ib on A and C models Jl'%],

= Missiles: F-35A and F-35C armament &)

= Intemal: 4 air-to-air missiles, or 2 air-to-ai missiles and 2 air-to-ground weapons.

= Extemnal: 6 air-to-air missiles, or 4 air-to-ground weapons and 2 air-to-air missiles®®! with combinations for the following missiles:

= Airto-air missile:
= AIM120 AMRAAM
= AIM132 ASRAAM
= AIMX Sidewinder

t0-ground weapons:
= AGM-154 JSOW
= AGM-158 JASSM

- [
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Apache


http://www.howstuffworks.com/apache-helicopter.htm 


http://en.wikipedia.org/wiki/AH-64_Apache 
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= United States
= United States Army has 741 AH-B4s (241 AH-B4As, and 500 AH-54Ds) in senvice as of Jan. 2009142

Specifications (AH-64A/D) [edit]

Data from Jane's Air Forces, ] Apache AH-641%)

General characteristics

= Crew: 2: pilat, CPG (co-pilotigunner)

= Length: 56,17 ft (17.73 m) (with both rotors turming)

= Rotor diameter: 43 ft 0 in (14.63 )

= Height: 127 t 3.67 m)

= Disc area: 1,809.5 f* (168,11 )

= Empty weight: 11367 b (5165 ko)

= Loaded weight: 17,650 Ib (3,000 kg)

= Max takeoff weight: 23,000 Ib (10,433 ky)

= Powerplant: 2x General Electric T700-GE-701 and later upgraded to T700-GE-701C (1990-present) & T700-GE-701D (AH-64D block ) turboshafts, -701: 1,690 shp, 701C: 1,690
shp, -701D: 2000 shp (701: 1,260 KW, 701C: 1,430 KW, 701D: 1480 kW) each

= Fuselage length 43 5 in (15.05 )

= Rotor systems: 4 blade main rotor, 4 blade tail rotor in non-othogonal alignment’

Performance

= Never exceed speed: 197 knots (227 mph, 365 kit

= Maximum speed: 153 knots (182 mph, 293 ki/h)

= Cruise speed: 143 knots (165 mph, 265 kin/h)

= Combat radius: 260 i (300 rri, 480 ki)

= Ferry range: 1,024 nrmi (1,180 mi, 1,900 krn)

= Senvice ceiling: 21,000 ft (5,400 )

= Rate of climb: 2,500 fmin (12.7 m/s)

= Disc loading: 9.80 /f® (47.90 kg/m)

= Power/mass: 0,18 hp/lb (310 Wrkg)

Armament

= Guns: 1x 30x113 mim (1.18x4.45 in) M230 cannon, 1,200 rounds

= Rockets: Hydra 70 FFAR rockets

= Missiles: combination of AGN-114 Helfre, AIN-92 Stinger, and AIM-S Sidewinder

171

Hyckra 70 and AGM-114 Helfre. &7

Popular culture [edit]

The Apache had a major role in the movie Fire Birds (or Wings of the Apache). The AH.4 was also the subject of the Jane's Combat Simulators computer game Longbow. In Longbow, a
player flies an Apache in a campaign against Soviet targets. The game received numerous awards for its ultra-realistc fight environment and accurate portrayals of every aspect of the
Apache's electronics systems 14

See also ledt] o
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		Specifications



		Contractors

		Boeing McDonnell Douglas Helicopter Systems (Mesa, AZ)
General Electric (Lynn, MA)
Martin Marietta (Orlando, FL)



		Variant

		AH-64A

		AH-64D



		Propulsion

		Two T700-GE-701Cs



		Length

		58.17 ft (17.73 m)

		58.17 ft (17.73 m)



		Height

		15.24 ft (4.64 m)

		13.30 ft (4.05 m)



		Wing Span

		17.15 ft (5.227 m)

		17.15 ft (5.227 m)



		Primary Mission Gross Weight

		15,075 lb (6838 kg)
11,800 pounds Empty

		16,027 lb (7270 kg) Lot 1 Weight



		Hover In-Ground Effect (MRP)

		15,895 ft (4845 m)
[Standard Day]
14,845 ft (4525 m)
[Hot Day ISA + 15C]

		14,650 ft (4465 m)
[Standard Day]
13,350 ft (4068 m)
[Hot Day ISA + 15 C]



		Hover Out-of-Ground Effect (MRP)

		12,685 ft (3866 m)
[Sea Level Standard Day]
11,215 ft (3418 m)
[Hot Day 2000 ft 70 F (21 C)]

		10,520 ft (3206 m)
[Standard Day]
9,050 ft (2759 m)
[Hot Day ISA + 15 C]



		Vertical Rate of Climb (MRP)

		2,175 fpm (663 mpm)
[Sea Level Standard Day]
2,050 fpm (625 mpm)
[Hot Day 2000 ft 70 F (21 C)]

		1,775 fpm (541 mpm)
[Sea Level Standard Day]
1,595 fpm (486 mpm)
[Hot Day 2000 ft 70 F (21 C)]



		Maximum Rate of Climb (IRP)

		2,915 fpm (889 mpm)
[Sea Level Standard Day]
2,890 fpm (881 mpm)
[Hot Day 2000 ft 70 F (21 C)]

		2,635 fpm (803 mpm)
[Sea Level Standard Day]
2,600 fpm (793 mpm)
[Hot Day 2000 ft 70 F (21 C)]



		Maximum Level Flight Speed

		150 kt (279 kph)
[Sea Level Standard Day]
153 kt (284 kph)
[Hot Day 2000 ft 70 F (21 C)]

		147 kt (273 kph)
[Sea Level Standard Day]
149 kt (276 kph)
[Hot Day 2000 ft 70 F (21 C)]



		Cruise Speed (MCP)

		150 kt (279 kph)
[Sea Level Standard Day]
153 kt (284 kph)
[Hot Day 2000 ft 70 F (21 C)]

		147 kt (273 kph)
[Sea Level Standard Day]
149 kt (276 kph)
[Hot Day 2000 ft 70 F (21 C)]



		Range

		400 km - internal fuel
1,900 km - internal and external fuel

		





Black Hawk


http://en.wikipedia.org/wiki/UH-60_Black_Hawk 


http://science.howstuffworks.com/black-hawk.htm 
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Inside this Article

1. Introduction to How Black 4. UH-60L Black Hawk
Hawk Helicopters Work Specifications.

Power and Flight Providing Combat Support

Maneuverability Performance in Battle:
Defense

7. Seemore»

UH-60L Black Hawk Specifications

o Length (with rotors tuming): B4 feet, 10 inches (19.76 m)
« Fuselage length: 50 feet, 0.75 inches (15.26 m)

« Fuselage width: 7 feet, 9 inches (2.35 )

ht 16 feet, 10 inches (5.13 m)

meter: 53 feet, 8 inches (16.36 )

« Tail rotor diameter. 11 feet (3.35 )

« Cabin Dimensions:

o Length 12 feet, 7 inches (3.84 )
o Width: 6 feet, 2 inches (1.83 m)
o Height 4 feet, 6 inches (1.37 )

o Weight (empty): 11,605 pounds (5,263 kg)
« Mission gross weight 17 527 pounds (7 950 kg)

o Maximum cruise speed: 155 knots (178 mph, 267 k)

o Never.exceed speed: 195 knots (225 rmph, 361 ki)

« Vertical climb rate (st sea level): 3,000 feet (315 mminute
o Service ceiling: 19,10 feet (5 837 )

« Range: 373 miles (800 krn)

o Unit cost 5.9 million

i
.« e
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Y
/

© Play Video

More Sciznce Videos »

Source: Brassey's World Aircraft & Systems Directory, Naval Air Warfare Center Aircraft Division

Now let's take a look at how the Black Hawk is used in combat situations.
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Specifications (UH-60L) [edit]

Data from Encyclopedia of Modem Warplanes, "2 US Army Fact File, %] Intemational Directory,* Black Hawi!®®!
General characteristics

= Crew: 2 pilots (light crew)

= Capacity: 2640 Ib of cargo intemally, including 14 troops or 6 stretchers, or 8,000 Ib (UH-604) or 3,000 Ib (UH-B0L) of carg
extemally

= Length: 64 10in (19.76 )

= Fuselage width: 7 9 in (2.36 )

= Rotor diameter: 53 1 3 in (16.36 )

= Height: 16 110 in (5.13 m)

= Disc area: 2,260 * 210 )

= Empty weight: 10,624 Ib (4 319 ko)

= Loaded weight: 22,000 Ib (3,960 kg)

= Max takeoff weight: 23 500 Ib (10,660 kg)

= Powerplant: 2x General Electric T700-GE-701C turboshaft, 1,890 hp (1 410 kW) each

Performance

= Never excoed speed: 193 knots (222 mph, 357 k)
imum speed: 159 kn (183 mph, 295 kmih)

= Cruise speed: 150 kn (173 mph, 278 kmih)

368 mi (320 nimi, 592 kim)

21,380 mi®2 (1,200 nmi, 2,220 km) with ESSS stub wings and external tanks!>®

ing: 19,000 f (5,790 m)

= Rate of climb: 700 fimin (3.5 mis)

= Disc loading: 7.19 I (35.4 ky/m?)

= Power/mass: 0.192 hpflb (158 Wike)

Armament

= Guns:

= 2x 7.62 mm (0.30 in) M240H machine guns!®®! or
= 2% 7.62 mm (.30 in) M134 minigun®® or Army marul drawing &
= 2x 50in (127 mm) GAU-19 gatling guns!®®

= Can be equipped with YOLCANO minefield dispersal system.5%) See UH-50 Armament Subsystems for more infarmation.

= ESSS stub wings can be equipped with

= 70 mm (2.75 in)) Hydra 70 rockets'®)

= AGM-114 Hellfire laser guided missiles!®*)

= 7,62 mm (0.30 in), 20 mm (0.787 in), or 30 mm (1.18 in) M230 gunpods!>®!

See also [edit]
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S-76 Medivac


http://en.wikipedia.org/wiki/Sikorsky_S-76 


http://en.wikipedia.org/wiki/Traumahawk 


http://en.wikipedia.org/wiki/CAMTS 
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1-1l Guatemala
== Honduras
&0 Hong Kong

Sikorsky 5-768 of the Royal Thai &1
= Royal Hong Kong Auxiliary Air Force(Former operator)

ey

= lraq

= Jordan

W Philippines

= Philippine Air Force - 17 units

Il Saudi Arabia

= Saudi Interior Ministry ordered 15 units in November 2007 [c#etian needed)

= Spain

= Thailand

Incidents [edit]
= 1999 Bristow Sikorsky 5764 crash

= 2005 Tallinn Sikorsky 576 crash

= 2008 Gul of Mexico Sikorsky S76C crash

= 2008 Califomia coast PXP Platiorm lrene Sikorsky 576 crash

Specifications (Sikorsky S-76C++) [edit]

General characteristics

= Crew: Minimum 2 pilots

: 12 passenger

526n (16.0 m)

= Rotor diameter: 44 ft 0in (13.41 m)
= Height: 14 5.8 in (4.414 m)

Isc area: 1520.53 12 (141.26 m) A pir of Helit's Siorsky S78's &
= Empty we 7.005 b (3,177 ka) at Vancouver Harbour.

= Loaded weight: 11,700 Ib (5,306 kg)

= Max takeoff weight: 11,700 Ib (5,306 k)

= Powerplant: 2x Tuhoméca Arrel 252 turboshatts, over 500 KW (670 Horsepower) each

Performance

= Maximum speed: 155 knots, 178 mph (287 krn/h)
= Ferry range: 345 nim w/ 30 minute reserve (539 ki wi 30 minute reserve)

RN
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MD500


http://en.wikipedia.org/wiki/MD_Helicopters_MD_500 
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Model 500C

Data from The Intemational Directory of Civil Aircraft!')
General characteristics

total
= Length: 30 10in (9.4 )

= Rotor diameter: 26 f 4 in (8.03 )

= Height: 8 12 in (2.48 m)

= Empty weight: 106 b (493 kg)

= Max takeoff weight: 2250 Ib (1,157 kg)

= Powerplant: 1x Allison 250-C20 Turboshat, 278 hp 207 kW)

Performance

= Maximum speed: 152 knots (175 mph, 282 ki/h)
= Cruise speed: 125 kn (144 mph, 232 ki/h)

75 rmi (605 k)

ing: 16,000 t (4 875 )

700 ffin (8.6 mfs)

MD 520N

Data from The Intemational Directory of Civil Aircraft!')
General characteristics

total
= Length: 33 2in 978 m)

= Rotor diameter: 27 f 4 in (8.33 )

= Height: 3 0 in 2.74 m)

= Disc area: 5368 i* (54.5 )

= Empty weight: 1636 Ib (742 kg)

= Max takeoff weight: 3,350 Ib (1520 kg)

= Powerplant: 1x Allison 250-C20R Turboshat, 375 hp (280 kW)

Performance

= Maximum speed: 152 knots (175 mph, 282 ki/h)
= Cruise speed: 135 kn (155 mph, 250 kin/h)

= Range: 267 mi (429 krr)

= Senvice ceiling: 14,175 ft (4,320 )

850 ffmin (9.4 mfs)

= Rate of climb;
MD §30F

Data from The Intemational Directory of Civil Aircraft!')

=

[edit]

ookt of an MD 5008 &

MD SO0E retorheact &

[edit]
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Data from The Intemational Directory of Civil Aircraft!')
General characteristics

total
= Length: 327 in (9.94 m)

= Rotor diameter: 27 f 4 in (8.33 )

= Height: 8 119 in (2.48 m)

= Disc area: 5875 5q t (546 50 m)

= Empty weight: 1591 Ib 722 kg)

= Max takeoff weight: 3,100 Ib (1610 k)

= Powerplant: 1x Allison 250-C30 Turboshat, 375 hp (280 kW)
Performance

= Maximum speed: 152 knots (175 mph, 282 ki/h)
= Cruise speed: 135 kn (155 mph, 250 kin/h)

+ 232 nni (267 rri, 430 k)

ing: 18,700 ft (5,700 )

= Rate of climb: 2,070 fmin (10.5 m/s)

In popular culture [edit]

A Hughes 500D helicopter featured heavily on the popular 19605 TV show Magnum, P | Hughes 500 Helicopters were also frequently the adversary of the namesake craft of the popular
19805 TV Show Airwolf.In the 1983 movie Blue Thunder, the final showdown aver the skies of Los Angeles involved a cannon-equipped Hughes 500 flown against the Blue Thunder
helicopter.

See also [edit]

Related development

= OHE Cayuse
=MD 500 Defender
=MD Helicopters MD 600
= Bosing AHG

Comparable aircraft

= Bell 206
= Bell 407
= PILSWA

Related lists
= List of miltary aircrat of the United States

References fedi] o
[T [ [ [@mens







MD500 Defender


http://en.wikipedia.org/wiki/MD_500_Defender 
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Specifications (500MD) [edit]
General characteristics
N —
= Length: 2310 in 7.01 m) . gﬂg\-g
= Rotor diameter: 26 ft 4 in (8.03 m) /t;'“\ A
= Height: 85 in (259 m) ﬁ = {
= Disc area: 544.63 sq fi* (50L60 )
= Empty weight: 1,320 Ibs (599 kg) =8 ==
= Max takeoff weight: 3,000 lbs (1361 kg)
= Powerplant: 1x One Allson 250-C208 Turboshat, 420 hp (313 kW)
Performance
= Maximum speed: 160 mph (257 ki)
= Range: 230 miles (370 km)
= Service ceiling: 13,800 ft (4,205 m)
= Rate of climb: 1 B0 fifmin (503 mirmin (8.4 mfs))
Armament
= four TOW anti-tank missiles, or
= two 7.62mm General Electric M134 Miniguns, or
= four General Dynamics Stinger air-to-air missile, or
= Mk 44 or Mk 45 lightweight torpedoes (AW Version), or
= two seven-shot rocket pods
See also [edit]
Related development
= OHE Cayuse
= MH Little Bird
=MD Helicopters MD 500
Comparable aircraft
= Agrospatiale Gazelle AH.1/SA 341F/SA 342M
= MBE Bo 105P PAH
References [edit]
1. A Frawley, Gerard: The fniemational Direciory of Miltary Aircraf, page 97. Aetospace Publicafions Ply Lid, 2002, ISBI 1-875671-55-2
2. AThe D Helcopters MD-500/530. & Retrieved on January 16, 2008
3. A Korean Al Aerospace Division (Ke4) & Reteved on January 9, 2008
4. A28 OHa Cayuse, AH-6J Lile Bird and Defender 500 spece. ¢ Retrieved on January 8, 2008,
5. A"Hughes SOOMDIASW Defender & We-Bin Chang. Retrieved Jan. 12,2005, [l
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UAV Capable


Camcopter S-100




 HYPERLINK "http://en.wikipedia.org/wiki/File:S-100-OE-VXX.jpg" 
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Fire Scout MQ8
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Dec. 10,2008, The Fire Scout is slated to deploy aboard USS Mclnemey during its next counter-narcotics traficking deployment later this year 4!

According to the current schedule, the Navy will conduct Technical Evaluation on the Fire Scout on the FFG-8 in the fall 2008 and OpEval in the summer 2009. The Fire Scout will reach

Inital Operating Capabilty soon after OpEval in 2009. The Navy will continue to support LCS ritial Operational Test and Evaluation (OTAE) efforts in iscal year 2011.°)

Recent flight tests took place May 4-8 offthe coast of Mayport, Fla. The U.S. Navy Fire Scout completed test flights in areas of shipboard deck motion and wind envelope expansion and
landings including the use of the grid and harpaon system. During the five days of testing, the ship/aircratt team compiled 19 fight hours during 12 fights, which included 54 landings, 37 of
which were into the NATO standard grid [*)

In September 2009, the Navy announced the first deployment of the MQ-BB aboard the USS Mcinemey 7!
Variants [edit]

RO.8A
RO8B
MQ.3B

Operators [edit]

usa

= United States Army
= United States Navy

Specifications (Q-8?) [edit]

General characteristics
AnRQ-8A Fire Scauttakes off &7
ot the Webster Fied Annex of Naval
Air Station Patuxert Fiver in 2005,

= Crew:0

= Length: 2287 ftin 7 )

= Main rotor diameter: 27 6 in (8.4 )

= Height: 3.42 1 in 2.9 m)

= Gross weight: 3,150 Ib (1,430 kg) each each

Performance

= Cruise speed: 125+ mph (201+ kin/h)
= Endurance: & hours
ing: 20,000 ft (6,100 )

See also [edit]

Related development

= Schweizer 330 and 333
= Schweizer S-434

Comparable aircraft

= Bell Eagle Eye
= Boging A1BD Hurnrmingbird

[ [ @






A-160 Hummingbird (YMQ-18A)

http://www.globalsecurity.org/intell/systems/a160.htm
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Operational history ledit] =]
Flight testing (edi]

The test program is being operated from the Southern California Logistics Airport near Victonville, California 12!

The Hummingbird made its first flight in January 20027 using a 4-cylinder Subaru engine (14

On September 20, 2004, the Hummingbird made its first flight since Boeing took over the program the previous May. ('

In August 2005, the Hummingbird was flown around Victonille in a 1200-mile course at 60 knots and 4000 feet. This was prabably the langest helicopter flight ever '®! Unfortunately, a
mechanical failure caused the helicopter to crash near the end of the fight. Flight testing continued some manths later after the crash investigation was concluded

On Novernber 30, 2005, the aircraft successully completed its fist fight with 2 new 290 kW (390 hp) 6-cylinder gasoline-powered piston engine, hovering about the airfield for about half an
hour! 14

A follow-up turboshaft-powered version, the A160T, was first flown in June 2007117

On Septerber 27, 2007, the A1OT was flown for 8 hours while carrying a 1000-pound payload. On October 12, the aircraft flew for 12 hours while carrying 3 500-pound payload,
simulating a multi-sensor military recon mission. This latter flight used up less than B0% of the Hummingbird's maximum fuel load.('®

On December 10, 2007, one of the A1G0T prototypes crashed during a flight test at Boeing Advanced Systems' test facility in Victonille ['¥)<?%) & Boeing investigation determined the
incident was caused when sensor data stopped being updated to the flight computer. With the feedback laop for the control system effectively cut, the helicapter *departed controlled fight
and impacted the ground at a near-vertical angle.” Much of the forensic evidence was bumed in the post-crash fire. A number of potential areas that could have caused the software
feedback update thread to stop were found, and those known problem areas have been addressed. Flight testing resumed on March 25, 2008 2]

On May 9, 2008, at Yuma Proving Ground in Arizona, the ATBOT demonstrated its ability to hover out of ground effect (HOGE) at 15,000 feet to meet its DARPA milestone. I then
surpassed the milestone during the same flight by repeating the HOGE at 20,000 feet alttude. A week later, starting the night of May 14, the ATBOT demanstrated its un-refueled
endurance capabilties with an 18.7 hour flight, landing with over 90 minutes of fuel still on board 12 It was the langest un-refusled flight of any rotorcraft, and the FAI has awarded Bosing
the official endurance record in the 500kg to 2 500kg autonemously controlled UAY class for the fight (2]

Specifications [edit]

General characteristics

= Crew:0

= Length: 35 R 0 in (107 m)

= Main rotor diameter: 36 ft 0 in (11 )
= Empty weight: 2,500 Ib (1,134 ko)

= Gross w 500 Ib (2,948 kg each

Performance

= Maximum speed: 160+ mph (258+ km/h)

= Endurance: 20+ hours

0,000-30,000 f (5,108,150 m)

= Service ceiling

See also [edit]

= Unmanned aerial vehicle
= MO Fire Scout
= Bosing X-45
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A160 Hummingbird Warrior


On 04 May 2004 Boeing announced it had acquired Frontier Systems Inc., developer of the A-160 Hummingbird and Maverick unmanned aerial vehicles (UAV). Frontier’s platforms and technologies add to Boeing’s portfolio and capabilities in unmanned systems that include the Joint Unmanned Combat Air System X-45, ScanEagle and other concepts under development. Frontier also sells the Maverick UAV, a retrofitted commercially available helicopter, to the U.S. Special Operations Command. The Maverick UAV has also been used as a test bed for A-160 technologies. 


The A-160 Hummingbird, a vertical take-off-and-landing UAV, has been designed to fly up to 2,500 plus nautical miles with 30 to 40 hour endurance. Its modular payload design can carry up to 1,000 pounds. The A-160 offers range and endurance unprecedented in the history of helicopter UAV design. It will provide reconnaissance, surveillance, target acquisition, communication relay, precision re-supply, sensor delivery and eventually precision attack capabilities. 


The A160 Hummingbird, built by DARPA and Frontier Aviation of San Diego, will exploit a hingeless, rigid rotor concept operating at the optimum rotational speed to produce a vertical take-off and landing (VTOL) unmanned air vehicle (UAV) with very low disk loading and rotor tip speeds resulting in an efficient low power loiter and high endurance system. This unique concept offers the potential for significant increases in VTOL UAV range (more than 2,000 nm) and endurance (24-48 hours). Detailed design, fabrication and testing of this vehicle is being conducted to establish its performance, reliability, and maintainability. The A160 concept is being evaluated for surveillance and targeting, communications and data relay, lethal and non-lethal weapons delivery, assured crew recovery, resupply of forces in the field, and special operations missions in support of Army, Navy, Marine Corps, and other Agency needs. It is being developed as a component of the DARPA/Army Future Combat Systems (FCS) Program. In addition, this program will evaluate application of the optimum speed rotor concept to other systems including heavy lift and tilt rotor capabilities. The program will also develop highly efficient heavy fuel engine technologies to further advance current range and endurance projections as well as improve operational reliability and logistics compatibility. 


The Army's Advanced Rotary Wing Vehicle (RWV) Technology project matures and demonstrates rotary wing unmanned and manned platform technologies for the Objective Force. It is envisioned that the Objective Force will need unmanned and manned rotorcraft systems that have significantly increased/improved lift, range and survivability with an overall reduction in logistics. Key to this effort is the demonstration of a vertical takeoff and landing (VTOL) UAVs for the Objective Force. The critical technologies to support these capabilities will be matured through Technology Demonstrations (TDs) of prototype UAVs, rotors, active controls, structures, drive train, and threat protection. The near term demonstration of unmanned, VTOL UAVs will focus on the A-160 Hummingbird UAV and the Organic Air Vehicle (OAV), to include the Micro Air Vehicle variant, for Reconnaissance, Surveillance and Target Acquisition (RSTA) capability. These demonstrations will focus on military operations and the application of military specification on these maturing systems. 


The A-160 Hummingbird is a DARPA project to produce an unmanned helicopter that can fly 2,500 nautical miles over 40 hours and carry 300 pounds of air-to-ground missiles. The Army wants to take over the project in 2003 (years ahead of schedule) in order to ensure that the aircraft ends up being what the Army wants it to be. A production decision would be made around 2006. The A-160 has a 300hp internal combustion engine and a three-bladed rotor. The Army plans to add a tactical common data link in order to receive the aircraft's data and direct its flight and weapons. 


The A160 helicopter demonstrator, about the size of the Predator-A, was built by Abraham Karem and his team at Frontier Systems of Irvine, California, under contract to DARPA. The A160's predicted top speed is 140 knots." The Hummingbird is 35 feet long with a 36-foot rotor diameter. The A160 prototype made its first forward flight on 29 January 2002. 


The A160 will have range, endurance, and altitude capabilities unprecedented in the history of helicopter design. The A160 has a conventional main-tail-rotor helicopter configuration, but the conventional appearance is misleading. A contemporary helicopter features lightweight flexible rotors that are connected to the rotor hub through articulated joints. Such rotors are designed to provide smooth flight operation with little vibration and good control authority. 


However, they can only do so within a limited range of speeds, normally at as high an RPM as possible before the wingtips break the sound barrier. The helicopter's rotor RPM is roughly constant while the aircraft is in flight. This is inefficient, particularly when the helicopter is flying below maximum speed or with an optimal load. 


The A160's carbon-fiber composite rotor blades are tapered, and their cross-section varies from root to tip. They are light but stiff to avoid vibration, and their stiffness also varies from root to tip. The rotor system is rigid and hingeless, and features a larger diameter and lower disk loading than that of a conventional helicopter with the same lift capacity. 


The A160 rotor can be operated from 140 to 350 RPM. Coupled with a fuel-efficient piston engine results in a helicopter that not only has unbelievable fuel efficiency, but good speed, unprecedented altitude capability, and is very silent. 


The A160 project began in early 1998, with Frontier Systems modifying a light commercial Robinson R22 helicopter to a UAV configuration to test flight-control systems. The R22 was lost in an accident in early 2000, but not before it had flown for 215 hours under autonomous control. The innovative A160 rotor system is now being ground tested. 


The A160 demonstrator will weigh about 1,800 kilograms (4,000 pounds), and will have rotor blades 5.2 meters (17 feet) long. The demonstrator will be powered by a commercial piston engine with over 300 horsepower, and will have a payload capacity of more than 135 kilograms (300 pounds). Possible payloads include EO/IR imaging and SAR sensors. Apparently there is work being done on integrating SAR receiving antennas into the rotors themselves, though the transmit antenna will be mounted on the fuselage. 


The demonstrator, which was given the name "Hummingbird", will have a top speed of 260 KPH (160 MPH), 24 to 36 hours endurance, 5,500 kilometer (3,450 mile) range, and a flight ceiling of 9,150 meters (30,000 feet). A production version could have an endurance of up to 48 hours and a ceiling of 16,800 feet (55,000 feet). First flight was in early 2002. 


The A160 is a technology development exercise and is not being designed for a specific operational mission, but its general design concept envisions a UAV that could deploy itself from the US to a combat area, or perform deep penetrations into hostile territory. The US Army and the US Special Operations Command (SOC) are interested in the project, with the SOC considering uses such as extracting troops trapped behind enemy lines. 


Eagle Eye
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Go_ | _searn | Development [edit]

The Eagle Eye program began in 1993 with the TRO1X 7/6th scale prototype. The composite airame was originally designed
and buit or Bell by the Califoria research company Scaled Gornposites, The two demonstrator aircraft were powered by an
Allison 250-C20 turboshat engine mounted in the center fuselage, with a transmission system driving a titing rotor at the end of

U.5. Coast Guard Verlcal Unmanned Aerial Vehicle

cach wing 1] Role iotor unmanned aeralvehicle
The aircraft had its maiden fight on March B, 19982} and then entered a flight test program. Phass 1, or land-based operations | "Tanufacturer CRRETEELY

testing, was cornpleted in Apri 1998. Phase 2 (seaxbased testing) started shorly aterthat. The st prototype was destroyed in  Firstight March 0,199

an accident, but the second successfully completed the test program. staws Cancelled by USCO

These successes led to the entry into the Deepwater program in 2002 and construction of the full size vehicle, called the TR918,

powered by a Pratt & Whitney Canada PW207D turboshaft engine.*)

Bell had promoted the Eagle Eye for a decade without finding a buyer, but in the summer of 2002, the United States Coast Guard ordered the UAY as part of the senice's broad
Deepwater re-equipment efiort. The Coast Guard machin will be slightly scaled up from the company demonstrator, and will be designated as Bell HV.911. It wil have a maximum speed
0f 200 kts (370 k) and an endurance of 5.5 hours with a 200 pound (30 kilogram) payload. The USCG has since put the funds marked for development and procurement of the vehicle
on hold !

The US Navy and Marine Corps have also expressed some interest and there have been inquiries from various foreign governments. In the summer of 2004 Bel established a relationship
with Sagem in France and Rheinmetall Defense Electronics in Germany to sell variants of the Eagle Eye to European govemments. Bell proposes to provide raw aifiames, the European
partners will provide payloads and other gear as specified by customers, and Bell will then perform system integration.

Specifications [edit]

General characteristics

= Crew:0

= Length: 16 3 in (5.56 )

= Wingspan: 24 12 in 7.37 m)

= Main rotor diameter: 2x 100 in (3.05 )
= Height: 6 2 in (1.88 m)

= Main rotor area: 157 f (14.6 )

= Powerplant: 1 x Pratt & Whitney Canada PW207D turboshaft, 641 hp (476 kW) each
Performance

= Maximum speed: 225 mph (380 krn/h)

= Endurance: 6 hours

0,000 f (6,096 )

= Service ceiling

Armament
= 200 1b @1 ko) payload

Internet
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If you need any further information
about our system, please click here
to use our contact form

48% INTERNATIONAL | LE BOURGET
PSRN | N 15:21. 7009

FLYING-CAM chose the Paris Air Show to introduce
the new Flying-Cam lll E SARAH System,
the Special Aerial Response Autonomous Helicopter.

25 Ky takeoff waight VTOL UAY
Green Elsetric propulsion

Praprietary Autopilot systern: FLYING-CAM CAP (Computer Assisted Pilating)

Modular Architecturs Controller: Open to scientifc research and tailor made development
Modular design platiorm, payload fisndly

High-end AHRS guidance system

DGPS precision navigation

Stabilized Day or Night camera sensor for Imagery Intelligence

COFDM HD videa transmission

Based in Belgium, with ofices in USA, Hong Kong and soon in the Middls East, FLYING-CAM has been the worldwids Isadsr developing UAY helicopters tailor made for Close
Range Astial Filming services in the most demanding motion pictures indusry for 20 years. Starting from this unrivaled know-how, FLYING-CAM decided to acquire, develop and
integrate its own autopilot into the brand new 3rd generation UAY platform, the Flying-Cam Il SRAH, for the benefi ofthe whols LAY user community.
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Organic Air Vehicle


The Organic Air Vehicle, or OAV, program will provide the individual soldier with the capability to detect the enemy concealed in forests or hills, around buildings in urban areas, or in places where the soldier does not have a direct line-of-sight. OAVs can perch and stare, and essentially be sentinels for maneuvering troops. Rather than sending a soldier into harm?s way to scout a particularly dangerous area, the unit can now use the OAV instead.

PLATFORM CHARACTERISTICS SET A

Soldier level asset

Soldier transportable
Gross Weight: 20 lbs
Endurance: 15 minutes
Range: 1 km
Payload: 1 lb
Ceiling: 8000 ft MSL
Low Acoustic Signature: 75 db @ 20 ft
VTOL or STOL (Vertical or Short Takeoff/Landing)
Diesel fuel engine
Payload type: EO/IR
Performance characteristics based on Army Standard Day (4000 ft, 95 F)
Performance values noted above are approximate.

PLATFORM CHARACTERISTICS SET B

Platoon level asset

Carrier transportable (Hummer size)
Gross Weight: 75 lb
Endurance: 25 minutes
Speed: Vmax > 40 kts
Range: 2 km
Payload: 7 lb
Ceiling: 8000 ft MSL
Low Acoustic Signature: 75 db @ 100 ft
Day/Night operations
VTOL (Vertical Takeoff/Landing)
Diesel fuel engine
Tethered options will be considered
Primary Payload Type: EO/IR
Alternate Modular Payloads: Acoustic, Mine Detection, Comm-Relay, SIGINT
Performance characteristics based on Army Standard Day (4000 ft, 95 F)
Performance values noted above are approximate.

Small Unmanned Air Vehicle


Current Army research has shown that the next conflict will most likely be fought in complex terrain/urban environments where LOS will decide the survivability of the small unit/scout. The small unit/scout is limited in its reconnaissance & surveillance mission only by what it can or cannot see. An SUAV with VTOL/NLOS capability would increase the "sight" of the small unit/scout by going around a corner or between buildings where LOS is broken and giving a visual image to the operator in Near Real Time (NRT). 


The Future Combat System (FCS) Unmanned Air Vehicle (UAV) plan consists of a family of several types of airborne vehicles, including the Small UAV (SUAV). This BIA requests proposals for the definition and refinement of the SUAV platform, definition of common subsystem interfaces, specification development, ROM costs models, and System Development and Demonstration (SDD) program plans. 


Small Unmanned Air Vehicle - Desired Functional & Performance Characteristics


PLATFORM CHARACTERISTICS SET A

Tube Launched

Low cost tube launched (air or ground launch)
Mission: RSTA
Non-organic refurbishment
Sensor recovery
Gross Weight: 300 lbs
Endurance: 6 hr
Altitude: 500 - 1500 ft AGL
Speed: Vmax > 80 kts
Radius: 10 km
Payload: 75 lbs
Signature: Low IR, Low Acoustic
Day/Night operations
Parachute recovery
Diesel fuel engine
Primary Payload Type: EO/IR
Alternate Payloads: NBC Detection, Comm-Relay, Lethal
Performance characteristics based on Army Standard Day (4000 ft, 95 F)
Performance values noted above are approximate.

PLATFORM CHARACTERISTICS SET B

VTOL (Vertical Takeoff/Landing)

Low-cost RSTA
Ground Vehicle Based
Gross Weight: 150 lb
Endurance: 2 hrs
Speed: Vmax > 80 kts
Range: 8 km
Payload: 40 lbs
Signature: Low IR, Low Acoustic
Day/Night operations
VTOL
Diesel fuel engine
Primary Payload Type: EO/IR
Performance characteristics based on Army Standard Day (4000 ft, 95 F)
Performance values noted above are approximate

X50 Dragonfly


http://en.wikipedia.org/wiki/Boeing_X-50 


http://www.globalsecurity.org/military/systems/aircraft/x-50.htm 


http://www.darpa.mil/body/NewsItems/ucav/A1604blade5t%20flight2-10-03.mpg 
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Outcome e

Neither aircraft was able to achieve transition to full farward fight mode during the portions of the test fight program that were completed. In September, 2008, DARPA recognized the
inherent design flaws and withdrew funding for the program ('

Specifications [edit]

General characteristics

= Crew:0

= Length: 5.39 m (# in)

= Wingspan: 271 m (ft in)

= Main rotor diameter: x 3,55 m (1t ir) =

= Height: 1.98 m (# in) ey

= Empty weight: 574 kg (15) Boeig X504
= Gross weight: 545 kg () each

Performance

= Maximum speed: 700 kinvh ( mph)
= Cruising speed: 278 km/h ( mph)
= Tail unit span: 2.47m

= Fuel weight: 65kg

= Max payload: 91kg

See also [edit]

Unrmanned aerial vehicle

Aerial reconnaissance @ United States Air Force portal
Sikorsky XWing

Surveillance

References [edit]

1. #2229 hcKenna, James T."One Step Beyond", Rotor & Wing, February, 2007, pags 54
2. A"50 Dragonily Canard RotorWing (CRYW) & n English). GiobafSecurly.org. Refrieved 2003-03-13

External links [edit]

= Bosing press release &
= Bosing press release 26

Large image of the X50A@
Information about X504
Additional technical information &
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X-50 Dragonfly Canard Rotor/Wing (CRW) 


The Army, Navy and Marine Corps have a need for affordable, survivable, vertical take-off and landing (VTOL) air vehicles to support dispersed units in littoral and urban areas. The Canard Rotor/Wing (CRW) program explores innovative VTOL technologies and concepts with the potential for significant performance improvements that would satisfy stressing mission needs. One such concept is the advanced Canard Rotor/Wing (CRW) aircraft, that offers the potential for a high speed rapid response capability from a VTOL unmanned air vehicle with significant range and stealth improvements as compared to other VTOL concepts. Design and fabrication of this scaled vehicle concept will validate the command and control, stability and control system and aerodynamic performance required for vertical take-off, landing and hover via a rotating center wing that stops and locks in place for efficient high speed cruise. 


An operational CRW UAV would be able to take off and land in confined areas without a launch or recovery system, rapidly transition to and from a fixed wing mode and fly at speeds in access of 375 knots. The flexibility achieved through these various flight modes, combined with the high-speed performance and survivability of this revolutionary new concept makes the CRW an exciting option for manned and unmanned applications. 


Boeing has leveraged specific expertise that was developed during the company's previous work on reaction drive rotor systems, including both the XH-17 in the early 1950s and the XV-9A in the mid-1960s. The Boeing patented CRW concept is an outgrowth from these previous activities. 


In response to a Navy requirement for an unmanned, high-speed, ship-based vertical take off and landing (VTOL), McDonnell Douglas Helicopter developed a concept called Canard-Rotor-Wing (CRW). The CRW is a stoppable-rotor design which can hover and fly at low-speeds like a conventional helicopter, whereas in its stopped-rotor mode it can fly at high speeds comparable to those of fixed-wing aircraft. Initial concepts include a land- or ship-based medium-range vertical takeoff and landing, remotely piloted vehicle. An operational CRW UAV would be able to take off and land in confined areas without a launch or recovery system, rapidly transition to and from a fixed wing mode and fly at speeds in access of 375 knots. 


The CRW is propelled in both rotary-wing and fixed-wing modes using a conventional turbofan engine. A diverter valve directs the exhaust gas produced by the engine either to the rotor or aft to the jet thrust nozzle, or to both during transition. A two-bladed teetering rotor is used to generate the required lift for hover and low-speed forward flight. The CRW would spin a center wing to take off like a helicopter.The vehicle would then accelerate to about 120 knots when flaps would deploy from the front and rear wings. Once the rotorcraft is at a sufficient forward velocity, the required lift generation is transferred from the rotor to a canard and horizontal tail. Flap deployment would off load the spinning center wing, which could then stop rotation and be locked into a position across the fuselage to perform as a third wing. The flaps on the other two wings would then be retraced and all three wings would share the lift loads in a fixed wing flight mode. A reverse of these events would transition the CRW back to its rotary wing--VTOL mode for landing on small landing areas. 


By using a reaction-drive rotor system, the CRW concept eliminates the need for a mechanical drive train and transmission, as well as the need for an anti-torque system. Eliminating these typically heavy, maintenance-intensive systems will greatly reduce vehicle weight, maintenance, complexity, and cost. Because the CRW's rotor is stopped to allow high-speed forward flight, the rotor's airfoil cross section must be elliptical. This is a compromise between the optimum airfoil shape for conventional rotor flight and that for high-speed stopped-rotor flight. 


Possible manned and unmanned missions for such a vehicle include reconnaissance, communications and data relay, logistics re-supply, urban operations and delivery of both lethal and non-lethal munitions. The Navy and Marine Corps have expressed a strong interest in the CRW concept for both tactical UAV applications requiring VTOL operations from small-deck ships and manned applications such as a V-22 Osprey escort. They have funded a portion of the research activities to date and are considering transitioning this technology into a UAV engineering, manufacturing, and development phase following its successful flight demonstration. 


In June 1998 a $24 million agreement between the Defense Advanced Research Projects Agency (DARPA) and The Boeing Company funded a 37 month effort by the Boeing Phantom Works to design, build and fly two technology demonstrators to assess and validate this advanced rotorcraft. DARPA and Boeing agreed to a 50/50 cost share agreement to validate this revolutionary concept in a joint advanced technology demonstration program known as "Dragonfly". Each contributed $12 million toward the program, initially planned to lead to flight demonstration in early 2001. 


Development of the technology demonstrators is being conducted by Phantom Works personnel in Mesa, Ariz., St. Louis, Mo., as well as several other Boeing facilities. Final assembly is now under way at the Mesa facility, with a first flight expected in 2002. 


On 04 December 2003 the Boeing Company's Canard Rotor/Wing (CRW) concept demonstrator completed its first hover flight at the U.S. Army Proving Ground in Yuma, Ariz. During the flight test, the CRW advanced technology demonstrator – known as the X-50A Dragonfly – flew for about 80 seconds at 8:10 a.m. MST. It lifted off vertically from the launch site to an altitude of 12 feet above the ground, hovered and then vertically landed, commencing the flight test program. 


The unmanned X-50A CRW has a length of 17.7 feet and is 6.5 feet high. The rotor blades have a diameter of 12 feet. Powered by a conventional turbofan engine, the X- 50A will utilize diverter valves to direct thrust to the rotor blade tips (for helicopter mode), or aft to the jet nozzle (for fixed wing mode). Dual bleed thrust will be used during transition. By directing thrust through the rotor tips, the CRW concept eliminates the need for a heavy and complex mechanical drive train, transmission and anti-torque system. The CRW will be much lighter and simpler than traditional rotorcraft and will therefore be much cheaper to operate and support. 


Follow-on CRW versions could evolve into larger, piloted vehicles capable of conducting specialized missions, including reconnaissance, armed escort, urban operations, tactical air support, communications/data relay and resupply. With such flexibility, operations could originate from small-deck ships or forward bases. 


Aviation enthusiasts may have noticed that the X-50 designation was not the next in line. But Boeing's X-50 program manager Steve Bass said that Boeing got the number out of sequence by special request because the X-50 designation is so fitting for the CRW concept - 50 percent helicopter and 50 percent airplane. 


RQ-16 T-Hawk


http://en.wikipedia.org/wiki/RQ-16_T-Hawk

video:  http://www.honeywell.com/sites/portal?smap=aerospace&page=mav_video&theme=T8 
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been critical for U.S. forces in lraq that search for roadside bombs. Miitary convoys have been using MAVS to fly ahead and scan
the roads. A MAV's beneft is s abilty to inspect a target—a suspicious vehicle, structure, or disturbed earth—fiom close range,

covering ground much more quickly than an unmanned ground vehicle and without putting people at risk 114

Manufacturer

Primary user

Honeywell
United States Naw

The lraq trials were so successful that the US Navy placed a surprise order for 372 MAVS, designated RQ-16A T-Hawk, in January 2008.1°! The 186

Design

= Crew: None

RG-16 n use i the fld &

= Gross wi

= Powerplant: 1 x 3W-55 56cc Boxer Twin piston engine, (3 kW) hp (4 b kW) each

Performance

= Maximum speed: 81 mph (130 kin/h)
= Endurance: ca. 0 hours 40 min

0,500 f (3,200 )

= Micro air vehicle
= Class | UAY

References

General characteristics

Specifications (approximate)

 Braybrook, Roy (June 2008)."United States Fly High &7, Armada Intemational. Retrieved 2008-07-31
AnJane's Helicopter Matkets and Systems . Jane's Information Group..July 21, 2008. Retrieved 2008-07-31

»agner, Breanne (March 2008). "Demand an the Rise for Small Hovering Drones &7, National Defense. Retrieved 2008-07-31

 Eshel, David (May 15, 2008). "Mini-UAVs rack up big gains". Defense Technology Infemational.
A Trimble, Stephen (January 25, 2008). "US Navy unveils surprise order for dusted-fan UAVS & Flight Intemational. Retrieved 2008-07-31

A"UK Orders T-Hawk ks 7. Aviation week

External links

= Honeywell Aerospace page on Unmanned Aetial Systerms &

MAY systerms will each consist of two air vehicles and one ground station. In January 2009, the United Kingdorm was reported to have ordered five
complete T-Hawk systems for delivery by 2010.15)

[edit]

The gasoline engine powered RQ-16 is reported to weigh 8.4 kilograms (20 Ib), have an endurance of around 40 minutes, 10 500-foot (3,200 m) and an
operating radius of about 6 nautical miles (11 k). Forward speeds up to 70 knots (130 k) have been achieved, but the G-MAY is operationally

restricted to 50 knots (33 k/h) by software. VTOL operation is subject to a maximur wind speed of 15 knots (28 krnfh). Sensors include one forward
and one downward looking daylight or IR cameras

[edit]

[edit]

[edit]

[edit]

Wiimedtia Commans hes media
reltecito: RQ-16 T-Hawk.
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Vigilante


http://fas.org/irp/program/collect/vigilante.htm
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Baldwin MonoTiltRotor


http://www.baldwintechnology.com/

http://en.wikipedia.org/wiki/Mono_tiltrotor 
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_1322493759.xls
Morphological Box

		Passenger Cabin		Passenger Retreival Component		Manipulation Component		Penetration Component		Airframe (landing gear)		Horizontal Propulsion Component		Vertical Lift Component

		Internal Seats		Telescoping Arm		Magnet		Laser		Skids		Air Propulsion		Rocket

		Internal Stretcher		Hanging Basket		Claw		Explosives		Wheels		Use Vertical Lift Component		Protected Fans

		Internal Open Area		Door (requires system to be very close to passenger)				Ramming Head		Flotation Devices		Use Stabilization Arms (to push off)		Ducted Fans

		External Seats		Retractable Planks				Use weapon system		Posts with Springs		Use Grappling Hooks (to pull)		Gas (lighter than air)

		External Stretcher (sidecar)		Jointed Arm				Circular Saw				Grid of Cables (above skyline)		Heated Air

		External Stretcher (hanging basket)		Zip Line (shot in direction of passenger)								Compressed Gas		Hypergolic Fuel

				Parachute (shot in direction of passenger)										Grappling Hooks

														Stilts

														Nuclear Propulsion

														Grid of Cables (above skyline)

														Magnetic Tracks (affixed to buildings)

														Compressed Gas

														Spring-actuated Lift (like a pogo stick)





Feasibility of Combinations

		An "X" in a cell indicates that the intersection of the corresponding row and column components is infeasible.				Passenger Cabin												Passenger Retreival Component														Manipulation Component				Penetration Component										Airframe (landing gear)								Horizontal Propulsion Component												Vertical Lift Component

						Internal Seats		Internal Stretcher		Internal Open Area		External Seats		External Stretcher (sidecar)		External Stretcher (hanging basket)		Telescoping Arm		Hanging Basket		Door (requires system to be very close to passenger)		Retractable Planks		Jointed Arms		Zip Line (shot in direction of passenger)		Parachute (shot in direction of passenger)		Magnet		Claw		Laser		Explosives		Ramming Head		Use weapon system		Circular Saw		Skids		Wheels		Flotation Devices		Posts with Springs		Air Propulsion		Use Vertical Lift Component		Use Stabilization Arms (to push off)		Use Grappling Hooks (to pull)		Grid of Cables (above skyline)		Compressed Gas		Rocket		Protected Fans		Ducted Fans		Gas (lighter than air)		Heated Air		Hypergolic Fuel		Grappling Hooks		Stilts		Nuclear Propulsion		Grid of Cables (above skyline)		Magnetic Tracks (affixed to buildings)		Compressed Gas		Spring-actuated Lift (like a pogo stick)

		Passenger Cabin		Internal Seats

				Internal Stretcher		X

				Internal Open Area		X		X

				External Seats		X		X		X

				External Stretcher (sidecar)		X		X		X		X

				External Stretcher (hanging basket)		X		X		X		X		X

		Passenger Retreival Component		Telescoping Arm								X				X

				Hanging Basket														X

				Door (requires system to be very close to passenger)								X				X		X		X

				Retractable Planks														X		X		X

				Jointed Arms								X				X		X		X		X		X

				Zip Line (shot in direction of passenger)														X		X		X		X		X

				Parachute (shot in direction of passenger)														X		X		X		X		X		X

		Manipulation Component		Magnet								X				X				X

				Claw								X				X				X												X

		Penetration Component		Laser

				Explosives								X				X				X																X

				Ramming Head								X				X		X		X																X		X

				Use weapon system																																X		X		X

				Circular Saw								X				X				X																X		X		X		X

		Airframe (landing gear)		Skids

				Wheels																																										X

				Flotation Devices																																										X		X

				Posts with Springs																																										X		X		X

		Horizontal Propulsion Component		Air Propulsion

				Use Vertical Lift Component																																																		X

				Use Stabilization Arms (to push off)																																																		X		X

				Use Grappling Hooks (to pull)								X				X				X																																		X		X		X

				Grid of Cables (above skyline)																																																		X		X		X		X

				Compressed Gas																																																		X		X		X		X		X

		Vertical Lift Component		Rocket								X				X				X																																										X

				Protected Fans																																																										X				X

				Ducted Fans																																																										X				X		X

				Gas (lighter than air)																																																										X				X		X		X

				Heated Air																																																										X				X		X		X		X

				Hypergolic Fuel																																		X																								X				X		X		X		X		X

				Grappling Hooks								X				X				X																																										X				X		X		X		X		X		X

				Stilts																																																		X		X				X		X		X		X		X		X		X		X		X		X

				Nuclear Propulsion																																		X																								X				X		X		X		X		X		X		X		X

				Grid of Cables (above skyline)																																																		X				X		X				X		X		X		X		X		X		X		X		X		X

				Magnetic Tracks (affixed to buildings)																												X																						X				X		X		X		X		X		X		X		X		X		X		X		X		X		X

				Compressed Gas																																																										X				X		X		X		X		X		X		X		X		X		X		X

				Spring-actuated Lift (like a pogo stick)																																																		X		X						X		X		X		X		X		X		X		X		X		X		X		X		X		X





Promising Combinations

		Design Combination		Passenger Cabin		Passenger Retreival Component		Manipulation Component		Penetration Component		Airframe (landing gear)		Horizontal Propulsion Component		Vertical Lift Component

		1		Internal Open Area		Jointed Arm		Claw		Laser		Skids		Compressed Gas		Gas (lighter than air)

		2		Internal Stretcher		Zip Line (shot in direction of passenger)		Magnet		Circular Saw		Skids		Use Vertical Lift Component		Protected Fans

		3		External Stretcher		Hanging Basket		Magnet		Laser		Skids		Grid of Cables (above skyline)		Grid of Cables (above skyline)





Cost Benefit Analysis

		Feasibility:		Weigh the Cost vs Benefits of the technology

		Cost		Description		Value		notes & references

				Material Cost (just expensive to build)

				Technology Readiness Level gap (cost of research & development)				TRL Range is 1 to 9 per DAU Definitions: https://acc.dau.mil/GetAttachment.aspx?id=23170&pname=file&aid=2350&lang=en-US

		Benefit

				Fills Critical Technology Gap

				Significant Usability Increase

		Investment 
Probability 
Analysis:

		H0		Decide to Invest

		H1		Decide to not Invest

		P0		Prior Probability of Previous ability to make good investment decisions		0.7		A priori probabilities given by Sikorsky company historical records.  
1 - Probability Detection = Prob of Miss     so 1-.3 = .7

				Prior Probability density using TRL		P0[TRL5]=.15 
P0[TRL7]=.5 
P0[TRL8]=.35		P[calcuated TRL of possible technology investement] = probability resulted in good investment decision       
Sum of all probabilities = probability density = 1

		P1		Prior Probablility of making not so good investment decisions		0.3

				Prior Probability density using TRL		P1[TRL2]=.3
P1[TRL3]=.6
P1[TRL6]=.1

		Cij		Cost of making an investment decision to declare i given observation j				Confusion/Truth Matrix: http://en.wikipedia.org/wiki/Confusion_matrix 
http://en.wikipedia.org/wiki/Type_I_and_type_II_errors
http://www.unc.edu/courses/2006spring/ecol/145/001/docs/lectures/lecture37.htm
http://www.ece.iastate.edu/~namrata/EE527/l5.pdf

				C01 - cost of missing out (didn't invest) on a good successful technology (missed opportunity Flase Negative- Type II error - very bad)		0.2		1,  .5,   .5,   .2

				C10 - cost of choosing to invest in a flop (False Alarm/Positive - Type I error - bad)		0.2		1,  .5,   .5,   .2

				C00 - cost of choosing to invest in a successful technology (cost to win)		0.6		0,   1,   0.4,  .6

				C11 - cost of choosing not to invest in a flop (cost to not lose)		0.1		0,   1,   0.6,   .1

				True Positive Rate - sensitivity (C11 / C11+C01)		0.6666666667		1, .33, .45,   .66

				False Negative Rate (C01 / C11+C01)		0.3333333333		0, .66,  .54,  .33

				Probabilities sum: TPR + FNR = 1            Sum should be 1		1

				True Negative Rate, specificity (C00 / C00+C10)		0.75		0, .66, .44,   .75

				False Positive Rate (C10 / C00+C10)		0.25		1, .33, .55,   .25

				Probabilities sum: TNR + FPR = 1            Sum should be 1		1





Probability Density Graphs

		Decision Outcome		Observed TRL Prior to Outcome		Prior Probability of Likihood

		Good		5		0.15

		Good		7		0.5

		Good		8		0.35

		Sum of Good Prob Distribution				1

		Bad		2		0.3

		Bad		3		0.6

		Bad		6		0.1

		Sum of Bad Prob Distribution				1





Probability Density Graphs
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driskellb:
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