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( 57 ) ABSTRACT 
Aspects of the present disclosure relate to visual presenta 
tion techniques for indicating a location in a head - worn 
computer using an avatar . A method may include receiving 
a location indicative of a human presence at a location in an 
obscured environment , establishing a virtual location marker 
in a position that is visually available to a person wearing a 
head - worn computing system , wherein the virtual marker 
provides an indication of the location in the obscured 
environment , and generating an avatar as a representation of 
the human presence and presenting the avatar in a field of 
view of the head - worn computing system , wherein the 
presentation of the avatar is positioned in the field of view 
by visually associating the avatar with the location marker 
such that the avatar appears to remain at the location marker 
location , as perceived by a person wearing the head - worn 
computing system , independent of the head - worn computing 
system ' s viewing angle . 
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LOCATION INDICATING AVATAR IN HEAD FIG . 5e illustrates an upper optical module and dark light 
WORN COMPUTING trap according to the principles of the present invention . 

FIG . 6 illustrates upper and lower optical modules in 
CROSS REFERENCE TO RELATED accordance with the principles of the present invention . 

APPLICATIONS 5 FIG . 7 illustrates angles of combiner elements in accor 
dance with the principles of the present invention . 

This application claims the benefit of priority to and is a FIG . 8 illustrates upper and lower optical modules in 
continuation of the following U . S . patent application , which accordance with the principles of the present invention . 
is hereby incorporated by reference in its entirety : FIG . 8a illustrates upper and lower optical modules in 

U . S . non - provisional application Ser . No . 14 / 178 , 047 , 10 accordance with the principles of the present invention . 
entitled MICRO DOPPLER PRESENTATIONS IN HEAD FIG . 8b illustrates upper and lower optical modules in 
WORN COMPUTING , filed Feb . 11 , 2014 . accordance with the principles of the present invention . 

FIG . 8c illustrates upper and lower optical modules in 
BACKGROUND accordance with the principles of the present invention . 

15 FIG . 9 illustrates an eye imaging system in accordance 
Field of the Invention with the principles of the present invention . 
This invention relates to head worn computing . More FIG . 10 illustrates a light source in accordance with the 

particularly , this invention relates to micro Doppler presen principles of the present invention . 
tation techniques used in head worn computing . FIG . 10a illustrates a back lighting system in accordance 

Description of Related Art 20 with the principles of the present invention . 
Wearable computing systems have been developed and FIG . 10b illustrates a back lighting system in accordance 

are beginning to be commercialized . Many problems persist with the principles of the present invention . 
in the wearable computing field that need to be resolved to FIGS . 11a to 11d illustrate light source and filters in 
make them meet the demands of the market . accordance with the principles of the present invention . 

25 FIGS . 12a to 12c illustrate light source and quantum dot 
SUMMARY systems in accordance with the principles of the present 

invention . 
Aspects of the present invention relate to methods and FIGS . 13a to 13c illustrate peripheral lighting systems in 

systems for presenting intuitive and useful micro Doppler accordance with the principles of the present invention . 
signatures in head worn computing . 30 FIGS . 14a to 14c illustrate a light suppression systems in 

These and other systems , methods , objects , features , and accordance with the principles of the present invention . 
advantages of the present invention will be apparent to those FIG . 15 illustrates an external user interface in accordance 
skilled in the art from the following detailed description of with the principles of the present invention . 
the preferred embodiment and the drawings . All documents FIGS . 16a to 16c illustrate distance control systems in 
mentioned herein are hereby incorporated in their entirety by 35 accordance with the principles of the present invention . 
reference . FIGS . 17a to 17c illustrate force interpretation systems in 

accordance with the principles of the present invention . 
BRIEF DESCRIPTION OF THE DRAWINGS FIGS . 18a to 18c illustrate user interface mode selection 

systems in accordance with the principles of the present 
Embodiments are described with reference to the follow - 40 invention . 

ing Figures . The same numbers may be used throughout to FIG . 19 illustrates interaction systems in accordance with 
reference like features and components that are shown in the the principles of the present invention . 
Figures : FIG . 20 illustrates external user interfaces in accordance 

FIG . 1 illustrates a head worn computing system in with the principles of the present invention . 
accordance with the principles of the present invention . 45 FIG . 21 illustrates mD trace representations presented in 

FIG . 2 illustrates a head worn computing system with accordance with the principles of the present invention . 
optical system in accordance with the principles of the FIG . 22 illustrates mD trace representations presented in 
present invention . accordance with the principles of the present invention . 

FIG . 3a illustrates a large prior art optical arrangement . FIG . 23 illustrates an mD scanned environment in accor 
FIG . 3b illustrates an upper optical module in accordance 50 dance with the principles of the present invention . 

with the principles of the present invention . FIG . 23a illustrates mD trace representations presented in 
FIG . 4 illustrates an upper optical module in accordance accordance with the principles of the present invention . 

with the principles of the present invention . While the invention has been described in connection 
FIG . 4a illustrates an upper optical module in accordance with certain preferred embodiments , other embodiments 

with the principles of the present invention . 55 would be understood by one of ordinary skill in the art and 
FIG . 4b illustrates an upper optical module in accordance are encompassed herein . 

with the principles of the present invention . 
FIG . 5 illustrates an upper optical module in accordance DETAILED DESCRIPTION OF THE 

with the principles of the present invention . PREFERRED EMBODIMENT ( S ) 
FIG . 5a illustrates an upper optical module in accordance 60 

with the principles of the present invention . Aspects of the present invention relate to head - worn 
FIG . 5b illustrates an upper optical module and dark light computing ( “ HWC ) systems . HWC involves , in some 

trap according to the principles of the present invention . instances , a system that mimics the appearance of head - worn 
FIG . 5c illustrates an upper optical module and dark light glasses or sunglasses . The glasses may be a fully developed 

trap according to the principles of the present invention . 65 computing platform , such as including computer displays 
FIG . 5d illustrates an upper optical module and dark light presented in each of the lenses of the glasses to the eyes of 

trap according to the principles of the present invention . the user . In embodiments , the lenses and displays may be 
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configured to allow a person wearing the glasses to see the finders , IR sensors , etc . ) or environmental conditions sensed 
environment through the lenses while also seeing , simulta in the environment 114 to control either local or remote 
neously , digital imagery , which forms an overlaid image that devices 108 or 112 . 
is perceived by the person as a digitally augmented image of We will now describe each of the main elements depicted 
the environment , or augmented reality ( “ AR ” ) . 5 on FIG . 1 in more detail ; however , these descriptions are 
HWC involves more than just placing a computing system intended to provide general guidance and should not be 

on a person ' s head . The system may need to be designed as construed as limiting . Additional description of each ele 
a lightweight , compact and fully functional computer dis ment may also be further described herein . 

The HWC 102 is a computing platform intended to be play , such as wherein the computer display includes a high 
resolution digital display that provides a high level of f 10 worn on a person ' s head . The HWC 102 may take many 

different forms to fit many different functional requirements . emersion comprised of the displayed digital content and the In some situations , the HWC 102 will be designed in the see - through view of the environmental surroundings . User form of conventional glasses . The glasses may or may not 
interfaces and control systems suited to the HWC device have active computer graphics displays . In situations where may be required that are unlike those used for a more more 15 the HWC 102 has integrated computer displays the displays 
conventional computer such as a laptop . For the HWC and may be configured as see - through displays such that the 
associated systems to be most effective , the glasses may be digital imagery can be overlaid with respect to the user ' s 
equipped with sensors to determine environmental condi view of the environment 114 . There are a number of 
tions , geographic location , relative positioning to other see - through optical designs that may be used , including ones 
points of interest , objects identified by imaging and move - 20 that have a reflective display ( e . g . LCOS , DLP ) , emissive 
ment by the user or other users in a connected group , and the displays ( e . g . OLED , LED ) , hologram , TIR waveguides , and 
like . The HWC may then change the mode of operation to the like . In embodiments , lighting systems used in connec 
match the conditions , location , positioning , movements , and tion with the display optics may be solid state lighting 
the like , in a method generally referred to as a contextually systems , such as LED , OLED , quantum dot , quantum dot 
aware HWC . The glasses also may need to be connected , 25 LED , etc . In addition , the optical configuration may be 
wirelessly or otherwise , to other systems either locally or monocular or binocular . It may also include vision correc 
through a network . Controlling the glasses may be achieved tive optical components . In embodiments , the optics may be 
through the use of an external device , automatically through packaged as contact lenses . In other embodiments , the HWC 

102 may be in the form of a helmet with a see - through contextually gathered information , through user gestures 
captured by the glasses sensors , and the like . Each techniques me 30 shield , sunglasses , safety glasses , goggles , a mask , fire 

helmet with see - through shield , police helmet with see may be further refined depending on the software applica through shield , military helmet with see - through shield , tion being used in the glasses . The glasses may further be utility form customized to a certain work task ( e . g . inventory used to control or coordinate with external devices that are control , logistics , repair , maintenance , etc . ) , and the like . associated with the glasses . 35 The HWC 102 may also have a number of integrated Referring to FIG . 1 , an overview of the HWC system 100 computing facilities , such as an integrated processor , inte 
is presented . As shown , the HWC system 100 comprises a grated power management , communication structures ( e . g . 
HWC 102 , which in this instance is configured as glasses to cell net , WiFi , Bluetooth , local area connections , mesh 
be worn on the head with sensors such that the HWC 102 is connections , remote connections ( e . g . client server , etc . ) ) , 
aware of the objects and conditions in the environment 114 . 40 and the like . The HWC 102 may also have a number of 
In this instance , the HWC 102 also receives and interprets positional awareness sensors , such as GPS , electronic com 
control inputs such as gestures and movements 116 . The pass , altimeter , tilt sensor , IMU , and the like . It may also 
HWC 102 may communicate with external user interfaces have other sensors such as a camera , rangefinder , hyper 
104 . The external user interfaces 104 may provide a physical spectral camera , Geiger counter , microphone , spectral illu 
user interface to take control instructions from a user of the 45 mination detector , temperature sensor , chemical sensor , bio 
HWC 102 and the external user interfaces 104 and the HWC logic sensor , moisture sensor , ultrasonic sensor , and the like . 
102 may communicate bi - directionally to affect the user ' s The HWC 102 may also have integrated control technolo 
command and provide feedback to the external device 108 . gies . The integrated control technologies may be contextual 
The HWC 102 may also communicate bi - directionally with based control , passive control , active control , user control , 
externally controlled or coordinated local devices 108 . For 50 and the like . For example , the HWC 102 may have an 
example , an external user interface 104 may be used in integrated sensor ( e . g . camera ) that captures user hand or 
connection with the HWC 102 to control an externally body gestures 116 such that the integrated processing system 
controlled or coordinated local device 108 . The externally can interpret the gestures and generate control commands 
controlled or coordinated local device 108 may provide for the HWC 102 . In another example , the HWC 102 may 
feedback to the HWC 102 and a customized GUI may be 55 have sensors that detect movement ( e . g . a nod , head shake , 
presented in the HWC 102 based on the type of device or and the like ) including accelerometers , gyros and other 
specifically identified device 108 . The HWC 102 may also inertial measurements , where the integrated processor may 
interact with remote devices and information sources 112 interpret the movement and generate a control command in 
through a network connection 110 . Again , the external user response . The HWC 102 may also automatically control 
interface 104 may be used in connection with the HWC 102 60 itself based on measured or perceived environmental con 
to control or otherwise interact with any of the remote ditions . For example , if it is bright in the environment the 
devices 108 and information sources 112 in a similar way as HWC 102 may increase the brightness or contrast of the 
when the external user interfaces 104 are used to control or displayed image . In embodiments , the integrated control 
otherwise interact with the externally controlled or coordi - technologies may be mounted on the HWC 102 such that a 
nated local devices 108 . Similarly , HWC 102 may interpret 65 user can interact with it directly . For example , the HWC 102 
gestures 116 ( e . g captured from forward , downward , may have a button ( s ) , touch capacitive interface , and the 
upward , rearward facing sensors such as camera ( s ) , range like . 
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As described herein , the HWC 102 may be in communi ing the pixels of the DLP 304 and then again after being 
cation with external user interfaces 104 . The external user reflected by the pixels of the DLP 304 . In passing through 
interfaces may come in many different forms . For example , the 1 / 4 wave film 308 twice , the light is converted from one 
a cell phone screen may be adapted to take user input for polarization state to the other polarization state ( e . g . the light 
control of an aspect of the HWC 102 . The external user 5 is converted from S to P polarized light ) . The light then 
interface may be a dedicated UI , such as a keyboard , touch passes through the reflective polarizer 310 . In the event that 
surface , button ( s ) , joy stick , and the like . In embodiments , the DLP pixel ( s ) are in the “ on ” state ( i . e . the mirrors are 
the external controller may be integrated into another device positioned to reflect light towards the field lens 312 , the " on " 
such as a ring , watch , bike , car , and the like . In each case , pixels reflect the light generally along the optical axis and 
the external user interface 104 may include sensors ( e . g . 10 into the field lens 312 . This light that is reflected by " on " 
IMU , accelerometers , compass , altimeter , and the like ) to pixels and which is directed generally along the optical axis 
provide additional input for controlling the HWD 104 . of the field lens 312 will be referred to as image light 316 . 

As described herein , the HWC 102 may control or coor - The image light 316 then passes through the field lens to be 
dinate with other local devices 108 . The external devices used by a lower optical module 204 . 
108 may be an audio device , visual device , vehicle , cell 15 The light that is provided by the polarized light source 
phone , computer , and the like . For instance , the local exter - 302 , which is subsequently reflected by the reflective polar 
nal device 108 may be another HWC 102 , where informa - izer 310 before it reflects from the DLP 304 , will generally 
tion may then be exchanged between the separate HWCs be referred to as illumination light . The light that is reflected 
108 . by the " off " pixels of the DLP 304 is reflected at a different 

Similar to the way the HWC 102 may control or coordi - 20 angle than the light reflected by the ' on ” pixels , so that the 
nate with local devices 106 , the HWC 102 may control or light from the “ off ” pixels is generally directed away from 
coordinate with remote devices 112 , such as the HWC 102 the optical axis of the field lens 312 and toward the side of 
communicating with the remote devices 112 through a the upper optical module 202 as shown in FIG . 3 . The light 
network 110 . Again , the form of the remote device 112 may that is reflected by the " off " pixels of the DLP 304 will be 
have many forms . Included in these forms is another HWC 25 referred to as dark state light 314 . 
102 . For example , each HWC 102 may communicate its The DLP 304 operates as a computer controlled display 
GPS position such that all the HWCs 102 know where all of and is generally thought of as a MEMs device . The DLP 
HWC 102 are located . pixels are comprised of small mirrors that can be directed . 

FIG . 2 illustrates a HWC 102 with an optical system that The mirrors generally flip from one angle to another angle . 
includes an upper optical module 202 and a lower optical 30 The two angles are generally referred to as states . When light 
module 204 . While the upper and lower optical modules 202 is used to illuminate the DLP the mirrors will reflect the light 
and 204 will generally be described as separate modules , it in a direction depending on the state . In embodiments 
should be understood that this is illustrative only and the herein , we generally refer to the two states as “ on ” and “ off , " 
present invention includes other physical configurations , which is intended to depict the condition of a display pixel . 
such as that when the two modules are combined into a 35 “ On ” pixels will be seen by a viewer of the display as 
single module or where the elements making up the two emitting light because the light is directed along the optical 
modules are configured into more than two modules . In axis and into the field lens and the associated remainder of 
embodiments , the upper module 202 includes a computer the display system . “ Off ” pixels will be seen by a viewer of 
controlled display ( e . g . LCOS , DLP , OLED , etc . ) and image the display as not emitting light because the light from these 
light delivery optics . In embodiments , the lower module 40 pixels is directed to the side of the optical housing and into 
includes eye delivery optics that are configured to receive a light trap or light dump where the light is absorbed . The 
the upper module ' s image light and deliver the image light pattern of “ on ” and “ off ” pixels produces image light that is 
to the eye of a wearer of the HWC . In FIG . 2 , it should be perceived by a viewer of the display as a computer generated 
noted that while the upper and lower optical modules 202 image . Full color images can be presented to a user by 
and 204 are illustrated in one side of the HWC such that 45 sequentially providing illumination light with complimen 
image light can be delivered to one eye of the wearer , that tary colors such as red , green and blue . Where the sequence 
it is envisioned by the present invention that embodiments is presented in a recurring cycle that is faster than the user 
will contain two image light delivery systems , one for each can perceive as separate images and as a result the user 
eye . perceives a full color image comprised of the sum of the 

FIG . 3b illustrates an upper optical module 202 in accor - 50 sequential images . Bright pixels in the image are provided 
dance with the principles of the present invention . In this by pixels that remain in the " on " state for the entire time of 
embodiment , the upper optical module 202 includes a DLP the cycle , while dimmer pixels in the image are provided by 
( also known as DMD or digital micromirror device ) com - pixels that switch between the " on ” state and “ off ” state 
puter operated display 304 which includes pixels comprised within the time of the cycle , or frame time when in a video 
of rotatable mirrors ( such as , for example , the DLP3000 55 sequence of images . 
available from Texas Instruments ) , polarized light source FIG . 3a shows an illustration of a system for a DLP 304 
302 , 1 / 4 wave retarder film 308 , reflective polarizer 310 and in which the unpolarized light source 350 is pointed directly 
a field lens 312 . The polarized light source 302 provides at the DLP 304 . In this case , the angle required for the 
substantially uniform polarized light that is generally illumination light is such that the field lens 352 must be 
directed towards the reflective polarizer 310 . The reflective 60 positioned substantially distant from the DLP 304 to avoid 
polarizer reflects light of one polarization state ( e . g . S the illumination light from being clipped by the field lens 
polarized light ) and transmits light of the other polarization 352 . The large distance between the field lens 352 and the 
state ( e . g . P polarized light ) . The polarized light source 302 DLP 304 along with the straight path of the dark state light 
and the reflective polarizer 310 are oriented so that the 354 , means that the light trap for the dark state light 354 is 
polarized light from the polarized light source 302 is 65 also located at a substantial distance from the DLP . For these 
reflected generally towards the DLP 304 . The light then reasons , this configuration is larger in size compared to the 
passes through the 1 / 4 wave film 308 once before illuminat - upper optics module 202 of the preferred embodiments . 
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The configuration illustrated in FIG . 3b can be light The light trap for the dark state light 410 may be located 
weight and compact such that it fits into a small portion of along the optical axis defined by the direction of the dark 
a HWC . For example , the upper modules 202 illustrated state light 410 and in the side of the housing , with the 
herein can be physically adapted to mount in an upper frame function of absorbing the dark state light . To this end , the 
of a HWC such that the image light can be directed into a 5 light trap may be comprised of an area outside of the cone 
lower optical module 204 for presentation of digital content of image light 414 from the " on " pixels . The light trap is 
to a wearer ' s eye . The package of components that combine typically made up of materials that absorb light including 
to generate the image light ( i . e . the polarized light source coatings of black paints or other light absorbing materials to 
302 , DLP 304 , reflective polarizer 310 and 1 / 4 wave film 308 ) prevent light scattering from the dark state light degrading 
is very light and is compact . The height of the system , " the image perceived by the user . In addition , the light trap 
excluding the field lens , may be less than 8 mm . The width may be recessed into the wall of the housing or include 
( i . e . from front to back ) may be less than 8 mm . The weight masks or guards to block scattered light and prevent the light 
may be less than 2 grams . The compactness of this upper trap from being viewed adjacent to the displayed image . 
optical module 202 allows for a compact mechanical design 16 The embodiment of FIG . 4 also includes a corrective 
of the HWC and the light weight nature of these embodi - wedge 420 to correct the effect of refraction of the image 
ments help make the HWC lightweight to provide for a light 414 as it exits the TIR wedge 418 . By including the 
HWC that is comfortable for a wearer of the HWC . corrective wedge 420 and providing a thin air gap 408 ( e . g . 

The configuration illustrated in FIG . 3b can produce sharp 25 micron ) , the image light from the " on " pixels can be 
contrast , high brightness and deep blacks , especially when 20 maintained generally in a direction along the optical axis of 
compared to LCD or LCoS displays used in HWC . The “ on ” the field lens ( i . e . the same direction as that defined by the and “ off ” states of the DLP provide for a strong differentiator image light 414 ) so it passes into the field lens and the lower in the light reflection path representing an “ on ” pixel and an optical module 204 . As shown in FIG . 4 , the image light 414 " off " pixel . As will be discussed in more detail below , the from the " on " pixels exits the corrective wedge 420 gener dark state light from the " off " pixel reflections can be 25 ally perpendicular to the surface of the corrective wedge 420 managed to reduce stray light in the display system to while the dark state light exits at an oblique angle . As a produce images with high contrast . result , the direction of the image light 414 from the " on " FIG . 4 illustrates another embodiment of an upper optical pixels is largely unaffected by refraction as it exits from the module 202 in accordance with the principles of the present surface of the corrective wedge 420 . In contrast , the dark 
invention . This embodiment includes a light source 404 , but 30 state light 410 is substantially changed in direction by 
in this case , the light source can provide unpolarized illu refraction when the dark state light 410 exits the corrective mination light . The illumination light from the light source wedge 420 . 
404 is directed into a TIR wedge 418 such that the illumi The embodiment illustrated in FIG . 4 has the similar nation light is incident on an internal surface of the TIR advantages of those discussed in connection with the wedge 418 ( shown as the angled lower surface of the TRI | 35 embodiment of FIG . 36 . The dimensions and weight of the wedge 418 in FIG . 4 ) at an angle that is beyond the critical upper module 202 depicted in FIG . 4 may be approximately angle as defined by Eqn 1 . 8x8 mm with a weight of less than 3 grams . A difference in 

overall performance between the configuration illustrated in 
Critical angle = arc = sin ( 1 / n ) ban ? FIG . 3b and the configuration illustrated in FIG . 4 is that the 

Where the critical angle is the angle beyond which the 40 embodiment of FIG . 4 doesn ' t require the use of polarized 
illumination light is reflected from the internal surface when light as supplied by the light source 404 . This can be an 
the internal surface comprises an interface from a solid with advantage in some situations as will be discussed in more 
a higher refractive index ( n ) to air with a refractive index of detail below ( e . g . increased see - through transparency of the 
1 ( e . g . for an interface of acrylic , with a refractive index of HWC optics from the user ' s perspective ) . Polarized light 
n = 1 . 5 , to air , the critical angle is 41 . 8 degrees ; for an 45 may be used in connection with the embodiment depicted in 
interface of polycarbonate , with a refractive index of FIG . 4 , in embodiments . An additional advantage of the 
n = 1 . 59 , to air the critical angle is 38 . 9 degrees ) . Conse - embodiment of FIG . 4 compared to the embodiment shown 
quently , the TIR wedge 418 is associated with a thin air gap in FIG . 3b is that the dark state light ( shown as DLP off light 
408 along the internal surface to create an interface between 410 ) is directed at a steeper angle away from the optical axis 
a solid with a higher refractive index and air . By choosing 50 of the image light 414 due to the added refraction encoun 
the angle of the light source 404 relative to the DLP 402 in t ered when the dark state light 410 exits the corrective 
correspondence to the angle of the internal surface of the wedge 420 . This steeper angle of the dark state light 410 
TIR wedge 418 , illumination light is turned toward the DLP allows for the light trap to be positioned closer to the DLP 
402 at an angle suitable for providing image light 414 as 402 so that the overall size of the upper module 202 can be 
reflected from “ on ” pixels . Wherein , the illumination light is 55 reduced . The light trap can also be made larger since the 
provided to the DLP 402 at approximately twice the angle of light trap doesn ' t interfere with the field lens , thereby the 
the pixel mirrors in the DLP 402 that are in the " on " state , efficiency of the light trap can be increased and as a result , 
such that after reflecting from the pixel mirrors , the image stray light can be reduced and the contrast of the image 
light 414 is directed generally along the optical axis of the perceived by the user can be increased . FIG . 4a illustrates 
field lens . Depending on the state of the DLP pixels , the 60 the embodiment described in connection with FIG . 4 with an 
illumination light from " on " pixels may be reflected as example set of corresponding angles at the various surfaces 
image light 414 which is directed towards a field lens and a with the reflected angles of a ray of light passing through the 
lower optical module 204 , while illumination light reflected upper optical module 202 . In this example , the DLP mirrors 
from “ off ” pixels ( generally referred to herein as “ dark ” state are provided at 17 degrees to the surface of the DLP device . 
light , " off " pixel light or “ off ” state light ) 410 is directed in 65 The angles of the TIR wedge are selected in correspondence 
a separate direction , which may be trapped and not used for to one another to provide TIR reflected illumination light at 
the image that is ultimately presented to the wearer ' s eye . the correct angle for the DLP mirrors while allowing the 
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image light and dark state light to pass through the thin air along the optical axis of the field lens . The wedge set 456 
gap , various combinations of angles are possible to achieve provides an interior interface where a reflective polarizer 
this . film can be located to redirect the illumination light 452 

FIG . 5 illustrates yet another embodiment of an upper toward the mirrors of the DLP 402 . The wedge set also 
optical module 202 in accordance with the principles of the 5 provides a matched wedge on the opposite side of the 
present invention . As with the embodiment shown in FIG . 4 , reflective polarizer 450 so that the image light 414 from the 
the embodiment shown in FIG . 5 does not require the use of “ on ” pixels exits the wedge set 450 substantially perpen 
polarized light . Polarized light may be used in connection dicular to the exit surface , while the dark state light from the 
with this embodiment , but it is not required . The optical off pixels 410 exits at an oblique angle to the exit surface . 
module 202 depicted in FIG . 5 is similar to that presented in 10 As a result , the image light 414 is substantially unrefracted 
connection with FIG . 4 ; however , the embodiment of FIG . upon exiting the wedge set 456 , while the dark state light 
5 includes an off light redirection wedge 502 . As can be seen from the " off " pixels 410 is substantially refracted upon 
from the illustration , the off light redirection wedge 502 exiting the wedge set 456 as shown in FIG . 4b . 
allows the image light 414 to continue generally along the By providing a solid transparent matched wedge set , the 
optical axis toward the field lens and into the lower optical 15 flatness of the interface is reduced , because variations in the 
module 204 ( as illustrated ) . However , the off light 504 is flatness have a negligible effect as long as they are within the 
redirected substantially toward the side of the corrective cone angle of the illuminating light 452 . Which can be f # 2 . 2 
wedge 420 where it passes into the light trap . This configu - with a 26 degree cone angle . In a preferred embodiment , the 
ration may allow further height compactness in the HWC reflective polarizer is bonded between the matched internal 
because the light trap ( not illustrated ) that is intended to 20 surfaces of the wedge set 456 using an optical adhesive so 
absorb the off light 504 can be positioned laterally adjacent that Fresnel reflections at the interfaces on either side of the 
the upper optical module 202 as opposed to below it . In the reflective polarizer 450 are reduced . The optical adhesive 
embodiment depicted in FIG . 5 there is a thin air gap can be matched in refractive index to the material of the 
between the TIR wedge 418 and the corrective wedge 420 wedge set 456 and the pieces of the wedge set 456 can be all 
( similar to the embodiment of FIG . 4 ) . There is also a thin 25 made from the same material such as BK7 glass or cast 
air gap between the corrective wedge 420 and the off light acrylic . Wherein the wedge material can be selected to have 
redirection wedge 502 . There may be HWC mechanical low birefringence as well to reduce non - uniformities in 
configurations that warrant the positioning of a light trap for brightness . The wedge set 456 and the quarter wave film 454 
the dark state light elsewhere and the illustration depicted in can also be bonded to the DLP 402 to further reduce Fresnel 
FIG . 5 should be considered illustrative of the concept that 30 reflections at the DLP interface losses . In addition , since the 
the off light can be redirected to create compactness of the image light 414 is substantially normal to the exit surface of 
overall HWC . FIG . 5a illustrates an example of the embodi - the wedge set 456 , the flatness of the surface is not critical 
ment described in connection with FIG . 5 with the addition to maintain the wavefront of the image light 414 so that high 
of more details on the relative angles at the various surfaces image quality can be obtained in the displayed image 
and a light ray trace for image light and a light ray trace for 35 without requiring very tightly toleranced flatness on the exit 
dark light are shown as it passes through the upper optical surface . 
module 202 . Again , various combinations of angles are yet further embodiment of the invention that is not 
possible . illustrated , combines the embodiments illustrated in FIG . 4b 

FIG . 4b shows an illustration of a further embodiment in and FIG . 5 . In this embodiment , the wedge set 456 is 
which a solid transparent matched set of wedges 456 is 40 comprised of three wedges with the general geometry of the 
provided with a reflective polarizer 450 at the interface wedges in the wedge set corresponding to that shown in 
between the wedges . Wherein the interface between the FIGS . 5 and 5a . A reflective polarizer is bonded between the 
wedges in the wedge set 456 is provided at an angle so that first and second wedges similar to that shown in FIG . 4b , 
illumination light 452 from the polarized light source 458 is however , a third wedge is provided similar to the embodi 
reflected at the proper angle ( e . g . 34 degrees for a 17 degree 45 ment of FIG . 5 . Wherein there is an angled thin air gap 
DLP mirror ) for the DLP mirror “ on ” state so that the between the second and third wedges so that the dark state 
reflected image light 414 is provided along the optical axis light is reflected by TIR toward the side of the second wedge 
of the field lens . The general geometry of the wedges in the where it is absorbed in a light trap . This embodiment , like 
wedge set 456 is similar to that shown in FIGS . 4 and 4a . A the embodiment shown in FIG . 4b , uses a polarized light 
quarter wave film 454 is provided on the DLP 402 surface 50 source as has been previously described . The difference in 
so that the illumination light 452 is one polarization state this embodiment is that the image light is transmitted 
( e . g . S polarization state ) while in passing through the through the reflective polarizer and is transmitted through 
quarter wave film 454 , reflecting from the DLP mirror and the angled thin air gap so that it exits normal to the exit 
passing back through the quarter wave film 454 , the image surface of the third wedge . 
light 414 is converted to the other polarization state ( e . g . P 55 FIG . 5b illustrates an upper optical module 202 with a 
polarization state ) . The reflective polarizer is oriented such dark light trap 514a . As described in connection with FIGS . 
that the illumination light 452 with it ' s polarization state is 4 and 4a , image light can be generated from a DLP when 
reflected and the image light 414 with it ' s other polarization using a TIR and corrective lens configuration . The upper 
state is transmitted . Since the dark state light from the " off m odule may be mounted in a HWC housing 510 and the 
pixels 410 also passes through the quarter wave film 454 60 housing 510 may include a dark light trap 514a . The dark 
twice , it is also the other polarization state ( e . g . P polariza - light trap 514a is generally positioned / constructed / formed in 
tion state ) so that it is transmitted by the reflective polarizer a position that is optically aligned with the dark light optical 
450 . axis 512 . As illustrated , the dark light trap may have depth 

The angles of the faces of the wedge set 450 correspond such that the trap internally reflects dark light in an attempt 
to the needed angles to provide illumination light 452 at the 65 to further absorb the light and prevent the dark light from 
angle needed by the DLP mirrors when in the “ on ” state so combining with the image light that passes through the field 
that the reflected image light 414 is reflected from the DLP lens . The dark light trap may be of a shape and depth such 
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that it absorbs the dark light . In addition , the dark light trap In another embodiment , the combiner element 602 may 
514b , in embodiments , may be made of light absorbing include a notch mirror comprised of a multilayer coated 
materials or coated with light absorbing materials . In substrate wherein the coating is designed to substantially 
embodiments , the recessed light trap 514a may include reflect the wavelengths of light provided by the light source 
baffles to block a view of the dark state light . This may be 5 and substantially transmit the remaining wavelengths in the 
combined with black surfaces and textured or fiberous visible spectrum . For example , in the case where red , green 
surfaces to help absorb the light . The baffles can be part of and blue light is provided by the light source to enable full 
the light trap , associated with the housing , or field lens , etc . color images to be provided to the user , the notch mirror is 

FIG . 5c illustrates another embodiment with a light trap a tristimulus notch mirror wherein the multilayer coating is 
514b . As can be seen in the illustration , the shape of the trap 10 designed to reflect narrow bands of red , green and blue light 
is configured to enhance internal reflections within the light that are matched to the what is provided by the light source 
trap 514b to increase the absorption of the dark light 512 and the remaining visible wavelengths are transmitted 
FIG . 5d illustrates another embodiment with a light trap through the coating to enable a view of the environment 
514c . As can be seen in the illustration , the shape of the trap through the combiner . In another example where mono 
514c is configured to enhance internal reflections to increase 15 chrome images are provided to the user , the notch mirror is 
the absorption of the dark light 512 . designed to reflect a single narrow band of light that is 

FIG . 5e illustrates another embodiment of an upper opti - matched to the wavelength range of the light provided by the 
cal module 202 with a dark light trap 514d . This embodi - light source while transmitting the remaining visible wave 
ment of upper module 202 includes an off light reflection lengths to enable a see - thru view of the environment . The 
wedge 502 , as illustrated and described in connection with 20 combiner 602 with the notch mirror would operate , from the 
the embodiment of FIGS . 5 and 5a . As can be seen in FIG . user ' s perspective , in a manner similar to the combiner that 
5e , the light trap 514d is positioned along the optical path of includes a holographic pattern on the combiner element 602 . 
the dark light 512 . The dark light trap 514d may be config The combiner , with the tristimulus notch mirror , would 
ured as described in other embodiments herein . The embodi - reflect the " on " pixels to the eye because of the match 
ment of the light trap 514d illustrated in FIG . 5e includes a 25 between the reflective wavelengths of the notch mirror and 
black area on the side wall of the wedge , wherein the side the color of the image light , and the wearer would be able 
wall is located substantially away from the optical axis of the to see with high clarity the surroundings . The transparency 
image light 414 . In addition , baffles 5252 may be added to between the user ' s eye and the surrounding may be approxi 
one or more edges of the field lens 312 to block the view of mately 80 % when using the tristimulus notch mirror . In 
the light trap 514d adjacent to the displayed image seen by 30 addition , the image provided by the upper optical module 
the user . 202 with the notch mirror combiner can provide higher 

FIG . 6 illustrates a combination of an upper optical contrast images than the holographic mirror combiner due to 
module 202 with a lower optical module 204 . In this less scattering of the imaging light by the combiner . 
embodiment , the image light projected from the upper Light can escape through the combiner 602 and may 
optical module 202 may or may not be polarized . The image 35 produce face glow as the light is generally directed down 
light is reflected off a flat combiner element 602 such that it ward onto the cheek of the user . When using a holographic 
is directed towards the user ' s eye . Wherein , the combiner mirror combiner or a tristimulus notch mirror combiner , the 
element 602 is a partial mirror that reflects image light while escaping light can be trapped to avoid face glow . In embodi 
transmitting a substantial portion of light from the environ - ments , if the image light is polarized before the combiner , a 
ment so the user can look through the combiner element and 40 linear polarizer can be laminated , or otherwise associated , to 
see the environment surrounding the HWC . the combiner , with the transmission axis of the polarizer 

The combiner 602 may include a holographic pattern , to oriented relative to the polarized image light so that any 
form a holographic mirror . If a monochrome image is escaping image light is absorbed by the polarizer . In embodi 
desired , there may be a single wavelength reflection design ments , the image light would be polarized to provide S 
for the holographic pattern on the surface of the combiner 45 polarized light to the combiner for better reflection . As a 
602 . If the intention is to have multiple colors reflected from result , the linear polarizer on the combiner would be ori 
the surface of the combiner 602 , a multiple wavelength ented to absorb S polarized light and pass P polarized light . 
holographic mirror maybe included on the combiner surface . This provides the preferred orientation of polarized sun 
For example , in a three - color embodiment , where red , green glasses as well . 
and blue pixels are generated in the image light , the holo - 50 If the image light is unpolarized , a microlouvered film 
graphic mirror may be reflective to wavelengths substan - such as a privacy filter can be used to absorb the escaping 
tially matching the wavelengths of the red , green and blue image light while providing the user with a see - thru view of 
light provided by the light source . This configuration can be the environment . In this case , the absorbance or transmit 
used as a wavelength specific mirror where pre - determined tance of the microlouvered film is dependent on the angle of 
wavelengths of light from the image light are reflected to the 55 the light . Where steep angle light is absorbed and light at less 
user ' s eye . This configuration may also be made such that of an angle is transmitted . For this reason , in an embodi 
substantially all other wavelengths in the visible pass ment , the combiner with the microlouver film is angled at 
through the combiner element 602 so the user has a sub greater than 45 degrees to the optical axis of the image light 
stantially clear view of the surroundings when looking ( e . g . the combiner can be oriented at 50 degrees so the image 
through the combiner element 602 . The transparency 60 light from the file lens is incident on the combiner at an 
between the user ' s eye and the surrounding may be approxi - oblique angle . 
mately 80 % when using a combiner that is a holographic FIG . 7 illustrates an embodiment of a combiner element 
mirror . Wherein holographic mirrors can be made using 602 at various angles when the combiner element 602 
lasers to produce interference patterns in the holographic includes a holographic mirror . Normally , a mirrored surface 
material of the combiner where the wavelengths of the lasers 65 reflects light at an angle equal to the angle that the light is 
correspond to the wavelengths of light that are subsequently incident to the mirrored surface . Typically , this necessitates 
reflected by the holographic mirror . that the combiner element be at 45 degrees , 602a , if the light 

se 
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is presented vertically to the combiner so the light can be into the wearer ' s eye . In this embodiment , an outer shield 
reflected horizontally towards the wearer ' s eye . In embodi 814 is positioned in front of the TIR waveguide 810 . 
ments , the incident light can be presented at angles other FIG . 8b illustrates an embodiment of the present inven 
than vertical to enable the mirror surface to be oriented at tion where the upper optical module 202 is arranged to direct 
other than 45 degrees , but in all cases wherein a mirrored 5 image light into a TIR waveguide 818 . In this embodiment , 
surface is employed ( including the tristimulus notch mirror the upper optical module 202 is arranged on the side of the described previously ) , the incident angle equals the reflected TIR waveguide 818 . For example , the upper optical module 
angle . As a result , increasing the angle of the combiner 602a may be positioned in the arm or near the arm of the HWC requires that the incident image light be presented to the when configured as a pair of head worn glasses . The TIR combiner 602a at a different angle which positions the upper 10 waveguide 818 is designed to internally reflect the image optical module 202 to the left of the combiner as shown in light in a series of TIR reflections until it reaches the portion FIG . 7 . In contrast , a holographic mirror combiner , included in front of the wearer ' s eye , where the light passes out of the in embodiments , can be made such that light is reflected at 
a different angle from the angle that the light is incident onto TIR waveguide 812 into the wearer ' s eye . 
the holographic mirrored surface . This allows freedom to 15 FIG . 8c illustrates yet further embodiments of the present 
select the angle of the combiner element 602b independent invention where an upper optical module 202 is directing 
of the angle of the incident image light and the angle of the polarized image light into an optical guide 828 where the 
light reflected into the wearer ' s eye . In embodiments , the image light passes through a polarized reflector 824 , 
angle of the combiner element 602b is greater than 45 changes polarization state upon reflection of the optical 
degrees ( shown in FIG . 7 ) as this allows a more laterally 20 element 822 which includes a 1 / 4 wave film for example and 
compact HWC design . The increased angle of the combiner then is reflected by the polarized reflector 824 towards the 
element 602b decreases the front to back width of the lower wearer ' s eye , due to the change in polarization of the image 
optical module 204 and may allow for a thinner HWC light . The upper optical module 202 may be positioned to 
display ( i . e . the furthest element from the wearer ' s eye can direct light to a mirror 820 , to position the upper optical 
be closer to the wearer ' s face ) . 25 module 202 laterally , in other embodiments , the upper 

FIG . 8 illustrates another embodiment of a lower optical optical module 202 may direct the image light directly 
module 204 . In this embodiment , polarized image light towards the polarized reflector 824 . It should be understood 
provided by the upper optical module 202 , is directed into that the present invention comprises other optical arrange 
the lower optical module 204 . The image light reflects off a ments intended to direct image light into the wearer ' s eye . 
polarized mirror 804 and is directed to a focusing partially 30 Another aspect of the present invention relates to eye 
reflective mirror 802 , which is adapted to reflect the polar - imaging . In embodiments , a camera is used in connection 
ized light . An optical element such as a 1 / 4 wave film located with an upper optical module 202 such that the wearer ' s eye 
between the polarized mirror 804 and the partially reflective can be imaged using pixels in the “ off ” state on the DLP . 
mirror 802 , is used to change the polarization state of the FIG . 9 illustrates a system where the eye imaging camera 
image light such that the light reflected by the partially 35 802 is mounted and angled such that the field of view of the 
reflective mirror 802 is transmitted by the polarized mirror eye imaging camera 802 is redirected toward the wearer ' s 
804 to present image light to the eye of the wearer . The user eye by the mirror pixels of the DLP 402 that are in the " off 
can also see through the polarized mirror 804 and the state . In this way , the eye imaging camera 802 can be used 
partially reflective mirror 802 to see the surrounding envi - to image the wearer ' s eye along the same optical axis as the 
ronment . As a result , the user perceives a combined image 40 displayed image that is presented to the wearer . Wherein , 
comprised of the displayed image light overlaid onto the image light that is presented to the wearer ' s eye illuminates 
see - thru view of the environment . the wearer ' s eye so that the eye can be imaged by the eye 

While many of the embodiments of the present invention imaging camera 802 . In the process , the light reflected by the 
have been referred to as upper and lower modules containing eye passes back though the optical train of the lower optical 
certain optical components , it should be understood that the 45 module 204 and a portion of the upper optical module to 
image light and dark light production and management where the light is reflected by the " off " pixels of the DLP 
functions described in connection with the upper module 402 toward the eye imaging camera 802 . 
may be arranged to direct light in other directions ( e . g . In embodiments , the eye imaging camera may image the 
upward , sideward , etc . ) . In embodiments , it may be pre - wearer ' s eye at a moment in time where there are enough 
ferred to mount the upper module 202 above the wearer ' s 50 " off " pixels to achieve the required eye image resolution . In 
eye , in which case the image light would be directed another embodiment , the eye imaging camera collects eye 
downward . In other embodiments it may be preferred to image information from " off " pixels over time and forms a 
produce light from the side of the wearer ' s eye , or from time lapsed image . In another embodiment , a modified 
below the wearer ' s eye . In addition , the lower optical image is presented to the user wherein enough “ off ” state 
module is generally configured to deliver the image light to 55 pixels are included that the camera can obtain the desired 
the wearer ' s eye and allow the wearer to see through the resolution and brightness for imaging the wearer ' s eye and 
lower optical module , which may be accomplished through the eye image capture is synchronized with the presentation 
a variety of optical components . of the modified image . 

FIG . 8a illustrates an embodiment of the present inven - The eye imaging system may be used for security sys 
tion where the upper optical module 202 is arranged to direct 60 tems . The HWC may not allow access to the HWC or other 
image light into a TIR waveguide 810 . In this embodiment system if the eye is not recognized ( e . g . through eye char 
the upper optical module 202 is positioned above the wear - acteristics including retina or iris characteristics , etc . ) . The 
er ' s eye 812 and the light is directed horizontally into the HWC may be used to provide constant security access in 
TIR waveguide 810 . The TIR waveguide is designed to some embodiments . For example , the eye security confir 
internally reflect the image light in a series of downward TIR 65 mation may be a continuous , near - continuous , real - time , 
reflections until it reaches the portion in front of the wearer ' s quasi real - time , periodic , etc . process so the wearer is 
eye , where the light passes out of the TIR waveguide 812 effectively constantly being verified as known . In embodi 
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ments , the HWC may be worn and eye security tracked for and at the solid state light source 1002 . Therefore by 
access to other computer systems . including a reflective polarizer at the exit surface of the 

The eye imaging system may be used for control of the backlight 1004 , the efficiency of the polarized light source is 
HWC . For example , a blink , wink , or particular eye move 
ment may be used as a control mechanism for a software 5 FIGS . 10a and 10b show illustrations of structures in 
application operating on the HWC or associated device . backlight optical systems 1004 that can be used to change 

The eye imaging system may be used in a process that the direction of the light provided to the entrance face 1045 
determines how or when the HWC 102 delivers digitally by the light source and then collimates the light in a direction displayed content to the wearer . For example , the eye lateral to the optical axis of the exiting uniform light 1008 . imaging system may determine that the user is looking in a 10 
direction and then HWC may change the resolution in an Structure 1060 includes an angled sawtooth pattern in a 

transparent waveguide wherein the left edge of each saw area of the display or provide some content that is associated 
with something in the environment that the user may be tooth clips the steep angle rays of light thereby limiting the 

angle of the light being redirected . The steep surface at the looking at . Alternatively , the eye imaging system may 
identify different user ' s and change the displayed content or 15 is right ( as shown ) of each sawtooth then redirects the light so 
enabled features provided to the user . User ' s may be iden that it reflects off the left angled surface of each sawtooth 
tified from a database of users eye characteristics either and is directed toward the exit surface 1040 . The sawtooth 
located on the HWC 102 or remotely located on the network surfaces shown on the lower surface in FIGS . 10a and 106 , 
110 or on a server 112 . In addition , the HWC may identify can be smooth and coated ( e . g . with an aluminum coating or 
a primary user or a group of primary users from eye 20 a dielectric mirror coating ) to provide a high level of 
characteristics wherein the primary user ( s ) are provided with reflectivity without scattering . Structure 1050 includes a 
an enhanced set of features and all other user ' s are provided curved face on the left side ( as shown ) to focus the rays after 
with a different set of features . Thus in this use case , the they pass through the exit surface 1040 , thereby providing a 
HWC 102 uses identified eye characteristics to either enable mechanism for collimating the uniform light 1008 . In a 
features or not and eye characteristics need only be analyzed 25 further embodiment , a diffuser can be provided between the 
in comparison to a relatively small database of individual solid state light source 1002 and the entrance face 1045 to 
eye characteristics . homogenize the light provided by the solid state light source 

FIG . 10 illustrates a light source that may be used in 1002 . In yet a further embodiment , a polarizer can be used 
association with the upper optics module 202 ( e . g . polarized between the diffuser and the entrance face 1045 of the 
light source if the light from the solid state light source is 30 backlight 1004 to provide a polarized light source . Because 
polarized such as polarized light source 302 and 458 ) , and the sawtooth pattern provides smooth reflective surfaces , the 
light source 404 . In embodiments , to provide a uniform polarization state of the light can be preserved from the 
surface of light 1008 to be directed into the upper optical entrance face 1045 to the exit face 1040 . In this embodiment , 
module 202 and towards the DLP of the upper optical the light entering the backlight from the solid state light 
module , either directly or indirectly , the solid state light 35 source 1002 passes through the polarizer so that it is 
source 1002 may be projected into a backlighting optical polarized with the desired polarization state . If the polarizer 
system 1004 . The solid state light source 1002 may be one is an absorptive linear polarizer , the light of the desired 
or more LEDs , laser diodes , OLEDs . In embodiments , the polarization state is transmitted while the light of the other 
backlighting optical system 1004 includes an extended sec - polarization state is absorbed . If the polarizer is a reflective 
tion with a length / distance ratio of greater than 3 , wherein 40 polarizer , the light of the desired polarization state is trans 
the light undergoes multiple reflections from the sidewalls to mitted into the backlight 1004 while the light of the other 
mix of homogenize the light as supplied by the solid state polarization state is reflected back into the solid state light 
light source 1002 . The backlighting optical system 1004 can source 1002 where it can be recycled as previously 
also include structures on the surface opposite ( on the left described , to increase the efficiency of the polarized light 
side as shown in FIG . 10 ) to where the uniform light 1008 45 source . 
exits the backlight 1004 to change the direction of the light FIG . 11a illustrates a light source 1100 that may be used 
toward the DLP 302 and the reflective polarizer 310 or the in association with the upper optics module 202 . In embodi 
DLP 402 and the TIR wedge 418 . The backlighting optical ments , the light source 1100 may provide light to a back 
system 1004 may also include structures to collimate the lighting optical system 1004 as described above in connec 
uniform light 1008 to provide light to the DLP with a smaller 50 tion with FIG . 10 . In embodiments , the light source 1100 
angular distribution or narrower cone angle . Diffusers or includes a tristimulus notch filter 1102 . The tristimulus notch 
polarizers can be used on the entrance or exit surface of the filter 1102 has narrow band pass filters for three wave 
backlighting optical system . Diffusers can be used to spread lengths , as indicated in FIG . 11c in a transmission graph 
or uniformize the exiting light from the backlight to improve 1108 . The graph shown in FIG . 11b , as 1104 illustrates an 
the uniformity or increase the angular spread of the uniform 55 output of three different colored LEDs . One can see that the 
light 1008 . Elliptical diffusers that diffuse the light more in bandwidths of emission are narrow , but they have long tails . 
some directions and less in others can be used to improve the The tristimulus notch filter 1102 can be used in connection 
uniformity or spread of the uniform light 1008 in directions with such LEDs to provide a light source 1100 that emits 
orthogonal to the optical axis of the uniform light 1008 . narrow filtered wavelengths of light as shown in FIG . 11d as 
Linear polarizers can be used to convert unpolarized light as 60 the transmission graph 1110 . Wherein the clipping effects of 
supplied by the solid state light source 1002 to polarized the tristimulus notch filter 1102 can be seen to have cut the 
light so the uniform light 1008 is polarized with a desired tails from the LED emission graph 1104 to provide narrower 
polarization state . A reflective polarizer can be used on the wavelength bands of light to the upper optical module 202 . 
exit surface of the backlight 1004 to polarize the uniform The light source 1100 can be used in connection with a 
light 1008 to the desired polarization state , while reflecting 65 combiner 602 with a holographic mirror or tristimulus notch 
the other polarization state back into the backlight where it mirror to provide narrow bands of light that are reflected 
is recycled by multiple reflections within the backlight 1004 toward the wearer ' s eye with less waste light that does not 
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get reflected by the combiner , thereby improving efficiency ( not shown in FIG . 13a ) reflects off of the combiner element 
and reducing escaping light that can cause faceglow . 1304 towards the collimating mirror 1310 , away from the 

FIG . 12a illustrates another light source 1200 that may be wearer ' s eye , as described herein elsewhere . The image light 
used in association with the upper optics module 202 . In 1312 then reflects and focuses off of the collimating mirror 
embodiments , the light source 1200 may provide light to a 5 1304 , passes back through the combiner element 1304 , and 
backlighting optical system 1004 as described above in is directed into the wearer ' s eye . The wearer can also view 
connection with FIG . 10 . In embodiments , the light source the surrounding environment through the transparency of the 
1200 includes a quantum dot cover glass 1202 . Where the combiner element 1304 , collimating mirror 1310 , and outer quantum dots absorb light of a shorter wavelength and emit lens 1302 ( if it is included ) . As described herein elsewhere , light of a longer wavelength ( FIG . 12b shows an example 10 various surfaces are polarized to create the optical path for wherein a UV spectrum 1202 applied to a quantum dot the image light and to provide transparency of the elements results in the quantum dot emitting a narrow band shown as such that the wearer can view the surrounding environment . a PL spectrum 1204 ) that is dependent on the material The wearer will generally perceive that the image light makeup and size of the quantum dot . As a result , quantum 

forms an image in the FOV 1305 . In embodiments , the outer dots in the quantum dot cover glass 1202 can be tailored to 15 
provide one or more bands of narrow bandwidth light ( e . g . lens 1302 may be included . The outer lens 1302 is an outer 
red , green and blue emissions dependent on the different lens that may or may not be corrective and it may be 
quantum dots included as illustrated in the graph shown in designed to conceal the lower optical module components in 
FIG . 12c where three different quantum dots are used . In an effort to make the HWC appear to be in a form similar to 
embodiments , the LED driver light emits UV light , deep 20 standard glasses or sunglasses . 
blue or blue light . For sequential illumination of different In the embodiment illustrated in FIG . 13a , the effects 
colors , multiple light sources 1200 would be used where LEDs 1308a and 1308b are positioned at the sides of the 
each light source 1200 would include a quantum dot cover combiner element 1304 and the outer lens 1302 and / or the 
glass 1202 with a quantum dot selected to emit at one of the collimating mirror 1310 . In embodiments , the effects LEDs 
desired colors . The light source 1100 can be used in con - 25 1308a are positioned within the confines defined by the 
nection with a combiner 602 with a holographic mirror or combiner element 1304 and the outer lens 1302 and / or the 
tristimulus notch mirror to provide narrow transmission collimating mirror . The effects LEDs 1308a and 1308b are 
bands of light that are reflected toward the wearer ' s eye with also positioned outside of the FOV 1305 . In this arrange 
less waste light that does not get reflected . ment , the effects LEDs 1308a and 1308b can provide 
Another aspect of the present invention relates to the 30 lighting effects within the lower optical module outside of 

generation of peripheral image lighting effects for a person the FOV 1305 . In embodiments the light emitted from the 
wearing a HWC . In embodiments , a solid state lighting effects LEDs 1308a and 1308b may be polarized such that 
system ( e . g . LED , OLED , etc ) , or other lighting system , may the light passes through the combiner element 1304 toward 
be included inside the optical elements of an lower optical the wearer ' s eye and does not pass through the outer lens 
module 204 . The solid state lighting system may be arranged 35 1302 and / or the collimating mirror 1310 . This arrangement 
such that lighting effects outside of a field of view ( FOV ) of provides peripheral lighting effects to the wearer in a more 
the presented digital content is presented to create an emer - private setting by not transmitting the lighting effects 
sive effect for the person wearing the HWC . To this end , the through the front of the HWC into the surrounding envi 
lighting effects may be presented to any portion of the HWC r onment . However , in other embodiments , the effects LEDs 
that is visible to the wearer . The solid state lighting system 40 1308a and 13086 may be unpolarized so the lighting effects 
may be digitally controlled by an integrated processor on the provided are made to be purposefully viewable by others in 
HWC . In embodiments , the integrated processor will control the environment for entertainment such as giving the effect 
the lighting effects in coordination with digital content that of the wearer ' s eye glowing in correspondence to the image 
is presented within the FOV of the HWC . For example , a content being viewed by the wearer . 
movie , picture , game , or other content , may be displayed or 45 FIG . 13b illustrates a cross section of the embodiment 
playing within the FOV of the HWC . The content may show described in connection with FIG . 13a . As illustrated , the 
a bomb blast on the right side of the FOV and at the same effects LED 1308a is located in the upper - front area inside 
moment , the solid state lighting system inside of the upper of the optical components of the lower optical module . It 
module optics may flash quickly in concert with the FOV should be understood that the effects LED 1308a position in 
image effect . The effect may not be fast , it may be more 50 the described embodiments is only illustrative and alternate 
persistent to indicate , for example , a general glow or color placements are encompassed by the present invention . Addi 
on one side of the user . The solid state lighting system may tionally , in embodiments , there may be one or more effects 
be color controlled , with red , green and blue LEDs , for LEDs 1308a in each of the two sides of HWC to provide 
example , such that color control can be coordinated with the peripheral lighting effects near one or both eyes of the 
digitally presented content within the field of view . 55 wearer . 

FIG . 13a illustrates optical components of a lower optical FIG . 13c illustrates an embodiment where the combiner 
module 204 together with an outer lens 1302 . FIG . 13a also element 1304 is angled away from the eye at the top and 
shows an embodiment including effects LED ' s 1308a and towards the eye at the bottom ( e . g . in accordance with the 
1308b . FIG . 13a illustrates image light 1312 , as described holographic or notch filter embodiments described herein ) . 
herein elsewhere , directed into the upper optical module 60 In this embodiment , the effects LED 1308a is located on the 
where it will reflect off of the combiner element 1304 , as outer lens 1302 side of the combiner element 1304 to 
described herein elsewhere . The combiner element 1304 in provide a concealed appearance of the lighting effects . As 
this embodiment is angled towards the wearer ' s eye at the with other embodiments , the effects LED 1308a of FIG . 130 
top of the module and away from the wearer ' s eye at the may include a polarizer such that the emitted light can pass 
bottom of the module , as also illustrated and described in 65 through a polarized element associated with the combiner 
connection with FIG . 8 ( e . g . at a 45 degree angle ) . The element 1304 and be blocked by a polarized element asso 
image light 1312 provided by an upper optical module 202 
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Another aspect of the present invention relates to the an opaque front light shield 1412 . In other embodiments , 
mitigation of light escaping from the space between the this arrangement may be associated with both eyes . 
wearer ' s face and the HWC itself . Another aspect of the Another aspect of the present invention relates to auto 
present invention relates to maintaining a controlled lighting matically configuring the lighting system ( s ) used in the 
environment in proximity to the wearer ' s eyes . In embodi - 5 HWC 102 . In embodiments , the display lighting and / or 
ments , both the maintenance of the lighting environment and effects lighting , as described herein , may be controlled in a 
the mitigation of light escape are accomplished by including manner suitable for when an eye cover 1408 is attached or 
a removable and replaceable flexible shield for the HWC . removed from the HWC 102 . For example , at night , when 

the light in the environment is low , the lighting system ( s ) in Wherein the removable and replaceable shield can be pro 10 the HWC may go into a low light mode to further control any vided for one eye or both eyes in correspondence to the use amounts of stray light escaping from the HWC and the areas of the displays for each eye . For example , in a night vision around the HWC . Covert operations at night , while using application , the display to only one eye could be used for night vision or standard vision , may require a solution which night vision while the display to the other eye is turned off prevents as much escaping light as possible so a user may 
to provide good see - thru when moving between areas where 15 clip on the eve cover ( s ) 1408 and then the HWC may go into 
visible light is available and dark areas where night vision a low light mode . The low light mode may , in some 
enhancement is needed . embodiments , only go into a low light mode when the eye 

FIG . 14a illustrates a removable and replaceable flexible cover 1408 is attached if the HWC identifies that the 
eye cover 1402 with an opening 1408 that can be attached environment is in low light conditions ( e . g . through envi 
and removed quickly from the HWC 102 through the use of 20 ronment light level sensor detection ) . In embodiments , the 
magnets . Other attachment methods may be used , but for low light level may be determined to be at an intermediate 
illustration of the present invention we will focus on a point between full and low light dependent on environmen 
magnet implementation . In embodiments , magnets may be tal conditions . 
included in the eye cover 1402 and magnets of an opposite Another aspect of the present invention relates to auto 
polarity may be included ( e . g . embedded ) in the frame of the 25 matically controlling the type of content displayed in the 
HWC 102 . The magnets of the two elements would attract HWC when eye covers 1408 are attached or removed from 
quite strongly with the opposite polarity configuration . In the HWC . In embodiments , when the eye cover ( s ) 1408 is 
another embodiment , one of the elements may have a attached to the HWC , the displayed content may be 
magnet and the other side may have metal for the attraction . restricted in amount or in color amounts . For example , the 
In embodiments , the eye cover 1402 is a flexible elastomeric 30 display ( s ) may go into a simple content delivery mode to 
shield . In embodiments , the eye cover 1402 may be an restrict the amount of information displayed . This may be 
elastomeric bellows design to accommodate flexibility and done to reduce the amount of light produced by the 
more closely align with the wearer ' s face . FIG . 14b illus - display ( s ) . In an embodiment , the display ( s ) may change 
trates a removable and replaceable flexible eye cover 1404 from color displays to monochrome displays to reduce the 
that is adapted as a single eye cover . In embodiments , a 35 amount of light produced . In an embodiment , the mono 
single eye cover may be used for each side of the HWC to chrome lighting may be red to limit the impact on the 
cover both eyes of the wearer . In embodiments , the single wearer ' s eyes to maintain an ability to see better in the dark . 
eye cover may be used in connection with a HWC that Referring to FIG . 15 , we now turn to describe a particular 
includes only one computer display for one eye . These external user interface 104 , referred to generally as a pen 
configurations prevent light that is generated and directed 40 1500 . The pen 1500 is a specially designed external user 
generally towards the wearer ' s face by covering the space interface 104 and can operate as a user interface , such as to 
between the wearer ' s face and the HWC . The opening 1408 many different styles of HWC 102 . The pen 1500 generally 
allows the wearer to look through the opening 1408 to view follows the form of a conventional pen , which is a familiar 
the displayed content and the surrounding environment user handled device and creates an intuitive physical inter 
through the front of the HWC . The image light in the lower 45 face for many of the operations to be carried out in the HWC 
optical module 204 can be prevented from emitting from the system 100 . The pen 1500 may be one of several user 
front of the HWC through internal optics polarization interfaces 104 used in connection with controlling opera 
schemes , as described herein , for example . tions within the HWC system 100 . For example , the HWC 

FIG . 14c illustrates another embodiment of a light sup - 102 may watch for and interpret hand gestures 116 as control 
pression system . In this embodiment , the eye cover 1410 50 signals , where the pen 1500 may also be used as a user 
may be similar to the eye cover 1402 , but eye cover 1410 interface with the same HWC 102 . Similarly , a remote 
includes a front light shield 1412 . The front light shield 1412 keyboard may be used as an external user interface 104 in 
may be opaque to prevent light from escaping the front lens concert with the pen 1500 . The combination of user inter 
of the HWC . In other embodiments , the front light shield faces or the use of just one control system generally depends 
1412 is polarized to prevent light from escaping the front 55 on the operation ( s ) being executed in the HWC ' s system 
lens . In a polarized arrangement , in embodiments , the inter - 100 . 
nal optical elements of the HWC ( e . g . of the lower optical While the pen 1500 may follow the general form of a 
module 204 ) may polarize light transmitted towards the conventional pen , it contains numerous technologies that 
front of the HWC and the front light shield 1412 may be enable it to function as an external user interface 104 . FIG . 
polarized to prevent the light from transmitting through the 60 15 illustrates technologies comprised in the pen 1500 . As 
front light shield 1412 . can be seen , the pen 1500 may include a camera 1508 , which 

In embodiments , an opaque front light shield 1412 may be is arranged to view through lens 1502 . The camera may then 
included and the digital content may include images of the be focused , such as through lens 1502 , to image a surface 
surrounding environment such that the wearer can visualize upon which a user is writing or making other movements to 
the surrounding environment . One eye may be presented 65 interact with the HWC 102 . There are situations where the 
with night vision environmental imagery and this eye ' s pen 1500 will also have an ink , graphite , or other system 
surrounding environment optical path may be covered using such that what is being written can be seen on the writing 
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surface . There are other situations where the pen 1500 does 1522 may be programmed to perform an operation . For 
not have such a physical writing system so there is no example , one of the buttons may be programmed to clear the 
deposit on the writing surface , where the pen would only be digital display of the HWC 102 . This would create a fast way 
communicating data or commands to the HWC 102 . The for the user to clear the screens on the HWC 102 for any 
lens configuration is described in greater detail herein . The 5 reason , such as for example to better view the environment . 
function of the camera is to capture information from an The quick launch button functionality will be discussed in 
unstructured writing surface such that pen strokes can be further detail below . The touch sensor 1520 may be used to 
interpreted as intended by the user . To assist in the predi take gesture style input from the user . For example , the user cation of the intended stroke path , the pen 1500 may include may be able to take a single finger and run it across the touch a sensor , such as an IMU 1512 . Of course , the IMU could be 10 sensor 1520 to affect a page scroll . included in the pen 1500 in its separate parts ( e . g . gyro , 
accelerometer , etc . ) or an IMU could be included as a single The pen 1500 may also include a laser pointer 1524 . The 
unit . In this instance , the IMU 1512 is used to measure and laser pointer 1524 may be coordinated with the IMU 1512 
predict the motion of the pen 1500 . In turn , the integrated to coordinate gestures and laser pointing . For example , a 
microprocessor 1510 would take the IMU information and 15 user may use the laser 1524 in a presentation to help with 

guiding the audience with the interpretation of graphics and camera information as inputs and process the information to 
form a prediction of the pen tip movement . the IMU 1512 may , either simultaneously or when the laser 

The pen 1500 may also include a pressure monitoring 1524 is off , interpret the user ' s gestures as commands or data 
system 1504 , such as to measure the pressure exerted on the input . 
lens 1502 . As will be described in greater detail herein , the 20 FIGS . 16A - C illustrate several embodiments of lens and 
pressure measurement can be used to predict the user ' s camera arrangements 1600 for the pen 1500 . One aspect 
intention for changing the weight of a line , type of a line , relates to maintaining a constant distance between the cam 
type of brush , click , double click , and the like . In embodi - era and the writing surface to enable the writing surface to 
ments , the pressure sensor may be constructed using any be kept in focus for better tracking of movements of the pen 
force or pressure measurement sensor located behind the 25 1500 over the writing surface . Another aspect relates to 
lens 1502 , including for example , a resistive sensor , a maintaining an angled surface following the circumference 
current sensor , a capacitive sensor , a voltage sensor such as of the writing tip of the pen 1500 such that the pen 1500 can 
a piezoelectric sensor , and the like . be rolled or partially rolled in the user ' s hand to create the 

The pen 1500 may also include a communications module feel and freedom of a conventional writing instrument . 
1518 , such as for bi - directional communication with the 30 FIG . 16A illustrates an embodiment of the writing lens 
HWC 102 . In embodiments , the communications module end of the pen 1500 . The configuration includes a ball lens 
1518 may be a short distance communication module ( e . g . 1604 , a camera or image capture surface 1602 , and a domed 
Bluetooth ) . The communications module 1518 may be secu - cover lens 1608 . In this arrangement , the camera views the 
rity matched to the HWC 102 . The communications module writing surface through the ball lens 1604 and dome cover 
1518 may be arranged to communicate data and commands 35 lens 1608 . The ball lens 1604 causes the camera to focus 
to and from the microprocessor 1510 of the pen 1500 . The such that the camera views the writing surface when the pen 
microprocessor 1510 may be programmed to interpret data 1500 is held in the hand in a natural writing position , such 
generated from the camera 1508 , IMU 1512 , and pressure as with the pen 1500 in contact with a writing surface . In 
sensor 1504 , and the like , and then pass a command onto the embodiments , the ball lens 1604 should be separated from 
HWC 102 through the communications module 1518 , for 40 the writing surface to obtain the highest resolution of the 
example . In another embodiment , the data collected from writing surface at the camera 1602 . In embodiments , the ball 
any of the input sources ( e . g . camera 1508 , IMU 1512 , lens 1604 is separated by approximately 1 to 3 mm . In this 
pressure sensor 1504 ) by the microprocessor may be com - configuration , the domed cover lens 1608 provides a surface 
municated by the communication module 1518 to the HWC that can keep the ball lens 1604 separated from the writing 
102 , and the HWC 102 may perform data processing and 45 surface at a constant distance , such as substantially inde 
prediction of the user ' s intention when using the pen 1500 . pendent of the angle used to write on the writing surface . For 
In yet another embodiment , the data may be further passed instance , in embodiments the field of view of the camera in 
on through a network 110 to a remote device 112 , such as a this arrangement would be approximately 60 degrees . 
server , for the data processing and prediction . The com - The domed cover lens , or other lens 1608 used to physi 
mands may then be communicated back to the HWC 102 for 50 cally interact with the writing surface , will be transparent or 
execution ( e . g . display writing in the glasses display , make transmissive within the active bandwidth of the camera 
a selection within the UI of the glasses display , control a 1602 . In embodiments , the domed cover lens 1608 may be 
remote external device 112 , control a local external device spherical or other shape and comprised of glass , plastic , 
108 ) , and the like . The pen may also include memory 1514 sapphire , diamond , and the like . In other embodiments 
for long or short term uses . 55 where low resolution imaging of the surface is acceptable . 

The pen 1500 may also include a number of physical user The pen 1500 can omit the domed cover lens 1608 and the 
interfaces , such as quick launch buttons 1522 , a touch sensor ball lens 1604 can be in direct contact with the surface . 
1520 , and the like . The quick launch buttons 1522 may be FIG . 16B illustrates another structure where the construc 
adapted to provide the user with a fast way of jumping to a tion is somewhat similar to that described in connection with 
software application in the HWC system 100 . For example , 60 FIG . 16A ; however this embodiment does not use a dome 
the user may be a frequent user of communication software cover lens 1608 , but instead uses a spacer 1610 to maintain 
packages ( e . g . email , text , Twitter , Instagram , Facebook , a predictable distance between the ball lens 1604 and the 
Google + , and the like ) , and the user may program a quick writing surface , wherein the spacer may be spherical , cylin 
launch button 1522 to command the HWC 102 to launch an drical , tubular or other shape that provides spacing while 
application . The pen 1500 may be provided with several 65 allowing for an image to be obtained by the camera 1602 
quick launch buttons 1522 , which may be user program through the lens 1604 . In a preferred embodiment , the spacer 
mable or factory programmable . The quick launch button 1610 is transparent . In addition , while the spacer 1610 is 
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shown as spherical , other shapes such as an oval , doughnut sor 1510 for processing . In this configuration , the micro 
shape , half sphere , cone , cylinder or other form may be used . processor 1510 receives force data from the force monitor 

FIG . 16C illustrates yet another embodiment , where the ing system 1504 and processes the data to make predictions 
structure includes a post 1614 , such as running through the of the user ' s intent in applying the particular force that is 
center of the lensed end of the pen 1500 . The post 1614 may 5 currently being applied . In embodiments , the processing 
be an ink deposition system ( e . g . ink cartridge ) , graphite may be provided at a location other than on the pen ( e . g . at deposition system ( e . g . graphite holder ) , or a dummy post a server in the HWC system 100 , on the HWC 102 ) . For whose purpose is mainly only that of alignment . The selec clarity , when reference is made herein to processing infor tion of the post type is dependent on the pen ' s use . For mation on the microprocessor 1510 , the processing of infor 
instance , in the event the user wants to use the pen 1500 as 10 mation contemplates processing the information at a loca a conventional ink depositing pen as well as a fully func 
tional external user interface 104 , the ink system post would tion other than on the pen . The microprocessor 1510 may be 

programmed with force threshold ( s ) , force signature ( s ) , be the best selection . If there is no need for the ' writing ' to 
be visible on the writing surface , the selection would be the force signature library and / or other characteristics intended 
dummy post . The embodiment of FIG . 16C includes to guide an inference program in determining the user ' s 
camera ( s ) 1602 and an associated lens 1612 , where the 15 intentions based on the measured force or pressure . The 
camera 1602 and lens 1612 are positioned to capture the microprocessor 1510 may be further programmed to make 
writing surface without substantial interference from the inferences from the force measurements as to whether the 
post 1614 . In embodiments , the pen 1500 may include user has attempted to initiate a discrete action ( e . g . a user 
multiple cameras 1602 and lenses 1612 such that more or all interface selection “ click ” ) or is performing a constant action 
of the circumference of the tip 1614 can be used as an input 20 ( e . g . writing within a particular writing style ) . The inferenc 
system . In an embodiment , the pen 1500 includes a con - ing process is important as it causes the pen 1500 to act as 
toured grip that keeps the pen aligned in the user ' s hand so an intuitive external user interface 104 . 
that the camera 1602 and lens 1612 remains pointed at the FIG . 17B illustrates a force 1708 versus time 1710 trend 
surface . chart with a single threshold 1718 . The threshold 1718 may 

Another aspect of the pen 1500 relates to sensing the force 25 be set at a level that indicates a discrete force exertion 
applied by the user to the writing surface with the pen 1500 . indicative of a user ' s desire to cause an action ( e . g . select an 
The force measurement may be used in a number of ways . object in a GUI ) . Event 1712 , for example , may be inter 
For example , the force measurement may be used as a preted as a click or selection command because the force 
discrete value , or discontinuous event tracking , and com - quickly increased from below the threshold 1718 to above 
pared against a threshold in a process to determine a user ' s 30 the threshold 1718 . The event 1714 may be interpreted as a 
intent . The user may want the force interpreted as a ' click double click because the force quickly increased above the 
in the selection of an object , for instance . The user may threshold 1718 , decreased below the threshold 1718 and 
intend multiple force exertions interpreted as multiple then essentially repeated quickly . The user may also cause 
clicks . There may be times when the user holds the pen 1500 the force to go above the threshold 1718 and hold for a 
in a certain position or holds a certain portion of the pen 35 period indicating that the user is intending to select an object 
1500 ( e . g . a button or touch pad ) while clicking to affect a in the GUI ( e . g . a GUI presented in the display of the HWC 
certain operation ( e . g . a ' right click ' ) . In embodiments , the 102 ) and ' hold ' for a further operation ( e . g . moving the 
force measurement may be used to track force and force object ) . 
trends . The force trends may be tracked and compared to While a threshold value may be used to assist in the 
threshold limits , for example . There may be one such 40 interpretation of the user ' s intention , a signature force event 
threshold limit , multiple limits , groups of related limits , and trend may also be used . The threshold and signature may be 
the like . For example , when the force measurement indicates used in combination or either method may be used alone . 
a fairly constant force that generally falls within a range of For example , a single - click signature may be represented by 
related threshold values , the microprocessor 1510 may inter - a certain force trend signature or set of signatures . The 
pret the force trend as an indication that the user desires to 45 single - click signature ( s ) may require that the trend meet a 
maintain the current writing style , writing tip type , line criteria of a rise time between x any y values , a hold time of 
weight , brush type , and the like . In the event that the force between a and b values and a fall time of between c and d 
trend appears to have gone outside of a set of threshold values , for example . Signatures may be stored for a variety 
values intentionally , the microprocessor may interpret the of functions such as click , double click , right click , hold , 
action as an indication that the user wants to change the 50 move , etc . The microprocessor 1510 may compare the 
current writing style , writing tip type , line weight , brush real - time force or pressure tracking against the signatures 
type , and the like . Once the microprocessor has made a from a signature library to make a decision and issue a 
determination of the user ' s intent , a change in the current command to the software application executing in the GUI . 
writing style , writing tip type , line weight , brush type , and FIG . 17C illustrates a force 1708 versus time 1710 trend 
the like may be executed . In embodiments , the change may 55 chart with multiple thresholds 1718 . By way of example , the 
be noted to the user ( e . g . in a display of the HWC 102 ) , and force trend is plotted on the chart with several pen force or 
the user may be presented with an opportunity to accept the pressure events . As noted , there are both presumably inten 
change . tional events 1720 and presumably non - intentional events 

FIG . 17A illustrates an embodiment of a force sensing 1722 . The two thresholds 1718 of FIG . 4C create three zones 
surface tip 1700 of a pen 1500 . The force sensing surface tip 60 of force : a lower , middle and higher range . The beginning of 
1700 comprises a surface connection tip 1702 ( e . g . a lens as the trend indicates that the user is placing a lower zone 
described herein elsewhere ) in connection with a force or amount of force . This may mean that the user is writing with 
pressure monitoring system 1504 . As a user uses the pen a given line weight and does not intend to change the weight , 
1500 to write on a surface or simulate writing on a surface the user is writing . Then the trend shows a significant 
the force monitoring system 1504 measures the force or 65 increase 1720 in force into the middle force range . This force 
pressure the user applies to the writing surface and the force change appears , from the trend to have been sudden and 
monitoring system communicates data to the microproces thereafter it is sustained . The microprocessor 1510 may 
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interpret this as an intentional change and as a result change FIG . 18B illustrates an automatic user interface ( s ) mode 
the operation in accordance with preset rules ( e . g . change selection based on contextual information . In this example , 
line width , increase line weight , etc . ) . The trend then con the pen 1500 is monitoring ( e . g . through its microprocessor ) 
tinues with a second apparently intentional event 1720 into whether or not the camera at the writing surface end 1508 is 
the higher - force range . During the performance in the 5 imaging a writing surface in close proximity to the writing 
higher - force range , the force dips below the upper threshold surface end of the pen 1500 . If the pen 1500 determines that 
1718 . This may indicate an unintentional force change and a writing surface is within a predetermined relatively short 
the microprocessor may detect the change in range however distance , the pen 1500 may decide that a writing surface is 
not affect a change in the operations being coordinated by present 1820 and the pen may go into a writing mode user 
the pen 1500 . As indicated above , the trend analysis may be 10 interface ( s ) mode . In the event that the pen 1500 does not 
done with thresholds and / or signatures . detect a relatively close writing surface 1822 , the pen may 

Generally , in the present disclosure , instrument stroke predict that the pen is not currently being used to as a writing 
parameter changes may be referred to as a change in line instrument and the pen may go into a non - writing user 
type , line weight , tip type , brush type , brush width , brush interface ( s ) mode . 
pressure , color , and other forms of writing , coloring , paint - 15 FIG . 18C illustrates a manual user interface ( s ) mode 
ing , and the like . selection . The user interface ( s ) mode may be selected based 

Another aspect of the pen 1500 relates to selecting an on a twist of a section 1824 of the pen 1500 housing , 
operating mode for the pen 1500 dependent on contextual clicking an end button 1828 , pressing a quick launch button 
information and / or selection interface ( s ) . The pen 1500 may 1522 , interacting with touch sensor 1520 , detecting a pre 
have several operating modes . For instance , the pen 1500 20 determined action at the pressure monitoring system ( e . g . a 
may have a writing mode where the user interface ( s ) of the click ) , detecting a gesture ( e . g . detected by the IMU ) , etc . 
pen 1500 ( e . g . the writing surface end , quick launch buttons The manual mode selection may involve selecting an item in 
1522 , touch sensor 1520 , motion based gesture , and the like ) a GUI associated with the pen 1500 ( e . g . an image presented 
is optimized or selected for tasks associated with writing . As in the display of HWC 102 ) . 
another example , the pen 1500 may have a wand mode 25 In embodiments , a confirmation selection may be pre 
where the user interface ( s ) of the pen is optimized or sented to the user in the event a mode is going to change . The 
selected for tasks associated with software or device control presentation may be physical ( e . g . a vibration in the pen 
( e . g . the HWC 102 , external local device , remote device 112 , 1500 ) , through a GUI , through a light indicator , etc . 
and the like ) . The pen 1500 , by way of another example , FIG . 19 illustrates a couple pen use - scenarios 1900 and 
may have a presentation mode where the user interface ( s ) is 30 1901 . There are many use scenarios and we have presented 
optimized or selected to assist a user with giving a presen - a couple in connection with FIG . 19 as a way of illustrating 
tation ( e . g . pointing with the laser pointer 1524 while using use scenarios to further the understanding of the reader . As 
the button ( s ) 1522 and / or gestures to control the presentation such , the use - scenarios should be considered illustrative and 
or applications relating to the presentation ) . The pen may , non - limiting . 
for example , have a mode that is optimized or selected for 35 Use scenario 1900 is a writing scenario where the pen 
a particular device that a user is attempting to control . The 1500 is used as a writing instrument . In this example , quick 
pen 1500 may have a number of other modes and an aspect launch button 122A is pressed to launch a note application 
of the present invention relates to selecting such modes . 1910 in the GUI 1908 of the HWC 102 display 1904 . Once 

FIG . 18A illustrates an automatic user interface ( s ) mode the quick launch button 122A is pressed , the HWC 102 
selection based on contextual information . The micropro - 40 launches the note program 1910 and puts the pen into a 
cessor 1510 may be programmed with IMU thresholds 1814 writing mode . The user uses the pen 1500 to scribe symbols 
and 1812 . The thresholds 1814 and 1812 may be used as 1902 on a writing surface , the pen records the scribing and 
indications of upper and lower bounds of an angle 1804 and transmits the scribing to the HWC 102 where symbols 
1802 of the pen 1500 for certain expected positions during representing the scribing are displayed 1912 within the note 
certain predicted modes . When the microprocessor 1510 45 application 1910 . 
determines that the pen 1500 is being held or otherwise Use scenario 1901 is a gesture scenario where the pen 
positioned within angles 1802 corresponding to writing 1500 is used as a gesture capture and command device . In 
thresholds 1814 , for example , the microprocessor 1510 may this example , the quick launch button 122B is activated and 
then institute a writing mode for the pen ' s user interfaces . the pen 1500 activates a wand mode such that an application 
Similarly , if the microprocessor 1510 determines ( e . g . 50 launched on the HWC 102 can be controlled . Here , the user 
through the IMU 1512 ) that the pen is being held at an angle sees an application chooser 1918 in the display ( s ) of the 
1804 that falls between the predetermined wand thresholds HWC 102 where different software applications can be 
1812 , the microprocessor may institute a wand mode for the chosen by the user . The user gestures ( e . g . swipes , spins , 
pen ' s user interface . Both of these examples may be referred turns , etc . ) with the pen to cause the application chooser 
to as context based user interface mode selection as the 55 1918 to move from application to application . Once the 
mode selection is based on contextual information ( e . g . correct application is identified ( e . g . highlighted ) in the 
position ) collected automatically and then used through an chooser 1918 , the user may gesture or click or otherwise 
automatic evaluation process to automatically select the interact with the pen 1500 such that the identified applica 
pen ' s user interface ( s ) mode . tion is selected and launched . Once an application is 
As with other examples presented herein , the micropro - 60 launched , the wand mode may be used to scroll , rotate , 

cessor 1510 may monitor the contextual trend ( e . g . the angle change applications , select items , initiate processes , and the 
of the pen over time ) in an effort to decide whether to stay like , for example . 
in a mode or change modes . For example , through signa - In an embodiment , the quick launch button 122A may be 
tures , thresholds , trend analysis , and the like , the micropro - activated and the HWC 102 may launch an application 
cessor may determine that a change is an unintentional 65 chooser presenting to the user a set of applications . For 
change and therefore no user interface mode change is example , the quick launch button may launch a chooser to 
desired . show all communication programs ( e . g . SMS , Twitter , Ins 

11g . 
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tagram , Facebook , email , etc . ) available for selection such blocked by the known objects . For example , pulse frequen 
that the user can select the program the user wants and then cies can be used that will penetrate concrete buildings to 
go into a writing mode . By way of further example , the enable people to be identified inside the building . Multiple 
launcher may bring up selections for various other groups pulse frequencies can be used as well in the mD radar to 
that are related or categorized as generally being selected at 5 enable different types of information to be gathered about 
a given time ( e . g . Microsoft Office products , communication the objects in the environment . In addition , the mD radar 
products , productivity products , note products , organiza information can be combined with other information such as 
tional products , and the like ) distance measurements or images captured of the environ 

FIG . 20 illustrates yet another embodiment of the present m ent that are analyzed jointly to provide improved object 
invention . FIG . 2000 illustrates a watchband clip on con - 10 identification and improved target identification and track 
troller 2000 . The watchband clip on controller may be a ing . In embodiments , the analysis can be performed on the 
controller used to control the HWC 102 or devices in the HWC or the information can be transmitted to a remote 
HWC system 100 . The watchband clip on controller 2000 network for analysis and results transmitted back to the 
has a fastener 2018 ( e . g . rotatable clip ) that is mechanically HWC . Distance measurements can be provided by laser 
adapted to attach to a watchband , as illustrated at 2004 . 15 range finding , structured lighting , stereoscopic depth maps 

The watchband controller 2000 may have quick launch or sonar measurements . Images of the environment can be 
interfaces 2008 ( e . g . to launch applications and choosers as captured using one or more cameras capable of capturing 
described herein ) , a touch pad 2014 ( e . g . to be used as a images from visible , ultraviolet or infrared light . The mD 
touch style mouse for GUI control in a HWC 102 display ) radar can be attached to the HWC , located adjacently ( e . g . 
and a display 2012 . The clip 2018 may be adapted to fit a 20 in a vehicle ) and associated wirelessly with the HWC or 
wide range of watchbands so it can be used in connection located remotely . Maps or other previously determined 
with a watch that is independently selected for its function . information about the environment can also be used in the 
The clip , in embodiments , is rotatable such that a user can analysis of the mD radar information . Embodiments of the 
position it in a desirable manner . In embodiments the clip present invention relate to visualizing the mD signatures in 
may be a flexible strap . In embodiments , the flexible strap 25 useful ways . 
may be adapted to be stretched to attach to a hand , wrist , FIG . 21 illustrates a FOV 2102 of a HWC 102 from a 
finger , device , weapon , and the like . wearer ' s perspective . The wearer , as described herein else 

In embodiments , the watchband controller may be con - where , has a see - through FOV 2102 wherein the wearer 
figured as a removable and replaceable watchband . For views adjacent surroundings , such as the buildings illus 
example , the controller may be incorporated into a band with 30 trated in FIG . 21 . The wearer , as described herein elsewhere , 
a certain width , segment spacing ' s , etc . such that the watch - can also see displayed digital content presented within a 
band , with its incorporated controller , can be attached to a portion of the FOV 2102 . The embodiment illustrated in 
watch body . The attachment , in embodiments , may be FIG . 21 is indicating that the wearer can see the buildings 
mechanically adapted to attach with a pin upon which the and other surrounding elements in the environment and 
watchband rotates . In embodiments , the watchband control - 35 digital content representing traces , or travel paths , of bullets 
ler may be electrically connected to the watch and / or watch being fired by different people in the area . The surroundings 
body such that the watch , watch body and / or the watchband are viewed through the transparency of the FOV 2102 . The 
controller can communicate data between them . traces are presented via the digital computer display , as 

The watchband controller may have 3 - axis motion moni - described herein elsewhere . In embodiments , the trace pre 
toring ( e . g . through an IMU , accelerometers , magnetom - 40 sented is based on a mD signature that is collected and 
eters , gyroscopes , etc . ) to capture user motion . The user communicated to the HWC in real time . The mD radar itself 
motion may then be interpreted for gesture control . may be on or near the wearer of the HWC 102 or it may be 

In embodiments , the watchband controller may comprise located remote from the wearer . In embodiments , the mD 
fitness sensors and a fitness computer . The sensors may track radar scans the area , tracks and identifies targets , such as 
heart rate , calories burned , strides , distance covered , and the 45 bullets , and communicates traces , based on locations , to the 
like . The data may then be compared against performance HWC 102 . 
goals and / or standards for user feedback . There are several traces 2108 and 2104 presented to the 

Another aspect of the present invention relates to visual wearer in the embodiment illustrated in FIG . 21 . The traces 
display techniques relating to micro Doppler ( “ mD ” ) target communicated from the mD radar may be associated with 
tracking signatures ( mD signatures ” ) . mD is a radar tech - 50 GPS locations and the GPS locations may be associated with 
nique that uses a series of angle dependent electromagnetic objects in the environment , such as people , buildings , 
pulses that are broadcast into an environment and return vehicles , etc , both in latitude and longitude perspective and 
pulses are captured . Changes between the broadcast pulse an elevation perspective . The locations may be used as 
and return pulse are indicative of changes in the shape , markers for the HWC such that the traces , as presented in the 
distance and angular location of objects or targets in the 55 FOV , can be associated , or fixed in space relative to the 
environment . These changes provide signals that can be used markers . For example , if the friendly fire trace 2108 is 
to track a target and identify the target through the mD determined , by the mD radar , to have originated from the 
signature . Each target or target type has a unique md upper right window of the building on the left , as illustrated 
signature . Shifts in the radar pattern can be analyzed in the in FIG . 21 , then a virtual marker may be set on or near the 
time domain and frequency domain based on mD techniques 60 window . When the HWC views , through its camera or other 
to derive information about the types of targets present ( e . g . sensor , for example , the building ' s window , the trace may 
whether people are present ) , the motion of the targets and the then virtually anchor with the virtual marker on the window . 
relative angular location of the targets and the distance to the Similarly , a marker may be set near the termination position 
targets . By selecting a frequency used for the mD pulse or other flight position of the friendly fire trace 2108 , such 
relative to known objects in the environment , the pulse can 65 as the upper left window of the center building on the right , 
penetrate the known objects to enable information about as illustrated in FIG . 21 . This technique fixes in space the 
targets to be gathered even when the targets are visually trace such that the trace appears fixed to the environmental 
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positions independent of where the wearer is looking . So , for movements within the body may be unique to a person and 
example , as the wearer ' s head turns , the trace appears fixed if those attributes are pre - identified they may be matched in 
to the marked locations . real time to provide a personal identification of a person in 

In embodiments , certain user positions may be known and the FOV 2202 . The person ' s mD signatures may be deter 
thus identified in the FOV . For example , the shooter of the 5 mined based on the position of the person . For example , the 
friendly fire trace 2108 may be from a known friendly database of personal mD signature attributes may include 
combatant and as such his location may be known . The mD signatures for a person standing , sitting , laying down , 
position may be known based on his GPS location based on running , walking , jumping , etc . This may improve the 
a mobile communication system on him , such as another accuracy of the personal data match when a target is tracked 
HWC 102 . In other embodiments , the friendly combatant 10 through mD signature techniques in the field . In the event a 
may be marked by another friendly . For example , if the person is personally identified , a specific indication of the 
friendly position in the environment is known through visual person ' s identity may be presented in the FOV 2202 . The 
contact or communicated information , a wearer of the HWC indication may be a color , shape , shade , name , indication of 
102 may use a gesture or external user interface 104 to mark the type of person ( e . g . enemy , friendly , etc . ) , etc . to provide 
the location . If a friendly combatant location is known the 15 the wearer with intuitive real time information about the 
originating position of the friendly fire trace 2108 may be person being tracked . This may be very useful in a situation 
color coded or otherwise distinguished from unidentified where there is more than one person in an area of the person 
traces on the displayed digital content . Similarly , enemy fire being tracked . If just one person in the area is personally 
traces 2104 may be color coded or otherwise distinguished identified , that person or the avatar of that person can be 
on the displayed digital content . In embodiments , there may 20 presented differently than other people in the area . 
be an additional distinguished appearance on the displayed FIG . 23 illustrates an mD scanned environment 2300 . An 
digital content for unknown traces . mD radar may scan an environment in an attempt to identify 

In addition to situationally associated trace appearance , objects in the environment . In this embodiment , the mD 
the trace colors or appearance may be different from the scanned environment reveals two vehicles 2302a and 2302b , 
originating position to the terminating position . This path 25 an enemy combatant 2309 , two friendly combatants 2308a 
appearance change may be based on the mD signature . The and 2308b and a shot trace 2318 . Each of these objects may 
mD signature may indicate that the bullet , for example , is be personally identified or type identified . For example , the 
slowing as it propagates and this slowing pattern may be vehicles 2302a and 2302b may be identified through the mD 
reflected in the FOV 2102 as a color or pattern change . This signatures as a tank and heavy truck . The enemy combatant 
can create an intuitive understanding of wear the shooter is 30 2309 may be identified as a type ( e . g . enemy combatant ) or 
located . For example , the originating color may be red , more personally ( e . g . by name ) . The friendly combatants 
indicative of high speed , and it may change over the course may be identified as a type ( e . g . friendly combatant ) or more 
of the trace to yellow , indicative of a slowing trace . This personally ( e . g . by name ) . The shot trace 2318 may be 
pattern changing may also be different for a friendly , enemy characterized by type of projectile or weapon type for the 
and unknown combatant . The enemy may go blue to green 35 projectile , for example . 
for a friendly trace , for example . FIG . 23a illustrates two separate HWC 102 FOV display 

FIG . 21 illustrates an embodiment where the user sees the techniques according to the principles of the present inven 
environment through the FOV and may also see color coded tion . FOV 2312 illustrates a map view 2310 where the mD 
traces , which are dependent on bullet speed and combatant scanned environment is presented . Here , the wearer has a 
type , where the traces are fixed in environmental positions 40 perspective on the mapped area so he can understand all 
independent on the wearer ' s perspective . Other information , tracked targets in the area . This allows the wearer to traverse 
such as distance , range , range rings , time of day , date , the area with knowledge of the targets . FOV 2312 illustrates 
engagement type ( e . g . hold , stop firing , back away , etc . ) may a heads - up view to provide the wearer with an augmented 
also be displayed in the FOV . reality style view of the environment that is in proximity of 

Another aspect of the present invention relates to mD 45 the wearer . 
radar techniques that trace and identify targets through other Although embodiments of HWC have been described in 
objects , such as walls ( referred to generally as through wall language specific to features , systems , computer processes 
mD ) , and visualization techniques related therewith . FIG . 22 and / or methods , the appended claims are not necessarily 
illustrates a through wall mD visualization technique limited to the specific features , systems , computer processes 
according to the principles of the present invention . As 50 and / or methods described . Rather , the specific features , 
described herein elsewhere , the md radar scanning the systems , computer processes and / or and methods are dis 
environment may be local or remote from the wearer of a closed as non - limited example implementations of HWC . 
HWC 102 . The mD radar may identify a target ( e . g . a All documents referenced herein are hereby incorporated by 
person ) that is visible 2204 and then track the target as he reference . 
goes behind a wall 2208 . The tracking may then be presented 55 We claim : 
to the wearer of a HWC 102 such that digital content 1 . A method , comprising : 
reflective of the target and the target ' s movement , even receiving a location indicative of a human presence at a 
behind the wall , is presented in the FOV 2202 of the HWC location in an obscured environment ; 
102 . In embodiments , the target , when out of visible sight , establishing a virtual location marker in a position that is 
may be represented by an avatar in the FOV to provide the 60 visually available to a person wearing a head - worn 
wearer with imagery representing the target . computing system , wherein the virtual location marker 
mD target recognition methods can identify the identity of provides an indication of the location in the obscured 

a target based on the vibrations and other small movements environment ; and 
of the target . This can provide a personal signature for the generating an avatar as a representation of the human 
target . In the case of humans , this may result in a personal 65 presence and presenting the avatar in a field of view of 
identification of a target that has been previously character the head - worn computing system , wherein the presen 
ized . The cardio , heart beat , lung expansion and other small tation of the avatar is positioned in the field of view by 



32 
US 9 , 841 , 602 B2 

31 
visually associating the avatar with the virtual location 
marker such that the avatar appears to remain at the 
virtual location marker location , as perceived by a 
person wearing the head - worn computing system , inde 
pendent of the head - worn computing system ' s viewing 5 
angle . 

2 . The method of claim 1 , further comprising : establishing 
an identity of the human presence and presenting an indi 
cation of the identity in the field of view . 

3 . The method of claim 2 , wherein the indication is a color 10 
of the avatar . 

4 . The method of claim 2 , wherein the identity is of an 
enemy combatant . 

5 . The method of claim 1 , wherein the human presence at 
the location in the obscured environment moves within the 15 
obscured environment ; and the virtual location marker 
moves to continue to provide the indication of the location 
in the obscured environment . 

6 . The method of claim 1 , wherein a micro Doppler radar 
that established the location is remotely located from the 20 
person wearing the head - worn computing system . 

7 . The method of claim 1 , wherein a micro Doppler radar 
that established the location is proximate to the person 
wearing the head - worn computing system . 

25 * * * * 


