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( 57 ) ABSTRACT 
Intrapersonal communication systems and methods that pro 
vide an optical digital signal link between two or more local 
devices are disclosed . In some embodiments , the system 
includes a first signal converter disposed at a first end of the 
optical digital signal link and configured to convert between 
electrical digital signals from a first local device and optical 
digital signals from the optical digital signal link . The 
system can include an optical connector having a non 
contact portion configured to couple optical digital signals 
between the first signal converter and the optical digital 
signal link across a gap . The system can include a second 
signal converter disposed at a second end of the optical 
digital signal link and configured to convert between elec 
trical digital signals from the second local device and optical 
digital signals from the optical digital signal link . 
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INTRAPERSONAL DATA COMMUNICATION 
SYSTEM 

RELATED APPLICATIONS 
[ 0001 ] This Application is a Continuation of U.S. patent 
application Ser . No. 15 / 634,724 , filed on Jun . 27 , 2017 , 
which is a Continuation of U.S. patent application Ser . No. 
14 / 775,571 , filed on Sep. 11 , 2015 , which application is a 
371 US National Phase of International PCT Patent Appli 
cation No. PCT / US2014 / 022122 , filed Mar. 7 , 2014 , which 
application claims the benefit of U.S. Provisional Patent 
Application 61 / 783,640 filed on Mar. 14 , 2013. U.S. patent 
application Ser . No. 14 / 775,571 is a Continuation - in - part of 
U.S. patent application Ser . No. 13 / 674,895 , filed on Nov. 
12 , 2012. U.S. patent application Ser . No. 13 / 674,895 claims 
the benefit of U.S. Provisional Patent Application Nos . 
61 / 718,032 filed on Oct. 24 , 2012 , 61 / 677,589 filed on Jul . 
31 , 2012 , 61 / 677,448 filed on Jul . 30 , 2012 , 61 / 621,390 filed 
on Apr. 6 , 2012 , and 61 / 596,889 filed on Feb. 9 , 2012. The 
entire contents of these applications are incorporated herein 
by reference in their entireties . 

BACKGROUND 

Field 

[ 0002 ] This disclosure relates generally to communication 
systems and to intrapersonal data communication systems 
and methods . 

Description of Related Art 
[ 0003 ] An intrapersonal data communication system can 
include a data connection that covers only a few feet or 
meters of personal space . Such a system can provide inter 
connection between two or more local devices . Local 
devices can include , for example , devices that are positioned 
near a person's body ; attached to clothing , headgear , or other 
personal accessories ; or held in a hand . A local device is 
local from the perspective of a user who is attempting to 
access services using the local device . Computers , tele 
phones , cameras , goggles , sights , smartphones , battery 
packs , data processing systems , and other electrical devices 
can be local devices . 

figured to convert between electrical digital signals and 
optical digital signals . The first optical connector of the 
headgear system can have a non - contact portion configured 
to couple optical digital signals between the first optical data 
interface of the first signal converter and a first end of the 
interference - resistant optical digital signal link across a first 
gap . The headgear system can include a second signal 
converter having a second local device electrical data inter 
face and a second optical data interface , wherein the second 
local device electrical data interface is configured to elec 
trically connect to a second electrical data connector of a 
second local device , and wherein the second signal converter 
is configured to convert between electrical digital signals 
and optical digital signals . The second optical connector can 
have a non - contact portion configured to couple optical 
digital signals between the second optical data interface of 
the second signal converter and a second end of the inter 
ference - resistant optical digital signal link across a second 
gap . 
[ 0006 ] In some implementations , the first signal converter 
further comprises an optical transceiver configured to send 
and receive the optical digital signals . In a further imple 
mentation , the headgear system can include a controller 
configured to direct electrical power to the optical trans 
ceiver . In a further implementation , the controller can be 
configured to direct less than or equal to about 500 mW of 
electrical power to the optical transceiver during transmis 
sion of the optical digital signals . In some implementations , 
the optical transceiver is configured to operate at a trans 
mission rate that is less than or equal to about 10 Gbps . In 
some implementations , the controller is configured to direct 
less than or equal to about 50 mW of electrical power to the 
optical transceiver during transmission of information 
between the first and second local devices and the transmis 
sion of information occurs at a data rate that is less than or 
equal to about 2 Gbps . 
[ 0007 ] In some implementations , the interference - resistant 
optical digital signal link includes a radiation shield com 
prising an elongate tube having a metallic material layer , one 
or more optical fibers disposed within the elongate tube with 
axes substantially parallel to an elongate axis of the shield 
ing member , and one or more insulated wires disposed 
within the elongate tube with axes substantially parallel to 
the elongate axis of the shielding member configured to 
transmit an electrical signal . In some implementations , the 
first local device is a visualization system . In some imple 
mentations , the second local device is a data processing 
system . In some implementations , the guide path comprises 
a path between an interior surface of the exterior shell and 
an inner padding of the headgear system . In some imple 
mentations , the headgear system can include a mount inter 
face configured to substantially secure the first local device 
to the headgear system . 
[ 0008 ] Some embodiments provide for a method of pro 
viding a signal link between two or more local devices using 
an interference - resistant optical digital signal link coupled to 
a headgear system . The method can include directing an 
interference - resistant optical digital signal link along a guide 
path between a first optical connector having a non - contact 
portion and a second optical connector having a non - contact 
portion . The method can include using a first signal con 
verter , converting a first electrical digital signal to an optical 
digital signal , wherein the first signal converter comprises a 
first local device electrical data interface and a first optical 

SUMMARY 

[ 0004 ] Example embodiments described herein have inno 
vative features , no single one of which is indispensable or 
solely responsible for their desirable attributes . Without 
limiting the scope of the claims , some of the advantageous 
features will now be summarized . 
[ 0005 ] Some embodiments provide for a headgear system 
having an interference - resistant optical digital signal link 
configured to transmit optical digital signals between two or 
more local devices . The headgear system can include an 
exterior shell and a guide path adjacent to the exterior shell , 
the guide path being configured to direct the optical digital 
signal link between a first optical connector having a non 
contact portion and a second optical connector having a 
non - contact portion . The headgear system can include a first 
signal converter having a first local device electrical data 
interface and a first optical data interface , wherein the first 
local device electrical data interface is configured to elec 
trically connect to a first electrical data connector of a first 
local device , and wherein the first signal converter is con 
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data interface , wherein the first local device electrical data 
interface is configured to electrically connect to a first 
electrical data connector of a first local device , and wherein 
the first optical data interface comprises the first optical 
connector having a non - contact portion . The method can 
include using the first optical connector having a non 
contact portion , coupling the optical digital signal from the 
first optical data interface of the first signal converter to a 
first end of the interference - resistant optical digital signal 
link across a first gap . The method can include using a 
second signal converter , converting the output digital signal 
to a second electrical digital signal , wherein the second 
signal converter comprises a second local device electrical 
data interface and a second optical data interface , wherein 
the second local device electrical data interface is configured 
to electrically connect to a second electrical data connector 
of a second local device , and wherein the second optical data 
interface comprises the second optical connector having a 
non - contact portion . The method can include using the 
second optical connector having a non - contact portion , 
coupling the optical digital signal from the second optical 
data interface of the second signal converter and a second 
end of the interference - resistant optical digital signal link 
across a second gap . 
[ 0009 ] In some implementations , the first and second 
signal converters consume less than or equal to about 500 
mW of power during transmission of information between 
the first and second local devices . In a further implementa 
tion , the transmission of information occurs at a data rate 
that is less than or equal to about 10 Gbps . In some 
implementations , the first and second signal converters 
consume less than or equal to about 50 mW of power during 
transmission of information between the first and second 
local devices and the transmission of information occurs at 
a data rate that is less than or equal to about 2 Gbps . 
[ 0010 ] In some implementations , the interference - resistant 
optical digital signal link includes a radiation shield com 
prising an elongate tube having a metallic material layer , one 
or more optical fibers disposed within the elongate tube with 
axes substantially parallel to an elongate axis of the shield 
ing member , and one or more insulated wires disposed 
within the elongate tube with axes substantially parallel to 
the elongate axis of the shielding member configured to 
transmit an electrical signal . In some implementations , cou 
pling the optical digital signal from the first optical data 
interface of the first signal converter to the first end of the 
interference - resistant optical digital signal link includes col 
limating the optical digital signal using a collimator in the 
first optical connector having a non - contact portion , trans 
mitting the collimated optical digital signal across the first 
gap between the collimator and the interference - resistant 
optical digital signal link , and focusing the collimated opti 
cal digital signal to a region substantially within a fiber optic 
disposed within the interference - resistant optical digital sig 
nal link thereby coupling the optical digital signal to the 
interference - resistant optical digital signal link . In some 
implementations , the first local device is a visualization 
system . In some implementations , the second local device is 
a data processing system . In some implementations , the first 
digital electrical signal comprises video data . 

way be interpreted as limiting the scope of claimed embodi 
ments . In addition , various features of different disclosed 
embodiments can be combined to form additional embodi 
ments , which are part of this disclosure . Any feature or 
structure can be removed or omitted . Throughout the draw 
ings , reference numbers can be reused to indicate correspon 
dence between reference elements . 
[ 0012 ] FIG . 1A illustrates a block diagram representation 
of a headgear system according to some embodiments . 
[ 0013 ] FIGS . 1B , 1C , and 1D are illustrations of some 
embodiments of a headgear system with an optical digital 
signal link between a visualization system and a data pro 
cessing system . 
[ 0014 ] FIG . 2A illustrates a perspective view of an 
example visualization system having an optical digital signal 
adapter interface . 
[ 0015 ] FIG . 2B illustrates a perspective view of an 
example optical digital signal adapter that mates with an 
example visualization system having an optical digital signal 
adapter interface . 
[ 0016 ] FIG . 2C illustrates a perspective view of an 
example visualization system having an optical digital signal 
bridge interface comprising electrical and non - contact opti 
cal connectors . 
[ 0017 ] FIG . 2D illustrates a perspective view of an 
example optical digital signal bridge that mates with an 
example visualization system having an optical digital signal 
bridge interface . 
[ 0018 ] FIG . 3A illustrates a perspective view of an 
example data processing system having an optical digital 
signal adapter interface . 
[ 0019 ] FIG . 3B illustrates a perspective view of an 
example optical digital signal adapter that mates with an 
example data processing system having an optical digital 
signal adapter interface . 
[ 0020 ] FIG . 3C illustrates a perspective view of an 
example data processing system having an optical digital 
signal bridge interface comprising electrical and non - contact 
optical connectors . 
( 0021 ] FIG . 3D illustrates a perspective view of an 
example optical digital signal bridge that mates with an 
example data processing system having an optical digital 
signal bridge interface . 
[ 0022 ] FIG . 4A illustrates a block diagram representing a 
local device electrical connector , an optical digital signal 
adapter , and an optical digital signal link according to some 
embodiments . 
[ 0023 ] FIG . 4B illustrates a block diagram representing a 
local device having a signal converter within the local 
device , and an optical digital signal link according to some 
embodiments . 
[ 0024 ] FIG . 4C illustrates a block diagram representing a 
local device having a signal converter within the local 
device , and a duplex / bi - directional optical digital signal link 
according to some embodiments . 
[ 0025 ] FIG . 5 illustrates a block diagram representing an 
optical digital signal bridge having a non - contact optical 
connector according to some embodiments . 
[ 0026 ] FIG . 6A illustrates a block diagram representing an 
example intrapersonal data communication system from a 
visualization system to a data processing system . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0011 ] Various embodiments are depicted in the accom 
panying drawings for illustrative purposes , and should in no 
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DETAILED DESCRIPTION 

and are 

[ 0027 ] FIG . 6B illustrates a block diagram representing an 
example duplex / bi - directional intrapersonal data communi 
cation system between a visualization system and a data 
processing system . 
[ 0028 ] FIG . 7 illustrates a flow chart of an example 
method of transmitting information from a visualization 
system to a data processing system . 
[ 0029 ] FIG . 8 illustrates a perspective view of an example 
of mounting hardware and an optical digital signal link 
routing within the mounting hardware . 
[ 0030 ] FIG . 9 illustrates a perspective view of an example 
intrapersonal data communication system mounted on a 
helmet with a visualization system and a data processing 
system . 
[ 0031 ] FIG . 10 illustrates a flow chart of an example 
method of preparing a headgear system for being fitted with 
an intrapersonal data communication system . 
[ 0032 ] FIG . 11 illustrates an example intrapersonal data 
communication system incorporating a plurality of visual 
ization systems , with at least one visualization system exter 
nal to the headgear system . 
[ 0033 ] FIG . 12 illustrates a perspective view of an 
example embodiment of a helmet mount incorporating elec 
trical and optical signal connectors . 
[ 0034 ] FIG . 13 illustrates the example helmet mount from 
the illustration in FIG . 12 to show the electrical and optical 
signal connectors . 
[ 0035 ] FIG . 14 illustrates the electrical and optical signal 
connectors from the example helmet mo illustrated in 
FIG . 12 . 

[ 0036 ] FIG . 15A illustrates a perspective view of another 
example embodiment of mounting hardware incorporating 
optical signal connectors . 
[ 0037 ] FIG . 15B illustrates a cross - section view of the 
helmet mount illustrated in FIG . 15A showing the fiber optic 
cables abutting the transparent window at the optical signal 
connector . 
[ 0038 ] FIG . 16A illustrates a cross - section view of an 
example mount interface for a battery pack wherein the 
mount interface incorporates a 90 degree turning optical 
element to direct an optical signal to a fiber optic cable . 
[ 0039 ] FIG . 16B illustrates an example 90 degree turning 
optical element for use in the example mount interface of 
FIG . 16A . 

[ 0040 ] FIG . 16C illustrates a perspective view of the 90 
degree turning optical element in use with an optical digital 
signal bridge , an example of which is illustrated in FIG . 3D . 
[ 0041 ] FIG . 17A illustrates a cross - section view of an 
example optical digital signal bridge having a fiber optic 
cable capable of being bent in a tight radius while main 
taining a sufficient signal . 
[ 0042 ] FIG . 17B illustrates a complementary optical digi 
tal signal connector on a local device coupled to the example 
digital signal bridge illustrated in FIG . 17A . 
[ 0043 ] FIG . 17C illustrates a top view of an example fiber 
optic cable comprising a plurality of optical fibers in close 
proximity surrounded by a jacket wherein the fiber optic 
cable is capable of being bent in a relatively tight radius 
while maintaining sufficient signal across the cable . 
[ 0044 ] FIG . 17D illustrates a front view of the example 
fiber optic cable illustrated in FIG . 17C . 

[ 0045 ] Although certain embodiments and examples are 
disclosed herein , inventive subject matter extends beyond 
the specifically disclosed embodiments to other alternative 
embodiments and / or uses , and to modifications and equiva 
lents thereof . Thus , the scope of the claims appended hereto 
is not limited by any of the particular embodiments 
described below . For example , in any method or process 
disclosed herein , the acts or operations of the method or 
process can be performed in any suitable sequence 
not necessarily limited to any particular disclosed sequence . 
Various operations can be described as multiple discrete 
operations in turn , in a manner that can be helpful in 
understanding certain embodiments ; however , the order of 
description should not be construed to imply that these 
operations are order dependent . Additionally , the structures 
described herein can be embodied as integrated components 
or as separate components . For purposes of comparing 
various embodiments , certain aspects and advantages of 
these embodiments are described . Not necessarily all such 
aspects or advantages are achieved by any particular 
embodiment . Thus , for example , various embodiments can 
be carried out in a manner that achieves or optimizes one 
advantage or group of advantages as taught herein without 
necessarily achieving other aspects or advantages as can also 
be taught or suggested herein . 
[ 0046 ] It is contemplated that the particular features , struc 
tures , or characteristics of any embodiments discussed 
herein can be combined in any suitable manner in one or 
more separate embodiments not expressly illustrated or 
described . In many cases , structures that are described or 
illustrated as unitary or contiguous can be separated while 
still performing the function ( s ) of the unitary structure . In 
many instances , structures that are described or illustrated as 
separate can be joined or combined while still performing 
the function ( s ) of the separated structures . 
[ 0047 ] Local devices and intrapersonal electrical systems 
can be configured to communicate with one another using an 
intrapersonal data communication system . Such communi 
cation can permit , for example , processing and display of 
real - time video feeds supplemented by relevant and appro 
priate information . The amount of information to be pro 
cessed and displayed can be achieved by intrapersonal data 
communication systems that operate at a data rate suitable 
for transferring digital video . To be mobile and suited for 
practical use when away from convenient recharging sta 
tions , an intrapersonal data communication system that 
consumes a relatively low amount of power can be advan 
tageous . Considering mobility , an intrapersonal data com 
munication system advantageously can be relatively light 
weight and of a small form factor , in addition to consuming 
a relatively low amount of power . In addition , traditional 
wired communications can be susceptible to electromag 
netic interference in certain environments , rendering high 
bandwidth communication difficult , unreliable , and / or 
impracticable . Wireless communications can also be suscep 
tible to interference from electromagnetic sources and to 
surreptitious interception . Accordingly , some embodiments 
provided herein disclose an intrapersonal data communica 
tion system that is configured to operate at a data rate 
sufficient for digital video transmission , to use relatively low 
power , to be lightweight , to have a small form factor , to be 
resistant to electromagnetic interference ( “ EMI ” ) , to be 
secure , to be resistant to damage , and / or to provide robust 
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data connections in environments traditionally adverse to 
wired communication ( e.g. , outdoors , dusty environments , 
muddy environments , environments with excessive mois 
ture , etc. ) . 
[ 0048 ] Some embodiments disclosed herein provide a 
relatively high - bandwidth , low - power , light - weight intrap 
ersonal data communication system that can incorporate 
data streams from lower bandwidth sources . For example , a 
lower bandwidth source can include sensors that are within 
or mounted on a headgear system , coupled to an external 
system such as a weapon or firearm , mounted or attached to 
clothing or a backpack , or other external but localized 
system . The lower bandwidth data streams can be delivered 
to the relatively high - bandwidth intrapersonal data commu 
nication system described herein by electrical wire , fiber 
optic connection , RF link , EMI - resistant wireless commu 
nication or other suitable intrapersonal link . In some imple 
mentations , the lower bandwidth data streams are delivered 
to the relatively high - bandwidth intrapersonal data commu 
nication system in such a way as to reduce , minimize , or 
eliminate cables that may be susceptible to snagging , catch 
ing , or otherwise incurring damage during use or operation . 

Overview of Headgear Systems Having an Intrapersonal 
Data Communication System 
[ 0049 ] Some embodiments provide for a headgear system 
having an intrapersonal data communication system . The 
intrapersonal data communication system can be configured 
to transmit and / or propagate signals between local devices 
of the headgear system , between components of the intrap 
ersonal data communication system , between local devices 
and external systems , and / or between components of the 
headgear system and external systems . The intrapersonal 
data communication system can include an optical signal 
cable that is configured to provide a communication link 
between devices , systems , and components wherein the 
optical signal cable transmits optical digital signals and / or 
electrical voltages . The intrapersonal data communication 
system can include components configured to couple signals 
across an interface between segments of the optical signal 
cable , an interface between the optical signal cable and a 
local device , and / or an interface between the optical signal 
cable and an external system . For example , the intrapersonal 
data communication system can include optical digital sig 
nal bridges and / or optical digital signal adapters configured 
to send and receive optical digital signals , electrical digital 
signals , and / or electrical voltages . 
[ 0050 ] The headgear system can include one or more local 
devices coupled to the headgear system through one or more 
mount interfaces . For example , the headgear system can 
include a visualization system that can be configured to 
acquire image data and / or display information to a user . The 
visualization system can include , for example , a thermal 
camera and display , a night - vision goggle , an infrared 
imager and display , or the like . The visualization system can 
be coupled to the headgear system through a mount interface 
that is configured to move and to position the visualization 
system in a desired , defined , or suitable location relative to 
the user . The headgear system can include a data processing 
system configured to receive information from another local 
device , process the received information using one or more 
hardware processors and memory , and store the information 
and / or send the processed information back to the local 
device , to a different local device , or to an external system . 

Similarly , the data processing system can be coupled to the 
headgear system through a mount interface . 
[ 0051 ] The headgear system can include an intrapersonal 
data communication system . The intrapersonal data com 
munication system can be configured to provide communi 
cation between local devices and / or between a local device 
and an external system using an optical digital signal link . 
The optical digital signal link can include one or more 
elements configured to propagate optical digital signals and 
one or more elements configured to conduct electrical volt 
ages . For example , the optical digital signal link can include 
optical fibers configured to propagate optical digital signals 
and electrical wire to conduct electrical voltages . The optical 
digital signal link can be configured to propagate signals 
between , for example , local devices , a local device and an 
external system , the visualization system and the data pro 
cessing system , the visualization system and a component 
external to the headgear system , or the data processing 
system and a component external to the headgear system . 
[ 0052 ] In some embodiments , the optical digital signal 
link includes a shielding member comprising an elongate 
tube having a metallic material layer and an insulation layer . 
The optical digital signal link can include one or more 
optical fibers disposed within the elongate tube . The fibers 
can have elongate axes substantially parallel to the axis of 
the shielding member . The optical digital signal link can also 
include one or more insulated wires disposed within the 
elongate tube with axes substantially parallel to the axis of 
the shielding member configured to transmit an electrical 
signal . The optical digital signal link can have a total length 
that is less than or equal to about 1 m , less than or equal to 
about 50 cm , or less than or equal to about 30 cm . 
[ 0053 ] In some embodiments , the optical digital signal 
link comprises a plurality of segments or portions coupled to 
one another through optical digital signal bridges . The 
optical digital signal bridges can be configured to provide a 
communication bridge between segments of the optical 
digital signal link by providing electrical connectors that 
electrically couple corresponding elements in coupled seg 
ments of the optical digital signal link and optical signal 
connectors that optically couple corresponding elements in 
coupled segments of the optical digital signal link . 
[ 0054 ] In some embodiments , the intrapersonal data com 
munication system can include one or more optical digital 
signal adapters configured to convert electrical digital sig 
nals to optical digital signals and / or optical digital signals to 
electrical digital signals . An optical digital signal adapter 
can include a transmitter configured to produce an amount of 
radiation corresponding to an input level of electrical volt 
age or current . The optical digital signal adapter can include 
a receiver having a photosensitive element configured to 
produce an electrical voltage or current corresponding to a 
detected level of radiation . In some embodiments , the opti 
cal digital signal adapter can include electrically conductive 
elements configured to conduct electrical currents and / or 
voltages across the adapter . For example , the optical digital 
signal adapter can be configured to receive an electrical 
digital signal and convert it to an optical digital signal as 
well as to receive an electrical voltage and transmit a 
corresponding electrical voltage . Thus , the optical digital 
signal adapter receives electrical digital signals and electri 
cal voltages and transmits optical digital signals and elec 
trical voltages that correspond to the respective input signals 
and voltages . Similarly , the optical digital signal adapter can 
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be configured to receive optical digital signals and convert 
the received signals into electrical digital signals as well as 
transmit received electrical voltages . Thus , the optical digi 
tal signal adapter receives optical digital signals and elec 
trical voltages and transmits electrical digital signals and 
electrical voltages that correspond to the respective input 
signals and voltages . In some embodiments , a local device 
can include a signal converter that is configured to send and 
receive optical digital signals and therefore such local device 
uses an optical digital signal bridge to couple to the optical 
digital signal link rather than an optical digital signal 
adapter . 
[ 0055 ] An optical digital signal can be transmitted 
between elements and / or segments of the intrapersonal data 
communication system , including local devices , using non 
contact optical connectors . For example , an optical digital 
signal bridge can include a non - contact optical connector 
that is configured to transmit an optical digital signal from 
a first segment of the optical digital signal link across a gap 
to a second segment of the optical digital signal link . A local 
device can include a non - contact optical connector that is 
configured to couple an optical digital signal to a corre 
sponding non - contact optical connector that is coupled to the 
optical digital signal link . Similarly , an optical digital signal 
adapter can include a non - contact optical connector that is 
configured to transmit an optical digital signal produced by 
the adapter to a corresponding non - contact optical connector 
that is coupled to the optical digital signal link . 
[ 0056 ] The intrapersonal data communication system can 
include optical signal communication links which can 
include optical digital signal bridges and / or optical digital 
signal adapters . An optical signal communication link can be 
configured to couple electrical voltages and optical digital 
signals between segments of the optical digital signal link , 
between a local device and a segment of the optical digital 
signal link , or between other components of the intraper 
sonal data communication system . In some embodiments , 
the optical signal communication link can include a con 
nector having a first surface that is configured to releasably 
mate with or couple to a first surface on a complementary 
connector that is part of a local device , an optical digital 
signal bridge , an optical digital signal adapter , or other 
component of the intrapersonal data communication system . 
The optical signal communication link can include a plu 
rality of connector elements disposed on the first surface of 
the connector that are configured to couple to complemen 
tary elements on the first surface of the complementary 
connector . For an optical digital signal adapter or local 
device , for example , the plurality of connector elements can 
include a power connector element configured to transmit an 
electrical voltage , a return connector element configured to 
transmit an electrical voltage , and a digital signal pin con 
figured to transmit an electrical digital signal . For an optical 
digital signal adapter or local device , for example , the 
plurality of connector elements can include the power con 
nector element and the return connector element , as above , 
and can include a non - contact optical connector configured 
to transmit an optical digital signal . In some embodiments , 
the plurality of connector pins can include a redundant 
power connector element configured to transmit an electrical 
voltage , a redundant return connector element configured to 
transmit an electrical voltage , additional digital signal pins 

configured to transmit electrical digital signals , and / or addi 
tional non - contact optical connectors configured to transmit 
optical digital signals . 
[ 0057 ] The optical digital signal adapter or local device 
can include a fiber optic transmitter which includes a radia 
tion source and an integrated circuit configured to control a 
radiation output from the radiation source , the radiation 
output corresponding to a transmitter input signal . The 
transmitter input signal can include signals such as , for 
example , an electrical digital signal from the visualization 
system , an electrical digital signal from the data processing 
system , a multiplexed electrical digital signal , or any com 
bination of these . In some embodiments , the optical signal 
adapter or local device can include a fiber optic receiver 
configured to receive an optical digital signal and produce an 
electrical digital signal . The fiber optic receiver can be 
configured to produce an electrical signal corresponding to 
an amount of input radiation using a photodetector , a tran 
simpedance amplifier , and a limiting amplifier . 
[ 0058 ] In some embodiments , a non - contact optical con 
nector on an optical signal communication link can include 
an optical system for substantially collimating output radia 
tion or focusing input radiation for transmission between 
optical fibers or waveguides in a corresponding optical 
signal communication link . The optical system of the non 
contact optical connector can include a collimating or focus 
ing lens that is disposed in a cavity of the connector wherein 
the lens is positioned less than or equal to about 1 mm from 
a surface of the connector , less than or equal to about 0.5 mm 
from the surface of the connector , or less than or equal to 
about 0.25 mm from the surface of the connector . In some 
embodiments , a non - contact optical connector on a first 
optical signal communication link can include a tightly 
bundled group of optical fibers configured to receive an 
optical digital signal after transmission through the optical 
system . The optical system and / or tightly bundled group of 
optical fibers can be configured to reduce optical signal 
losses between optical signal communication links caused 
by angular misalignment and / or position displacement 
between coupled non - contact optical connectors . In some 
embodiments , the non - contact optical connector includes a 
transparent window configured to have a surface that is 
substantially co - planar with the surface of the optical signal 
communication link to provide protection to the optical 
system or fiber bundle and / or provide a surface that is 
accessible for cleaning . 
[ 0059 ] In some embodiments , the intrapersonal data com 
munication system can include a multiplexor configured to 
create an output multiplexed digital signal from multiple 
digital signals . In some embodiments , the intrapersonal data 
communication system includes a demultiplexor that can be 
configured to create multiple output demultiplexed digital 
signals from an input digital signal . The intrapersonal data 
communication system can include a single - or dual - spectral 
band , bi - directional or duplex communication system that 
uses optical systems , collimating elements , focusing ele 
ments , splitters , and / or optical filters for bi - directional opti 
cal communication across the optical digital signal link . 
[ 0060 ] Some embodiments provide for an optical signal 
cable that includes an optical digital signal bridge at a distal 
end . The optical signal cable can comprise an elongate tube 
having an insulating member and a shielding member , 
wherein the optical signal includes , disposed within the 
elongate tube , a power line configured to transmit an elec 
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trical voltage or current , a return line configured to transmit 
an electrical voltage or current , and fiber optic cable con 
figured to transmit an optical digital signal . The optical 
digital signal bridge includes a connector interface having a 
connector surface wherein the connector surface includes a 
plurality of connector elements including a power connector 
element electrically coupled to the power line , a return 
connector element electrically coupled to the return line , and 
a non - contact optical connector optically coupled to the fiber 
optic cable . In some embodiments , the optical signal cable 
can include additional power lines , return lines , and / or fiber 
optic cables with corresponding connector elements on the 
optical digital signal bridge . In some embodiments , the 
optical digital signal bridge can include an alignment 
mechanism configured to align the connector surface with a 
corresponding connector interface of a local device , optical 
digital signal adapter , optical digital signal bridge , or other 
component of the intrapersonal data communication system 
to establish a functional signal link . For example , a first 
optical signal cable having an optical digital signal bridge at 
a distal end can be coupled to a second optical signal cable 
having an optical digital signal bridge at a proximal end so 
that a functional signal link is provided between the first and 
second optical signal cables . As another example , an optical 
signal cable having an optical digital signal bridge can be 
coupled to an optical digital signal adapter configured to 
convert optical digital signals into electrical digital signals 
and vice versa . In turn , the adapter can be coupled to a local 
device that is configured to transmit and receive electrical 
digital signals , thereby creating a link between the local 
device and the optical signal cable . As another example , an 
optical signal cable having an optical digital signal bridge 
can be coupled to a local device that is configured to send 
and / or receive optical digital signals , thereby creating a link 
between the local device and the optical digital signal cable . 
Thus , according to some embodiments , the intrapersonal 
data communication system can establish communication 
and power links between local devices and across interfaces 
using optical signal cables , optical digital signal bridges , 
and / or optical digital signal adapters . 
[ 0061 ] The headgear system can include a power source 
configured to supply power to local devices such as the data 
processing system and the visualization system , to optical 
digital signal adapters , and / or signal converters . The power 
source can be any device or system configured to provide 
power which includes , without limitation , a battery or series 
of batteries , a fuel cell , a photovoltaic panel , or any com 
bination of these . In some embodiments , the power source 
provides less than or equal to about 500 mW of electric 
power , less than or equal to about 200 mW , less than or equal 
to about 100 mW , or less than or equal to about 50 mW . 
Some embodiments provide a headgear system where the 
transmission rate of digital information is based on the 
situation , and can be less than or equal to about 10 Gbps in 
situations where real - time , low - latency processing is 
desired , and can be less than or equal to about 5 kbps in 
active standby situations , wherein the power source provides 
in either situation less than or equal to about 500 mW of 
power , less than or equal to about 200 mW of 
than or equal to about 100 mW of power , or less than or 
equal to about 50 mW of power . 
[ 0062 ] Some embodiments provide for a method of trans 
mitting information between local devices , such as between 
a visualization system and a data processing system , 

wherein the method includes encoding information from a 
first local device into an electrical digital signal . The elec 
trical digital signal can be converted to an optical digital 
signal on the first local device using a signal converter that 
is part of the first local device or using a first optical digital 
signal adapter that is coupled to the first local device . The 
resulting optical digital signal can be coupled to an optical 
digital signal link and transmitted over the optical digital 
signal link . The optical digital signal can then be coupled to 
a second optical digital signal adapter or a second local 
device having a signal converter where it is converted to a 
second electrical digital signal that contains substantially the 
same information as the first electrical digital signal . If the 
optical digital signal is converted in the second digital signal 
adapter , the second electrical digital signal can then be 
coupled to the second local device . The second local device 
can then decode the second electrical digital signal and 
process the decoded information . In some embodiments , the 
intrapersonal data communication system can include a 
power source and a controller configured to control an 
amount of power delivered to components of the intraper 
sonal data communication system . In some embodiments , 
the controller can be configured to direct an amount of 
power to the components for transmission of the information 
between the local devices wherein the average amount of 
power is less than or equal to about 500 mW with average 
peak data transmission rates less than or equal to about 10 
Gbps . In some embodiments , the controller is configured to 
direct an average amount of power that is less than or equal 
to about 200 mW , less than or equal to about 100 mW , less 
than or equal to about 60 mW , or less than or equal to about 
50 mW . In some embodiments , the peak rate of data trans 
mission of the information is less than or equal to about 4 
Gbps , less than or equal to about 2 Gbps , less than or equal 
to about 1 Gbps , or less than or equal to about 5 kbps in 
active standby situations . In some embodiments , the trans 
mitted information can include , for example , uncompressed 
video data , compressed video data , thermal data , GPS data , 
compass data , inertial or rate sensor data , sensor synchro 
nization signals , object location data , or any combination of 
these or other data . 
[ 0063 ] Some embodiments provide for a method for con 
necting an interference - resistant cable to a headgear system 
including a visualization system and a data processing 
system . The method can include modifying the headgear 
system such that a path is created between the visualization 
system and the data processing system for the interference 
resistant cable , and putting the interference - resistant cable in 
the headgear system to create a communication link between 
the visualization system and the data processing system . In 
some embodiments , the interference - resistant cable includes 
an elongate tube having a metallic layer and an insulation 
layer , and an optical fiber disposed within the elongate tube . 
The headgear system can include a helmet that has an 
exterior shell . The modifying step of the method can include 
creating a path from the visualization system to the data 
processing system wherein the path is disposed adjacent to 
the exterior shell . 

power , less Example Headgear Systems 
[ 0064 ] FIG . 1A illustrates a block diagram representing an 
example headgear system 100 having an intrapersonal data 
communication system . The headgear system 100 can 
include items such as , for example , a helmet , cap , eyewear 
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system with ear stems with resilient member , facemask , hat , 
head band , or any combination of these . The headgear 
system 100 includes a mount interface 102 configured to 
couple with a local device , such as a visualization system 
110 and / or a data processing system 112. The headgear 
system 100 includes an exterior shell 104 and an inner 
padding 106. The exterior shell 104 and the inner padding 
106 can be integrally formed or be separate components of 
the headgear system 100. The headgear system 100 includes 
a guide path 108 configured to provide support , guidance , 
and / or protection for an optical digital signal link 114. The 
guide path 108 can be integrally formed with the headgear 
system 100 ; a separate component in the headgear system 
100 ; integrally formed with the exterior shell 104 ; integrally 
formed with the inner padding 106 ; or a cavity adjacent to 
the inner padding 106 , adjacent to the exterior shell 104 , 
between the exterior shell 104 and the inner padding 106 . 
The optical digital signal link 114 of the headgear system 
100 can be configured to transmit or propagate signals 
between local devices , such as between the visualization 
system 110 and the data processing system 112 , between a 
local device and a component external to the intrapersonal 
data communication system or headgear system , and / or 
between any components of the intrapersonal data commu 
nication system . 

or 

Mount Interfaces 

[ 0065 ] The mount interface 102 of the headgear system 
100 can be configured to couple with a local device , such as 
the visualization system 110 and / or the data processing 
system 112. There may be one or more mount interfaces 
configured to couple with one or more visualization systems 
and / or one or more data processing systems . The mount 
interface 102 can be configured to releasably couple with the 
visualization system 110 and / or the data processing system 
112. The mount interface 102 can be configured to non 
releasably couple with the visualization system 110 and / or 
the data processing system 112 . 
[ 0066 ] The coupling between the mount interface 102 and 
the visualization system 110 or the data processing system 
112 can be accomplished through any appropriate technique . 
For example , the visualization system 110 or the data 
processing system 112 can have a mount interface structure 
that releasably mates with the mount interface 102 such that 
the visualization system 110 or the data processing system 
112 can snap into place and secured in place using clips , 
latches , friction mounts , springs , and the like . As another 
example , the visualization system 110 or the data processing 
system 112 can couple to the mount interface 102 by 
utilizing corresponding fasteners and mating components . 
The mount interface 102 can include one or more holes that 
correspond to one or more threaded members on the visu 
alization system 110 or data processing system 112 through 
which screws may pass and mate to the corresponding 
threaded members on the corresponding system . The visu 
alization system 110 or data processing system 112 can 
include one or more holes corresponding to one or more 
holes on the mount interface 102 through which bolts may 
pass and mated with nuts to secure the corresponding system 
to the mount interface . In some embodiments , adhesives can 
be used to couple the mount interface 102 and the visual 
ization system 110 or the data processing system 112. In 
some embodiments , magnets or electromagnets can be used 
to couple the mount interface 102 and the visualization 

system 110 or the data processing system 112. In some 
embodiments , the mount interface includes a clamp ring , 
band clamp , a sleeve , or another type of clamp configured to 
substantially secure the visualization system 110 and / or the 
data processing system 112. In some embodiments , the 
mount interface 102 and the visualization system 110 and / or 
the data processing system 112 include components config 
ured to releasably mate with one another using a locking 
element , a friction fit element , another suitable element , or 
a combination of elements . For example , the mount interface 
102 includes a substantially planar member including a 
relatively narrow protruding member extending at least 
partially along its edges . The relatively narrow protruding 
member includes a lip member extending along at least a 
portion of one edge of the relatively narrow protruding 
member , the lip member being orthogonal to the relatively 
narrow protruding member and configured to extend 
towards the interior of the substantially planar member . The 
visualization system 110 and / or the data processing system 
112 include corresponding members that are configured to 
mate with the substantially planar member of the mount 
interface 102. The mount interface 102 may include a 
locking member or friction member such that when the 
visualization system 110 and / or the data processing system 
112 is positioned to mate with the substantially planar 
member of the mount interface 102 , the locking member or 
friction member can be engaged to substantially secure the 
mount interface 102 to the corresponding system 110 and / or 
112 . 

[ 0067 ] In some embodiments , the mount interface 102 can 
be integrally formed with the headgear system 100. In some 
embodiments , the mount interface 102 can be a separate 
component attachable to the headgear system 100. In some 
embodiments , the mount interface 102 includes multiple 
pieces . In some embodiments , the mount interface 102 
includes a single , unitary piece . In some embodiments , the 
mount interface 102 can be attached to the exterior shell 104 . 
In some embodiments , the mount interface 102 can be 
integrally formed with the exterior shell 104. In some 
embodiments , the mount interface 102 can be attached to the 
inner padding 106. In some embodiments , the mount inter 
face 102 can be integrally formed with the inner padding 
106 . 

[ 0068 ] The mount interface 102 can be attached to the 
headgear system 100 through any appropriate technique . In 
some embodiments , the mount interface 102 includes a strap 
and substantially rigid members on the proximal and distal 
ends of the strap configured to conform to the shape of a 
portion of the headgear system 100. The length of the strap 
can be adjusted such that when the length of the strap has 
been reduced sufficiently the substantially rigid members 
apply a force on the headgear system 100 such that the 
mount interface 102 becomes substantially affixed to the 
headgear system 100 through the friction between the sub 
stantially rigid members and the portions of the headgear 
system with which they are in contact . In some embodi 
ments , the mount interface 102 is attached to the headgear 
system 100 by either drilling holes in the headgear system or 
utilizing pre - existing holes in the headgear system ; inserting 
one or more bolts , screws , or other fasteners through the 
hole ; or mating a nut or other component configured to mate 
with the bolt , screw , or other fastener to the distal end of the 
fastener such that the mount interface 102 is substantially 
affixed to the headgear system 100. In some embodiments , 



US 2021/0006338 A1 Jan. 7 , 2021 
8 

density foam such as , for example , expanded polystyrene 
( EPS ) , high density polyethylene ( HDPE ) , expanded poly 
propylene ( EPP ) , vinyl nitril , an air management system , or 
any combination of these . 
Guide Path 

the mount interface 102 can be attached to the headgear 
system 100 by utilizing an adhesive suitable for affixing the 
mount interface 102 to the headgear system 100. In some 
embodiments , the mount interface 102 can be attached to the 
headgear system 100 utilizing friction . For example , in 
certain embodiments the mount interface 102 includes a 
clamping member configured to apply forces on the head 
gear system 100 such that the mount interface is substan 
tially affixed to the headgear system 100 through the friction 
between the clamping member and the portions of the 
headgear system 100 that are in contact with the clamping 
member . Examples of clamping members include spring 
clamps , toggle clamps , band clamps , screw or threaded 
clamps , or the like . 
[ 0069 ] The mount interface 102 can be configured to 
substantially secure the visualization system 110 and / or the 
data processing system 112 in one or more different orien 
tations and / or positions relative to the headgear system 100 . 
For example , the mount interface 102 can include one or 
more jointed rods and / or plates configured to allow the 
visualization system 110 and / or data processing system 112 
to be pivotally moved to , and substantially secured in , a 
variety of orientations relative to the headgear system 100 . 
In some embodiments , the mount interface 102 is configured 
to permit the visualization system 110 and / or the data 
processing system 112 to be moved translationally and / or 
rotationally utilizing any appropriate mechanism such as , for 
example , threaded adjuster screws , friction - based slide 
mounts , or the like . 

Exterior Shell 

[ 0070 ] In some embodiments , the exterior shell 104 of the 
headgear system 100 includes a single , unitary piece . In 
some embodiments , the exterior shell 104 includes a plu 
rality of components . The exterior shell 104 can be config 
ured to cover at least a portion of a person's skull when in 
use . The exterior shell 104 can be configured to provide 
protection to the user by absorbing , redirecting , and / or 
distributing the force of an impact to lessen the trauma to the 
user . The exterior shell 104 can be configured to deflect 
projectiles . The exterior shell 104 may be of a traditional 
shape and configuration for each of a variety of sports or 
hazardous activities . The exterior shell 104 can be made of 
plastic , polyethylene , carbon fiber , reinforced fibers such as 
an aramid ( e.g. , KEVLAR® or Twaron® ) , epoxy fiber 
materials , polycarbonate plastic , or any type of metal , or any 
combination of these materials . The exterior shell 104 can be 
of an injection - molded construction of polymeric / copoly 
meric material . 

[ 0072 ] The guide path 108 of the headgear system 100 can 
be configured to provide support , guidance , and / or protec 
tion for the optical digital signal link 114. In some embodi 
ments , the guide path 108 includes a lumen through which 
the optical digital signal link 114 passes . The lumen can be 
made of a substantially rigid material which provides pro 
tection to the optical digital signal link 114 from potentially 
damaging forces . The lumen can be adjacent to an interior or 
exterior surface of the exterior shell 104. In some embodi 
ments , the guide path 108 includes a region between the 
inner padding 106 and the exterior shell 104 sufficient to 
house the optical digital signal link 114. In some embodi 
ments , the guide path 108 includes a cavity within or along 
the inner padding 106 sufficient to allow at least a portion of 
the optical digital signal link 114 to be housed within the 
cavity . The cavity can be formed in the inner padding 106 
after the headgear system 100 has been manufactured or it 
can be manufactured with a cavity suitable to act as the 
guide path 108. The guide path 108 can be formed as an 
integral part of the interior padding 106 and / or the exterior 
shell 104. In some embodiments , the guide path 108 
includes a separate component secured to the surface of the 
inner padding 106 , the exterior shell 104 , or both . In some 
embodiments , the guide path 108 includes a plurality of rigid 
members configured to substantially secure a portion of the 
optical digital signal link 114. The plurality of rigid mem 
bers can be attached to the exterior shell 104 , the inner 
padding 106 , or both the exterior shell 104 and the inner 
padding 106. The plurality of rigid members can be affixed 
to the headgear system using adhesives , clamps , friction 
mounts , magnets , electromagnets , or fasteners . In certain 
embodiments , one or more of the rigid members include 
clips which are configured to receive the optical digital 
signal link 114 and substantially secure it in place by the use 
of friction . In certain embodiments , one or more of the rigid 
members include hooks configured to receive the optical 
digital signal link 114. The guide path 108 can include an 
elongate tube configured to allow the optical digital signal 
link 114 to fit within the elongate tube . The guide path 108 
can be a path between an interior portion of the exterior shell 
104 and a portion of the inner padding 106 adjacent to the 
interior portion of the exterior shell 104 . 
Visualization System 
[ 0073 ] The visualization system 110 includes one or more 
components configured to acquire image data and / or display 
information to a user . The visualization system 110 can be 
configured to communication imagery data across the intra 
personal data communication system to other local devices 
or to external systems . The visualization system 110 can be 
configured to receive information from other local devices 
or external systems using the intrapersonal data communi 
cation system , and to display the received information to a 
user . Example visualization systems are described in greater 
detail herein with reference to FIGS . 2A and 2C . 

Inner Padding 
[ 0071 ] The inner padding 106 of the headgear system 100 , 
if included , can be made of a single , unitary piece or a 
plurality of components . In some embodiments , the inner 
padding 106 can be configured to substantially conform to 
the general shape of a portion of a user's skull . In some 
embodiments , the inner padding 106 can be configured to 
absorb the force of an impact to the skull of the user thereby 
reducing the impulse imparted to the user . In some embodi 
ments , the inner padding 106 includes a deformable head 
piece , interior padding affixed to an interior surface of the 
exterior shell 104 , an inner layer of foam material , and a 
padding layer . The inner padding 106 can be made of a high 

Data Processing System 
[ 0074 ] The data processing system 112 includes one or 
more hardware processors , controllers , and / or memory . The 
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data processing system 112 can be configured to process 
information received over the intrapersonal data communi 
cation system wherein the information originates in a local 
device , an external system , sensors , or the like . The data 
processing system 112 can receive the information , process 
it , and send the processed information to local devices using 
the intrapersonal data communication system . Example data 
processing systems are described in greater detail herein 
with reference to FIGS . 3A and 3C . 

Optical Digital Signal Link 

or less than or equal to about 1 Gbps , and in lower - demand 
or standby modes the bandwidth can be decreased to about 
a 5 kbps . 
[ 0078 ] In some embodiments , the optical digital signal 
link 114 includes a segment coupled to the visualization 
system 110 and another segment coupled to the data pro 
cessing system 112. In some embodiments , the optical 
digital signal link 114 can include a plurality of segments 
being operatively coupled through one or more optical 
digital signal bridges or connectors . In some embodiments , 
the optical digital signal link 114 couples with a first signal 
converter 116 ( e.g. , an optical digital signal bridge , an 
optical digital signal adapter , a signal converter within a 
local device , etc. ) at a first end and a second signal converter 
116 at a second end . In some embodiments , the optical 
digital signal link 114 can be coupled to a signal converter 
116 at a first end and an optical digital signal bridge at a 
second end 
[ 0079 ] Some embodiments provide an optical digital sig 
nal link 114 that has a total length that is at least about 10 
cm and / or less than or equal to about 1 m , at least about 20 
cm and / or less than or equal to about 50 cm , or at least about 
25 cm and / or less than or equal to about 45 cm . 

[ 0075 ] The intrapersonal data communication system of 
the headgear system 100 can include optical digital signal 
link 114 configured to transmit and / or propagate electrical 
voltages and / or optical digital signals between elements or 
components of the headgear system 110 and the intraper 
sonal communication system . To propagate the optical digi 
tal signals , the optical digital signal link 114 includes one or 
more optical waveguides . The optical waveguides can be 
rectangular waveguides , optical fibers , fiber optic cables , 
and the like . For example , the optical digital signal link 114 
can include one or more optical fibers that have a silica 
based core that is configured to transmit radiation and that is 
surrounded by a silica - based cladding having a lower index 
of refraction than the silica - based core . The silica - based 
cladding can be surrounded by one or more coatings . The 
one or more optical fibers can be , for example , single - mode 
or multi - mode optical fiber . To propagate electrical voltages , 
the optical digital signal link 114 can include one or more 
conductive electrical wires configured to carry electrical 
current or voltage . 
[ 0076 ] In some embodiments , the optical digital signal 
link 114 includes a protective sheath of tubing made of metal 
or a metallic braided material surrounding the one or more 
wires and the one or more optical waveguides . The protec 
tive sheath can be configured to provide structural support to 
the optical digital signal link 114 , to reduce the effects of 
electromagnetic interference within the optical digital signal 
link 114 , and / or to protect the optical digital signal link 114 
from damage from external forces , pressures , or environ 
mental elements . 
[ 0077 ] In some embodiments , the optical digital signal 
link 114 can be configured to carry information between 
local devices , such as between the visualization system 110 
and the data processing system 112. Information can be 
digitized and converted into an optical digital signal to be 
introduced to the optical digital signal link 114. In some 
embodiments , the optical digital signal link 114 includes at 
least one optical fiber per direction of communication , such 
as , for example , at least one optical fiber carries communi 
cation from the visualization system 110 to the data pro 
cessing system 112 and at least one optical fiber carries 
communication from the data processing system 112 to the 
visualization system 110. In some embodiments , the optical 
digital signal link 114 includes the ability to support duplex 
or bi - directional dual - spectral band communication on the 
fibers , thereby enabling communication redundancy when 
two or more fibers are used , as described with greater detail 
herein with reference to FIGS . 4C and 6B . In some embodi 
ments , the optical digital signal link 114 can be configured 
to support real - time video and digital communication with a 
bandwidth of less than or equal to about 10 Gbps , less than 
or equal to about 4 Gbps , less than or equal to about 2 Gbps , 

such as , 

Signal Converter 
[ 0080 ] In some embodiments , information from the visu 
alization system 110 or data processing system 112 can be 
digitized by the corresponding system 110 or 112 and 
converted by a signal converter 116 into an optical digital 
signal suitable for transmission over the optical digital signal 
link 114. The signal converter 116 can be integrated into the 
local device or it can be a separate component , such as an 
optical digital signal adapter , as described herein . Examples 
of signal converters are described with greater detail herein 
with reference to FIGS . 4A , 4B , and 4C . 
[ 0081 ] The signal converter 116 can convert the electrical 
digital signal from a local device , such as the visualization 
system 110 or data processing system 112 , to an optical 
digital signal . The signal converter 116 can include an 
integrated circuit that controls a radiation source , 
for example , a light - emitting diode ( LED ) , a laser diode , or 
a vertical cavity surface emitting laser ( VCSEL ) . The radia 
tion source of the signal converter 116 emits radiation 
corresponding to the input electrical digital signal which can 
be coupled to an optical waveguide within the signal con 
verter 116 before transmission to the optical digital signal 
link 114 or it can be directly coupled to an the optical digital 
signal link 114. The signal converter 116 can be coupled to 
the optical digital signal link 114 using an optical digital 
signal bridge or other similar connector . 
[ 0082 ] The optical digital signal being carried by the 
optical digital signal link 114 can be converted into an 
electrical digital signal by the signal converter 116. For 
example , the optical digital signal can be coupled to the 
signal converter 116 which includes a photodetector , tran 
simpedance amplifier ( TIA ) , and limiting amplifier ( LIA ) 
configured to produce an electrical digital signal that corre 
sponds to the received optical digital signal . In some 
embodiments , the electrical digital signal output from the 
signal converter 116 can be transmitted to a local device , 
such as the visualization system 110 or data processing 
system 112 , through an optical digital signal bridge . In some 
embodiments , the signal converter 116 is integrated into the 
local device receiving the optical digital signal . 
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[ 0083 ] In some embodiments , power from a power source , 
such as a power source within the data processing system 
112 , can be provided to local devices on the intrapersonal 
data communication system , such as the visualization sys 
tem 110 , through wires in the optical digital signal link 114 . 
A voltage can be applied to at least one of the wires in the 
optical digital signal link 114 and transmitted to other 
components through electrical connectors at interfaces 
between components . For example , power can be delivered 
to the visualization system 110 through the signal converter 
116 , wherein the signal converter 116 includes an electrical 
connection between the optical digital signal link 114 and a 
corresponding interface on the visualization system 110 . 
Example Headgear Systems Having an Intrapersonal Data 
Communication System 
[ 0084 ] FIGS . 1B , 1C and 1D illustrate example embodi 
ments of a headgear system 100 having an intrapersonal data 
communication system . The headgear system 100 can be a 
helmet such as , for example , an Advanced Combat Helmet , 
a Modular Integrated Communications Helmet , a Mk . 7 
Helmet , a SPECTRA Helmet , a Max Pro Police RD - Tac 
Tactical Helmet , or the like . The exterior shell 104 can be 
made of ballistic fiber such as Kevlar® or Twaron® . The 
inner padding 106 can be made of a high - density foam 
material which substantially conforms to a portion of the 
user's skull . 
[ 0085 ] The mount interface 102a is releasably coupled to 
the visualization system 110. The coupling can be accom 
plished by any appropriate technique , including , for 
example , the techniques disclosed herein . The mount inter 
face 102a is also releasably coupled to the exterior shell 104 
of the helmet . The coupling can be accomplished by any 
appropriate technique , including , for example , the tech 
niques disclosed herein . The visualization system 110 
includes a monocular goggle , such as , for example , a ther 
mal goggle , a night - vision goggle , a multi - imaging sensor 
goggle , or the like . Two mount interfaces 102a are shown in 
FIGS . 1B and 1D , but both have similar functionality . The 
mount interface 102a is configured to move the visualization 
system 110 into and out of the user's direct line of sight . The 
mount interface 102a includes a mechanism configured to 
translate and / or rotate the visualization system 110 accord 
ing to a user's desired location . The mount interface 102a 
includes a vertical translation and / or rotation mechanism 
configured to move the visualization system 110 up and out 
of the user's direct line of sight . The mount interface 102a 
can include a strap that is connected to the mount interface 
102b and configured to conform to the shape of the exterior 
shell 104 and secure the mount interfaces 102a and 102b to 
the helmet 100 . 
[ 0086 ] The mount interface 1025 is releasably coupled to 
the data processing system 112. The mount interface 102b is 
also releasably coupled to the exterior shell 104 of the 
helmet . The mount interface 102b includes a rigid member 
configured to support the body of the data processing system 
and conform to the surface of the exterior shell 104 and 
extend in a curved fashion under the exterior shell 104 and 
conform to the surface of the inner padding 106 ( as more 
clearly shown in FIG . 1D ) . The mount interface 102b is 
configured in this manner such that when the strap connect 
ing mount interfaces 102a and 102b is contracted in length , 
the rigid member of mount interface 102b applies a pressure 
to the helmet sufficient to substantially secure the data 

processing system 112 in place . The data processing system 
112 can include a hardware processor and memory . The data 
processing system 112 can include a power source such as , 
for example , one or more batteries . 
[ 0087 ] The optical digital signal link 114 is configured to 
provide a communication link between the visualization 
system 110 and the data processing system 112. The trans 
mission rate across the optical digital signal link can be less 
than or equal to about 10 Gbps , less than or equal to about 
4 Gbps , less than or equal to about 2 Gbps , less than or equal 
to about 1 Gbps , with rates down to a few kbps in active 
standby modes . The optical digital signal link can be con 
figured to transmit digital information including informa 
tion , such as , for example , compressed video data , com 
pressed image data , uncompressed video data , 
uncompressed image data , textual data , location data , car 
tographic data , audio data , angular rate or tilt data , weapon 
pointing data , compass data , synchronization data , digital 
commands , or any combination of these . The optical digital 
signal link 114 includes at least one optical fiber configured 
to transmit an optical digital signal between the visualization 
system 110 and the data processing system 112. In some 
embodiments , the at least one optical fiber includes a multi 
mode fiber . In some embodiments , the optical digital signal 
link 114 includes a power wire and a return wire . In some 
embodiments , the optical digital signal link 114 includes a 
metallic tubing to provide protection , support , and resistance 
to electromagnetic interference . The optical digital signal 
link 114 can include an insulation layer , to provide mechani 
cal support , thermal stability , electromagnetic insulation , 
and the like . In some embodiments , the optical digital signal 
link 114 includes two or more sets of power and return wires 
to provide redundancy in the power supply system . In some 
embodiments , the optical digital signal link 114 conveys 
power from the data processing system 112 to the visual 
ization system 110 . 
[ 0088 ] The signal converter 116a can be part of the 
visualization system 110 or it can be a separate component 
( e.g. , an optical digital signal adapter ) that receives an 
electrical digital signal from the visualization system 110 . 
The signal converter 116a can be configured to convert the 
electrical digital signal of the visualization system 110 into 
an optical digital signal for transmission over the optical 
digital signal link 114. In some embodiments , the signal 
converter 116a is configured to convert an optical digital 
signal received from the data processing system 110 over the 
optical digital signal link 114 to an electrical digital signal 
for the visualization system 110. In some embodiments , the 
signal converter 116a connects power and return lines from 
the optical digital signal link 114 to the visualization system 
110 . 
[ 0089 ] Similarly , signal converter 116b can be configured 
to convert an electrical digital signal supplied by the data 
processing system 110 into an optical digital signal for 
transmission over the optical digital signal link 114. In some 
embodiments , the signal converter 116b is configured to 
convert an optical digital signal received from the visual 
ization system 110 over the optical digital signal link 114 to 
an electrical digital signal for the data processing system 
110. In some embodiments , the signal converter 116b con 
nects power and return lines from the data processing system 
110 to the optical digital signal link 114 . 
[ 0090 ] As illustrated in FIGS . 1C and 1D , the optical 
digital signal link 114 can comprise a plurality of segments . 
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have an optical surface diameter that is between about 0.5 
mm and about 1.2 mm and can be made up of a relatively 
large number of optical fibers ( e.g. , above 300 ) each having 
a diameter of between about 30 um and about 70 um . The 
fiber optic cable can have a numerical aperture that is 
between about 0.45 and about 0.55 . The fiber optic cable can 
have a long term bend radius that is less than or equal to 
about 6 mm . The fiber optic cable can have a length between 
about 0.4 m and about 10 m and can be configured to sustain 
a relatively high data transmission rate of at least about 1 
Gbps . An example of such a fiber optic cable is the glass 
optical fiber cable named G2 manufactured by SCHOTT of 
North America Inc. 

Example Visualization System 

For example , the optical digital signal link 114 can have a 
mount interface segment that is associated with the mount 
interface 102a and a helmet segment that is associated with 
the helmet 100. The mount interface segment of the optical 
digital signal link 114 can be internal to the mount interface 
102a as shown , or it can be external to it . 
[ 0091 ] The intrapersonal data communication system can 
include signal converter 116c , or optical digital signal 
bridge , that acts to couple electrical voltages and optical 
digital signals from the mount interface segment of the 
optical digital signal link 114 to the helmet segment of the 
optical digital signal link 114. In some embodiments , a 
mount interface - side of the signal converter 116c receives 
optical digital signals and uses a non - contact optical con 
nector to couple the received optical digital signals to a 
corresponding non - contact optical connector on a helmet 
side of the signal converter 116c . When the mount interface 
102a is removed from the helmet 100 , the signal converter 
116c is divided into two separate parts and a segment of the 
optical digital signal link 114 that is associated with the 
mount interface 102a separates from the other segments of 
the optical digital signal link 114. When the mount interface 
102a is attached to the helmet 100 , the two separate parts of 
the signal converter 116c are aligned and coupled so that 
electrical voltages and optical digital signals can be trans 
mitted between the mount interface segment of the optical 
digital signal link 114 and the helmet segment of the optical 
digital signal link 114 . 
[ 0092 ] In some embodiments , as illustrated in FIG . 1C , the 
guide path 108 comprises a path that is adjacent to an 
interior side of the exterior shell 104 or that is adjacent to the 
inner padding 106. In some embodiments , as illustrated in 
FIG . 1D , the guide path 108 comprises a structure forming 
a lumen adjacent to the exterior shell 104 through which the 
optical digital signal link 114 passes . 
[ 0093 ] In some embodiments , as illustrated in FIG . 1C , the 
optical digital signal link 114 is configured to bend in bend 
locations 118 wherein the bend locations 118 can have a 
relatively small radius . The small radius of the bend loca 
tions 118 can be desirable so that the optical digital signal 
link 114 stays relatively close to the headgear system 100 , 
reducing or minimizing exposure to outside forces that may 
damage the cable . The small radius may be desirable to 
change directions in a small space to maintain a small profile 
on the headgear system 100 , such as when the optical digital 
signal cable 114 leaves or enters the signal converter 116b 
for the mount interface 102b . For some embodiments of the 
optical digital signal cable 114 , bending the cable 114 can 
increase signal loss across the cable at the area of the bend 
118. If the bend is too small , the signal loss may become 
high enough such that signals no longer propagate satisfac 
torily across the optical digital signal link 114 unless power 
is increased in the optical communication system . Increasing 
the power can be undesirable where mobility and longevity 
of power sources is of concern . 
[ 0094 ] Therefore , in some embodiments , the optical digi 
tal signal link 114 includes a fiber optic cable comprising a 
bundle of optical fibers relatively tightly packaged and 
surrounded by a fairly robust jacket . By utilizing such a fiber 
optic cable relatively tight bends can be achieved while 
maintaining acceptable signal levels across the bent fiber 
optic cable . In addition , the fiber optic cable can maintain 
suitable transmission across the cable even where an optical 
fiber breaks . In some embodiments , the fiber optic cable can 

[ 0095 ] FIG . 2A illustrates a perspective view of an 
example visualization system 200 having an optical digital 
signal adapter interface 206. The visualization system 200 
includes a body 202 , a mounting surface 204 , and the optical 
digital signal adapter interface 206 comprising a plurality of 
electrical connectors . The body 202 of the visualization 
system can be configured to house optical components , 
imaging sensors , display , electricals , buttons for interacting 
with the user , and the like . The visualization system 200 can 
include one or more hardware processors and / or memory 
housed within the body 202. The mounting surface 204 can 
be configured to couple with a corresponding mount inter 
face on the headgear system . In some embodiments , the 
mounting surface 204 includes one or more holes configured 
to receive screws , bolts , rivets , or the like . In some embodi 
ments , the holes are threaded . In some embodiments , the 
mounting surface 204 includes one or more structures which 
releasably mate with a corresponding structure on the mount 
interface of the headgear system . For example , the mounting 
surface 204 can include rails which mate with corresponding 
protrusions on the mount interface of the headgear system 
such that the mounting surface can slide into the protrusions 
and be substantially secured in place using one or more 
fiction fitting elements configured to apply pressure to the 
mounting surface and substantially reduce or eliminate 
slippage . 
[ 009 ] The visualization system 200 includes one or more 
components configured to acquire image data . In some 
embodiments , the visualization system 200 includes a ther 
mal camera or thermal goggle . The thermal camera or 
thermal goggle can be configured to display a visual image 
corresponding to the quantity of infrared radiation emanat 
ing from objects and background within the line of sight of 
the thermal camera or thermal goggle , as imaged by the 
camera optics onto an infrared - sensing detector . The infra 
red radiation falling on the detector is converted to a 
corresponding electrical signal that can be converted to a 
corrected and image - processed digital value via video pro 
cessing electronics , which can be passed to a display system 
configured to display information to a user . In some embodi 
ments , the display system produces an intensity of visible 
radiation corresponding to the digital value of the infrared 
radiation . In some embodiments , the display system pro 
duces a color within the visible spectrum corresponding to 
the digital value of the infrared radiation . Examples of 
infrared detectors include those based on pyroelectric sen 
sors , ferroelectric materials , photovoltaic or photoconduc 
tive devices , or microbolometer devices . 
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[ 0097 ] In some embodiments , the visualization system 
200 includes a goggle or camera configured to display visual 
information corresponding to amplified radiation signals in 
the line of sight of the optical components of the goggle . For 
example , the visualization system 110 can include a night 
vision goggle . The night - vision goggle can include an 
adjustable objective lens assembly , an image intensifier tube 
assembly or an Electron Bombarded Active Pixel Sensor 
( EBAPS ) and display , and an adjustable ocular lens assem 
bly . The amplified radiation signals from the image inten 
sifier tube can be presented for direct viewing on the 
phosphor display of the image intensifier tube , or the direct 
view image can be converted to a digital value via an image 
sensor , such as , for example , a CCD or CMOS imaging 
sensor . The image sensor can be configured to be sensitive 
to radiation falling within the ultraviolet , visible , near infra 
red , and / or short - wave infrared spectra . The image sensor 
can be configured to be sensitive to radiation having a 
wavelength falling between about 0.3 and 1.7 microns , 
between about 0.3 and 0.4 microns , between about 0.4 and 
0.75 microns , between about 0.75 and 1.4 microns , or 
between about 0.9 to about 1.7 microns . The output of the 
image sensor can be passed to a display system that pro 
duces , in some embodiments , an intensity of visible radia 
tion corresponding to the digital value of the amplified 
radiation signal , and in some embodiments , a frequency of 
visible radiation corresponding to the digital value of the 
amplified radiation signal . The EBAPS can include a CMOS 
Active Pixel Sensor as its readout which can convert the 
amplified radiation signal to a video electrical signal . The 
low - noise amplification mechanism of the photon generated 
electrons in the intensifier tube or EBAPS based camera or 
goggle allows the units to deliver high image signals for 
relatively low levels of light falling within the visible 
spectrum such that the camera or goggle can assist a user to 
detect an object that the bare human eye would be relatively 
incapable of distinguishing without the assistance of a 
device that amplifies radiation signals . 
[ 0098 ] In some embodiments , the visualization system 
200 includes a system configured to display information to 
the user . For example , the display system can include a 
liquid crystal display ( LCD ) , LED display , or organic LED 
( OLED ) display . The information displayed to the user can 
include image information derived from an image sensor 
system or infrared sensor system , textual information , maps , 
positions of objects or persons , augmented reality informa 
tion , computer generated images and / or video , location data , 
weapon pointing data , compass data , all of the preceding , or 
any combination of these . For example , the information may 
be derived from the environment of the user , may be 
supplied by the user , may be supplied by a person or entity 
besides the user , or may be computer - generated , or any 
combination of these . 
[ 0099 ] In some embodiments , the visualization system 
200 can include a wireless communication system . The 
wireless communication system can include a system , such 
as , for example , an ultra - wide band communication system , 
radio frequency communication , Bluetooth communication , 
or any combination of these . 

example visualization system 200 having an optical digital 
signal adapter interface 206. The optical digital signal 
adapter 201 can be configured to releasably mate with the 
visualization system 200. Mount interface 203 can be con 
figured to couple with corresponding mount interface 204 on 
the visualization system 200 . 
[ 0101 ] The optical digital signal adapter 201 is configured 
to receive electrical digital signals from the visualization 
system 200 through connectors on the adapter interface 206 . 
The electrical digital signals are electrically coupled to the 
optical digital signal adapter 201 through connector ele 
ments 205 that mate with corresponding connectors on the 
adapter interface 206. The optical digital signal adapter 201 
is configured to convert the electrical digital signals into 
optical digital signals . The converted optical digital signals 
can be transmitted using an optical digital signal link ( not 
shown ) coupled to the optical digital signal adapter 201. In 
some embodiments , the adapter 201 is configured to convert 
electrical digital signals to optical digital signals and to 
convert optical digital signals to electrical digital signals that 
are electrically coupled to the visualization system 200 
through the adapter interface 206. In some embodiments , the 
adapter interface 206 is configured to couple power and 
return lines between the visualization system 200 and the 
optical digital signal link . The adapter interface 206 can 
include a plurality of male or female connector pins that 
mate with the compatible connector elements 205 on the 
adapter 201. The adapter interface 206 and connector ele 
ments 205 shown in the figures include ten connector 
elements . In some embodiments , the adapter interface 206 
and adapter connector elements 205 include less than 10 
connector elements , more than 10 connector elements . For 
example , the adapter interface 206 can include a connector 
element to couple to a power line , a connector element to 
couple to a return line , and a connector element to couple to 
an electrical digital signal . The adapter interface 206 can 
include a connector element to couple to a redundant power 
line and a connector element to couple to a redundant return 
line . The adapter interface 206 can include connector ele 
ments for multiple electrical digital signals . The adapter 
interface 206 can be a circular connector , a square connector , 
a rectangular connector , or any other suitably shaped con 
nector . The adapter interface 206 can include male or female 
connector elements aligned in columns , in rows , in concen 
tric circles , in clusters , or any other suitable configuration . 
Example Visualization System Having an Integrated Signal 
Converter 

[ 0102 ] FIG . 2C illustrates a perspective view of an 
example visualization system 200 having an optical digital 
signal bridge interface 206 comprising electrical and non 
contact optical connectors . The visualization system 200 has 
the same or similar functionality as the visualization system 
described herein with reference to FIG . 2A except that the 
visualization system 200 includes a signal converter . The 
visualization system 200 signal converter is configured to 
convert between electrical digital signals and optical digital 
signals , as described herein . The bridge interface 206 can 
include electrical connector elements and non - contact opti 
cal connectors 210. In some embodiments , the electrical 
connector elements can be conductive pads on a surface of 
a connector of the bridge interface 206. In some embodi 
ments , the non - contact optical connectors 210 can include 
transparent windows that have a surface that is even with the 

Example Optical Digital Signal Adapter for a Visualization 
System 

[ 0100 ] FIG . 2B illustrates a perspective view of an 
example optical digital signal adapter 201 that mates with an 
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surface of the connector of the bridge interface 206. The 
connector elements of the bridge interface 206 can be 
configured to couple to corresponding connector elements 
on an optical digital signal bridge 201 , as described with 
reference to FIG . 2D . 

Example Optical Digital Signal Bridge for a Visualization 
System 

[ 0103 ] FIG . 2D illustrates a perspective view of an 
example optical digital signal bridge 201 that mates with an 
example visualization system 200 having an optical digital 
signal bridge interface 206. The optical digital signal bridge 
201 can be configured to receive an optical digital signal 
from the non - contact optical connectors 210 on the visual 
ization system 200 and couple them to an optical digital 
signal link ( not shown ) . Similarly , the optical digital signal 
bridge 201 can be configured to couple optical digital signals 
from the optical digital signal link to the visualization 
system 200 through corresponding non - contact optical con 
nectors 210 on the optical digital signal bridge 201 and the 
bridge interface 206 of the visualization system 200. The 
optical digital signal bridge 201 has similar mounting fea 
tures 203 as the optical digital signal adapter 201 described 
herein with reference to FIG . 2B . 
[ 0104 ] The optical digital signal bridge 201 can include 
electrical connectors 208 that are configured to electrically 
couple to corresponding conductive elements on the bridge 
interface 206 of the visualization system 200. The electrical 
connectors 208 can have a plunger - type design wherein they 
are configured to recess into the bridge 201 when a force is 
applied and return to a default position when no force is 
applied . This can allow the electrical connectors 208 to 
remain electrically coupled to the bridge interface 206 
during use . 
[ 0105 ] The optical digital signal bridge 201 can include 
non - contact optical connectors 210 that are configured to 
optically couple optical digital signals between the bridge 
201 and the visualization system 200. As described herein , 
the non - contact optical connectors 210 can include elements 
configured to collimate and / or focus optical signals for 
transmission across a gap . Furthermore , the non - contact 
optical connectors 210 can include transparent windows that 
have an exterior surface that is level with a surface of the 
connector interface 205. In this way , the interior optical 
components can be protected and the surface of the connec 
tor can be cleaned with relative ease . 

power source can be configured to provide sufficient power 
to the data processing system 300 and / or other local devices 
or components of the intrapersonal data communication 
system . The data processing system 300 can include com 
puter readable storage , one or more internal communications 
interlinks ( such as , for example , internal buses ) , and one or 
more external communications interlinks . In some embodi 
ments , the data processing system 300 includes a transceiver 
element configured to send and receive information to and 
from devices through radio frequency signals , ultra - wide 
band technology , fiber optics , wired communication , or the 
like . 
[ 0108 ] The data processing system 300 can be configured 
to process signals from other data sources . Data sources can 
include , for example , sensors mounted on a headgear sys 
tem , sensors incorporated with the data processing system 
300 , sensors or controls external to the headgear system , or 
any combination of these . The data sources can be delivered 
to the data processing system 300 via electrical wire , optical 
fiber , or wireless link . 
[ 0109 ] In some embodiments , the data processing system 
300 can be configured to process image information , textual 
information , communication , instructions , or the like . For 
example , the data processing system 300 can be configured 
to receive image information from a visualization system , 
process the image information according to software or user 
instructions , and send information back to the visualization 
system where the information can be displayed to a user . In 
some embodiments , the data processing system 300 receives 
information via wireless communication from a device or 
external system that the data processing system 300 can then 
relay to another local device through the intrapersonal data 
communication system . In some embodiments , the data 
processing system 300 generates information based on inter 
nal instructions which it can send to other local devices . 

Example Data Processing System 
[ 0106 ] FIG . 3A illustrates a perspective view of an 
example data processing system 300 having an optical 
digital signal adapter interface 306. The data processing 
system 300 includes a body 302 , a mounting surface 304 , 
and the optical digital signal interface 306. The body 302 is 
configured to house the components of the data processing 
system 300 such as one or more hardware processors and 
memory . The mounting surface 304 can be configured to 
releasably couple with a mount interface on a headgear 
system . The coupling can be accomplished by any suitable 
mechanism , including those described herein . 
[ 0107 ] The data processing system 300 can include a 
power source . The power source can include sources such 
as , for example , a battery or series of batteries , photovoltaic 
material , a solar panel , or any combination of these . The 

Example Optical Digital Signal Adapter for a Data 
Processing System 
[ 0110 ] FIG . 3B illustrates a perspective view of an 
example optical digital signal adapter 301 that mates with an 
example data processing system 300 having an optical 
digital signal adapter interface 306. The optical digital signal 
adapter 301 can be configured to releasably mate with the 
data processing system 300. Mount interface 303 can be 
configured to couple with corresponding mount interface 
304 on the data processing system 300 . 
[ 0111 ] The optical digital signal adapter 301 is configured 
to receive electrical digital signals from the data processing 
system 300 through connectors on the adapter interface 306 . 
The electrical digital signals are electrically coupled to the 
optical digital signal adapter 301 through connector ele 
ments 305 that mate with corresponding connectors on the 
adapter interface 306. The optical digital signal adapter 301 
is configured to convert the electrical digital signals into 
optical digital signals . The converted optical digital signals 
can be transmitted using an optical digital signal link ( not 
shown ) coupled to the optical digital signal adapter 301. In 
some embodiments , the adapter 301 is configured to convert 
electrical digital signals to optical digital signals and to 
convert optical digital signals to electrical digital signals that 
are electrically coupled to the data processing system 300 
through the adapter interface 306. In some embodiments , the 
adapter interface 306 is configured to couple power and 
return lines between the data processing system 300 and the 
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optical digital signal link . The adapter interface 306 can 
include a plurality of male or female connector pins that 
mate with the compatible connector elements 305 on the 
adapter 301. The adapter interface 306 and connector ele 
ments 305 shown in the figures include ten connector 
elements . In some embodiments , the adapter interface 306 
and adapter connector elements 305 include less than 10 
connector elements , more than 10 connector elements . For 
example , the adapter interface 306 can include a connector 
element to couple to a power line , a connector element to 
couple to a return line , and a connector element to couple to 
an electrical digital signal . The adapter interface 306 can 
include a connector element to couple to a redundant power 
line and a connector element to couple to a redundant return 
line . The adapter interface 306 can include connector ele 
ments for multiple electrical digital signals . The adapter 
interface 306 can be a circular connector , a square connector , 
a rectangular connector , or any other suitably shaped con 
nector . The adapter interface 306 can include male or female 
connector elements aligned in columns , in rows , in concen 
tric circles , in clusters , or any other suitable configuration . 

mounting features 303 as the optical digital signal adapter 
301 described herein with reference to FIG . 3B . 
[ 0114 ] The optical digital signal bridge 301 can include 
electrical connectors 308 that are configured to electrically 
couple to corresponding conductive elements on the bridge 
interface 306 of the data processing system 300. The elec 
trical connectors 308 can have a plunger - type design 
wherein they are configured to recess into the bridge 301 
when a force is applied and return to a default position when 
no force is applied . This can allow the electrical connectors 
308 to remain electrically coupled to the bridge interface 
306 during use . 
[ 0115 ] The optical digital signal bridge 301 can include 
non - contact optical connectors 310 that are configured to 
optically couple optical digital signals between the bridge 
301 and the data processing system 300. As described 
herein , the non - contact optical connectors 310 can include 
elements configured to collimate and / or focus optical signals 
for transmission across a gap . Furthermore , the non - contact 
optical connectors 310 can include transparent windows that 
have an exterior surface that is level with a surface of the 
connector interface 305. In this way , the interior optical 
components can be protected and the surface of the connec 
tor can be cleaned with relative ease . 

Example Data Processing System Having an Integrated 
Signal Converter 

[ 0112 ] FIG . 3C illustrates a perspective view of an 
example data processing system 300 having an optical 
digital signal bridge interface 306 comprising electrical and 
non - contact optical connectors . The data processing system 
300 has the same or similar functionality as the data pro 
cessing system described herein with reference to FIG . 3A 
except that the data processing system 300 includes a signal 
converter . The data processing system 300 signal converter 
is configured to convert between electrical digital signals 
and optical digital signals , as described herein . The bridge 
interface 306 can include electrical connector elements and 
non - contact optical connectors 310. In some embodiments , 
the electrical connector elements can be conductive pads on 
a surface of a connector of the bridge interface 306. In some 
embodiments , the non - contact optical connectors 310 can 
include transparent windows that have a surface that is even 
with the surface of the connector of the bridge interface 306 . 
The connector elements of the bridge interface 306 can be 
configured to couple to corresponding connector elements 
on an optical digital signal bridge 301 , as described with 
reference to FIG . 3D . 

Example Interface Elements 
[ 0116 ] FIG . 4A illustrates a block diagram representing a 
local device electrical connector 400 , an optical digital 
signal adapter 401 , and an optical digital signal link 402 
according to some embodiments . In some embodiments , the 
electrical connector 400 can be configured to couple to the 
adapter 401 which can be configured to convert between 
electrical digital signals and optical digital signals . The 
optical digital signal adapter 401 can be used when signal 
conversion is to be performed outside a local device such 
that the adapter 401 can be a separate component . The 
adapter 401 couples with the local device electrical connec 
tor 400 through compatible mating elements 403 and 404 . 
The compatible mating elements 403 and 404 can be con 
figured to couple power , return , redundant power , redundant 
return , digital output , and digital input lines between the 
adapter 401 and local device through the electrical connector 
400. The configuration illustrated in FIG . 4A can be utilized 
where the local device is configured to transmit and / or 
receive electrical digital signals and the optical digital signal 
adapter can be used to convert between electrical digital 
signals and optical digital signals for use with an optical 
digital signal link of an intrapersonal data communication 
system . 
[ 0117 ] FIG . 4B illustrates a block diagram representing a 
local device having a signal converter 400 within the local 
device , and an optical digital signal link 402 according to 
some embodiments . The local device having the signal 
converter 400 can be configured to convert between elec 
trical digital signals and optical digital signals and to couple 
with the optical digital signal link 402. The configuration 
illustrated in FIG . 4B can be utilized where the local device 
is configured to transmit and / or receive optical digital sig 
nals directly from an optical digital signal link of an intra 
personal data communication system . 
[ 0118 ] FIG . 4C illustrates a block diagram representing a 
local device having a signal converter 400 within the local 
device , and a duplex / bi - directional optical digital signal link 
402 according to some embodiments . The local device 

Example Optical Digital Signal Bridge for a Data Processing 
System 

[ 0113 ] FIG . 3D illustrates a perspective view of an 
example optical digital signal bridge 301 that mates with an 
example data processing system 300 having an optical 
digital signal bridge interface 306. The optical digital signal 
bridge 301 can be configured to receive an optical digital 
signal from the non - contact optical connectors 310 on the 
data processing system 300 and couple them to an optical 
digital signal link ( not shown ) . Similarly , the optical digital 
signal bridge 301 can be configured to couple optical digital 
signals from the optical digital signal link to the data 
processing system 300 through corresponding non - contact 
optical connectors 310 on the optical digital signal bridge 
301 and the bridge interface 306 of the data processing 
system 300. The optical digital signal bridge 301 has similar 
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be substantially directed and focused onto a fiber optic 
receiver 412 configured to convert an optical digital signal 
into a corresponding electrical digital signal . The fiber optic 
receiver 412 can convert optical signals to electrical signals 
using any appropriate technique such as , for example , out 
putting an electrical current that is proportional to the input 
power of the optical signal . The fiber optic receiver can be 
any suitable component for converting optical digital signals 
to electrical digital signals , such as , for example HXR 
4101A - DNT - T manufactured by GigOptix , Inc. of San Jose , 
Calif . The converted electrical digital signal can be passed 
through a demultiplexor component 408 configured to 
demultiplex electrical digital signals . The demultiplexor 
component 408 can be configured to couple the electrical 
digital signals to the digital input lines ( DINn ) . In some 
embodiments , there is no demultiplexor component 408. In 
some embodiments , the demultiplexor component 408 can 
be configured to receive the optical signal 416 and demul 
tiplex the optical digital signal 416 before being converted 
into an electrical digital signal . 
[ 0123 ] In some embodiments , such as embodiments 
described with respect to FIGS . 4C and 6B , a single optical 
fiber carries both input and output optical digital signals 
utilizing suitable techniques such as , for example , wave 
length division multiplexing . Output and input optical digi 
tal signals can be directed to suitable components for 
multiplexing , demultiplexing , and conversion to corre 
sponding electrical digital signals . 

Non - Contact Optical Connection to Optical Digital Signal 
Link 

having the signal converter 400 can be configured to convert 
between electrical digital signals and optical digital signals 
and to couple with the optical digital signal link 402 and to 
perform bi - directional signal communication across a single 
optical waveguide 418. The configuration illustrated in FIG . 
4C can be utilized where bi - directional communication is 
desirable and where the local device is configured to trans 
mit and receive optical digital signals . 
[ 0119 ] The configurations illustrated in FIGS . 4A - C have 
some similarities including digital signal lines ; power and 
return lines ; redundant power and return lines ; connectors 
424 ; fiber optic transmitters , receivers , and transceivers 410 
and 412 ; multiplexors and demultiplexors 406 and 408 ; 
non - contact optical connectors 422 and 423 ; and optical 
fibers 418. In FIGS . 4A - C , electrical digital signals are 
represented by the lines labeled DOUTn or DINn , where n 
is a number such as 1 , 2 , 3 , or 4. In FIGS . 4A - C , four each 
of electrical digital signal input and output lines are listed . 
In some embodiments , the number of electrical digital signal 
input lines is less than four and may be zero , or may be more 
than four . In some embodiments , the number of electrical 
digital signal output lines is less than four and may be zero , 
or may be more than four . For example , there can be a signal 
digital output line and no digital input lines . For example , 
there can be a plurality of digital output lines and no digital 
input lines . For example , there can be one or more digital 
input lines and no digital output lines . The references to 
PWR , RTN , REDPWR , and REDRTN lines in FIGS . 4A - C 
correspond to power , return , redundant power , and redun 
dant return lines . In some embodiments , there are no redun 
dant power and / or redundant return lines . In some embodi 
ments , there are more redundant power and / or redundant 
return lines . 
[ 0120 ] In some embodiments , the optical fiber link 
bi - directional or multimode , in which case the adapter 401 
or local device interface 400 can include transmitter and 
receiver components coupled with suitably coated optical 
elements for separating and combining the transmitted and 
received optical signals . 
[ 0121 ] In some embodiments , the digital output lines 
( DOUTn ) can be passed through a multiplexor component 
406 to multiplex the output electrical digital signals . In some 
embodiments , there is no multiplexor . The multiplexed 
electrical digital signal can be passed to a fiber optic 
transmitter 410. The fiber optic transmitter 410 can be 
configured to convert an electrical digital signal into a 
corresponding optical digital signal . The fiber optic trans 
mitter 410 can convert electrical signals to optical signals 
using appropriate techniques , such as , for example , by 
outputting an optical signal proportional to the input elec 
trical current . The fiber optic transmitter 410 can be any 
suitable component for converting electrical digital signals 
to optical digital signals , such as , for example , HXT4101A 
DNT manufactured by GigOptix , Inc. of San Jose , Calif . The 
output of the fiber optic transmitter 410 is an optical digital 
signal 414 that can be coupled to a collimating lens 420. In 
some embodiments , the electrical digital signal can be 
converted to an optical digital signal by fiber optic trans 
mitter 410 and subsequently passed through multiplexor 
component 406 configured to multiplex optical signals . 
[ 0122 ] In some embodiments , an input optical digital 
signal passes through a focusing lens 421 configured to 
substantially focus a collimated optical signal onto a fiber 
optic receiver 412. The focused optical digital signal 416 can 

may be 
[ 0124 ] FIGS . 4A - C show a representation of a non - contact 
optical connection between optical digital signal link 402 
and connector interface 400 or signal converter 401 , respec 
tively . Output optical digital signal 414 can be collimated by 
collimating lens 420. The collimated optical signal passes 
through an output gap 422 before passing through a focusing 
lens 426 and being coupled with optical fiber 418. Input 
optical digital signal passes through optical fiber 418 and 
can be coupled with collimating lens 427. The collimated 
optical signal passes through an input gap 423 before being 
focused by focusing lens 421. In some embodiments , the 
output and input gaps 422 and 423 can be about 1 mm 
between lens elements . In some embodiments , the gaps 422 
and 423 may be greater than or equal to about 2 mm , less 
than or equal to about 1 mm , about 0.5 mm , or about 1.5 
mm . In some embodiments , the gaps 422 and 423 can have 
differing distances between lens elements , such as , for 
example , there can be about 1.5 mm between lens elements 
420 and 426 in output gap 422 and there can be about 0.8 
mm between lens elements 421 and 427 in input gap 423. In 
some embodiments , the non - contact optical connection can 
include transparent windows 428 and 429 that are config 
ured to have an exterior surface that is substantially aligned 
with an exterior surface of the adapter 401 or electrical 
connector 400. The transparent windows 428 and 429 can be 
configured to be substantially transmissive for wavelengths 
that correspond to wavelengths of light used in the fiber 
optics 418. The transparent windows 428 and 429 can be 
treated with coatings to make them more durable , scratch 
resistant , hydrophobic , polarized , filtered , and the like . The 
transparent windows 428 and 429 can provide a protective 
surface for the lens elements 420 , 421 , 426 and 427. The 
transparent windows 428 and 429 can provide a surface that 
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power and return lines . Optical signal cables 502a and 502b 
can include shielding elements to reduce electromagnetic 
interference . For example , optical signal cables 502a and 
502b can include foil shielding including a thin layer of 
aluminum attached to a polyester carrier as well as insula 
tion to protect against mechanical stress and substantially 
prevent electromagnetic interference . As another example , 
optical signal cables 502a and 502b can include braid 
shielding including a woven mesh of bare or tinned copper 
wires . As another example , optical signal cables 502a and 
502b can include both foil and braid shielding . Optical 
signal cables 502a and 502b can include insulation to 
provide , for example , mechanical durability , thermal stabil 
ity , electrical insulation , or any combination of these . 
[ 0128 ] Input and output lines 503 can include one or more 
optical fibers . The one or more optical fibers can be con 
figured to carry optical digital signals along the optical 
signal cables 502a and 502b . Input and output lines 503 can 
include wires configured to carry power and return voltages 
and currents . Input and output lines 503 can include wires 
configured to carry redundant power and return voltages and 
currents . 

is cleaned with relative ease to maintain optical coupling 
between components of the intrapersonal data communica 
tion system . 
[ 0125 ] In some embodiments , the optical digital signal 
link 402 can be configured to connect to power and return 
lines through corresponding connector elements 424 and 
425. In some embodiments , the optical digital signal link 
402 can be configured to connect to redundant power and / or 
redundant return lines . In some embodiments , the optical 
digital signal link 402 can be configured to carry optical 
digital signals and not power and / or return lines . 
Example Optical Signal Cables with an Optical Digital 
Signal Bridge 
[ 0126 ] FIG . 5 illustrates a block diagram representing an 
optical digital signal bridge 500a and 500b having a non 
contact optical connector 512 according to some embodi 
ments . The optical digital signal bridge formed by comple 
mentary bridge components 500a and 500b can be 
configured to optically and electrically couple two segments 
of an optical signal cable 502a and 502b . The non - contact 
optical connection includes non - contact connector assem 
blies 500a and 500b , input and output lines 503 , connector 
pins 504 , alignment mechanisms 506 , and one or more 
non - contact optical connectors 512 including optical ele 
ments 508 , transparent windows 509 , and one or more 
input / output signal gaps 510. In some embodiments , the 
non - contact optical connectors 512 include a lens and a 
transparent window 509 ( where “ transparent ” can mean that 
the transparent element is substantially transmissive to one 
or more frequencies of electromagnetic radiation used in the 
fiber optic signal cabes ) , configured to abut or be adjacent to 
a transparent element of a complementary non - contact opti 
cal connector 512. The transparent windows 509 can have a 
planar surface that is exposed when the non - contact optical 
connectors are not connected . The planar surface can be 
useful to create a surface that is cleaned in a relatively easy 
manner and to establish a connection surface to facilitate 
aligning the non - contact optical connectors 512. The non 
contact optical connectors 512 can be configured to maintain 
an optical connection when misaligned due to a lateral 
displacement and / or an angular misalignment . For example , 
the non - contact optical connection between signal cables 
502a and 502b can be maintained where the non - contact 
optical connectors 512 are laterally displaced by less than or 
equal to about 5 mm , less than or equal to about 4 mm , less 
than or equal to about 3 mm , less than or equal to about 2 
mm , less than or equal to about 1 mm , less than or equal to 
about 0.5 mm , and / or less than or equal to about 0.4 mm . 
The non - contact optical connection between signal cables 
502a and 502b can be maintained where the non - contact 
optical connectors 512 are angularly misaligned by less than 
or equal to about 5 degrees , less than or equal to about 4 
degrees , less than or equal to about 3 degrees , less than or 
equal to about 2 degrees , less than or equal to about 1 
degrees , less than or equal to about 0.5 degrees , and / or less 
than or equal to about 0.4 degrees . Some example embodi 
ments of non - contact optical connectors are described herein 
with reference to FIGS . 2C , 2D , 3C , 3D , and 12-14 . 

Optical Digital Signal Bridges 
[ 0129 ] Optical signal cables 502a and 502b can include 
complementary optical digital signal bridges 500a and 5006 
at corresponding proximal and / or distal ends . The optical 
digital signal bridges 500a and 500b can be coupled to the 
optical signal cables 502a and 502b respectively using any 
suitable coupling element , such as , for example , adhesives , 
clamps , retaining members , crimping members , solder , or 
any combination of these . Optical digital signal bridges 
500a and 500b can include complementary electrical con 
nector elements 504 configured to transmit power and return 
voltage and current between optical signal cables 502a and 
502b . In some embodiments , optical digital signal bridges 
500a and 500b can include alignment mechanisms 506. The 
optical digital signal bridges 500a and 500b can include one 
or more non - contact optical signal connectors 512 including 
lens ements 508 , transparent windows 509 , and input / 
output signal gaps 510. In some embodiments , optical digital 
signal bridges 500a and 500b do not include mating con 
nector pins 504 , particularly in embodiments where optical 
signal cables 502a and 502b do not include power and return 
wires . In some embodiments , optical digital signal bridges 
500a and 500b do not include alignment mechanisms 506 , 
particularly in embodiments where optical digital signal 
bridges 500a and 500b include mating connector pins 504 
which can be configured to align optical digital signal 
bridges 500a and 500b . In some embodiments , optical 
digital signal bridges 500a and 500b can be a part of a 
headgear system , mount interface , and the like such that the 
cables 502a and 502b terminate at these structures so as to 
be integral to the associated structure or device . 
[ 0130 ] Alignment mechanisms 506 can be configured to 
substantially align the one or more non - contact optical 
connectors 512. The alignment mechanisms 506 can include 
physical elements configured to substantially secure the 
non - contact connector assemblies 500a and 500b such that 
the non - contact optical connectors 512 are substantially 
aligned . The alignment mechanisms 506 can accomplish the 
substantial alignment utilizing any suitable technique such 
as , for example , mating physical elements such as one or 
more cones or pegs to one or more cone or peg receptacle 

Optical Signal Cables 
[ 0127 ] Optical signal cables 502a and 502b include input 
and output lines 503 including one or more optical fibers 
configured to carry digital optical signals . Input and output 
lines 503 can include wires configured to carry one or more 
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elements , or locking mechanisms associated with a structure 
of which it is an integral part . Alignment mechanisms 506 
can include locking elements to substantially secure the 
non - contact connector assemblies 500a and 500b in contact 
with one another . Alignment mechanisms 506 can include 
mating elements that exert frictional forces on such that the 
non - contact connector assemblies 500a and 500b remain 
substantially aligned . The optical digital signal bridges 500a 
and 500b can be considered to be substantially aligned when 
the optical signal traverses the non - contact optical connec 
tors 512 without substantial degradation in signal quality 
such that there is no significant loss of information across the 
connectors 512 . 

keeping the optical connection intact . The lens elements 508 
and / or transparent windows 509 can also be treated with 
coatings designed to increase their resistance to abrasions , 
scratches , condensation , signal loss , and the like . The output 
power of the optical signal can also be tuned to compensate 
for possible signal loss across the non - contact optical con 
nectors 512. Because the signal is digital and not analog , a 
substantial loss of intensity of the optical signal across the 
non - contact optical connectors 512 may not necessarily 
result in a significant loss of information . Thus , the non 
contact optical connection is robust and facilitates the main 
tenance of a signal across the system . 

Non - Contact Optical Connectors 
[ 0131 ] The optical digital signal bridges 500a and 500b 
include one or more non - contact optical connectors 512 
configured to transmit optical signals across a gap without 
mating or interlocking components . A non - contact optical 
connector 512 includes lens elements 508 , transparent win 
dows 509 , and an input / output signal gap 510. An optical 
signal emerging from an optical fiber encounters a lens 
element 508 configured to substantially collimate the optical 
signal . The collimated optical signal passes through a signal 
gap 510 and encounters a lens element 508 configured to 
substantially focus the optical signal and couple it to an 
optical fiber . Coupling the optical signal to the lens elements 
508 can be accomplished through any suitable optical ele 
ment or combination of elements , such as , for example , 
physical proximity , optical gels , adhesives , prisms , diffrac 
tion gratings , waveguides , mirrors , or any combination of 
these . In some embodiments , the signal gap 510 includes 
one or more transparent windows 509 having a planar 
exterior surface . The exterior surface can be the surface that 
is adjacent to or abuts with a complementary non - contact 
optical connector . 
[ 0132 ] The one or more input / output signal gaps 510 can 
be about 1 mm between corresponding lens elements 508. In 
some embodiments , the signal gaps 510 can be about 2 mm 
long , between about 1 mm and 2 mm long , between about 
0.5 mm and 3 mm long , less than or equal to about 0.5 mm 
long , or greater than or equal to 3 mm long . 
[ 0133 ] The lens elements 508 can include any suitable 
material such as , for example , diamond , sapphire , glass , 
polymer / acrylic , polycarbonate , similar materials , or any 
combination of these . Materials such as diamond or sapphire 
may be advantageous because of their durability ( e.g. , their 
resistance to scratches or abrasions ) , optical quality , and 
cost - effective characteristics given the small size desired 
( e.g. , small size requirements make it so that the difference 
in cost of these materials is acceptable given the other 
qualities they possess ) . 
[ 0134 ] The combination of signal gap 510 and / or trans 
parent windows 509 and lens elements 508 can be config 
ured to facilitate maintenance of the optical connection 
between optical cables 502a and 502b . The lens elements 
508 or transparent elements ( illustrated in Appendix A ) can 
be protected due at least in part to the transparent windows 
509. In some embodiments , the transparent windows 509 
form an exterior surface that is substantially co - planar with 
the connector with which it is associated . Thus , the trans 
parent windows 509 can be easily cleaned by wiping or 
otherwise clearing debris or other contaminants from the 
planar surface of the transparent window 509 , thereby 

Example Communication System Interlink 
[ 0135 ] FIG . 6A illustrates a block diagram representing an 
example intrapersonal data communication system from a 
visualization system to a data processing system . FIG . 6B 
illustrates a block diagram representing an example duplex / 
bi - directional intrapersonal data communication system 
between a visualization system and a data processing sys 
tem . Within a visualization system , video processing elec 
tricals 602 produce an electrical digital signal which can be 
transmitted to a fiber optic transmitter 604. The fiber optic 
transmitter 604 can convert the electrical digital signal to an 
optical digital signal utilizing a radiation source 606 such as , 
for example , a VCSEL . The optical digital signal can be 
coupled to an optical fiber 610 through a suitable optical 
component 608 , such as a lens . The optical fiber carries the 
optical digital signal until it reaches the mounting hardware 
securing the visualization system to the headgear system . 
The optical signal can be transmitted from the visualization 
system to the optical fiber 610 within the mounting hardware 
through a non - contact optical connector 618. Non - contact 
optical connector 618 includes a plurality of optical com 
ponents 608 with a gap of air or other fluid between them . 
Similar non - contact optical connections can occur between 
the mounting hardware and the headgear system , and the 
headgear system and the data processing system . The optical 
digital signal can be coupled to a photodetector 612 , such as 
a photodiode . The photodetector 612 can convert the optical 
signal into an electrical signal , which is translated into a 
corresponding electrical digital signal in a fiber optic 
receiver 614. The electrical digital signal can be communi 
cated to the video processing electricals 616 housed by the 
data processing system . 
[ 0136 ] In some embodiments , the fiber optic transmitter 
604 and the radiation source 606 can be external to the 
visualization system and can be located , for example , in an 
adapter or signal converter , or in the mounting hardware , or 
in the headgear system . In some embodiments , the photo 
detector 612 and fiber optic receiver 614 are external to the 
data processing system and can be located , for example , in 
an adapter or signal converter , or in the mounting hardware , 
or in the headgear system . 
[ 0137 ] In some embodiments , the video processing elec 
tricals include one or more hardware processors , memory , 
and / or other such components for processing video or image 
information , processing location information , displaying 
video or images , displaying images and textual information , 
displaying video and textual information with graphical 
overlays , or the like . For example , the video processing 
electricals of the visualization system can be capable of 
displaying a video feed of real time thermal information 
with objects of interest distinguished using a graphical 
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overlay provided by the data processing system and textual 
information communicated from the data processing system . 
In another example , the video processing electricals of the 
visualization system can be configured to display real - time 
video corresponding to an image - intensified view , combined 
image intensified and thermal , or other combined / fused 
multi - sensor view of a scene with a portion of that video 
being overlaid with other alphanumeric or icon data , or a 
map with the location of persons or objects of interest being 
indicated on said map as provided by the data processing 
system . In another example , the visualization system can be 
configured to display a real - time video feed of a telescopic 
view of a scene with textual information relating to distances 
to objects of interest as provided by the data processing 
system overlaid on the video feed . The visualization system 
and data processing system can be configured to display 
other such information to the user and the capabilities of the 
system are not limited or completely described by the 
examples provided above . 

Power and Bandwidth 

[ 0138 ] The communication represented by the block dia 
grams in FIGS . 6A and 6B can be accomplished consuming 
less than or equal to about 500 mW of electrical power at 
real - time video data rates , and can be lower in other opera 
tional situations . In some embodiments , real - time video data 
rates can be sustained consuming less than or equal to about 
200 mW , less than or equal to about 100 mW , or less than 
or equal to about 50 mW . The power can be provided by a 
power source within the data processing system , or the 
visualization system , or by an external power source . 
[ 0139 ] The bandwidth between the visualization system 
and the data processing system can be less than or equal to 
about 10 Gbps enabling real - time ( i.e. , no or low - latency ) 
high - resolution video processing . In some situations the 
bandwidth can be reduced to a few kbps in modes where 
system synchronization or sensor status information is being 
provided to the data processor rather than real - time video 
from the visualization system . The bandwidth can be tuned 
to consume lower power by selective video window sam 
pling , reduced data update rate , very low latency JPEG 
compression of video , or other techniques to reduce power 
consumption of the fiber optic transmitter and receiver 
components 604 and 614 , respectively , as well as reducing 
data processor power draw , while still meeting operational 
needs of the user . In some embodiments , less than or equal 
to about 50 mW of electrical power to the communication 
system can enable the system to provide less than or equal 
to about 2 Gbps of bandwidth . For example , the 
HXT4101A - DNT fiber optic transmitter provided by Gigo 
ptix , Inc. is capable of 14 Gbps communication , but will 
provide about 2 Gbps when supplied with about 50 mW of 
electrical power . In some embodiments , it may be advanta 
geous to move to operational modes that lower the band 
width requirement of the system to reduce power because 
lower power enables the overall system to operate for longer 
periods of time on battery power . Reducing the power 
provided to the system may reduce the available bandwidth 
to the communication system but still may be sufficient for 
the communication needs of the system . For example , in 
embodiments where between about 20 mW and 30 mW is 
provided to the communication system , about 1 Gb / s to 2 
Gb / s throughput can be achieved which can be sufficient for 

real time processing and display of information and selec 
tively windowed video plus other data sources . 
[ 0140 ] The power delivered to the communication system 
can be adjusted to account for signal strength across the 
communication system . Optical signal strength can be 
affected by loss of signal across non - contact optical con 
nectors . In some embodiments , the power supplied to the 
communication system can be adjusted to account for signal 
strength . For example , if information is lost over the com 
munication system , power to the fiber optic transmitter , the 
fiber optic receiver , or both can be increased such that the 
amount of information lost over the communication path due 
to signal loss is reduced to acceptable levels . In another 
example , if the loss of information is already below accept 
able levels the power provided to the fiber optic transmitter , 
the fiber optic receiver , or both can be reduced until the loss 
of information is approximately at or below acceptable 
levels . In some embodiments , the data processing system , 
the visualization system , or both are configured to determine 
the amount of information loss over the communication 
system . The power output to the communication system can 
be altered according to the analysis provided by the visual 
ization system , the data processing system , or both . In some 
embodiments , the amount of power provided to the com 
munication system is determined by the user . In some 
embodiments , the amount of power provided to the com 
munication system is determined by an external parameter 
or input . 
[ 0141 ] The power delivered to the communication system 
can be adjusted according to power management param 
eters . For example , the communication system can be com 
manded to enter a low power consumption mode whereby 
the amount of power consumed by the system is reduced . 
The communication system can be commanded to enter a 
high power consumption mode whereby the amount of 
power is increased . The communication system can be 
commanded to enter into a specific mode whereby the power 
consumed is within a defined range . The command to enter 
a power consumption mode can be made by a user , an 
external communication command delivered to the commu 
nication system , as a result of conditions being met within 
the system , or any combination of these . 
[ 0142 ] The power delivered to the communication system 
can be adjusted according to bandwidth parameters . In some 
embodiments , the available bandwidth across the intraper 
sonal data communication system corresponds to the power 
delivered to the system . The power can be adjusted to 
account for differing bandwidth desires . For example , during 
instances where the quantity of information to be passed 
over the communication link exceeds a threshold , the power 
provided to the system may be increased . Similarly , in 
instances where the quantity of information to be passed 
does not exceed a threshold , the power provided to the 
system may be reduced . In some embodiments , the power 
provided to the system may be scaled according to a desired 
bandwidth . The desired bandwidth may be input by the user , 
may be determined by a program internal to the communi 
cation system , may be set by a command from an external 
communication , or any combination of these . 
Example Intrapersonal Data Communication Methods 
[ 0143 ] FIG . 7 illustrates a flow chart of an example 
method 700 of transmitting information from a visualization 
system to a data processing system . The method 700 
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includes receiving information from a visualization system 
as stated in operational block 702. Information from the 
visualization system can include information such as , for 
example , thermal image information , a thermal video feed , 
image intensified information , telescopic visual information , 
visualization system line of sight pointing information , 
system status information , simulated visual information , 
video information from a camera , or any combination of 
these . 
[ 0144 ] Information provided by the visualization system is 
encoded into an electrical digital signal in operational block 
704. The step of encoding the information can include 
processes such as , for example , converting analog informa 
tion into digital information , compressing digital informa 
tion such as video or image data , encapsulating information 
within appropriate digital packets , modifying digital infor 
mation to conform to a specific I / O protocol , multiplexing 
multiple digital signals into a single digital signal , or any 
combination of these . 
[ 0145 ] Operational block 706 indicates that the electrical 
digital information can be converted into an optical digital 
signal . Converting an electrical digital signal can include 
processes such as , for example , producing an intensity of 
radiation in proportion to the input current or voltage of the 
electrical signal ; producing a first intensity of radiation when 
the input electrical signal exceeds a threshold , and a second 
intensity of radiation when it does not ; converting multiple 
electrical digital signals into multiple optical signals and 
multiplexing the optical signals using a technique such as 
wavelength division multiplexing ; or any combination of 
these . The conversion of electrical digital information to 
optical digital information can be performed within the 
visualization or data processing systems as described herein 
in relation to FIGS . 4B and 4C , or some embodiments as 
described herein in relation to FIGS . 6A and 6B , or within 
a component such as an adapter or signal converter as 
described herein in relation to FIGS . 4A and 6A . 
[ 0146 ] Optical digital information can be coupled to an 
optical digital signal link in operational block 708. Coupling 
the optical signal to the optical digital signal link can be 
accomplished through any appropriate optical element , such 
as , for example , physically contacting an optical fiber to the 
radiation source , utilizing one or more lenses to focus the 
optical signal into an optical fiber or waveguide , utilizing an 
optical gel or similar substance to optically couple the 
radiation source to the waveguide or optical fiber , or any 
combination of these . Coupling the radiation source to a 
waveguide or optical fiber can be accomplished using a 
non - contact optical connection such as those described 
herein in relation to FIG . 4A , 4B , 4C or 5 . 
[ 0147 ] The optical signal can be transmitted over an 
optical digital signal link in operational block 710. Trans 
mission across an optical digital signal link can include 
transmitting the optical signal across one or more optical 
digital signal bridges having non - contact optical connectors . 
In some embodiments , one or more optical digital signal 
bridges can be traversed between a visualization system and 
a data processing system . The optical digital signal bridges 
can be similar to those described herein with reference to 
FIG . 4A , 4B , 4C or 5 . 
[ 0148 ] Operational block 712 indicates that the optical 
signal can be coupled to a signal converter or optical digital 
signal adapter . The signal converter can be configured to 
convert an optical digital signal into an electrical digital 

signal . The signal converter can be a separate component , as 
described herein in relation to FIG . 4A , or can be integral to 
a visualization system or data processing system , as 
described herein in relation to FIGS . 4B and 4C . The signal 
converter can include a fiber optic receiver and associated 
electricals . Coupling the optical signal to the signal con 
verter can be accomplished by any appropriate technique , 
such as those described herein . 
[ 0149 ] The optical signal can be converted into an elec 
trical digital signal in operational block 714. Converting an 
optical digital signal into an electrical digital signal can 
include processes such as , for example , detecting a quantity 
of radiation from an optical fiber or waveguide and produc 
ing an electrical voltage or current in proportion to the 
quantity of radiation , producing one electrical voltage or 
current if the detected radiation exceeds a threshold and a 
second electrical voltage or current if it does not , demulti 
plexing a multiplexed optical signal , or any combination of 
these . The optical digital signal can then be transmitted 
across an optical signal cable . 
[ 0150 ] The electrical digital signal can be decoded in 
operational block 716. Decoding the electrical signal can 
include processes such as , for example , demultiplexing the 
electrical digital signal , converting digital information into 
analog information , decompressing digital information such 
as video or image data , compressing digital information , 
interpreting encapsulated information within digital packets , 
modifying digital information to conform to a specific I / O 
protocol , or any combination of these . 
[ 0151 ] Information can be processed by a data processing 
system in operational block 718. Processing information 
from the visualization system can include , for example , 
locating objects of interest within image or video informa 
tion , calculating temperatures ranges within an infrared 
image or video feed , visually enhancing the imagery for 
redisplay to the user or transmission , processing video and 
other data from the visualization system with data from 
other external sensors to determine respective pointing posi 
tions , analyzing the information for distances to objects or 
persons , calculating the position and orientation of the 
visualization system , or any combination of these . The data 
processing system can include one or more hardware pro 
cessors and memory . The data processing system can 
include a power source . The data processing system can be 
configured to process information from , for example , one or 
more visualization systems , external communications sys 
tems , external video sensors , external system line of sight 
sensor data , GPS systems , external system synchronization 
signals , environmental information from sensors , user input , 
user commands , or any combination of these . 

Example Intrapersonal Data Communication System 
Components 
[ 0152 ] FIG . 8 illustrates mounting hardware 800 config 
ured to secure a visualization system to a headgear system 
according to some embodiments . For example , the mounting 
hardware 800 can connect a thermal imaging goggle or 
multi - sensor imaging goggle to a helmet , a night - vision 
camera to a hat , and so forth . The mounting hardware 
includes a non - contact optical connector 802 , optical digital 
signal links 804a and 804b , an optical digital signal bridge 
806 , and a connector interface 808 . 
[ 0153 ] The non - contact optical connection 802 can be 
configured to transmit an optical digital signal from optical 
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digital signal link 804a to optical digital signal link 804b . In 
some embodiments , the non - contact optical connection 802 
connects at least one power and one return line between 
optical digital signal links 804a and 804b . The non - contact 
optical connector 802 can be similar to those connectors 
described herein with reference to FIGS . 4A , 4B , 4C , and 5 . 
[ 0154 ] Optical digital signal bridge 806 can be configured 
to transmit an optical digital signal from a visualization 
system to cable 804a . The optical digital signal bridge 806 
can be configured to mate with the mounting hardware 800 
or can be an integral part of the mounting hardware 800. The 
optical digital signal bridge 806 can be attached to the 
mounting hardware 800 by any appropriate connector such 
as , for example , adhesion , magnets , screws , bolts , rivets , or 
any combination of these . In some embodiments , the optical 
digital signal bridge 806 is instead an optical digital signal 
adapter where the visualization system is configured to send 
and receive electrical digital signals . 
[ 0155 ] The connector interface 808 can be configured to 
releasably couple with the corresponding connector on the 
visualization system . The connector interface 808 can be 
integrally formed with the mounting hardware 800 or can be 
a separate component . The connector interface can be 
attached to the mounting hardware 800 by any appropriate 
technique , such as one or more of those described herein . 

Example Method of Manufacturing an Intrapersonal Data 
Communication System 
[ 0158 ] FIG . 10 illustrates a flow chart of an example 
method 1000 of preparing a headgear system for being fitted 
with an intrapersonal data communication system that 
includes an EMI - resistant optical signal cable . A headgear 
system is provided in operational block 1002. A headgear 
system can include items such as , for example , a helmet , 
cap , eyewear system with ear stems with resilient member , 
hat , head band , or any combination of these . The headgear 
system is modified in operational block 1004. Modifying the 
headgear system can include processes such as , for example , 
clipping on retainer members for supporting an cable ; form 
ing a route from the visualization system to the data pro 
cessing system for the cable ; creating a hole in the headgear 
system for the cable to pass through ; mounting a clip or 
bracket onto the headgear system for the visualization 
system , the data processing system , or both ; or any combi 
nation of these . Operational block 1006 includes putting the 
interference - resistant cable in the headgear system . This step 
can include processes such as , for example , pushing the 
cable into a narrow cavity where the cable can be secured in 
place by a friction fit retainer ; placing the cable into clipping 
members ; using adhesives to secure the cable to the interior 
of the headgear system ; passing the cable through a tube 
integrated into the headgear system during the step in 
operational block 1004 ; pulling the cable through a hole 
created in the headgear system ; or any combination of these . Example Intrapersonal Data Communication System in a 

Headgear System 

( 0156 ] FIG . 9 illustrates a perspective view of an example 
intrapersonal data communication system 900 mounted on a 
helmet 910 with a visualization system 906 and a data 
processing system 908. The system 900 can include a 
mounting bracket 912 , optical digital signal link 904 , and 
optical digital signal bridges or adapters 902a , 902b , and 
902c . The visualization system 906 can include a thermal 
imaging camera , ultraviolet ( UV ) camera , visible band cam 
era , near infrared ( NIR ) camera , short wave infrared ( SWIR ) 
camera , display , image intensifier tube based sensor 
mounted to the headgear system or incorporated in a goggle 
for use during the day or at night , EBAPS , telescopic goggle , 
or the like . The data processing system 908 can include 
items such as , for example , a battery pack , a data / image 
computation module , external sensor interfaces , external 
communication system , or any combination of these . 
[ 0157 ] The optical digital signal bridge 902a connects a 
segment of the optical digital signal link 904 in the mount 
bracket 912 to a segment of the optical digital signal link 904 
in the helmet 910. The optical digital signal bridge or adapter 
902b connects the segment of the optical digital signal link 
904 in the mount bracket 912 to the visualization system 
906. The optical digital signal bridge or adapter 9020 
connects the segment of the optical digital signal link 904 in 
the helmet 910 to the data processing system 908. The 
optical digital signal bridges or adapters 902a - c can include 
one or more optical fibers . The optical digital signal bridges 
or adapters 902a - c can include one or more power and return 
lines . The optical digital signal link 904 can be located 
between the exterior shell of the helmet 910 and the user's 
skull , between the exterior shell and inner padding of the 
helmet 910 , it can be located along a periphery of the helmet 
910 , or along an exterior of the helmet 910 . 

Example Intrapersonal Data Communication System 
Including an External Visualization System 
[ 0159 ] FIG . 11 is a representation of some embodiments 
of an intrapersonal data communication system including a 
visualization system 1106 external to the headgear system 
1100. A first visualization system 1102 can be provided that 
can be configured to communicate with a data processing 
system 1104 via an optical digital signal link 1108a accord 
ing to the descriptions set forth herein . A second visualiza 
tion system 1106 can be configured to communicate with the 
data processing system 1104 via an optical digital signal link 
1108b according to the descriptions set forth herein . Optical 
digital signal bridges or adapters can be configured to 
connect the optical digital signals between the components 
as described herein . In some embodiments , the second 
visualization system 1106 can be connected to the data 
processing system by a suitable short - range , low - power , 
and / or high - bandwidth wireless link . 
( 0160 ] The second visualization system 1106 can include 
items such as , for example , a firearm , thermal imaging sight , 
CMOS video sight , multi - imaging sensor weapon sight , 
digital magnetic compass , laser pointer , rangefinder , GPS , 
synchronization signal generation , flashlight , command 
from user controls , a wireless communication system , or any 
combination of these . The second visualization system 1106 
can be external to the headgear system . Information from the 
second visualization system 1106 can be combined with 
information from the data processing system 1104 , first 
visualization system 1102 , and data processing system 
derived video images ; and the combined data can be relayed 
to the first visualization system 1102 to display to the user . 
In some embodiments , the information from the second 
visualization system 1106 can include information such as , 
for example , position and orientation of the visualization 
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system line of sight ( LOS ) , angular rates of the LOS , system 
synchronization signals , system operational state and envi 
ronmental data , ballistics related data , or any combination of 
these . 

Example Helmet Mount with Non - Contact Optical Connec 
tors 

[ 0161 ] FIG . 12 illustrates a perspective view of an 
example embodiment of a helmet mount 1204 incorporating 
optical and electrical connectors 1210 on a helmet 1202. The 
helmet mount 1204 can be secured to the helmet using a 
hook system 1206 and a strap 1208 which pulls the helmet 
mount 1204 so that the hook system 1206 applies a force on 
the helmet 1202 which substantially secures the helmet 
mount 1204 in place on the helmet 1202. The helmet mount 
can include features 1220 configured to mate to a corre 
sponding mount for a visualization system ( not shown ) , such 
as a night vision goggle , such that the mount for the 
visualization system can be secured to the helmet 1202 
through the interface of the features 1220 on the helmet 
mount 1204 and features on the visualization system mount . 
[ 0162 ] The helmet mount 1204 includes optical and elec 
trical connectors 1210 configured to mate to corresponding 
optical and electrical connectors on the visualization system 
mount . When the visualization system is mounted to the 
helmet 1202 using the helmet mount 1204 , the visualization 
system can send and / or receive optical digital signals 
through the optical connectors 1211 and 1212 that couple the 
optical signals to a fiber optic link that connects devices on 
an intrapersonal data communication system ( not shown ) on 
the helmet 1202. Furthermore , the visualization system can 
send and / or receive electrical power and / or electrical signals 
through the electrical connectors 1213 , 1214 , 1215 , and 
1216 that electrically couple the visualization system to 
electrical lines on the intrapersonal data communication 
system on the helmet 1202 . 
[ 0163 ] FIG . 13 illustrates the example helmet mount 1204 
from FIG . 12 to show the optical and electrical connectors 
1210. The optical connectors 1211 and 1212 can be non 
contact optical connectors , as described herein . For 
example , the optical connectors 1211 and 1212 can include 
a lens system configured to collimate ( or focus ) optical 
signals exiting ( or entering ) an optical fiber and a transparent 
window configured to provide a surface that protects the 
fiber optic and lens system and is compatible with a corre 
sponding surface on a non - contact optical connector on the 
visualization system mount . The electrical connectors 1213 
1216 can be any suitable electrical connector configured to 
transmit electrical power and / or electrical signals . For 
example , the electrical connectors 1213-1216 can comprise 
a spring - mounted plunger that electrically couples to a 
conductive surface on the visualization system mount . 
[ 0164 ] FIG . 14 illustrates the optical and electrical con 
nectors 1210 from the example helmet mount 1204 in FIG . 
12. A fiber optic cable 1218 is also illustrated to show an 
example of routing an optical signal from the non - contact 
optical connector 1211 through the helmet mount 1204. The 
fiber optic cable 1218 can be part of the intrapersonal data 
communication system that connects one or more local 
devices on the helmet 1202. Similarly , another fiber optic 
cable ( not shown ) can connect the non - contact optical 
connector 1212 to the intrapersonal data communication 
system . Furthermore , the electrical connectors 1213-1216 

can be coupled to electrical lines , such as wires , that connect 
to other local devices and / or to the intrapersonal data 
communication system . 
Example Optical Signal Connectors with Fiber Optic Cables 
Abutting a Transparent Window 
[ 0165 ] As described herein with reference to FIG . 1C , it 
may be desirable to use a fiber optic cable comprising a 
plurality of optical fibers tightly packed into a bundle to 
decrease the bending radius and to increase resistance to ( 1 ) 
cable failure due at least in part to optical fiber breakage 
and / or ( 2 ) signal diminution or loss when a fiber optic cable 
is bent or breaks . However , such fiber optic cables can have 
an optical diameter that is much larger than typical multi 
mode optical fibers ( e.g. , compare the optical diameter of 
about 1 mm of the SCHOTT G2 fiber optic cable with a 200 
um diameter for a typical multimode optical fiber ) . The 
increase in optical diameter can make collimating and / or 
focusing the output optical signal difficult for transmission 
across a non - contact connector gap as shown , for example , 
in FIGS . 4A - 4C , 5 , 17A and 17B . Signal can be lost across 
gaps where optical signals are to be transferred from one 
portion of an optical digital signal link to another portion 
where the transfer occurs through directing , focusing , and / or 
collimating the optical signal from a first portion of the fiber 
optic cable onto another portion of the fiber optic cable . 
[ 0166 ] FIG . 15A illustrates a perspective view of another 
example embodiment of mounting hardware incorporating 
optical signal connectors . The mounting hardware 800 in 
FIG . 15A is designed to temporarily , semi - permanently , or 
permanently engage a helmet mount , such as the helmet 
mount 1204 shown in FIGS . 12 and 13. The mounting 
hardware 800 may contain a tab 1512 that is configured to 
engage features 1220 of the helmet mount 1204 , to secure 
the mounting hardware 800 to the helmet mount 1204. When 
engaged , portions of the mounting hardware 800 may line up 
and engage portions of the helmet mount 1204. Specifically , 
optical connectors 1211 , 1212 may substantially line up with 
optical connectors 1500 , 1502. Additionally , the electrical 
connectors 1213-1216 may substantially line up with elec 
trical connectors 1504-1507 . Optical connectors 1504-1507 
may comprise transparent windows 1534 , 1536 , which are 
surrounded by seals 1540 , 1542 . 
[ 0167 ] When the mounting hardware 800 engages the 
helmet mount 1204 , the seals 1540 , 1542 may come into 
contact with corresponding surfaces on the helmet mount 
1204 creating a substantially sealed connection . This con 
nection is configured to reduce or prevent dust , dirt , debris , 
and other materials , from becoming lodged between the 
transparent windows 1534 , 1536 and the complementary 
optical connectors 1211 , 1212 , which could diminish or 
prevent signal transmittance across the non - contact optical 
connectors . 
[ 0168 ] FIG . 15B illustrates a cross - section view of the 
helmet mount illustrated in FIG . 15A showing fiber optic 
cables 1520 , 1522 abutting transparent windows 1534 , 1536 
at optical signal connectors 1500 , 1502. In some embodi 
ments , the two fiber optic cables 1520 , 1522 shown in FIG . 
15B are generally of equal diameter , each measuring at least 
about 100 um and / or less than or equal to about 2 mm , at 
least about 150 um and / or less than or equal to about 1 mm , 
or at least about 200 um and / or less than about 500 um . The 
ends 1524 , 1526 of fiber cables 1520 , 1522 may be com 
pressed using cable compressors 1530 , 1532 , reducing their 
diameter . Reducing the diameters of cables 1520 , 1522 may 
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help to concentrate the signal at the ends of the cables , 
decreasing signal losses . As shown , the ends of the cables 
1524 , 1526 substantially abut the transparent windows 1534 , 
1536. The transparent windows 1534 , 1536 may then be 
coupled adjacent optical connectors 1211 , 1212. The optical 
connectors 1211 , 1212 are coupled to optical digital signal 
link 114. The distance between the fiber optic cable ends 
1524 , 1526 and the ends of the optical digital signal link 114 
may measure at least about 250 um and / or less than or equal 
to about 6 mm , at least about 0.5 mm and / or less than or 
equal to about 5 mm , or between about 1 mm and 4 mm . In 
one embodiment , the distance between the transparent win 
dows 1534 , 1536 and fiber optic cable ends 1524 , 1526 is 
reduced or minimized to decrease or minimize the distance 
between the fiber optic cable ends 1534 , 1536 and the ends 
of the optical digital signal link 114. Such a configuration 
may advantageously decrease signal loss between the visu 
alization system 110 and the data processing system 112 . 
Example Mount Interface with 90 Degree Turning Optical 
Element 
[ 0169 ] FIG . 16A illustrates a cross - section view of an 
example mount interface for a battery pack wherein the 
mount interface incorporates a 90 degree turning optical 
element 1600 , 1602 to direct an optical signal to a fiber optic 
cable . The 90 degree turning optical elements 1600 , 1602 
can be used to transmit the optical signal from lenses 1604 , 
1606 to an optical digital signal link 114 via a 90 degree turn . 
Fiber optic cables 1520 , 1522 that comprise a single , 
approximately 200 um cable , may not be able to bend at a 
radius less than approximately 25 mm without risk of at least 
decreased signal strength and / or cable breakage . In such 

may be advantageous to use the 90 degree turning 
optical element , in order to facilitate a relatively tight bend 
in a compact and mobile environment . By making a 90 
degree turn in a compact environment , a portion of the 
optical signal path may be better protected from exterior 
forces that could damage the cable . 
[ 0170 ] As shown , the turning optical elements 1600 , 1602 
are mounted in a portion of the helmet mount 1204. Lenses 
1604 , 1606 are mounted in - line with the optical signal and 
help to collimate and / or focus the optical signal . Once the 
signal is transmitted to the turning optical elements 1600 , 
1602 , the signal is redirected in a direction substantially 
perpendicular to its previous direction . After the signal is 
redirected , it is transmitted to optical digital signal links 114 , 
which are coupled to the turning optical elements 1600 , 
1602 . 
[ 0171 ] FIG . 16B illustrates an example 90 degree turning 
optical element 1600 for use in the example mount interface 
of FIG . 16A . One embodiment of a 90 degree turning optical 
element 1600 is shown adjacent to a United States dime . As 
shown , the overall size of this embodiment of the turning 
optical element may be relatively small . For example , in 
some embodiments an optical signal can be directed along a 
path that is orthogonal to its incoming path in a space that 
is smaller than a dime . However , other embodiments may be 
of other sizes including being larger or smaller than the 
illustrated embodiment , or of a similar size as the illustrated 
embodiment but with different relative proportions . The 90 
degree turning optical element may comprise an internal 45 
degree mirror which may facilitate redirecting a signal by 90 
degrees . Other embodiments may include variations of this 
element , including , but not limited to : angles other than 90 
degrees such as 22.5 degrees , 45 degrees , or any other angle 

in between 0 and 180 degrees inclusive ; using an element 
that comprises multiple surfaces and / or multiple angles 
within a single unit ; an element wherein the resulting bend 
angle is dependent on another factor or is otherwise variable ; 
prisms that may be able to separate different wavelengths of 
a signal into discrete paths ; and / or a unit that may facilitate 
filtering wavelengths in order to restrict some signals but 
transmit others . 
[ 0172 ] FIG . 16C illustrates a perspective view of the 90 
degree turning optical element 1640 , 1642 in use with an 
optical digital signal bridge , an example of which is illus 
trated in FIG . 3D . As shown , the optical digital signal 
adapter 301 shown in FIG . 3D may comprise elements 
shown in FIG . 16C . In one embodiment , the elements shown 
in FIG . 16C are mounted on the backside of the optical 
digital signal adapter 301. The 90 degree turning optical 
elements 1640 , 1642 engage the mounting plate 1644 in 
such a way that a portion of the turning elements 1640 , 1642 
substantially line up with the non - contact optical connectors 
310. Electrical connectors 1650 , 1651 , 1652 are also illus 
trated in FIG . 16C and may connect or substantially line up 
with electrical connectors 308 . 
[ 0173 ] One embodiment may position an optical digital 
signal adapter 301 adjacent a helmet at the rear of the helmet 
in such a way that the backside of the signal adapter 301 will 
be in close proximity to a surface of the helmet . It may be 
advantageous to use 90 degree turning optical element in 
this embodiment since the space between the signal adapter 
301 and the helmet may be limited . Furthermore , because 
there may limited protective covering guarding the elements 
shown in FIG . 16C , a 90 degree turning optical element may 
allow for the digital optical signal link 114 to be redirected 
in a compact space , reducing the likelihood that the signal 
link 114 will be exposed to exterior forces that could damage 
the cable . 

cases , 

Fiber Optic Cable Having a Relatively Tight Bending 
Radius 

[ 0174 ] FIG . 17A illustrates a cross - section view of an 
example optical digital signal bridge 1700 having a fiber 
optic cable capable of being bent in a tight radius while 
maintaining a sufficient signal . One embodiment of a portion 
of the helmet mount 1204 is shown in FIG . 17A . Here , the 
helmet mount 1204 comprises an optical digital signal 
bridge 1700. The optical digital signal bridge 1700 com 
prises a transparent window 1704 , a lens 1712 to help 
collimate and / or focus the optical signal , and an optical 
digital signal link 1708. In this embodiment , the transparent 
windows 1704 , 1706 abut or are adjacent a complementary 
transparent window ( not shown ) . The lens may be config 
ured to collimate and / or focus the optical signal transmitted 
between the transparent windows 1704 , 1706 and the end of 
the optical digital signal links 1708 , 1710. The end of the 
signal links 1708 , 1710 may be temporarily , semi - perma 
nently , or permanently coupled to a portion of the helmet 
mount 1204 . 
[ 0175 ] In one embodiment , the diameter of the optical 
digital signal link 1708 , 1710 may be at least about 30 um 
and / or less than or equal to about 2 mm , at least about 500 
um and / or less than or equal to about 1.5 mm , or approxi 
mately 1 mm . In one embodiment , the optical digital signal 
link 1708 , 1710 comprises a plurality of smaller fiber optic 
cables relatively tightly grouped together . In this embodi 
ment the signal link 1708 , 1710 that comprises a plurality of 
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smaller fiber cables may be advantageous because it may be 
bent in a relatively tight radius . For example , a digital optical 
signal link 1708 , 1710 that comprises a plurality of smaller 
fiber optic cables may be capable of being bent at a radius 
of as low as approximately 5 mm while maintaining suffi 
cient signal strength . A tight bend radius may be advanta 
geous in applications that benefit from the optical signal 
being redirected in a compact space ( within a portion of the 
helmet mount 1204 ) , since it may be helpful for the signal 
link 1708 , 1710 to bend inside of the housing mount 1204 
in order to reduce or minimize exposure to outside forces 
that may damage the cable . This same goal may also be 
achieved using a 90 degree turning optical element , as 
described above . However , using a digital optical signal link 
1708 , 1710 that can be bent at a relatively tight bend radius 
may provide advantages in different scenarios . For instance , 
it may be beneficial to use a relatively tightly bent digital 
optical signal link because it would simplify alignment , 
simplify installation , reduce cost , or any combination of 
these when compared to embodiments employing the 90 
degree turning optical element . Additionally , there may be 
applications where the signal link would fit better physically 
than a turning element . Cost of production and installation , 
physical space and geometry limitations , reliability , flexibil 
ity , and versatility can all be considered when determining 
which embodiment is appropriate . 
[ 0176 ] FIG . 17B illustrates a complementary optical digi 
tal signal connector 1718 on a local device coupled to the 
example digital signal bridge 1700 illustrated in FIG . 17A . 
As shown in this embodiment , an optical digital signal 
connector 1718 may comprise a transparent window 1724 
and a lens 1720 configured to collimate an optical signal 
being emitted from a transmitter 1730. When the comple 
mentary optical digital signal connector 1718 is engaged 
with the digital signal bridge 1700 , the transparent windows 
1704 , 1706 may substantially abut or be adjacent to comple 
mentary transparent windows 1724 , 1726. In one embodi 
ment , a signal may be transmitted from a transmitter 1730 , 
through a first lens 1720 where the signal is collimated , 
through a first transparent window 1724 , through a second 
transparent window 1704 , through a second lens 1712 where 
the optical signal is focused , and finally through an optical 
digital signal link 1708. In another embodiment , a signal 
may be transmitted from an optical digital signal link 1710 , 
through a first lens 1714 where it is collimated , through a 
first transparent window 1706 , through a second transparent 
window 1726 , through a second lens 1722 where it is 
focused at or about a receiver 1732. Signals send by the 
transmitter 1730 or received by the receiver 1732 may be 
communicated to other parts of the system via electrical 
connections 1740 , 1742 , 1744 , 1746. The optical digital 
signal connector may be powered at least in part by a power 
supply 1750. In addition to the paths an optical signal may 
take , the optical signal may traverse a gap between the first 
and second transparent windows if a gap is present . The 
distance between the optical digital signal link 1708 , 1710 
and the transmitter 1730 or receiver 1732 may measure at 
least about 250 um and / or less than or equal to about 6 mm , 
at least about 0.5 mm and / or less than or equal to about 5 
mm , or between about 1 mm and 4 mm . In one embodiment , 
the distance between the first transparent window 1704 and 
the second transparent window 1724 is reduced or mini 

mized to decrease or minimize the distance between the 
optical digital signal links 1708 , 1710 and the transmitter 
1730 and receiver 1732 . 
[ 0177 ] FIG . 17C illustrates a top view of an example fiber 
optic cable 1760 comprising a plurality of optical fibers in 
close proximity surrounded by a jacket 1764 wherein the 
fiber optic cable 1760 is capable of being bent in a relatively 
tight radius while maintaining sufficient signal across the 
cable . A fiber optic cable 1760 that comprises a plurality of 
smaller fiber cables 1762 can be advantageous in a rugged 
environment because if one cable becomes damaged and 
unusable , a signal may still be transmitted through the 
remaining cables with relatively little decrease in signal 
strength . The bundle of cables 1760 acts as a multimode 
optical fiber and may be capable of transmitting a wide range 
of wavelength signals with adequate and relatively consis 
tent transmission rates , as compared to other cables . In one 
embodiment , the transmittance rate , as measured from the 
visualization system 110 to the data processing system 112 , 
may be at least about 500 Mbps and / or less than or equal to 
about 10 Gbps , at least about 1 Gbps and / or less than or 
equal to about 5 Gbps , or at least about 2 Gbps and / or less 
than or equal to about 4 Gbps . Additionally , as an illustrative 
example , the signal link 114 may have a divergence angle of 
between about 16 and about 30 degrees , which may be used 
to calculate the signal losses across the gap between portions 
of the optical digital signal link . For example , in some 
embodiments where there is about a 4 mm gap between the 
ends of the fiber bundles , a signal loss of about 94 % may be 
experienced . The signal loss across the gap can be reduced 
by decreasing the distance between the elements and / or 
increasing a radius of a receiving fiber and / or reducing a 
radius of a transmitting fiber . 
[ 0178 ] In general , the problem with decreased signal 
strength when a fiber optic cable is bent too far could 
theoretically be solved by increasing the power output . 
However , this may be disadvantageous in some implemen 
tations . First , the fiber cable may be used to transmit digital 
optical data as part of an intrapersonal data communication 
system . This system likely depends on a mobile power 
source and increasing the power output of the optical signal 
would very likely shorten the usable life of the power source 
and thus the overall performance of the system . Second , 
increasing the power output of the system may be harmful 
to the user . A fiber optic cable could inadvertently come 
loose from its connector . If the system does not have a 
fail - safe , to stop transmitting optical data when a connection 
becomes dislodged , the user may be harmed if the optical 
output of a fiber optic cable is inadvertently directed into the 
user's eyes . A system that uses a low power output may not 
require a fail - safe mode in order to protect the safety of the 
user in the event of a malfunctioning fiber cable . 
[ 0179 ] FIG . 17D illustrates a front view of the example 
fiber optic cable 1760 illustrated in FIG . 17C . As shown , the 
end - view of a fiber optic cable 1760 comprises a plurality of 
smaller fibers 1762 that are relatively tightly packed and 
surrounded by a fairly robust jacket 1764. In one embodi 
ment , the diameter of a single fiber cable 1762 of the 
plurality may measure at least about 10 um and / or less than 
or equal to about 250 um , at least about 20 um and / or less 
than or equal to about 70 um , or about 33 um . In another 
embodiment , the diameter of the fiber optic cable 1760 
( which comprises a plurality of smaller fibers 1762 ) may be 
at least about 30 um and / or less than or equal to about 2 mm , 
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at least about 500 um and / or less than or equal to about 1.5 
mm , or approximately 1 mm . In yet another embodiment , 
fiber optic cable 1760 ( which comprises a plurality of 
smaller fibers 1762 ) may comprise less than or equal to 
about 2000 single fibers , less than or equal to about 1000 
single fibers , or less than or equal to approximately 500 
single fibers . In still another embodiment , the fiber optic 
cable 1760 comprises about 380 single fibers . 

Example Embodiments 
[ 0180 ] The following is a numbered list of example 
embodiments that are within the scope of this disclosure . 
The example embodiments that are listed should in no way 
be interpreted as limiting the scope of the embodiments . 
Various features of the example embodiments that are listed 
can be removed , added , or combined to form additional 
embodiments , which are part of this disclosure : 
[ 0181 ] 1. An intrapersonal data communication system for 
providing an optical digital signal link between two or more 
local devices , the system comprising : 

[ 0182 ] a first optical digital signal adapter having a first 
local device electrical data interface and a first optical 
data interface , wherein the first local device electrical 
data interface is configured to electrically connect to a 
first electrical data connector of a first local device , 
wherein the first optical data interface comprises a first 
optical transceiver configured to send and receive opti 
cal digital signals , and wherein the first optical digital 
signal adapter is configured to convert between elec 
trical digital signals and optical digital signals ; 

[ 0183 ] a non - contact optical connector configured to 
couple optical digital signals between the first optical 
data interface of the first optical digital signal adapter 
and a first end of the optical digital signal link across a 
gap ; 

[ 0184 ] a second optical digital signal adapter having a 
second local device electrical data interface and a 
second optical data interface , wherein the second local 
device electrical data interface is configured to electri 
cally connect to second electrical data connector of a 
second local device , wherein the second optical data 
interface comprises a second optical transceiver con 
figured to send and receive optical digital signals , and 
wherein the second optical digital signal adapter is 
configured to convert between electrical digital signals 
and optical digital signals ; and 

[ 0185 ] a guide path configured to direct the optical 
digital signal link between the non - contact optical 
connector and the second optical data interface . 

[ 0186 ] 2. The system of embodiment 1 , wherein the guide 
path is configured to direct the optical digital signal link 
entirely within a region near a body of a user of the 
intrapersonal communication system . 
[ 0187 ] 3. The system of embodiment 2 , wherein the first 
local device comprises a visualization system configured to 
display information to the user . 
[ 0188 ] 4. The system of embodiment 2 , wherein the first 
local device comprises a visualization system configured to 
generate information and display it to the user . 
[ 0189 ] 5. The system of embodiment 3 , wherein the visu 
alization system comprises an image sensor . 
[ 0190 ] 6. The system of embodiment 5 , wherein the image 
sensor is configured to convert radiation within at least one 

of the ultraviolet , visible , near infrared , and short - wave 
infrared bands to electrical signals . 
[ 0191 ] 7. The system of embodiment 5 , wherein the image 
sensor is configured to convert radiation having a wave 
length between about 0.3 and 1.7 microns to electrical 
signals . 
[ 0192 ] 8. The system of embodiment 5 , wherein the image 
sensor comprises a thermal imaging sensor . 
[ 0193 ] 9. The system of embodiment 5 , wherein the image 
sensor comprises a multi - imaging sensor . 
[ 0194 ] 10. The system of embodiment 3 , wherein the 
visualization system comprises a night - vision goggle . 
[ 0195 ] 11. The system of embodiment 10 , wherein the 
night - vision goggle comprises an image intensifier tube . 
[ 0196 ] 12. The system of embodiment 10 , wherein the 
night - vision goggle comprises an EBAPS . 
[ 0197 ] 13. The system of embodiment 5 , wherein the 
second local device comprises a data processing system 
configured to analyze data obtained by the image sensor of 
the visualization system . 
[ 0198 ] 14. The system of embodiment 5 , wherein the 
second local device comprises a data processing system 
configured to analyze data communicated to the data pro 
cessing system from external sources . 
[ 0199 ] 15. The system of embodiment 1 , wherein the 
second local device comprises a battery configured to pro 
vide electrical power to the intrapersonal communication 
system . 
[ 0200 ] 16. The system of embodiment 15 , wherein the 
battery is configured to provide electrical power to the first 
local device . 
[ 0201 ] 17. The system of embodiment 1 , further compris 
ing a second non - contact optical connector configured to 
couple optical digital signals between the second optical 
data interface of the second optical digital signal adapter and 
a second end of the optical digital signal link across a second 
gap , wherein the second end of the optical digital signal link 
is opposite the first end . 
[ 0202 ] 18. The system of embodiment 1 , further compris 
ing a controller configured to direct electrical power to the 
first optical transceiver . 
[ 0203 ] 19. The system of embodiment 18 , wherein the 
controller is configured to direct less than or equal to about 
50 mW of electrical power to the first optical transceiver . 
[ 0204 ] 20. The system of embodiment 18 , wherein the 
controller is configured to direct less than or equal to about 
25 mW of electrical power to the first optical transceiver . 
[ 0205 ] 21. The system of embodiment 1 , wherein the first 
optical transceiver is configured to operate at a transmission 
rate that is less than or equal to about 10 Gbps . 
[ 0206 ] 22. The system of embodiment 1 , wherein the 
optical digital signal link comprises : 

[ 0207 ] a radiation shield comprising an elongate tube 
having a metallic material layer ; 

[ 0208 ] one or more optical fibers disposed within the 
elongate tube with axes substantially parallel to an 
elongate axis of the shielding member , and 

[ 0209 ] one or more insulated wires disposed within the 
elongate tube with axes substantially parallel to the 
elongate axis of the shielding member configured to 
transmit an electrical signal . 

[ 0210 ] 23. The system of embodiment 1 , wherein the 
guide path is at least partially disposed within a helmet 
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configured to be worn on a human head , the helmet com 
prising an inner padding connected to an exterior shell . 
[ 0211 ] 24. The system of embodiment 23 , wherein the 
exterior shell comprises reinforced fibers . 
[ 0212 ] 25. The system of embodiment 24 , wherein the 
reinforced fibers are aramid synthetic fibers selected from 
the group consisting of Kevlar® and Twaron® . 
[ 0213 ] 26. The system of embodiment 23 , wherein the 
inner padding comprises high density foam . 
[ 0214 ] 27. The system of embodiment 26 , wherein the 
high density foam is selected from the group consisting of 
expanded polystyrene , high density polyethylene , expanded 
polypropylene , and vinyl nitril . 
[ 0215 ] 28. The system of embodiment 1 , wherein the 
guide path comprises retaining members configured to sub 
stantially secure the optical digital signal link to a piece of 
headgear . 
[ 0216 ] 29. The system of embodiment 1 , wherein the 
guide path comprises an elongate tube configured to permit 
the optical digital signal link to fit within the elongate tube . 
[ 0217 ] 30. The system of embodiment 23 , wherein the 
guide path comprises a path between an interior portion of 
the exterior shell and a portion of the inner padding adjacent 
to the interior portion of the exterior shell . 
[ 0218 ] 31. The system of embodiment 3 , wherein the first 
optical digital signal adapter is disposed within a housing 
separate from the visualization system . 
[ 0219 ] 32. The system of embodiment 13 , wherein the 
second optical digital signal adapter is disposed within a 
housing separate from the data processing system . 
[ 0220 ] 33. The system of embodiment 1 , wherein : 

[ 0221 ] the first optical digital signal adapter further 
comprises a visualization receiver , the visualization 
receiver configured to produce an output electrical 
voltage or current corresponding to an input level of 
radiation ; 

[ 0222 ] the first optical digital signal adapter is further 
configured to convert a processing output optical digital 
signal to a visualization input electrical digital signal . 

[ 0223 ] 34. The system of embodiment 1 , wherein the 
optical digital signal link is less than or equal to 1 m in 
length . 
[ 0224 ] 35. The system of embodiment 1 , wherein the 
optical digital signal link is less than or equal to 30 cm in 
length . 
[ 0225 ] 36. The system of embodiment 1 , further compris 
ing a mount interface configured to substantially secure the 
first local device to a headgear system . 
[ 0226 ] 37. The system of embodiment 36 , wherein the 
mount interface is releasably attached to the headgear sys 
tem with fasteners . 
[ 0227 ] 38. The system of embodiment 1 , wherein the first 
optical transceiver comprises a transmitter and a receiver . 
[ 0228 ] 39. The system of embodiment 38 , wherein the 
transmitter comprises a vertical cavity surface emitting laser . 
[ 0229 ] 40. The system of embodiment 38 , wherein the 
receiver comprises a photodiode . 
[ 0230 ] 41. The system of embodiment 38 , wherein the 
transmitter and the receiver are spatially separated . 
[ 0231 ] 42. A connector having a system signal converter , 
the connector comprising : 

[ 0232 ] a system surface of the connector configured to 
releasably mate with a complementary connector on a 
local device , 

[ 0233 ] a plurality of system connector pins disposed on 
the system surface , the plurality of connector pins 
comprising : 
[ 0234 ] a system power connector pin configured to 

transmit an electrical voltage , 
[ 0235 ] a system return connector pin configured to 

transmit an electrical voltage , and 
[ 0236 ] a digital signal output pin configured to trans 
mit a system output electrical digital signal ; 

[ 0237 ] a system signal converter disposed within the 
connector , the system signal converter comprising : 
[ 0238 ] a radiation source electrically coupled to a 

controller , the controller configured to control an 
output level of radiation from the radiation source 
corresponding to a transmitter input signal ; 

[ 0239 ] a link surface of the connector configured to 
releasably mate with a complementary connector on an 
optical digital signal link ; 

[ 0240 ] a plurality of connector pins disposed on the link 
surface , the plurality of connector pins comprising : 
[ 0241 ] a link power connector pin electrically 

coupled with the system power connector pin , the 
link power connector pin configured to transmit an 
electrical voltage , and 

[ 0242 ] link return connector pin electrically 
coupled with the system return connector pin , the 
link return connector pin configured to transmit an 
electrical voltage ; and 

[ 0243 ] a collimator configured to substantially colli 
mate the radiation output , wherein the collimator is 
disposed within a cavity having a depth of between 
about 0.25 mm and about 1 mm from the link surface 
of the connector . 

[ 0244 ] 43. The connector of embodiment 42 , wherein the 
plurality of connector pins further comprise a second digital 
signal output pin configured to transmit a second system 
output electrical digital signal . 
[ 0245 ] 44. The connector of embodiment 43 further com 
prising a multiplexor configured to create an output multi 
plexed digital signal from the system output electrical digital 
signal and the second system output electrical digital signal , 
wherein the transmitter input signal is the output multi 
plexed digital signal . 
[ 0246 ] 45. The connector of embodiment 42 , further com 
prising : 

[ 0247 ] a lens configured to focus a link input optical 
digital signal onto a fiber optic receiver , the fiber optic 
receiver configured to produce a system input electrical 
digital signal , the fiber optic receiver comprising : 
[ 0248 ] a photodetector configured to produce an elec 

trical current corresponding to the link input optical 
digital signal , 

[ 0249 ] a transimpedance amplifier configured to con 
vert the electrical current produced by the photodec 
tor to an electrical voltage , and 

[ 0250 ] a limiting amplifier configured to limit the 
electrical voltage to a limiting range of voltages ; 

[ 0251 ] wherein the lens is disposed within a cavity 
extending between about 0.25 mm and 1 mm from the 
link surface of the connector towards the interior of the 
connector . 
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[ 0252 ] 46. The connector of embodiment 45 further com 
prising a demultiplexor configured to create a first and 
second output demultiplexed digital signal from the system 
input electrical digital signal . 
[ 0253 ] 47. A optical digital signal bridge comprising : 

[ 0254 ] a first portion of an optical digital signal cable , 
the optical digital signal cable comprising : 
[ 0255 ] an elongate tube comprising an insulating 

layer and a radiation shield , 
[ 0256 ] a power line configured to transmit an elec 

trical voltage or current , the power line disposed 
within the elongate tube , 

[ 0257 ] a return line configured to transmit an electri 
cal voltage or current , the return line disposed within 
the elongate tube , and 

[ 0258 ] an optical fiber configured to transmit an 
optical digital signal , the optical fiber disposed 
within the elongate tube ; 

[ 0259 ] a first surface of a first connector interface 
wherein the proximal end of the first portion of the 
optical signal cable is coupled to the first surface of the 
first connector interface ; 

[ 0260 ] a second surface of the first connector interface , 
the second surface comprising : 
[ 0261 ] a plurality of connector pins disposed on the 

second surface , the plurality of connector pins com 
prising a power connector pin and a return connector 
pin , 

[ 0262 ] a cavity , and 
[ 0263 ] a guide configured to align a second connector 

interface with the first connector interface ; and 
[ 0264 ] a collimator configured to collimate radiation 
from the optical fiber , the collimator being disposed 
within the cavity between about 0.25 mm and 1 mm 
from the second surface ; 

[ 0265 ] wherein the power line is electrically coupled to 
the power connector pin , the return line is electrically 
coupled to the return connector pin , and the optical 
fiber is optically coupled to the collimator . 

[ 0266 ] 48. The optical digital signal bridge of embodiment 
wherein : 

[ 0267 ] the optical digital signal cable further comprises : 
[ 0268 ] a redundant power line configured to transmit 
an electrical voltage or current , the redundant power 
line disposed within the elongate tube , 

[ 0269 ] a redundant return line configured to transmit 
an electrical voltage or current , the redundant return 
line disposed within the elongate tube , and 

[ 0270 ] a second optical fiber configured to transmit a 
second optical digital signal , the second optical fiber 
disposed within the elongate tube ; 

[ 0271 ] the second surface further comprises a second 
cavity ; 

[ 0272 ] the plurality of connector pins further comprises 
a redundant power connector pin and a redundant 
return connector pin ; 

[ 0273 ] the optical digital signal bridge further com 
prises a second collimator for collimating radiation 
from the second optical fiber , the second collimator 
being disposed within the second cavity between about 
0.25 mm and 1 mm from the second surface ; and 

[ 0274 ] the redundant power line is electrically coupled 
to the redundant power connector pin , the redundant 
return line is electrically coupled to the redundant 

return connector pin , and the second optical fiber is 
optically coupled to the second collimator . 

[ 0275 ] 49. A method for transmitting information between 
two or more local devices , the method comprising : 

[ 0276 ] receiving information from a first local device ; 
[ 0277 ] encoding the information received from the first 

local device into a first electrical digital signal ; 
[ 0278 ] converting the first electrical digital signal to a 

first optical digital signal ; 
[ 0279 ] coupling the first optical digital signal to an 

optical digital signal link ; 
[ 0280 ] transmitting the first optical digital signal over 

the optical digital signal link ; 
[ 0281 ] coupling the first optical digital signal to a signal 

converter ; 
[ 0282 ] converting the first optical digital signal to a 

second electrical digital signal wherein the second 
electrical digital signal contains substantially the same 
information as the first electrical digital signal ; 

[ 0283 ] decoding the second electrical digital signal ; and 
[ 0284 ] processing the decoded information from the 

first local device in a second local device , wherein : 
[ 0285 ] the transmission of the information between 

the first and second local devices consumes less than 
or equal to about 500 mW of power from a power 
source , and 

[ 0286 ] the rate of transmission of the information is 
less than or equal to about 10 Gb / s . 

[ 0287 ] 50. The method of embodiment 49 , further com 
prising relaying the information across a non - contact optical 
connector wherein the non - contact optical connector com 
prises a collimator for collimating the optical digital signal 
and a gap between the collimator and a surface of the 
non - contact optical connector . 
[ 0288 ] 51. The method of embodiment 49 , wherein the 
information comprises uncompressed video data . 
[ 0289 ] 52. The method of embodiment 49 , wherein the 
information comprises compressed video data . 
[ 0290 ] 53. The method of embodiment 49 , wherein the 
information comprises thermal data . 
[ 0291 ] 54. The method of embodiment 49 , wherein the 
information comprises multi - imaging sensor video data . 
[ 0292 ] 55. A method for connecting an interference - resis 
tant cable to a headgear system , the method comprising : 

[ 0293 ] providing a headgear system comprising a visu 
alization system and a data processing system ; 

[ 0294 ] modifying the headgear system such that a path 
is created between the visualization system and the data 
processing system for the interference - resistant cable ; 
and 

[ 0295 ] putting the interference - resistant cable in the 
headgear system to create a communication link 
between the visualization system and the data process 
ing system . 

[ 0296 ] 56. The method of embodiment 55 , wherein the 
interference - resistant cable comprises : 

[ 0297 ] an elongate tube comprising a metallic layer and 
an insulation layer ; and 

[ 0298 ] an optical fiber disposed within the elongate 
tube . 

[ 0299 ] 57. The method of embodiment 55 , wherein the 
headgear system comprises a helmet comprising an exterior 
shell connected to an inner padding . 

47 , 
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[ 0300 ] 58. The method of embodiment 55 , wherein modi 
fying the headgear system comprises creating a path from 
the visualization system to the data processing system , the 
path being disposed between the exterior shell and the inner 
padding . 

CONCLUSION 

[ 0301 ] Conditional language used herein , such as , among 
others , “ can , ” “ could , ” “ might , ” “ may , ” “ e.g. , " and the like , 
unless specifically stated otherwise , or otherwise understood 
within the context as used , is generally intended to convey 
that certain embodiments include , while other embodiments 
do not include , certain features , elements and / or states . 
Thus , such conditional language is not generally intended to 
imply that features , elements and / or states are in any way 
required for one or more embodiments . As used herein , the 
terms “ comprises , " " comprising , ” “ includes , ” “ including , " 
“ has , ” “ having " or any other variation thereof , are intended 
to cover a non - exclusive inclusion . For example , a process , 
method , article , or apparatus that comprises a list of ele 
ments is not necessarily limited to only those elements but 
may include other elements not expressly listed or inherent 
to such process , method , article , or apparatus . Also , the term 
“ or ” is used in its inclusive sense ( and not in its exclusive 
sense ) so that when used , for example , to connect a list of 
elements , the term “ or ” means one , some , or all of the 
elements in the list . Conjunctive language such as the phrase 
“ at least one of X , Y and Z , ” unless specifically stated 
otherwise , is otherwise understood with the context as used 
in general to convey that an item , term , etc. may be either X , 
Y or Z. Thus , such conjunctive language is not generally 
intended to imply that certain embodiments require at least 
one of X , at least one of Y and at least one of Z each to be 
present . 
[ 0302 ] Depending on the embodiment , certain acts , 
events , or functions of any of the processes or algorithms 
described herein can be performed in a different sequence , 
may be added , merged , or left out altogether . Thus , in certain 
embodiments , not all described acts or events are necessary 
for the practice of the processes . Moreover , in certain 
embodiments , acts or events may be performed concur 
rently , e.g. , through multi - threaded processing , interrupt 
processing , or via multiple processors or processor cores , 
rather than sequentially . 
[ 0303 ] It should be appreciated that in the above descrip 
tion of embodiments , various features are sometimes 
grouped together in a single embodiment , figure , or descrip 
tion thereof for the purpose of streamlining the disclosure 
and aiding in the understanding of one or more of the various 
inventive aspects . This method of disclosure , however , is not 
to be interpreted as reflecting an intention that any claim 
require more features than are expressly recited in that 
claim . Moreover , any components , features , or steps illus 
trated and / or described in a particular embodiment herein 
can be applied to or used with any other embodiment ( s ) . 
Thus , it is intended that the scope of the inventions herein 
disclosed should not be limited by the particular embodi 
ments described above , but should be determined only by a 
fair reading of the claims that follow . 
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10. ( canceled ) 
11. ( canceled ) 
12. Mounting hardware for a helmet visualization system , 

the mounting hardware comprising : 
a mounting plate configured to operatively engage a 

helmet mount of the helmet ; 
an optical connector comprising a cavity in the mounting 

plate and a transparent window within the cavity ; 
a fiber optic cable having an end that is adjacent to the 

transparent window in the cavity of the optical con 
nector such that an optical signal transmitted through 
the fiber optic cable passes through the transparent 
window ; 

wherein , when operatively engaged with the helmet 
mount , the optical connector is aligned with a corre 
sponding optical connector on the helmet mount and 
the electrical connector is aligned with a corresponding 
electrical connector on the helmet mount . 

13. The mounting hardware of claim 12 , wherein the end 
of the fiber optic cable is between 0.25 mm and 6 mm from 
an end of an optical digital signal link in the helmet mount . 

14. The mounting hardware of claim 12 , wherein the end 
of the fiber optic cable abuts the transparent window . 

15. The mounting hardware of claim 12 , wherein the end 
of the fiber optic cable is compressed to decrease the 
cross - section of the fiber optic cable . 

16. The mounting hardware of claim 12 , wherein the first 
cross - section has a diameter that is between 1 mm and 2 mm . 

17. The mounting hardware of claim 12 , wherein the 
optical connector further comprises a seal which contacts a 
corresponding seal on the helmet mount when engaged with 
the helmet mount , wherein the contact between the mount 
ing hardware seal and the helmet mount seal substantially 
prevents material from becoming lodged between the cor 
responding optical connectors . 

18. The mount interface of claim 12 , wherein the fiber 
optic cable is configured to be bent at a radius between 2 mm 
and 20 mm and maintain integrity of data contained in the 
optical digital signal . 

19. The mounting hardware of claim 12 , wherein the fiber 
optic cable comprises a multistrand fiber optic cable grouped 
tightly together and surrounded by a jacket , wherein each of 
the component multistrand fiber optic cables has a cross 
section with a diameter that is less than 0.2 mm , and wherein 
a diameter of a cross - section of the fiber optic cable is less 
than 2 mm . 

20. An optical digital signal bridge for use in a headgear 
system to direct optical digital signals from a local device to 
a fiber optic bundle , the optical digital signal bridge com 
prising : 

a housing ; 
a cavity in the housing ; 
a transparent window within the cavity ; 
an optical element within the cavity , the optical element 

having an optical power greater than 0 ; and 
a fiber optic bundle configured to focus an optical digital 

signal onto an end of the fiber optic bundle , 
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wherein a path of the fiber optic bundle within the housing 
changes direction by about 90 degrees , the fiber optic 
bundle having a bend radius of curvature of between 2 
mm and 20 mm . 

21. The optical digital signal bridge of claim 20 , wherein 
the fiber optic bundle is configured to be bent at a radius 
between 2 mm and 20 mm and maintain integrity of data 
contained in the optical digital signal . 

22. The optical digital signal bridge of claim 20 , wherein 
the fiber optic bundle is configured to provide a transmit 
tance rate of up to 5 Gbps . 


