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MEYHOD FOR ESTIMATING A REFERENCE POSTURE

The invention relates to anabysis of the # behavioor of 3 subject; for the purposes of personalise
tom and optimisation of the oplieal characteristics of comactive lonses or ophibaludc Tonsey which the sabjent
nanst wear, as wel as thelr swenting on the fame.

More precisely, the nvention relates 1o the anadysiy of the ganeval posters of the bead of the subjent

and fhe aking of measuremonts performed by an opticisn who prosceds with acquisition of dela necessary for
determiniog the gonumt spdsntation configuration of the curreotive lenses with reapest to the syves of the sulw
ject,

Kumerous systeres afring fo optinmise the position of lenaes in ¢ rame relative to the relative position
of the pupils of the syes of the subject and of the Bame are known stready. For this purpose, fined wanimated
insages of the face weouring the fravee dee taken by & camera, and detecion of the positicn of the oyes s camrivd
out, e iy detection of the placement of Gie fame.

In particalur, document FR-285088TA in the name of the applicant discloses 2 system io which, froma

sevies of anithated fmages of the face of the subjest during movement it front of 3 Bned camers, # refecence
tovage i detenmibired B which the fxce iv best focomed on the comera 8¢ 83 10 have the best definition of the
refative position of thoeyes snd of the fame.

At the seme e, manefcturens of opbibabinie lonsss these days endeavour to optindss the deaign of
these lonsss, especially v so-called prograssive lens techuniegy, By examining the bebaviour of the subyest
when his fook shifts. For example, document FR~ JR8I5294 in the nanse of the spplicad divelges & sysiom

comprising:

< HSHIEER,
= a soreen for displaying e tmages aken by the camery,
= at acoeascry 20 capable of being wom fixed to the head of the subjeet and bearing s plarality of visual

markers 24,

- means fonming viseal targe(s) Hkely to vover at leist two detenmined positions relative & the camerg,
arsd
- fmage snatyaiv mesns capable of analysing the position of the visual markery in the dmages seken by the

suimsra. The image sudyaiy wesns deduce the posttion aud the orientation tu space of the socessory 3¢,
and therefors of the head of the subyest, when be observes duffersut regicns of musans Torndug visue] e
petfsh, v deduce thevefrom sspectally indornation on the relative importaces of the wovemsat of e
head duriing displacement of the visfon from ong frget Yo the other, g8 well an the relative impontasce of
the movenent of theayse
Typially, the socemary 28 sun conforn v the accessury lustoated in Figane § and sompedse smewns
Pooming geometric indicators 21 selected apecifically fo enhancs the ovieststion of the Brame. 1t ey comprisg 3
longilinear suppost bearing » sonies of visual markees 21, placed sloup the branches of the froves andior o the
upper front upsight of the frame,

For meamrements 1o be procise, it i necessary for the boad of the subject to be in a reforence poshure,
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and looking in x defined position, adapied 1o taking measurements.

The reforsuge posture o3n especially bethe distard vision posture i which the wearer 8 In & satund
pusition and fixes a8 point i infidty vight fn front of him i 2 hovizontal plane. By way of variant, the reference
posture osn cortespond 1o 4 aear-vision posture, such as the reading position, that is, the position it which the
subjest fixes o pointal around Rty centimenrss from his oves and fowers his Took by 367 relative to the horlzow
tal phane.

Throughout they desoription, e refirsnte podtnre will scovedpand to the disiaat viston posture, This i
hasswever not Honting and 18 given only by way of sxainple,

Wien the optician measures the relative position of the popils relative fo e fame, it s indlepeneble

thed Be ensures the wearsy 18 in 8 posties near this reference postore,

Cursently known aystems do not precisely and awiostically detornng i (e postars of the subject s
nsse the reference posture. This is therafure gousrally dove muaaually by the optician hisesclf from siple vbse
vatim of the pusture of the subject at the moment when menxurements gre taken. For this, the optivian can
sspecially be atded by the sysioms desoribed previously, giving a value of the nclinstion of the accessory fixed
on the fFame,

The postre of the subjest can for -ax&mp}e b desoribed (non-Hotiting) by means of two angles fora di-
resticn «f the known look. The firal angle corresponds o the cap of the head, that &5, an oriended angle whish
reifuets the faot that the subject tends 1o have his head srovs or less tomed to left or nght whes heds booking of
anvobivet plased vight in front of him

Thesecond angle sovtesponds o the inchnation of the hewd, that i, an orivrted angle which reflects the
favt that the salject teads 1 have his hesd more or less Bited or knwvered when locking at an alject placed right

front of him. For a given fame, (s second angle oan he messuring the pantoscopic angle, thal &5, measuring
the inclinstion of the middle plane of the comentive lons relative to the vertical.

To determine the distance bebween the pupts of the aabject tme-of the prosmeters for praducing cor-
recting devices), the upticin generally uses 8 pupifiometer. In this vage, the eap by abitrarily supposed o be
zovn since the pupitiomster B supporied sgainat the front of the subject. However, this devive do ol ke ato
socount the pantoseopic angle which mast be measured separately, o, if required, of the fact that the subject i
varey his head tothe side {endency of the subject 1o dook rather to the right or lofl i his refercnce positiony.

Howsver, this approsch dovs ot guarantes et the position sssutred by the subjact cottsspoads o ks
aataral reforence position and 18 not mBueneed by the presence of the optician sepeciaily, 5 partionisr ohject in
the room o the npuediats pyycholopival sate of the subject (shop effcct which cun intinaidate the sabject, stress
assooiated with dennnils by the opliciag, efe). For example, i the wearer Towers his hesd too much during
taking of measwrements, srcessive hoight measursment valises will result. To the case of progressive lenses (for
which the corrective powsy vanies from Rgh o lowd, e coold kave By gyes cloxedy opposite the sorseotion
zong, whereas theobject he is looking af 15 far away.

The natural reference postme is however of major impontance since i determines the manney i which
the wearse will project Bis ok onto the lovees of glessey in Wy position of maximpan cudort, Poor postuge
therefore leads fo poor contring messurements of the lenses, It is therefore pararnount to selest a correet buage
posture for caloulstion of the projestion of the fook onto the glasses Jeoses and therefors svalvate the guality of

the posture of the weoiter ditring messurement:
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By way of digital illusivation, the conssquence of an coror of ooy degres on the orfentation of the head
i u sentring ertor of around 8.4 miltlimetees, while the praforred precision roust be less than hall 2 oullametes:

An approximation of the inclination in the reference posture in distant vision s alsn be realised by
reference by the Frankfiet plase which-can be defined by the tagions and the bostaar of the ecelar orbits. & finst
spproach & measucing the Frankfun plane is to uae the two rotation contres of the eve to defermine & fost aig
whicl will by by definition paraliet to the Frankfunt plane and to a knowse digianes, of arcuad 32 nullimetres
frot e FrankBut plane. Nexi, the position of af feast one tragion 1 placed marsially, axtomatically of seads
sosistad on at Teast two images of the face of the subject wearing an acegssory 20 such ax that dofined varlier,
Since the polnts of the tagion we {(Visible) mlerence points and the fragion is immobile in the marker of the
goscasory 20, B can be positionsd In theee direansions as belng the intorsection of the two ehservation lngs
passing throuph the tragions and the optical contre of the camera, The Frardkfunt plane can casily be calonlated
a¢ belng the plans containing the trsglon snd tangentiad o the oyliader,

This plane is deemed horizontal when the sebject Io v a disiant viripn position, This measuement s
morphologival and independent of the posture of the subjest during measring. However, this approach doss not
guarantes that the natural position in distant vision coincides perfectly with a horizontal Franddurt plane.

The document FR-28023539 describes » pravsss for dutormining the disribution bgtween the head
racvenent and oye moventent of the subject during visual movemend bebween twe vispal targets. It i therefors
i ity docement o perfors 2 mcavarement of & given paramater of the vieual behaviour of the wearer of ophe
thalde glassey {eyoihead relative movement) and oot & deternine the reference posture of the wearer of
aphthalmic glasses. To msasure this parsmeter, the docunent FR-2882529 proposcs 1o detormine o reference
vosition of the face as desoribed tn document FR-286088TA, by identifying a position of the wearer's head when
are gocessory, watn by the wearer, exhibits 3 symmmetrical position with respect o & vertical plae 8o, deter
mined iv 2 facial reforence position for measuring the given parameter of the visual bebsviour of the wearer.
Such @ procedue doss not allvw estimating the sataral seferance postue of the subject.

‘The decumment BP130108S meanwhile describes 2 process for determining the angle botween the dis-
tant vision position and the nesr vision position of & subjeat. Thers v thevefiore a0 way W estimate & natural
referece poatare of the subject

The vention thersfure uims & propose & process for precisely determindug 3 axtural referonce position
of the subject, Ridly or partly automatically.

For fiis, theinvention proposes g process for estimation of @ referencs postuay of 4 subjsct wecording 18
claimy 1,

The chainiag of Sess stepy produces an optimyd reference poshure, aad this despite the faot that sach
deviation increases dispersions and therefors the varabitity of the way the head s carmiad. Using repeaied dovias
Hons wa thersfure something the sxpent would have wanted avoid.

Scrny preforred, though pow-limiting, aspects of the prosess acconding 1o e nvention are the Hlfow-

SN
~ he real reference posture s measured during arrival of the head at thetarget referencs postins;
~ gt foast two resl referencs povhires ave messured corrcsponding o two opposite deviated postures, and

the uptiaral veforence posture is obtained by taking an average of the refevence pustures measwred during

these two opposite deviated postures;
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- ths prosess ales compiises obtsiring a confidence interval onwaid optiveal reference posture;
- the target referencs postare corresponds 10 & postace in which the subject s natwrally looking at 8 dever

rained farget;

- the veference posture covresponds to the distent vision or nvar viston postuse of the sulsiect;
- the postare dats comprise 2 pastoscopic angle and vap value of the bead of the sibieet;
- the pandosoopie angle and cap values are determined by means of conditiond] probabiliies depending on

the previons sely of data of real refrence posture andfor of the type of previves devisted posture;
- the process also comprises the apphicaticn of weight o the data as a Runction of their respeotive perti

nence e avalnation of the optimal reference posture aud of the conBidence tnterval;

- the procens also comprises 8 step for determining the Frankfut plane oof the subjecy
~ data of the Fraskfud plane we aleo integrated inte the data tabien inte acocant foy determunation of te

optimal reference postuee and he confidency interval;

- the process also comprises extrapolation of spplementary data relative to reforencs postures which have
not heen taken by the subject e recorded datg;

- measuring the real reforence posturs comprises the eation of singslar points on st least one image of

the subijset;

- the singular poiix ave supported by sn accessory fixed on & glasees frame wom by the subject
- the provess also comprises editing of posture date used for caloulsting the predoction paranieters of the

corvection device, Fon
the confidence interval and the optimal refersnce posture of a a0t of date of & real reference postars of
sxivapolated fom the sets of real data,

“ presentation of an fmage of (he subject bn this posture andfor of the tmpact of the choles of this posture
on the production paramsters of the opersciion device,

Acoding 1o & second aspect, the invention propeses 8 system for axtimating # reference posture of &
subiect scoording to olafm 13,

Some preferred, though non-Hasdting, aspeets of thesysten are the followiag:
¢ the digital processing unit also obtains & confidence nterval on saad optimal reforence posturs; and

the-display deovice alse comprizes visual aegete

Ascording 1o & fosl aspest, the Invention proposes & sompaisr prageant product comprising progras
purde tnsteustivns for cxeoition of the steps of the process deseribed herelnsbove, whenssid program & exgouted
by comapiter,

Other chreacteristies, alms and afvantages of the prosent invention will emerge more cleaddy fron the
following detailed descripion and with rogpect o the sppended drawings given by way of tlustrative examples
and in which:

Figusee 1 ilhustrates a perspective view of ao exarapde of accsssory which can be used in executing e Sys-

oy sl the process according to the mvention,

Figues 2 Husteates & Mook dlagoam of different componsnts of the wystem of the invention, and
Figure 3 142 graphic representstion of the difforent steps acconding fo.un pmbodiment of the nvention, and
Figure 4 is a fontal view of an cwwnple of a portable systen which can be used i sxecuding the systam

and the procesy according 1o the ivention.
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As Mlostrated fn Fige 2, 8 system aconrding & the fnvention comprises. for example & frame i the
apper region of which are howsed an imapscupture devipe 12 such 8y acamira, plaved tear s-device for obtaige
ing a target which the salgect will fix in the reference postire, sach @ a two-way nudevor placed dn front of the
camers. The carmem 12 v sitached to a condral wnit 11 for soguisition of video fmages. A keyboard 18, as welt
as auy other loput and calpuat device such as a mouss, a sereen 14, ele, condrols the systen.

For sxample, it i posaible to integrate the lnvarding fu the devive marketnd vuder the vame Activisn
Expert 3 by the applicast,

Such a devipe somprises @ two-wiy mitror positivned vestinally. The camvers s pleced behind the mise
ror such it thy position of 118 Principal optical axdy relsiive o e narrer is koown, Typically, the camerd 5
arranged such that s principal vptical axdv exionde substaniially perpeadicndariy o the wirror

Adso, she acopssary 20 has the fororala olip wd s placed an the fane.

For more details on the sysiem, refercnce onuld be made for example to the provicusly cited spphios-
Hons FR-28608R7 A «r FR-2852328A.

By way of variany, # v not sscessary o artout fom an e for wvy other information weelild for
coniring measuremaniv) K cach posture measurement. B is powible for exampls o emptoy a system for ack-
ing the positinn of the head in real thoe (or delayed calenlation) Haked 16 photo apparatis, The postare will then
be studind with & large sumber of mssxursments of the posture while anly wne (or some) photo(s) will be taken
for contring.

Examples of systems for tracking the position of e bewd can be the following, & s nos-hmiting vare

e

- A acosleroiorer pluced fixed relative o the bead. After sppropriate calibration continuous acguisition
of the acoeleration produces tracking of the position of the head.

~ An uitrasound systern such as the Vision Print Systere sarketed by the company Baalor, for measuning
the syve-head coefficient for the porsonalisation of the Ipseo fens.

- hufrared transmiiters placed on the head of the subiiecy, for sxample o an avcessory 20 of the type dee
seribed previcusty or on any object fixed refative to the head which is egeivaient, Buked fo an indrared
campera. The systeny is siratlar to the Activisy Expert ¥ aysteny, bt uses an indrared camers instead of 3
caniera sensitive only to the visible speotram, and by using markers ransmitiing in the infrared spectrum
i 'pi:a(:s?- of using visua! rmarkers of 8 detsomined eolour (preern on the Activisn Bxpeet 3 systam),

- Any vesten of thrse-dimengionat reconstraction of the fice for vhiaining v posture pavanaster suliciently

precive for study, this parametor able to be rolution of the head about the vertioal suis {the cap} or about
the horfzontal axis ortented vightfeft{linked to the pantosonpio-sngle). This can hethepe-dinensionad re-
constauction of valiont potats of e face by stercowopy {or phatogrammseys by mcans of two oxoeras
{or reconstruction with a single cansera Haked to scaling monas sufficiently preeise for study (the scaling
meany oan be for example » hovwe distaase betwean fwp of the salient points idortifind on an fmage).
Ehoring measering by one of these devioes for fracking postre, @ dink i abo made bebween these
wreasersments and an image of the subject to caloudate the optimal posture.
To determioe the natural postues of the subject, the process aecording to the Invention comprises espe-
cially the iteration of steps taken by means of plotures {&r an equivalent devics & tracking position} and

caleulation of optitid potture fom these pivtarss,



Agcording W an envbodiment,. the process comprises the sleps consisting of Intfially recording 180 2
plurality of posiures of the subject by the camers 12, and at each resording step having the wearer perform &
ledst one delormined movenient befors rebuming B a given refecence posture 111G

For sxample, the postures recorded can sorvespond t the posters at 3 given nstant of the subject when
he louks at himself in the mirror. Then, by mewas causing @ spontansous alifl such as verhal instnctions, mes~
vages displayed on & sorcen, switching on & Hght ata given Iocation in the roomto attract the Took of the subject,
or maore penerally sny means causing the patiest o modily bis postire; displacement of the sebject or at east
rotution of s hesd is caused 110 before rotursing i 3o the initial reforence position in which he ooka ot hingeelf
iy the mircor.

Typieally, it tx posnble to ask the subjest to bun bis head 1o rightor kel to lowk at the Hoor or the onib-
ing, fo reafd v doouenent, to close his Syes, the basic idea being o distract hin temperily %o “reinitialise” his
posture and come back fo his naturgd posture, despite the envizonment and his pevchologics! state. In this way
the subjest is encouraged to direct his ook right in Hont of hiny peserally more naturally at cach Bevation. I
provemsnt 1enot however gusrantesd at each itoration, to e extent wheve the subject can for example shorw
fatigue which will cause him to modify his reforence position. This is why the use of statistioal estimation iox
plomented oo the basie of the different postursy is preforred cver selection of the last postare measurad,

Bt the casn where the referencs postuss comresponsds fo near vision 1o the readiogy positin, the subledd
fixes & target and meanwernenis an faken o cvabuate thy distance bebwenn the trget and the Trame worm by the
subjest, the cap, and the angle formed by the inchinaiion of the central plane of the corrective fonses relative to
the plane eontaining the direction of the Inokiof the seldect whee be Bxeov the target {the padoscepie angle be-
ing pasticelar to distant viston},

For this, the target can be on & tablet 30, sud the position of the frame i determdned by means of the
acpessory 20 Mved on the latter.

Here, the taliley 30 s a pontable systeny Hued with 2 display dovics 37 sueh av & houidorystad soresg,
and on which is mountad a dovice for tabing =0 bosge 177, such as 3 oamera,

The screcn can fof example mensute around 40 om wide By 3§ oin high

Addvantapenusly, this tablet 30 positions e subjest by the fatter. The person can therfuce be posts
Honed fxcing the tablet 30, and therefors facing the ey 12) the tablet 30 advantageousdy replacing 8 mbrror
or any othey divice alding positionng.

The subject can geip the tablet 30 in his hands, such a8 bs would a book or a newspaper, such that be
can comfortably fix en e elenents displayed by the sereen 31,

1t is possible Hor exanaple o display ove or wees toxis, images, ads, fixed or mobile on the sorsen,

Typically, the sorcen 31 can display informatica on Tonses and sxisting leuses. B sanadso send the b
ject the image taken by the camers to lmprove s coniring, for exampls.

The operator can inke his measurements by axking the subjest o view the elemend displayed on e
sereen M, then a boation of his chodce In te room, ete, 3o as 16 determine by means of the camerns 12" mouated
o the sorsen 31 andfor the vamera 12 the referonce posture fnthe ceading position of e sukject,

According o another eubodineny, the tablet 30 dtvelf comprises means B distracting the subiset o
bring biss bavk to bis natoral reference posture.

Typioally, the whblet 30 can display text siretching right across width of the soreen 31, To this way,
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when the subject readys the text displaved, big toek teaosly avrosg the svrcen swd by bead makes » Teftinghe and
upddown rolation moverpgt. It s then possible to delveming the referencs posture of the subjest, o the extent

whers the movenent of the head cavsed by reading the text constistes sufficlent distraction to reinitialise the
poshere of the sabjest in the readiug position: i e, when the latter then fxes & targel element on the ixblet 38,
sdok av acentred insage or 2 Hehi-cmistng dicde Gxad relative to the serenn 31, Jéy position i more natund than
priot {6 reading.

The reférence postiure in the reading poddtivn cancbe detersdined approximately @ boing theaverags be-
tween the extreme reading postuess of the toxt o the sersen 3.

Because of the display of the text by the sorsen 31, 1 3¢ by possible to measuee a8 sye-head coefii-
siont {that f¢, an aversge ratio betwess the angde of rotation of e eye awd the rotatien of the bead of the

biect), by determintog, with the oamers, the angular fnterval of the head of the subjact: hecanse the distanoe
hetween the head of the subjoct aad the width of the sorsen Is kuown, the sugoler fatervad tavelisd by the spes
of the sulject i deduced therefrom dudag resding, as well g the aya-dwead coefficient.

By way of varisnt, 28 {s displayed «t difforent potats of the sorepn andlor fe difforent Meey to cause
the subject i ook &t difforent points on the soreen before wtueaing to the target clement. In-depth bebavioural
stady ¢ also possible if the target remains substantially aceurate {for sxample very brlef texiy and moves into
varied reading posttions fup, down, right or lefl}, the sorsen 31 being controlied by the processing gmit 117 # 1
vossihle o know at any moment ow the way the hoad 16 carded evotves us 2 function of shifte by the target,

According 1o yot another variant, apart fan the visuad targety displayed by the screen 31 the tablet 30
owp comprise visual targets 32 such sy Hgbt-emitiog dicdes (LED) Sxed relative to the sereen, An audio sigaal
cun aetompany the vr'olf wwitching of targats,

For cxsople, two seia of LEDs can be fived o noms which sxtend radially fom the lateral sides of the
tablet 30, s as to orents Hwee sets of visual argets 32 for the subjsct

e thds oase, sach aroy comprizes four LEDS, separsted from srch other by o distanes of botweon ap-
proximately 8.3 v and § om, prefecably around 2 e Advantageously, using o phurabty of adjaesat LEDs o8
cach arm sdupts the angular spread belwsen the acvessory {and therefore the head of the sabiect) and the vispdd

tateral target (e here the LED lit during measuring) as 2 fonstion of the disixoce between the tsblet 30 and the
ancessory 290,

By way of vasizet Gron Hlustrated fn the figures), the tublet 3 Tas no sorose, sompaising thres sete of
LEDs, 8 central and two lateral,

So that meanwenents of e eyve-hond cosfiicient and the cap can be taken and the natrd postars of
the subiest san be determined, the visnea? targets 32 merely have o be Bt suepessively, preferably sundomby.

During theve stews, soguisition and sistomatte saalysis of recorded dada iy onaried out and 8 8 vo Tonger
wdcessary 1o xefer to the sole expertise of the optician,

Calsulation of the "optinnal” reforence position 130 & perfornmd from observaticny and recontdings,
where a position can be different to the positions chserved and comespond & an intermediate or extrapolated
posiion.

This process is based o (e veeof 1 wade] of human brhaviowr vivaved by the devics for interpretiog
mssserements of postares.

1t can sspeoially take fhe form of conditipasd probabilities, for example the probability of having an op-
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tinnal reference posture p, keowing that thets 15 & sequence of povtures pf sacssured after { Rerations, and know-
ing the types of deviation used (ooking wp, lefl, reading & document, oie.} prior o cach posture pil For exanple,

studies bave shown that the probability that thecap of the head fegood is sironger ouce the head has bees tumed
right thew teft than prior to thess movements, The measurements of the oup oblained sfter these movements will
therefore have « higher weight n calouistions of this valve. Simtlar ooasiderations can be made advantageonsty
for the pantoscopic angle after the osiling has hean fooked at.

The modet of husian behaviour viewed by the devics could espacially axe the range of mathematical
tnols of staticiics of the prior art und especialin:
v conditicngd probabilitics, for example fee probability of having « posture p knowing that there is & e~

quisnee of postuses pf, and ﬁt)ptmcﬁsxg o the types of devistion wsed (hokiog wp, 2, scading »

docunient, efc.) prior fo cach posture pi these sonditional properties could be organised in & Markev
chuine
“ advansed saalyses for deteoting whether @ value 8 "soherent” or “abeveant” and scoordingly censuring

aberrant values

- Bayesian networks could be used for examiple 1o detormine the nstrestion sequense of devistions o be
given as a function of postures previcusly obstrved and previcusly given deviation instructicns,

- Bayesisn probabilities (ot any other adapied statistieal tool} could model for example the correlation
betwoen 3 posturs of an external posture parancter and the paramsters of reference postares, This extee
nal posture or s external posture parameter could for example be reading vision postuse duting an
attempt to measure distant viston postare. The eye-head cosffisient - measured by 2 system such as Ag-
thvisu Bxpert 3 developed by the applivant, or the Vislon Print Systems developed by Bsstlor

specifically the percentage of rotatipn of the head relative to the rotation of the eye when an object
placed at 40 an the wide of the head Js locked a8,

The result obtained is In the forms of an "optimal” valee and an interval of possible vabaes,

Postare vadue nians here sspecially the vales of the panioscopie angle and of the cap for 8 given pos-
e,

The madel of human behavicur viewsd fy device can alvo be completed by ap "s priorl” modsl, i par-
ticalar fixr meoasuring the cap, fo reduce the nerber of samples nevessary for detormingtion of the natural
seference postire of the subjact, Such an s prion™ model can for example be yead to hugrove caloulstion of the
smanimum Hhelihood by Sayasiam inferences, sypecially conuting v & releroncs posturs rather than ancther, in
patticeler when the pustures taken by the subject are highly anstabls, deawing on statistiest aszaiyses.

For examole, i §s koown that the cap of 2 person is generally closer 16 0° than 3% A 8 conssquence,
using the & price moded Hvadves selecting 2 reference postre close o O rather than 37 i case of lnstability of
ICASUISIMeNtS,

According to an embodiment, wse of such aw g price! model B8 progressive. Tn this way, the stabler the
nreasavements taken on the subject, the loss used the a priost model 5. And on the contrary, the wnstabder the
measuremeniy taken, the more preferred the @ priod madel, the average of msasutements not being sufficiently
portinent due to theie dispereion.

Detornvaing the natural "optinst” refecsnce postuce v mnrerelisbie.

Using the a prion model can also be sdupted to measuring the pastoscopic angle. It iy however more
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diffionlt than in the case of messuring e cap, given tha the paxtossapic angle can vary betveen 2 and 18
frstead of @ - 3% Hor the vap, and that & Jepends inter slia on the frame and the way the beadof the vabjeet i
carvied. Typioally, when measurements are tukien for progrosstve kenses, wn 8 priost sxodel cun prefer high values
for the pardascupis angle to release distant vision of fhe sobject, taking bato aocount the posturs alfter the bead &
raised Cwhen shifting from the reading position to the distant position}.

‘The optician can wee his expertive ot sefest the best povtire from the possibde values praposed, and the
system can display in resd time the bopest of 8 choloe of pasturs value on the resalis of meanurements 1o aid the
aptician in his decision,

By way of variast, the display 18 delaved, for example on completion of the recording of the serfes of
postures gl

1t is also possibls to dlsplay an fmage representing the pastwre of the wearer corresponding W a poasi-
Ble posture valne selested by the opticlan o help venify that fhis valve scyresponds o the posture whick he
sbserves on e wearer or which he wants 10 o for the contiing.

This image can be the most representative image smong those reeorded doring messuning {measuring
of the posture and centring measuringl By way of varisot, the baage displayed can result from prodection of a
synihesis image of the posturs, n creating & three-dimenaional veconstructinn from real tmages and inferpolating
the images recorded dariog itontion.

For exsrapls, it s possible to take the average (which coudd be weighied by conditional probability en-
teria obtaioed using statistical tonls) as "optimal® value snd using the fype of spread to calowdate a confidence
toterval 58 an dnterval of posnible values.

By way of option, if the dispersion of the pantoscopie angle (high/low inclination} e sxvessive, it can
he proposed fo the user to measure the Frankfort plans, for sxample by determining the pusition of the eye and
of fhe tragion, aad 1o use them to fmprove the possible values god the optinsal vidue,

By way of defaelt, the valer of the Frankfirt pline can be taken for exanple as an optimal value, or &t
can be vsed fo delest values of aberrant msasutements 1© censure and reduce dispersion. The precision of the
Frankfurt plane can also be estimated and optionally coosidered in sintistical culculations, especially with 2
weight greater than the vahies considered as less pertinent.

For sxample, in terme of rovuenring the natural poshre in distant vivion, the invention ssn comprive the
frdlowng steps

The optivian places the solject in Hrontof the wirros.

The eubject preferably wesrs the accessiry 20 formed by means frming geometric ladivators 21

fndinations. of "devicion” are given to the sublect {step 100): they are for enavple displayed o e
seroon and repested by the optician, or announced by loudapeaker, and the optinian engurss that they ave oxe-
cuted, The nstuotiony will consist for sxample of asking to Jook ot te'bndpe of the Bane in Semirror {or sny
other target for distant vigion) t determing a first reforenee postuge, then asking to bilow indications of devia-
Hon to heing the subject to s devinted posture (resly turning the head to right or lefi, Sreely Hifting or lowsring
the head, tursing fowards the optician {who can be standing hehind the subject); sloting the syes, moving aund
heading towards snother place befure ficing the mdrear again, w0}

Ths subjeot s then asked to resume his reference posture, for sxample by again fixing on the brdge of

the frae dn the nuirror, and the new reference postare Is reconded {siep 110}
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This opsration {dovistion then retum to the relbrence postere and recording of thic fast reference pog
taee) is repeated at least ouce; preferably several fises.

By way of variand, the reoorded reference posture corresponds ¥ a deviated posture of the subjest, that
i, & posture 1 which the latter fixes on 2 given target (e sxample vight or up}. The oparator thereasks the seb-
Jeot to fix on a gecond turget, in the opposile dircotion {for exsmple Teft or dowi, respectively). The referasce
postars oFf (e subjest {taben wio acovunt oy detvtmination of the "opthal” natual posiire} conrespoads # Xa
averags Pwhish can be weightedy of these two deviativn pastines,

Of course, postues an de mecorded continucusty, without the devisted postute & which micasusing &
perfmed necemsanily coresponding fo the extreme position of devistion, due 1o the sentimuous akdng of e
ages done by the camera. 8o, for example 1t is possible (o agk the subject 1o make a continuous rightfieft rotation
movesent of the Head snd record two deviation postares, onie vight and the other left, whish do st correspond
1oy thy sxtreme pogtures of the’ rotstion niovement. fn s way, postares comesponding to the (xation of tasgets
slightly offset to right sad 8B {+- 6 for example refative 1o te posture 88 0% van be selected for sxample and
e wwemge oan be saken 1o obitain the seference postie 2 o be taken e avesumt for cakudations of the “opti

mal”

value of the natural refordnce postare, To tuprdve measuremsnts, U 15 dven possible o ke several
mgasurenends between the two extreme poidy of the oght sed et deviativn postaess, then calonlis 3o fote-
gintsd aversge of these meseurements to determine the reference postare pi,

This variant embodiment has the advastage of being lesy sudden for the spbjeet and more refiable,
sinon the subject no kenger nesds By reposition his head at thy sentre after sach deviation. Abse, deviative pos-
tures having low amplitede wre prefored 1o rmain witldnthe ownfors huerval of thy subjent.

Advantagesusty, deviation oporations difher Bosd cue Heration o the othey, Fotexampls, it fs possible
i senessively ask the subioct o turn his bead freely sight, then Teft, then o fook st the corling, the Hoor read ©
doctment, the aim here being o reintlialise the veference posture (here, e postire sorvesponding 1o distant
vigion} to detormine the natural posture of the subject.

Alsw, the choter of devistions as wall ay the adjustnient of calonlations van depend on the type ofiens
o be made for the frame of the subiect and on the stabality ol fis postures. For example;, memsurenents aken K
detormining the pastoscopiv sagle can be preferred over mcaseroments taken for the cap i the vase of & pro-
grossive fons. In fact, values ave geverally more centred for the cap than for the pantoscopie angle, swch that
thate dispereima iy lass.

This chedes can be made in advance, at the beginning of meanging, or during e mcasuring process,
ay a function of o recorded posturey. So, i i is noted that the postere iy wnstable when the subject raises o
lowers hiv head, an sxton up/down devistion is preferved fo confinm the measurements of the pantosoopic angle,
o the detriment of the dihers,

Avquisition in real gine iy cirnied oug by secording the posturs values pi after sach doviation £ and by
aslecting the devigton iidivations av a function of the ways fn which the head 5 catried, stready observed, For
exampde # 18 cn advantage o el the soldect fo toon ue bend several e to the nipht then feft i his pasto-
seopie angle is highly anstable. By way of variant, it is slaw possible to ask the subject 1o raise and fower his
hoad i the msusurement of fis cap shows that be i enstable; the nventors have in favt noted that for measuring
the nap the subject tended best to replace his head after baving made an upidown or downdup movement of B¢

head than after several tightlell swovaments, In fat, during rightleft rotation movenents of the bead, the sals
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jeot may tend 1o resist or on the contrary anphfy the movement and stop bevond the natoral posiure when be
eturns W the reforonce position, effectively fulsifving the resulty, whoreas when the dghtielt rotation maove-
ment v followed by anup/down wmovenent {or dowaap), the cap corvesponds substantially 1o that of the natural
position.

The wventors have alvo soled that vightfleft deviativos give an indivation of the clability sod the ampli-
tade of the comfort sone of the cap, whereas sp/dows deviationy give ax udication oo the stability and the
amplitede of the comfort zone of the pantoscopic angle, aud an upidowa devistion tendy to recenter the cap of
the subject whereas e rightlelt deviation tends 1o recenter iy pantoscopic angle.

Once the stability of the cay and of the pantoscopic angle of the subject ave kuows, it 1s then poasible to

adapt the number of deviations and the (ype of deviations ashied on the latier o best deterndne his refevence
posture.

The optimal valus of She natural postars is then caloalated on the basts of the different rescrded pos
tures i and the poseiliie values {steps 128 and 130}, Tor cuumple the valves contained i 3 conBdency tnterval.

During the measuring provess, thesystom coald astomatically detect the instants where the wearer ap-
progodes the reference postire {88 opposed to woments where he bay woved sway becawse he iz buay
responding to & "deviation™ instoacion). This detection oxndid be based sspestaliy o two hndives:

#. The postige s sefficivntly near (ke reference posters (limited fo the cap anglesnd pantoscopic
angle, position i delingted space: distance from the mivror, position up down right and of)
b. The position ix stabilised: weak movemeonty during a determined tme fapse.

This detection will autonsativally agaregate the values of postures to be taken ioto ascount in the calen-
iations of statistios and willallow an svtomated proees

For sach posture # s possible o take the average and the type of spread on the video images, 0 exiract
3 tendenvy of evolution on the average mobile, ste,

Results of centring and personslisation megsurements {meanuring the distance between the two pupils,
the lene-toreye distance, stoFare deterniusd Hoathe optingl value o the satueal posture

According to an-enthodiment, the systeny edits the posturs value smong the possible vahzes,

During this editing, the optician can interactienly sve the neow valoes of the centring measevements, the
guality of the selected porameters {cap and panioscopic aagle), and i required an imwge representing the postie
of the wearer to vorily that the parameiors correspond o the posture which he obeerves on the wesrer or which
b waats fo use for centring.

For sach posturs 3tis possibde 10 fake the sverape and the type of spread on the video fnvages, extrast s
teadency-of svohudon on the average mobileaie.

A weight iz then applied to the valuey as a fonction of 3 given behavicam! model. For example, 2 cap
sear zero will be mote pertinent than a high value, sod 2 cup rectrded alivr o efiripht rotation movement of the
face ollowed by an up/down movement will be more pertivent than hal mesvared divectly following « lefiright
rotation wovement, theupidows deviation fonding o fecsuter e Cap of the subjest.

o the same way, the pantosoapie angle will be mrors natural afler the wearsr bax turned his hoad freely
up or diswn, more 3l after he e mads these twa movemante, ele. Also, it v alse paossibie to apply & welght to
sach value as 8 Rnction of the type of devistion made and of the behavivar {dtabilityd. So, for evaluation of the

cap, mexsprements taken after upidown deviations can have zreater weight than messurements taken divently
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after 3 tighedeft doviation, sines it s evident thiat these fest mssnrementy glve results closer to the watural oxp,

The results ebtadned are displayed, for sxample on the system serees,

Also, i ora-prove advantageons iy offer the opticias the possibility of editlng the seforonce way the
head is carried from a set of acosptahie values andd sppreciate Hy fmpact o dontving measuremente. To quakita-
tively cvsluate the pertinence of the selecied way the head i oxvied, the system divplays an image
repressntative of the refersnce way the heud is vamied among the hoages recorded during the analysis phase,
readjosted o the position of the eyes {so that moving from ovwe image to the ofher s continuoasy and interpo-
taded to simalate a position between two {or mmore) recorded photos: Techmigues such as npticat flow or dispanity
miap associated wilk warpivg or trhaogularisation and texture mapping can hewwed:

The images of postures can be extmpolated to simulate a position which was unable to b meorded
{subieot having & way the ead B carried which tsnot ab ol natural ko front of the suirven).

This extrapolation can sapenially be realised from the wprion moded. I can alse be displaved i theges

dirnsusional stercoscopy Tor betier viewing.
WA, < £

FLIARAS REFERENCIAHELYZEY BECSLESERE

SZABAVALMIIGENYPONTOK

Eldrés sgy picivns referenciahelyzetéock beosiéadre latiakormigald vozkide gydethsiine saikadges pary

it

métorek meghutirozios c8jsbst vigrendd mérdschk clvégrdschez, amely elidrds sordn a {ejnek logalabb
sgy sltdrd helyzethdt epy odlpontt refessuristelyzetbe vald t0bbsadel megdrkozdss alkalmaval
« g chlpentt reforsnciahelvrotbe Orténd minden egyes megsSekerdend] megodyik . célpond refe-
rencishelyzeist sy valds referencishelyzet 10bb adathalmazanak boszersdséies, mgd eltdrolink
axemiierradatulnazokat
- gy digitalis feldolgond egyséugel feldolgozzak o valds refersnviahelyzel emiftow adsthalmazat
ey optimalis referencishelyzet meghatirozdsihoz,
2. Az 1. igdoypont szerinil oljdeds, ahol a valds refersusichelyraiet a fojock a oélpontl referancizhelyzetbe
wisnd megtrkezdsekor ménik
3. A 1. dxdnypont szering eljdeds, abiol logaldtd két valds wilvrenciahelyzotel mdrlink nieg, abol az emiitert
legaishl két valds referencishelveet megfilel kit sllentétes eltérd helyzeinek, és ax optimalis referencia-
helyretet az emlitett két eliontétes eRérd helyzethdl a reforencishelyzotek atlagolisdval hathrozsnk meg,
4. Az L. vagy 2. igénypont szerindl shdrds, ahol tovalbt Bpdsként meghatdrozunk egy konfidencis interval-
fumot gz emiftelt optimdiis referenciabelyseire vonathoadan,
5. Az 14 igSnypoatok birmeclyike szerindi eljards, ahol a célponti referencihelyzet megfelel egy nlyan
helyzetusk, amelyben  pacions tormdszetes mddon vie egy veghateoncit edipuntot, vagy & pickas
voles nded vagy késelre ns26 helvastének.

8. Az 15 igénypontok barowlvike szenint elinds, ahol & helyzat adatst tartalmazadk & paciens fednek
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pastoszkipios sedgdadhdt & anysady érgket

A 6. igfuypont seertati «ifdrds, ahol 8 pantoszkapiios sedgéridhet & @ fryaedy érigket 3 valds roforon-
ciahelvzet kordbbi adethalmazaitél vagy az oltérd helyzst kordbbi tipusitol figed feltsteles
valoseinfisépek folbasendbisival hatdecnzak meg.

Az -7 igénypontok birmetyike szeringl cljfeds, szzal Jellemerve, bogy wovabbi Mpdskdnt a2 optims-
Hs reforenciabelyest kisvigheléebher azch megfoleld relovancidjinak, valomint azok megleleld olidnia
sipusinak Higgvdayben sblvozmk az adatokal. '

Az 1-8, igénypostok barmelyike szerinl eljdrds, amelyben tovithd Iepdehont meghaiivonzak a pisiens
Frankfort-sikiat, tovibba chol a Frankfort-sik adatait Is horzdvesseiik azon adaickbor, amelyeket figye-
fembe vessink gz optimalis referenciahelyaet és & konfidencis intervallum meghatartzisakor.

Az 18, jgénypontok barmelyiks szerintl eljdrds, ahol tovihbi pdskdnt progressziv mddon saduitdsba
vessink egvin prion modells

Az 1-10. igdaypeastols birmelyike seevintt elidrds, ahol tovibbi Ipéaként & régaitelt adaiokbil kiegésalid
adatokat sxtrapotibmk azon referenciabelyvretckre vonathozday, amelyek nem 4llnak rendethezdore 2 pé-
cienastl

Az 1-11. igSoypountok hérmelyibe szerintt eljdrds, shol tovibbi pasként sldallithd a Btdskomigdld evz

kde gyarsisl panvmdtereinek Mezdmoliste basanale i@eiyzetaéamkat
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& koofidencia intervalinm &5 8 vaids wzet vgy adathalmaniaak vagy & valds sdst
haimacokhol exsiapolalt optimélis reforsncialelyeet alapisn,
~ a phoiens képdock megielenitésdhdl chben o helyaathen dafvagy vzen helyzet kivalasetisdnak @
faraskormigalo eazkéz pydriddt paramterakre Kifejtett hutass dlapidn.
Rendszer ey plciens roferencinhelyzetdnek beesléedre az 1-12. igdnypontok birmelyike szerintt eljdrds
sorda ordnd felasrnalisrs, amely readesy tartalmas:
- mérdeszkdnt (12, 127) & oflponti referencishelvavtbe (0ridné minden sgyes megérksréakor 3 va~
105 referencishelyzet mérdsdrn epy valds reforencialiclyret (9bb adathalmazdnad oidslitiedhon,
~gsxkéa oy adathalmanck eltdroldsdra,
- digitalis feldolgozo egysfget {11} a valds referencishelyzet emlitelt adathalmazainak feldolgozd-
fara egy aptinalia referenciahelyeet rosghatdrozasibos,
azzad  jellemseve, Hogy o rendszer tariabmaz tovibba egy hordozhaté kijeled sszbtiat (30), amelyet a
paciens fud visshy, tovibbd shol & mérfessking (12, 127 tavtalinaz sgy Réprigaitd eezkazt (123, aly
fordoahatd kijsled cozkdnhdy (39) viszanyitva eigeitelt helyzetd,
A 13, ipdnypont seerioti vondszer,  szzal  jellerseave,  hogy a dightdlis feldolgond egysdy alkalmas
tovabhd exy, &z optinadliy referencinhelyzetre vonatkogd konfidencia intervalion. cldafisisd
A YA igdnypont sescinti vendazer, szal jellomerve, hogy a kijel2d esxkdr (30} vizualis eglpontoket
$32) s tartadbma.
Rzdmitdgépi programiormék, armely olysn programbod-utasitasokat tanuimaz, anelyek ae 120 igday-
pontok birmelyike szerint eljdrds Iopéacinek végrehugtdaira szolgalink, amtkar az coditet! progeam ogy

széritdgépen B,
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j: Cansing the subject to deviats bis head
¢ o a daviation posture, then bring his
head Back o a referenca postuss
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Revord dala relativeto
the reference posture
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Compare dsta relative 1o
the various recargings

Extimaie an yverage seference
posture snd & copfidence interval

Figure 3
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