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(57) Abstract: Embodiments described herein may help to provide medical support via a fleet of unmanned aerial vehicles (UAVs).
An illustrative UAV may include a housmg, a payload, a line-deployment mechanism coupled to the housing and a line, and a pay -
load-release mechanism that couples the line to the payload, wherein the payload -release mechanism is configured to release the
payload from the line. The UAV may further include a control system configured to determine that the UAV is located at or near a
delivery location and responsively: operate the line-deployment mechanism according to a variable deployment- rate profile to lower
the payload to or near to the ground, determine that the payload is touching or is within a threshold distance from the ground, and re-
sponsively operate the payload-release mechanism to release the payload from the line.
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Mechanisms for Lowering a Payload to the Ground from a UAY

BACKGROUND
(6881} Unless otherwise indicated herein, the materials described n this section are
not prior art to the claims in this application and are not admitted to be prior art by inclusion
in this sectiou.
(8662} An unmanned vehicle, which may also be referred to as an autonomous
vehicle, 15 a vehicle capable of travel without a physically-present human operator.  An
unmanued vehicle may operate in a remote-contrel mode, 1o an autonomous mode, or it a
partially autonomous mode.
[8883] When an unmanned vehicle operates in a remote-control mode, a pilot or
driver that is at a remote location can control the unmanned vehicle via commands that are
sent o the unmanned vehicle via a witeless link. When the uomanred vehicle operates in
autonomous mode, the unmanned vehicle typically moves based on pre-programumed
navigation waypoints, dynamic automation systems, or a combination of these, Further, some
unmanned vehicles can operate in both a remote-control mode and an autonomous mode, and
in somc instances may do so simultancously. For instance, a remote pilot or driver may wish
to leave navigation to an agtonomous system while mamiually performing another task, such
as operating a mechanical system for picking up objects, as an example.
(LR Various types of unmanned vehicles exist for varicus different environments.
For instance, unmanned vehicles exist for operation in the air, on the ground, underwater, and
i space. Unmanned vehicles also exist for hybrid operations in which multi-environment
operation is possible. Hxamples of hybrid uomanned vehicles include an amphibious craft
that is capable of operation ou land as well as on water or a floatplane that is capable of

landing on water as well as on land. Other examples are also possible.
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SUMMARY

18065] Example embodiments may relate to or take the form of systems and methoeds
that help to lower a paylcad from a hovering UAV to the ground below. In particular,
example systems and methods may help to safely lower medical devices and/or supplies from
a AV that is hovering above the scene of 8 medical situation. In an example embodiment, a
LAY may include a winch system that is controliable to vary the rate at which g payload on a
line is lowered towards the ground. The UAV may further include a control system that is
contigured to determine and deploy the payload according to a variable deployment-rate plan
that is tailored to the particular environment and/or the particular situation in which the
payload is being deployed from the UAV.

8086} In one aspect, an example UAV may include: (2) a housing, (b} a payload, (¢ a
hine-deployment mechanism coupled to the housing and a line, wherein the ne-deployment
mechanism is controllable to vary a deployment rate of the line, {d} a pavioad-relcase
mechanism that couples the line to the payload, whercin the payload-relcase mechanism is
contigured to release the payload from the line, and (e) a control system configured to
determine that the YAV is located at or near a delivery location and respounsively: (i) operate
the line-deployment mechanism according to a variable deployment-rate profile to lower the
payload to or near to the groumd, wherein the variable deployment-rate profile is such that the
rate at which the line is deployed varics while the payload s being lowered to the ground, (i)
determine that the payload is touching o1 s within a threshold distance from the ground, and
{111} responsively operate the payload-release mechanism to release the payload from the hine.
18067) In another aspect, an example method may involve: (a) determining, by a
computing systern, a variabie deployment-rate profile for deployment of a payload from an
unmanned acrial vehicle (UAV), wherein a line couples the paylead to the UAV, (b) the

computing system caosing a line-deployment mechanism to operate accordmg to the
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determined variable deployment-rate profile to lower the payload towards the ground,
wherein the variable deployment-rate profile is such that the deployment rate of the hine
varies while the pavload is being lowered to the ground, (¢} detecting, by the computing
system, at least one releasc indication that indicates that the payload s at or near to the
ground, and {d) in response to detecting the at least one release indication, the computing
systern causing the payload to be released from the bne.

[8088] in g further aspect, an example non-transitory computer readable medium may
have stored therein instructions executable by a computing device to cause the computing
device to perform functions comprising: {a) determining & variable deploymerd-rate profile
for deployment of a payload from an unmanned aerial vehicle (UAV), whercin a Hoe couples
the payload to the UAV, (b) caosing a hne-deployment mechanism to operate according to the
determined variable deployment-rate profile to lower the payload towards the ground,
wherein the variable deployment-rate profile is such that the deployment rate of the line
varics while the payload is being lowered to the ground, {(¢) detecting at least one release
ndication that indicates that the paylead is at or near to the ground; and (d) in response to
detecting the at least one release indication, causing the payload to be released from the line.
18089} an cxemplary computer-implemented method may involve a computing
device: {a) identifying a remote medical situation; (b) determiming a target location
corresponding to the medical situation; (¢) selecting an unmanned aerial vehicle (UAV) from
a plurality of UAVs, wherein the pharality of UAVs are configured to provide medical support
for a plurality of medical situations, and wherein the selection of the UAV is based at least in
part on a determination that the selected UAV is configured for the identified medical
stfuation; and {(d} causing the selected LAV to travel to the target location to provide medical
support.

[8016] In vet another aspect, an cxample system may include: {(a) means for
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determining a variable deployment-rate profile for deployment of a payload from an
ummanned aerial vehicle (UAV), wherein a line couples the payload to the UAV, (b) mcans
for causing a linc-deployment mechanism o operate according to the determined variable
deployment-rate profile to lower the payload towards the groumd, wherein the variable
deployment-rate profile is such that the deployment rate of the line varies while the payload
is being lowered to the ground, {¢) means for detecting at least one release indication that
indicates that the payload is at or near to the ground, and (d) means for, in response to
detecting the at least one release indication, causing the payload 1o be released from the line.

6611} These as well as other aspects, advantages, and alternatives, will become
apparcat to those of ordinary skill in the art by reading the following detailed description,

with reference where appropriate to the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
18612} Figures 1A and 1B show a UAV that includes a pavicad delivery system,
according to an cxampic cmbodiment.
(6813} Figures ZA, 2B, and 20 show angther UAVY that includes a payvicad delivery

system, according to an example embodiment.

[6014] Figure 3 is a flow chart illustrating a methoed 300, according to an example
embodiment.
8615} Figures 4, 5, 6, and 7 are simphified illustrations of unmanmed aenal vehicles,

according to example embodunents.

#0616} Figure B8 is a simplified block diagram illustrating a medical support system,
according to an example embodiment.

{8017} Figure 9 is a simplified block diagram illustrating components of an
vomanned acrial vehicle, according to an exarmple embodiment.

{6818} Figure 10 is a flow chart illusirating a mcthod, according o an example

embodiment.

o
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BDETAILED DESCRIPTION
16619 Exemplary methods and systems are described herein. It should be understood
that the word "excmplary” is used herein to mean "serving as an cxample, instance, or
illustration.” Any embodiment or feature described herein as "exemplary” or “illustrative” is
not necessarily to be construed as preferred or advantageous over other embodiments or
featurcs. More generally, the emnbodiments deseribed berein are not meant to be Hmiting, Ut
will be readily understood that certain aspects of the disclosed systems and methods can be
arranged and combined m a wide variety of different configurations, all of which are

contemplated herein

IR Overview

[8026] Example embodiments may relate to and/or be implemented in a system in
which unmanned vehicles, and in particular, “unmanned acrial vehicles” (UAVs), are
configured to provide medical support. In particular, a network of UAVs may be distribuied
amongst 8 mumber of launch sites, from which AV may be deploved to deliver medical-
support items to remote locations.  In some cases, landing a UAV at the location on the
ground where medical support is needed may be difficult or undesirable for other reasons.
Thus, 1t may be desirable for a UAV to fly to a location above a person in need of medical
support, and deliver a medical support item from the air.

[8021] Accordingly, cxample embodiments may provide a winch systom or another
mechanism for lowering a payload with a medical-sapport item from a hovering UAV 1o a
desired ground location in a controllable manner. More specifically, an illustrative UAV or
remote contrel system for a UAV roay determine 2 variable deployment-rate plan (VDRP) for
fetting out 8 line with an aitached payload. The VDRP may specify two or more rates at

which the line should be let out (and thus two or more descent rates for the payload), along
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with timing nformation for implementing the specified rates. Note that in some
embodiments, the rate at which a winch lets out a line may be varied via a controliable brake
{e.g., a magnetic brake), which is configured to apply a variable amount of friction fo the line.
However, other configurations for controlling the rate at which a line lowers a payload to the

ground are also possible.

i1 Svstems for Lowering Pavisad from Hovering UAV to Ground

16622} Figures 1A and 18 show a UAV 100 that includes a payleoad delivery system,
according 10 an cxample embodiment.  As shown, pavicad delivery systemn for UAV 100
includes g line 102, a line-deployment mechanism 104, a payload-release mechanism 106,
and a payload 108. The payload 108 may itself be a medical-sapport item, such as a
defibrillator or a medicine container, or may be a container that holds a medical-support item,
such as a general purpose basket-style cordainer fnto which 2 medical-support item can be
placed. in ecither case, the payload delivery system of UAV 100 may be operablic to
autonomously lower payload 108 1o the ground in a controlled manner.

16623} More specifically, as shown in Figure 1A, the UAV may be operable to hold
the payload 108 against or close to the bottom of the UAV, or possibly even inside of the
UAV 100, during flight from a launch site to the delivery location. Then, when the UAV 100
reaches the delivery location, the UAV’s control system may operate the line-deployment
mechanism 104 such that the payload 108 is lowered to the ground, as shown in Figure 1B.
18624} The UAV may accordingly include features that can hold the payload in place
and/or stabilize the payload during flight. Such featares may be moveable such that the hine-
deployment mechanism 108 can lower the payload upon arriving at the delivery lecation. For
instance, in the configuvation shown in Figures 1A, UAV 100 includes moveable brackets 114,

Brackets 114 may hold payicad 108 in place during flight, as shown s Figure 1A, When
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UAV 100 reaches the delivery location, brackets 114 may be removed from payload 108, so
that the payload can be lowered towards the ground. Note that other types of mechanisms
may alsc be used to bold the payload in place and/or (o stabilize the payload during flight.
Alternatively, the payload may simply be held in place during flight by the line, without use
of any additional features.

[B8025] In an exarmople embodimen further aspect, when the control system detocts that
the payload has been lowered to a point where it is at or near the ground, the control system
may responsively operate the payload-relcase mechanism 106 to detach the payload from the
fine.  As such, the UAV’s comtrol system may use varicus types of data, and varicus
techniques, to determine when the payload is at or near the ground. Furthber, the data that is
used to determine when the payload is at or near the ground may be provided by sensors on
VAV 100, sensors on the line 102, sensors on the payload 108, and/or other data sources.
{8026} A, Line-Deployment Mechanism

{8027} in an example cmbodiment, the line-deployment mechanism may inchude or
take the form of a winch that is configured to deploy 4 line with a payload attached thereto.
The winch may inchade a motor {e.g., 2 DC motor) that can be actively controlled by a
servomechanism (also referred to as a “serve™) and a microcontroller. The microcontroller
may output a desired operating rate {e.g., a desired RPM) for the winch, which may
correspond to the speed at which the line and payload should be lowered towards the groumnd.
The servo may then control the winch so that it maintains the desired operating rate.

16028} In a further aspect, the line-deployment mechanism 104 may vary the rate at
which the line and paylead are lowered to the ground. For example, a microcontroller may
change the desired operating rate according to a variable deployment-rate protile and/or in
responsc to other factors in order o change the rate at which the payload descends towards

the groumd. To do so, the ine-deployment mechanism 104 may adjust the amount of braking
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or the amoumt of friction that is applied to the line. For example, to vary the hine deployment
rate, the line-deployment mechanism 104 may inchude friction pads that can apply a variable
amount of pressure to the line. As another example, a line-deployment mechanism 104 can
mclade a motorized braking system that varies the rate at which a wheel lets out the
hine. Such a braking system may take the form of an clectromechanical system in which
mofor operates 1o slow the rate at which a spool lets out the line. Further, the motor may vary
amount by which it adjusts the speed {c.g., the RPM) of the spool, and thus may vary the
deployment rate of the line. Other examples are also possible.

18629} In some embodiments, the hine-deployment mechanism may be attached to the
payload, insicad of being aftached to the UAV housing. For example, a winch could be
attached to the top of the payload. In soch an embodiment, the winch may be operable to
hold the payload at or near the bottom of the UAY housing during flight to a delivery location.
Further, upon arriving at the delivery location, the winch may be operable to lower the
payload by releasing the line and/or using a brake to adjust the rate at which the line is
released, according to a VDRP Further, 1t s contemplated that other types of line-
deployment mechanisms may also be attached to the payload.

14638] B. Payload-Release Mechanism

8031} In some embodiments, the payload 108 and/or payload-release mechanism 106
may be designed with features that help to prevent the payload 108 and/or the paviocad-release
mechanism 106 from getting stuck or canght during descent {c.g., to prevent getting caught
and/or tangled in 2 tree or on a power ling). For instance, the payload 108 and/or pavicad-
release mechanism 106 may take the form of or be housed in a teardrop-shaped component,
or another shape that can be more casily moved up and down without getting stuck.

1032} Various other types of payload-reloase mechanisms are possible, depending on

the particular implementation.  For example, a UAV could include a pavicad-release
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mechanism that is positioned on the line or at the top of the line, which is operable to cut the
line or releasc the bne from UAY when the payload is at or near the ground. Other examples
are also possible.

8033} Further, in some embodiments, there may be no payload-release mechanism.
For example, the payload could be attached to a rolling mechanism that, once veleased,
sinply rolls off the end ot the line, as shown in Figures 2A to 2C.

[8034] Morse specifically, Figure ZA shows a UAV 200 with 8 payload 208 that
mecludes a wheel mechanism 210, During flight 1o a delivery location, the payload 208 may
be held in place 2 Hoe-deployment mechanisin, which in this case may be retractable features
214, When the UAV arrives at the delivery location, the line 202 may be deployed, and the
retractable featares 214 may then be retracted such that the payload descends along the Hne
102, (Note that there may be a mechanism, which is not shown in Figures 2A 1o 2C, for
retracting or otherwise holding the Hne itself near the UAV during flight, and then releasing
and/or lowering the line upon reaching the delivery locationy The wheels of the whee
mechanism 210 may be configared to pinch the line and thus hnut the descent rate of the
payioad. The pressure exerted by the wheels on the line may be variable and controllable so
as to vary the descent rate according to a VDRE

8835} . Control System

(8836 fn an example embodiment, a UAV 100 may include a conirol system to
provide various functions described herein. The control system may include or take the form
of program instructions siored in @ non-transitory computer-readable medium.

18637) The control system may be configured to determine a variable deployment-
rate profile, which indicates the timing with which to increase and/or decrease the
deployment rate of the line 102, and thos the descent rate of the payload 108, as the payload

18 being lowered to the ground. For instance, in some cases, 8 variable deployment-rate

10
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profile may be such that the payload starts descending at a higher speed, and gradually
decreases in speed as the payload approaches the ground. Tn other cases, a variable
deployment-rate profile may indicate more discreie adjustments fo friction {c.g., braking
adjustments) and thus to descent rate. For example, a variable deployment-rate profile may
cause the pavioad to descent at a constant, lugher speed, until the payload is within a certain
distance from the ground {c.g., 5 or 10 feet), at which point, the friction may increase
significantly in order to reduce the descent rate. Other examples are also possible.

[8038] In a further aspect, a control system of UAV 100 may intelligently control the
payload-relcase mechanism 106 to release the payload 108 at or near the ground. For
exarmple, a control systom may trigger the payioad-release mechanism 106 after a certain
fength of line has been let out, such that it is expected that the payload 108 15 on the ground,
or near enough to the ground that it can safely drop to the ground. Other examples are also
possible.

[8039] Naote that the timing with which a control system determines a VDRP may
vary. [n some embodiments, the VDRP for a particular deployment may be determined
hefore the UAV is launched and travels 1o a delivery location.  In other embodimends, the
/DR P for a particular deployment may be determined or updated while the UAV s traveling
from a launch site to the delivery location,

8046} fn vet other embodiments, the VDRP for a particular deployment may be
determined or updated when the UAV arrives or is about to arrive at the delivery location.
For example, when a UAV determines that it is located over a geographic location where s
payioad should be deploved (e, the “delivery location™), the UJAV may responsively
determine a VD3RP for lowering the pavioad to the ground at that particular delivery location.
The VDRP may accordingly take into account characieristics of the environment at that

particular delivery location and/or other factors that are potentially unigue to delivery of the
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current payload, at that particular delivery location, at the specific time the payload is being
delivered.

8041} To facilitate mplementation of a VDRP, 3 YAV 100 may include a system for
determining the amount (e.g., the length) of the line that has been let out by the line-
deployment mechanism 104, For example, the hine length may be determined based on a
counter, which counts the rotations of a wmotor that turns a winch o the line-deployment
mechanism 104, Since the amount of ling that has been let out may be proportional to the
number of rotations of the winch, the length of the line that has been let by the winch may be
calculated based on the number of rotations of motor that powers the winch.

160421 The length of line 102 that has been lot out may then be used o detormine the
distance between the payload 108 and the ground. More specifically, given the height of the
payload itself, the height of the payload-release mechanism (if any), the length of the Iine 102
and the altitude difference between the top of the Hne 102 and the point where altitude is
measured by the UAY 100 (if any), the UAV 100 may determine the distance between the
bottom of the payload 108 and the ground. Thus, the distance between the payload 108 and
the ground can be updated as the line 102 is deployed to, e.g., determine when to change the
deployment rate of Hine 102 in accordance with a given VDRE

3043} B, Emergency-Release System

[B044] In yet a further aspect, a UAV 100 may include an emergency system (not
shown in the Figures), which is configured to cut or release the line. in particular, the UAV
100 may be configured to detect certain emergency situations, such the hne 102 and/or
payload getting stuck {(c.g., in a tree), and to automatically cut the line when such an
cmergency situation is detected.

18045} Various types of emergency-release mechanisms are possible, which may be

configured to cut the line holding the pavload or otherwise release the line from the UAV,

12
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Alternatively, an emergency-release mechanism could cuwt or mechanically release the
payload from the line.

18046} Further, various types of data may be analyzed to determine if and when an
emergency-release mechanism should be used to release the payload. For example, a UAV
control system could analyzed image data from a camera, data from a line-tension sensor,
and/or other types of data to determine that the payload is stuck or that deployment of the
payload has otherwisc failed, and respounsively use the emergency-release mechanism to

release the pavioad.

16047} E. [lustrative Pavioads
18048} In some embodiments, the payload may take the form of a container that

mclades medical-support devices and/or other iems intended to help in a medical situation.
In other embodiments, the payload may itself be a medical-support device (e.g., a
defibrillator) or another type of medical support tem, {c.g., a fust-aid kit or medicine).
{Hustrative embodiments may also include or be implemented in conjunction with other types
of medical and/or non-medical pavioads.

6049] When the payload 108 includes powered componenis {e.g., sensors,
communications systems, and/or medical-support devices}, the payload may include a power
sowree. In some embodiments, the paylead 108 coold inchide a capacitive power source that
charges from a power source on the housing of the UAV 100. The capacitive power source
on the payload may be configured such when held in a retained position, as in Figure 1A, the
capacitive power source touches contacts on the UAV housing and thus is charged by a power
source in the housing of the UAV 100, The capacitive power source may store enough energy
to power the payload 108 for, ¢.g., two to three nduutes after i 18 separated from the housing
and begins the descent towards the ground.

[B056] F. Communication Systems Between the Payload and the UAV

o
(8]
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(6651} In some embodiments, the UAV 1{0 may be configured to commumicate with
payload 108 in order to send data to and/or receive data from sensors and/or systems on the
payload 108. In particolar, a control systom or systems in the main housing of the UAV 100
may comnuimicate with {or possibly just receive data from) sensors and/or systems that are
mounted to or integrated in the payload 168, For example, data from sensors on the payload
may provide fecdback as to the state of the payload while it is being deployed and/or be
utilized to determine when the payload has reached the ground and/or is near to the ground or
another object. Other examples are also possible.

16652} In such an cmbodiment, the payload 108 and the housing of UAY 100 nay
both have wireless communication iuterfaces for wircless conumumications between the
payload and the UAV housing. Alternatively, wiring could be included in an example system
for wired commumications between the UAV housing and the payload. Further, in some
embodiments, wiring for comuuunications between the payioad and the UAY may be enclosed
in the line 102 that is used to lower the payload 108 to the ground.

(6653} G, Other Aspects

18654] In some embodiments, 2 UAY may additionally or alternatively be configured
to pick up items from the ground using a similar system to that shown in Figures 1A and 1B,
or a different type of system.  In such an embodiment, a variable retraction-rate profile may
be varied n order to vary the rate at which the Hne is retracted to ft a payload from the

ground towards the housing of the UAV, while the UAVY is hovering.

FIL Methods for Determining a Vaviable Deplovment-Rate Profile
16655) As noted sbove, & UAY 100 may include a control system that is operable to

determine a variabie deployment-rate profile, which may be used to deploy a line with an

attached payload from a hovering UAV. Figure 3 15 a flow chart illustrating a method 300,

14



WO 2015/076886 PCT/US2014/052553

according to an example embodiment. In particular, method 300 may be mmplemented by a
computing system of a UAV in order to determine a variable deployment-rate profile and use
the variable deployment-rate profile to deliver a payload while hovering above the delivery
location.

[B856] More specifically, as shown by block 302, method 300 mvolves a computing
systern determining a variable deployment-rate profile for deployment of a payload from =
UAY, where a line couples the payload to the UAV and is deployable to lower the payload
towards the ground. At block 304, the computing system causes the hne-deployment
mechanism to operate according to the determined variable deploymeni-rate profile 1o order
to lower the payioad towards the ground. Then, at block 306, the computing system detects
at least one predetermined release indication, which indicates that the payload is at or near to
the groumd. In response to detecting the at least one release indication, the computing system
causcs the payload to be released from the hHue {c.g., by operating a pavicad-releasc
mechanism such as payload-release mechanism 106}, as shown by block 308,

18657} Note that the fimctions of method 300 and other functions may be described
hercin as being performed by a UAV in order to simplify the disclosure. 1t should be
understood that such functions may be carried out by, ¢.g., a computing system or systems of
a UAV, such as by the UAV control system described with respect to UAV 13, Other UAY
systems and/or sensors may also be utilized in an exampie method.

[6038] Further, while method 300 is described by way of example as being carried out
by a UAY, method 300 or portions thereof may in fact be carried out at a system that is
separate from and in communication with a UAV, without departing from the scope of the
invention. For exaraple, a UAVY control center at a remote location could determine a VORP
for a UAV, and communicatc the determined VDRP to the UAV via a wirgless

communications fink. Other examples are also possible.
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18659} A. Determining the Variable Deployment-Rate Profile

[8064] In an example embodiment, the UAV 100 may dynamically determine the
variable deployment-rate profile that should be used for the particular situation in which the
UAV is lowering its payload towards the ground. For example, the UAV may dotermine the
variable deployment-rate profile based on factors such as: {(a) the UAV’s altitude, (b) wind
conditions, (¢} envirommental factors {e.g., trees, power lines, ctc.), and/or (d) pavload
characteristics {size, shape, weight, fragility of contents, etc.), among other possibilities.
8061} For example, a UAV 100 may determine the height at which it is hovering
above the ground, and adjust a variable deployment-rate profile accordingly. For exaniple, a
UAYV may be configured to lower the payload at a first rate uniil the payload is 10 fect above
the ground, and to reduce the speed at which the payload is lowered to a second rate at 10 feet.
As a specific example, the fivst rate may be 5.0 fi/sec and the second rate may be 1.0 fi/sec.
Accordingly, if the balloon is hovering at 34 foet, the UAV may create a variable deployment-
rate profile that specifies that the line-deployment mechanism 104 should initially let out the
line 102 at a rate of 5.0 ft/sec, and reduce the deployment rate of the Hne to 1.0 ft/sec when
24 fect of line have been ot out.

13062} Mote that to implement the above-described variable deployment-rate profile,
where the deployment rate switches to 1.0 ft/sec at 10 feet above the ground, the line-
deployment mechanisim 104 may begin reducing the deployment rate (e.g., by braking)
before the payload is 10 feet above the ground, such that the deployment rate of the line is 1.0
fi/'sec when the payload is 10 feet above the ground (e.g., when the UAV is hovering at 34
feet and 24 feet of line have been let out). Alternatively, the line-deployment mechanism 104
may begin reducing the deployment vate when the payload 10 feet above the ground. In such
an embodiment, the deployment rate of the line when the payload 10 fect above the ground

may greater than 1.0 f/sec, but will be reduced to this rate shortly thereafter,
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18063} In the above examples, the variable deployment-rate profile specified discrete
adjustments 1o the descent rate at particular lengths {e.g., lengths of the hine that corresponds
to particular distances between the payload and the ground). Note that while the above
examples inchided only two deployment rates (e.g., an initial rate and a second, lower rate
when the payload is nearing the ground), more granular variable deployment-rate profiles,
which specify more than two deployment rates, are also possible.

[8064] Further, a UAV may also geoncrate a variable deployment-rate profile that
specifies a function for continuously changing the deployment rate, for at least a portion of
the payload delivery process. For example, the UAV may determine a lincar reduction from a
first deployment rate to a second deployment rate, which typically is lower than the first
deployment rate.  In particular, the UAV may determine its hovering height, and then
determine a Hinear rate at which to reduce the deployment rate from the first deployment rate,
such that the second deployment rate is achieved when the payload is at 2 target distance
from the ground. (ther examples are alsc possible.

16665} As noted above, in some embodiments, a UAV may vary the VDRP based on
weather conditions at the delivery location. For instance, a UAVY may adjust the VDRP based
on the wind at the delivery location. As an exampie, if the wind is stronger, the UAV may
merease the deployment rate at some or all stages of deployment, in an effort to reduce the
effect of the wind on the payload as it is being lowered.

[8066] Further, weather conditions such as the wind may be considered in
combination with other factors. For instance, the UAV may consider the weight and/or
structure of the payload in combination with the wind and/or other factors. To illustrate, if
the TJAY is lowering a paylead that is beavier and/or has a structure that is less susceptible to
being moved by the wind, the balloon may make lesser increases in deployment rale at a

given wind speed, than it would for a payload that is lighter and/or has a structure that is
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more susceptible to being moved by the wind. Other examples are also possible.

16667} In a further aspect, the UAV 100 may be configured 1o move vertically (..,
change altitude) in order to control the descent of the payload.  As such, the VDRP
determined at block 302 may inclode timing information indicating when the UAV should
change altitude, during deployment of the payload. For example, the VDRP may indicate a
specific time at which the UAV should change altitude, or a line length or height from the
ground at which the UAV should change aftitade. Further, the VDRP may indicate the speed,
and possibly the acceleration, with which to implement a change altitude.

18668] As a specific example, when the payload 108 is nearing the ground, UAY 100
could move upward while the line 102 is let out at a constant rate, in order {o cushion the
landing of payioad 108. To facilitate such vertical movement of the UAV during payload
delivery, the VDRP may indicate a line length (or distance from the payload to the ground) at
which the LAY 100 should begin moving vertically to a new altitude.  For example, n an
cffort to soften the landing of the payload on the ground, 2 VDRP might indicate that the
UAY should increase its altitude at a rate of 0.5 ft/sec when the payload 18 1.0 feet from the
ground, uniil its altitude is 0.75 foet higher, Other examples arc also possible.

18069} In a further aspect, a given variable deployment-rate profile may have an
associated height at which the UAV should hover while lowering the payload {or an
associated height range in which the UAV should remain while lowering the payload). The
desired hovering height or height range may be predetermined, or may be dynamically
determined by the UAV when it arrives at the delivery location (e.g., as part of carrying out
block 302). The desired hovering height may be determined based on various factors.

18676} For example, the length of line may factor into setting the desired hovering
height for delivery of a pavioad according to a given variable deployment-rate profile {e.g.,

the UAV should not hover above a height where the line cannot lower the payload to, or at
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least within a safe drop distance from, the ground). The UAV or ancther entity may also take
mto account weather conditions at the delivery location when determining the desired
hovering height for a variable deployment-rate profile. For instance, the UAV may attempi to
hover at a lower height when there are higher winds, in an effect to reduce the effect of the
wind on the hne and paylead as the payload is being lowered. The UAV may also take its
surrounding environment into account, ¢.g., and adjust its hovering height in an effort 1o
prevent the payload from colliding with objects (e.g., trees, people, cars, buildings, power
lines, etc.) as the pavicad is being lowered from the UAV.,

18671} In a forther aspect, a UAV 100 may proactively determine movements that
oifsets, prevents, or otherwise reduce pendulom-fike movement of the payload as the payload
18 being lowered to the groumd. For example, when payload 108 is lowered via a line 102, the
payload may act as a pendulom hanging from the UAV, and thus may have a tendency to
swing back and forth thru an arc due o wind and/or horizontal movement of the UAY, for
instance. Therefore, when determining the VDRP, the UAV 100 may tske into accound data
such as the current wind conditions and/or the weight distribution of the contents of the
payload 108 in order to proactively determine horizondal movements that offset the expected
horizontal forces on the payioad. As such, the determined VDRP may indicate horizontal
movements and timing for such movements, which is oxpected to offset the expected
horizontal forces on the pavload and prevent or dampen the oscillation of the payload 108 on
the line 102, Additionally or alternatively, the UAV 100 may observe oscillation of the
payload 108 while it is being lowered, and dynamically respond by moving horizontally to

dampen the oscillation.

18672} . Adjusting or Beviating From the Variable Deplovment-Rate Profile
18673} In some embodiments, a UAV 100 may dynamically adjust or deviate from the

variable deployment-rate profile while in the midst of lowermg the payload towards the
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grovind.  Specifically, a UAV 100 may cvaluaste new mformation that is acquired while
lowering the payload towards the ground in order to determine whether to adjust or deviate
from the VERP.

8074} For example, when determining a vanable deployment-rate profile, the UAV
may determine a certain amount of braking to apply to the line n order to achieve a particudar
descent rate at a particular height. This determination meay be based on certain assumptions
or ohservations about the environment at the time the VDRP is gencrated. However, while
lowering the pavicad according to the VDRE, the UAV may detect environmental changes
(e.g., a person walking to the lending area), which make a lower or higher descent rate at
the particular height desirable. Additionally or aliernatively, the UAV may detect a change in
circamstances such that the determined amoont of braking will no longer achieve a descent
rate that is desired at the certain height. When such changes are detected mid-descent, the
LAV may responsively adjust the VDRE or deviate from the predetermined variable
deployment-rate profile.

18475} In a turther aspect, 2 UAV 100 may reactively move n a manner that offsets,
prevents, or reduces movement of the payload as the payicad is being lowered to the ground.
For tastance, as noted above, the payload may act as a penduhum while 1t is being lowered
from the UAVY, and thus may have a tendency to swing back and forth thro an arc. As such,
the UAV 100 may take into account data such as wind data and/or detected movement of the
UAY while the payload is being lowered, in order to reactively determine horizontal
movements that offset the expected horizontal forces on the payload, and prevent or dampen
the oscillation of the payload 108 onthe line 102

18076} B, Detecting at Least One Predetermined Release Indication

16677} As noted above, block 306 of method 300 involves the UAV deiecting at least

one predetermined release indication, which indicates that the payload is at or near to the
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grovind. Note that the release indication may be specified by the particular VEDRP, or may be
defined independently from the particular VDRP,

1B078] In some embodiments, the function of detecting the st least one release
mdication may volve determining that the payload is touching the ground. For example, a
UAV may determine that the payload is touching the ground and responsively trigger the
payload-release mechanism 106 based on sensor data from a pressure sensor and/or proximity
sensor on the bottom of the payload 108. Specifically, data from a pressure sensor and/or
proximity sensors may indicate that the pavicad 108 is contacting something, which may be
assumed to be the ground.

18679] In some embodiments, a UAY 100 may utilize data from a fing-tension sensor
to determine when the payload is believed to be touching the groumd.  In particular, when the
VAV 100 detects that the tension on the Hue has dropped below some threshold measure of
tension, the UAVY may consider this to be an indication that the payload has reached the
ground, and responsively release the payload 108, Specifically, the threshold decrease in
tension may be mterpreted to mean that the weight of the payload is no longer being
supported by the line (as a result of the payload is resting on the ground).

18086} Similarly, data from a proximity sensor may be used to determine payload 108
has reached the groond. For example, the UAV may detect when the sum of the height of the
payload itself, the height of the payload-release mechanism (if any), the length of the hine 102
that has been let out, and the altitude difference between the top of the line 102 and the point
where altitude is measured by the UAV 100 (if any), is equal to or greater than the altitude of
the AV, such that the payload is believed to be on the ground.

18681} In some cmbodiments, a UAV 100 may utilize data indicating how much hine
has been let out to determine when the payload is touching the ground. Further, in some

embodiments, a UAV could additionally or alternatively use a camera to determine when the
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payload has reached the groumd. For instance, image data from a camera on the UAV and/or
on the payload itself could be analyzed to determine when the pavicad has reached the
ground.

(8882 In a further aspect, the UAV 100 may use 2 combination of two or more
release ndications to determine when the pavioad has reached the ground. Doing so may
belp to prevent or reduce the probability of false-positive decreases in line tension, and/or
false-positive triggers of a pressure or proximity sensor (e.g., such as might occur if the
payload hits a tree branch on the way down), which might cause the pavload to be veleased
prematurely.

18083} For example, the UAV may compare the line length and aititude to delermine
if the payload has been lowered far encugh that being on the ground is feasible. More
specitically, when the UAV detects a release indication based on a line-tension sensor or a
pressure sensor on the payload, the UAV may also require that the length of line be equal to
or greater than the altitude of the UAY, before releasing the payload. Other examples are also
possible.

1684} In some embodiments, the UAV may release the payload before it reaches the
ground, such as when the payload has beon lowered to a point where it is deemed safe to drop
the payload to the ground. In such an embodiment, the function of detecting the at least one
release indication may invelve determining that the payload is within a threshold distance
from the ground. As described above, the distance between the payload and the grovnd may
be determined based on data from proximity sensors, based on a comparison of the length

that has been let out to the altitude of the UAV, and/or based on other data.

. Hustrative Tvpes of JAVS

[B#085] Example methods and system may be implemented in conjunction with or take
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the form of various types of UAVs. Some examples will now be described:; however, it
should be understood that example methods and systems are not himited to the UAVS that are
described herein. The term “eonmanned aerial vehicle,” as used in this disclosure, may vefer
to any autonomous or semi-autonomous vehicle that is capable of performing some functions
without a physically-present human pilot. Examples of flight-related functions may include,
but are not hmited to, sensing its covironment or operating in the air without a need for fnput
from an operator, among others.

(6686} As noted, a UAV may be autonomous or semi-autonomous, For instance,
some tunctions could be coutrolled by a remote human operator, while other functions are
carried out avtonomously. Further, a UAV may be configured to allow a remote operator to
take over functions that can otherwise be controlled amtonomously by the UAV. Yet finther, a
given type of function may be controlied remotely at one level of abstraction and performed
autonomously at another level of abstraction. For example, a remoete operator could control
high level navigation decisions for a UAV, such as by specitying that the UAV should fravel
from ome location to another (e.g., from the city hall in Palo Alio to the city hall in San
Francisco), while the UAV’s pavigation system awtonomously controls more fine-grained
navigation decisions, such as the specific route to take between the two locations, specific
flight controls to achiove the roate and avoid obstacles while navigating the route, and so on.
Other examples ave also possible.

[BG87} A UAY can be of various forms. For example, 2 UAV may take the form of a
rotorcraft such as a helicopter or multicopter, a fixed-wing aircraft, a jet aircraft, a ducted fan
aircraft, a lighter-than-air dirigible such as a blimp or stecrable balloon, a tail-sitter awerafi, a
ghder aireraft, and/or an ornithopter, among other possibilitics, Further, the terms “drone”,
“unmeanned aerial vehicie system” (“UAVS”), or “comanned acrial system”™ (“UAS™) may

also be used to refer to a UAV.

e
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[6088] Figure 4 is a simplified illustration of a UAV, according to an example
embodiment. In particular, Figure 4 shows an example of a rotoreratt 400 that 1s commonly
referred to as a mudticopter. Multicopter 400 may also be referred to as a quadcopter, as it
includes four rotors 410, It should be undersicod that example embodiments may involve
rotorcraft with more or less rotors than multicopter 400, For example, a helicopter typically
has two rotors. Other examples with three or more rotors are possible as well. Herein, the
term “multicopter” refers o any rotorcraft having more than two rolors, and the torm
“helicopter” refers to rotorcraft having two rotors,

18689} Referring to multicopter 400 in greater detail, the four rotors 410 provide
propulsion and mancuverability for the multicopter 400. More specifically, cach rotor 410
mclades blades that ave attached to a motor 420, Configored as such the rotors may aliow the
multicopter 400 to take off and land vertically, to maneuver fn any direction, and/or to hover,
Furthermore, the piich of the blades may be adjusted as 2 group and/or differentially, and may
allow a multicopter 410 to perform three-dimensional aerial mapcuvers such as an upside-
down hover, a continuous tatl-down “tic-toc,” loops, loops with piroucttes, stall-turns with
pitouette, knife-cdge, immelmann, slapper, and traveling flips, among others. When the pitch
of all blades is adjusted to perform such acrial mancuvering, this may be referred to as
adjusting the “collective pitch” of the multicopter 400, Blade-pitch adjustment may be
particularly useful for votoreraft with substantial inertia in the rotors and/or drive train, but is
not limited to such rotorcraft

16654} Additionally or alternatively, multicopter 400 may propel and mancuver itself
adjust the rotation rate of the motors, collectively or differentially.  This technique may be
particularly useful for small electric rotorcraft with low ineortia in the motors and/or rotor
system, but is not bimited to such rotorcrafy,

3891} Mudticopter 400 also includes a central enclosure 430 with a hinged Hd 435,
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The central enclosure may contain, ¢.g., control electronics such as an inertial measurement
unit (IMU} and/or an electronic speed controller, batteries, other sensors, and/or a payload,
among other possibilities.

6093} The llustrative multicopter 400 also includes landing gear 440 to assist with
controlled take-offs and landings. In other embodiments, multicopters and other types of
U AVs without landing gear are also possible.

(8493 In a further aspect, multicopter 400 includes rotor protectors 450, Such rotor
protectors 450 can serve multiple purposes, such as protecting the rotors 410 from damage if
the vwlticopter 400 strays toc close to an object, protecting the multicopter 400 structure
from damage, and protecting nearby objecis from being damaged by the rotors 4190, Tt should
be understood that in other embodiments, multicopters and other types of UAVs without rotor
protectors are also possible. Further, rotor protectors of different shapes, sizes, and function
are possible, without departing from the scope of the invention.

{8094} A mlticopter 400 may conirol the dircction and/or speed of its movement by
controlling its pitch, roll, vaw, and/or altitude. To do so, multicopter 400 may increase or
decrease the speeds at which the rotors 410 spin. For example, by matutaining a counstant
specd of three rotors 410 and decreasing the speed of a fourth rotor, the multicopter 400 can
roll right, roll left, pitch forward, or pitch backward, depending vpon which motor has its
speed decreased. Specifically, the multicopter may roll in the dircction of the motor with the
decreased speed.  As another example, increasing or decreasing the speed of all rotors 410
simultancoosly can resslt in the multicopter 400 mereasing or decreasing its altitude,
respectively.  As yet another exarople, increasing or decreasing the speed of rotors 410 that
are turning in the same divection can result i the vwlticopter 400 performing a yaw-left or
yvaw-right movement. These are but a few cxamples of the different types of movement that

can be accomplished by independently or collectively adjusting the RPM and/or the divection
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that rotors 41{} are spinning.

[8695] Figure 5 is a simplified illustration of a UAV, according to an example
embodiment.  In particular, Figure 5 shows an example of a tail-sitter UAV 500, In the
illustrated example, the tail-sitter UAV SO0 has fixed wings 502 to provide Lift and allow the
UAV to ghde horizontally (e.g., along the x-axis, in a position that is approximately
perpendicular fo the position shown in Figure 8). However, the fixed wings 502 alse allow
the tail-sitter UAV 500 take off and land vertically on tis own

16696} For example, at a faunch site, tail-sitter UTAV 300 may be positioned vertically
(as shown) with fins 504 and/or wings 502 resting on the ground and stabilizing the UAV in
the vertical position. The tail-sitter UAV 500 may then take off by operating propellers 506
to generate the upward thrust {e.g., a thrust that is generally along the y-axis). Omnce at a
suitable altitude, the tail-sitter UAV 500 may use its flaps 508 to reorient itself in a horizontal
position, such that the fusclage 510 is closer 10 being aligned with the x-axis than the v-axis.
Positioned horizontally, the propelicrs 506 may provide forward thrust so that the tail-sitter
UAY 500 can fly in 2 similar manner as 4 typical airplanc.

8097} Variations on the illustrated tail-sitter AV 3500 are possible. For instance,
tail-sitters UAVs with more or less propellers, or that utilize a ducted fan or multiple ducted
fans, are also possible. Further, different wing configurations with more wings (e.g., an “x-
wing” configuration with four wings), with less wings, or even with no wings, are also
possible.  More generally, it should be understood that other types of tail-sitter UAVs and
variations on the illostrated tail-sitter UAV 500 are also possible.

16698} As noted above, some embodiments may volve other types of UAVs, m
addition or in the alternative to vwlticopters. For instance, Figures 6 and 7 are simplificd
illustrations of other types of UAVs, according to example embodiments.

[B99] fn particular, Figure 6 shows an example of a fixed-wing aircraft 600, which
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may also be referred to as an airplane, an acroplane, or stmply a2 plane. A fixed-wing abrcraft
600, as the name mmplies, has stationary wings 602 that generate 1ift based on the wing shape
and the vehicle’s forward airspeed. This wing configuration is different from a rotorcraft’s
configuration, which produces hHft through rotating rotors about a fixed mast, and an
ornithopter’s configuration, which preduces hift by flapping wings.

6071640 Figure 6 depicts some common structures used in a fixed-wing aireraft 600, In
particular, fixed-wing aireraft 600 includes a fuselage 604, two horizontal wings 602 with an
airfoil-shaped cross seetion to produce an acrodynamic force, a vertical stabilizer 606 (or fin)
to stabilize the plane’s vaw {furn left or right), a horizontal siabilizer 608 (also reforred to as
an clevator or tailpiane) to stabilize pitch (tilt up or down), landing gear 610, and a propulsion
unit 612, which can inchide a motor, shaft, and propeller.

[B0161] Figure 7 shows an cxample of an aiveraft 700 with a propeller in a pusher
configuration. The term “pusher” refers to the fact that the propulsion unit 708 is mounted at
the back of the aircraft and “pushes” the vehicle forward, in contrast to the propulsion unit
being mounted at the front of the aireraft. Similar to the description provided for Figure 6,
Figure 7 depicts common structures used in the pusher plane: a fuselage 702, two horizontal
wings 704, vertical stabilizers 706, and a propulsion unit 708, which can inchude a motor,
shaft, and propeller.

[80162] UAVs can be launched in various ways, using various types of launch systems
{which may also be referred to as deployment systems). A very simple way to launch a UAV
is 3 hand launch. To perform a band launch, 8 user holds a portion of the aircraft, preferably
away from the spinning rotors, and throws the aircraft into the air while conternporaneously
throtiling the propulsion unit to generate Hift

186183} Rather than using a band launch procedure in which the person launching the

vehicle 18 exposed to visk from the quickly spinning propellers, a stationary or mobile launch
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station can be utilized. For mstance, a laonch system can inchide supports, angled and
mehined rails, and a backstop. The aircratt begins the launch system stationary on the angled
and inclined rails and launches by sofficiently increasing the speed of the propeiler to
generate forward atrspeed along the incline of the launch system. By the end of the angled
and mchined rails, the awreraft can have sufficient airspeed to generate hft.  As another
example, a launch system may include 2 rail gun or cannon, either of which may launch &
UAVY by thrusting the UAV into flight. A launch system of this type may lasunch a UAV
quickly and/or may launch a UAV far towards the UAV’s destination.  Other types of launch
systems may also be utilized.

361041 In some casgs, there may be 0o separate launch system for a UAY, as a UAV
may be configured to launch itself. For example, a “tail sitter” UAV typically has fixed wings
to provide hft and allow the UAV to ghde, but also is configured to take oft and land
verfically on its own. Other examples of self-launching UAVs are also possible.

[80¢185] in a forther aspect, various other types of unmanned vehicles may be otilized
to provide remote medical support.  Such vehicles may include, for example, unmanned
ground vehicles (UGVs), unmamned space vehicles (LSVs), and/or unmanmned undorwater
vehicles (UUVs). A UGV may be a vehicle which is capable of sensing its own environment
and pavigating surface-based terrain withowt input from a driver. Examples of UGVs include
watercraft, cars, trucks, buggies, motorcycles, treaded vehicles, and remrieval duck decoys,
among others. A UUV is a vchicle that is capable of sensing its own environment and
navigating vnderwater on its own, such as a submersible vehicle. Other types of unmanned

vehicles are possible as well.

Y. Hiustrative Medical Supnort Svstems with UAVs

80196} In some embodiments, example methods and systems may tmplemented in a
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medical-sapport system that includes a fleet of UAVs that are distributed throughoot a
geographic area, such as a c¢ity.  The medical-support systern mayv be configured for
cotmmunications with remote devices, such as mobile phones, so that medical support can be
requested by a person in need of such medical sapport (or by others on behalf of a person in
need). The medical-support system can then dispatch the appropriate UAV or UAVS to the
scene of the medical situation in order to provide medical support. Figure § is a simplified
block diagram illostrating a medical support system 800, according o an example
embodiment.

130187} In an cxample embodiments, a medical-support system 800 may include a
fleet with a number of different types of UAVs, which are configured for different medical
situations. For imstance, some UAVs may be configuved with ttems and/or functionality that
are expected to be helpful in a cardiac-arrest situation, some UAVs may be configured to help
a choking victim, some UAV's may be configured to help a trauma victim, and so on. As such,
an iilustrative medical-support systern 800 may be configured to identify or classify the
particular type of medical situation that 15 occurring, to select the appropriate UAV from
those that arc available, and to dispatch the selected UAY 1o the scene of the medical situation.
16188} In a further aspect, 3 medical-support system may be configured to locate
where a medical sttuation is ccaurring or has occurred, so that one or more selected UAVs
can be dispatched to the location. Further, once the location of the medical situation has been
determined, the medical-support system may configure the sclected UAV or UAVs 1o
autonomously navigate to (or at least near to) the location of the medical situation. In some
embodiments, the medical-support system may configure a UAV to travel to a general
focation near the scene of medical situation, at which point the medical-support system may
provide for remote control of the AV by an operator, so the operator can manuvally navigate

the UAV to the specific location of the medical situation (e.g., to a specific person I 4
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crowded market).

186149 Tt should be understood that the above embodiments, and other embodiments
described herein, are provided for explanatory purposes, and are not intended to be fimiting.
(30116 Further, the term “medical situation” as used herein should be understood to
mehade any sitoation to which government or private entity, such as a police department, a

fire department, and/or an emergency medical services (EMS) entity, might dispatch s
personncl.  Therefore, some medical situations may in fact be non-medical in natore. For
exanple, an emergency situation 0 which a police car, fire truck, or ambulance might be
dispatched may be counsidered a medical situation for purposcs of this disclosure. Medical
support may not be required at such emergency situations {e.g., when police are sent to the
scene of a non-violent crime). Further, some non-emergency situations to which a police car,
fire truck, ambulance, or the like mught be dispatched, may also be considered a medical
situation for purposes of this discloswre. Thus, while excroplary embodiments may be
described as being impicmented to help provide medical support at the scene of a medical
sttuation, those skilied in the art will understand that the UAVs, the functionality of such
UAVs, and/or other aspects of the embodiments that arc explicitly described hercin can also
apply in non-medical and/or non-cmergency applications.

0111} In an iHustrative medical-sapport system 300, an access system 802 may allow
for interaction with, control of, and/or utilization of a network of medical-support UAVs 804,
In some embodiments, an access sysiem 802 may be a computing system that allows for
buman-controlled dispatch of UAVs 804,  As such, the control system may include or
otherwise provide a user interface (Ul 803 via which a4 user can access and/or control UAVs
204,

168112} As a specific example, access system 802 could be a computing system at a

police station ov a fire station. Accordingly, a lunman operator at the police or fire station may
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receive an indication that a situation exists from a remote device 806 {¢.g., a phone call, text
message, ete.). The operator may then determine that medical support is appropriate and
utilize access system 802 to dispatch one or more YAVs to provide the appropriate medical
support. For example, the operator may use the Ul 803 of access system 802 to request that a
LAV be dispatched to the location of remote device 8036 {or to another location indicated by
the user of the remote device 806).

{68113} A Ui 803 of an access system 802 may provide other functionality in addition
to allowing for dispatch of UAVs 804, For example, UT 843 may allow an operator to specify
certain details related to the medical situation to which the UAV 1is being dispatched.
Examples of such details may include, but are not imited to: (8) gencral information related
to the person or persons involved in the situation, such as age, height, weight, and so on, (b)
medical mformation related to the person or persons involved in the situation, such as
medical history, known allergies, and so on, {¢) information related to the medical stination
itself, such as sympioms exhibited by a person, details of events swrrounding the situation
{c.g., a car accident), and so on, and {d) desived specitications for the UAV to be dispatched,
such as medical-support capabilities, witeless-communication capabilities, and so on.

6114} Further, an access system 807 may provide for remote operation of a UAV.
For mstance, an access system 802 may allow an operator to control the flight of a UAV via
UT 803, Ag a specific example, an operator may use an access system to dispatch a UAV 804
to the scene of a medical situation. The UAV 804 may then avtonomously navigate to the
general arca where the medical situation is believed to exist {e.g., a stadiom). At this point,
the operator may use the access system 802 1o take over control of the UAV 804, and navigate
the UAV 1o the particular person in need of medical support {e.g., to the person’s seat within
the stadium). Other examples are also possible.

(681151 fn an illustrative embodiment, UJAVs 804 may take various forms. For
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example, each UAV 804 may be a UAV such as those illustrated in Figuves 4 to 7. However,
medical support system 800 may also utilize other types of UAVs without departing from the
scope of the invention. In some implementations, all UAVs 804 may be of the same or a
similar configuration. However, in other implementations, UAVs 804 may inclode a nomber
of different types of UAVS. For instance, UAVs 804 may include a number of types of UAVS,
with each type of UAVY being configured for a different type or types of medical support.

(60116} A remote device 806 may take various forms. Generally, a remote dovice 806
may be any device via which a request for medical support can be made and/or via which a
sifuation that may require or benefit from roedical support can be reported. For instance, a
remote device 806 may be a mobile phone, tablet computer, laptop computer, personal
computer, or any network-connected computing device. Forther, in some instances, remote
device 806 may not be a computing device. As an example, a standard telephone, which

allows for communication via plain old telephone service (POTS), may serve as a romote

86117} Further, a remote device 806 may be configured to communicate with access
system 8072 via one or more types of communication network(sy 814, For cxample, & romote
device 806 could communicate with access system 802 {or via a human operator of the access
system) by placing a phone call over a POTS network, a cellular network, and/or a data
network such as the Internet.  Gther types of networks may also be utilized.

[B0118] As noted above, a remote device 806 may be configured to allow a user to
request medical support. For example, a person may ose their mobile phone, a POTS phone,
or a VolP phone, to place an emergency call (e.g., a 9-1-1 call) and request that medical
support be provided at the scene of an accident. Further, note that a request for medical
support need not be explicit.  For instance, a person may place a 9-1-1 call o report an

emergency situation. When the 9-1-1 operator receives such a call, the operator may evaluate

G2
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the information that is provided and decide that medical support is appropriate.  Accordingly,
the operator may use an access system 802 to dispatch a UAV 804,

[68119] In a further aspect, a remote device 806 may be configured to determine
and/or provide an indication of its own location. For example, remote device 836 may
mclude a GPS system so that it can include GPS location information {e.g., GP3 coordinates)
in a communication to an access system 807 and/or to a dispatch system such as central
dispatch system %08, As anothor example, a remote device 806 may use a technique that
mvolves mangalation {(e.g., between base stations in a cellular network) to determine its
focation. Altermatively, another system such as a cellular network may use 2 technique that
involves trisngulation ic determine the location of a remote device 806, and then send a
location message to the remote device 806 to inform the remote device of its location. Gther
location-determination techmques are also possible.

180128 In an ilustrative arrangement, central dispatch system 808 may be a server or
group of servers, which is configured to receive dispatch messages requests and/or dispatch
mstractions from an access system 802, Such dispatch messages may request or instruct the
central dispatch systemn 808 to coordinate the deployment of UAVs for remote medical
support. A central dispatch system 808 may be further configured to route such requesis or
mstructions to local dispatch systems 810, To provide such fonctionality, central dispatch
system 80% may communicate with access system 802 via a data network, such as the Intermnet
or a private network that is established for communications between access systoms and
automated dispatch systems,

166121} In the iHlustrated configuration, central dispatch system 80% may be configured
to coordinate the dispatch of UAVs 804 from a vumber of ditferent local dispaich systems
810. As such, central dispaich system 808 may keep track of which UAVs 804 are located at

which local dispatch systemns 8§10, which TJAVS 04 are currently available for deployment,

5]
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and/or which medical situstion or situations ecach of the UAVs 804 is configured for

Additionally or alternatively, cach local dispatch systemn 210 may be configured to track

which of its associated UAVs 804 are currenily available for deployment and/or which
medical situation or situations cach of its associated UAVs is configured for.

60122 In some embodiments, when central dispatch system 808 receives a request for
medical support from an access systera 802, contral dispatch system 808 may seiect a specific
UAY 804 to dispatch. The central dispatch system 808 may accordingly instruct the local
dispatch system 810 that is associated with the selected UAV to dispatch the selected UAV.
The local dispatch system 810 may then operate its associated deployment system 812 o
taunch the selected UAV.

[B0123] As a specific example, central dispatch system 808 may receive a request for
medical support that indicates a certain type of medical situation and a location where the
situation is occurring. Take, for instance, a roguest for medical support at the home of &
person who appears to have suffered from cardiac arrest. In this scenario, the central dispatch
system 808 may evaloate the flect of UAVs 804 to select the closest available UAV to the
person’s home that is configured to provide medical support when a heart attack has cccurred.
Alternatively, the central dispatch system 808 may sclect an available UAV that is within a
certain distance from the person’s home (which may or may not be the closest), and which is
configured to provide medical support when cardiac arrest has occurred.

(80124} In other embodiments, a central dispatch systom 808 may forward a request
for medical support to a local dispateh system 810 that is near the location where the support
is requested, and leave the selection of a particular UTAV 804 to the local dispatch system 810,
For instance, in a variation on the above example, contral dispateh system 808 may forward a
request for medical support at the home of a person who appears o have suffered from a

heart attack to the local dispatch system 810G that is closest to, or within a certain distance
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from, the person’s home. Upon receipt of the request, the local dispatch system 810 may then
determine which of its associated UAVs is configured to provide medical support to a heart-
attack victim, and deploy this UAV,

[B0125] In an example configuration, a local dispatch system 810 may be implemented
m a computing systermn at the same location as the deployment system or systems %812 that it
controls.  For example, in some cmbediments, a local dispatch system 810 could be
implemented by a computing system at a building, such as a fire station, where the
deployment systems 812 and UAVs 8§04 that are associated with the particular local dispatch
system 810 are also located. To other embodiments, a local dispatch system 810 could be
implemented at a location that is remote to its associated deployment systems 812 and UAVs
804,

(881261 Numerous variations on and aliernatives to the illustrated configuration of
medical support system 800 are possibie. For cxample, in some embodimenis, 2 user of &
remote device 806 could request medical support divectly from a central dispatch system 808,
To do so, an application may be implemented on a remote device 806 that allows the user to
provide information regarding & medical situation, and generate and send a data message to
request medical support. Such an spplication might alse allow the user to request a particular
type of medical support {e.g., by requesting that a UAV deliver a certain kind of medicine).
In such an embodiment, central dispatch systermn 808 may mclude automated functionality to
handie requests that are generated by such an application, evaluate such reguests, and, if
appropriate, coordinate with an appropriate local dispatch system 310 to deploy a UAV.
66127} Further, in some implementations, some or all of the fumctionality that s
attributed herein 1o contral dispateh system 808, local dispatch sysiern(s) 810, access system
802, and/or deployment system(s) 812 could be combined in a single system, implemented in

a more complex system, and/or rvedistributed among central dispatch system 808, local

5]
LN



WO 2015/076886 PCT/US2014/052553

dispatch system{s) 810, access system 802, and/or deployment system(s) 812 in various ways.
186128] Yet further, while each local dispatch system 810 is shown as having two
associated deployment systems, a given local dispatch system 810 may have more or less
associated deployment systems.  Stmilarly, while central dispaich system 808 is shown as
being in communication with two local dispatch systems 810, a central dispatch system may
be in communication with more o7 less local dispatch systems 810,

[68129] in a further aspect, a deployment system 812 may take varicus forms. In
general, a deployment system may take the form of or melude a system for physically
faumching @ UAV 804. Further, 2 deployment systern 812 may be configured to launch one
particular UAV 804, or to launch owultiple UAVs 804, A deployment system 812 may
further be configured to  provide additional fonctions, including for example,
disgnostic-related functions such as verifying system fimetionality of the UAV, verifying
finctionality of devices that are housed within a UAV {e.g., such ag a defibrillator, a mobile
phone, or an HMD), and/or maintaining devices or other items that are housed in the UAV
{c.g., by charging a defibrillator, mobile phone, or HMD, or by checking that medicine has
not expirved).

16138} In some embodiments, the deployment sysiems 812 and their corresponding
UAVs 804 (and possibly associated local dispatch systems 810) may be strategically
distributed throughout an area such as a city. For example, deployment systems 812 may be
located on the roofs of certain municipal buildings, such as fire stations, which can thus serve
as the dispatch locations for UAVs 804, Fire stations may function well for UAV digpatch,
as fire stations tend to be distributed well with respect to population density, their roofs tend
to be flat, and the use of firchouse roofs as ieased spaces for UAV dispatch could further the
public good. However, deployment systems 812 (and possibly the local dispaich systems

§10) may be distributed in other ways, depending upon the particular implementation.
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(86131} In a forther aspect, 2 medical-support system 800 may include or have access
to a user-account database 814, The user-accoumt database 814 may nclude data for a
number of user-accounts, which are gach associated with one or more person. For a given
user-account, the user-account database 814 may include data related to the associated person
or persons” medical history and/or may mehude other data related to the associated person or
persons.  Note that the medical-support system may ounly acquive, store, and utilize data
related to a person with that person’s explicit permission to do so.

66132} Further, in some embodiments, a person may have to register for a user-
account with the medical-support system 800 in order 1o use or be provided with medical
support by the UAVs 404 of medical-support system 800. As such, the user-account database
814 may melide authorization information for 8 given user-account {¢.g., a user-name and
password}, and/or other information that may be used to authorize access to a user-account.
[68133] In some embodiments, a person may associate one or more of their devices
with their user-account, such that they can be provided with access to the services of medicai-
support system 800, For example, when a person uses an associated mobile phone to, e.g.,
place a call to an operator of access system 802 or send a message requesting medical support
to a dispatch system, the phone may be identified via a unique device identification vumber,
and the call or message may then be attributed to the associated user-account. In addition or
m the alternative to being an authorization mechanism, identifying the user-account may
allow mformation such as the person’s medical history to be used in responding to their
request for medical support.

166134} In a further aspect, the user-account database 814 may include data indicating
& sorvice lovel for each user. More specifically, a medical-support system 800 may provide
service according to a number of different service levels, which correspond to different types

of medical support. For example, a higher service level may: (a) provide access to additional
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types of UAVs, (b) provide medical sapport for additional medical situations, (¢) provide
access to improved support for a given medical situation, and/or {d) have priority as far as
response time to requests for medical support, as compared o a lower service level. Gther
differences between a higher and lower service level are also possible.

(831351 fn some embodiments, there may be no individual user accounts associated
with a medical system; or, user accounts may exist but may not be used for purposes of
determining whether a person should be provided medical support and/or for purposes of
determining the quality of medical support that should be provided. For example, a medical
support systera may be implemented by a municipality or another public entity to provide

medical support to citizens for free or at an equal cost. Other examples are also possible.

Vi, Hlustrative Components of a Medical-Suppert UAY

[80136] Figure 9 is a simplificd block diagram illustrating components of a UAV 9040,
according to an example embodiment. UAY 900 may take the form of or be similar in form
1o one of the AV 400, 500, 600, and 700 shown in Figures 4, 5, 6, and 7. However, a UAV
900 may also take other forms. Further, UAY 900 may include components and features that
are not explicitly shown, such as components and featares of the UAVs 100 and 200 shown in
Figures 1A-B and 2A-C.

68137} UAV 900 may include varions types of sensors, and may include a computing
systern configured to provide the functionality described herein.  In the illusirated
embodiment, the sensors of UAV 900 include an inertial measurement unit (IMU)} 902,
ultrasonic sensor(s) 904, GPS 904, imaging system{s) 908, among other possible sensors and
sensing systems.

[#0138] In the illustrated embodiment, UAV 900 also includes one or more processors

0910, A processor 910 may be a general-purpose processor or a special purpose processor
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{c.g., digital signal processors, application specific integrated circuits, ete.). The one or more
processors 910 can be configured to execute computer-readable program nstructions 914 that
are stored in the data storage 912 and are executable to provide the functionality of a UAV
described herein.

[80139] The data storage 912 may include or take the form of one or more computer-
readable storage media that can be read or accessed by at least one processor 910, The one or
more computer-readable storage media can include volatife and/or non-volatile storage
components, such as optical, magnetic, organic or other memory or dise storage, which can
be integrated in whole ot in part with at lcast one of the one or more processors 910, fn some
embodiments, the data storage 912 can be implemented using 2 single physical device {e.g.,
one optical, magnetic, organic or other memory or disc storage umit), while i other
embodiments, the data storage 912 can be implemented using two or more physical devices.
180148 As noted, the data storage 912 can include computer-readable program
instructions 914 and perhaps additional data, such as diagnostic data of the UAV 900. As
such, the data storage 914 may include program instructions to perform or facilitate some or
all of the UAV functionality described hercin. For instance, in the Ulustrated embodiment,
program instructions 914 include a navigation meodule 915 and one or more medical-support
modules 916.

(001411 A. Sensors

[BG142] in an illustrative embodiment, IMU 202 may inchude both an accelerometer
and a gyroseope, which may be used together to determine the orientation of the UAV 900.
In particular, the accelerometer can measure the orientation of the vehicle with respect to
carth, while the gyroscope measures the rate of votation aroumd an axis. IMUs are
commercially available in low-cost, low-power packages. For instance, an IMU 902 may

take the form of or include 8 miniaturized MicroElectroMechanical System (MEMS) or a



WO 2015/076886 PCT/US2014/052553

ManoElectroMechanical System (NEMS). Other types of IMUs may also be utihized.

186143} An IMU 902 may include other sensors, in addition to accelerometers and
gyroscopes, which may help to better determine position and/or help to increase autonomy of
the UAV 800, Two examples of such sensors arg magnetometers and pressure sensors, (ther
examples are also possible. (Note that a UAV could also include such additional sensors as
separate components from an IMU)

[80144] While an accelerometer and gyroscope may be effective at determining the
orientation of the UAV 800, slight errors in measurement may compound over time and result
in a more significant error. However, an example UAV 900 may be able mitigate or reduce
such errors by using a magnetometer to measure direction. One example of 2 magnetometer
18 a low-power, digital 3-axis magnetometer, which can be used to realize an orientation
mdependent electronic compass for accurate heading information.  However, other types of
maguectometers maay be utilized as well.

[60145] UAV 900 may also include a pressure sensor or barometer, which can be used
to determine the altitude of the UAV 900, Alternatively, other sensors, such as sonic
altimeters or radar altimeters, can be used to provide an indication of altitude, which may
help to improve the sccuracy of and/or prevent drift of an IMUL

(681461 In a further aspect, UAV 900 may inchide one or more sensors that aliow the
LAV 1o sense objects in the environment. For instance, n the llustrated embodiment, UAV
900 inchades ultrasonic sensor(s) 904, Ultrasonic sensor(s) 904 can determing the distance to
an object by generating sound waves and determining the time interval between transmission
of the wave and receiving the corresponding echo off an object. A typical application of an
ultrasonic sensor for unmanved vehicles or IMUs is Jow-level altitude control and obstacle
avoidance. An ullrasonic sensor can also be used for vehicles that noed to hover at a certain

height or need to be capable of detecting obstacles. Other systems can be used to determine,

40



WO 2015/076886 PCT/US2014/052553

sense the presence of, and/or determine the distance to nearby objects, such as a light
detection and ranging (LIDAR) system, laser detection and ranging (LADAR) system, and/or
an infrared or forward-looking infrared (FLIR systom, among other possibilities.

(#9147} UAV 900 alse includes a GPS receiver 906. The GPS receiver 906 may be
configured to provide data that is typical of well-known GPS systems, such as the GPS
coordinates of the UAV 900. Such GPS data may be utilized by the UAV 900 for various
functions. For example, when a caller uses a mobile device to request medical support from s
UAY, the mobile device may provide its GPS coordmates.  As such, the UAV may use its
GPS receiver 906 to help navigate to the caller’s location, as indicated, at least in part, by the
GPS coordinates provided by their mobile device. Uther examples are also possible.

[80148] UAV 900 may also include one or more imaging system{s) 908, For example,
one or more still and/or video cameras may be utilized by a UAV 900 to capiure image data
from the UAV’s covironment.  As a specific examaple, charge-coupled device (CCD) cameras
or complementary metal-oxide-scmiconducior {CMOS) cameras can be used with unmanned
vehicles. Such imaging sensor(s} 908 have nuwmerous possible applications, such as obstacle
avoidance, localization techmigues, ground tracking for more accurate navigation {e,g., by
applying optical flow techniques to images), video feedback, and/or image recognition and
processing, among other possibilities.

38149} In a further aspect, UAV 900 may usc its one or more imaging system 908 to
help in determining location. For cxample, UAV 900 may capiure imagery of is
enviromment and compare it to what 1 expects to see iIn s environment given current
estimated position {e.g., its current GPS coordinates), and refine its estimate of its position
based on this comparison.

[0156] In a further aspect, UAV 900 may inclode one or more microphones. Such

microphones may be configured to capture sound from the UAVs environment,
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(66151} B. Navigation and Location Determination

166152} The navigation module 915 may provide fumctionality that allows the UAV
900 to, e.g., move about in its environment and reach a desired location. To do so, the
navigation module 915 may control the altitude andVor direction of flight by controlling the
mechanical features of the UAV that affect flight (e.g., rotors 410 of UAV 400).

180153} In order to navigate the UAV 900 to a target location, a navigation module 915
may implement various pavigation techniques, such as map-based pavigation and
localization-based navigation, for mstance. With map-based navigation, the UAV 200 may be
provided with a map of its enviromment, which may then be used to navigate to a particular
focation on the map. With localization-based navigation, the UAV 900 may be capable of
navigating in an ooknown environment using localization.  Localization-based navigation
may involve a UAV 900 building its own map of its environment and calculating ifs position
within the map and/or the position of objects in the coviroument. For example, as a UAV 600
moves throughout its environment, the UAV 900 may continuously use localization to update
its map of the enviromment. This continoous mapping process may be referred to as
stmultancous localization and mapping (SLAM).  Other navigation techuiques may also be
utilized.

[80154] In some embodiments, the navigation module 915 may navigate using a
technique that relies on waypoints.  In particular, waypoints are sets of coordinates that
identify points in physical space. For instance, an air-navigation waypoint may be defined by
a certain latitude, longitude, and altitude.  Accordingly, navigation module 915 may cause
UAY 900 to move from waypoint to waypoint, in order to ultimately travel to a final
destination {e.g., a final waypoint in 2 sequence of waypoints).

[#01585] In  forther aspect, navigation module 915 and/or other components and

systems of UAV 900 may be configured for “localization” to more precisely navigate to the
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scene of a medical sitoation. More specifically, it may be desirable in cortain situations for a
UAY to be close to the person in need of medical support {e.g., within reach of the person), so
as to properly provide medical support o the person. To this end, 2 UAV may use a two-
tiered approach in which it uses a more-general location-determination technique to navigate
to a target location or area that 18 associated with the medical situation, and then use a more-
refined location-determination techoique to idemtify and/or navigate to the target location
within the geoeral arca.

186136] For exarple, a UAV 900 may navigate to the general arca of a person in need
using waypoints that are pre-determined based on GPS coerdinates provided by a remote
device at the scenc of the medical situation. The UAV may then switch to mode in which #t
utilizes a localization process to locate and travel to a specific location of the person i need.
For example, if a person 1s having a heart attack at a large stadivm, a UAV 900 carrying 2
medical package may need to be within reach of the person or someone near the person so
that the can take items from the package. However, a GPS signal may only get a UAV so far,
e.g., to the stadium. A more precise location-determination technique may then be used to
find the specific location of the porson within the stadium.

168157} Various types of location-determination techuigues may be used to accomplish
focahization of a person once a UAV 90{ has navigated to the general arca of the person. For
mstance, a UAY 900 may be cquipped with one or more sensory systems, such as, for
cxample, imaging systemis) 908, a dircctional microphone array (not shown), ultrasonic
sensors 904, infrared sensors (not shown), and/or other sensors, which may provide input that
the navigation modide 915 utilizes to navigate autonomously or semi-antonomously to the
specific location of a person.

#6158] As another exampie, once the UAV 900 reaches the general area of the person,

the UAY 900 may switch to a “fly-by-wire” mode where it is controlled, at least in part, by 4

o
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remote operator, who can navigate the UAV 900 to the specific location of the person inneed.
To this end, sensory data from the LAV 900 may be sent to the remote operator o assist them
in pavigating the UAV to the specific location. For cxample, the UAV 900 may stream a
video feed or a sequence of still images from the UAV’s imaging system(s) 908, Other
examples are possible.

[G8159] As vet another cxample, the UAV 900 may inchude a module that s able to
signal to a passer-by for assistance in cither reaching the specific location or delivering its
medical-sapport items to the medical situation; for example, by displaying a visual message
in a graphic display, playing an audio message or tone through speakers, flashing a light, or
performing a combination of such functions. Such visual or audic message might indicate
that assistance is needed in dehivering the UAV 900 to the person in need, and might provide
mformation fo assist the passer-by in delivering the UAV 900 to the person, such a
description of the person, the person’s varge, and/or a description of the person’s specific
location, among other possibilitics. This implementation can be usefol in a scenario in which
the UAV is unable to use sensory functions or another location-determination technique to
detormine the specific location of the person.

186166} As an additional example, once a UAY 900 arrives at the goneral arca of a
person, the UAV may utilize a beacon from the remote device (e.g., the mobile phone of a
person who called for medical support) to locate the person. Such a beacon may take various
forms. As an example, consider the scenario where a remote device, such as the mobile
phone of a person in need or a bystander, is able to send out divectional signals (e.g., an RF
signal, a light signal and/or an audio signal). In this scenario, the UAV may be configured to
navigate by “sourcing” such directional signals — in other words, by determining where the
signai is strongest and navigating accordingly. As another cxample, a mobile device can omit

a frequency, cither in the human range or outside the human range, and the UAV can listen
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for that frequency and navigate accordingly. As a related example, if the UAV is listening for
spoken commands, then the UAV could utilize spoken statements, such as “Help! I'm over
here!™ to source the specific location of the person in need of medical assistance.

#0161} In an alterpative arrangement, a navigation module may be implemented at a
remote computing device, which communicates wirelessly with the UJAV.,  The remote
computing device may reccive data indicating the operational state of the UAVY, scusor data
from the UAYV that allows it to assess the environmental conditions being cxperienced by the
VAV, and/or location information for the UAY. Provided with such information, the remote
computing device may determine altitudinal and/or directional adjustioends that should be
made by the UAV and/or may determine how the UAV should adjust its mechanical features
{e.g., rotors 410 of UAV 400} in order to effectoate such movements.  The remote computing

system may then communicate such adjustments to the UAV so0 it can move in the deternined

Manner,
(86162} . Communication Systems
86163} In a further aspect, UAV 200 includes one or more commumication systems

920. The communications systems 920 may inclide one or more wireless inferfaces and/or
one or more wireline interfaces, which allow UAV 900 to conmununicate via one or more
networks.  Such wireless iterfaces may provide for communication under one or more
wireless communication protocols, such as Blactooth, WiFi (e.g., an TEEE 802.11 protocol),
Long-Term Evolution (LTE), WIMAX (2.g., an IEEE 802.16 standard), a radio-frequency ID
(RFID} protocol, near-field communication (NFCY, and/or other wireless commumication
protocols. Such wirehine interfaces may include an Fthernet mterface, 8 Universal Serial Bus
(USB) nterface, or similar jnterface fo communicate via a wire, a twisted pair of wites, a
coaxial cable, an optical link, 8 fiber-optic link, or other physical connection to a wircline

network.
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(86164} In an example embodiment, a UAV 900 may include commumication systems
920 that allow for both short-range commumication and long-range comnumication. For
exarple, the UAV 900 may be configured for short-range communications using Bluetooth
and for long-range commumications under a CDMA protocol. In such an embodiment, the
VAV 900 may be configured to function as a “hot spot;” or 1n other words, as a gateway or
proxy between & remote support device and one or more data networks, such as cellular
network and/or the Internet. Configured as such, the UAV 900 wmay facilitate data
communications that the remote support device would otherwise be umable to perform by
itseff.

[#0165] For example, UAY 900 may provide a WiFi connection to 2 remote device,
and serve as a proxy or gateway to a celludar service provider’s data network, which the UAV
might conmect to under an LTE or a 3G protocol, for instance. The UAV 900 could also serve
as a proxy orgateway to a high-altitode balloon wetwork, a satellite network, or
a combination of these networks, among others, which a remote device might not be able to
otherwise access.

180166] 3, Power Systems

168167} In a further aspect, UAV 900 may include power systom(s) 921, A power
system 921 may inclhude one or more batteries for providing power to the UAV 900. In one
example, the one or more batteries may be rechargeable and each battery may be recharged
via a wired connection between the battery and a power supply and/or via a wireless charging
systern, such as an indoctive charging system that applies an external time-varying magnetic
field to an internal battery.

186168] E. Medical-Support Functionality

180169} As noted above, UAY 900 may inchude one or more medical-support modules

916, The one or more medical-support modules 916 mclude software, firmware, and/or
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hardware that may help to provide or assist i the provision of the medical-support
functionality described herein,

186176] Configured as such, a UAV 900 may provide medical support in various ways.
For instance, a UAV 200 may have stored information that can be provided to a person or
persons at the target location, in order to assist the person or persons in providing medical
care. For example, 2 UAV may include a video or audio file with instructions for providing
medical support, which the UAY can play out t¢ a person at the target location. As another
exanple, a UAV may inclade an interactive program to assist a person at the target location in
providing medical support. For instance, a UAY may include an application that analyzes the
person’s speech to detect questions related to the medical situation and/or that provides a text-
based interface via which the person can ask such gquoestions, and then determines and
provides answers to such questions.

(80171 In some embodiments, a UAV 900 may facilitate communication between a
layperson and/or medical personnel at the scenc and medical personnel at a remote location.
As an example, a medical support module 916 may provide a user interface via which a
person at the scene can use a conumunication system 920 of the UAV to commuunicate with
an cmergency medical technician at a remote location. As another example, the UAV 00 can
unlock certain capabilities of a remote device, such as a mobile phone, which is near the UAY
at the scene of a medical situation. Such capabilities may be inaccessible to a user of the
remote device, unless the remuote device is within a certain distance from the UAV such that
the UAV can unlock the capabilitics. For example, a UAV may send the remote device a
security kev that allows the remote device to establish a secure connection to commumnicate
with medical personunel at a rernote location.  Other examples are also possible.

168172} Further, in order to provide medical support at a vemote location, a UAV 900

may be configured to transport items to the scene of a medical situation. Such items may aid

47



WO 2015/076886 PCT/US2014/052553

in diagoosing and/or treating a person who needs medical assistance, or may serve other
purposes. Such items may include, as examples: (a) medicines, (b} diagnostic devices, such
as a pulse oximeter, blood pressure sensor, or EKG sensor, (¢) treatment devices, such as an
EpiPen, a first aid kit, or varicus kinds of defibrillators {e.g., an automated external
defibrillator (AEDY), and/or (d) remote support devices, sach as a mobile phone or a head-
mountable device (HMD), among other possibilities. Note that some items that are electronic
may inchude one or more batteries to provide power to the item. These batteries may be
rechargeable and may be recharged using one or more wired or wircless charging systems. In
addition ot on in the alternative, an item may be ttegrated with one or more batieries o the
power system 921 for power.

80173} A UAV 900 may employ various systems and configorations in order to
transport items to the scene of a medical sitwation.  For example, as shown in Figore 4, 4
LAV 400 can include acompartment 435, in which an item or items may be
transported. As another example, the UAV can inchide a pick-and-place mechanism, which
can pick up and hold the item while the UAV is in flight, and then release the item during or
after the UAV’s descent.  As yet another cxample, a UAV could include an air-bag drop
system, g parachute drop system, and/or a winch sysicm that is operable from high above a
medical situation to drop or lower an Hem or itoms to the scene of the medical situation,
Other examples ave also possible.

[80174] In somec implementations, a given UAV 900 may include a “package”
designed for a particular medical situation (or possibly for a particular set of medical
situations). A package may melude one or more items for medical sapport in the particalar
medical situation, and/or one or more medical-support modules 916 that are designed o
provide medical support in the particular medical situation. In some cases, a UAY 900 may

melade & package that is designed for a particular medical situation such as choking, cardiac
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arrest, shock, asthma, drowning, etc.

166175) In other cases, & UAV 900 may include a package that is designed for a
number of different medical situations, which may be associated in some way. For example,
a dive-accident package may be designed to provide or assist in provision of care in various
medical situations that are often associated with a scuba diving accident, such as drowning
and/or decompression sickness.  Such a dive-accident package might include a flotation
device, an oxygen-therapy system, a system for delivering visual and/or audibie medical care
mstractions {e.g., instructions for performing CPR), and/or a signaling device, among other
possibilitics. A UAY 900 that is configured with such a dive-accident package may be
referred to herein as a “dive-rescue” UAY. Such a dive-rescue UAY may be deploved to a
diver on the surface of the water, who has just had an accident while scuba diving, with the
hope that the UAV can reach the diver and deliver medical treatment sooner than would
otherwise be possible.

(80176} For instance, provided with the above dive-accident package, the UAV 900
may drop a flotation device to help the diver stay afloat until the diver can be reached by
rescuers. In addition, the UAVY may include a signaling device, which can be avtomatically
tarned on when the UAV locates the diver. Poing so may help a rescue boat locate a diver
more quickly. Forther, once the diver has been rescued, the UAV may display visual
mstructions and/or play back auditory mstructions for CPR, which may help to revive a
drowning victim. Such instructions may be particulasly useful in the case where the diver is
rescued by non-medical professionals; if the diver is rescued by a passing fishing boat, for
exanmple.

1861773 Further, when the UAV arrives at the scene of a dive accident or, more likely,
once the diver has been moved to a rescue boat, the UAVY could provide an oxygen-therapy

system, and possibly mstractions for use thercof, in order to treat possible decompression
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sickness. Since a rescue boat might not have oxygen-therapy system, and immediate
administration of pure oxygen has been shown to increase the probability of recovering from
decompression sickness, such functionality of @ UAVY could improve treatment for a diver
suffering from decompression sickness.

(38178 fn some embodiments, & UAV 900 could include an mtegrated system or
device for aduunistering or assisting in the administration of medical care {(c.g., a system or
device having onc or more componenis that are built in to the structure of the UAV itself).
For example, as noted above, a UAV could mclude an oxygen-therapy system. In an example
configuration, an oxygen-therapy system might include a mask that is connected via tubing to
an on-board oxygen source. Configured as such, the UAV could release the oxygen mask
when it reaches a person in need of oxygen (g.g., at a fire scene).

38179} As another example of a UAV with an integrated medical-support device, a
LAV 900 might function as a moebile defibrillator.  Specifically, rather than carry 2 stand-
alone defibrillator that can then be removed from the UAV for use, the UAV itself may
function as a defibrillator.

16180} As a specific example, a multicopter might include components of an AED
that is built into its body, as well as retractable clectvode pads for administering a shock to a
person who is experiencing a cardiac event or arrest. When the multicopter arrives at the
scene of cardiac arrest, the nuilticopter may land, disable its rotors, and enter a mode where it
functions as an AED. Specifically, afier landing, the multicopter may release ifs retractable
elecirode pads and provide instructions so that a bystander, who might be layperson, could
use the electrode pads to administer care to the person with a cardiac arrest.  Such
nstructions may be provided, for example, by displaying text and/or video on a graphic
display that is built in to the body of the multicopter, and/or by playing back audic

mstructions.  The multicopter could also include a wireless communication interface via
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which a bystander could commumicate with a live remote operator (e.g. a medical
professional at a remote location), in order 1o receive mstructions for using the AED.

[B08181] Many other examples and variations on the above examples of UAVs with
mtegrated medical-support systems and devices are also possible. For tostance, a medical
device may be integrated into the structure of a UAV itself when domg so reduces weight,
improves acrodynamics, and/or simaplitics the use of the device by a person at the scenc of the
medical situation.  Further, those skilied in the art will appreciate that a medical-support
system or device may be integrated in the structure of 2 UAV in other situations and for other
Teasons.

168182} In some apphications, a UAV 900 may be dispaiched to the scene of a medical
situation to provide early intelligence to medical personmel. In particelar, a UAV 900 may be
dispatched because it is expected 1o reach the location of a medical sitoation more rapidly
than medical personnel are able to. In this scenario, the UAV 900 may arrive at the scene and
provide carly intelligence by communicating information and providing situational awarencss
to medical personnel. For example, a UAV 900 may use its imaging system{s) 908 to capture
video and/or still images at the scene of the medical sitvation, which the UAV 900 may
communicate to medical and/or emergency personncl. As another example, UAV 90 could
administer preliminary tests to a person in need, or request that a bystander administer certain
preliminary diagnostic tests and/or provide certain information. UAV 900 may then send
such test results and/or such information provided by a bystander to medical and/or
emergency personnel. A UAV 900 may provide other types of carly-intelligence
nformation as well.

186183] By providing carly intelligence to medical and/or emergency porsonnel, a
UAY 900 may help the medical and/or omergency personnel to prepare to provide care, such

that more effective care can be provided once the personnel arrive at the scene. For instance,
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a UAY 900 could send video, test results, and/or bystander-provided information to medical
personnel while they are travelling in an ambulance on their way to the scene, to fivemen or
other personnel while they are in a fire truck on their way to the scene, and/or to police they
are in a law-enforcement vehicle on their way to the scene, among other possibilities.

38184} It should be understood that the examples of medical-support functionality that
are provided hercin are not intended o be limited. A UAV may be configured to provide
other types of medical-support functionality without departing from the scope of the
mvention.

18G185] In a further aspect, an cxample UAVY may be configured to tly from a launch
site to a delivery location. Figure 10 is a flow chart illustrating a method 1000 for deploying
a UAV to travel {0 a target location, according to an example embodiment.  Method 1000
may be implemented in conjunction with an example method, such as method 300, to tly to a
target location and lower a payload to the ground while hovering over the target location.
{60186} Method 1000 may be carried out in whole or in part by a component or
components in a medical-support system, such as by the one or more of the components of
the medical-support system 800 shown o Figore 8. For simplicity, method 1000 may be
described generally as being carried out by a medical-sopport system, such as by one or more
of an access system 802, a central dispatch system 808, a local dispatch system 818, and/or a
deployment system 812. However, it should be understood that example methods, such as
method 1000, may be carried out by other entities or combinations of entities (i.c., by other
computing devices and/or combinations of computing devices), without departing from the
scope of the mvention.

16187} As shown by block 1002, method 1000 juvolves a medical-support system
identifying a remote medical situation. The medical-sopport system may aiso determine the

target location corresponding to the medical situation, as shown by block 1004, The medical-
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support system can then sclect a UAV from a phwality of UAVs, where the selection of the
LAY is based at least in part on a determination that the sclected UAV 1s configired for the
identificd medical situation, as shown by 1006, More specifically, in an illustrative
embodiment, the medical-support system may have a number of UAVs available for dispatch,
which are configured for a number of different medical situations (with some or all of the
LUAVs being configured differently from one avother).  Accordingly, at block 1006, the
medical-support system may select the particular UAVY that is appropriate for the identified
medical situation. The medical-support system may then cause the selected UAV 1o travel to

the target location to provide medical support, as shown by block 1008,

G 188] F. identifying a Remote Medical Sitpation
[B0189] Various types of medical situations may be identified at block 1002 of method

10006, For example, a medical-support system could identify a medical situation such as the
occurrence of a heart attack, a stroke, an anaphylactic shock, a broken bone, heat stroke, or
any of a large number of other medical situations. More generally, a medical situation may
be any situation where a person or possibly even an animal (e.g., a pet dog or cat) might
henefit from medical support or treatoent.

180196] In some embodiments, however, a medical-support sysiem may place more
stringent requirements on what is classified as a medical situation to which a UAV should be
dispatched. In particular, since deploying and operating an UAV may be costly, a medical-
support system may only dispatch a UAV in 8 situation where the UAV is expected to provide
more immediate and/or superior medical support, as compared to traditional emergency
response services. In some embodiments, the medical-support system may even engage
cost-benefit analysis to determine whethoer the expected benefit of sending a UAV outweighs
the cxpeunse of doing so. Other criteria for defermining what is and is not considered a

medical situation that justifies use of a UAV are also possible, and may vary depending upon
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the particular implementation.

186191} In other embodiments, the benefit of having a UAV there slightly carlier may
be great encugh that the UAV may be deployed as soon as a possible medical situation is
reported; without waiting to determine whether the use of a UAV is justified. Then, at a later
time (e.g., 30-60 scconds after launch), the medical-support system may have a better
vnderstanding as to whether ot not the possible medical situation is in fact a medical sttuation
to which a UAV should be deployed.  If it is not, then the UAV may recalled; or the UAV
may automatically return if it does not receive a message indicating that it should continue to
the location of the roedical situation.

(36192} At block 1002, the identification of the remote medical sttuation may invalve
a component of the medical-support system receiving a commenication that originated from a
remote device, and identifying the remote medical situation based on information provided
by the communication. Such a communication may take various forms, such as a phone call,
a toxt-message, or an clectronic message generated by an application of a remote dovice, as
just a few examples. In some embodiments, an automated computer program on a remote
device may act as a notifier and initiate a conumunication to report a medical situation. For
exarmple, a body-monitoring device may detect a possible medical situation, such as a stroke
or heart attack, and sutomatically notify a medical support system.  Other examples are also
possible.

(86193} in some embodiments, the communication may include location information,
such as GPS coordinates of the remote device. Such location information may be utilized at
block 1004 to determine the location of the remote device, which may in turn be assumed to
be or otherwise used to determine the location of medical situation.

166194} Further, in order to identify what the particular medical situation is, the

medical-support system may utilize information provided via the cormnumication from the
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remote device. Specifically, sach information may be used in an effort to better identify the
type of medical situations that is at issue, or to identify a class of medical situations for which
the person’s medical situation likely qualifics. Tn some embodiments, this information may
be provided by the person operating the remote device, who may be referred to herein as the
“notifier.” For instance, a notifier might provide mformation such as the observed symptoms
of the person in need {e.g., “my friend just coliapsed and is convulsing” or “T am having chest
pains”).  In some instances, the notifier mught purport to convey the type of
medical emergency itself (“my brother is having a stroke!”). Further, a notifier might provide
focation information and/or other types of information related to a medical stuation.

1#6185] The information provided via the communication from the remote device may
take vartous forms. For example, the notifier may provide nformation via a voice call, in
which case they can simply speak with a Hve operator (e.g., a live operator at access system
8023 Alternatively, a specch-to-text module could be tmplemented by the medical-support
systern to convert the speech from a phoue call to {ext, which can then be analyzed to derive
the mformation about the medical situation. Information related to a medical situation may
also be provided via text, such as via a text message or a message that is generated via an
application on the remote device.

80196} In some embodiments, the medical-support system may obtain information
from image data that is captured at the scene of a medical sitvation, which may then be used
to determine what the particular medical situation is. Such image data may be captured by
and/or sent from a remote devics at the scene of the medical situation, In particular, a notifier
may use the camera of their mobile phone to capture and send video and/or still images to the
medical-support system, possibly in real-time.  As examples, & bystander may capture an
image or video of an injured limb, or possibly even video of an accident taking place, and

such image data to the medical-support system. Other examples are possible.
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186197} In some embodiments, the information provided by the notifier may inchude
other types of data.  For example, a remote device may include an application for reporting a
medical situation and/or requesting medical sapport.  Such an application may provide a Ul
with features that allow a user of the remote device to quickly provide information relating to
a medical situation. For instance, a user could hit a button to indicate what type of medical
situation they believe to be occurring, select checkboxes from a symptoms checklist to
indicate observed symptoms, and so on. Further, such an application may allow the user to
initiate & conmmunication to relay data indicating the provided information o a medical-
support system.  Other examples are also possible.

[60198] In some embodiments, the information provided by the notifier can be used in

combination with other information that is known or accessible to the medical-support

51

vatem. As an example, consider a scenario where a notifier, who 15 at the beach on a 100-
degree day, calls the medical-support system from their mobile phone and says, “someone
here just collapsed!” The medical-support systemn may then determine the location of the
mobile phone, use enhanced mapping data to determine that the mobile phone’s location 1s at
& beach, and look up the current temperature at the determined location.  Then, using the
notifier’s spoken information, together with the local temperature and the fact that location
mformation corresponds to a beach, the medical-support system may deduce that the medical
situation is hikely to be heat exhaustion or a related condition.

[68199] in the embodimenis described above, block 1002 involves the medical-sapport
systemn using various types of information to actively determining what the particular medical
sttuation 15 likely o be.  As another example, and referring to Figare 8, when a remote
device 806 contacts an operator at an access system 802 to report a medical situation, the
access system may sutomatically extract and analyze information from the communication to

identify what the medical situation s, or determine a list of possible medical situations based
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on the available information. The access system 802 may then display an indication of the
identified medical situation or the list of possible medical situations, so that the operator can
confirm or select the medical situation they believe is occurring and, if appropriate, instruct
the dispatch system {e.g., central dispatch system 808) to send a UAV. Alternatively, when
the access system positively identifies a particular medical situation, the access system may
automatically instruct the dispatch system to dispatch a UAV, without requesting
authorization from an operator.

(66268} Note that in some cases, the identification of the remote medical situation
could simply mvolve the medical-support system receiving a coranmunication that indicates
what the medical situation is. in other words, the medical-support system may identify the
medical sitiation by passively being told what it is by a remote device or by a human

operator of the medical-support system (e.g., a live operator at access system R02), for

X

example.
(86241} G Determining the Target Location
186282} As noted above, block 1004 of method 1000 imvelves a medical-support

system determining a target location that corresponds to the identified medical situation.  For
exarmple, when an emergency-response service is notified of a medical sttuation, the service
will hkely need to determine the general location of the person in need, so that a UAV can be
deploved to assist the person.

166263} in some embodiments, the target location may be the location of the person or
persons who are likely to benefit from medical support in the given medical situation {or an
estimate of such person or persons’ location or locations). For example, if a person who 18
need of medical care places an cmergency call from their own mobile phone, the target
focation may be determined to be or otherwise based on the location of their mobile phone.

As another exarople, if a bystander places an emergency call from their mobile phone in ovder
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to report a medical situation that involves another person, i may be assumed or otherwise
determined that the bystander is at or near the location of the other person.  Accordingly, the
target location may be set to (or otherwise determined from) the location of the bystander’s
mobile phone.

(882641 1 other embodiments, the target location may be ditferent from the location of
the person or persons who are likely to benetit from medical support. For example, consider
a scenario where apn emergency medical technician (EMT) or paramedic is closer o the
ocation of a person in need of medical support, but the EMT or paramedic does not have
certain medical supplies that are needed for or mwight Uaprove the medical care that can be
provided. In this scenario, a medical-support system may dispatch & UAV to the location of
the EMT or paramedic in order to debiver medical supplics to the EMT or paramedic, so that
they can take them with them to the scene of the medical situation. Further, in some cases,
the UAV might cven be configured to deliver the medical supplies to the EMT or paramedic
as they travel to the sceone of the medical situation. In such case, the target location {(e.g., the
focation of the EMT or paramedic) may be dynamically updated to reflect the movement of
the EMT or paramedic as they travel 1o the scene.

136285} The target location may be determined in a number of ways, and may be based
on various types of location information. For instance, in some embodiments, the target
focation may be determined based on information that 1s provided by the remote device from
which the indication of the medical situation was received. For ¢xample, consider a scenario
where a bystander calls “9117 and says “Somebody near me just collapsed!” Typically, when
recetving a phone call, the police also receive location mformation, such as GPS coordinates,
which udentify the location of the remote device. This location information may then be
made available to a medical-support system or otherwise accessible for purposes of

determining the target location. For example, when a remote device calls to report a8 medical
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situation, an operator at an access system or an automated dispateh system could determine
the location of the remote device based on such received GPS coordinates,

166286} A medical-support system may determine and/or be provided with information
that the can be used to determine the target location in other ways. For instance, in some
embodiments, part or all of the process of determining the target location could be automated
or, in other words, performed without a need for human intervention. To this end, the
medical-support system could utilize any suitable information-recognition technique, such as,
for example, voice recognition {when the notification is spoken) or character recogmition
(when the notification is typed), amoung other techumiques now known or later developed. As
an example, consider a scenario where a bystander calls “911” and says: “Somebody near me
jost collapsed! T"m at 123 Main Street, Mountain View.” In this situation, an automated
dispatch system could apply speech-to-text processing to analyze the bystander's words and
determine the stated address therefrom.

[60287] The above techuiques for determining such target locations arc provided for
illustrative purposes and not ntended to be hmiting. ¥t should be anderstood that other
techniques may be used to determine a target location, to which 2 UAV may be dispatched by
a medical-support system,

(662881 H. Selecting an Unmanned Aerial Vehicle

30269 As noted above, at block 1006 of method 1000, a medical-support system may
sclect a UAV that is configured to provide medical support for the particular medical situation.
In particular, an medical-support system may inchide or have aceess to a number of different
types of UAVs, which are configured to provide medical support in various ditferent medical
scenarios.  As such, differont UAVS may be said to bave a different “medical-support
configurations.” Thus, block 1006 may tnvolve a medical-support system sclecting a UAY

that has a medical-support configuration that is likely to provide or assist in providing
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medical support for the particular medical situation.

166210} In some cases, the medical-support configuration of a given type of UAV may
inchude 8 package of one or more items that are designed to provide or assist in providing
medical support for a certain medical situation.  For example, a given type of UAV could
mclude Aspivin and a defibrillator, and thus might be selected as an appropriate UAV to
deploy when the medical-support system receives an fndication that a heart attack or cardiac
arrest is occurring or has just cccurred. Many other examples are also possible.

166211} Additionally or alternatively, the medical-support configuration of a given
type of UAV may include one or more operational functions that are desigoed to provide or
assist in medical support for the remote medical sitvation. For instance, a UAV may include
wireless communication capabilities that allow remote medical personnel to assist those at the
scene. Forinstance, a UAV might inclade in its package, a mobile phone or HMD, via which
a bystander can commnunicate with and receive instructions from remotfe medical personnel,
such that the bystander can be informed how to, e.g., provide care to a persen who is injured
or 18 sutfering from 8 medical condition.  As another example, a UAV may inclhude program
fogic {o.g., medical support module(s) 16) that allow the UAV to perform certain diagnostic
tests, in which the UAV analyzes data acquired from certain sensory systems of the UAV.
(Other examples are also possible.

(682121 In some embodiments, the selection of a UAV may be based, at least in part,
on the particular person to whom medical support is going to be provided. For example, the
medical-sapport system may determine that a particular gser-account is associated with the
medical situation.  The medical-support system may then determine a service level for the
particular user-account, and use the service level as a basis to select the UAV.

{68213} For example, there may be several UAVs that could be deployed to provide

medical support in a particular medical situation. However, for various reasons, 8 particular
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one of the UAVs may only be deployed to someone who was paid for or otherwise 1s entitied
1o a higher service level. Accordingly, the particular UAV may only be selected if a person
involved in the medical situation is authorized for the higher service level. Note that in some
cases, the service level attributed to a particular communication may be that to which the
person to whom the medical support 15 being provided by a UAV (e.g., the victim of an
accident) is entitled.  However, 1o other cases, the service level may be that of someone other
than a person in need of medical care. For example, a family member, friend, or even a
bystander t0 a medical situation, may have a particular service level that allows them to
request medical support corresponding to the particular service level, on the behalf of another
person in need.

80214} The particular user-account may be determined in varicus ways. For example,
a person may link their computing devices, such as their mobile phones, to a aser-account for
medical support.  Accordingly, the medical-support system may determuine an identification
number for the remote device that provides the indication of the medical situation, and use
the identification number to look up the associated medical-support user-account.
Aliernatively, the person who requests medical support may provide idendification and/or log-
in information, so that a medical-support user-account may be identified and/or verified by
the medical-support system.  Other techniques for determining the particular user-account are
also possible.

[80215] in a further aspect, medical history and/or other information related o the
particular person in need of medical support may be utilized to select an appropriate UAV.
For example, delivery of prescription medications by non-physicians may be
strictly regulated, cven i emergency situations. To facilitate the verification and delivery of
such medications, a medical-support system may include an opt-in registry, which nclodes

persons’ names and a list of medications for which each person has a curvent preseription,
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To facilitate diagnosis, the opt-in registry may further include a Bist of an individoal’s known
medical conditions that may lead to emergency care. In practice, a given user-account may
indicate such prescription-authorization information, known medical conditions, and/or other
medical information for the person. Accordingly, an medical-support system may access the
user-account for a person in need of medical support to determine whether or not they have a
prescription for & particular medication, such that a UAV including the particular medication
can be dispatched.

86216} I. Dispatching the Sclected UAV

1862173 As noted above, block 1008 of method 1000 involves a medical-support
system causing the sclected UAV to travel to the target location to provide medical support,
as shown by block 1008, This function may be accomplished in various ways, depending
upon the particular implementation.

(80218} In some embodiments, block 1008 may simply involve a compounent of the
medical-support system sending a message 0 another entity to indicate that the selected UAV
should be deployed. For example, if method 1000 is carried out by an aceess system %02, the
acceoss system may identify the medical sttuation, sclect an appropriate type of UAV, and send
a message to the central dispatch system 808, which indicates that a UAVY of the selected type
should be dispatched to the target location. As another example, if mothod 1000 is carried
out by a central dispatch system 80%, the central dispatch system may identify the medical
situation, select an appropriate type of UAY, and send a message to the local dispatch systom
808 that indicates that 8 UAV of the sclected type shoold be dispatched to the target location.
In either case, the central dispatch system 808 may then relay the message to the appropriate
focal dispatch systern 810, which may operate a deplovment system to lavnch the selected
UAV.

(302194 In some embodiments, block 1008 may mvolve one or more components of
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the medical-support system sending 3 message to instruct a deployment system to launch the
selected UAV, or directly operating the deployment system to launch the sclected UAV.
Further, block 1008 could involve one or more components of the medical-support system
preparing the selected UAVY to travel to the target location, such as by determining and setting

way points to allow the LAV to navigate to the target location.

VIL Conclusion

[80228) It should be understood that the systerms as described above can be
implemented in the form of or include program logic (i.c., program instructions} that is stored
on a non-transiiory computer readable mediim, For instance, example systems may take the
form computer software, hardware, and/or firmware, or may include such software, hardware,
and/or firmware in a modular or mtegrated manner. Based on the disclosure and teachings
provided herein, a person of ordinary skill in the art can know and appreciate other ways
and/or methods using hardware, firmoware, and/or software,

180221} Further, where example embodiments involve information related to a person
or a device of a person, the embodiments should be understood to include privacy controls.
Such privacy controls inchude, at least, anonymization of device identifiers, transparency and
user conirols, including functionality that would enable users 1o modify or delete information
relating to the user’s use of a product.

(66222} Further, in situations in where embodiments discussed herein collect personal
nformation about users, or may make use of personal information, the users may be provided
with an opportunity to control whether programs or features collect user information (e.g.,
information sbout 2 user’s medical history, social network, social actions or activitigs,
profession, a user's preferences, or a user’s current location), or to control whether and/or

how to receive content from the content server that roay be more relevant to the user In
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addition, certain data may be treated in one or more ways before it is stored or used, so that
personally identifiable information is removed. For example, a user’s identity may be treated
80 that no personally identifiable mformation can be delermined for the wser, or a user’s
geographic location may be gencralized where location information is obtained (such as to a
city, ZIP code, or state level), so that a particular location of a user camnot be determined.
Thas, the user may have control over how information is collected about the user and used by
a content server.

166223} The particular arrangements shown in the Figures should not be viewed as
fmating. 1t should be understood that other embodiments may inchude more or less of cach
clement shown in a given Figure. Further, some of the illustrated clements may be combined
or ommtted.  Yet further, an exemplary embodiment may inclode elements that are not
illustrated in the Figures.

(802244 Additionally, while various aspects and embodiments have been disclosed
hercin, other aspects and embodiments will be apparent to those skilled i the art. The various
aspects and embodiments disclosed herein are for purposes of illastration and are not intended
to be Hmiting, with the true scope and spirit being indicated by the following claims. Other
embodiments may be utilized, and other changes may be made, without departing from the
spirit or scope of the subject matter presented herein. It will be readily understood that the
aspects of the present disclosure, as generally deseribed herein, and illustrated in the figures,
can be arranged, substituted, combined, separated, and designed in a wide variety of different

configurations, all of which are conteraplated herein.
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CLAIMS
We claimy
1. An unmanned aerial vehicle (UAV) comprising:
a housing;
a payload;
a hnec-deployment mechanismo coupled 1o the housing and 2 line, wherein the lne-
deployment mechanisim is controllable to vary a deployment rate of the line;
a payvload-release mechanism that couples the Hine to the pavicad, wherein the payload
-release mechanisto is configured to release the payload from the Hue; and
a control system configured to determing that the UAV is located at or near a delivery
location and responsively:
operate the linc-deployment mechanism according to a variable deployment-
ratc profile to lower the payload to or near to the groumd, whercin the variable
deployment-rate profile is such that the rate at which the line is deployed varies while
the payload is being lowered to the ground;
determine that the payload is touching or s within a threshold distance from
the ground; and
responsively operate the payload-release mechanmism to release the payload

from the Hne.

2. The UAV of claim 1, wherein the line-deployment mechanism is operable to
secure the line during a flight 1o a delivery location, sach that the payload is held at or near

the housing during the flight.

3. The UAV of claim 1, wheremn the control system is further configured to
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determine a wvariable deployment-rate profile before operating the line-deployment

mechanism to lower the payload to the ground.

4. The UAV of claim I, wherein, before lowering the payload, the control system
18 configured to determine the variable deployment-rate profile based on one or more of (a)

height, (b} wind, (¢} enviroumental factors, and/or {d} payicad characteristics.

5. The UAV of claim 4, wherein the determined variable deployment-rate profile
indicates a gradual increase in deployment rate such that the tmplementation of the
determined variable deployment-rate profile causes the payload to start a descent at 8 higher

speed, and to gradually decrease in speed during the descent.

5. The UAV of claim 1, whercin the determined variable deploymend-rate profile
indicates a one or more distances and a deployment rate comresponding to cach mdicated

distance.

7. The UAVY of claim 1, wherein the UAV further comprises a line-tension sensor,
and wherein the control system is configured to:

deternuine a measwre of tension on the hine based on data from the hne-tension sensor;
and

determine that the payload is touching the ground based at least in part on
determination that the measure of tension on the hine is less than a threshold.

8. The UAY of claim 1, wherein the payload comprises at least one proximity
sensor arranged on the payload so as to provide data that is indicative of a distance between

the payload and the ground, and wherein the control system 18 configured 1o

56



WO 2015/076886 PCT/US2014/052553

determine that the payload is touching the ground based at least in part on the data

provided by the at least one proximity sensor.

9. The UAV of claim 1, wherein the control system is disposed within the
housing.
10. The UAY of claim I, wherein the control system is at least partially disposed

within the payload.

1. The UAVY of claim I, wherein the payload includes or takes the form of a

medical-support item.

12. The UAV of clatm 1, wherein the line-deployraent mechanism comprises a

motorized braking system.

3. The UAV of claim |, wherein the line-deployment mechanism comprises one

or more friction pads.

14, A method comprising:

determining, by a computing system, a variable deployvmentrate profile for
deployment of a payload from an unmanned aerial vebicie (UAV), wherein a line couples the
payload to the UAV;

the computing system causing a bne-deployment mechanism to operate according to
the determined variable deployment-rate profile to lower the payload towards the ground,
wherein the variable deployment-rate profile is such that the deployment rate of the line

varics while the payload is being lowered to the ground;
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detecting, by the computing system, at least one release indication that indicates that
the payload is at or near to the ground; and
in response {o detecting the at least one release indication, the computing system

causing the payload to be released from the line.

15, The method of claim 14, wherein determining the variable deployment-rate
profile comprises determining two or more deployment raies and a corresponding line length
for each deplovment rate, wherein cach friction level indicates how much friction should be

applied to the line when the line has been deployed to the corresponding line fength.

16. The method of claim 15, wherein cach deployment rate corresponds to an

amoumt of friction to be applied to the line by the line-deployment mechanism.

17. The method of claim 14, whercin determining the variable deployment-rate
profile comprises determining the variable deployment-rate profile based on one or more of
(a) a height of the YAV, (b) wind data, {¢) cnvironmental data, and/or {d} payload

characteristics.

18, The method of claim 14, wherein detecting the at least one release indication

that the payload has been lowered to a release point comprises determining that the payload is

touching the ground.

19. The method of claim 4, whercin detecting the at least one release indication

comprises determining that the payload is within a threshold distance from the ground.
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24. The method of claim 14, wherein detecting the at least one release indication

comprises determining that the payload is touching the ground.

21, The method of claim 14, wherein determining the variable deployment-rate

profile further comprises determyining at least one hovering height for the UAV.

22, The method of claim 14, further comprising:

while the pavicad is being lowered towards the ground, receiving additional data from
one or more sensors of the UAVY; and

determining, based on the additional data, wherein to adjust or deviate from the

determined variable deployment-rate profile.

23, A non-transitory computer readable medium having stored thercin instructions
executable by a computing device to cause the computing device to perform functions
comprising:

determining a variable deployment-rate profile for deployment of a payload from an
unmanned acvial vehicle (UAV), wherein a line couples the payioad to the UAY;

causing a line-deployment mechanism {o operate according to the determined variable
deployment-rate profile to lower the payload towards the ground, wherein the variable
deployment-rate profile is such that the deployment rate of the line varies while the payload
is being lowered to the ground;

detecting at least one release indication that indicates that the payload is at or near to
the ground; and

in response to detecting the at least one release indication, causing the payload to be

released from the line.
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24. The nown-transttory computer readable medivm of claim 23, wheren
determining the varisble deploymentrate profile comprises defermining two of more
deployment rates and a corresponding line length for cach deployment rate, wherein each
friction level indicates how much friction should be applied to the line when the line has been

deployed to the corresponding line length

25.  The non-transitory computer readable medium of claim 23, wherein detecting
the at least one release ndication comprises determining that the payload is within a

threshold distance from the ground.

26, The non-transitory computer readable medivm of claim 23, wherein detecting
the at least one release indication comprises detormining that the payload is touching the

ground.
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