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FIGS. 12A-12F depict example visual outputs tha cor. immersive workd ofa vishal vironment and helps
respond to andor indicate the level of <ogagement of 8 breakdown the physical bariof he IMD, For example,
wearer with the resold savironment. outward. fcingdisplaysmaybecapableofdisplaying sym

FIGS. 13A-14D depict example modifiod images dis bligraphical informationoutsidecbservers,andspe.
played onan outwarding display: incorporating pects $e may allow a digital assistant 10 fieractwithanother
Of he real workd environmen. person until wearer is able to direct bis or her anton to

FIGS, 15A1SD depict example images displayed on a he ther person. In his way, communication between the
wentcrfcing display, basedon Gupte mages of theal wearer and the oviside observer is restored of improve
Word environment. despite the immersive and dissociative elect of the HMD.

FIGS. 16A-IGC depict example mappingsbetween visual 10 ae the viral vironment
outputs and modesofoperationof an AMD. As one particular example, in cases where an HMD
IGS. T7170 depict an example IMD. includes an ouward-cing graphical display, spect or
FIGS. 18A-180 depict nother example MD. imagesofa wearers fcemaybedisplayed1 the resi-word-
FIG 19depictsanexampleprocess of operating an HIMD, environment, thereby. improving eration, recognition.
FIG 20 depicts cxampit componentsofan IMD. 15 and communication between the wearer and ndividals in

the reslvorld covironment. To cite these improve.
DETAILED DESCRIPTION ments,an IMD may includecamera that captures images

(cllimagesor video images) of theportionof user's
Reference wil no be made in dtl to representative face hat 1 covered by a HID. such a th ers eyes,

mbodimens usted in the accompanying drings. Tt 1 eyebrows, nose, orhead, ote ike: The IMDmay display
Should be undentood that th following description 5 nol Thosecaptured mageson theoutwardingisla: alow.
{ots fo initth cmodimens toon prefer choc ng dividuals hs es workd 0s he weer eyes and
ment. To the contrary, 1 nnd to covr allmotives, cil expressions, tere Fciliatinga more ats ner
modifications. andquilkatsa canboinchudodwithin the tion wih he wearer, Moreover, the ovtward-fcing dis.
pit a eopeofthedescribed embodimentsa»definedby 25 play may 1s alow othrs 0 more quickly and. easly
he appended cain Tecognizs the person wearing the HMD, a more of their

The embodiments herein are generally dicted to bead foco will be aceptble. As anther example, where a1
mounteddisplays (HMI).andmre parila. to MDs MD cludes alowrsoltion delay (e.£. 0 LED aay.hathavean outward-fcing output suse (including dis. the display can be sed 10 display symbolic graphical
ply(s)speakers)or he ike) iaddonto wearer cing 30 outputs tht comespond 0or suggest4moodormotionof
displays to ness the aprons for ineractng with ofbers the wearer, or that come modeo satus ofoperation of
hile wearin the HMD. In porticulr, MDs that com. the HMID. A etanother example, an HMD may incl 0
pletely cover wearer's eyes (or ven eine head),such as outwardly directed speker that slows interaction between
Those with displays or projector: enclosed in an opaque digital assistant integrated with the HMI) 3nd an outside
housing, may provide an immersive experience fo he 15 observer. Thee ype of ouput systems and techies,
Wear, Further, MDs may present environments and| When nirated with on HMI (cer sve oe in any
mages 10 he wearer that are highlycngeging and immer. combination). allow more varied and robust nkractions
ives so much so tht thewear may be angel obvious to between HMD wearers and ober people.
Whit is happening in the. real-world environment. For ThelIMD may ls have ourwarlEwingcameras other
xample, no oly might an HIM block a wearer's view of 41 sensors allowing the wearer of the TIMID 0 see ideo or
the rea-workd environmen, but virally coviron images of therea worl, including peopl, vi the intemal
ment presented by the TIMD. nay comume a wester's displays of the HMD. (Soch vidio or images may be
tion and focus, makin the wearer ss key to hear displayed o the wearer without any modification or thy
people or be able to respond or rect fo the real-world may be fll or paral ftcatd nto thewearer's vel
Coironment 45 vironment) Because coch parson can see the fc andFurber such HMDS limit the ability of people in the esoftheotherthe dal-isplay HMD effectively provides
esloword covironne: {0 Tcogaize or niract With the 3 o-woy pathway for visual communication between the
Weer, a he wearer's yes are ally completly covered were and 3 person in the res world environment, More
and he wearer's atotion may be curly directed fo a ovr, Bohpeople ca experiencemorepurl comma.
Virus] covionment. Fo example, ven fa HMD allows <0tionwithout requiring he wearer of the HM tocompletely
wearer 1 seethe extemal environment (6.2. viaan extemal disengage withthe virtual experience.
Comers rnsiting images 0 a wearer fing display), Inadliionomerely displayingawearer'seyesor aceon
person who in front ofthewearer cant determineif he the ounvardcing display, the TIMID may enhance the
err sable 10 sor perceive theral word avian, visual output hat displayedon he outwardingdiay
orfthey ar immersed na itlenvironmen,And even <5 in various ways. I particular, ages of th usr 3 5 may
iF person and the wearer are erating by speaking. the be modified busedon aspectsofhe real word aionment.
wearer's cy movements and fal Sxpresons remain including the ens, discon, or olor of the ambient
Jargly hin, ts removing many non-verbal cues and ight. Accordingly, magesof thewearer'seyes which ae
signa tht are important for conveying information and behind an IVD and re ot exposed 0 ambient Hight can
‘motion in ummano-human communications. 0 more closely match the appearance ofhe ret ofthe wear.

“Accordingly, describ bere re HMDS that incorporate ars fce. For example, a ight sensor on the HD may
outwankfing o outwardy-dircted ouput sysiems, such determine color temperatureof the es workd environment
a extemal displays (high anor ow resolution displays). and modify the olor temperature ofthe visual ouput (¢.
Spcakes, o he ike, that con displayootherwise preset il images or vide mages) on the outward.xing display
informationtoobserversintherealovord enviroment. Thi 6510mach
unwary displayed or prscnied infomation may provide The HMD may provide ober enhancements or modifica:

communication pay hat helps penctse the oberwise tons of the visual output displayed via the cuvard-foci.
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display. For example, insead of merely displaying a live Thevisualoutput presented ontheouwrd-cingdisplay
Video food of the wearer's fce or eye, the IMD may 106 may be unmodiied (e.2.3 direct vide feed fom an
display cartoonotherdigitally rendered foeor cys tht eral camera of the HNID 102 aor other sensor dota
rack andor mimic the wr’ ee movements, expressions, fom anober ftemal sear), or may be inepreted.
and heli, A ater cxanmpl, he displayofthe wearer's chanced, Herd,ootherwise modified in various ways, 5
ceoreyes maybe modi based onaspectsof he vieual described heroin. Th outwardfacingdisplay 106 cites
environment being experienced by the wearer. Thus, is interactions that are more matral and also provides
aiing intheviel vironment, rinmaybevisibleonor improved facial recognitionand non-verbal communication
in rom ofthe user's eyeso face, or fhe wearer i plying between the wearer 100 and ater pee
game in which they ar cat, he ers yesor ce (as 10 The IMD. 102 may aso include oer ourvard-fcing.
displayed)maybe modified0appear ca Asyetanor ouput syste in place of or in oddiion 0 an outward:
xample, he visual output may be modified bse on puts fing display 106. Forexample, the IMD 102 may include
directly Tom the wearer, Thos, if he user expresses an speaker that allows the HID 102 0 presen auc ouput
Coton such 15 uprie (as dot by viel cues, bi {0 0 cxermal observer The ia cpt maybeproduced
metre dob, er.conmand, or any othr stable echniqu), 15 automaticaly bya digital sistant socitedwith he HIND
the islayed cys may be cabanced, modified, exagaered 102, or may be presented at the requestofthe wearer. In
or the lke to show a crtonish, embellished indication of the former case the digital asisant my: for example.
Suprise. Similarly.ifthe wearer is angry, he yes shown in recognize hat anotherperson asapproached the wetrerand
the display may be modified. exaggersod, or the Tike to avtomaticaly tl the cerperson 0 please wit Wile the
appearedor faming. 20 wearer suspends theviral envionment. In th later case.

Thus. the immersive elect of vial environments coms the wearer may insect the MD 102 to presen parila
bined with the visually blocking ect of an HMI can aio content 0 another person (orth HMI 102 maydasa

impede ntetion between HMID wearers ndothe people. automaticaly).
The outvardlydirced output systems and techniques As described borin the HMI 102 may include various
decribed herein, including cutvard-fcig displays, help 25 sensors. Some of he sensors may be sonlgurd fo detect,
rk down these biriers and ensble new paths ofcommu. see, of otherwise capture formation from the wearer
ication and itcraction between wearers and oer people. 100. Such sensors may clude Wearer-fcing cameras,

FIG. 1 depicts a wearer (ao referred 0. ser") 100 ee-tacking sensors, biometric sensors (e8. beat rte
wearing eadmouned display (HM) 102, which may be hiood oxygen. repimation ae, pespirtion rie). motion
vil resiy syst thtproduces andlor presentsf Jas 4 sensor, presence sso (5. 1 dees whether the [IMD

poral vieulized environments fo the Norer 100. As 102 s curently being wor), o the ke. Information from
scribed herein the HMI 102 may include cutvard-fcing such Sensors may. be usd 10 select andlor modi visualoutput systems that help break down the barriers 0 com. ouput that displayed viathe outward fcing display 106,
munication, ecounion, and neraction hat ar crested by as described her. For example, informatio rom such
IMD sd ocr devices tht immer are i3 Virtual 35 sors may be used fo delemine how andor when 1
environmen, modifyan image or model ofthewearer50 hat he mage

The IMD 102s configured 1 be wom overthe wesrer's or model represents or corresponds othe expression, mo.
eyes and some portion of the wearer's ce. The IMD 102 ton, orothrstkofthe wer. Themodified mage or model
Shown n FIG. 1 covers only orion offhe wearer's fce, may then be displayed on the ounward-cing display 106
hough other designs, shapes, and ses re also conn. 4 her scons, sucha seo o senor ays 108, may be
plated, For example, some MDs may covr a wesre’s configuredodee, sensor otherwisecaptureinfomation
‘Coir head, while ors may cover the eves and crs and from th ral word vironment, apart from the ser. Such
Soon. The [IMD 102 may be stached to he wearer 100 via sors mayinlutwardcing comers, photo sensors.
stup 104,or any ter suible mechani. object detection sensors (e. radar sensors. gh detection
TheHMD 102 1 configured 1 display to the wearer 100, 45 ad ranging (LIDAR) sors, acoustic scons, ules

vin one or more nema or user acing displays or visual sensors. gh emo, ye-cking sensor, moon sensors,
outputdevices (own i more detail in FIGS. IATL and or the Fk, adecribod hein wih espot 10 FIG. 173.
isco blow). a at leas partially views work. For The IMD 102 shown and deserbed with respect 1 FIG,
‘cxampie he MD 102 mayhe configuredfo present tothe 1 maybe usd in various ways to improve the ausliy ad
Weir 100 a fully viral sovironment (e,  dghally <0 types of iesctions thet ae possible between wereund

renderedvideo game).a mixed realtyo augmented realty external observers. n particular, and os described herein,
vironment (eed world cements orobjects imegried  outwardly-dircied ouput sysiems such a cuvand-fcing
nan beruise vial eironment or ay her poofat displayscan ornaannl through bth he physics and the
least panially viral environment that is medited by the Virtual barriers that HMDS ert between wearers and other
FMD 102. The HIMID 102 may gencrte sndor present the individuals and th esl-word enviromentorsgeneral:
atleast partly visual avira kon or in conjunction FIGS. 2A-20,fo sample lloststs how an IVD 102 with
ith other computers, components, andor devices. anoutward-icngdisplay may achieve thse resuls. FIGS.

The [IMD 102 sls inclodes an exiemal or ouard- JAI illustrate the 1MD 102 in wo. mods of persion:
facing display 106. The outward acing display 106 may a fnt mode in which the ouwan-fcing display 106 isdling displaysurfce hotfocesaway fomth wearer,and native (FIG. 2A): and 5 second mode in which the out.

“maybeconfinedodisplay Visual ouput (5.8. oll mages, and-fcing display 106 is active and displaying visual
Video images) persons olberthan he wearer 100, Aste owiput 202 of orcorresponding 0) portion of he wearer's
above and described hrs, such visual ovput may nce face.
resi or pre<aptured vido or sill images ofst leas The nercton listed in FIGS. 24.28 demonstrates
port of he wearer's 100 fice (2. the wearer's yes and 65 how the HNID 102mayprovide morenatural ineracionandCychrows). Theoutward. cing display 106 is discussed in Communication between the wearer 100 snd another person
reser desl with respect to HG. 175. 20. articular, in FIG. 20, the wearer's atcaton aybe



US 11,861,255 BI
9 10

lly dirctd 0 viru workd providedbythe IMD 102, som cases,the HMI 102 sy sho include an oud
nd thus the outward-ocing display 106 is inactive. When focing senor (65. 3 comers) ha can detct the gare
anotherperson 200 approche he wearer 100, bower, the diction of nother person. In such cases, the FMD. 102
outwan fcing dispay 106 may become acive and may may only activate the cutword-aing dislay 106 andor
lay visual output 202, such a sl imageso 4 video pres 3 visual output,adescribed rin, in response fo
mag of the wearers fac or other sub visual Wut deccin tht he othr person is Rooking atof wands the
202 This may provide umrous befits, For example, the weer
other person200may be more likly tophysically recognize Tnsomecases, evens a person is detected pear (2.Th wearer 100, hus increming the fling ofcomfort and within he threshold distance) the HMI 102 may sctvte
connestion with the wearer 100. Further, th othe person. 10 the cutward-focingdisplay 106 only inresponsetodetecting
200 can see nonverbal coc, such a gas dircion, cyl thatthe weer 100 has directed is o he anton 0 he
and eyebrow movements, or otherphysical chircierisiesof real wold snvironment, 1 avoid giving fle imprevion
the wearer 100. which may improve the quay, sped, of stenton o heapproaching person.

comlort,and ili ofneracton between he wearer Th HID 102 may dtet ts hewearer 100 hsdiscted
100 and the other person 200. 1 iso her atcation to the real word in various ways. For
While FIG, 20 shows the visual output 202 osa image example, the HMI 102 may display sn aflordance to the

of the wearer's fice, oer visual outputs may be provided wearer 100 (3. via an internal display of the HIND 102)
{nsicodofor in addition o imagesofthe wearer's fce, such olin the opion of ctvatng theoutward cing displayatxt outputs (e. “dono ist.virus modo. 106, anthe worn ily 106 may only displayplease wai” tc). other graphical outputs (e2., images of 20 visual outputifthe wearer100 actively commands he IMD.What is bing displayed 0 thewearer 100),3graphical wer 10210 do 0.
intrfce, wenter information, pttorsymbols or he As apother example, in response to deeming that
Tike, Example ofvisual outputs othr than an image (e2.  person is within threshold distance ofthe wearer 100, the
video or stl) ofthewearer's fue tat may be displayed on 1IMD. 102 may display fo the wearer 100 visual output
an outwandfuing display ae described her, 25 representative of the real word avironment, such 55

FIGS. 24-20 sho more generally lst how conven window showing Tv video eed of the esl word env.
tional head-mounted disploysor viral aly systems may ronment and the othr person 200. The window may be
alice others and decrease he ability 0 nerac and the displayedowt of he wearer'sdirect view soa 0 otdrt
quality of interactions withthe esr Fo example, when the wearers virus experience. The 1IMD 102 may dete.
‘outward cing display 106 i incive or in cogs Where 4 mine, Wing <ye-cking or other techies, When and
an IMD lacks an owtward-ing display, the ober person whetherheWeer 100 looks t he window, and acivat the
200 may be ithe or no indicationof he wearer's sicof  outvard-fcing display 106i response to determining that
trio (ss lsat by th question and exclamation the wearer 10 is locking diet athe window. The [IMD
mark in FIG. 24). For example, the other person 200 may 102 may also delay aching the outward acing displayot be sble fll Whether he rer is aware of the othr 35 106 ah the wearer 100 look 5 th window 0 hat the
percns presence, wha the ewer 1 viewing (th eal ewer 100 can ook away J be or she dtenmines not 0
Word or he virtua workd). wheter the wearer recognizes engage withthe nearby penn 200. In his way.the outward.
the other person. cc. In Short. a head-mounted display cing display106can indicatet0other people whether he
Without an outward.fing display (or an inctive outward. wearer's ation is actually dire to the real world
icing display) i a barrie 10 ntercion and communica. 40 exvirnmen.
tion. By displaying information (.. mages) on thout. In some cases, in addition o or instedof demining
War fcing display 106, important visual coc may be seen whetheranother person is within threshold distanceof the
by the ocrperson, effcively removingordiminihing the usr the [MID 102may detcmine whether  narby person
Burcr lfc of the head-mounted display. For example, is known othe weer. Ie nearby person ot known toshowing thewearer yes othe otberparson 200,53show 4 he wearer, the IMD 102 may ot activate fhe outward.
in FIG. 20, provid confirmation to the ober person 200 cing display 106, nd may notnofythewearer 10010 he
hat the weaker 100 is paying tention o hem andlor the presence ofthe person Fhe nearby erson is koown 1 he
esl wold, rather tha the virtual world. This may reduce wearer, the JIMD 102 may present visual output i he
the other person's confision andor discomfort with the owvard-cing display 106, and may ot he wearer 100
intraction (us indicated in FIG. 2 by a happy face), and <0 to the other person's prscnee. The 1IMID 103 may deer:
may provide a more natura way to communicate with the mine wher the person is known to the wearer 100i anyWeatr 100, ible manner For example, th HNID 102 may compare

The mode of the HMD 102, and more poriculaly  onimageoftheperson's foo andor body gaint imagenof
Whetheror nthe ourwan-fcing display 106is tive, may individuals or contacts who are Known 0 the wearer 100.
hedetermined inanyof a varietyofway. In om case, the The FMD 102 may use esl rogniion, image compari:
FIMD 102 may ws extemaly dircid sensors (e. prox. so.oray oer sabe technique odeterminewhether the
imity sensors. LIDAR, prescce semson, cameras, micro. capured image matches an ig of known individal.
phones, tc. todemewhetheranherperson near or (images of Knownindividuals maybestored orassociated
Within reshoddistance fomth wearer 00 (c.£. Willin Wilh conacs in 3 contact is) The IMD. 102 may sho
about 30 fet,20fet, 10 fet, ect, or anyotherSuble 1 utomaticallydeterminewhether the person s known 1 the
distance) o 0 otherwise determine whether another person Weare by communicating with or bers detecting a
stingoinerctwith he weer. In accordance with cece device (e5, 3 phone. smarutch, IMD. near
adetermintion hat persons within he threshold distance ed communication (FC) chip, wirses-enabled device,
or in accordance wilh 3 determination thot person fs or the ike) asocisted with the person. The MD 102 may
cmping 10 inerctwiththewearer. the HIMID'102 ay. compare 4 gal signature, ads, o other identfble
activate the ouwar-fcing display 106 0 present a visual information from the person's electronsdevicewitha st of
output, such a an image of o svggesiv ofthewearer 100. known information to determine if the person is own (0
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thewearer 100. stedoforn addition toautomatic person capured image to rel the wearer's detected gaye dir
cognition, thewearer 100 moy manually sloWhether tion. As anther cxample, if 3face mapping. bomcine
person 5 Known o recognized (6. afer viewing the sesor detects motion mdiatve of an eye blinking (or
Person through the IMD 102), thervis changin shape)orothr facial motion, the 1MD

The IMD 102 may ssobeconfiguredto display iret + 102 may modi hepre<opturd image 1 reflector sim
visual outputs ontheouward acing display 106 depending ate the blinkingo she mation As ye otherexample.if
on Whelbr or hot arby person i reopized (er mio senordetects meio ofa wearer's fc, the MD.
awomatcally or as selected by the wearer 100). For 102 may copure an image sil or vdeo) of he wearer's
ample, FIGS. 3-33 show the wearerandthe HIMID 102 face i responstodetecting the mation (o thr 1ggenig.
in varios modes dependingonwhether another person 30D 1 event, andmay generat an animation ofthe wearer's fe
is nearby and recognized. FIG. 3A shows the wearer 100 raining from the pre-capured image 0 the newly
When ter person iwithin heshold distance Accord. captured image (possibly ting the newly copured ing an
inal, the outward cing display 106 may be nacive (os the inal fomof the animation). These montfcations mayshown).or it may dislay decorative imageorvideo(e8._ nclude animating or otherwise changing he pre-captued
not cormespondin the wearer's fce of ee) 1 image to show a smooth transition between Hate of the

ln FIG. 30, another person 300 within a threshold| wearer's festres.
distance ofthe wearer 100, However, the ober person 300 Modifyingcaptured magesor models inthis an may.
Has ot bec recognize by the HIMID 102 the carer 100, doce. processing burden as compared 0 showing 3 ive
or the wearer 100 has manually chose f indicate tht the video fod of the wears, and may be she 10 we sensingperson 300 is not known or recognized. Optional, the 2 techniques that ares ntuive10thewearer than opticalWeir 100 mayhaveal indicated 0the HID 102 ht he maging may be. For example, optical imaging may Use
orshewishes1 interac with the person 300. In responseto lightsource to mit he wearer's ace withinthe FMD.
Th person 300 being in proxi bu ot beg recognized, 102 in order to capture high-quality imagesfo 3 realtime

the HIM. 102dispoys&generic visual output 302 vi the vido. fod, which could he detrimental 0 the wearer's
outwardfcing display 106. The generic visual output 302 35 experince. Additional, capuring real-time vide dat for
maybe any suitable output ht conveys htthe wearer 100 on extended period of me may be poncrantemive. By

isviewing th rea word environment and ca iierac wih using les intrusive sensors e&., nfard light sources andtheperson 300, but i no an image ofthe wearer's face, or sensors, nfard light sensors, ec.) and modifing 4 cap-
is an image that obscures put or al of the wearer’ fe, ured mage o video segment rather than captring andorsuchas theeyes, eyebrows,anc oerdentable physi % transiting real-time doa, 4 high-quality, wel It mage
al furof the wearer. A shown FIG. 3, th generic may he displayed on the outvark-acing displays without
Visual otpot 02 per of sulacscs that do pot show the isrcting the wearer and while requiring Jes vera] pro
wearer's yes, thovgh othe ouputarako posible, such cessing resources. According i shouldbe understood hat
as dighally rendered ees thatdonot have the same app. references 1“vdeo” o the ike herein encompass modi
‘aceath wearerscys(bt hich maybemaipulatd to 35 Caton of an image or set of meges, Whether se or 5
reflectthewearer'sealtime expression andgazedietion) shotduration animation or video capure segment, 5 dis
Tn tis mode the communicate bene of the outward. cudabove. Likewise, refrences ming, changin.
icing display 106 mayberesizedwhileboth maintaining or otherwise aliing or adjusting on image or images.
a degreo of sponymity and also suggesting to the othr trsnstoning between two images, and the ike bo encom:
Person 300 that he or sh i no recognized by the wearer, 20 pas the foregoing.Tn FIG. 3, however, the other person 300 recognized © As described ahove, the utward-fcing display 106 may
(automatically by the IMD 102 andor manually by the be configured to display cial fests of the wearer.
Weare 100) As such, the HMD 103 displaysa visu cutput thereby providing a more mur interaction between he
304thtcomsspondstothewearer's actualphysisleturs. wearer nd oer people. FIGS. 4A-6C show various ways
Forexample th visual output 304 may bea Tv video fed 45 that physical fates ofa wer maybedisplayed on (he
of the wearer's fae (or 4 orion hereof) capured by a outward cing display 106. For cxampl, a camera (andor
Camera within the HMI 102 Asanotherexample dhevist other sensors) in he HND. 102. may capture ral
output 304 may nchude pre-capured mages ofthe weer, images ofthe portion ofthe wearer's face thai behind the‘Which mayor maynot be manipso reflect thewearer's TIMID 102, which may then be displayed onth outa.
realm expression and ae direction. More oriculry, 0 fcing display 106with or without modification or manip
an image (62. 3 two-dimensional image andor a three. lation. As another example, images (e2 Veo or sill
Ginensional ending or eprsenttion) ofthe wearer 100 images)of the wears may be captured an stored for ber
maybecaptureda af ie,suchawhen the wearer frst display on the utward-fcin display 106. A noted shove,dons the HIMD 102. The image may be. captured by a these pr-capured images may be modified based on ats.
Camers, sans, orotherdevice tach he IMD 107, or <5 bute of the ware, where the stibutes ars decid by
Vin separate device (3, 3 dedicated imaging sysem, 3 sensors, camera, or the ike. These visual outputs may allow
mobile phon. a tablet computer, or the Tike) When the the ware 1 commuicteiacil xpresions, decrease
Weare 007swesring the HIVID 102, weer cing sesor, an observer's folngs of alienation and separation, and
Such 35 biometric sensor, camera, eye-rocking sensor, generally improve the quality of intercon between he
motion sensor, o the lik, may detect some aspect of he 60 wearer and the oer person.
Weare 100 tht is indicativeofan motion, xpresion, or FIGS. 4A-4C show how 4 prionfawearer's ace may
other feature. Tn response to deecing 1h poet of the becaptured by cars nd displayeda.ea ime sill or
Wesrer 10, the TIMID 102 may couseth pre-capured two. vido. image on the owvard-fcing. display 106. FIGS.
or reedimensionalimageobemiedo comespond fo, 4A-IC ach show the wearer 100cn the ef with particular
ellet or otherwisebesipstive of he detect spat. Fr 65 expression: a neural xpresion i FIG. 4A. 3 suprised
ample, if an cye-rucking sensor detects the dinetion of expression i FIG. 4, andanangry expression in FIG. 4C
he wearer's gare, the IMD 102 may modiy the pre- The ight sideofcach igureshows what is shown on the
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outwarfcing display106.Asshown thedisplayedimages may be sed 10 modify a precapud wo: of thre:
ane unmodified images ofthe wearers face. In some cases, dimensional mage, model,or ideo of 8 Weare’ fee for
the mages may be modified in ways that do ot change the disply on anouthard xing display
fundamental content of the image, such as changes to FIGS. GAC show ahybrid display tehaique, inwhich
lighting, color, contrast, uc, o th ike. Theportions ofthe someof a wearer's xpresions or ctioncausethe MD.
wearer'sfuss displayedon the ouward-fcing display 106 102 to display direct mages of the wearer's Tce, while
(shown on the right hand side of th figure) comespond to bers cause the HIMID 103 10 display embellished or oth
the portions of the wearer’ fce that ae covered by the ervise modifi images representing the wearer's ce. For
HIND) 102, including for example the wearer's eyes. eve. example, 5 shown in FIG. 6A, 3 resting or neutral expres
brows, and part of the wearer's nose and forehead. This 10 sonmaybedisplayed onthe vtward-fcing display 106 a1
allowsthe outward-scingdiply 106 0simulatea“rns. rel ime age of he wearers fc.AsshownFIG. 65,
pore” HIND so that sn observer exentally sces What fs When the wearer 100 has3 surprised expression, the IMD
Behind the MD 102 30d fo convey highly expressive 102 may display cartoon cyes ving sila o analogous
Features tht provide important non-verbalcucs and for. expression. Silay FIG. 6showsthe wearer 100having
maton 0 observers 15 an any expression, esuling in the IMD102displayingFIGS. SASC show how the MD 102 may display a cartoon <yes having a simlarly angry expression. The
modified or embellished version of the Wess’ face in cartoon magesin FIGS. G1-6C naybe ill mages, o hey
whic the content of he image is allred but the user's may be moving mages that rack, in el me, the wearer's
xpresions ar mappedortransted o dilfrnt imag so Cxpressions (e&. hey may be manipulable digs] model,
That modifiedo canhllshed version ofthewearer's fce fs 20 a described above). Where thy are sill imsges the hey
coordinated lh theexpressions ofthe wearer's ceandor maybe displayed for 5 prdetermined duration (e. 1
yes In pariulr, he IMD102may use acomers (andor second, 2 seconds, 3 seconds), or theymaybe displayed 15
ther sensors) 10 capture an image of a potion of the long 3» the wearer has the expression (or 3 long a the
wearer's fce. The HVID 102 may then modify he image, in weir 100 commands ther 1 be displayed)
Teak, to havea iretappearance while maintaining 25 The wearer's sxpresions may ine the display of
the smeo similar expressionsoftheweer, For example, certain visual outputs such s the coon eyes deserbel
FIGS. SASC convert imagesofthewearer's expression, abovewihrespect1FIGS. 61-6C. These expressionsmayShownon the eh id ofhe Fgure,0 paris] armel fc, he dete 1 any sitble way. For example, th pres
hile maintaining similar xpresions, foe andcy move. sions may be dfeted by analyzing vide images of the
ment, and the ike. While FIGS. SA-SC displayhe relevant 20 usr’ Tce andor eyes snd comparing the imoges against.
portionofth wearer's faceashatofact, thi fs mrly one Known expressions and comesponding emotions. For
‘ample. Inothr cases, the FMD 102 maydisplay portions example, an mags analysis aor may associate ised
of the wearer's face 5 diffrent animal, a caroon, line cyebrows with a expression or enaion of surprise, or
drawing, nemo, an alien or othe fctonal beng. or the narrowed cxelids with an expression or cnotion of ner.
like. The images displayed on the cutvard-fcing display 35 The HMD. 102 may thn select acorresponding carton (or
106maysencrallycomportthe portionsofthe wearer's other type of image, photography, artwork, anima, or the
ce that ore covered by the IMD 102, including for Tike) 10 display on the ourvard-fcing display 106. As
ample he wearer's ees, eyebrows, and partof the wear. another example, the expressions may be separ con.
os nose and forehead. Physical fetures displayed on the trolled by the wearer. For exampe, the weer 100 may.
urd.fcing display: such a cy, evebrows, noses, and 1 signal othe HIND 02, iany sual input, whatction
the ike, may be positions to generally comespond 0 the the wearer100would ke the HIM 102 to display on he
postion of he wearer's physical Fer, hos providing a owtward cig display: Thos, if the wearer 100 nists
Tubsantly seamless transi from thedisplayed images hat the wearer 100i angry. the MD 102 may display the
To the wearer's seta face, eyes shown in FIG 6C-
Xcapturd mage ofthe wearer's fice maybemappedor 4 The HVID 102 may ako modify or manipulate images of

ranked 0 another beng or object in ay sulable way, theweare's face in other ways 0producetra, lke
thereby coordinating he ouwarly displayed rapics with appearance of the wearer's fe on the ouar-cing
he wearer's acual eye, fee, expressions, andor atures. diply. In particu. becauseth[IMD 102 coversaprion
For example. in some cass, photographie manipulation is ofthewearer's ce, that portionof thewearer's feewillnol.
used to dircly mely a Soph imege. such 5 by <0 he ilminated by the ight in the eal word cvionment
modifying textures, colors, shapes, angles, or overlying Acconfngl, showinganunmodified, needvideo of he
ther mages sch yes, ssc, rows, ur, or he Hk, ares fe may ot appes atu, Fo example, 1 cn

some cane, cil ad eye movements ar analyzed and capture an image of he esr’ fe behindhedork mask.
converted iio motion vectors tht ar then used 10 modify the FMD 103 may se nlored light 10 illuminte the
a purly digital model ofan objet. For example, an eye. <6 wearer's face without disctng the wearer or otherwise
racking system may capture andor calculate econ rep ntrfringWith the wearer's virul experince. Such Hight.
resenting the sped and directionofmoon of the wearer's ing.however, may produce mages dominatedby unsatul
yen, and tho HID 102 may apply those vectors to the eyes looking hues or greyscale images tht Will not match or
oF a manipulable digial mode of 4 ca. Accordingly, the blend well wih th portion of the wearer's ie hat s ot
Cars cyes will appear move t the spec and nthe sm. covered by the HIND, 102 Accordingly. the IMD 102 may.
icon 4 the wearer's eyes. Smile techniques may be mify or manipula the copured mages to beter match
sed fo capture motion ofother parts ofthe wearer's fice he ret of he wearer's face and providabeter experience
(€. excbrows, ose, forehead) and apply those movions for people inerctng wilh the wearer.
digital model. Thsmeo similar ches ormopping Tn some cases, the HVID 102 may spply one or more
or ranslaing detected atrbues of a wearer pre-capuned predetermined ioe manipulationso mefcations 0 the
mages andor modes of the weer, Forsxampe, deleted captured images prio 1 Gsplaying them on the outa.
tbutes ofthe wearer (eye andor fcil movements) facing display 106. Such image manipulations may include
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hanging a ho, contrast, brighness, or stration of the orspiorcxctment. As rhe examples, the borders
image (or any other sable. parameter). In som cscs, ofa pupilmaybecaved 0shimano appear Tam-ic
Where captured imagesar monochromeo thesedo fol exagierate an expressionof anger, o they may be changed
Contin a full color range they may be colorized. thr 105 hart shape to cxaggerte an expression of ve, Or
filers, dis, or othr manipulations re als possible. Such §_ modifications ars 30 possible
manipulationsor modications may be appli 0 magesof In some case, what is displayed on the our cing
the wearer's ace egardes of the surmounding ral world disply 106 may be more symbolic (5. ew lice or
environmen. east) than the images described with spect to FIGS.

Further, 35 described in fnber del wih respect to ATC. For example, FIGS. SAC show the IMD 102
FIGS. 14A-MD, images of the wearer's fce may be is. 10 displying shapes ha or epresenitive or Sst of

playedontheouwar-Tcingdisplay schthtthedisplayed eyes and tat convey iforation, but tht re ot scaly
mage appear cominuous With the wearer's fe. More images ofthe human or animal xen. Displaying shapes a1
porter because theouwar-fcing display 106 maybe shown FIGS. $A-8C mayprovid severalbench, sh as2 house dance (65. sever inches) in oat of the lower sersen resolution requirement, allowing gest sno-
weirers foe, displayed focial atures may appear oben 15 nymiy for the wearer while aso inrasin he ably to
root of" the wearer's actual fe, rer han continuous nkrac and qualityof iersctions betwoen the wears and
withthe wearer's face. Aceontngly, the displayed images othr people
may be modified to appar “recessed” relative to theout. Wilh reference to FIG. BA, the HMD 102 may display
War-fcing display, providiogthe llusion ht thoutward. shapes hat eps the wearer's eyes and dicate, for
icing display 106 1 ansparens adht external observers 20 example, Where he wearer 100 3s ocualy looking. The
are scaly cin the wearer's fe through fh outward. inl output BOD shows the wearer's ga in one direction,
icing display 106. Wile the visual ouput 802 shows the wearer's geiFIGS. TATC show another example of a hybrid display illrent direction. Despite he highly obfuscatedo sy
technique In paricular, sila to FIGS. 6A-6C, some of3 bolic appearance of the eyes, showing gaze dircion may
Weare’ caprssions or emotions case the FMD 107 2+ convey suporiat infomation toobservers and free the
display dire images of the wearer's face, while others fling of inaction and connection between he wearer
Conse the HIM 102 to display embellished or otherwise 100 andotherpeople.As described bern, the wearer's gaze
modified images represing the wearer's face. Whereas ditionmaybedetermined by sensors fn th IMD 102
FIGS. 63-6C show the wearer's fac being replaced with FIG. $3showsan example visual ouput S04 hatmaybe
cartoon eyes, FIGS. T-7C show the wearer's fce having 30 usd 0 indica whe the wearer 100s dielyfocusedon
xagerated versions of the wearer's el expression. For an obcrver or othe person. As shown, the wearer's eyes
‘xample, as shown n FIG. TA, a rsing or nual expres. my be represented by cirels. This particular visa ouput
on may be display onthe otward-fcing display 1060¢ HO may sso he seo indicate0 observers hatthewer
realtimeimageof he wearer'sfe.As shown F1G.75, 100s abletoseetherealworklcnvronment,rather hanjot.
hen heweer 100 hasuprised expression,which may 35 visual work The visa] output on the outward.bing
be harteized by widening ofthe eyes and singof the display 106may change from one sae 0 nother based on
ycbrows, he HV) 102 may displaythe wearer'sface bul any. suitable information or sats. For cxample, o gaze
With yes tha ar cven wider and cyebrows hat ar even deoction sensoror cameramaydetec thewearer'sgaze and
Higher thin those ofthe Wester’ actual expression. Simi. show the visual output 800, 802 when the wearer 100 i
lar, FIG. 7C shows the wearer 100 having an angry <0 atively looking around th real-workd environment, and
expression, characterized by mowing of the eyes and show the visual output 804 when he wearer is focusedon
oweringof he eyebrows. Detection ofthis sypresion or single Peron or yet inthe real-workd coven.
motion (using any suble detection technique. such a5 HIG. BC showsan example visual output 806 atmaybe
{ona alysis) may rel in he IMD 102 displying es usd conveyancot vi shapestht representcysbut
Having 0 exaggerated angry expression, including. for 45 or ot imagen of hewearer's yen A shown, thconveyed
ample, prmower yes, more sharply angled eyebrows,and cmtion may be anger, though othe shapes representingame or shimmering llc on the ers pupils. ther notions a als comemplaed, Suh a hears 0

The images in FIGS. TBC maybesl images, othey indicate love, question marks 10 dicate confusion, over
may be moving images tot ck, real me, he wester's ized icles 0 indicate spi, cries wih eardeops 0
pressions (3. they maybe manipulable igalmodelsor 0 indicate Sadek, ad the ke. Further, the motion 10 be
alimodifkatonsof captured ages ofthe wearer, as conveyed by he representative or symbolic eyes may be
described hove) Where theyar sill images, the they ay dtenmined nay sable way. Forexamplethwearer 100
be displayed for prodetemmined duction (c. 1 scond. 2 may actively sect what emotion is 0 be conveyed (byseconds seconds). o theymaybedisplayed a longas the selecting from a 1s) As another example, he HMI 103
wearer has the expression (or s Jonga the wearer 10D 55 may use Gamera, heat ke moor, lempeurS Seors,
Commandsthem be displayed The images a T-7C-ay kiIh Sensor HOAIFC ETors, o any oer ubls
be produced by modifying capord images of the wearer loshnique, sensor, or sys fo dele the wearer's
For ample, the HMI 102 may. identify regions of 8 emotion for selcting » conespanding viswl ouput
captured image corresponding 1 particule facial festres, Tn some cases, the outward-fcing dispey 106 displays
ch as cychros, pupil, ir, sles, elds, forehead, and 0 visual ouput he 5 nt Suggestiveofeyes or ber facial
the like. Those regions (os wel as surounding or arby features, yet still conveys formation fo observers and
rca ofhe image) may bo modi fo produce th desired increases he quality and he content of nerctons tween
mage for display on theovwardfacing display 106. For a wear and an obcrver. Such visual outputsmay include,
xample, theangle of the eyebrows may be changed (efor example, symbols or images indicativeof suggestive of
producing or cxaggeTing a “V" shape) 1 Cxaggerse 5 65 emotions or moods, inormition) displays (68. Curent
Getta expressionofanger. As another example th eyes weather, description ofhe content he wearer i viewing.
‘andlor pupils may be caarged fo exaggerate a expreion he wearer's calandi) of patterns that indicate peraonsl
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snes or a sists of the wearer or the wearer's viral FIG.9D) shows ancxampleaninformations visal cup
Covironment. FIGS. 79D show wearer 100 ith an 906. As shown. the visual output 906 shows weather lr.
HIND102displayingsymbols, mags,or othe information maton, though other infomation may be displayed in
hat ot indicative of hewearerseyes of fce, yet sll dition 0 or meadofweather information. Infomaional
conesinformation sd nessesth qualityof eactions visual utput 906 may bdisplay when the HMD 102 in
between the wearer and an observer, aparticularstate ofoperation (e&. displayingacompleiely
FIG 94. foexample. shows the HVID 102 showing a viel vironment 0 the wearer), obasedan particular

visual output 900 hat ndspute of hears Th visual envionmento sats of the wearer 100. For example, ax
output 900 may be displayed in response 10 any sutble| describedwith respect10 IGS. 16A-16CanFIMI> 102 may.

inputor detectedsaeofthewearer. For example th visual ** be configured 10 present diferent groups of visual outputs
output 900 may be display when thwearer 100 indicates based on dike vironmentso modes of the IMD 102
(or the MD 102 detects) that the wearer 100i fling (eg. “work.” “home” o “public” modes cc). An for
Happyor experiencing emotions of love or aflction. The matonal visual output 906, for example, maybepres
HIND 102 may detect such emotions in any sable way, on theoutward cing display when the wearer i in 3
including facial image analysis, biometric sensor, or the '* “work” environment adi Fly focusedon a viral envi
like As another example, he visual ouput 900 may be ronment.
islayedwhenthe wearer 100 indicates (or the HMID 102 FIG. I shows sn example visual utp 90 that mirrors
det) that 3 earhy observer is rocounied (eg, by whatisshownonthe ser-fcing disply(s)ofheHIND102
comparison toa ist ofknown individuals) and bas been 31 For example, itheusr acing diplay(s)ofthe HMD 102
previously tagged asa amily memberor person for which ar showingial envionment of 4 tropical besch scene,

the wearer fos affection.Thedisplayed mageofhears fs that same scene may be presented on the outwarl-ing
monly exemplary, and other images maybevs fo conn. displayofthe HM 102. Displaying on the outwar ing
ante Shatin (of day lbw robot. For Cee, dng With he wr 4 sng may ie ene fog
insiead of eat, the HMD 102 may displey sly fas, 2+ quality of ifeaetions betwoshare and an observe, a
Bowers or the lke Theobserverillsiacon insight nto whattho wearer
FIG 91showstheHMD102showingavisualoutput 902 is secing. This adional contextual information can help

{hat includes an mag o.vidooorsllama)of lames, the observerdeterminewhennd whether 5 appropiateto
Similar 1 the discussion ofFIG. 9.the isl output 902 interactwiththe wearer, whtypeofmood the wearer may
may ho displayed in response fo sny suble input or 2 he in. What typeof work o leurs SCTRY the wears it
detected site of the wearer, such 5 Whe he wearer 100 caged in, or he ke. In some case, the mages displayed
indicatesor he HVID 102dees vi aiaimageanys, on seri displays may be configured fo preset sc
Biometric sensors, cc) that the wearer 100s ling angry. roscopic images to produce a thee-dimensions] view for
nother cases, the isl output 902 may show ther images thewearer Insuch cases, the HMI 102 may modior ser
in response 10 detctedorseeced emotionsofanger, such 35 the her ing mages 50 tha they are viewable ia
5 lighting bolts, fowiog faces, exclamation marks, X"| two-lmcnsional display. For example, Sereoscope mages
Symbol, or the like. maybe combined 0 producesinge mage or only oneof

FIGS! 9%and 9 show examplevisual outputs that may he images used 10 form the seroscopic image may be
be pres 0 rele o indicate the wearer's notions or displayed.
menial ste (oro indicateanmotion hat hasbeen selected 40 FIG. shows an examplevisu output 910 hat displaysby the use, regardless of Whether the user Js octally text Asshown, the displayed ext includesthe words “do ot.
xperincingapantiecnotionormod). Otheremtions, distur,” Though any other messge or ext may be dis
moods, and mental sists may ls be detected by the HMD played. For example, the xt may indicate that tewearer is:
102 andlor selectedby the wearer 100, andcomesponding uly immersed na viral covironment (c5., “peasc
visual outputs maybepresentedfo (ose emotions, moods, 45 Wal am ia virus] environment”). o at the weir fs
or menial sues. For example question marks may be curalyviewingat ast par f the eakvorkd environment
presented for confsion, tear drops may be prescted for (e. "extemal viewmode i act"). Any other suitable
Snes,o the ike Text relating to the wearer’ sate (c2, mood. cnotion).

FIG. 5C showsan example visual vtput 904 tat isan mode or ste of operation of the HM 102, te type of
abtroct image, Such os a pattern. potenotherabstract <0 envionmentbeing presented f thewearer(c.2., ull tual
mage maybe od oconvey hat ser docsnot wih 0be reality, augmented aly,mixedrely), o th Hic, may be
ised,ormerelya del imsge forthe IMD 102 In presentedon the our cing delay 106,
Some coos, diflent patterns may be ted to indicate FIGS. 10A-10D show examples of symbolic visual out.
ile stats or modesof the HIND 102 or conditions of puts th convey information abot he wearer 100 andor
the wearer. For example, checkerboard pare may indi the carer's sate ofteraction with irl nd esl-word
cote hat thewearerdocs mot want be disturbed o i uly vironments. The visual outputs shown in FIGS. 10A-10D
‘ogo ina vial environment, whilea pattem of icles may be par of a communication convention fo outward:
or swirls may indicate tha th wesrer 100 s viewing the fing duplays fo sonvey st of concepts thst may help
alworld environment of is open to iteratons With improve iieaclions between the wearer 100 and exer
utide observers. I sone cases, pateror other abet 1 obcrvers. Tn pariclr, the visual outputs shown in these
mages may become patof a de fcto communication figuresmaybe nnd 10 convey that the wearer 100 is
protocol or communication comvenion for outward-fcing engaged in the viral world (und thus is ot aware of
Gislaysfor HMDS. Forexample as IMDSaeinressingly eal word sumoundings). thatthe wearer 100dosnotwish
used. peoplewill becomefamilar with eran pattems and 10bedisturbedob nterct with extemal observer, at the
absiract mages having certain mooning. Thus, even such 4 ier i focused on of is able 0 see the real-vorkdcavion-
abstracted images may increase the quality of iieracion ment, adothatthewearer100s curently eording Video
between wearers of HMDs and the outside work of the ralaworkd envionment.
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Focxample, 1G. 108 dows hs FMD 02 Gianga FIGS. 1-12 show atonal xsl ofow a evsi opt 100 of gir which may roemble of chagemntof sweatwih horokinetobo sabol This ilotonicohh 7 ocmningdre sof vilouron
rr 100 lly entinlenim andor 38 curd cing diay 06. For example. th preaer 5 vinnteg ta doglratonopment erg ris
‘wearer. FIG. 108 shows the HMD 102 displaying a visual ~~ may be indicative or suggestive of, for example, what the
pt 102 lh 0er of pe teetof Si, of Vitisdnr
lod evsThs vialcuit103mayconveyhat tbe 3cst FIGS, TE an 20, when wee is
HMD 102noot dst”seobeME 100, 1,canscnn145 mhsnvids
real-world environment. FIG. 10C shows the IMD 102 Ee(8shows in FIG. 124) or 2 movie or video, the3 D102 So cg dily rt show 3 va apn 304
plying cies tht are spusive of open psmr ELCPOC eTBar eomeys
1 the visual output 804, described above), indicating that ormyyion aboutwhatthewearer is engaged with, as well

the wearer 100 isviewing thereal-world environment and/or 4s conveying the fact that the wearer is fully engaged with
is open to engage with individual in th real-world envi- {hc Vitual envionment (and hs may not be aware of heomen. FG. 10D shows he 1M 102digisl ewes orn We FC, 1 Sho 5 ot
output 1006 of circles with inset icons or symbols repre: representative of the video game. other symbolic outputs
senting video cameras, indicating to outside observers that representative ofthe conint being displayed o the wearerhe TMD, 103 1 cording mgs (03 vie or Sl 20 my be diye loin ot onmoeimage) of he lower aioment OI bel 0 SyA0ed Ho, om nee of3Shract18 HO, 8a
le my ngasdcyhtheTMD 102 poster 1 romain] mopsacornsuchsr els osols wih 3 coms: TheHID08 may dey»en sol uot when
ine peer ord he EMD 102 periin psogor“ iycod ren. a autor. fing display may ae 5 Td, chs when FM 13 boing sg of
lionbic fITE sens agi, Aa0 Tork Some oth wees 10. Fo ramp,ply fsmonsoe2compu mer sone FIG, 15 showsneva moma imag 1206 coms.
eT Cuando my a owing 0a Te oF seine mse of ie rlno
Sitsshynaa ohcnndds(LEDS) Tn Spitsr he wet10.Whenbewrt 00soe i HAT 103 aoe rr rod 30 Sai oe mate serare oeShhares and pms of Neh 6 somes mmaton nF IC, he HAD 103m dley swt up 108
proadrobimibi enRnd Rp ag ipn]fstgb ro bo shove shown 10. 12D, Th he

Fo ample IG, ILA shows the IMD) 102 wih ght Get ic ofte woryt acts 0 oteor.tye 100 hl coch nodi sorts amano i 35 rh as so ety viiFnrar. (Amasdpts ofot sousahshi aionmnt Thelmtldso-so Gbpiy
oe shown in 1G. MA may ao ad The lah of el mage on ol te ward and ordndee ne Bab aren 100 Eo camino poy banc he dua of items 3 ToFeeoa pafoe lt sot nin he Set of he TID 103 and allowing 3 more
Fi Tih Shows te ht aes 1 levi ssl 1 pa)and communication sy: Morse thecup 110 sosofare as Tis pant oy bc het at he ge an he cuan-cng. JPY i ovnad whowere TO vowing os Sok con Vine myEtoSor wes ht.
heart Soviet andlor wHR fo Cope ik al view hi 2vilovRr Sonea TIC ICshowste Tab ars 100 iyi oh IND 108 mt poy 30 snes uth vpictr TLgsifc oct hich me bs. 4 when he TMD 103 operating fn 3. ved A or
aydod when dhe NID 02 na otGo gtd rly de 2 mtd in FIGS. 12-12So or wee 100 lewis dos no sh 1a Fr can FG. HE shows an example med may
crapador gage wilh he malworld swim FIG, owt otpr 113 ipodoh wart 100) wihTI Sows ht sary 100 loi vil cup wheno 210 (0.2. son) tfti06 ig se of 1X mil, hh mo 5 iecv. 1stcome fo ohn hn
india ot he weer 100 uly SEngod in vim th wears 100 con st shh x som othr ot of Invm andor tt wercoc ot Twimmo, th TM 103 my gon onth
Ring pesca toh weer oar ing dp. he Ears cscoiwilhhrprs ndingofthr sss of he IMD) 102 adn mol o dito ht wearers view ivore wn 10 sb pod wig he Th <5 Src mid o nadine Tr kane 3» sho iSys 1100. For nami. th Ttaa 10mdsp IC. 13.3 wus ove 114 maymlei ges
Fone tha ppt sh como or cd of he wea, of Fr ofth wears Be ith cles around th cvsTabs oem ningo sagt he She 3 coin th oun f mlomition ht es hveloo Fs to mtRoSee. nl ho wh Th eeVwi ay Bp cn
ami, hii avs HO maybers asain 6 waresand Renal centTs comfort of viders1dey ehpt Te ras sh on Sr.oeSrey ol mscooleKnog
Reamer Pog borame Patolasommiction Whi dwhehrfheetbmg xpos fooreComicon, WHEE ge props f pale beso Flay Adin fo he resword cima,“hi oFsome rs og rio, WllyofahsbtnpHaBPS
ahe Fcnsaybarn wallacdand una 5 (58. SHY gh or Ao rsohon dupa apa ofeboney tonhwwsof NDA ad rong smal rghit o val a) diay

ame. Toes oF haps to omy infor sow he te of
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Wenrr's engagement with the esl-word envionment, tationof the HMD 102) in any suitable way snd using any
information may als be conveyed using othe visual ou. sable sensors, sch as LIDAR, rar, lrsonic sensors,
puts. For example, on o more light souee associated with cameras, acelerometen, o any ber suble sensor.
{e. stached to) an 1IMI> may shine rod when the IMD. FIG. 14D shows how an image may be displayed on the
102 in a vial reality mode, yellow when the wears is 5 outa cing slay 106 when thewearer 100 i dre
ina mixed or augmented rest mode, and green when the in ron of the observer 1400 (where he viewing angle
Weer i in asslhovgh mode. As anor example, 3 ofthe observer relativeto heHVID 102bout0degrees.
Tight source may shinered when he wearer 100iangry or ashown in FIG. 4A. In paricular, as shown in FIG. 145,
otherwisein:bod mood.andgrcn when the wearer 100s a image 1402 3s rescued onthe ward acing display
Happy or otherwise in good mood. Other techni fo 10 106so tat the image 1402blendswith an expose portion
Vitaly comeing the seofthe wearers real-world of the wearer's face. Under theseviewingconditions(e£.
crgagement, moo, emotional sate, o any othe sulsble 20degroor head-on viewing ng). the IMD 102 may ot
{nkormation, ar aso posible. nodiomanipulateacptured imagefoscommodateforhe

As describedherein, whereanHMD102 captures mages. Viewing angle. In paricular, the imageof the wearer's fice
of the wearer 100 1 display on an cutward-ucing display 15 tht i captured by the HMI 102 may be fom  stghtcon

{as describedwith erence1FIGS.4AAC and TATC,for| viewing angle, and thos angle adjsents moy nol be
xampe), the capturd images may sso or insead be necssry. Insomecases, he IMD 102 may changehesize
modified, est npr, based onaspectsof thesurounding of he captured mage prior o displaying he mage 1402on
eal workdenvionment. For example, FIGS. ILACI3 show the outward-acing display 106 tht th displayed focal
How the IMD 102 may modify captured images based at. 20 featuresar aligned wilh the wearer's actual cil atures
least partially on the lighting conditions of the real world and correctly positioned (gs thet thedisplayed eves do
environment. FIG. 13A shows the wearer 100 wearing the not appear are or salle han, or outofpla relive bo,
FIND 102 in diffs lightingconditions, sch as may occur the Wears actual 3s).
on a cloudy day o in an covironment with substantially FIG. 14D shows howan imagemaybedisplayed on the
‘omidiectional lighting e5. where substantially noshad. 25 outward-facing_ display 106 when the observer. 1400 is
ow aro cast on the Wesrr's fc). The [IMD 102 may use viewing he outward-fcingdisplay 1061 an angle 1406. As
Sensors 1300(e2. photosensors, cameras)to detenminean noted above, the IMD 102 nay detemuine the viewing
intensity, color, or primary divin (undir ober proper. angle of the observer 1400 relative o the ouward-ing

ain viewofthos prope o producea imagefodisplay 3 eras, accelerometers, andlor any othe Sab sensing sys
hat substantially mtehes the uncovered portion of the tems. Ones the viewingangle determined,the FMD 102
wearer's fice. FIG. 13A llstoics how the image on the mayprocess capture isaof he were facebasedon
outward fing display 106 may substantially match the the Viewing ange to produce 8 modified image 1408 for
Tighiing, shading. colo, and over look of the uncovered display on the ouvard-fcing display 106. The modified
portion ofthe wearer's fac. 35 image 1408maybeskewed, seid. rotated or otherwise

FIG. 131showsthe wearer100 wearing the HIM) 102 in manipoltod to produce the illsion hat he outward fig.
an environment with highly dirsionl light source. FIG. display 100 i ursparent and tha the observer 1400 is
38 represents this envionment a3 sunny doy, bt such ciallyviewing the nearer’facthrough he IMD 102.1
Vighting conditions may be produced n many ways, such as he image 1408 is not manipulated in this wa. th parallax
by indoor Tights. Such ightconditions may cant shadows 40 let of displaying the Weare’ exes on he fon of heon pans of the wearers face. Accordingly, in onder to HMI 102mayproduce adistracting. unaturlappearance.
Producesmorears mags on hecwwardcingdispley The HID 103 may periodically update theviewingangleof
106 the HMD 102 may usc semsors 1300 (c.. photsen. the abserer 140 relative otheoutwarding delay 106
srs, cameras, o he ike) to detemine an nlnsity, colo, and updatethemodifi image 1408 in accordance with he
‘aoe primary direction ( Wel 3ober propertiesof the 45 updated postion) information, thus providing. ral-ine
ambient ight, and may modify capured images 0 dd positional tracking and mage updating. further increasinghoon, highligh, and ober ighin(or ober) modifica thematra xperienceand appearance for observer 1400.
Vion ote displayed image. Accordingly. av shown n FIG. The IMD 102 may aobeconguredo tegrate aspects
I3B, the image of the wearer's face displayed on the of the extemal, real word environment ino he viral
outwardfing display 106. subsiantally matches and 0 nvironment beingpresented 0th wears. FIGS. 1SA-1SD
binds with the uncoverad potion of the wearer's fce, show examples ofvarious waysinwhich images ofthe eal
producing2mtural appear. word cavironment, and in pariculra person i the real
The HMI 102 may manip  displyed img based word vironment, maybe nigraed nko tho viral envi-

on the extemal environment in ocr wavs a wall. For ronment presented fo the weer 100 by the FMD 102. For
xamie, a describedwith espct to FIGS, IAD, the <5 cxampe, FIG. ISA shows # person 1500 with whom 0
FIND, 102 my modify how a mage is displayed on the| wear ofthe MD 102 interacting. and FIGS. 150.15
outwark fcing display 106 based on where an observer show examples of viral cvironment 1504 being pr-
1400 relative to he wearer 10. In particular, he HMD sented to the wearer.
102 may detec he locationor postion ofthe abserer 1400. A the outset, the IMD) 102 may capture an imageofthe
relative to he wearer 100 (andor relive 0 he direction 0 person 1500 sing a camera or other sensor or imaginghatheFIM 102i acing), andmay ltr he magsthat device. As shown n FIG. 15, the HIMD 102 may preset

thedisplayed portionofthe wearer's ce sppers fo follow he captured image 5 ive video fod 1502i the viral
thecomours of thewearer's ce (c.. nstcad ofappearing envionment 1504. The ive vide feed 1502 may be dis
a fow inches in from of the wearer's foo due fo the played no discrete window 1506 thot overlays the viel
posioning ofthe outwar-facing display 106) The HM 65 covironment 1504 and that may viswaly distinguish the
102 maydetermin the positional thecbserer 1400 elative ideo fod 1502 fom the displayed vis] environment

10 hewearer 100 (andorrelative to thedirectionor orien. 1504, The live video food 1502 may be movable andor
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sible within vito ovine1504by the war. ov diffs modes in whi il pes of islFo axlethID 13 my ln he wears mvs oatre pipe or lt Soeooweroficon ed 50staietmeoh FooetmFB hoeacoso]hvenot104 hnSh mes howe andBe)ch dpeha0ime ol 0 Wh boSh © vig pin co me oescing witha heicometa a © myroing Ulyinch modelr ree

he HD 102 oy mei detdti a eymostth image Reto pe of comet ht aCastoi pen 1500 For eiIN 43 HG 168 ows he oes ofoer tt be0 rel sp po 150m 1 9 Our oly hn os bin 2
prea in the cpu img For cumple 3s Shown LCC stl way For camperFIG. 15C, the HMD 102 may capture an imageofonly part cl Ee ily the HMD ma

‘oftheperson's1500body(c.g. theperson'sheadandtorso) SIT may select a mode manually or the SySltepomor 800body3, Septetone) oe comin fo xtpe sng boa
Eene al 1 oh of he IVI. cine 3 corcy Sinesrtsge0 uremia40Fh1 «ete wou, tof soit sone aslo oF

rs, malecomsrs, Th,ee NDba “hoe” mde nd fe set
reali video feed. Other aspects of the captured image imernally focused, the outward-facing display may show aoy Poachchboonind il i 1400 ot me th ears wen]

Si. deckms eedns fo rlitoad ul 160 3evi comet 18onav partion Bank senWhen hc wethh”dhBnavcome1501geF0hof ely ond,th dopo is ow vival unrra 403 cing pees of ea slps.Whei on ty ins (or thr con i 35
cad with the cating) i hcSTASI vio. dog oy sh 3 inc pe M04of
the captured imageofthe person 1500 in any suitable Way. pote, such as a checkerboard or screen pattem. These or
For example, the HMD 102 may sore or receive Pr  giher suitable visual outputs for the “home” mode may
captured or pre-rendercd images (cither still or video fect themoreopen andlaid-backatmosphere that wearers.
images) to which capture imagesorportions thereof may 30 encounter when at thei home.
be: miiie, surreal, of olhcriries Bishi 10 adise As shown in FIG. 168, when the HMD is in a “work”mg Eon Th ge 8 my Gopay FIG 16, whenti ND 2wrk”
diese window 1510, Grid hv, ig dope oy show 3 slept 166 ot edoTnsome cases, he IMD 102 may more fll nigra de 2602 display my show visual output 1606 :eyAE 1 norman (05, 1h Wel, 1h Wears Upcoming
Foam ead ofdoppia In vin fod (HC, FFD xcnsppkos. dos1
188)oramodified ivevideofeed(FIG. 15C), the HMD 102 pring weer’ a. os) risen Juso ul mle to pron 10 and chpionlay while 30 poiding

lon) weet vies awn hloanfocoworkers a thr seis.Whe
$58. pic ID 192 my ars min teneahewo oe ndhryoeSoipt 1500 Tomtees ne hn Goo ey i 3i]vt 10 hintngsofEe a nc tte amon oth wae’ el rn wih my bo wll nknssss ot He, ThJID 103 a on. ins when asl ection. bs bell ndtin cont 3 mbmod of3 Ved shsses y bptrnse Whee nearssmo oelscon hee 5 1oe ico:etmvon: Th chm molidwsh vl spt eto su ad
en 1500 sp ors on peg or cn. stonsaledoe Theoroatheroelan A AR AeRhicathcharterFalGs, RolsshHscfswhenstwid pes 50 he eh wo 0 woSn lod emSua errs FC. 10s the typeofcn tt rn be gerr wescrnwih atenolol Sa swing SP wi mt 5 3iant hlingTin] TAod so wh 3 3 PN lcen amm Echos an th te mo pet Soio il hedcooneetwh 5enegrilcroc. of ceva NDB poi mot nd we cmlWhi the IMD cn dopey may fs ts of Sun, Jt arn day momonnmoss pnt dopo moral Cope 1613 Dkem com vueutet Sg panSoTr. daWltwateepo
tnelttn ach x EAsbmo Fo deanerysededopy oy ho islCm wis wear bs shone nally ot MS ad ahpronofso. ToRU(copa ih itlom.iy pe ofuspt my ctar ht he weeEeron ng domlyomA Sea aa aioewhitaokeamesat neMS wok confi. or pron hn 1h wea oh este rg A poSbApdbgrn hyoelo iring© Phetw ep edsaiapes akin Aeon be IMD 102m. htsionhe dip hoiou
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1616 ha inches images or symbols that quickly and the like. For examplethewearer cing sensor arays 1706
indicate that te werdocs ot wish 0be disturbed, such as may include:wearer ingcamera 0 apr mages of
a “pobibition sign wearer tobe displayed (ithe modified orsanded)onan

The modes, suse, and corresponding types of visial  owtvard-cingdisplay 106 (1G. 1) ofthe [IMD102,nye
outputs shows and describ wihrespect 0 FIGS. IBA-TGC rocking sensorfo detec yemovements andgare direction,
are merely examples. Moreo fewer modes ray be used, and motion tracking sensor 0 Geet facil movements.
and cach mode may have mor o fer satus sociated More or fewer sensorsmayhe cluded in the scnor rays
herewith. Farle, statuses may be ried 0 3 wearer's 1706.
mood or motional ste rather than level of engagement FIG 175 showsfron or exterior view ofthe MD 102
withthe reloworkdenvironanent, and ocr types of for. 10 As described in deal herein, he IMD 102 includes an
mation or visual outputs maybe sed for any given satus, outward fseig display 106 posiionod within the Bowing

FIGS. 17A-17B show dotaofth physica seuctureand 1700. The outwardfcing display 106 maybeany suiable
‘components of the HMD 102 The components shown in type of display. ncling a fiid-crysal display (LCD).
These figures ae merely examples ofcomponents and con organic light citing diode (OLED) display, 1 ED display:
uration hat may be cd, adae ean! ore oltre 1 or the ike. Theourhard ing display 106 may be config:the funcions of the various componeats rather than any ur to display the imagesorvideos described ern, ths
panicle shape, location. size. nication,or oberphysical providing 4 more iterative and natural communication
harscteistic ofthe omponcat. Cxperince betwen 3 wearer and individual in the rea.
FG 17Ashows back or eral viewofthe IMD102. world envionment Thecwward-fcing display 106 maybe

The HMD 102 include housing 1700 thas covers at last 20 3display ther thn a binary indicator such a light tat
a earer's eyes, and posibly othe portions ofthe scorers indicates whether the device is on or off.ce. A stop 104 maybecoupled fo the housing 1700 10 Theoutward acing display 106 may be inegrted with
tach the FMD 102 10 3 Weare’ head he FMD 102 in any suitable way: For example, the out

The HIMID 102 icles use.fc displays 1702, 1704 wan-fcing display 106 mayban integral component hat
hat present visual information fo the ware. The scr: 25 bul inoa housing of he IMD 102. A othrexample.
facing displays 1702, 1704 may be flatorcurved display theoutward acing display 106 may be 3 movable com:
panels (¢. LED or OLED serens)on which an at lest ponent that can be tached to andlor removed from the
poral viral cnironment may be displayed. While HIND102 by consumer. nthe later example.theoutward.

Shown astwosparsecomponent, the use cingdisplays cin display 106 maybe 5 display accenory (c. an
1702. 1704 may be a single component on which two. cccssoy that is itendod only55 add-oncomponent 0
dill (tough related) mages may be presnied. The the FMD 102) or ft may be sn clectronic device that
Gillon images may be configured to Simulate a thre. provides ts own spre functionality (e.a smarphone
dimensional covironmentforthewearer The HMI 102 may or ble or othersufable device that canbe atached andor
alo include lenses of other optical components i font of connected 1 the HMD. 102). The uafcing displayTheuscfacing displays 1702, 1704 (c2., betwocn the dive 35 106 may be» high-reoltion diplay ht 3 <apsble of
plays and the wearer's yes) provide optical characters. rendering relic images, ora low. resolution disply hat is
Tis that resol in the simulation of a hrc-dimensional notcapableof ending raise images (c.£.phOWEPhS).ovironmen. While theus.facing displays 1702, 1704 rc but i capable ofrenderingnon rliste symbolic graphical
Shown a lt sroces, othe typesof displays may be sed outputs (e5. pales and shapes). The ouwar-being
instead or in addon o th la screens, such ss tinal 4 display 106 ay also be covered by protective over such
projector, opal collimators (similar to beads upedis- as 3 las, plastic polycarbonate. sapphire, orother trans
Play) or the Tike port mail,

Farber, thewerfcing displays 1702, 1704 may be Also, while the outwar-fcing disphy 106 is ofen
fotcaraied wilh the HMI 102 in any sufable way. For shownanddescribedbre a singledisplay component,
ample, he usr-acog displuys 1703, 1704 maybons or 45 i may include mule dillrnt displays, Such 5 wo OF
mone tral componcatshatare ui no housing fhe more displays i side-by-side rangement,ofTwo ormore
HIND 102. As another example, hewer fcing displays displays in an over-under arrangement Forexample. an
1702, 1704 maybene o more removable components tha ovcrunder arrangement of owwarlfing diplays may
an batched 10 andor removed rom the IMD 102 by a include one display extending borzontaly from rst side
Consumer. In the later xampie, th wier-foing displays 0 10.8 second sid of the IMD, 107 (which may roughly
1702, 1704 maybe a display sceessory (5. an accessory correspond tothelocation of3wearer's eyebrows), and
that intended only 5 an add-on component 10 the IMD sccond display below the fs dieiay and cxending hori:
102), or thy maybean lectronic device that provides ts sntally fron the frst 10 th second ide ofthe HIND 102own separate functionality (e2. a smartphone or abit or (Which may. oughly comspond 10 the location of the
ther stable device hat ca be stached andlor conncetad <5 wearer's eyes). Th fist and socond displays may display
To the HMD 102) Where he werfcing displays 1702, diflrent subject mate. For example. the second display
1704ae single component dor includ only 3 single, may present images of he wearer's eyes, while he fst
Contiguous disply. he display may be operated to produce display may pes textual information, such 5 descrip:
wo distinc viual outputs For example, a sigle display tio of the Weare’ irl cvironmen, modeofopera
may prodocea Fist visual output o be presented oneeye, tio ofth HMI 102,apreferenceof shewearer e£. donot.
ad 3 scond visual output 1 be pres 0 nother eye. isu, open to eracton, ic. oothe information such

The IMD 102 may sho include wearercing sensor a sock values, wesher information, calendar formation,
mays 1706. Thewearer facing sensor amays 1706 may cic.
include camer, eye-racking scons. bomerc sensors The HMD, 102 may aso includeoutward cing sensor

(cr. esr rt, blood xen respiration te. perspiration 65 arays 108 The outward cing sensor mays. 108 mayat) optical sensors,motionsensors, presencesensors (2. include sensors tht capture information about the rel
Todeterwhether the IMD 102s curently being worn). or wordsaviromentwith which fo improve the experienceof
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sing he TIN 102 for he sor nd hones. For wns ad is sonng my esl.sl ntheee oan rit worps WB cote ot mp op ofiag mate debt in. pt et eo es, vd
teped hor wnoo3 95 cl eis Pn, ops, 10 7.+ eeeros tootndiI errnordenim wilt renege MD OEhe me tet Yor so be
San en eh DAR.i PARte ond end 0
ee ceeddein se maf | VE - )
irsahet oordp 0. 10 5 liwhe the IMD snftceof
As dseribed, the IMD. 102 may ws this information to 55 way dipley imageerentweetbeFocc sen ht
produce images that seamlessly blend with the wearer's yr iy “home” mode with an “extemal engagement”
Physical features, thusprovidingamorenatural appearince ypu (see, cg. FIG. 16A), the HMD may display theETwer to 2 rr Oe some led0, Se 5,5, 13) UEID my hp bemat igsoar amos 08 ceox*aeIhrmodes ofsein beKDmy
Phot eos (5. of ein Solr andAYOF on,iSop foe OD. Fo ava emioerows mmr dopeyoiteIND, Fs ample
{Cp fc ein he oes ofrr or 2 Seo FC HhdyalpeloeriIo ws Nig (5 Hd 5eoHird iemail Sop reI. TEA 18 show ter camp ID 1300 3 epscmepon 2heeneday is Gy Eee lh mph dodnnnla he INDY 800 be honk sh TD 103 se pe TD 130.I a ansimemrcompo of he TID JE ty 2008 apn ote fy Son my 100aedoe enprowr190 Srohoesecl 900 TertotBNobeonvan or 308 prcometmy004050. ir enoi py 10, AH Soeeo ml 300 Soon chetsay ossconnorSd 5 Soneoe TheesokS02peasABbcertimeenohedops opin on con
To TM 193 Sar ig dep IO ne Ptms ton. ToPc 30oe marin dy 106 oh mre. le ctl poe. (CP) of eeamecafwrig 35 AeorshahSepoco wth 200%erswkmo orenwn soegs.1Shon aml psn 900open coearedps (ASIC) ndoeIND heINH ps0 eybed lsdopiooiiomtyne"cry 20M my ce 3 vat of pes ofmscopingsoeSes ls, ene.Ch mevs Fo ce roe nS my AN. ronin HE BTID py cpr seri my NOV srk pent meg otati IND so mindos EPROV nd FEPROM of he mney Th cinho wert ft a eh enon 3004 coreSecotelren ms coped sot ne. 5 owt Oho eyot Com
intSomeday. otme dotbodhr,  pae okaml Bot shovidosanc ofRSoENyrFe orsg ionbeSotsiieo asPr oTwesesra dnSorr,sSoons ov TMD (Lg ower ys nd peSn Fore Sop oi ot[El Ee si is 200 ey ohonionIBA, he HIM may dpa,cna beseared 0 some ompoceloe ovncions n.ing op oteaBoi ndge lr nd neaStavaimop The pe be 1h hsoeoni ot 308 orlope(Ft eyBooey ov eaorescn sedoymkhsmonoi 5 904orcopepsme 30. To corte:ee amybemoon TibsopereasaBOEbog pg satu Sg tevin tgRw bybp Sees, ie coe bn or ttn, eo TEND For tape he pcg ohRe idpond,s S05 ener 2006 snr ie ponedet neaSrowe rl, iFomycrncrsewene mtd mde oe scnnd  Elt os Joh coofon 3036 onppaA AEn0 min on ron (es. in demi)Icoton coneerTa ever or imem i my Ss we SF te TD sy oebe dt 3 maehp5 edcncpeso acdogohon mag. AthSeamer as) 208 2 ll  o cope itoflionSkoySn Goin cobs od wo hesspymidsmd
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venionsofthose mageson he tems display($) 012. The cwtward-fcing sensor. Example sensors tht may ako be
‘computerreadable instructions may be provided a5. com. included n he FMD 2000 includ, without Tiaion, one
puterprogram product, sofware application, or the Tike. ormorceclrometers, ayrometer, nclipomeers, gonion.

“As thown n FG. 20, he IMD 2000 sso cludes one or tes. or magnetometers. Such savor mayhobebroadly
mons ner displays 2012 (2. theuserfcing displays defined 10 include wires positioning devices nclding.
1702, 1704) and oneor more extemal displays 2008 (e. without linitton, global positioning. sysem (GPS) cir.
the Gurnard-ocing display 106). The intemal disply(s) cui, Waicio,cellcommunicationice, and
2012 nd the extemal dspley(5) 2008 may cle iid he ike
crystal displays) (LCD) organic light cnviting diode The HMD) 2000 may ls includea communication por
(GLED)display(s).LEDdisplays).or heike. Ifadisplay 10 2028 that is configured 0 ans andr receivesignal or
is an LCD, it may ols include » backlight component hat cectical communication fom an extemal or separ
canbe controlled to provide arisble levels of display device. Thecommunicationport 2028 maybeconfigured0
rightness. Ifacisply an OLEDor LED ype display, the couple to an extemal device vis cable, adsptr,orater
rightnessof the display maybscontrolledbymandiying the ype of clerical connector. In some embodiments, the
Clctical sips that ar provided to display cleats. The 15 Communication port 2028 aybe ud to couple the [IMD
{atm dispay(s) 2012 may be projeiorype displays,| 2000 fo an occas, inching a dockor ane sus or
such 3. rll. projectors that projec images or other ober inputdevice rete cone, moton-ackingor
information that con be visally perceivedby a wearer. motion-capure ceessory, smart cloting, pining devs,

The HIMID 2000 may ls includea batery 2009 that is Keyboard,o other deviceconfigured10 sendandlor receive
configured toprovide lctrical power othcomponentsof 31 cletical signal.
he TIMID 2000, The batey 2009 may ince one or more Theconcepts contained erin re described with rer.
power storage coll tha are linked together 0 provide an ence 0 head mound displays of various parca con

{ovens supply ofeetricalpower.Thebtery 209 maybe figuration. However, hese concepts apy ually orby
opersivly coupled fo over mansgemcat ireuiy hat is analogy to head mounted daploye or wearable cletronic
Configured to provide appropriate volege and power levels 25 devicesosystems of other configurationsas well, including
Tor individual componentsorgroups of componcats willin Without Init visor, hase, goggle, contact encs,
the TIMID 2000. The barry 200, vio power management implantable devices, helmets (5.motoresle helmets) or
cicuity, may. be. configured fo recive power from an thlke.
‘ternal source, suchas on AC power outlet. The baery Further, HDs or other devices with cutvard-fcig2009 may toe recived powerhatheHID 2000 may3 splays as described herein, may provide ther atures and
operat without connection 1 a external power source for beni hat ncrase the pions for sing the IMD in an
an evinded periodof im, which may ngs from several ierctive ay and hat erage som of the concepts adourstoseveral days. {ochniques deserved herein. For sample, an ouwanl-

In some embodiments, the HMD 200 includes one or facing display may be used (0 display, 0 an extemal
more npr devices 2010 An input device 2010 i device 15 observer, a vial environment with which both he
hat is configured fo receive user fap. The one oF more observerand he wearerca inert Morepriculary, fan
input devices2010 may include, orcumple,phbuon, exirnal abserer wishes to eract wih 8 wearer of an
a ouch-activated buon. a keyboard. a key po. a motion HMI while the wearer s immersed in a viral cavion-
Capturesystem,anaccelerometer, or the ke achingany ment, the HMI may iterate the observer ito the viel
Combination of the or olbr components). In some 41 cvironment. This may include,fo example, generating aCbodimnts, the input devo 2010 may provide a ded vata representativeof he bservrnhe vial environ:
ote or primary funcion, inching. for example. power ment, and providing4graphical output showingthe vate
buon, volume butons, home buttons, scroll whee, and (or the vata’ viral viewpoint) on the oumwar-ingcomers buttons. lay. The observer may thenbesbi fo manipulate the

The HIMID 2000 may slo include wearer cing sensors 45 avatar, forexample,by physically intersting with he HIND.
2024 tht may be wed 10 sense, caprr, andor detect (3. touching the outwardfcing display). sing control
information about a weare of the head-mounted displey er or smartphone hat i in communicstionwith he IMD,
(including video andor sill imeges). Example wearer: or the like.
ing senars 2024 include, without ination, camer, eve. Because the HMID can show the vies] workd with the
racking sensors, bhometric epsors (eg. hart a, blood $0 avatar (or from the avHAF's perspetive) on the cua.
oxygen. resprtion at. penpiration te). motion sensors, facing display, he evil cwserer can acusly erat
presence sensors (e510 detect whether the IMD 102 withhevial environment (nd tert withthe wearer in
Currently bing worn). or the like. the virtual environment) in woys that were previously nol
The MD 2000 ay aso cludeoutward. fing sensors oles. on hewearer'serseciv,theextemalabervr

2026 thor may be wd 10 Sense, capurs, andor detect 5 canbeintegrated toa Virol environment 95 deserbel
information sbout an environment surmounding the bead. hereinwith respect0FIGS. 1SA-ISD:foexample. Accord
mounted display. including video andor sill magesof the ingly, the wearer eed no leave the vial envionment or
eal-word cironment and people in the eakvold avi: eimove the IMD. in odes to inirst wih an enim
ronment. Example outward cing scmsors 2026 include, observer, Whi the cxtemel observer can have 3 more
Without ination,Samer,photsensors, object detection fliling and tural tesction with the ware, nd even
sensors (ep. dar sensors, light detection and ranging Parise in hewearer's vial experience
(LIDAR) sensor). lone semsors, ight snsor, eye. Furtherany ofth echnies described herein lati 0
racking Sensors, motion sensors ohe ke. inicgraing eal-ime. expressions andlor images of he
The HIM 2000 may ho cleothrsensors ha may weerada bscrver ni viwlized environment may

be usd to detest an environmental condition. orientation, 65alsobe vid fo cance to foregoing mutsalviral cxpe-
postion, orsomeother aspect ofthe HIMID 2000 and which iene, For cxample, camerasor othr sensors may detet
may ot nesevarly be categorized a5 8 wearer. cing or wearer's fil expressions, ge direction, o ther atures
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or expression, which maybemappedor appliedoan avatar. The wearable clcioie deviceofcam 1, Wherein:
OF the wearer (which may be displayed on the outward. theoutwardfacing sor is further congured to detect
icing displayto heabsener) Asanothrexample, cameras a presence ofa observer; and
or other sensors may detect the observer’ facial expres. the processor is funher configured 1:
ions,gaze distin, o the eauorcupresion, which § determine whether the bservr matches Know con
may be mapped o applied to an vate of he observer act of the wearer ad
(which maybedisplayed on the ward fcin display 1 te in response to detnining ht the observer mache
Wearr). Accordingly, he techniques described herein for Known contact of he wearer, modifyingthecaptured
Cabancing ineraction between wearerandan observer are fit images by bearing enable physical fo
applicable to this and other examples of shared viral 10 tures of the wearer
xperiences. 6A wearsble elton devi, comprising:
he fosgoing description for purposes of expansion, a housing

used specific nomenchtue fo provide a thorugh under. 3 camera positioned in the housing and configured 0
Sandingofthedescribed cmboments. Howeneritwill be Capture mages ofa east porn of 4wearer's fe:
apparent one skilled in the art the the specdelre. 15 anoutwardang, display pospioned inthe housing and
not regi in onderto practice thedescribed embodiments. configured to display vin ovtpat tha inchodes the
Thus, the foregoing descriptions of the specific embod mages oftheportion of the wearer’ face: and
ments describ hein re presnted for purposes oflas. a senor configured to detest a postion of an observer
raion and description. They are not targeted 10 be exbats. lave to theoutwan cing spay, wher:
tive or to limit the smbodiments to the precise forms 20 the wearable lero device i configured 0 producedisclosed. 11 ill b apparent to one of odiry sil n he he visual ouput by modifying the images in accor.
an that many. modifications and variations are possible in dance with he detected position such that that the
Viewof the above teachings. Fo example, whith meth mages ofthe porn ofthe wearer's face conform to
ods or processes disclosed erin hve ben described nd Contourofthewearer's ce, fromthe observer'spoint
Shown With reference to particular operations prformod in 25 of view
parca order thes perions may be combined, sub. 7. Thewearble clctroic device of cin 6, wherein the
dided, or reconened 10 fom equivalent methodsorpro. wearable electronic device is coligurd 1:
oss without departing fom te teachings of the presen periodically update th detected positionof the observer
incosare. Moreover, snctues, atures, components, elative to theoutvard cing display: nd
materials, sep, processes, or the lik, ha are described 3 periodically update the visual output by modifying the
Hereinwilh respect onecmbodient aybe omit from mages in accordance with the Updated detected posi
that embodimentor incorporated into other embodiments. ion

“What claimed is 8. The wearable clctonc deiceofcin 6, wher the
1 A wearable cletronic device, comprising: sensor is sekcted from the group consisting of: a light
a bousing 35 detoction and ranging sensor ado detection and ranging
Wearing comers positional in the housing and sensor, an pica object detection sensor, ad , souste
Configured to capture int images ofa wearer's faces object detetion senor.

an outward fing display positioned in the bowing and 9. A method, comprising:configured to display socond mages of the wearer's capturing. with an maging device athe 0 3 bead:
Face th. scond imagen based on the captured first 40 mounteddisplay. a fs mage ofa portion oa xc of

images: wearer ofthe hend- mounted display.anoutwardfing senor configured 0 detect a posion ~~ deketing, with anoutward:aing snsor of the head
ofan cbserer relative to an orientationof hewesrble “mound isla, postionof observer lative oa
cto device: and creation ofi outvard-fcing display ofthe head

a processor operatively coupled to thewearer cing 45 mounted play.
Cir and heoomar ocng display and configured modifying the fi imoge based at kes in part on the
to produce the second images ofthe wearer’ fice By ‘positionofhe bservr lative hearienationof he
modifing the captured fs imoges hese at leat in uma fein display to produce second mage of
pan on the position of the observer relive © the the portion of the wearer's face, the second image of
oreniatonofthe wersbl clectronic device, such tht th portionofthewearer’ acconforming to sn scnal
{hat he second imagesofthe wearer's face conform 10 orenaton of the wearer's face from the observer's
Contours ofthe wearers fce from te observer's pit point of view: and
ofview plying the second image on te cutvard-fcing dis

2Thewearable clctoic deice ofcsi 1, wherein the Pia ofthe head mounted dsp.
Sccond imageshave the ame content 5thecaptured first <5 10. The tcthd of chim 9, wherein the portion of the

images Wear comprises orion of the ware ha covered by
3 The wearsble clctroni deviceof can 1, wherein: the head-mouniod display.he copured int imeges include video images of he 11. The method of chim 9, wherein modifying the first

wearer's eyes and mage comprises changing 3 parameter selected from the
the cond images include video images ofiret eyes 6 groupconsistingof: he, contrast, brightnes, ad stuaion.

hr sre coordinated with th video mages of the 13, Themethodofclam 9, wherein:
wearer's eves. he method further comprises displaying. on an inward:

4. The wearble clctroni deviof cain 1, wher acing display. scene of an at leat paraly viel
he processori forthconfiguredto modifyth captured environment
fie images to sbstatisly match a lighting condition he operationsof capring the frst imag and displaying.ofan environment surrounding thewearable dlectronic he second image occur when the head-mounted dis
vice. play i in fit modeofoperation: and
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the method further comprises, when the hexdmounied
splay sn secondmodeofpersion, displayingon
heoutward:faingdisplay a thirdimage comesponding
10 the scene being displayed on the imward-fcingdisplay. ‘

13. Themethod ofclaim 12, wherein the bed-ounied
display transitions rom he it mode of operon 10 the
Second mode of operon in response 1 3 wer input
Sting th second madeof peraion

12.°X vinual reality system capable of aperaing in 10
muliple viewing modes, comprising

firs display coiigred 1 nirnally display content to
a wearer and
second display configured 0 externally disply content
“away fom the wearer, i

wherein:
na first viewing mode, content displayed on the

second display i selected from a fist st ofcandi
dt visual outputs, ochcandidate visual up of
he fist set oF caida visual outputs comesponding 20
atype ofcoment for he fir display: nd

n'a second viewing mode, coment spayed on the
second display is selected from second 321 of
Candidate sul ouput, cach candidate visual out-
put of the second se of candidate visual ouput 25
Somsponding to 8 type of coment fo the Tint
display.
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