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CONCEPT OF OPERATIONS
FOR 

IN-CANYON URBAN VTOL (VERTICAL TAKE-OFF AND LANDING) AIR VEHICLE

1 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 rescue, surveillance, and reconnaissance 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.

2 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.

3 Project Objective

The objective of this project is to analyze the role of vertical take off and landing (VTOL) aviation for future military missions in urban environments.  To meet this objective, the team will evaluate 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 will focus on the role of those assets in future urban missions, and seek to identify technology gaps.  With a goal of influencing the design of future urban warfare VTOL platforms, the team will develop mission and/or system requirements and conduct trade-off analysis. 

4 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.
· 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.

· Focus on VTOL vehicles.  Fixed wing, linear flight vehicles will not be the optimal vehicles for within the urban canyon.

· 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 needs analyzed for future technology to progress.
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Figure 1: Operational Phases - depicts the phases of urban operations in which the sub-missions overlap.  This project will focus on outside the building operations.
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Figure 2:  Operational Hierarchy for Urban Operations - displays the operational hierarchy for urban operations.  Another subset of the “Inside the Canyon” category of operations could be “inside buildings” and “outside buildings”.  This project will only interface with building’s exterior, but will not plan to fly into buildings and conduct operations within buildings.
5 Mission Areas
Along with scoping the project to military missions, five mission areas can be defined for the in-the-urban canyon VTOL air vehicle.

· Search and Rescue (SAR)
· Attack and Target Designation

· Troop Transport
· Reconnaissance

· Logistical Resupply

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.  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 project will be limited to a single mission area, SAR.

6 Search and Rescue Scenario Threads
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 following sub-sections describe these scenario threads in detail.
6.1 Be On the Look-Out (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.
6.1.1 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.
6.1.2 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.
6.1.3 Searching  (Use Case)

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

6.2 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.
6.2.1 Tsunami  (Use Case)
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.
6.3 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.
6.3.1 Hurricane  (Use Case)
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.
6.4 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.
6.5 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).
6.6 Contested Military Evacuation
6.6.1 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, 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).
6.6.2 Contested Casualty Evacuation (Use Case)

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

Actors: 

· U-VTOL

· U-VTOL operator

· U-VTOL crew (1 person)

· Injured friendly combatants (2 persons)

· Un-injured friendly combatants

· Hostile combatants

Normal Flow of Events:

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

2. The U-VTOL operator responds WILCO.

3. The U-VTOL operator launches.

4. The U-VTOL maneuvers to given coordinates.

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

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

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

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

9. The U-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 U-VTOL retreats with injured friendly combatants.

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

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

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

14. The U-VTOL lands at base.

Alternate Flow of Events:

Hostile Combatants engage U-VTOL with small fires

8a. The U-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 U-VTOL armor system absorbs/deflects the effects of the small fires.

11a. The U-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 U-VTOL gains physical access to the building floor (e.g., breaks window(s), creates hole in building).

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

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

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

12b. The U-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 U-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 U-VTOL sustains critical damage.

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

12c. End Use Case.

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

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

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

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

6.7 Hostage / Bank Robbery
6.7.1 Hostage / Bank Robbery (Description)
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.

6.7.2 Bank Robbery with Hostages (Use Case)

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

6.8 Foreign Embassy Evacuation
6.8.1 Foreign Embassy Evacuation (Description)

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.

6.8.2 Foreign Embassy Evacuation (Use Case)

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.

6.9 Building/Bridge Collapse
6.9.1 Bridge/Building Collapse (Description)

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.
6.9.2 Bridge/Building Collapse (Use Case)

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.
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