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UNMANNED VEHICLE ANTENNAE CONTACT SENSOR SYSTEMS AND METHODS

Cross-Reference To Related Application

{0601] This application claims the benefit of U.S. Provisional Apphication Number

62/650,501, filed March 30, 2018, which is incorporated herem by reference m s entirety.

Technical Field

{0002] This mvention relates generally to unmanned vehicle deliveries.

Background

{0003] Delivery of packages and retail products can be important to many businesses.

There has been significant research into improving delivery methods. Further advancements in

delivery are still needed.

Brief Description of the Dirawings

{0004] Disclosed heremn are embodiments of systems, apparatuses and methods providing
urmimanned vehicle deliveries. This description includes drawings, wherem:

[0003] FIG 1 illustrates a simplified overhead view of a delivery unmanned aerial
vehicle (UAV), in accordance with some embodiments;

{0006] FIG 2 shows a simplified side cross-sectional view of an exemplary delivery
UAV, in accordance with some embodiments;

[0007] FIG 3 illustrates a simplified block diagram of an exemplary unmanuned ground
vehicle (UGV), in accordance with some embodiments;

[0008] FIG 4 illustrates a simplified block diagram of an exemplary tactile sensor
system with an exemplary extended feeler antenna, in accordance with some embodiments;
[0009] FIG 5 illustrates a simplified cross-sectional, block diagram of an exemplary

tactile sensor system with an inertial sensor, i accordance with some embodiments;

[0010] FIG 6 illustrates a simplified cross-sectional, block diagram of an exemplary
tactile sensor system with a temperature change detection system, in accordance with some

ernbodiments;
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{001 1] FIG. 7 illustrates a simplified overhead view of an exemplary unmanned vehicle,

in accordance with some embodiments;

{0012} FIG. 8 illustrates a simplified block diagram of a portion of an extended feeler

antenna secured with the housing, in accordance with some embodiments;

{0013} FIG. 9 illustrates a simplified block diagram of a portion of an extended feeler
antenna having a spring member secured between two longitudinal body sections, in accordance

with some embodiments;

{0614] FIG. 10 illustrates a simplified block diagram of an exemplary distal end portion

of an exemplary extended feeler antenna, in accordance with some embodiments;

{061 5] FIG. 11 llustrates a simplified block diagram of an exemplary unmanned vehicle

delivery system, in accordance with some embodiments;

{0616] FIG. 12 illustrates a simplified flow diagram of an exemplary process of
delivering retail products and packages using a retail delivery unmanned aerial vehicle and/or

performing other retatl tasks, in accordance with some embodiments;

{0017} FIG. 13 illustrates an exemplary svstem for use in implementing methods,
techniques, devices, apparatuses, systems, servers, sources and controlling unmanned vehicles in

delivering retail products, in accordance with some embodiments; and

{0618] FIG. 14 llustrates a simplified representation of a portion of an unmanned aenal

vehicle carrying a package, in accordance with some embodiments.

{0619] Elements in the figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimensions and/or relative positioning of
some of the elements in the figures may be exaggerated relative to other elements to help to
improve understanding of various embodiments of the present invention. Also, common but
well-understood elements that are useful or necessary in a commercially feasible embodiment are
often not depicted in order to facilitate a less obstructed view of these various embodiments of
the present mvention. Certain actions and/or steps may be described or depicted in a particular
order of occurrence while those skilled in the art will understand that such specificity with

respect to sequence is not actually required. The terms and expressions used herein have the
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ordinary technical meaning as is accorded to such terms and expressions by persons skilled in the
technical field as set forth above except where different specific meanings have otherwise been

set forth herein.

Detailed Description

{0620} The following description is not o be taken in a limiting sense, but is made

merely for the purpose of describing the general principles of exemplary embodiments.

23 4C 23 ¢k

Reference throughout this specification to “one embodiment,” “an embodiment,” “some
embodiments”, “an implementation”, “some implementations”, “some applications”, or similar
language means that a particular feature, structure, or characteristic described 1in connection with
the embodiment s included in at least one embodiment of the present imnvention. Thus,
appearances of the phrases “in one embodiment,” “in an embodiment,” “in some embodiments”,
in some implementations”, and similar language throughout this specification may, but do not

necessarily, all refer to the same embodiment.

{0021} Generally speaking, pursuant to various embodiments, systems, apparatuses and
methods are provided herein useful in providing unmanned vehicle deliveries. In some
embodiments, multiple retail unmanned delivery vehicles are provided that carry items or
packages to different delivery locations. Some of the unmanned aerial vehicles include a frame,
a plurality of motors cooperated with the frame, and a plurality of propellers each secured with
and driven by one of the plurality of motors to provide altitude and directional movement of the
unmanned aerial vehicle. One or more vehicle control circuits are further included and are
communicatively coupled with the motors and configured to control the motors in controliing the
movement of the unmanned aerial vehicle. An array of a plurality of tactile sensor systems are
cooperate with the frame and/or a housings. In some embodiments, the tactile sensor systems
each includes an extended feeler antenna and a contact sensor. The extended feeler antennae
extend from the frame and/or housing with a distal end of one or more of the extended feeler
antennae proximate to one of the propellers and spaced from the frame. Typically, at least some
of the extended feeler antennae are configured to flex in response to a threshold pressure from
contact with an external object. With some of the tactile sensor systems, the contact sensors
cooperate with the extended feeler antenna and are configured to detect contact by the extended

feeler antenna with the external object. In some embodiments, the extended feeler antennae of



WO 2019/190870 PCT/US2019/023301

the plurality of tactile sensor systems are spaced around the frame and define at least outer most

lateral perimeter points laterally spaced about the unmanned aerial vehicle.

{0022} Some embodiments provide methods of delivering retail products using retail
unmanned delivery vehicles. With some delivery vehicles, a delivery route to a delivery location
1s received by a vehicle control circuit of a retail delivery unmanned aenal vehicle. A plurality
of motors, which are cooperated with a frame of the unmanned aerial vehicle, are controlled to
each drive one of a plurality of propellers to provide altitude and directional movement of the
unmanned aerial vehicle in accordance with the delivery route. Contact sensor data s recetved at
the vehicle control circuit from one or more of an array of a plurality of tactile sensor systems
each comprising: an extended feeler antenna and a contact sensor. At least some of the extended
feeler antennae extend from the frame with a distal end proximate one of the propeliers and
spaced from the frame. The extended feeler antennae are configured to flex in response to a
threshold pressure from contact with an external object. In some implementations, at least some
of the contact sensors are cooperated with the extended feeler antenna and configured to detect
contact by the extended feeler antenna with the external object. The extended feeler antennae of
the plurality of sensor systems are typically spaced around the frame and define at least outer
most lateral perimeter points laterally spaced about the unmanned aerial vehicle. The vehicle
control circuit 1s further configured to control at least one of the motors in response to the contact

sensor data.

(0023] The intended utilization of unmanned vehicles s dramatically mcreasing. Such
unmanned vehicles are operated through numerous sensor inputs to control the movement of the
vehicles. Often, however, the reaction time of the vehicle and/or the sensor data 1s insufficient
allowing the vehicle to inadvertently contact external objects. Additionally, such unmanned
vehicles may put into situations where there are potential physical threats to the vehicles. As
such, the extended feeler antennae provide at least some added protections to a vehicle as it
travels. Previous systems may have positioned a rigid cage or other such shroud arcund the
propeliers and/or the entire vehicle in attempts to provide protection. Such cages, however,
typically greatly mncrease the weight of such vehicles, which decrease the vehicles range of

travel, mobility, time to implement commands, carrying capacity and other such drawbacks.
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Further, such cages often greatly increase the size of such vehicles limiting their usefulness and

the areas within which such vehicles can travel.

{0024} The use of limited numbers of flexible antennae greatly increase the safety to the
vehicles as well as object around the vehicles without the need for an encasing cage. Such
antennag, in some applications, serve as a buffer between the vehicle (e.g., the propellers) and
physical and living external objects, which could damage the vehicle or be damaged by the
vehicle. The antenna structures can be configured to extend from the unmanned vehicle as part
of a tactile and contact sensor system. The antenna tactile sensor system allows for close-in sense
and avoid while serving as a buffer between the vehicle and external physical and/or hving
objects. Further, the antenna structure can be used m combination with other sensors such as
video image capture, fiber optics, distance measurement systems, force measurement systems,
pressure measurement systems, and the like. The unmanned vehicle may include antennae that
would be oriented passively, or controlled to allow movement. Such movement may be guided
by video data and/or other sensory cues. In other instances, the movement may be predefined,
such as conducting sweeping patterns to provide coverage of a greater area. In some instances,
the external object contacted by one or more antennae, if it has its own sensory system, may
react to the touch before making contact with harmful parts of the vehicle such as the propellers.
Additionally, in some embodiments, the antennae are implemented to be flexible and provide a
physical cushion about the vehicle and/or elastically respond to contact with an external object to

push the unmanned vehicle away from the object.

{00285} FIG 1 illustrates a simplified overhead view of a delivery unmanned aerial
vehicle {LIJAV) 100, in accordance with some embodiments. FIG. 2 shows a simplified side
cross-sectional view of an exemplary delivery UAV 100, in accordance with some embodiments.
Referring to FIGS. 1-2, the UAV 100 includes a frame 102, which typically includes a housing
104 or main body and multiple support arms 106 that each support at least one of a plurality of
motors 108 to secure and cooperate the motors with the frame 102, Propellers 110 are secured
with and driven by each of the plurality of motors 108 to provide altitude and directional
movement of the UAV 100. The UAV further includes one or more vehicle control circuits 202,
The vehicle control circuit 202 can be implemented through one or more processors and/or

microprocessors with non-tangible memory or coupled with non-tangible memory storing code



WO 2019/190870 PCT/US2019/023301

that 18 implemented by the one or more processors and/or microprocessors. The vehicle control
circuit 202 is electrically and/or communicatively coupled with the motors 108 and configured to

at least control the motors n controlling the movement of the unmanned aerial vehicle.

{6026] The UAY 100 further includes an array of a plurality of tactile sensor systems 114
cooperated with the frame 102, At least some of the tactile sensor systems 114 include an
extended feeler antenna 116 extending from the frame 102 with an exterior or distal end 118
positioned to be proximate at least one of the propellers 110 and spaced from the frame 102. In
some embodiments, one or more of the tactile sensor systems 114 further include at least one
contact sensor 204 cooperated with the extended feeler antenna 116. Some extended feeler
antenna 116 are cooperated with contact sensors 204 cooperated with the frame 102 and/or
housing 104. Further, some extended feeler antenna 116 may include one or more contact
sensors 204, such as contact sensors secured proximate the distal ends 118, Some embodiments
additionally or alternatively include one or more contact sensors 204 separate from the extended
feeler antennae and configured to detect contact by one or more of the feeler antennae with an
external object. Typically, at least some of the extended feeler antennae 116 of the plurality of
sensor systerns are spaced around the frame and define at least outer most lateral perimeter

points laterally spaced about the unmanned aerial vehicle.

{0027] In some embodiments, the UAV further includes one or more package carrier
systems 210 configured to support one or more packages 216 while being transported by the
UAV 100. Further, the package carrier systern 210 may include one or more package control
systems 212 that enables control over the release, lower, retracting and/or other controls over the
package. For example, the package conirol system may include one or more crane systems,
package securing systerns, package release systems, and/or other such systems. In some
mplementations, the package control system 1s positioned within the housing 104 and coupled
with one or more motors to control the positioning of the package relative to the frame 102 of the

UAV.

{0028] FIG 3 sllustrates a simplified block diagram of an exemplary unmanned ground
vehicle (UGV) 300, 1n accordance with some embodiments. The UGV 300 mcludes a frame 302
or housing with one or more motors 308 secured with the frame and a plurality of wheels 310 or

other movement devices {(e.g., treads, tracks, eic.) configured to be driven by the one or more
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motors to allow movement of the UGY. The UGV further includes a vehicle control circuit 202
coupled with the one or more motors to control the motors and movement of the wheels. One or
more of the motors provides forward and backward movement of the UGV, while one or more

other motors control steering of the UGV,

{0029} The UGV 300 further includes an array of a plurality of tactile sensor systems 114
cooperated with the frame 302, At least some of the tactile sensor systems 114 include an
extended feeler antenna 116 extending from the frame 302. In some implementations, one or
more of the extended feeler antennae are positioned with an exterior or distal end 118 positioned
to be proximate at least one of the wheels 310 and spaced from the frame 302. Other extended
feeler antennae 116 may be positioned relative to intended directions of travel {e.g., one or more
extended feeler antennae positioned near a front, a rear, lateral sides), and/or positioned relative
to a top and/or bottom of the UGV 300. In some embodiments, one or more of the tactile sensor
systems 114 further include at least one contact sensor 204 cooperated with the extended feeler
antenna 116, Some extended feeler antenna 116 are cooperated with contact sensors 204 that are
cooperated with the frame 102, Further, some extended feeler antenna 116 may include one or
more contact sensors 204, such as contact sensors secured proximate the distal ends 118, Some
embodiments additionally or alternatively include one or more contact sensors 204 separate from
the extended feeler antennae and configured to detect contact by one or more of the feeler
antennae with an external object. Typically, at least some of the extended feeler antennae 116 of
the plurality of sensor systems are spaced around the frame and define at least outer most lateral

perimeter points laterally spaced about the UGV 300.

[0036] The UGV 300 further ncludes one or more package carrier systems,
compartments or the like configured to recetve one or more packages while being transported by
the UGV 300. Further, the package carrier system may include one or more package control
systems 212 that enables control over the release, opening of a door, unlocking, and/or other
controls over the package carrier systern and the package. In some implementations, the package
control system 1s positioned within the frame 302 and coupled with one or more motors to

control one or more doors, locks, ramps, and the like of the UGV,

{0031] Other embodiments utilize other unmanned vehicles, such as but not himited to

water vehicles, blimp type vehicles, and/or other relevant vehicles that can be utidized i

~3
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delivering products and/or performing other retail tasks for one or more retatlers and/or delivery
services. 1hese other types of unmanned vehicles can also include tactile sensor systems 114
with the extended feeler antenna 116, The below 15 described with reference to the unmanned
aerial vehicle {IUAV) 100 unless otherwise noted or understood through the context. It will be
appreciated, however, that some or all of the description applies to other types of unmanned

vehicles utilized in delivering packages.

{0032} In some embodiments, some or all of the extended feeler antennae 116 are elastic
and/or flexible and configured to flex in response to a threshold pressure or force from contact
with an external object that is external to the UAV 100. The threshold pressure is predefined and
is dependent on the material used in constructing the extended feeler antennae, the dimensions of
the extended feeler antennae, how the extended feeler antenna are secured with the frame 102
and/or other such factors. In some implementations, one or more extended feeler antennae have
a longitudinal body configured to deflect in response to contact and exert an increasing opposing
force as a function of the amount of deflection within a deflection threshold. The extended feeler
antennae, for example, can be constructed of a material and with a known dimension to achieve a
desired degree of flexibility to achieve a desired quantity of flex in response to a predefined or
threshold pressure in a known direction, while further providing a desired return force due to the
elasticity of the extended feeler antennae. The feeler antennae may be formed from plastic,
aluminum, steel, carbon, other such material or combination of two or more of such material that
provide the desired flexibility while also providing the desired rigidity. Additionally or
alternatively, one or more of the extended feeler antennae may include a flexing structures, such
as one or more springs, different materials, thinner and thicker portions, other such structures or
combination of two or more of such structures. Such desired flexibility and ngidity can depend,
for exarmple, on the ntended mmplementation of the UAV, the speeds at which the extended
feeler antennae are expected to provide protection for the UAVY, the mass of the UAV, the mass
of packages expected to be carried by the UAV, and/or other such factors. In some
embodiments, one or more of the extended feeler antennae include one or more contact sensors
mcorporated into and/or secured with the extended feeler antenna and/or a portion of a contact

sensor 15 incorporated nte and/or secured with the extended feeler antenna.



WO 2019/190870 PCT/US2019/023301

{06033} The UAV typically includes one or more other sensor systems 206. These sensor
systems may work cooperatively with the tactile sensor systems 114 and/or operate independent
with the tactile sensor systems. For example, in some applications, the UAY may include one or
more cameras, altimeters, velocity/speed sensors, distance sensors (e.g., laser sensor systems),
mertial sensor systems, accelerometers, sonar sensor systems, other such sensor systems, or
combination of two or more of such sensor systems. The one or more sensor systems typically
couple with the vehicle control circuit 202 providing sensor data that can be utilized by the
vehicle control circutt in controlling the UAVY and/or communicated to a remote system, such as
a remote central control system, a remote routing system and/or other such remote systems. The
UAYV 100 further includes one or more wireless and/or wired communication transceivers
configured to communicate with the one or more remote external systems. Further, the UAV
may include a landing system or landing gear (not illustrated) that is part of or secured with the

frame 102 and/or housing 104.

[0034] In some embodiments, one or more contact sensors 204 comprise pressure
sensors. Such pressure sensors may be cooperated with the frame 102 or housing. In many
implementations, each of one or more extended feeler antennae is cooperated with one or more
pressure sensors position adjacent to or about the corresponding extended feeler antennae. In
some embodiments, ends of one or more extended feeler antennae are in contact with one or
more pressure sensors. Accordingly, in response to contact by the extended feeler antenna with
an external object and/or deflection of the extended feeler antenna, the one or more pressure
sensors detect the contact. The pressure sensors communicatively couple with the vehicle
control circutt and/or other control circuits to communicate pressure sensor data. Such pressure
sensor data can be evaluated relative to one or more threshold pressures and one or more actions
mitiated in response to detected pressure having a predefined relationship with one or more

threshold pressures.

{0035] FIG. 4 dlustrates a simplified block diagram of an exemplary tactile sensor
system 114 with an exemplary extended feeler antenna 116, n accordance with some
embodiments. As miroduced above, one or more of the extended feeler antennae 116 may
mclude one or more contact sensors and/or a portion of a contact sensor incorporated mnto and/or

secured with the extended feeler antenna. In some embodiments, each of a set of multiple
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extended feeler antennae 116 include an electrically conductive contact pad 402 exposed onan
exterior surface of at least a portion of the extended feeler antenna 116, One or more conductive
contact pads 402 may be positioned along one or more portions of the length of the extended
feeler antenna. Further, one or more electrical charge storage systems 404 are electrically
coupled with each of the conductive contact pads 402. In some implementations, each of a set of
multiple contact sensors 204 of the plurality of contact sensors includes a charge storage system
404 that electrically couple with one or more of the conductive contact pads 402 and configured
to store electrical energy. Additionally, in some applications, the charge storage system 404
stores over time accumulated electrical energy from static electricity. For example, as the
unmanned vehicle travels static electricity may be generated by the contact pads 402 that is
electrically conducted to the charge storage system 404. In some implementations, the charge
storage system 404 may 1nclude a stored electrical charge {e. g, battery) and/or may be

electrically coupled with a separate electrical source {e.g., a battery of the unmanned vehicle).

[0036] Further, the charge storage systerm 404 1s further configured to discharge stored
electrical charge through the one or more contact pads 402 in response to contact with an
external object that can pull electrical charge (e.g., human, dog, car, plant, etc.}. The tactile
sensor systems 114 can further include a discharge sensor 406 configured to detect a discharge of
electricity from the charge storage system 404, which typically occurs in response to contact by a
corresponding one of the contact pads 402 with the external object. In some embodiments, the
discharge sensor coupled with the vehicle control circuit 202 and notifies the vehicle control
circutt of the detected discharge indicating contact by one or more of the extended feeler
antennae with an external object, which allows the vehicle control circuit to take one or more
action. The discharge sensor and/or the vehicle control circuit {or other processing system) can
evaluate the discharge relative to one or more predefined discharge thresholds corresponding to a
sufficient discharge of electrical energy that would be expected in response to contacting one or
more types of objects. The consideration of the one or more thresholds can be utilized to limit
false contact detections and false responses. In some instances, the discharge thresholds may
correspond to threshold pressures of contact. Often the action initiated by the vehicle control
circuit 15 based on which extended feeler antennae contacted the object. For example, 1o some

instances, the vehicle control circuit 202 directs one or more motors 108 to adjust rotational

- 10-
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speed of a corresponding propelier 110 to cause a rapid response to move the unmanned vehicle
away from the object contacted. Such actions may additionally or alternatively cause the
unmanned vehicle to tilt away from the contact. Further, as described above and further below,
the extended feeler antennae may be constructed with an elasticity such that those extended
feeler antennae resist further movement toward the object {e.g., gradually increasing in force
pushing away from the object as the unmanned vehicle moves toward the object}, and in some
mnstances may induce a force away from the object further pushing the unmanned vehicle away
from the object as the vehicle control circuit also takes action based on the detected contact with

the external object.

{0037] FIG. S illustrates a simplified cross-sectional, block diagram of an exemplary
tactile sensor system 114 with an inertial sensor 502, in accordance with some embodiments.
Some embodiments additionally or alternatively utilize one or more inertial sensors 502 to detect
contact with an external object. In some implementations, for example, each of a set of multiple
extended feeler antennae 116 of the plurality of feeler antennae mclude one or more an nertial
sensors 502 positioned proximate the distal end 118 and/or along a length of the respective
extended feeler antenna as a contact sensor 204 or a portion of a contact sensor. The inertial
sensors include a processing system and/or are communicatively couple with the vehicle control
circuit 202 or other control circuit. The mertial sensors are configured to communicate contact
sensor data comprising inertia data to the vehicle control circuit or other control circuit.
Typically, the contact of the extended feeler antenna (e g., at the distal end 118 of the extended
feeler antenna) with an external object would result 1n a relatively rapid change i mertia and/or
acceleration {(e.g., instant stop or drastic reduction in move, rapid movement in a different
direction in response to a flexing of a portion of the extended feeler antenna, etc.). Such changes
m meriia or acceleration can be evaluated relative 1o one or more predefined mertial thresholds
as a test or confirmation of contact with an external object. In some instances, the inertial
thresholds correspond to and/or are mapped to predefined threshold pressures of contact. Based
on the inertial data the vehicle control circust 202 and/or other control circutt can be configured
make a determination that there has been contact with an external object. Again, this

determmation may be based on identifying from the mertial data a threshold nertia change of at
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least a portion of at least one of the extended feeler antennae 116 of the set of multiple extended

feeler antennae.

{0038} Some embodiments additionally or alternatively include one or more mertial
sensors that are separate from the extended feeler antennae 116, For example, one or more
mertial sensors may be secured within the housing 104 and coupled with the vehicle control
circuit 202, The vehicle control circuit has knowledge of the dimensions of the unmanned
vehicle. Using dimensions information of the unmanned vehicle, direction of travel and detected
mertial sensor data from one or more inertial sensors within the housing, the vehicle control
circuit can use the inertial sensor data to determine from what angle and direction the unmanned
vehicle contacted an external object based on trajectory changes, accounting for the continued
thrust in the intended direction. For example, upon contacting a wall head-on and at a relatively
slow speed to avoid damage, the vehicle control circuit can halt forward movement upon
detection of the contact and with some potential cushion effect depending on the antenna design.
Test probing may be implemented by slowly repeating a motion obtaining similar sensor data
results as the obstacle 1s contacted. Further, the unmanned vehicle may bounce at an angle or be
somewhat turned with a bounce or travel flat along a flat obstacle such as a wall, with
corresponding inertial sensor data indicating such movements in response to the contact with the
external object. As such, inertial sensor data can be obtained from inertial sensors incorporated
with the extended feeler antennae and/or separate from the extended feeler antennae and the
tactile sensor systems. The inertial data will indicate the contact with an obstacle, and such
mertial sensor data may be paired with other sensors on the antennae that provide an overall

mterpretation of the obstacle encounter {e.g., as video or the tactile sensors).

[0039] FIG 6 illustrates a simplified cross-sectional, block diagram of an exemplary
tactile sensor system 114 with a temperature change detection system 602, in accordance with
some embodiments. Some embodiments additionally or alternatively mclude one or more
temperature change detection systems 602 coupled with a temperature conductive surface 604
exposed on an exterior surface of each of a set of multiple extended fecler antennae of the
plurahity of extended fecler antennae, wherein the temperature change detection system 13
configured to detect a threshold change m temperature from at least one of the temperature

conductive surfaces within a threshold period. In some instances, the threshold changes in
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temperature correspond to and/or are mapped to predefined threshold pressures of contact. The
temperature control systems couple with the vehicle control circuit 202 and are configured to
communicate temperature change sensor data to the vehicle controf circuit. Using the
temperature change sensor data, the vehicle control circuit 1s configured make a determination
that there has been contact with the external object based on the temperature change sensor data.
The temperature change sensor data may be actual temperature data that is evaluated by the
vehicle control circuit 202, a notification that a threshold change in temperature s detected by a
temperature system control circuit, or other such relevant data. In some embodiments, the
temperature change detection system 602 includes one or more temperature source systems 606
that alter the temperature of one or more temperature conductive surfaces 604 to enable the
change in temperature from the altered temperature in response to a detected temperature change
from that altered temperature. For example, the temperature of the one or more temperature
conductive surfaces 604 may be altered to a temperature that is cooler than an environment
temperature. Contact with an object would result in a change based on a difference in
temperature between the temperature conductive surface 604 and the object contacted. Asa
further example, contact of a cooled temperature conductive surface with a car or other surface
sttting 10 the sun would result 10 rapid change 1n temperature of the temperature conductive
surface that 15 detected by the vehicle control circuit 202 or temperature change detection control
circutt of the temperature change detection systern 602, Alternatively, the altered temperature
may be higher than an environment terperatire. The altered temperature may be selected based
on an environment temperature to aid m a more rapid detection of temperature change resulting

from contact.

{0040] As described above, the vehicle control circust 202 or other control circuit can
mitiate one or more actions in response to the detection of contact by one or more of the
extended feeler antennae with an external object. In some embodiments, for example, the
vehicle control circuit 1s configured to receive contact sensor data from one or more contact
sensors each cooperated with an extended feeler antenna in response to the corresponding
extended feeler anienna contacting an external object. Based on the sensor data the vehicle
control circutt identifies one or more propellers 110 that are positioned closest to the one or more

extended feeler antennae that are determined to have contacted the external object. Using the
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identified propellers, the vehicle control circuit can induce an evasive increase in rotational speed
of the one or more propellers in response to contact sensor data indicating contact of the one or
more extended feeler antennae with the external object. Further, this increased rotational speed
of the one or more propeller can occur while not increasing rotational speed of one or more of
the other of the plurality of propellers, and/or decreasing rotational speed of one or more other
propellers. The variation in rotational speed of different propellers can cause at least a portion of
the unmanned aerial vehicle proximate the identified propeller corresponding to the one or more
extended feeler antennae that contacted the external object to move away from the contact and

the object (e.g., a rapid rise and t1lt of a portion of the aerial vehicle}.

{0041] In other implementations, one or more of the tactile sensor systems 114 may
couple with or include one or more motor controllers 224. These motor controllers can be
configured to control one or more of the plurality of motors 108, In some embodiments, each of
the plurality of motor controllers 224 is directly communicatively coupled with at least one of
the contact sensors 204 and configured to receive sensor data from the at least one contact sensor
corresponding to one of the propellers controlled by that motor controller 224, In responsetoa
trigger from the contact system, the motor controllers can be configured to immediately adjust
(1e., without further 1input or instructions from the vehicle control circuit 202 or other input} a
corresponding motor 108 to induce an evasive change in rotational speed of a corresponding
propelier in response to the received contact sensor data indicating contact with the external
object by one or more extended feeler antennae corresponding to the contact sensor. Typically,
the motor controller 224 causes the change i propeller rotational speed of one propelier while
not mcreasing rotational speed of one or more of the other of the plurality of propeliers. Because
of the differences m rotational speed between different propellers, the change 1 rotational speed
can cause at feast a portion of the unmanned aernal vehicle proximate the first propeller to move

away from the contact.

{0042] In some embodiments, one or more imaging systems may be cooperated with one
or more of the extended feeler antennae. The extended feeler antenna may be formed of an
optical fiber, may mclude one or more optical fibers, may nclude one or more lenses and the
ike, which cooperate with an imaging system mounted in the housing 104 and/or on the frame

102. Accordingly, images can be captured relative to the distal ends of the extended feeler
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antenna. The image data can be processed by the vehicle control circuit and/or other control
circuits (e.g., a remote system) to preform image processing. Based on this image processing the
vehicle control circuit may identify potential contact and/or contact with an object. Typically,
such imaging 1s utilized with one or more other types of sensor data (e.g., pressure sensor data,
electrical discharge data, temperature change data, other such sensor data, or combination of two

or more of such data).

{0043} As introduced above, the extended feeler antennae 116 can be implemented in
various configurations and/or different types of antennae. For example, some embodiments use
relatively thin and flexible extended feeler antennae. Other embodiments may utilize more rigid
and/or thicker extended feeler antennae. The dimensions, flexibility, rigidity, and other physical
aspects of the extended feeler antennae can be selected based on one or more factors, such as but
not himited to type of unmanned vehicle, size and/or weight of the unmanned vehicle, expected
speeds of the unmanned vehicle and/or expected speeds when taking advantage of the extended
feeler antennae and corresponding sensor data, intended responses, desire for the extended feeler
antennae to act as a bumper and/or provide some elastic push away from the contact, and/or
other such factors. FIG. 7 illustrates a simplified overhead view of an exermplary unmanned
vehicle 700, in accordance with some embodiments. The unmanned vehicle 700 mcludes
multiple sets of extended feeler antennae 116 that are relatively thin and light weight, and are
flexible, much like cat whiskers. Such a configuration of sets of extended feeler antennae may
be advantageous for unmanned aerial vehicles and other unimanned vehicles where weight and/or
wind resistance may adversely affect the unmanned vehicle and/or the capabilities of the vehicle
to perform the deliveries and/or other relevant tasks. In some instances, the extended feeler
antennae may be formed with one or more optic fibers and can carry reflected light to one or
more hight sensors of the tactile sensor systerns 114, which can determine the appreach of an
external object based on reflected light. The reflected light may be light emitted by one or more
optic fibers of the extended feeler antennae. One or more of the light weight extended feeler
antenna may be formed of a plastic and bend relatively easily, while the bending 1s detected by
induced pressure on one or more pressure sensors of the tactile sensor systems 114, and/or a

change 11 hight transmitted along the plastic light weight extended feeler antenna.
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{0044] Some embodiments additionally or alternatively utilize more rnigid extended feeler
antennae. For example, ground based and/or water based vehicles may utilize more rigid and/or
heavier extended feeler antennae where weight is not as critical a factor as aerial vehicles. Often
ground vehicles are heavier. Accordingly, the extended feeler antennae can be constructed of
more rigid configurations to withstand greater forces of impact {e.g., due to the added weight}.
Further, the weight of the tactile sensor systems may not be as critical to non-aerial vehicles.
Accordingly, unmanned ground vehicles, water vehicles and the like may utilize antenna motors
or additional antenna motors to sweep or otherwise move the extended feeler antennae, retract
telescoping versions of extended feeler antennae, incorporate cameras and/or lenses at the distal
ends 118 of extended feeler antennae, and/or other such options. The placement of the extended
feeler antennae with unmanned ground and water vehicles may be different than for aerial
vehicles (e.g., front and rear may have more sturdy extended feeler antennae based on directions
of travel). Additionally, the extended feeler antennae with an unmanned ground vehicle may be
more elastic or provide more give because the ground vehicle has less inherent give than
unmanned aerial and/or water vehicles as a result of the contact with the ground. Similarly,
unimanned water vehicles may include one or more extended feeler antennae that extend below
the vehicle to detect depth and/or potential contact with something underneath the unmanuned

water vehicle.

[0045] Some extended feeler antennae are secured with the frame 102 and/or housing
104 mn such a way to be readily detachable when a threshold force away from the frame and/or
housing 1s exerted on the extended feeler antenna. In some embodiments, for example, the
housing 104 and/or frame 102 mcludes a detach coupling configured to cause at least a portion of
the extended feeler antenna to detach from the frame n response to a threshold pull force applied
to the extended feeler antenna that 1s directed away from the frame. Such a detachable coupling
provides added protection for the unmanned vehicle. Should a person or animal get a hold of
one or more of the extended feeler antennae, the detachable coupling allows the unmanned
vehicle to get away from the person or animal without or mimimal damage to the unmanned
vehicle, while leaving the one or more extended feeler antennae or portions of the extended
feeler antennae that were held/gripped by the person or animal. Simlarly, should an antenna get

stuck in or to an external object contacted by the antenna, the detachable coupling allows the
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unmanned vehicle to get away from the object. In some instances, one or more of the extended
feeler antennae are formed from segments along the length, with one or more of those segments
having detachable couplings with other segments allowing a detachment of a portion of the
extended feeler antenna. Accordingly, one or more segments of an extended feeler antenna may
detach while a portion of the extended feeler antenna remains secured with the unmanned
vehicle. The detachable coupling may be through friction or pressure fit, tongue and groove,

snap fit, and/or other such coupling.

{00406] One or more of the extended feeler antennae 116 may further include one or more
flexing structures to allow and/or enhance bending and/or flexing of the extended feeler
antennae. F1G. 8 dlustrates a simplified block diagram of a portion of an extended feeler antenna
116 secured with the housing 104, in accordance with some embodiments. The extended feeler
antennae includes a longitudinal body 802 extending away from the housing 104 and/or frame
102 of the unmanned vehicle. One or more spring members 804 are cooperated with the
longttudinal body 802, In some implementations, the spring member 804 15 cooperated between
the longitudinal body 802 and the housing 104 of the unmanned vehicle. The spring member
804 15 contigured to flex, compress and/or deflect in response to the longitudinal body contacting

an external object enabling at least a portion of the flexing of the extended feeler antenna.

{0647} FIG. 9 illustrates a simplified block diagram of a portion of an extended feeler
antenna 116 having a spring member 904 secured between two longitudinal bodies or body
sections 902-903, in accordance with some embodiments. The spring member 904 1s configured
to flex, compress and/or deflect in response to the extended feeler antenna contacting an external
object enabling at least a portion of the flexing of the extended feeler antenna. Although only a
single spring member s iHustrated in FIGS. 8-9, a single extended feeler antenna may include
multiple spring members and/or different kinds of spring members. The spring members can be
substantially any relevant type of spring device or flexible structure, such as but not imited to

coled spring, cantilever, volute spring, leaf spring, torsion spring, or other such springs.

{0048] In some embodiments, one or more of the extended feeler antennae may have
various structures and/or configurations, which may for example enhance the volume about the
unmanned vehicle covered by the extended feeler antennae, enhance flexibility, enhance rnigidity,

enhance durability, and/or other such vanations. FIG. 10 dlustrates a simplified block diagram
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of an exemplary distal end 118 portion of an exemplary extended feeler antenna 116, in
accordance with some embodiments. In this embodiment, the extended feeler antenna mcludes
multiple prong sections 1006-1007 posttioned proximate to or at the distal end 118 of the
extended feeler antenna. Accordingly, the pronged sections are configured to be positioned
about a corresponding one of the propellers proximate the respective extended feeler antenna.
The increased width of the distal end 118 of the extended feeler antenna provides an enhanced
volume over which the extended feeler antenna probes and/or protects the corresponding
propeller. Further, the increased volume covered by the prong sections 15 achieved with reduced
numbers of extended feeler antennae that would otherwise need to be employed. The width
separating the prong sections can be substantially any width to provide the desired coverage
provided by the extended feeler antennae. Similarly, the extended feeler antennae can have
substantially any relevant number of prong sections. Suill further, in some embodiments, the
prong sections have reduced thickness relative to the longitudinal body 1002 which may allow
for greater flexibility than the longitudinal body. This greater flexibility can provide an
enthanced cushioning of intial contact with the external object providing additional protection for
the unmanned vehicle and the extended feeler antenna. Still further, the enhanced cushioning
provides improved control and performance of the unmanned vehicle based on improved control
of the unmanned vehicle. Further, in some embodiments, one or more prong sections or sub-
antenna sections may extend from the longitudinal body 1002 at one or more locations along the
iength of the longitudinal body, which can provide similar enhancements as the prong sections at

the disial end.

[0049] Referring to FIGS. 1-3, in some embodiments, one or more of the tactile sensor
systems |14 include one or more antenna motors 228 each cooperated with one or more of the
extended feeler antennae 116, The antenna motors 228 is communicatively coupled with the
vehicle control cireuit 202, or with one or more other control circuits {e.g., motor controller 224).
The vehicle control circunt 202 or other control circuit can be configured to control the plurality
of antenna motors to cause a change of position of the corresponding extended feeler antennae
116 relative to the frame 102. In some embodimenis, for example, the vehicle control circuit 202
15 configured to control the plurality of antenna motors 228 to cause a distal end 118 of each of

the plurality of extended feeler antennae 116 to repeatedly sweep along a movement path
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proximate a corresponding one of the plurality of propellers. This sweeping increases the
volume of area of protection provided by the extended feeler antennae and/or reduces the number
of extended feeler antennae utilized with an unmanned vehicle. In some instances, the antenna
motors 228 are operated while the unmanned vehicle 1s traveling less than a threshold speed.
Additionally or alternatively, in some embodiments the vehicle control circuit 202 15 configured
to identify a direction of travel of the unmanned vehicle 100 and to control one or more of the
plurality of antenna motors 228 to position one or more of the extended feeler antennae 116 to
align with the direction of travel. For example, one or more extended feeler antennae are moved
to point away from a direction of travel when the unmanned vehicle is traveling at greater than a
threshold velocity to reduce wind drag and/or reduce wear on the extended feeler antennae and

other structures of the unmanned vehicle supporting the extended feeler antennae.

{0050] Further, in some embodiments, one or more of the feeler antennae include one or
more hinges or other structures to allow bending between two longitudinal body sections (e g,
sections 902-903). One of the plurality of antenna motors can be configured to cause the
extended feeler antenna to bend at the hinge and extend at the hinge. In some instances, the two
longttudinal body sections may be spring biased in the closed or open position and the antenna
motor overcomes the biasing. The vehicle control circuit 202 can be configured to control the
antenna motor 228 in response to a direction of travel of the unmanned vehicle 100 and a speed
of the unmanned vehicle exceeding a speed threshold. As described above, some embodiments
include one or more other sensor systems 206 that can be utilized in cooperation with and/or in
addition to the tactile sensor systems 114, Some unmanned vehicles may further include one or
more additional proximity sensors that couple with the vehicle control circut 202 and are
configured to communtcate proximity sensor data to the vehicle control circuit. Sach proxinuty
sensors may mclude laser distance detection systems, sonar systems, cameras and image and/or
video processing systems, other such proximity sensors or combination of two or more of such
proximity sensors. The vehicle control circutt can be configured to control the propelier motors
108 and/or one or more antenna motors 228 based on the contact sensors 204 and/or the other
proximity sensors. In some mnstances, for example, the vehicle controf circuit can control ong or
more antenna motors to move a distal end 118 of one or more extended feeler antennae 116

cooperated with the one or more antenna motors relative to corresponding propellers based on
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the proximity sensor data. This can include extending or elongating one or more extended feeler
antennae, retracting or bending one or more extended feeler antennae, or the like. Further, in
some embodiments, the vehicle control circuit 202 can be configured to detect a speed of the
unmanned vehicle 100 and identify when the speed 1s greater than one or more speed thresholds
in a given direction, and cause one or more of the plurality of extended feeler antennae to be put
in a stowed position {e.g., moved to be against a portion of the housing 104, moved to be angled
away from a direction of travel, partially or fully retracted, etc ) as a function of the first
direction and in response to the speed of the unmanned aerial vehicle being greater than the
speed threshold. Similarly, the vehicle control circuit may control one or more antenna motors to
move one or more extended feeler antennae based on the speed of the unmanned vehicle
exceeding or falling below one or more speed thresholds (e g, move extended feeler antennae to
predefined locations based on the threshold speed to provide protection for potential hazards
while traveling at that speed relative to potential hazards expected while traveling at different

speeds, and/or other such movement of the one or more extended feeler antenna, or the like).

[0051] The unmanned vehicles 100, 300, 700 are utilized in performing deliveries of
packages and/or other tasks. Accordingly, the unmanned vehicles are typically part of a delivery
system and/or retail systemn. These delivery systems coordinate multiple unmanned vehicles in

providing unmanned deliveries and/or transporting packages.

[0052] FIG 11 illustrates a simplified block diagram of an exemplary unmanned vehicle
delivery system 1100 or other such unmanned vehicle coordination system, in accordance with
some embodiments. The systern 1100 includes the multiple unmanned vehicles 100, 300, 700,
which can be unmanned aenal velucles, ground vehicles, water vehicles, and/or other such
vehicles. One or more central control circuits 1102 or systems are communicatively coupled
with the unmanned vehicles through one or more distributed communication and/or computer
networks 1104, Some embodiments include one or more package coordination systems 1106
configured to receive requests for package delivery, retrieval locations, and delivery locations,
and coordinates the scheduhing of the deliveries based on one or more factors (e.g., inventory,
avatlability of the product or package, numbers of unmanned vehicles, other deliveries to be

scheduled and/or already scheduled, retrieval locations, delivery locations, locations of
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unmanned vehicles, other such factors, and typically a combination of two or more of such
factors).

{0053} Some embodiments include one or more product ordering systems 1110 that is
configured to receive orders for products from one or more customers (e.g., via corresponding
customer computers, smartphones, tablets, etc ), retail stores, and/or other such sources. The
system may provide access to inventory information and allow a customer and/or retail worker to
order quantities of one or more products. Further, the delivery system 1100 typically further
mcludes an inventory system 1112 that tracks inventory of products at one or more distribution
centers, fulfillment centers, retail stores or the like. The inventory system can adjust inventory
levels of tens or hundreds of thousands of different products as they move into and out of
distribution centers, fulfillment centers, retail stores, transfer facilities, and/or other such
facilities. In some embodiments, the delivery system 1100 further includes one or more routing
systems 1114 configured to determine routes that at least the unmanned vehicles are to follow
between a package retrieval location (1.e., where the package 1s cooperated with the unmanned
vehicle) to a delivery location, which may include one or more intermediary locations and/or
other delivery locations. The routing systern 1114 evaluates the various routes and selects an
optimized route based on the type of one or more unmanned vehicles intended to be used in
delivering the package, the weight of the package, the capabilities of the delivery vehicles and
other such factors. In some instances, the routing system further considers traffic conditions,
restricted travel areas {e.g., no-fly-zones, road work, government and/or mulutary facilities,
airports, etc.). The delivery system 1100 typically further includes one or more databases 1118
communicatively coupled with the central control circuit and configured to store relevant
mformation to be accessed by at least the central control circunt, and in some mstances one or
more of the package coordination system 1106, product ordering systern 1110, inventory system
1112, routing system 1114, unmanned vehicles 100, and/or other such systems. The databases
1118 may store, for example, customer information {e.g., address, payment methods, etc.},
facility addresses, historical data, delivery restrictions, delivery preferences, vehicle capabilities,
and/or other such information. In some embodiments, the central control circuit controls the
distribution of the unmanned vehicles based on the scheduling from the package coordination

system 1106
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{0054] FIG. 12 illustrates a simplified flow diagram of an exemplary process of
delivering retail products and packages using a retail delivery unmanned aerial vehicle and/or
performing other retail tasks, in accordance with some embodiments. In step 1202, a delivery
route to a delivery location is received by a vehicle control circurt 202 of a retail dehivery
unmanned vehicle 100, In step 1204, one or more motors 108, 308 are controlled to implement
and control movement of the unmanned vehicle. For example, in some embodiments one or
more motors 108 each cooperated with the frame 102 of the unmanned aerial vehicle 100 are
controlled to each drive one of a plurality of propellers 110 to provide and/or control altitude and

directional movement of the unmanned aerial vehicle in accordance with the delivery route.

[B055] In step 1206, contact sensor data is received at the vehicle control circuit 202
from one or more of an array of a plurality of tactile sensor systems 114. In some embodiments,
one or more of the tactile sensor systems comprise one or more extended feeler antennae 116 and
one or more contact sensors 204 that each cooperate with one or more of the extended feeler
antennae. Further, in some implementations, the extended feeler antennae extend from the frame
102 with a distal end 118 proximate one of the propellers 110 and are spaced from the frame.
The extended feeler antenna 1s typically configured to flex in response to a threshold pressure
from contact with an external object. The contact sensors are cooperated with at least one
extended feeler antenna and are configured to detect contact by the extended feeler antenna with
the external object. Further, the extended feeler antennae 116 of the plurality of tactile sensor
systems |14 are spaced around the frame 102 and define at least outer most lateral perimeter

points laterally spaced about the unmanned aerial vehicle.

{0056} In step 1208, one or more of the motors 108 are controlled 1n response to the
contact sensor data As described above, the actions taken by the velucle control circuit 202 or
other countrol circust (e.g., motor controller 224} can include increasing and/or decreasing
propeller speeds of one or more propellers 110, causing the unmanned vehicle to turn, causing
the unmanned vehicle to revise direction, causing the unmanned vehicle to tile, causing the
unmanned vehicle to increase or decrease altitude, other such actions or a combination of two or
more of such actions. In some embodiments, the contact sensor data 18 received from a contact
sensor cooperated with a particular extended feeler antenna m response to the particular extended

feeler antenna contacting the external object, and a propeller that is positioned closest to that
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particular extended feeler antenna 1s identified. In controlling one or more of the motors in
response to the contact sensor data can include inducing an evasive increase in rotational speed
of the identified propeller in response to the contact sensor data indicating contact of the
particular extended feeler antenna with the external object. This increase in rotational speed may
occur while not increasing rotational speed of one or more of the other of the plurality of
propeliers to cause at least a portion of the unmanned aerial vehicle proximate the identified
propelier to rapidly move away from the contact and the object. The response time of the
unmanned vehicle may be dependent on the type of contact, the object contacted, the type of
contact sensor data being evaluated and the like. Typically, the response 1s less than a second and
i most instances less than half a second. The response may be slowed in some instances, such
as when the unmanned vehicle is moving slowly and the contact sensor data i1s quantified to a
relatively light contact {(e.g., based on pressure sensor data). By slowing the response time the
vehicle control circuit 202 and/or other control circuit can process additional contact sensor data

and/or other sensor data to confirm contact and determine an appropriate action.

{0057} Some embodiments control one or more of a plurality of antenna motors 228 to
cause a change of position of the extended feeler antennae 116 relative to the frame 102, This
change of position can include, in some applications and/or during some operational conditions,
to control the plurality of antenna motors 228 to cause a distal end 118 of each of the plurality of
extended feeler antennae 116 to repeatedly sweep along one or more movement paths proximate
a corresponding one of the plurality of propellers 110. Additionally or alternatively, some
embodiments, in control the plurality of antenna motors, identify a direction of travel of the
unmanned vehicle and control one or more of the plurality of antenna motors to position one or
more of the extended feeler antennae 116 to align with the direction of travel. Some
embodiments control an antenna motor of the plurality of antenna motors to cause at least one
corresponding extended feeler antenna 116 to bend at a hinge of the extended feeler antenna in
response to a direction of travel of the unmanned vehicle and a speed of the unmanned vehicle
exceeding a speed threshold. Other sensor data may additionally or alternatively be used
controller the unmanned vehicle. In some implementations, proximity sensor data is obtained
from one or more additional proximity sensors of the unmanned vehicle. The control of one or

more antenna motors can include controlling at 1east one antenna motor of the plurality of
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antenna motors to move a distal end 118 of a particular extended feeler antenna 116 cooperated
with a corresponding antenna motor relative to a corresponding propeller based on the proximity
sensor data. The proximity sensor data may be distance data, image data and/or other relevant
data. The contact sensor data may include inertia data from at least one of a set of multiple
extended feeler antennae of the plurality of feeler antennae that is received by the vehicle control
circuit 202, one or more the motor controllers 224 and/or other control circuits. One or more
mertial sensors may be positioned proximate distal ends 118 of respective extended feeler
antennae. The inertial data can be evaluated to identify, from the inertial data, a threshold inertia
change of at least a portion of at least one of the extended feeler antennae of the set of multiple
extended feeler antennae. A determination can be made that there has been contact with the
external object based on the identified threshold inertia change of at least the portion of the at
least one of the extended feeler antennae. Additionally or alternatively, in some embodiments
one or more inertial sensors are maintained within the housing 104 and/or secured with the frame
102, Inertial sensor data from these additional inertial sensors can be evaluated to detect when
the unmanned vehicle contacts an object based on a threshold change in inertia, a change in

inertial that corresponds with one or more predefined inertial change patterns, or the like.

[0058] Some embodiments store electrical energy accumulated over time from static
electricity in an electrical charge storage system 404 of each of a set of multiple contact sensors
204 of the plurality of contact sensors. A discharge of at least some of the electrical charge
stored in a corresponding one of the charge storage systems can be detected in response to
contact of an electrically conductive contact pad 402, exposed on an exterior surface of a
corresponding one of the plurality of extended feeler antennae 116, with the external object. In
some embodiments a contact sensor control circuit or discharge sensor 406 13 coupled with the
charge storage system 404 and/or a conductive path to between the charge storage system and

the conductive contact pad 402 to detect a discharge of some or all of the stored charge.

{0059] Further, the circuits, circuitry, systems, devices, processes, methods, techmques,
functionality, services, servers, sources and the hike described herein may be utihized,

mplemented and/or run on many different types of devices and/or systems. FIG. 13 illustrates
an exemplary system 1300 that may be used for implementing any of the components, circuits,

circuitry, systems, functionality, apparatuses, processes, or devices of the unmanned vehicles
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100, 300, 700, the unmanned vehicle delivery system 1100 and/or other above or below
mentioned systems or devices, or parts of such circuits, circuitry, functionality, systems,
apparatuses, processes, or devices. For example, the system 1300 may be used to implement
some or all of unmanned vehicles 100, 300, 700, the vehicle control circuit 202, the motor
controller 224, the tactile sensor systems 114, the central control circuit 1102, and/or other such
components, circutiry, functionality and/or devices. However, the use of the system 1300 or any

portion thereof is certainly not required.

{0060] By way of example, the system 1300 may comprise a control circuit or processor
module 1312, memory 1314, and one or more communication links, paths, buses or the like
1318 Some embodiments may include one or more user interfaces 1316, and/or one or more
mternal and/or external power sources or supplies 1340, The control circuit 1312 can be
mmplemented through one or more processors, microprocessors, central processing unit, logic,
local digital storage, firmware, software, and/or other control hardware and/or software, and may
be used to execute or assist in executing the steps of the processes, methods, functionality and
techniques described herein, and control various communications, decisions, programs, content,
listings, services, iterfaces, logging, reporting, etc. Further, in some embodiments, the control
circutt 1312 can be part of control circuttry and/or a control system 1310, which may be
implemented through one or more processors with access to one or more memory 1314 that can
store instructions, code and the hike that 1s implemented by the control circuit and/or processors
to implement intended functionality. In some applications, the control circuit and/or memory
may be distributed over a communications network (e g, LAN, WAN, Internet) providing
distributed and/or redundant processing and functionality. Again, the system 1300 may be used
to implement one or more of the above or below, or parts of, components, circuits, systems,

processes and the like.

{0061] The user mterface 1316 can allow a user to interact with the system 1300 and
receive information through the system. In some instances, the user interface 1316 includes a
display 1322 and/or one or more user inputs 1324, such as buttons, touch screen, track ball,
kevboard, mouse, etc., which can be part of or wired or wirelessly coupled with the system 1300
Typically, the system 1300 further includes one or more communication interfaces, ports,

transceivers 1320 and the hike allowing the system 1300 to communicate over a communication
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bus, a distributed computer and/or commumication network 1104 (e.g., a local area network
{LAN}, the Internet, wide area network (WAN), etc.), communication link 1318, other networks
or communication channels with other devices and/or other such communications or
combination of two or more of such communication methods. Further the transceiver 1320 can
be configured for wired, wireless, optical, fiber optical cable, satellite, or other such
communication configurations or combinations of two or more of such communications. Some
embodiments include one or more mput/output {I/0) ports 1334 that allow one or more devices
to couple with the system 1300, The IO ports can be substantially any relevant port or
combinations of ports, such as but not limited to USB, Fthernet, or other such ports. The /O
mterface 1334 can be configured to allow wired and/or wireless communication coupling to
external components. For example, the /O mterface can provide wired communication and/or
wireless communication (e.g., Wi-Fi, Bluetooth, cellular, RF, and/or other such wireless
communication}, and in some instances may include any known wired and/or wireless
interfacing device, circuit and/or connecting device, such as but not limited to one or more

transmitters, recetvers, fransceivers, or combination of two or more of such devices.

[0062] In some embodiments, the systerm may nclude one or more sensors 1326 to
provide information to the system and/or sensor information that 1s communicated to another
component. The sensors can include substantially any relevant sensor, such as pressure sensors,
electrical discharge sensors, cameras or other imaging systems and image and/or video
processing, temperature sensors, distance measurement sensors {e.g., optical units,
sound/ultrasound units, etc ), optical based scanning sensors to sense and read optical patterns
{e.g., bar codes), radio frequency wdentification (RFID) tag reader sensors capable of reading
RFID tags 1o proximity to the sensor, and other such sensors. The foregoing examples are
mtended to be llustrative and are not intended to convey an exbhaustive histing of all possible
sensors. Instead, 1t will be understood that these teachings will accommodate sensing any of a

wide variety of circumstances 1n a given application setting.

{0063] The system 1300 comprises an example of a control and/or processor-based
systemn with the control circutt 1312, Again, the control circutt 1312 can be implemented

through one or more processors, controllers, central processing units, logic, software and the like.
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Further, 1n some implementations the control circuit 1312 may provide multiprocessor

functionality.

{0064] The memory 1314, which can be accessed by the control circuit 1312, typrcally
imcludes one or more processor readable and/or computer readable media accessed by at least the
control eircuit 1312, and can include volatile and/or nonvolatile media, such as RAM, ROM,
EEPROM, flash memory and/or other memory technology. Further, the memory 1314 1s shown
as internal to the control system 1310; however, the memory 1314 can be internal, external ora
combination of internal and external memory. Similarly, some or all of the memory 1314 can be
mnternal, external or a combination of internal and external memory of the control circuit 1312,
The external memory can be substantially any relevant memory such as, but not limited to, solid-
state storage devices or drives, hard drive, one or more of universal serial bus (USB) stick or
drive, flash memory secure digital (8D} card, other memory cards, and other such memory or
combinations of two or more of such memory, and some or all of the memory may be distributed
at multiple locations over the computer network 610, The memory 1314 can store code,
software, executables, scripts, data, content, lists, programuming, programs, log or history data,
user nformation, custoruer information, product information, route nformation, restricted area
information, and the ke, While FIG. 13 illustrates the various components being coupled
together via a bus, 1t 1s understood that the various components may actually be coupled to the

control circuit and/or one or more other components directly.

[0065] The use of unmanned vehicles can present potential problems based on potential
contact of the unmanned vehicles with external objects. For example, propellers or rotors of an
unimanned aerial vehicle can be dangerous to people, pets, property and the hike, and similarly
the propellers may be damaged by such external objects. One way to protect these external
objects and/or the unmanned vehicles s to physically shroud the propellers and/or vehicles. Such
shrouds, however, often diminish the performance of the propellers by interfering with optimal
air flow, add weight, can be costly, and other such drawbacks. Another potential approach to
addressing contact with an external object is a virtual shroud that would stop or disengage a
motor and thus the corresponding propeller. The sudden loss of Iift from the disengaged
propelier, however, would draw the unmanned vehicle into the external object instead of away

from 1t. Other sense and avoid systems have focused on visual signals in visible and invisible
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spectrum. Interference with visual sensing can be experienced due to weather, other objects,

failure of the imaging system, and other such factors.

{0066} The use of tactile sensor systems with extended feeler antennae, however, aliow
for close-1n sense and avoid, but add the further benefit of serving as a buffer between unmanned
vehicles {(e.g., the propellers) and external physical objects (living and otherwise) that could
damage or be damaged by the unmanned vehicle. These extended feeler antennae can be oriented
passively, or in some instances be controlled or guided. Antennae motors can be controlled by
the vehicle control circuit to move through movement patterns. In other instances, the vehicle
control circuit can utilize sensor data to control the movement of one or more extended feeler
antennae. For example, the vehicle control circuit can perform tmage and/or video processing
{or a separate video and/or tmage processing system coupled with the vehicle control circuit) to
evaluate image and/or video data. Additionally or alternatively, other sensory cues can be
utilized to direct the movement of one or more extended feeler antennae in a desired direction
{e.g., toward an external object). The object touched by the antennae, if it has its own sensory
system, may react to the touch before making contact with harmful parts of the unmanned
vehicle, such as the propellers, wheels, ete. One or more extended feeler antennae may protrude
outward and proximate one or more of the propellers. For example, one or more extended feeler
antennae may extend from motor arms of an unmanned vehicle, though there could be one or
many antennae. FIG. 14 illustrates a simplified representation of a portion of an unmanned aerial
vehicle 1400 carrying a package 216, in accordance with some embodiments. One or more
extended feeler antenna 116 extend from motor arms 1402 and positioned proximate
corresponding propellers 110, In some implementations, the extended feeler antennae stay
extended. In other implementations, one or more of the extended feeler antennae or a portion of
the extended feeler antennae may be retracted or folded back for streamlining and extended when
needed (e.g., as during landing, delivery, and other instances when the unmanned vehicle would
be flying more slowly). In some embodiments, one or more of the extended feeler antennae may
melude tts own optics at or proximate the distal end 118, along the base or the like. Some
extended feeler antennae are arranged as an array of thinner antennae more akin to animal
whiskers cooperated with contact sensors that would provide a thin but detectable buffer vet

g, and himited or no impact should a propeller

o0

would have a minimal impact on streamlinin
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somehow came into contact with one of these thinner antennae. The extended feeler antennae
may be constructed of carbon fiber technology, aluminum, fiberglass, plastic, other such
materials or combination of such materials. In some implementations, the unmanned vehicle
responds to contact with an external object generally by moving away from the contact. Further,
some embodiments provide a direct or reflex response directly to the antenna motor, which may
provide a fractionally quicker reaction time. Hardware may be utilized to speed up the nearby
motor, causing the unmanned vehicle to pull away. As described above, in some embodiments,
the extended feeler antennae may be implemented with a springiness, particularly if using a
lightweight material, whereby the antennae might prevent the unmanned vehicle from contacting

an object by springing the unmanned vehicle away from the object.

{0067} The tactile sensor systems can provide a supplement or even an alternative to
close in sense and avoid systems of unmanned vehicles, such as typically optically based
systems. The tactile sensors systems, by making first contact with an object, can prevent
damaging contact by allowing the unmanned vehicle and/or the object to respond evasively. The
extended feeler antennae may be constructed to bend or even break, for example, from a tug, ata
force less than could be used to pull the unmanned vehicle down. Further, the extended feeler
antennae can be positioned to create butfer about the perimeter of the unmanned vehicle, The
extended feeler antenvae can be resilient enough, and perhaps has a wider fork at the end or 13
connected with other antennae such that it can spring the unmanned vehicle away from an object
or at least assist in the evasion. In some embodiments, the extended feeler antenna can be
controlled {e.g., based on contact sensor data and/or other sensor cues) so that the antennae is
iikely contact the object at on optimal angle (e g., perpendicular angle) to the oncomung force

from that object.

{00638] In some implementations, one or more of the extended feeler antennae may
melude or carry sensors or elements used by other sense and avoid sensors, for example, a fiber
optic lens at the tip attached to an imager. For a second example, the extended feeler antennae
used as a tactile sensor may also supplement or replace the communications antennae. The
tactile sensor systems may provide multiple roles. For example, the extended feeler antennae
may have dual use as a sonar sensor sonar-based navigation where the added surface area 13

useful. The extended feeler antennae may be fully extended all the time, while in other instances
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one or more extended feeler antenna may be extended during certain situations {e.g., extended
feeler antennae are deployed during the last fifty feet but otherwise retracted or folded back for
streamlined travel at speed). All or part of the extended feeler antennae may be retract, for
example, leaving one or more deployed is dually used as a communications antennae. As
mitroduced above, some embodiments utilize a whisker configuration of multiple extended feeler
antennae where the antennae are thin, one of multiples, and brush detects objects that may
otherwise be missed or not understood. Contact with extended feeler antennae may allow or
encourage the external object to respond evasively before a more serious contact is made.
Further, in some applications one or more of the extended feeler antennae can be utilized to
confirm location and/or movement, such as confirm a landing pad by touch. Such tactile sensor
systems may allow an unmanned vehicle to proceed at an appropriate speed into space that
would be too risky for optical and/or other sensors alone. Typically, the extended feeler
antennae are given ample freedom of action to move about, but are physically or through
software prevented from mteracting with the propeliers. Further, in some embodiments fiber
optics or other light or audible elements cause the antennae or another light source to glow or
cause an element to make sound prior to a potential contact, serving as a warning that might
prevent that contact before it occurs. Sound or noise could be of the extremely annoying kind,
such as the sounds of a swarm of hornets or a baby crying that we are genetically program to
respond to rather than ignore. Ditferent types of extended feeler antennae may be used ona
single unmanned vehicle (e.g., an array of extended feeler antenna on the usual forward motion
of travel may be different from an array in other directions, possibly more robust where there 1s a
greater source of hikely threat). The extended feeler antennae may be stratght, jointed,
articulated via small segmentation, or other configurations. Further, some extended feeler

antennae may have their own sub-antennae.

{0069] In some applications, one or more of the extended feeler antennae may be deploy
as needed, for example, on the side of the unmanned vehicle facing obstacles and not on a side
without obstacles, which may be dependent on visual cues and/or other sensor data (e.g., distance
measurement sensor systems}.  Again, some extended feeler antennae push off the potentially
harmful object, using the object’s mass as a means to stay away from the object. The actions

taken in response to contact may include reflex response to speed up a motor nearest the object
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so that the unmanned vehicle takes an evasive maneuver with the fastest possible response.
Further, some extended feeler antennae are jointed, which may be locks down for potential
impacts so benefits of stiffness can be achieved, such as pushing the unmanned vehicle way from
the object. In some instances, one or more extended feeler antennae may be bent or have
additional surface area proximate the distal end 118, perhaps to increase the surface area at the
potential point of contact while far enough away not to impact the aunflow of the propellers.
Antennae motors may be used to provide a detect function by sweeping either in response to
other sensors or as a primary sensor. In some embodiments, the tactile sensor systems cooperate
with other sensor systems. For example, an extended feeler antenna may include fiber optics.
Similarly, the movement of the extended feeler antenna can be controlled to inspect the
unmanned vehicle, package or the like (e.g , allowing antenna to look inward at parts of the
urinanned vehicle for potential problem troubleshooting, such as, looking at a package and claw
problem). Hollow portions of the unmanned vehicle (e g., arms or groves in arms of the

unimanned vehicle) could be a place to keep an antenna when not deployed.

{0070} In some embodiments, provide protection to the propellers and/or the unmanned
vehicle through the tactile sensor systems 114 without having to pay the price of a shroud (e.g,,
the added weight and drag associated with a propeller shroud). The extended feeler antennae
may extend out to protect the propellers, wheels, and the unmanned vehicle. They can retract m
some applications, for example, when the unimanned vehicle is at sufficient altitude to be clear of
obstacles. Further, many of the extended feeler antennae are designed to limit drag, such as
whiskers like extended feeler antennae that may follow air flow lines. Extended feeler antennae
geometry may be curved or straight. Rigid antennae, i some applications, may be folded back to
reduce drag while underway at altitude. Further, rigid antennae could be connected with a thin
fine or wire to detect objects between the antennae. The extended feeler antennae may be
extended above and below the unmanned vehicle to detect proximity to the ground. The
extended feeler antennae 1s useful in navigation through relatively narrow areas, such as for
egress/mgress through doorways, along hallways, entryways, navigating landscaping, moving

through distribution centers and warehouses, and the like.

{8071} The extended feeler antennae, n some applications, are provided with sensors to

detect when the extended feeler antenna contacts an object, at least with a threshold force or
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pressure. Additional sensors may be added for video image capture, fiber optics, distance
measurement, force measurement, pressure measurement, etc. The system may respond to a
change in pressure or force monitored by the sensors. In some embodiments, one or more of the
extended feeler antennae may include or couple with an RF transceiver connection to aid in radio
communications and/or to receive power over RF. Further, one or more of the physical extended
feeler antennae may be used to authenticate an unmanned vehicle (e.g., at a kiosk) through tactile
or optical communication, which in some instances is more secure than wireless
communications. In the event of an encounter with animals, the extended feeler antennae may
readily break or be removed from the unmanned vehicle so that the unmanned vehicle may
continue an intended task or mission. The vehicle control circuit of the unmanned vehicle may be
configured to cause the location and tume of the loss of the antenna to be recorded or
communicated to a central system. The addition of the extended feeler antennae to the
unmanned vehicles adds a level of security to the system that could allow the unmanned vehicles
to operate in less explored areas or while carrving dangerous chemicals which may expand
rapidly under certain situations, With some articulated extended feeler antennae, when the
unimanned vehicle has landed or 1s withun a threshold of the ground, the articulated antennae may
be raised, retracted and/or directed at a perceived threat (e.g., amimal, child, etc.). This may scare

the threat away long enough to complete the task (e.g., package delivery, package retrieval, etc.).

{8072} In some embodiments, systems, apparatuses and corresponding methods
performed by the svstems provide a retail delivery unmanned aerial vehicles. In some
embodiments, these unmanned vehicles include: a frame; a plurality of motors cooperated with
the frame; a plurality of propellers each secured with and driven by one of the plurality of motors
to provide altitude and directional movement of the unmanned aerial vehicle; a vehicle control
circuit communicatively coupled with the motors and configured to control the motors n
controlling the movement of the unmanned aenal vehicle; and an array of a plurality of tactile
sensor systems each comprising: an extended feeler antenna extending from the frame with a
distal end proximate one of the propellers and spaced from the frame, wherein the extended
feeler antenna 15 configured to flex in response to a threshold pressure from contact with an
external object; and a contact sensor cooperated with the extended feeler antenna and configured

to detect contact by the extended feeler antenna with the external object; wherein the extended
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feeler antennae of the plurality of tactile sensor systems are spaced around the frame and define

at least outer most lateral perimeter points laterally spaced about the unmanned aerial vehicle.

{067 3] Some embodiments provide methods of delivering retail products using a retail
delivery unmanned aerial vehicle, comprising: receiving, at a vehicle control circuit of a retail
delivery unmanned aernial vehicle, a delivery route to a delivery location; controlling a plurality
of motors cooperated with a frame of the unmanned aerial vehicle to each drive one of a plurality
of propellers to provide altitude and directional movement of the unmanned aerial vehicle in
accordance with the delivery route; receiving, at the vehicle control circuit, contact sensor data
from one or more of an array of a plurality of tactile sensor systems each comprising: an
extended feeler antenna extending from the frame with a distal end proximate one of the
propellers and spaced from the frame, wherein the extended feeler antenna is configured to flex
m response to a threshold pressure from contact with an external object; and a contact sensor
cooperated with the extended feeler antenna and configured to detect contact by the extended
feeler antenna with the external object; wherein the extended feeler antennae of the plurality of
tactile sensor systems are spaced around the frame and define at least outer most lateral
perimeter points laterally spaced about the unmanned aenial vehicle;, and controlling at least one

of the motors in response to the contact sensor data.

[0674] Those skilled in the art will recognize that a wide variety of other modifications,
alterations, and combinations can also be made with respect to the above described embodiments
without departing from the scope of the invention, and that such modifications, alterations, and

combinations are to be viewed as being within the ambit of the inventive concept.



WO 2019/190870 PCT/US2019/023301

CLAIMS

What 1s claimed 1s:
1. A retail delivery unmanned aerial vehicle, comprising;
a frame;
a plurality of motors cooperated with the frame;
a plurality of propellers each secured with and driven by one of the plurality of motors to
provide altitude and directional movement of the unmanned aerial vehicle;
a vehicle control circuit communicatively coupled with the motors and configured to
control the motors in controlliing the movement of the unmanned aerial vehicle; and
an array of a plurality of tactile sensor systems each comprising:
an extended feeler antenna extending from the frame with a distal end proximate
one of the propellers and spaced from the frame, wherein the extended feeler antenna is
configured to flex in response to a threshold pressure from contact with an external object; and
a contact sensor cooperated with the extended feeler antenna and configured to
detect contact by the extended feeler antenna with the external object;
wherein the extended feeler antennae of the plurality of tactile sensor systems are spaced
around the frame and define at least outer most lateral perimeter points laterally spaced about the

unmanned aerial vehicle

2. The unmanned aerial vehicle of claim 1, wherein each of a set of multiple extended
feeler antennae of the plurality of feeler antennae comprises an electrically conductive contact
pad exposed on an exterior surface of at least a portion of the extended feeler antenna;

each of a set of multiple contact sensors of the phlurality of contact sensors comprises an
electrical charge storage system electrically coupled with the contact pad and configured to store
over time accumulated electrical energy from static electricity, and a discharge sensor configured
to detect a discharge of the charge storage system in response to contact by a corresponding one

of the contact pads with the external obyject.

3. The unmanned aerial vehicle of claim 1, wherein each of a set of multiple extended

feeler antennae of the plurality of feeler antennae comprises the contact sensor positioned
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proximate the distal end of the respective extended feeler antenna, wherein the contact sensor
comprises an inertial sensor communicatively coupled with the vehicle control circuit and
configured to communicate contact sensor data comprising inertia data to the vehicle control
circuit, and the vehicle control circuit 1s configured make a determination that there has been
contact with the external object based on identifving from the inertial data a threshold inertia
change of at least a portion of at least one of the extended feeler antennae of the set of multiple

extended feeler antennae.

4. The unmanned aerial vehicle of claim 1, further comprising:

a temperature change detection system coupled with a temperature conductive surface
exposed on an exterior surface of each of a set of multiple extended feeler antennae of the
plurality of extended feeler antennae, wherein the temperature change detection system 18
configured to detect a threshold change in temperature from at least one of the temperature
conductive surfaces within a threshold period;

wherein each of a temperature control systems 1s coupled with the vehicle control circuit
and configured to cormmmunicate ternperature change sensor data to the vehicle control circut, and
wherein the vehicle control circuit 1s configured make a determination that there has been contact

with the external object based on the temperature change sensor data.

5. The unmanned aerial vehicle of claim 1, wherein the vehicle contro} circutt ts
configured to:

receive contact sensor data from a {irst contact sensor cooperated with a first extended
feeler antenna in response to the first extended fecler antenna contacting the external object;

identify a first propeller that 1s positioned closest to the first extended feeler antenna; and

mduce an evasive mcrease m rotational speed of the first propeller in response to contact
sensor data indicating contact of the first extended feeler antenna with the external object, while
not mcereasing rotational speed of one or more of the other of the plurality of propeliers, and
causing at least a portion of the unmanned aerial vehicle proximate the first propeller to move

away from the contact.

6. The unmanned aerial vehicle of claim 1, further comprising:

]

L

(4]
]
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a plurality of motor controllers configured to control one of the plurality of motors;

wherein each of the plurality of motor controllers is directly communicatively coupled
with at least one of the contact sensors and configured to receive sensor data from the at least one
contact sensor corresponding to a first propeller, and immediately adjust a corresponding first
motor to induce an evastve change in rotational speed of the first propeller in response to the
received contact sensor data indicating contact with the external object by a first extended feeler
antenna corresponding to the at least one contact sensor, while not increasing rotational speed of
one or more of the other of the plurality of propellers, and causing at least a portion of the

unmanned aerial vehicle proximate the first propeller to move away from the contact.

7. The unmanned aenal vehicle of claim 1, wherein each of the extended feeler antiennae
comprises a detach coupling configured to cause at least a portion of the extended feeler antenna
to detach from the frame in response to a threshold pull force applied to the extended feeler

antenna that is directed away from the frame.

8. The unmanned aerial vehicle of claim 1, wherein at least some of the plurality of
extended feeler antennae comprise multiple prong sections positioned at the distal end of the
respective extended feeler antenna and about a corresponding one of the propellers proximate the

respective extended feeler antenna.

9. The unmanned aerial vehicle of claim 1, further comprising:

a plurality of antenna motors each cooperated with one of the extended feeler antennae
and communicatively coupled with the vehicle control circuit, wherein the vehicle control circutt
1s configured to control the plurality of antenna motors to cause a change of position of the

extended feeler antennae relative to the frame.

10. The unmanned aerial vehicle of claim 9, wherein the vehicle control circuit is
configured to control the plurality of antenna motors to cause a distal end of each of the plurality
of extended feeler antennae to repeatedly sweep along a movement path proximate a

corresponding one of the plurality of propellers.
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11. The unmanned aerial vehicle of claim 9, wherein the vehicle control circuit 1s
configured to identify a direction of travel of the unmanned aerial vehicle and to control one or
more of the plurality of antenna motors to position one or more of the extended feeler antennae

to align with the direction of travel.

12. The unmanned aenal vehicle of claim 9, wherein a first feeler antenna comprises a
hinge between two longitudinal body sections;

a first antenna motor of the plurality of antenna motors 1s configured to cause the first
extended feeler antenna to bend at the hinge; and

wherein the vehicle control circuit 1s configured to control the first antenna motor in
response to a direction of travel of the unmanned aerial vehicle and a speed of the unmanned

aerial vehicle exceeding a speed threshold.

13. The unmanved aeral vehicle of claim 9, further comprising:

at least one additional proxinuty sensor coupled with the vehicle control circurt and
configured to communicate proximity sensor data to the vehicle control circuit; and

wherein the vehicle control circuit 15 configured to control at least a first antenna motor
of the plurality of antenna motors to move a distal end of a first extended feeler antenna
cooperated with the first antenna motor relative to a first propeller based on the proximaty sensor

data.

14. The unmanned aerial vehicle of claim 1, wherein the extended feeler antennae
comprise a longitudinal body configured to deflect 1n response to contact and exert an mcreasing

opposing force as a function of the amount of deflection within a deflection threshold

15. The unmanned aerial vehicle of claim 1, wherein the extended feeler antennae
comprise:

a longitudinal body extending away from the frame; and

a spring member cooperated with the longitudinal body, wherein the spring member 15
configured to deflect in response to the longitudinal body contacting the external object enabling

the flexing of the extended feeler antennae.
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16 The unmanned aerial vehicle of claim 1, wherein the vehicle control circuit is
configured to detect a speed of the unmanned aerial vehicle greater than a speed threshold ina
first direction and cause one or more of the plurality of extended feeler antennacto beputina
stowed position as a function of the first direction and in response to the speed of the unmanned

aerial vehicle being greater than the speed threshold.

17. A method of delivering retail products using a retail delivery unmanned aerial
vehicle, comprising:

receiving, at a vehicle control circuit of a retail delivery unmanned aerial vehicle, a
delivery route to a delivery location;

controlling a plurality of motors cooperated with a frame of the unmanned aenial vehicle
to each drive one of a plurality of propellers to provide altitude and directional movement of the
unimanned aerial vehicle in accordance with the delivery route;

recetving, at the vehicle control circuit, contact sensor data from one or more of an array
of a plurality of tactile sensor systems each comprising: an extended feeler antenna extending
from the frame with a distal end proximate one of the propellers and spaced from the frame,
wherein the extended feeler antenna is configured to flex in response to a threshold pressure
from contact with an external object; and a contact sensor cooperated with the extended feeler
antenna and configured to detect contact by the extended feeler antenna with the external object;
wherein the extended feeler antennae of the plurabity of tactile sensor systems are spaced around
the frame and define at least outer most lateral perimeter points laterally spaced about the
unmanned aenal vehicle; and

controlling at least one of the motors 1n response to the contact sensor data.

18. The method of claim 17, further comprising:

storing electrical energy accumuldated over time from static electricity in an electnical
charge storage system of each of a set of multiple contact sensors of the plurality of contact
sensors; and

detecting a discharge of at least some of the electrical charge stored in a corresponding

one of the charge storage systems in response to contact of an electrically conductive contact
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pad, exposed on an exterior surface of a corresponding one of the plurality of extended feeler

antennae, with the external object.

19. The method of claim 17, wherein the receiving the contact sensor data comprises
receiving contact sensor data from a first contact sensor cooperated with a first extended feeler
antenna in response to the first extended feeler antenna contacting the external object;

wdentifying a first propeller that 1s positioned closest to the first extended feeler antenna;
and

wherein the controlling at least one of the motors in response to the contact sensor data
comprises inducing an evasive increase in rotational speed of the first propeller in response to
contact sensor data indicating contact of the first extended feeler antenna with the external
object, while not increasing rotational speed of one or more of the other of the plurality of
propellers, and causing at least a portion of the unmanned aerial vehicle proximate the first

propelier to move away from the contact.

20. The method of claim 17, further comprising:
controlling a plurality of antenna motors to cause a change of position of the extended

fecler antennae relative to the frame.

21. The method of claim 20, wheren the controlling the plurality of antenna motors to
cause the change of position of the extended feeler antennae comprises controlling the plurality
of antenna motors to cause a distal end of each of the plurality of extended feeler antennae to
repeatedly sweep along a movement path proximate a corresponding one of the plurality of

propellers.

22. The method of claim 20, wherein the controlling the plurality of antenna motors to
cause the change of position of the extended feeler antennae comprises:

tdentifying a direction of travel of the unmanned aerial vehicle; and

conirolling one or more of the plurality of antenna motors to position one or more of the

extended feeler antennae to align with the direction of travel.
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23. The method of claim 20, wherein the conirolling the plurality of antenna motors to
cause the change of position of the extended feeler antennae comprises controlling a first antenna
motor of the plurality of antenna motors causing a first extended feeler antenna to bend at a
hinge of the first extended feeler antenna in response o a direction of travel of the unmanned

aerial vehicle and a speed of the unmanned aerial vehicle exceeding a speed threshold.

24 The method of claim 20, further comprising:

obtaining proximity sensor data from at least one additional proximity sensor of the
unmanned aerial vehicle; and

wherein the controlling the plurality of antenna motors to cause the change of position of
the extended feeler antennae comprises controlling at east a first antenna motor of the plurality
of antenna motors to move a distal end of a fust extended feeler antenna cooperated with the first

antenna motor relative to a first propeller based on the proximity sensor data.

25 The method of claim 17, wherein:

the receiving, at the vehicle control circuit, the contact sensor data comprises

recetving nertia data from at least one of a set of multiple extended feeler antennae of the
plurality of feeler antennae comprising an inertial sensor positioned proximate the distal end of
the respective extended feeler antenna;

identifying from the inertial data a threshold mertia change of at least a portion of the at
least one of the extended feeler antennae of the set of multiple extended feeler antennae; and

making a determination that there has been contact with the external object based on the
identified threshold inertia change of at least the portion of the at least one of the extended feeler

antennae.

- 40 -
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