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loading and departure of individual vehicles might be accomplished in as little as 30 seconds because the payloads are 
so small. Thus a 20-spot vertiport on a downtown rooftop could theoretically handle up to 2,400 operations per hour. 
Passenger accommodations getting to and from the rooftop sites presents an obvious challenge but is beyond the scope 
of this paper, which focuses on airborne trajectory management. 

All UAS are assumed to be equipped with Automatic Dependent Surveillance - Broadcast OUT (ADS-B OUT) 
capability, as will be required anyway within the 30 mile veil area after January 1, 2020, and with ADS-B IN that is 
used in the vehicles' Trajectory Management System (TMS). The TMS is onboard avionics that encompass the 
services/functions of flight planning, navigation, separation, and flight control. The navigation source for the TMS is 
augmented Global Navigation Satellite System (GNSS) and, for the land and launch operations, electro-optical visual 
surveillance sensing of the spot and its environs, including people and other objects that may inadvertently be in the 
way. Communications are digital, including initiation and termination of a flight by the operator, and autonomous 
from the vehicle to the operator as required to report abnormal and emergency situations. Communication among UAS 
is normally performed passively via ADS-B IN and OUT. The assumed UAS traffic is split 80/20 between small 
package delivery and human carrying flights. The maximum airborne UAS traffic count in the DFW UAM area is 
assumed to be 100,000. As UTM research to date has not ventured into the management of UAS traffic at this density, 
this paper explores the feasibility of using the ABTM concept as a means for achieving safety and efficiency in this 
TCL 4 environment, thus extending the UTM research and development activity to date. 

III.  ABTM Traffic Management Principles for Achieving UAM 
This section discusses the principles of traffic management employed in the ABTM concept that are proposed to 

solve the problem of maintaining safety in the presence of the assumed UAM traffic density. The principles are: 
�x Plan each flight independently on the most efficient route, avoiding obstacles and protected airspace 
�x Dynamically geo-fence airport runways and other protected operations 
�x Ensure separation and collision avoidance among proximate vehicles, using:  

o Small separation values and self-separation  
o Strategic, flexible navigation plans and tactical separation 
o Horizontal, vertical, and speed (including stop) conflict resolution modes 
o Interval management close to common destinations 
o Counterclockwise de-compression of many converging aircraft 
o Implicit coordination for separation; explicit coordination for collision avoidance 

�x Apply comprehensive traffic operating rules 
�x Ensure spot availability before landing or initiating launch operations 

Each of these principles is discussed separately below. 

A. Flight Planning 
The operator's only role in flight planning involves the routing and dispatching of the vehicle. Cargo operators will 

transmit the destination from their dispatch center to the vehicle when loading is complete. Passenger carrying vehicle 
flights will be initiated by the operator, but the destination will come from the customer at the time of flight request. 
Destinations will be vertiports and eventually street addresses. Any address in the local UAM database will be an 
accepted destination if it is within range of the vehicle with reserves (to get to a re-charge point) and has been approved 
with a "launch spot" designation. Launch spots will be marked with a distinctive painted symbol, recognizable by the 
UAS vision system, and may also have electronic identification for authentication, similar to a toll pass sticker on a 
windshield.  

The automated flight planner in the vehicle then performs a best wind route and altitude search from present 
position to the selected destination. Altitudes used in flight are sensed by augmented Global Positioning System (GPS) 
rather than barometric altimeters, and referenced to mean sea level. In that narrow vertical band from the surface to 
400 feet above the surface, the altitude used in flight will be a smoothed height above ground level (AGL), calculated 
from the navigation data base, and will rarely be level because the height of the ground itself varies considerably over 
short distances in most locations. 

Most of the range of altitudes from 100 to 400 feet above the local surface is within the surface boundary layer of 
wind. This means that wind direction and velocity can vary considerably over this short vertical distance. When the 
best wind trajectory is found, it is compared to the real-time protected airspace database and modified to prevent 
incursion into any static protected areas. Protected airspace includes both static (all the time) and dynamic areas 
containing higher priority operations, such as active final approach and initial departure paths from airports with 
manned flights in the region up to 400 feet AGL, as well as other designated sensitive locations, protected for security 
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reasons, such as active police or fire fighting operations. The protected areas are geo-fenced for avoidance by the 
UAM flights.  

The planned trajectory is also checked against terrain heights and obstacles in the terrain and obstacle database. A 
new, detailed database for the DFW 30 mile veil will be created for the purpose of UAM and will contain building 
heights, towers, wires, lone trees, and construction cranes, composed of the height of the highest obstacle in each cell 
of a 10 meter grid. It will be much more comprehensive than the detailed surveys conducted for airport instrument 
approach procedures in order to permit flights to and from any address in the region. Maintaining a safe height above 
the ground and obstacles when the choice of altitudes is only 300 feet deep is not trivial, especially if not equipped 
with radar altimeters, as these vehicles are not expected to be. The process is very database dependent and should be 
visualized as draping a very large blanket over the whole region in which the trees, towers and buildings are visible 
as points holding up the blanket at their locations and the blanket slopes away from the peaks and smoothes the surface 
in between. After a 100 foot vertical launch, the vertical component of the trajectory stays between 100 and 400 feet 
above the blanket at a height where the wind is most advantageous. Uncharted obstacles, such as a crane that was 
erected without following the approved process, or large birds that do not care, must be avoided tactically using the 
short range radar and visual systems on the drones. This is an important consideration, as the buzzards that number in 
the thousands in the DFW UAM area could damage both the lift fans in a two-fan corner vertical stack if they were 
hit, resulting in loss of control of the vehicle. 

Weather planning for UAM is quite different from that performed for conventional manned aircraft. The whole 
region of interest is only 60 miles across and only contains altitudes from the surface to 400 feet. As these vehicles 
are autonomous, ceiling and visibility are not an issue. A Category III visibility of 300 feet is sufficient for the electro-
optical and radar sensors to ensure the landing spot is clear of hazards and to "see and avoid" any unmapped obstacles 
in the path. Wind, hail, and freezing precipitation are hazards to be concerned with, however, and automated micro-
prognoses for the area in question will become an important science/art. For the 20-30 minutes into the future that for 
most of these flights is near the battery limit, forecasts for these small areas can be quite precise by location and 
accurate in expressed meteorological parameters. It is expected that automated weather sensors, such as those in place 
at most regular airports today, will be optimized for the UAM needs and placed at very many additional locations 
around each metro area having UAM operations. As forecasting algorithms will be created to project the values for 
wind and precipitation in 10-minute increments out to 30 minutes ahead using data from the automated reports at each 
location, the whole ABTM planning process, including navigation, obstacle, protected area, and weather avoidance, 
can be automated within the vehicle. When a path thus de-conflicted from reserved airspace, obstacles, and the weather 
checks OK for the flight, a "ready" light illuminates by the operator and the flight may be launched with a single 
button push. 

Just like automobile surface traffic, the trajectory plan only exists for the operator and the vehicle. There is no 
centralized control or oversight except for the promulgated rules of operation listed in an extension (and exceptions) 
to FAR Part 91. Not all flights are point to point, of course, as surveillance missions in all forms and even sightseeing 
will be popular uses of UAS, departing from and returning to the same point. As these autonomous vehicles are 
programmed to operate in compliance with the rules, the safety issues on the roads caused by human drivers not 
following the rules will not exist. If unforecasted weather conditions are encountered, beyond the prescribed operating 
limitations for the vehicle, it will return to the origination point if the path there is safe, or terminate at the nearest safe 
launch spot and advise the operator. 

B. Dynamic Geo-fencing 
All the runways at the 69 airports in the area have 

manned flights taking off or landing in the airspace 
below 400 feet. Some, such as DFW, are in nearly 
continuous use and many others have far less use. 
During takeoff and climb up to 400 feet AGL and for 
the last 400 feet of descent to landing, these manned 
flights will "own" that airspace defined by geo-fenced 
corridors into which the drones cannot operate, as 
shown in Figure 3. Most of this fencing is dynamic 
in nature, making the airspace available when not 
otherwise in use. Since these areas may be occupied 
by a drone at the time of their activation, they are 
narrow enough that they can be vacated within 30 
seconds of activation. Helicopters also use the low 

Figure 3 Dynamic geo-fenced approach and departure areas 
segregate UAM operations from ATC-controlled flights at 

airports. 
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altitude airspace but their numbers are small enough that they may be detected through the normal surveillance means 
and given right of way by all UAS, according to the AFR rules. 

C. Separation and Collision Safety 
1. General 

The vehicle automation provides self-separation and collision safety from other flights using onboard surveillance 
and algorithms for conflict detection and resolution (CD&R). Even though the Class B airspace goes to the surface in 
the inner circle, there is no centralized air traffic control exercised in the region below 400 feet AGL and outside the 
protected areas. The cargo and passenger vehicles providing UAM in the manner described in the scope of this paper 
will operate almost exclusively within this airspace. No piloted aircraft except helicopters will operate within this 
airspace because they would be below the regulatory minimum altitude for flight over populated areas. In such 
airspace, piloted aircraft are only allowed to operate that low when landing or taking off. That is why protected areas 
would be defined off the ends of runways for about 1-1/2 miles to accommodate these operations. Some of the eVTOL 
aircraft under development are intended for operation to and from regular airports within the metropolitan area and 
for flights well beyond the 30 mile veil examined in this paper. When such a UAS arrives at or departs a regular airport 
within the fenced area, an ATC clearance must be obtained just as for the manned flights operating in that airspace. 

The in-scope UAM flights described here are also "independent” flights. An independent flight, in this sense, 
means not only that responsibility for separation and all other safety rests within the vehicle, but also that the vehicle 
is not in a cooperative mission with another vehicle. Cooperative UAS missions are many and varied but relatively 
rare in the UAM environment. Such missions have been shown to be capable, for example by Intel at the 2018 Winter 
Olympics where over 1200 vehicles performed together, of dynamically establishing and maintaining very small but 
precise relative positions with respect to each other, and absolute positions with respect to their surroundings. Intel 
did this not with vehicle to vehicle communication, but with all vehicles being commanded from a single computer to 
take up their appropriate place in an earth-fixed reference frame for that "pixel" in the drone light show display. 

An independent UAM flight uses its strategic navigation mode throughout, probing and updating the most efficient 
wind trajectory to the destination, perturbing that path only as necessary for conflict resolution, abnormal, or 
emergency procedures. The surveillance used in the vehicles is primarily ADS-B IN, with the capability of increasing 
its "heartbeat" rate to 120Hz when in conflict with another vehicle, or when performing interval management relative 
to another vehicle for arrival at the destination point. The surveillance will also include electro-optical "vision" and 
short range radar sensing (like on self-driving cars) on some vehicles for obstacle avoidance and close-in navigation 
at the launch point. This combined surveillance system can provide sub-meter accuracy when at close range.   

 
2. Separation Concept 

The ABTM concept of separation for UAM is quite different from that used in conventional ATC. In ABTM for 
UAM, the entire control loop (i.e., sensing, algorithmic processing, and resolution maneuvering) is automatic. There 
is no human reaction or cognitive time in that loop, and the process is entirely deterministic. As the process is 
completely performed by software in the vehicle with the output directly controlling the trajectory flown, the nominal 
values of distance and time between vehicles common to a radar-based, human-centered ATC system are no longer 
relevant. What is commonly referred to as "minimum legal separation" is replaced in this concept by "design 
separation," the value of which is variable rather than fixed. The longest time from detecting a conflict to the closest 
point of approach that must be accommodated to ensure separation in this concept is defined as 10 seconds, so the 
process should be thought of as tactical separation. All degrees of freedom are used in the separation and collision 
avoidance maneuvers: lateral, vertical, and speed, including stop, with the design acceleration values low enough not 
to alarm the passengers. 

The assumed density of UAM vehicles in the area demands that they can be safely operated very close to each 
other. The high accuracy and low latency of the integrated surveillance systems proposed in this concept would support 
a minimum value of 50 feet design separation, both lateral and vertical, between the extremities of the vehicles at low 
relative velocities or when performing interval management. Since barometric altimetry cannot support a 50-foot 
vertical separation, Space Based Augmented GPS (SBAS) is used for height as well as lateral position determination. 
The minimum separation distance is supported by a Required Surveillance Performance (RSP) standard, similar to 
Required Navigation Performance (RNP) used on certain Area Navigation (RNAV) routes. While the 50-foot 
minimum design separation is recognized as a stretch goal, experience gained at a larger value could validate whether 
this goal can be achieved. It should be noted that autonomous automobiles can beat this goal today, at comparable 
speeds. 

 


