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(Receiving a first signal at a balloon, where the balloon includes a)
first receiver, a second receiver, a payload, and an envelope, where
the envelope includes at least a first antenna section and a second
antenna section, where the first signal is received at the first
antenna section, and where the first antenna section includes a first
metallization pattern configured to receive and convey the first
signal to the first receiver

~120 l

(Receiving a second signal at the balloon, where the second signal is)
received at the second antenna section, where the second antenna
section includes a second metallization pattern that is configured to
receive and convey the second signal to the second receiver, the
first metallization pattern being different from the second
metallization pattern
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1
INTEGRATION OF ANTENNA STRUCTURES
INTO BALLOON ENVELOPES

BACKGROUND

Unless otherwise indicated herein, the materials described
in this section are not prior art to the claims in this application
and are not admitted to be prior art by inclusion in this section.

Current high-altitude balloons can include an envelope and
a payload which are connected via wires. In some cases, the
payload can include a communications receiver. The enve-
lope can be made of a light-weight fabric, such as, but not
limited to, nylon, silk, or polyester film, or combinations
thereof, that can contain gases used to keep the balloon aloft.
An example polyester film is Biaxially-oriented Polyethylene
Terephthalate (boPET) ak.a. Mylar™ Mylar™ is trade-
marked by E. I. DuPont De Nemours & Co. of Wilmington,
Del.

Some communication receivers aboard current high-alti-
tude balloons can require a clear upward view for communi-
cation. For example, a balloon’s envelope can block commu-
nication signals, such as signals from satellites, from reaching
a communication receiver.

SUMMARY

In a first aspect, a balloon is provided. The balloon includes
a payload and an envelope. The envelope can include at least
a first antenna section and a second antenna section. Both the
first antenna section and the second antenna section are con-
figured at least to receive signals and convey the received
signals to the payload. The first antenna section includes a
first metallization pattern to receive a first type of signal. The
second antenna section includes a second metallization pat-
tern to receive a second type of signal; the first metallization
pattern being different from the second metallization pattern.

In another aspect, a method is provided. A first signal is
received at a balloon. The balloon includes a first receiver, a
second receiver, a payload, and an envelope. The envelope
includes at least a first antenna section and a second antenna
section. The first signal is received at the first antenna section
of the plurality of antenna sections. The first antenna section
includes a first metallization pattern configured to receive and
convey the first signal to the first receiver. A second signal is
received at the balloon. The second signal is received at the
second antenna section. The second antenna section includes
a second metallization pattern configured to receive and con-
vey the second signal to the second receiver; the first metal-
lization pattern being different from the second metallization
pattern.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the illustra-
tive aspects, appearances, embodiments, and features
described above, further aspects, appearances, embodiments,
and features will become apparent by reference to the figures
and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart of a method, according to an example
embodiment.

FIG. 2 shows an example balloon, in accordance with an
example embodiment.

FIG. 3 shows another example balloon, in accordance with
an example embodiment.

FIG. 4 shows example sections of a balloon, in accordance
with an example embodiment.
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FIG. 5A shows another example balloon, in accordance
with an example embodiment.

FIG. 5B shows an example section of a balloon, in accor-
dance with an example embodiment.

FIG. 6A shows an example network, in accordance with an
example embodiment.

FIG. 6B shows another example network, in accordance
with an example embodiment.

FIG. 6C shows an example network scenario, in accor-
dance with an example embodiment.

FIG. 7A is a block diagram of a computing device, in
accordance with an example embodiment.

FIG. 7B depicts a network of computing clusters arranged
as a cloud-based server system, in accordance with an
example embodiment.

DETAILED DESCRIPTION
Overview

Example embodiments disclosed herein can generally
relate to a data network formed by balloons, and in particular,
to a mesh network formed by high-altitude balloons deployed
in the stratosphere. In order that the balloons can provide a
reliable mesh network in the stratosphere, where winds may
affect the locations of the various balloons in an asymmetrical
manner, the balloons in an exemplary network can be config-
ured to move latitudinally and/or longitudinally relative to
one another by adjusting their respective altitudes, so that
winds aloft can carry the respective balloons to the respec-
tively desired locations.

Further, in an exemplary balloon network, the balloons can
communicate with one another using free-space optical com-
munications. For instance, the balloons can be configured for
optical communications using ultra-bright LEDs or possibly
lasers for optical signaling (although regulations for laser
communications can restrict laser usage). In addition, the
balloons can communicate with ground-based station(s)
using radio-frequency (RF) communications. Further, the
balloons can be configured to communicate with one or more
satellites. The one or more satellites can include but not
limited to navigational satellites; e.g., Global Positioning
System (GPS) satellites, communications satellites, broad-
cast television and/or radio satellites, and/or other satellites.

To better communicate with satellites and other overhead
communication devices; e.g., communication devices aboard
high-flying aircraft, a balloon can be configured with an enve-
lope divided into sections. These sections can include one or
more “antenna sections.”” Each antenna section of the enve-
lope can be configured to send and/or receive signals, such as
but not limited to signals from overhead communication
source.

In some cases, the balloon can send communication sig-
nals. For example, the balloon can generate data, such as
diagnostic data about the balloon or communications to other
balloons in the network, that can be converted into commu-
nications signals for transmission. In other cases, the balloon
can receive communications signals from other balloons in
the network or signals that include navigational data from
GPS or other navigational satellites. In yet other cases, the
balloon can both send and receive communication signals.
For example, the balloon can receive signals from one balloon
in the network and relay the signals, perhaps after modifica-
tion, to another balloon or communications device.

An example antenna section can be a “metallization sec-
tion” with a thin layer of metallized material substantially or
completely overlaying a fabric making up a section of the
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envelope. Communication signals can be received at the thin
layer of metallized material and transmitted from the antenna
section to a control system in the payload of the balloon.
Antenna sections can include “metallization patterns” (MPs)
or patterns of metal embedded into and/or overlaying the
fabric of the section. Example metallization patterns include,
but are not limited, horizontal, diagonal, and vertical patterns
that can act as dipole antennas, two-dimensional patches and/
or arrays of patches of thin metal shaped as squares, rect-
angles, triangle, circles, ellipses, and/or in other shapes that
can act as patch and/or other types of antenna, and “Z metal-
lization patterns” that are configured to project an antenna out
of a plane of the envelope of the balloon.

By using antenna sections for balloons, the balloon can
gain and/or enhance the ability to communicate with over-
head communications sources, such as satellites, other bal-
loons in the network, and overhead aircraft. In some sce-
narios, overhead communications sources may not be directly
overhead, and so antenna sections can receive communica-
tion signals from communication sources in other directions
relative to the balloon, such as communication source(s) with
higher, equal, and/or lower altitude(s) than the balloon. Such
communications sources can include balloons, ground sta-
tions, mobile communications and/or computing devices, and
other communications devices. By enhancing the ability of
the balloon to communicate, the balloon can be able to
increase performance via better navigation; i.e., using GPS,
carrying out additional communications, and providing addi-
tional services; e.g., balloon/satellite communication.

As the envelope of the balloon is often a large object, the
use of antenna sections that are part of balloon envelopes
enables putting large antennas aloft whenever the balloon is
launched. As putting large separate antennas aloft can be
complicated and expensive, using antenna sections of balloon
envelopes can save time and difficulty in comparison.

The use of multiple antenna sections can lead to increased
communication throughput by enabling multiple simulta-
neous communications sessions, perhaps with each session
using a different antenna section. Also, the multiple simulta-
neous communications sessions can involve simultaneous
communications between the balloon and multiple commu-
nications devices, such as multiple satellites, balloons,
ground stations, and/or other communication devices. In
some scenarios, different types of signals can be received
and/or transmitted using the multiple antenna sections; e.g.
the balloon can receive a GPS signal from a GPS satellite and
a balloon-RF signal from another balloon or the balloon can
communicate with a ground station using RF signals that can
have different protocol, frequency, encoding, and/or other
characteristics than balloon-RF signals and/or GPS signals.
Example Operations

FIG. 1 is a flow chart of method 100, according to an
example embodiment. Method 100 begins at block 110,
where a first signal is received at a balloon. The balloon can
include a first receiver, a second receiver, a payload, and an
envelope. At least a portion of the envelope can include at
least a first antenna section and a second antenna section. The
first signal can be received at the first antenna section. The
first antenna section can include a first metallization pattern
configured to receive and convey the first signal to the first
receiver.

Atblock 120, a second signal is received at the balloon. The
second signal can be received at the second antenna section.
The second antenna section can include a second metalliza-
tion pattern configured to receive and convey the second
signal to the second receiver. The first metallization pattern
can differ from the second metallization pattern.

10

15

20

25

30

35

40

45

50

55

60

65

4

In some embodiments, the balloon can initially operate in
a first mode in which the balloon operates the first receiver to
receive the first signal and does not operate the second
receiver. In these embodiments, method 100 can further
include: while the balloon is operating in the first mode, a
trigger event can be detected; and in response to detecting the
trigger event, the balloon can switch from operation in the
first mode to operation in a second mode in which the balloon
operates the second receiver to receive the second signal and
does not operate the first receiver.

In other embodiments, method 100 can further include: in
response to receiving the first signal, determining a transmit-
table signal; and transmitting the transmittable signal from
the balloon using a transmitting antenna section of the plu-
rality of antenna sections. The transmitting antenna section
can include either the first antenna section or the second
antenna section. In particular embodiments, determining the
transmittable signals can include determining diagnostic
information about the balloon. Then, the transmittable signals
can be generated based on the diagnostic information. In
other particular embodiments, the transmittable signals are
based on the first signal. In still other particular embodiments,
the balloon can also include a control system. Then, transmit-
ting the transmittable signal can include: selecting the trans-
mitting antenna section using the control system and trans-
mitting the transmittable signals using the transmitting
antenna section.

Example Balloons and Balloon Segments

Various types of balloon systems can be incorporated in an
example balloon network. Some embodiments can utilize
high-altitude balloons that may operate in an altitude range
between 18 km and 22 km. FIG. 2 shows a high-altitude
balloon 200, according to an example embodiment. As
shown, balloon 200 includes envelope 202, skirt 204, payload
206, and cut-down system 208 attached between balloon 202
and payload 206.

The envelope 202 and skirt 204 can take various forms,
which can be currently well-known or yet to be developed.
For instance, envelope 202 and/or skirt 204 can be made of
metalized Mylar™ or boPET. Alternatively or additionally,
some or all of envelope 202 and/or skirt 204 can be con-
structed from a highly-flexible latex material or a rubber
material such as chloroprene. Other materials are also pos-
sible at least as discussed herein. Further, the shape and size
of envelope 202 and skirt 204 can vary depending upon the
particular implementation. Additionally, envelope 202 can be
filled with various different types of gases, such as helium
and/or hydrogen. Other types of gases are possible as well.

The payload 206 of balloon 200 can include a computing
device 212. In particular, computing device 212 can be con-
figured to store instructions that can be accessed and executed
by computing device 212 in order to carry out some or all the
balloon functions described herein. Computing devices are
described in more detail below in the context of FIGS. 7A and
7B.

Payload 206 of balloon 200 can also include various other
types of equipment and systems to provide a number of dif-
ferent functions. For example, payload 206 can include opti-
cal communication system 216, which can transmit optical
signals via an ultra-bright LED system 220, and which can
receive optical signals via an optical-communication
receiver; e.g., a photo-diode receiver system. Further, payload
206 can include RF communication system 218, which can
transmit and/or receive RF communications via an antenna
system 240.

Payload 206 can also include power supply 226 configured
to supply power to the various components of balloon 200.
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Power supply 226 can include or take the form of a recharge-
able battery. In other embodiments, power supply 226 can
additionally or alternatively represent other means known in
the art for producing power. In addition, balloon 200 can
include solar power generation system 227. Solar power gen-
eration system 227 can include solar panels and could be used
to generate power that charges and/or is distributed by the
power supply 226.

Further, payload 206 can include various types of other
systems and sensors 228, 234. For example, payload 206 can
include one or more video and/or still cameras, a GPS system,
various motion sensors (e.g., accelerometers, gyroscopes,
and/or compasses), and/or various sensors for capturing envi-
ronmental data. Further, some or all of the components within
payload 206 can be implemented in a radiosonde, which can
be operable to measure, e.g., pressure, altitude, geographical
position (latitude and longitude), temperature, relative
humidity, and/or wind speed and/or direction, among other
information.

Asnoted, balloon 206 includes an ultra-bright LED system
220 for free-space optical communication with other bal-
loons. As such, optical communication system 216 can be
configured to transmit a free-space optical signal by modu-
lating the ultra-bright LED system 220. The optical commu-
nication system 216 can be implemented with mechanical
systems and/or with hardware, firmware, and/or software.
Generally, the manner in which an optical communication
system is implemented can vary, depending upon the particu-
lar application.

In a further aspect, balloon 200 can be configured for
altitude control. For instance, balloon 200 can include a vari-
able buoyancy system, which is configured to change the
altitude of balloon 200 by adjusting the volume and/or density
of the gas in balloon 200. A variable buoyancy system can
take various forms, and can generally be any system that can
change the volume and/or density of gas in envelope 202.

In an exemplary embodiment, a variable buoyancy system
can include a bladder 210 located inside of envelope 202.
Bladder 210 could be an elastic chamber configured to hold
liquid and/or gas. Alternatively, bladder 210 need not be
inside envelope 202. For instance, bladder 210 can be a rigid
bladder perhaps pressurized well beyond neutral pressure.
The buoyancy of balloon 200 can therefore be adjusted by
changing the density and/or volume of the gas in bladder 210.
To change the density of bladder 210, balloon 200 can be
configured with systems and/or mechanisms for heating and/
or cooling the gas in bladder 210. Further, to change the
volume, balloon 200 can include pumps or other features for
adding gas to and/or removing gas from bladder 210. Addi-
tionally or alternatively, to change the volume of bladder 210,
balloon 200 can include release valves or other features that
are controllable to allow gas to escape from bladder 210.
Multiple bladders 210 could be implemented within the scope
of this disclosure. For instance, multiple bladders 210 could
be used to improve balloon stability.

In an example embodiment, envelope 202 could be filled
with helium, hydrogen or other lighter-than-air material.
Envelope 202 could thus have an associated upward buoy-
ancy force. In such an embodiment, air in the bladder 210
could be considered a ballast tank that can have an associated
downward ballast force. In another example embodiment, the
amount of air in bladder 210 could be changed by pumping
air, perhaps using an air compressor, into and out of bladder
210. By adjusting the amount of air in bladder 210, the ballast
force can be controlled. In some embodiments, the ballast
force can be used, in part, to counteract the buoyancy force
and/or to provide altitude stability.
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In other embodiments, envelope 202 could be substantially
rigid and include an enclosed volume. Air could be evacuated
from envelope 202 while the enclosed volume is substantially
maintained. In other words, at least a partial vacuum could be
created and maintained within the enclosed volume. Thus,
envelope 202 and the enclosed volume could become lighter
than air and provide a buoyancy force. In yet other embodi-
ments, air or another material could be controllably intro-
duced into the partial vacuum of the enclosed volume in an
effort to adjust the overall buoyancy force and/or to provide
altitude control.

Further, balloon 200 can include a navigation system (not
shown). The navigation system can implement station-keep-
ing functions to maintain position within and/or move to a
position in accordance with a desired topology. In particular,
the navigation system can use altitudinal wind data to deter-
mine altitudinal adjustments that result in the wind carrying
the balloon in a desired direction and/or to a desired location.
The altitude-control system can then make adjustments the
density of the balloon chamber in order to effectuate the
determined altitudinal adjustments and cause the balloon to
move laterally to the desired direction and/or to the desired
location.

Alternatively, the altitudinal adjustments can be computed
by a ground-based control system and communicated to bal-
loon 200. As another alternative, the altitudinal adjustments
can be computed by a ground-based or satellite-based control
system and communicated to balloon 200. Furthermore, in
some embodiments, specific balloons in a heterogeneous bal-
loon network can be configured to compute altitudinal adjust-
ments for other balloons and transmit the adjustment com-
mands to those other balloons.

As shown, balloon 200 includes cut-down system 208. The
cut-down system 208 can be activated to separate the payload
206 from the rest of balloon 200. This functionality can be
utilized anytime the payload needs to be accessed on the
ground, such as when it is time to remove balloon 200 from a
balloon network, when maintenance is due on systems within
payload 206, and/or when power supply 226 needs to be
recharged or replaced.

In an exemplary embodiment, the cut-down system 208
can include a connector, such as a balloon cord, connecting
the payload 206 to the envelope 202 and a means for severing
the connector (e.g., a shearing mechanism or an explosive
bolt). In an example embodiment, the balloon cord, which can
benylon, is wrapped with a nichrome wire. A current could be
passed through the nichrome wire to heat it and melt the cord,
cutting the payload 206 away from the envelope 202. Other
types of cut-down systems and/or variations on the illustrated
cut-down system 208 are possible as well.

In an alternative arrangement, a balloon may not include a
cut-down system. In such an arrangement, the navigation
system can be operable to navigate the balloon to a landing
location, in the event the balloon needs to be removed from
the network and/or accessed on the ground. Further, it is
possible that a balloon can be self-sustaining, such that it
theoretically does not need to be accessed on the ground. In
yet other embodiments, balloons can be serviced in-flight by
specific service balloons or another type of service aerostat or
service aircraft.

FIG. 3 shows a balloon 300 with a balloon envelope 302
having integrated antennas in sections 304a, 3045, 304¢ con-
nected via wires 308 to payload 310. Balloon 300 can be the
same as or differ from balloon 200 described above in the
context of FIG. 2 and/or balloon 500 described below in the
context of FIG. 5A. In embodiments not shown in the Figures,
balloon 300 can include some or all of the components of
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balloons 200 and 500 described that are not shown as com-
ponents of balloon 300 in FIG. 3. In specific embodiments not
shown in the Figures, wires 308 can be replaced with and/or
complemented by a skirt and/or cut-down, such as skirt 204
and cut-down 208 of balloon 200 discussed above in the
context of FIG. 2.

Envelope 302 is divided into antenna sections 304a, 3045,
304c that are separated by seams 306a, 3065, 306¢, 306d.
Payload 310 includes transceiver 312 configured to commu-
nicate with at least one or more satellites (not shown in FIG.
3) and control system 314. Control system 314 can be
included as part of payload 310 as shown in FIG. 3 or, in other
embodiments, placed elsewhere on balloon 300. FIG. 3
shows communication pathways as connections 316 as
dashed lines from control system 314 to transceiver 312,
sections 304a, 3045, 304¢, and metallization pattern 320.

Antenna sections 304a, 3045, 304¢ can be partially or
completely covered one or more metallized materials. If the
antenna section is nearly or completely covered by a metal-
lized material, the antenna section can also be termed as a
“metallized section.” The metallized material can be, but is
not limited to copper, silver, or aluminum, and can overlay
part or all of a fabric making up the corresponding section of
envelope 302. In some embodiments, the metallized material
need not be metallic in nature, but rather is any material
suitable for conducting electrical, magnetic, and/or electro-
magnetic signals. Similarly, metallization patterns can utilize
any material suitable for conducting electrical, magnetic,
and/or electromagnetic signals.

Each antenna section 3044, 3045, 304c¢ can be electrically
isolated from one another by seams 306a, 3065, 306¢, 306d.
Seams 3064, 3065, 306¢, 3064 of envelope 302 can be made
of an electrically isolating material such as boPET.

For signal reception, communication signals can be
received at the thin layer of metallized material at an antenna
section from one or more entities external to balloon 300 and
transmitted from the antenna section to control system 314
via connection(s) 316. For signal transmission, communica-
tion signals can be generated at control system 314 and sent
via connection(s) 316 to the thin layer of metallized material
to be transmitted from the antenna section to one or more
entities external to balloon 300.

For example, GPS signals can be received at antenna sec-
tion 304a from a GPS satellite and transmitted via connec-
tions 316 to control system 314. Then, control system 314
can, if necessary, communicate the received GPS signals to a
GPS receiver (not shown) in balloon 300; e.g., in payload 310.
For signal transmission from balloon 300 to another entity
outside balloon 300, communication signals destined for the
other entity can be provided to and/or generated by control
system 314 and communicated by connections 316 to an
antenna section, such as section 3045. Then, antenna section
30456 can send the communication signals as radio waves,
which can be received by the other entity.

In some embodiments, two or more metallized sections can
work together to act as one antenna. In other embodiments,
each antenna section 304a, 3045, 304¢ can act as a separate
antenna. For example, each antenna section can be designed
with one or more material(s) and/or metallization pattern(s),
such as metallization pattern 320 in section 304a of F1G. 3, so
that it operates as a different kind of antenna. A metallized
pattern can be on an outer surface of the envelope and/or
could be partially or wholly embedded within the envelope.

Control system 314 can be configured to switch between
antenna sections 304a, 3045, 304¢, and/or metallization pat-
tern 320 to send and/or receive signals. Once received, signals
can be provided by control system 314 to transceiver 312
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and/or other components carried by balloon 300; e.g., as part
of payload 310, that are connected to the control system 314
enabling multiple frequencies and/or types of signals to be
received at and utilized by balloon 300.

Similarly, transceiver 312 and/or other components of bal-
loon 300, perhaps in payload 310, can be configured to send
signals to control system 314. Signals provided to control
system 314 can be conveyed to one or more antenna sections
304a, 3045, 304¢, and/or metallization pattern 310 for trans-
mission. In this fashion, multiple frequencies and/or types of
signals can be sent by balloon 300.

FIG. 4 shows example sections 410, 420, and 440 of a
balloon envelope, in accordance with an example embodi-
ment. Section 410 is a balloon envelope section completely
covered by metal layer 412 to act as an antenna section. In
some embodiments, metal layer 412 can overlay a fabric layer
of section 410. The fabric layer (not shown in FIG. 4) can be
made of an airtight lightweight material, such as but not
limited to, nylon, silk, or polyester (e.g., boPET), or combi-
nations thereof. In other embodiments, metal layer 412 can be
covered by the fabric layer. In still other embodiments, sec-
tion 410 can be made solely of metal layer 412. In even other
embodiments, multiple metal and/or fabric layers can be used
to construct section 410.

Section 420 includes a symmetric series of metallization
patterns; including patch metallization patterns (MPs) 422
and 430, horizontal metallization patterns 424 and 428, and
vertical metallization pattern 426. The symmetric series of
metallization patterns is symmetric both about horizontal axis
432 and vertical axis 434 of section 420. In some embodi-
ments not shown, a series of metallization patterns can be
symmetric about one axis of an antenna section and be asym-
metric about another axis of the antenna section. Both axes
432, 434 of section 420 are shown in FIG. 4 as dotted lines,
while components of the symmetric series of metallization
patterns of section 420 are shown using solid lines. Each type
of metallization pattern—patch, horizontal, vertical, etc.—in
section 420 can be used to send/receive the same or different
signals than other metallization patterns.

Section 440 includes an asymmetric series of metallization
patterns, including diagonal MPs (DMPs) 442 and 446, hori-
zontal metallization pattern 444, patch metallization patterns
448, 452, patch array metallization pattern (PAMP) 450, two-
dimensional (2D) metallization patterns 454, 458, and verti-
cal metallization pattern 456. The series of metallization pat-
terns for section 440 is classified as asymmetric as the series
of metallization patterns for section 440 does not show sym-
metry about either horizontal axis 460 or vertical axis 462.
Both horizontal axis 460 and vertical axis 462 of section 440
are shown in FIG. 4 as dotted lines, while components of the
symmetric series of metallization patterns of section 440 are
shown using solid lines. Each type of metallization pattern—
patch, horizontal, vertical, etc.—in section 440 can be used to
send/receive the same or different signals than other metalli-
zation patterns.

In some embodiments, some or all of metallization patterns
320, 422-430, and 442-456 can be covered by fabric layer(s)
and/or other layer(s) of respective sections 304a, 420, or 440,
while in still other embodiments, some or all of metallization
patterns 320, 422-430, and 442-456 can be uncovered by
fabric layer(s) and/or other layer(s) respective sections 304a,
420, or 440. In even other embodiments, metallization pat-
terns can be constructed as non-metallic “negative patterns”
of'a metal layer. A negative pattern can be a pattern of non-
metallic material embedded in or overlaying the metal layer,
a pattern of metal removed from the metal layer leaving a






