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1
AIR SPACE MAPS

FIELD

The following disclosure relates to air space maps for
unmanned aerial vehicles or drones.

BACKGROUND

An unmanned aerial vehicle (UAV) or unpiloted vehicle
may be referred to as a drone. The term may be inspired by
the male honeybee by the same name that often travels in
numbers and is agile in flight. In some instances, the larger
fixed wing vehicles common in military applications may be
referred to as unmanned aerial vehicles and the smaller
commercial or private use vehicles, which may operate
autonomously or be remotely controlled by a nearby user
may be referred to as drones.

The copter class of UAVs or drones may include any
number of spinning blades that create lift by forcing air
downward or in other directions. Initial uses of UAVs
included surveillance and aerial photography. Recent efforts
have expanded into many other fields including surveying,
package delivery, robot waiters, and other applications.
Many UAVs are remotely controlled by human operators.
Challenges remain in automatic routing of UAVs.

SUMMARY

In one embodiment, at least one three-dimensional geom-
etry is identified from a building model. A processor calcu-
lates a buffer space from the at least one three-dimensional
geometry and defines coordinates for a drone air space based
on the buffer space. At least one path segment corresponding
to the coordinates for the drone air space is identified and
storing the coordinates for drone air space are stored in
association with the at least one path segment in a map
database.

In one embodiment, an embodiment includes detecting a
position of a drone vehicle, sending a routing request for the
drone vehicle and the position of the drone vehicle, and
receiving a navigation command based on the routing
request, wherein the navigation command is based on a
drone air space defined by at least one three-dimensional
geometry from a building model and a buffer space gener-
ated from the building model.

In one embodiment, an apparatus is configured to perform
identifying at least one three-dimensional geometry from a
building model; calculating a buffer space from the at least
one three-dimensional geometry; defining coordinates for a
drone air space based on the buffer space; and storing the
coordinates for drone air space.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention are
described herein with reference to the following drawings.

FIG. 1 illustrates an example system for defining a drone
navigable space.

FIG. 2 illustrates an example top down view of a building
model including drone buffers.

FIG. 3 illustrates an example perspective view of the
building model including drone buffers.

FIG. 4 illustrates an example cross section of a drone
navigable space.

FIG. 5 illustrates another example cross section of a drone
navigable space.
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FIG. 6 illustrates another example cross section of a drone
navigable space.

FIG. 7 illustrates an example drone navigable space tied
to one or more path segments.

FIG. 8 illustrates an example of point cloud data (for
example, data from LiDAR or photogrammetry) defining an
obstacle to be avoided by the drone.

FIG. 9 illustrates an example mobile device of the system
for defining the drone navigable space.

FIG. 10 illustrates an example flowchart for the mobile
device of FIG. 9.

FIG. 11 illustrates an example sever in the system for
defining the drone navigable space.

FIG. 12 illustrates an example flowchart for the server of
FIG. 11.

DETAILED DESCRIPTION

A geographic database or map database may include path
links or segments that correspond to pathways on the ground
or elevated from the ground (e.g., ramps or bridges). The
pathways may be pedestrian walkways, highways, streets, or
other roads. The path segments may also include drone-
specific path segments that do not follow a ground path. The
following embodiments describe incorporation of the geo-
graphic database with navigable drone space definitions.
The navigable drone space is a three-dimensional area that
UAVs or drones are permitted to fly. The navigable drone
space may be the negative or inverted space of the three-
dimensional objects stored in the geographic database. In
other words, a building model or object model that defines
the three dimensional locations and spatial makeup of build-
ings and/or other objects may be inverted such that the
spaces outside of the model are defined as the navigable
drone space. The navigable drone space may be further
limited by a buffer space between the buildings or objects
and the navigable drone space.

FIG. 1 illustrates an example system for defining a drone
navigable space. The system 120 includes a developer
system 121, one or more mobile devices 122 (navigation
devices), a workstation 128, and a network 127. The mobile
devices 122 may be carried by vehicles, users or pedestrians,
or the mobile device 122 may be integrated in drones.
Additional, different, or fewer components may be provided.
For example, many mobile devices 122 and/or workstations
128 connect with the network 127. The developer system
121 includes a server 125 and one or more databases. The
term database and map database refers to a set of data or map
data stored in a storage medium and may not necessarily
reflect specific any requirements as to the relational organi-
zation of the data or the map data. The database 123 may be
a geographic database including road segments, building
models and/or externally supplied airspace restrictions.

The map data may include a network of path segments.
The path segments may represent pedestrian pathways,
roads or other streets. The path segments may be defined by
a starting point and an ending point, each defined by two
coordinates (e.g., latitude and longitude) or three coordi-
nates (e.g., latitude, longitude, and altitude). Curved paths
may be represented by a sequence of shorter path segments
or by 2D or 3D splines. The splines may be defined by
polynomial functions and may be piecewise. The path
segments may connect at nodes, which represent intersec-
tions.

FIG. 2 illustrates a building model 10. The building model
10 may be a three-dimensional building model or a two-
dimensional building model. The two-dimensional building
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model may include building footprints defined by three or
more geographic coordinates. The three-dimensional build-
ing model may include three-dimensional geometric shapes
or geometries defined by three or more three-dimensional
coordinates in space.

The building model may be measured using a range
finding device (e.g., a light detection and ranging (LIDAR)
sensor) mounted on a stationary tripod, a ground vehicle or
an aerial vehicle. As the vehicle travels along pathways
corresponding to path segments in the map data, the range
finding device collects distance data, which may be spatially
arranged as a point cloud. The point cloud may be analyzed
to identify the buildings or objects in the model. In one
alternative, the building model may be created through
measuring the locations of buildings manually. The building
model may be overlaid on the map data and stored in a map
database. Buildings or other objects adjacent to path seg-
ments may be indexed according to those path segments.

In addition or in the alternative to link-node or segment-
node maps, the map data may include a three-dimensional
surface representation of a road network. The three-dimen-
sional surface representation may include the dimensions of
each lane of the road and may be represented in computer
graphics. Another example for the map data includes a high
density (HD) or high resolution map that provides lane-level
detail for automated driving. The HD Map enables vehicles
to be precisely positioned on the road within an accuracy of
10 to 20 centimeters. In addition to the link-node applica-
tion, any of the examples herein may be applied to three-
dimensional surface representations, HD maps, or other
types of map data.

The server 125 may calculate a drone navigable space
based on the building model. The server 125 may identify at
least one of the three-dimensional geometries from a build-
ing model stored in database 123. The three-dimensional
geometries may correspond to buildings 11, trees or other
vegetation 12, or smaller objects 13 such as road signs, stop
lights, barricades, street lights, billboards, patios, antennas,
or the like. FIG. 3 illustrates an example perspective view of
the building model including drone buffers.

The server 125 may calculate a buffer space from the
building model. The buffer space may be a three-dimen-
sional extension of the building model. In one example, the
buffer space is defined by a predetermined buffer distance
around objects and buildings in the building model or the
point cloud. Example distances for a width of the buffer
space may include one foot, one meter, ten feet, ten meters,
or another distance. In another example, the buffer space
may be variable. The buffer space may depend on the type
of'object in the building model (e.g., a high buffer space may
be applied to buildings and a small buffer space may be
applied to trees and other objects). The buffer space may
depend on the geographic area, the type of pathway, or
another characteristic of the local area of the buffer space,
which are described in additional embodiments herein.

The server 125 may define coordinates for a drone air
space based on the buffer space. The drone air space may be
the space remaining in the world or a local geographic space
after removing the building model and the buffer space. In
other words, the drone air space may be the inverse of a
combination of the building model and the buffer space. The
drone air space may be a negative of a combination of the
building model and the buffer space. For example, for each
single point having a latitude, longitude, and a height, the
single point may be either part of the drone air space or part
of the combination of the building model and the buffer
space.
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The coordinates describe the geographic bounds of the
drone air space. For example, the server 125 may identify at
least one path segment based on the coordinates for the
drone air space. The server 125 may associate portions of the
drone air space with the closest path segments. In some
examples, the drone air space is also stored according to path
segments. For example, each road segment includes one or
more attributes that define the height and width of the drone
air space at locations along the path segments. The server
125 may store the coordinates for drone air space in asso-
ciation with the at least one path segment in the database
123.

The server 125 or the mobile device 122 may generate
flight commands to navigate a drone with the drone air
space. The commands may include directional commands in
six degrees of freedom (e.g., clockwise or counterclockwise
in yaw, pitch and/or roll). The directional commands may be
created based on the geographic bounds of the drone air
space. The server 125 or the mobile device 122 controls the
drone within the drone air space. In other words, the
directional commands control the drone to fly around the
buffer space.

In one example, the server 125 or the mobile device 122
routes the drone through the drone air space, and outside of
the buffer space, based on the dimensions of the drone air
space. In another example, the routes are calculated based on
path segments associated with portions of the drone air
space and the height or width of the flight path is determined
based on the drone air space. Example routing techniques
include the A* algorithm and the Dykstra algorithm. In other
words, the server 125 may calculate a route based on the
path network in the map data of the database 123, and the
flight of the drones along that route may follow the path
network but be limited by the drone air space in the
horizontal and vertical direction along the route within the
path network.

In another example, the drone may be controlled by radio
or other wireless signals received by the mobile device 122.
The path of the drone is limited by the drone air space that
is pre-loaded in the mobile device 122 or transmitted to the
mobile device 122. For example, a user may control the
drone with a remote control. However, the path of the drone
is limited based on the dimensions of the drone air space.
The server 125 or the mobile device 122 may monitor the
flight of the drone an issue a warning if the drone attempts
to enter the buffer space or comes within a predetermined
distance to the buffer space.

FIG. 4 illustrates an example cross section of a drone
navigable space 20. The drone navigable space 20 may be
defined according to a building model 23, a buffer space 21,
a flight space 25, and a path space 27. In other words, the
buffer space 21, the flight space 25, and the path space 27
may define the boundaries of the drone navigable space 20.
Additional, different or fewer spaces may be provided.

The flight space 25 may be the air space designated for
aircraft. For example, the Federal Aeronautical Administra-
tion (FAA) may define various classes of air space (e.g.,
classes A through E). Each class may define various rules or
regulations that are applied to elevation ranges and/or dis-
tances ranges from airports. The summations of the air space
classes may be referred to as a controlled air space, which
is illustrated by flight space 25.

The lowest height or altitude of the flight space 25 defines
a maximum height or altitude limit for the drone navigable
space 20. The maximum height for the drone navigable
space 20 may be measured from the surface of the Earth or
from the mean surface of the Earth. Examples for the
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maximum height based on FAA regulations may be from
700 to 1200 feet from the surface of the Earth. Similar
distances may be measured from the mean seal level, which
is the average level for the surfaces of the Earth’s oceans.
Mean sea level may be calculated as a level surface of an
Earth gravitational potential model such as EGM96. The
model may apply the principle of average sea level to
regions far from the coast. The altitudes may be specified
relative to an ellipsoid model of the Earth, such as the
WGS84 standard used by GPS. Standard conversion
between coordinate systems exist, so even if different regu-
latory bodies (e.g. FAA, local governments) use different
standards, the drone navigable space map can be defined,
stored or published in whichever coordinate system is
desired. Other examples for the maximum height for the
drone navigable space 20 may include 50 feet, 50 meters,
100 feet, 100 meters, or other values. The server 125 may
calculate the location of the flight space 25 and, accordingly,
a size of the drone navigable space 20 based on the flight
space 25.

The maximum height for the drone navigable space may
vary depending on a geographic area. For example, urban
areas with tall buildings may push the maximum height for
the drone navigable space 20 higher, which may also cor-
respond to a higher controlled air space in areas with tall
buildings. Less congested areas may have a lower maximum
height for the drone navigable space 20.

The maximum height for the drone navigable space 20
may vary depending on the time of day. For example, the
controlled airspace may have a higher lower limit at night to
reduce noise from air traffic. Accordingly, the maximum
height for the drone navigable space 20 may be higher than
during the day in order to reduce noise or because there is
more availability because of the higher controlled air space.
The maximum height for the drone navigable space 20 may
vary depending on weather. For example, during wind,
storms, or rain, the maximum height for the drone navigable
space 20 may be reduced to protect the drones from the
weather. The maximum height for the drone navigable space
20 may vary depending on drone traffic. For example, when
drone traffic increases, the drone navigable space 20 may be
expanded, and accordingly, the maximum height for the
drone navigable space 20 may be increased. The server 125
may calculate the maximum height and, accordingly, a size
of the drone navigable space 20 based on one or more of the
time of day, the weather, or drone traffic.

The path space 27 or ground traffic space may be a space
designated for the traveler of the path segment. For example,
depending on the type of path segment, pedestrians,
vehicles, or trains, may travel along the path segment. A
height of the path space 27 may be different from path
segment to path segment as a function of the type of traveler.
Path segments for trains may have a high height for the path
space 27, path segments for motor vehicles may have a
medium height for the path space 27, and path segments for
pedestrians may have a low height for the path space 27. The
server 125 may calculate the location of the path space 27
and, accordingly, a size of the drone navigable space 20
based on the path space 27.

The path space 27 also may have a specified width based
on the type of path segment. In one example, the width of the
path space 27 depends on the number of lanes of the path
segment. More lanes (e.g., lanes of vehicular travel, train
tracks, or pedestrian walkways) correspond to wide path
spaces 27. In another example, the width of the path space
27 may be depend on a functional class of the path segments.
Higher functional classifications may correspond to wider
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6

path spaces 27. Example functional classification systems
are described below. The server 125 may select a current
path segments based on a location of a drone or based on a
systemic construction of the drone navigable space 20. The
server 125 may identify a functional classification for the
path segment from database 123. The server 125 may select
the buffer space according to functional classification.

The buffer space 21, and accordingly, the drone navigable
space 20, may be sized according to one or more variables.
The variables may include geographic region, temporal
characteristic, or the drone itself.

In one embodiment, the buffer space 21 may be a function
of geographic region. The buffer space 21 may be larger in
some areas and smaller in others. For example, urban areas
may have a smaller buffer space, which may be out of
necessity (i.e., less space available), and rural areas may
have a larger buffer space. In other examples, local munici-
palities may designate the dimensions of the buffer space 21.
Thus, server 125 may identify a geographic region based on
a location of a drone or a selected path segment. Then, the
server 125 may identify a local rule for the buffer space 21
that is associated with the geographic region. Finally, the
server 125 may calculate a size for the navigable drone space
20 based on the buffer space 21, which depends on the
geographic region.

In one embodiment, the buffer space 21 may be a function
of'a temporal characteristic such as time of day, day of week,
or day of year. For example, the buffer space 21 may be a
first size at night and a second size during the day. The night
size of the buffer space 21 may be larger in order to reduce
the noise experienced in houses or apartment buildings. The
night size of the buffer space 21 may be smaller because
there are fewer obstacles to avoid at night. In another
example, the buffer space 21 may be a larger size at certain
times of the day (e.g., during rush hour, during feeding times
of birds, or other times). The server 125 is configured to
identify a temporal characteristic (e.g., time, day of week, or
day of year) and select the buffer space 21 according to
temporal characteristic.

In one embodiment, the buffer space 21 may be a function
of the drone itself. For example, the server 125 may receive
a request from one of the mobile device 122 associated with
(e.g., integrated in or carried by) a drone. The request may
include a drone identification value. The drone identification
value may identify a model of the drone, an owner of the
drone, or capabilities of the drone. The server 125 or the
mobile device 122 may define the buffer space 21 for the
drone based on the drone identification value.

In one example, the server 125 or the mobile device 122
includes a lookup table that associated drone models or
identification values with dimensions or speeds that define
an appropriate size of the buffer space 21. In another
example, the server 125 or the mobile device 122 includes
a lookup table that associated drone models or identification
values with an owner and appropriate sized of the buffer
space 21. For example, government drones may have one
buffer space size, authorized package service drones may
have another buffer space size, and personal use drones may
have a third buffer space size.

In another embodiment, the server 125 or the mobile
device 122 includes a lookup table that associated drone
models or identification values with a degree of error based
on the drone’s capabilities. The capabilities of a drone may
be a function of the position circuitry (e.g., a version of
global positioning system firmware or a degree of error of an
inertial measurement unit), a response time of the flight
system of the drone, a steering radius of the flight system of
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the drone, or a characteristic of a communication system
with the drone (e.g., latency of radio communication, or
bandwidth of radio communication). The server 125 or the
mobile device 122 is configured to determine a degree of
error for a drone based on the drone identification value and
select the buffer space 21, and accordingly, the navigable
drone space 20, according to the degree of error for the
drone.

FIG. 5 illustrates another example cross section of a drone
navigable space. The done navigable space may also be
defined by one or more of the buffer space 21, the path space
27, and the controlled air space 25. The drone navigable
space of FIG. 5 may include multiple vertical levels or lanes
20a-d arranged vertically in space. Any number of lanes may
be used (e.g., two, three, or more than four lanes). Each of
the lanes 20a-d may correspond to a different class of
drones. FIG. 6 illustrates another example cross section of
another drone navigable space. The drone navigable space of
FIG. 6 may include multiple horizontal levels or lanes 20a-d
arranged horizontal in space. One or more of the horizontal
levels (e.g., lane 20d4) may also be arranged vertically
compared to one or more of the other horizontal levels. The
following descriptions may be applied to either horizontal
levels, vertical levels, or both.

Each of the lanes 20a-d may correspond to a different
speed of the drones. For example, drones in a first speed
range may be directed to lane 20a, drones in a second speed
range may be directed to lane 205, and so on. Example speed
ranges may include 0-10 miles per hour (mph), 11-20 mph,
and 21-30 mph. Other ranges and units may be used. The
server 125 may select a route for a drone based on a
requested speed.

One or more of the lanes 20a-d may correspond to a
different direction of travel of the drones. For example, north
bound traffic may be directed to lane 20a and south bound
traffic may be directed to lane 2056. Other directions are
possible. In some open spaces, the lanes 20a-d may corre-
spond to three or more directions across the open spaces.
Each of the lanes 20a-d may correspond to a different type
of drone. For example, fixed wing drones may be directed to
lane 204 and copter drones may be directed into lanes 20a-c.
Each of the lanes 20a-d may be shaped according to a
different size for the buffer space 21. For example, lane 204
may be associated with a large buffer space 21 and lane 20a
may be associated with small buffer space 21. Additional
buffer space sizes may be associated with any combination
of lane 20a-d.

Various techniques may be used in arranging or sizing the
vertical levels 20a-d. The server 125 may determine the
sizes of the levels 20a-d or fewer levels based on monitoring
flights of the drones. The sizes may be changed as a function
of traffic in the respective levels 20a-d. The sizes of the
levels 20a-d may be changed according to routes determined
by the server 125. For example, multiple mobile devices 122
associated with drones may send routing request to the
server 125. Thus, the server 125 may designate a level to a
portion of those routes and regulate traffic flows through the
levels 20a-d based on the routing requests. The sizes of the
lanes 20a-d may be changed according to local laws or
regulations. The sizes of the lanes 20a-d may be changed
according to capabilities of the drones or based on types of
the drones.

The server 125 may also assign one or more ramps
between the lanes 20a-d. The ramps are navigable paths
between the lanes 20a-d. The server 125 may route a drone
from lane 20a to lane 205 through a designate ramp. The
ramp may be a three-dimensional path or particular two-
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dimensional geographic area where flight between lanes is
permitted. The server 125 may also define ramps between
any of the lanes 20a-d and a rooftop of a building in the
building model, or between any of the lanes 20a-d and the
ground.

FIG. 7 illustrates an example drone navigable space tied
to one or more path segments 32 and limited by buffer space
31. The navigable space for the drones may extend from
origins and destinations along the path segments 32 (e.g.,
stored in database 123) and be defined based on the drone
navigable space 20 along those path segments. The server
125 may generate drone maps by combining the path
segment network and the drone navigable space. The drone
navigable space may follow a centerline of the path seg-
ments. The buffer space 21 may be defined at a predeter-
mined distance to the center lines of the path segments. The
distance between the center line to the buffer space 21 may
be stored in association with each path segment. The buffer
space 21 may be defined at a predetermined distance to a
node. The distances from the node to the buffer space 21
may be stored in association with each path segment. The
server 125 may determine a volume for the drone navigable
space based on the drone navigable space defined by the
building model created from manual modeling or photo-
grammetry.

The server 125 may calculate routing paths between an
origin and a destination based on the drone navigable space
tied to the path segments. The path segments may include
drone space attributes that specify a width and/or a height for
the drone navigable space. The database 123 may include a
starting point for a path segment, and ending point for the
path segment, and one or more drone space attributes (e.g.,
the width or the height for the drone navigable space). The
server 125 may receive a request for routing for a drone. The
request may be received from the drone (i.e., mobile device
122), from a user operating a workstation 128 or a remote
control. The server 125 may calculate a route through the
drone space based on the at least one road segment.

In addition or in the alternative to the building model, the
drone space may be defined according to boundary line data
or cartographical data. Rather than a network of path seg-
ments and node, the boundary line data describes locations
of objects using two-dimensional or three-dimensional
shapes (e.g., edges, vertices, corners, or other geometric
features). The boundary line data may describe areas that are
outside of the road network such as parks, forests, farms,
private property, bodies of water, or other features. The
buffer space 21 may be used to stop drones from entering
this areas or navigate them through these areas in a specified
manner.

FIG. 8 illustrates an example of point cloud data (for
example, data from LiDAR or photogrammetry) defining an
obstacle to be avoided by the drone. The obstacles may
include trees, street lights, street signs, traffic signals, and
other road furniture or obstacles. Even without an explicit
geometric model of the object, a no-fly buffer can be
enforced around the point on the object. This is a useful
capability because many features are too small to be include
in other data sources (e.g. building models, triangle mesh
data from aerial photogrammetry) and too computationally
intensive to explicitly model from point clouds. But the
objects still need to be included in the airspace map because
they are significant obstacles to the drones.

The server 125 may analyze the point cloud data in order
to identify obstacles. The server 125 may compare clusters
of point data to a threshold to distinguish noise from real
obstacles. The threshold may be based on a predetermined
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number of points, or a predetermined density of points in a
particular three-dimensional space. The server 125 may
define a buffer space based on the identified obstacles
according to any of the examples herein. The server may
combine heights based on regulator ceiling restrictions with
the buffer space based on the obstacles. The volumetric
representation may be embedded in the drone (e.g., stored in
an onboard memory of the drone) for flight control to avoid
obstructions as well as for collision avoidance in terms of
navigable air space.

The mobile device 122 may be a personal navigation
device (“PND”), a portable navigation device smart phone,
a mobile phone, a personal digital assistant (“PDA™), a car,
a tablet computer, a notebook computer, and/or any other
known or later developed connected device or personal
computer. Non-limiting embodiments of navigation devices
may also include relational database service devices, mobile
phone devices, or car navigation devices.

The developer system 121, the workstation 128, and the
mobile device 122 are coupled with the network 127. The
phrase “coupled with” is defined to mean directly connected
to or indirectly connected through one or more intermediate
components. Such intermediate components may include
hardware and/or software-based components.

FIG. 9 illustrates an exemplary mobile device 122 of the
system of FIG. 1. The mobile device 122 includes a pro-
cessor 200, a memory 204, an input device 203, a commu-
nication interface 205, position circuitry 207, a display 211,
and a sensor 202. The sensor 202 may be a camera or
another type of sensor and may be internal or external to the
mobile device 122. Additional, different, or fewer compo-
nents are possible for the mobile device 122. FIG. 10
illustrates an example flowchart for the operation of the
mobile device 122. Additional, different, or fewer acts may
be used.

The mobile device 122 (or navigation device 122) is
configured to execute routing algorithms to determine an
optimum route to travel along a network of navigable path
segments from an origin location to a destination location in
a geographic region. The navigable path segments may
include the drone navigable space above a road network.
The navigable paths may also include drone-specific paths
that do not correspond to roads. The mobile device 122 may
be onboard the drone. The mobile device 122 may be
wireless remote controller that controls the drone. The
mobile device 122 may communicate with the drone using
radio communication (e.g., 900 MHz), the protocols known
as Bluetooth, or the protocols known as the 802.11.

Using input from the end user, the navigation device 122
examines potential routes between the origin location and
the destination location to determine the optimum route. The
navigation device 122 may then provide the end user (e.g.,
drone pilot) with information about the optimum route in the
form of guidance that identifies the maneuvers required to be
taken by the end user to travel from the origin to the
destination location. Some navigation devices 122 transmit
detailed maps to the drone pilot via a wireless control
including a display of an outline of the route, the types of
maneuvers to be taken at various locations along the route,
locations of certain types of features, and so on.

In one example, a three-dimensional or volumetric rep-
resentation of the drone air space may be presented on the
display 211. The processor 200 may generate a computer
animation of the drone air space. In another example, the
drone may include a camera (e.g., sensor 202) that sends a
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camera feed of the drone’s view to the display 211 to
augment the pilots understanding of the flight as well as to
preview flights before flying.

At act 8101, the processor 200 or the position circuitry
207 detects or receives the position of the drone vehicle. The
position may include a longitude value, a latitude value, and
a height or altitude value. The position circuitry 207 may
also determine an orientation of the drone vehicle such as a
heading, roll, pitch, or yaw, which may be measured by
angles in degrees, radians, or another scale.

At act S103, the processor 200 or the communication
interface 205 may send a routing request for the drone
vehicle and the position of the drone vehicle, and at act
S105, the processor 200 or the communication interface 205
receives a navigation command based on the routing
request. In addition or in the alternative to the navigation
command, a warning message may be received by the drone
or the remote control that indicates that is near the buffer
space or in a no fly zone.

The routing request may include a destination. In this
case, the server 125 may process the routing request and
send a directional command to fly the drone in a particular
direction while avoiding the buffer space. In addition, the
server 125 may return a speed command as the navigation
command.

In another example, the routing request may include a
direction command from the drone (e.g., a command to fly
in a particular direction from a remote control). In this case,
the server 125 may return the navigation command that
either overrules or approves the direction command for the
drone. For example, when the drone is attempting to
approach the buffer space, the navigation command may
overrule the drones intended course of action. When the
drone is flying in open drone navigable space, the navigation
command may be omitted or may approve the direction
command from the drone.

The navigation command is based on a drone air space
defined by at least one three-dimensional geometry from a
building model and a buffer space generated from the
building model as described by other examples herein. The
drone air space is defined by at least one path segment
associated with the navigation command and coordinates
from the buffer space. The buffer space is defined based on
a buffer distance from buildings in the building model, and
the buffer space is a function of a geographic region, a
functional classification of the at least one path segment, a
temporal characteristic, or a drone identification value,
according to any of the examples herein.

In addition, to width, height, or other dimensional coor-
dinates of the drone navigable space, the path segment data
records of the database 123 may be associated with attri-
butes of or about the roads such as, for example, geographic
coordinates, street names, address ranges, speed limits, turn
restrictions at intersections, and/or other navigation related
attributes (e.g., one or more of the road segments is part of
a highway or tollway, the location of stop signs and/or
stoplights along the road segments), as well as points of
interest (POIs), such as gasoline stations, hotels, restaurants,
museums, stadiums, offices, automobile dealerships, auto
repair shops, buildings, stores, parks, etc. The node data
records may be associated with attributes (e.g., about the
intersections) such as, for example, geographic coordinates,
street names, address ranges, speed limits, turn restrictions
at intersections, and other navigation related attributes, as
well as POlIs such as, for example, gasoline stations, hotels,
restaurants, museums, stadiums, offices, automobile dealer-
ships, auto repair shops, buildings, stores, parks, etc. The
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geographic data may additionally or alternatively include
other data records such as, for example, POI data records,
topographical data records, cartographic data records, rout-
ing data, and maneuver data. In addition to the surface
road-related attributes, the path segment data records of the
database 123 may be associated with analogous navigation-
related attributes of the drone navigable space, such as drone
speed limits and drone maneuver restrictions as well as
locations of drone POI’s such as charging stations.

The path segment data records may also include an
attribute for functional class, which is accessed by the
mobile device 122 or the server 125 for the examples
disclosed herein. The functional class of the road segment
may be described as a numerical value (e.g., 1, 2, 3, 4, and
5). Functional class 1 may be highways while functional
class 5 may be small streets.

One example of a simple system includes the functional
classification maintained by the United States Federal High-
way administration. The simple system includes arterial
roads, collector roads, and local roads. The functional clas-
sifications of roads balance between accessibility and speed.
An arterial road has low accessibility but is the fastest mode
of travel between two points. Arterial roads are typically
used for long distance travel. Collector roads connect arterial
roads to local roads. Collector roads are more accessible and
slower than arterial roads. Local roads are accessible to
individual homes and business. Local roads are the most
accessible and slowest type of road.

An example of a complex functional classification system
is the urban classification system. Interstates include high
speed and controlled access roads that span long distances.
The arterial roads are divided into principle arteries and
minor arteries according to size. The collector roads are
divided into major collectors and minor collectors according
to size. Another example functional classification system
divides long distance roads by type of road or the entity in
control of the highway. The functional classification system
includes interstate expressways, federal highways, state
highways, local highways, and local access roads. Another
functional classification system uses the highway tag system
in the Open Street Map (OSM) system. The functional
classification includes motorways, trunk roads, primary
roads, secondary roads, tertiary roads, and residential roads.

In addition to the functional classification system for the
terrestrial roads, the database 123 may also assign functional
classification values to the drone path segments. The func-
tional classification values to the drone path segments may
define the size of the buffer space, travel speeds of drones
permitted, travel heights of drones permitted, or the types of
drones permitted along the drone path segments. The func-
tional classification values assigned to the drone path seg-
ments may not directly correlate with the functional classi-
fication system for terrestrial roads.

FIG. 11 illustrates an example server 125. The server 125
includes a processor 300, a communication interface 305,
and a memory 301. The server 125 may be coupled to a
database 123 and a workstation 310. The workstation 310
may be used to enter data regarding the variable size of the
buffer space, or the factors that determine the size of the
buffer space (e.g., a geographic region, a functional classi-
fication of the at least one path segment, a temporal char-
acteristic, or a drone identification value).

FIG. 12 illustrates an example flowchart for the operation
of server 125. Additional, different, or fewer acts may be
provided.

In act S201, the processor 300 identifies at least one
three-dimensional geometry from a building model. The
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building model may define the two-dimensional or three-
dimensional coordinates of buildings or other obstacles.

In act S203, the processor 300 calculates a buffer space
from the building model. The buffer space may extend the
building model in one or more directions by a predetermined
distance. The predetermined distance may vary according to
one to many variables. The variables may be static features
that vary from place to place include a geographic region, a
functional classification of an adjacent roadway, or a time of
day. The variables may vary over time such as time of day,
traffic, or weather.

In another example, the processor 300 may define the
buffer space variable as a function of a drone identification
value. The drone identification value may identifier a model
of the drone, a flight controller of the drone, or an owner of
the drone. The processor 300 determines a degree of error
for a drone based on the drone identification value. The
degree of error is a function of one or more of a positioning
system error, an inertial measurement system error, or a
latency time.

In act S205, the processor 300 defines coordinates for a
drone air space based on the buffer space. In some examples,
the drone air space begins where the buffer space ends and
vice versa. In act S207, the processor 300 and the memory
301 stores the coordinates for drone air space. The drone air
space may be stored as coordinates in portions that corre-
spond to path segments from the map data in the map
database 123.

The databases 123 may be maintained by one or more
map developers (e.g., the first company and/or the second
company). A map developer collects geographic data to
generate and enhance the database. There are different ways
used by the map developer to collect data. These ways
include obtaining data from other sources such as munici-
palities or respective geographic authorities. In addition, the
map developer may employ field personnel (e.g., the
employees at the first company and/or the second company)
to travel by vehicle along roads throughout the geographic
region to observe features and/or record information about
the features. Also, remote sensing such as, for example,
aerial or satellite photography may be used.

The database 123 may be master geographic databases
stored in a format that facilitates updating, maintenance, and
development. For example, a master geographic database or
data in the master geographic database is in an Oracle spatial
format or other spatial format, such as for development or
production purposes. The Oracle spatial format or develop-
ment/production database may be compiled into a delivery
format such as a geographic data file (GDF) format. The data
in the production and/or delivery formats may be compiled
or further compiled to form geographic database products or
databases that may be used in end user navigation devices or
systems.

For example, geographic data is compiled (such as into a
physical storage format (PSF) format) to organize and/or
configure the data for performing navigation-related func-
tions and/or services, such as route calculation, turn by turn
navigation instructions, route guidance, map display, speed
calculation, distance and travel time functions, and other
functions, by a navigation device. The navigation-related
functions may correspond to vehicle navigation, pedestrian
navigation, or other types of navigation. The compilation to
produce the end user databases may be performed by a party
or entity separate from the map developer. For example, a
customer of the map developer, such as a navigation device
developer or other end user device developer, may perform
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compilation on a received geographic database in a delivery
format to produce one or more compiled navigation data-
bases.

The positioning circuitry 207 may include a Global Posi-
tioning System (GPS), Global Navigation Satellite System
(GLONASS), Galileo, BeiDou or the Indian Regional Navi-
gation Satellite System, or a cellular or similar position
sensor for providing location data. The positioning system
may utilize GPS-type technology, a dead reckoning-type
system, cellular location, or combinations of these or other
systems. The positioning circuitry 207 may include suitable
sensing devices that measure the traveling distance, speed,
direction, and so on, of the mobile device 122. The posi-
tioning system may also include a receiver and correlation
chip to obtain a GPS signal. Alternatively or additionally, the
one or more detectors or sensors may include an acceler-
ometer or gyroscope built or embedded into or within the
interior of the mobile device 122. The accelerometer is
operable to detect, recognize, or measure the acceleration of
the mobile device 122. The gyroscope is operable to detect,
recognize, or measure the rotation rate of the mobile device
122. The mobile device 122 receives location data from the
positioning system. The location data indicates the location
of the mobile device 122.

The mobile device 122, or only the drone in other
embodiments, may also include an environmental sensor to
detect the environment of the drone. The environment sensor
may include a weather sensor such as a thermometer,
barometer, or a rain sensor. In addition, the drone or the
mobile device 122 may include sensor 202 or another sensor
as an optical sensor such as a LiDAR device, a proximity
sensor, or another sensor configured to detect distances to
nearby objects or when a nearby object exists. The optical
sensor may send a signal that reflects off another object and
is detected by the optical sensor. The inertial sensor may
include an inertial measurement unit (IMU) including one or
more of an accelerometer, a gyroscope, and a magnetic
sensor. The inertial sensor may generate data indicative of
the acceleration, deceleration, rotational acceleration, and
rotational deceleration experienced by the vehicle.

The input device 203 may be one or more buttons,
keypad, keyboard, mouse, stylist pen, trackball, rocker
switch, touch pad, voice recognition circuit, or other device
or component for inputting data to the mobile device 100.
The input device 203 and the display 211 may be combined
as a touch screen, which may be capacitive or resistive. The
display 211 may be a liquid crystal display (LCD) panel,
light emitting diode (LED) screen, thin film transistor
screen, or another type of display.

The controller 200 and/or processor 300 may include a
general processor, digital signal processor, an application
specific integrated circuit (ASIC), field programmable gate
array (FPGA), analog circuit, digital circuit, combinations
thereof, or other now known or later developed processor.
The controller 200 and/or processor 300 may be a single
device or combinations of devices, such as associated with
a network, distributed processing, or cloud computing.

The memory 204 and/or memory 301 may be a volatile
memory or a non-volatile memory. The memory 204 and/or
memory 301 may include one or more of a read only
memory (ROM), random access memory (RAM), a flash
memory, an electronic erasable program read only memory
(EEPROM), or other type of memory. The memory 204
and/or memory 301 may be removable from the mobile
device 122, such as a secure digital (SD) memory card.

The communication interface 205 and/or communication
interface 305 may include any operable connection. An
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operable connection may be one in which signals, physical
communications, and/or logical communications may be
sent and/or received. An operable connection may include a
physical interface, an electrical interface, and/or a data
interface. The communication interface 205 and/or commu-
nication interface 305 provides for wireless and/or wired
communications in any now known or later developed
format.

The network 127 may include wired networks, wireless
networks, or combinations thereof. The wireless network
may be a cellular telephone network, an 802.11, 802.16,
802.20, or WiMax network. Further, the network 127 may be
a public network, such as the Internet, a private network,
such as an intranet, or combinations thereof, and may utilize
a variety of networking protocols now available or later
developed including, but not limited to TCP/IP based net-
working protocols.

The term “computer-readable medium” includes a single
medium or multiple media, such as a centralized or distrib-
uted database, and/or associated caches and servers that
store one or more sets of instructions. The term “computer-
readable medium” shall also include any medium that is
capable of storing, encoding or carrying a set of instructions
for execution by a processor or that cause a computer system
to perform any one or more of the methods or operations
disclosed herein.

In a particular non-limiting, exemplary embodiment, the
computer-readable medium can include a solid-state
memory such as a memory card or other package that houses
one or more non-volatile read-only memories. Further, the
computer-readable medium can be a random access memory
or other volatile re-writable memory. Additionally, the com-
puter-readable medium can include a magneto-optical or
optical medium, such as a disk or tapes or other storage
device to capture carrier wave signals such as a signal
communicated over a transmission medium. A digital file
attachment to an e-mail or other self-contained information
archive or set of archives may be considered a distribution
medium that is a tangible storage medium. Accordingly, the
disclosure is considered to include any one or more of a
computer-readable medium or a distribution medium and
other equivalents and successor media, in which data or
instructions may be stored. These examples may be collec-
tively referred to as a non-transitory computer readable
medium.

In an alternative embodiment, dedicated hardware imple-
mentations, such as application specific integrated circuits,
programmable logic arrays and other hardware devices, can
be constructed to implement one or more of the methods
described herein. Applications that may include the appara-
tus and systems of various embodiments can broadly include
a variety of electronic and computer systems. One or more
embodiments described herein may implement functions
using two or more specific interconnected hardware modules
or devices with related control and data signals that can be
communicated between and through the modules, or as
portions of an application-specific integrated circuit.
Accordingly, the present system encompasses software,
firmware, and hardware implementations.

In accordance with various embodiments of the present
disclosure, the methods described herein may be imple-
mented by software programs executable by a computer
system. Further, in an exemplary, non-limited embodiment,
implementations can include distributed processing, com-
ponent/object distributed processing, and parallel process-
ing. Alternatively, virtual computer system processing can
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be constructed to implement one or more of the methods or
functionality as described herein.

Although the present specification describes components
and functions that may be implemented in particular
embodiments with reference to particular standards and
protocols, the invention is not limited to such standards and
protocols. For example, standards for Internet and other
packet switched network transmission (e.g., TCP/IP, UDP/
1P, HTML, HTTP, HTTPS) represent examples of the state
of the art. Such standards are periodically superseded by
faster or more efficient equivalents having essentially the
same functions. Accordingly, replacement standards and
protocols having the same or similar functions as those
disclosed herein are considered equivalents thereof.

A computer program (also known as a program, software,
software application, script, or code) can be written in any
form of programming language, including compiled or
interpreted languages, and it can be deployed in any form,
including as a standalone program or as a module, compo-
nent, subroutine, or other unit suitable for use in a computing
environment. A computer program does not necessarily
correspond to a file in a file system. A program can be stored
in a portion of a file that holds other programs or data (e.g.,
one or more scripts stored in a markup language document),
in a single file dedicated to the program in question, or in
multiple coordinated files (e.g., files that store one or more
modules, sub programs, or portions of code). A computer
program can be deployed to be executed on one computer or
on multiple computers that are located at one site or dis-
tributed across multiple sites and interconnected by a com-
munication network.

The processes and logic flows described in this specifi-
cation can be performed by one or more programmable
processors executing one or more computer programs to
perform functions by operating on input data and generating
output. The processes and logic flows can also be performed
by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application specific integrated
circuit).

As used in this application, the term ‘circuitry’ or ‘circuit’
refers to all of the following: (a) hardware-only circuit
implementations (such as implementations in only analog
and/or digital circuitry) and (b) to combinations of circuits
and software (and/or firmware), such as (as applicable): (i)
to a combination of processor(s) or (ii) to portions of
processor(s)/software (including digital signal processor(s)),
software, and memory(ies) that work together to cause an
apparatus, such as a mobile phone or server, to perform
various functions) and (c) to circuits, such as a micropro-
cessor(s) or a portion of a microprocessor(s), that require
software or firmware for operation, even if the software or
firmware is not physically present.

This definition of ‘circuitry” applies to all uses of this term
in this application, including in any claims. As a further
example, as used in this application, the term “circuitry”
would also cover an implementation of merely a processor
(or multiple processors) or portion of a processor and its (or
their) accompanying software and/or firmware. The term
“circuitry” would also cover, for example and if applicable
to the particular claim element, a baseband integrated circuit
or applications processor integrated circuit for a mobile
phone or a similar integrated circuit in server, a cellular
network device, or other network device.

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and anyone or more processors of
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any kind of digital computer. Generally, a processor receives
instructions and data from a read only memory or a random
access memory or both. The essential elements of a com-
puter are a processor for performing instructions and one or
more memory devices for storing instructions and data.
Generally, a computer also includes, or is operatively
coupled to receive data from or transfer data to, or both, one
or more mass storage devices for storing data, e.g., mag-
netic, magneto optical disks, solid state storage or optical
disks. However, a computer need not have such devices.
Moreover, a computer can be embedded in another device,
e.g., a mobile telephone, a personal digital assistant (PDA),
a mobile audio player, a Global Positioning System (GPS)
receiver, to name just a few. Computer readable media
suitable for storing computer program instructions and data
include all forms of non-volatile memory, media and
memory devices, including by way of example semiconduc-
tor memory devices, e.g., EPROM, EEPROM, and flash
memory devices; magnetic disks, e.g., internal hard disks,
solid state storage or removable disks; magneto optical
disks; and CD ROM and DVD-ROM disks. The processor
and the memory can be supplemented by, or incorporated in,
special purpose logic circuitry.

To provide for interaction with a user, embodiments of the
subject matter described in this specification can be imple-
mented on a device having a display, e.g., a CRT (cathode
ray tube) or LCD (liquid crystal display) monitor, for
displaying information to the user and a keyboard and a
pointing device, e.g., a mouse or a trackball, by which the
user can provide input to the computer. Other kinds of
devices can be used to provide for interaction with a user as
well; for example, feedback provided to the user can be any
form of sensory feedback, e.g., visual feedback, auditory
feedback, or tactile feedback; and input from the user can be
received in any form, including acoustic, speech, or tactile
input.

Embodiments of the subject matter described in this
specification can be implemented in a computing system that
includes a back end component, e.g., as a data server, or that
includes a middleware component, e.g., an application
server, or that includes a front end component, e.g., a client
computer having a graphical user interface or a Web browser
through which a user can interact with an implementation of
the subject matter described in this specification, or any
combination of one or more such back end, middleware, or
front end components. The components of the system can be
interconnected by any form or medium of digital data
communication, e.g., a communication network. Examples
of communication networks include a local area network
(“LAN”) and a wide area network (“WAN”), e.g., the
Internet.

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

The illustrations of the embodiments described herein are
intended to provide a general understanding of the structure
of the various embodiments. The illustrations are not
intended to serve as a complete description of all of the
elements and features of apparatus and systems that utilize
the structures or methods described herein. Many other
embodiments may be apparent to those of skill in the art
upon reviewing the disclosure. Other embodiments may be
utilized and derived from the disclosure, such that structural
and logical substitutions and changes may be made without
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departing from the scope of the disclosure. Additionally, the
illustrations are merely representational and may not be
drawn to scale. Certain proportions within the illustrations
may be exaggerated, while other proportions may be mini-
mized. Accordingly, the disclosure and the figures are to be
regarded as illustrative rather than restrictive.

While this specification contains many specifics, these
should not be construed as limitations on the scope of the
invention or of what may be claimed, but rather as descrip-
tions of features specific to particular embodiments of the
invention. Certain features that are described in this speci-
fication in the context of separate embodiments can also be
implemented in combination in a single embodiment. Con-
versely, various features that are described in the context of
a single embodiment can also be implemented in multiple
embodiments separately or in any suitable sub-combination.
Moreover, although features may be described above as
acting in certain combinations and even initially claimed as
such, one or more features from a claimed combination can
in some cases be excised from the combination, and the
claimed combination may be directed to a sub-combination
or variation of a sub-combination.

Similarly, while operations are depicted in the drawings
and described herein in a particular order, this should not be
understood as requiring that such operations be performed in
the particular order shown or in sequential order, or that all
illustrated operations be performed, to achieve desirable
results. In certain circumstances, multitasking and parallel
processing may be advantageous. Moreover, the separation
of various system components in the embodiments described
above should not be understood as requiring such separation
in all embodiments, and it should be understood that the
described program components and systems can generally
be integrated together in a single software product or pack-
aged into multiple software products.

One or more embodiments of the disclosure may be
referred to herein, individually and/or collectively, by the
term “invention” merely for convenience and without
intending to voluntarily limit the scope of this application to
any particular invention or inventive concept. Moreover,
although specific embodiments have been illustrated and
described herein, it should be appreciated that any subse-
quent arrangement designed to achieve the same or similar
purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all
subsequent adaptations or variations of various embodi-
ments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be
apparent to those of skill in the art upon reviewing the
description.

The Abstract of the Disclosure is provided to comply with
37 C.FR. §1.72(b) and is submitted with the understanding
that it will not be used to interpret or limit the scope or
meaning of the claims. In addition, in the foregoing Detailed
Description, various features may be grouped together or
described in a single embodiment for the purpose of stream-
lining the disclosure. This disclosure is not to be interpreted
as reflecting an intention that the claimed embodiments
require more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive
subject matter may be directed to less than all of the features
of any of the disclosed embodiments. Thus, the following
claims are incorporated into the Detailed Description, with
each claim standing on its own as defining separately
claimed subject matter.

It is intended that the foregoing detailed description be
regarded as illustrative rather than limiting and that it is
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understood that the following claims including all equiva-
lents are intended to define the scope of the invention. The
claims should not be read as limited to the described order
or elements unless stated to that effect. Therefore, all
embodiments that come within the scope and spirit of the
following claims and equivalents thereto are claimed as the
invention.

We claim:

1. A method comprising:

identifying at least one three-dimensional geometry from

a building model based on data collected by at least one
sensor;

identifying a functional classification for a road type for

at least one path segment;

calculating, by a processor, a buffer space from the at least

one three-dimensional geometry according to the func-
tional classification for the road type for at least one
path segment;

defining, by the processor, coordinates for a drone air

space based on the buffer space;

identifying at least one path segment for ground travel

corresponding to the coordinates for the drone air
space; and

storing the coordinates for drone air space in association

with at least one path segment for ground travel in a
map database.

2. The method of claim 1, wherein the buffer space is
defined based on a buffer distance from buildings in the
building model.

3. The method of claim 2, further comprising:

identifying a geographic region based on the at least one

path segment; and

selecting the buffer space according to geographic region.

4. The method of claim 2, further comprising:

identifying a temporal characteristic; and

selecting the buffer space according to temporal charac-

teristic.

5. The method of claim 2, further comprising:

receiving a drone identification value;

determining a degree of error for a drone based on the

drone identification value; and

selecting the buffer space according to the degree of error

for the drone.

6. The method of claim 5, wherein the degree of error is
a function of one or more of a positioning system error, an
inertial measurement system error, or a latency time.

7. The method of claim 1, wherein the drone air space is
defined by an altitude limit in addition to the buffer space.

8. The method of claim 1, further comprising:

defining a drone space attribute for the at least one path

segment, wherein the drone space attribute includes a
width based on the buffer space.

9. The method of claim 1, further comprising:

defining a ramp in the drone space based on the at least

one path segment.

10. The method of claim 1, further comprising:

receiving a request for routing from a drone; and

calculating a route through the drone space based on the
at least one path segment.

11. The method of claim 10, wherein the at least one path
segment includes a drone space attribute.

12. An apparatus comprising:

at least one processor; and

at least one memory including computer program code for

one or more programs; the at least one memory and the
computer program code configured to, with the at least
one processor, cause the apparatus to at least perform:



US 9,953,540 B2

19

detecting a position of a drone vehicle;

sending a routing request for the drone vehicle and the

position of the drone vehicle; and
receiving a navigation command based on the routing
request, wherein the navigation command is based on
road attribute data from a geographic database, the road
attribute data including at least one geographic attribute
stored in association with a road segment and at least
one drone space attribute stored in association with the
road segment, the at least one drone space attribute
defined by at least one three-dimensional geometry
from a building model and a buffer space generated
from the building model, wherein the buffer space is
based on a functional classification of the road seg-
ment.
13. The apparatus of claim 12, wherein the buffer space is
defined based on a buffer distance from buildings in the
building model, and the buffer space is a function of a
geographic region, the functional classification of the at least
one path segment, a temporal characteristic, or a drone
identification value.
14. An apparatus comprising:
at least one processor; and
at least one memory including computer program code for
one or more programs; the at least one memory and the
computer program code configured to, with the at least
one processor, cause the apparatus to at least perform:

identifying at least one three-dimensional geometry from
a building model based on data collected by at least one
Sensor;

10

15

20

25

20

calculating a buffer space from the at least one three-

dimensional geometry;

identifying at least one ground path segment based on the

coordinates for the drone air space;

defining coordinates for a drone air space based on the

buffer space, wherein the buffer space is based on a
functional classification for the at least one ground path
segment; and

storing a path segment data record including at least one

geographic attribute for at least one ground path seg-
ment and including the coordinates for drone air space.

15. The apparatus of claim 14, wherein the buffer space is
defined based on a buffer distance from buildings in the
building model, and the buffer distance is variable as a
function of a geographic region, the functional classification
of'the at least one path segment, or a temporal characteristic.

16. The apparatus of claim 14, wherein the buffer space is
defined based on a buffer distance from buildings in the
building model, and the buffer distance is variable as a
function of a drone identification value.

17. The apparatus of claim 16, wherein the at least one
memory and the computer program code configured to, with
the at least one processor, cause the apparatus to at least
perform:

determining a degree of error for a drone based on the

drone identification value; and

selecting the buffer space according to the degree of error

for the drone, wherein the degree of error is a function
of one or more of a positioning system error, an inertial
measurement system error, or a latency time.
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