U 1 WAVEFRONT ABERRATI ON AND DI STANCE MEASUREMENT PHASE CAMERA bj ect of
the Invention The system of the invention consists of a phase canera 5
with mcrolenses placed in the focal point of a converging I|ens, wherein
the canera data, processed using a conbined Fourier "Slice" and fast
Fourier transform edge detection technique, provide both a

t hree- di nensi onal wavefront map and - a real scene depth nmap within a broad
weverront s necdiEr et AERKER Sl Br Sl L En i Hn NG LA Al ¢ ¢
- observation, ophthal nology, etc., as well as in fields requiring

netrol ogy, e.g.. ro%al £SGenes., CgPrpol i shing, autonobile nmechanics, etc. The
invention is %&pel—n—e%—(—e—el—he—%?p%rti cul ar case of atnospheric tonography
usi ng ELTs (I arge-Théi aiyeter b€l eseopesntiOn oredddretatfes) .phiisel danérd he Art
The invention_is conprised in the field, of tics an i.-mage, praocessi ng. 20
Backéground ofwjttﬁle Hflnrp\%é)lfl] ion ]Eaacp)efleslenn?thlenv%%taﬂ'o orlél?atogs %o both’the need
for obtai ni ngeres, t iteeednmehsi orsade raavieftrontoroeassrdnesin@associcabeded t 0 any
optical probl i.n_whiGgh i mage .qualj.ty.is. .essenti e. faor. . di si s)
and to the nekgog}ﬂflg% ogtcléic%i n%%g g%slguf?%%ll%%t FJ}Iarn% ’a Ieeggﬁd c{)efcgg?g%%)depth
map Wi thin a teabadque angevatievbbumes, tifnegnidndreviont er vase iqpritonsevandl

ki lometers. Thaugh,ihie. general. ARRLAach, Ga.be.apal Ledbp ather fiel ds,

t he anal yses conducted focus on'large aperture tel escopes e_md on scene
depth neasurenent .Th3e Sraeetiohn the FAritabAenmdspheskc inorpyr dphydFoheps esent

large'dia”Et%hv%?k§§ﬁ9p%ﬁm@pR%NTEgéN’determined, such as earth-based

astronomical cobservation, ophthalmology, etc., as well as in

M

fields requiring metrology, e.g. real scenes, CCD polishing,
automobile mechanics, etc. The invention is applied to the

15 particular case of atmospheric tomography wusing ELTs (large-
diameter telesceopes: 50 or 100 metres).

Field of the Art

The invention is comprised in the field of optics and
image processing.

20 Background of the Invention

The present invention relates to both the need for
obtaining a three-dimensional wavefront measurement associated
to any optical problem in which image quality is essential
{e.g. for diagnosis) and to the need for obtaining a

25 sufficiently reliable and precise depth map within a broad
range of volumes, from a few microns up to several kilometers,

Though the general approach can be applied to other
fields, the analyses conducted focus on large aperture
telescopes and on scene depth measurement.

30 State of the Art

Atmospheric tomography

For present large-diameter telescopes (GRANTECAN,
Keck,..) and future giant telescopes (50 or 100 metres in
diameter), the adaptive optics system has taken the course of

35 measuring the three-dimensional distribution of the




Keck,...) and future giant tel escopes (50 or 100 netres in dianeter), the
adaptive optics system has taken the course of 35 neasuring the

t hree-di nensional distribution of the 2 atnospheric phase by using a form
of tonography called nmulticonjugate adaptive optics. The absence of a
sufficient nunber of natural point sources in the sky, such that there is
al ways one present within the field of vision of the object 5 observed by

t he telescope es |t necess to.use ifici oi nt _source .g. Na
stars (90 km ﬁP n°orkt éﬁetgg%oﬁ¥%89 t%e éﬁ?lr%gaﬁ%bg ﬁ%@%?mﬁ?gﬁegffects
the |ight beamukn;mbngu@atﬂnadﬁpuabpe©ptiasihEhskgbienualdﬂhga folCElcient
anisoplanatis it \ecessary to Use sever | o thes rt|f|C|a

stars (at Ieaq%ﬂgf.o n or % %gzsqgﬁg?gt%%t§§a5 y’d?lthé%$€éaﬁ¥Fe§ a very
hi gh resolut|iﬁW&Mﬁdomﬁg@rp@aetemnﬂpml$@é lfaséd, OQMchutranSHa@eQbDatb an

| ncredibly expensivg bechopl oy FUpLber Mg, afiter such.a high cost, the
nultlconjugate adapti ve optics can only neasure fhie atno pherlc p ase
associ ated t oamti fpsel twiged Horkgomt &l 9. tF reenceSl dyrebdaliwi th three phase
sensors measuring ;Siqnytangoustyder e enblysCANGBnILOULS A QRQELLON Of
the three-dinensional cylinder atffecting the inage ey al recover an
esti mation oftichel iphds damt Irogaheulfaem ohke t flaiecdr elP0txo %@m{a@aﬁeégt hat
they seri ouslf/ocraqngﬁ%wl%a%sﬁﬂapﬂe Ve ngeésrs%%l e Ofe Lhe.0pt i Lalnbeam
within the stability time of e atnosphere 1n the visible spectrum (10
ms) 10 The t ectiitddecpr bpdsed Hekel pasi |54> -héneveiemlicoRe gpeevrfad-neeed to a
single neasur@jmaﬁer@nqea@u?essl lev%ryZ%l%ﬁnwsomum Na84ch igh MRRAGEHC
stability tine. -a recovery of phasé associated to each turbul ent

hori zontal | &pered] 1ésertoWB@?léph§/afbﬁ‘lattﬁé RtPr énatAsspRdty, SMPrFEERS of

an al gorit hmbased: 8gy FouFi BIhdrhapsf or g i chhdnn  andyieh itsgkf isnfast

but can be accelerated with an
multiconjugate adaptive optics can only measure the

15 atmospheric phase associated to at most three horizontal
turbulence layers (with three phase sensors measuring
simultanecusly), i.e., it scans a minute proportion of the

three-dimensional c¢ylinder affecting the image. They also
recover an estimation of the phase with calculations that are

20 so complicated that they seriously compromise - the adaptive
corracticon of the optical beam within the stability time of
the atmosphere in the visible spectrum (10 ms).

The technique proposed herein will however allow:

~being limited to a single measurement and to a single

25 sensor, within each atmospheric stability time.

—-a recovery of the phase associated to each turbulent
horizontal layer, i.e., tomography of the entire atmosphere,
by means of an algorithm based on Fourier transform, which in
and of itself i1s fast but can he accelerated with an

30 | intelligent adaptation thereof to graphics processing units
(GPU) or to electronic hardware units, such as FPGA (Field
Programmable Gate Arrays).

-preventing the need to use artificial laser stars, as

it will recover in real time the image of the object upon its

35 arrival to the Earth’s atmosphere, since this new technique




30 intelligent adaptation thereof to graphics processing units (GPU) or to
el ectronic hardware units, such as FPGA (Field Programmable Gate Arrays).
-preventing the need to use artificial laser stars, as it will recover in
real tinme the image of the object upon its 35 arrival to the Earth's

at nosphere, since this new technique 3 does not require calibration with a
point signal to then be deconvoluted. Human eye tonngraphy The main

interest in perforn.ng hunman e t onogr a .essentl sed on :
bt & ni ng. AT T RAATER B2F g HTRdh Bt sheRTHIS Stdnalchbaththate. of
the retinal fanduscohtéde patient, in order to make nore rellable

di agnoses Th]? agueous hunor, the vitreous hunor and the | ens behave in

t he eye as neERLRREe e EPAY e t he i mge that can be obtained fromthe

10 retinal fundus.THen Mfadet inté¢raaes nneerfecuinge muakhngyere’aswwaphysias
frquent ly as srgntthgﬁgﬁetbas at%lgzg%er en£ one a%verl)(aVl %Eal]pa% useol t is a

stable def or mation: regul re suff el en ree- menS| onal
resol ution tonetﬁtcaénbye@tﬁlalsnsaa 1cﬂegmodmaqueag>é @ﬁethﬁlmetll fahddsurdushe but

a1 50 10 detectadine. spatd k! peatlon ol PossiBhe Gop L Loshons, The, ! e

aut hors who ment i one m cro enses In the
focal point domvet ﬂr@e vher Fois ﬁ@nmor" Shilcele t behmikph@veo itakbet hge as

measur ement. afe ffie ,ApLh Cale A0-a0EREaLON. il @AOPECGh. fied TGS, (L O

obt ai n di st ances I'n addition e Fou "“Slice’ ni que assocliated to
m ctdl enses ixetinelf Hemluspoi nt has only been used to obtain focused

phot ographs of real, segnes w thpnsr apges, uﬁlef QW i 1 GHDIG JARE £fS f é(Q' ure,
with a quall t hat apparently exceeds 25 the common depth of field

t echni que. rSONRREYY Bhedkt TBEBNERIBULY ongnwiPherher oatit RBPEY ha¥emAbt hi ng

to do with trﬁ%cause it is a stable deformation; however it does require
sufficient three-dimensional rescolution to not only obtain a
15 good image of the retinal fundus, but also to detect the

spatial location of possible ocular lesions.
The few authors who, within the mentioned fields, have
placed microlenses in the focal point do not use the Fourier
“Slice” technigque to take the measurement of the optical
20 aberration, c¢r to correct the image, or to obtain distances.
In addition, the Fourier “3lice” technigue associated to
microlenses in the focal point has only been used to obtain
focused photographs of real scenes within ranges of a few
cubic metres of volume, with a quality that apparently exceeds
25 the common depth of £field tfechnique. In summary, these
contributions of other authors have ncthing to do with the

patent herein described.

Description of the Invention

A single array of microlenses, forming an image on a CCD

30 with sufficient resclution and placed in the focal point

positicn of a converging lens allows taking tomographic
measurements of target three-dimensicnal space.

The measurements are taken once only, i.e., a single

image contains sufficient information to recover the three-

35 dimensional environment. Such image can be understood as being




pat ent herein described. Description of the Invention A single array of

m crol enses, formng an imge on a CCD 30 with sufficient resolution and
pl aced in the focal point position of a converging |lens allows taking

t onographi ¢ neasurenents of target three-dinensional space. The
measurenents are taken once only, i.e., @ single inmage contains sufficient
information to recover the three- 35 dinensional environnment. Such imge

b der st opd ' 4 d di, nat
The 00D AssodlHtede P 1 HEFREHE of '8aEtoH CROrere Sk Lab GuRerres o

coordi nates @ssokd atesido éheeatmayuefommﬁrohemgﬁ&> dire:rpr oposedatechni que
is based on the Gen grgl %%? 5 Fourier."Slice" Theorem The inage taken by
0

the CCD i s FoUti%Sr2 eF aifsf rra%(ﬂfrmﬁ??ﬁﬁﬁasgﬁs then a rotation and
"slice" oper at or s app&pcedzdt ote«thnmechlsjemades tdre dept hcaterwhiedd t he
object wll recovered an reduces,. the pro m d nsiqns 19, ]USt

2. e objectlve%% %110% ngan ion ﬁge lm&?f Qﬁgenqahihfhgggé“%%g at“wh

t he objects armnsdoatedp tfpurhatimeandondy mmﬂklagrwmatnaltaaﬂsﬁeﬂmed donaln

and identifying the obj gg]lgflevg tJMe %qsads%g &ésohnch%' %ﬁ%‘tkhglc(uh?g% e

spatial frequencies) S p055|b € to | e comnmponent's
scene of whi cthd t0bj§cpr e»wléuépley jarownrad what rddmeaﬁnc?ehet heyoblEs arfe 4

located. 1N addiction,, aShack: Har LIANNSENS0F. CONSLS QlAD; ASBETELY Of

| enses pl ace n array ormt he same . nunber of Images in a
t wol@i nensi on@lnddevéctlor . déﬂ?bs di splistherrbat cbfedgchref leteimd:ntrekation to

the position 20 coLrespong '1&1 ttHe atPAr?s!”f%rrmE‘@V&frﬁaQrﬂt aﬁﬁaﬂﬂéﬁéf’ﬁﬁg' peal

gradi ent of the wavefront. possi ble to recover the original
wavef r ont thﬂéﬁ@ﬁtﬁuﬂQWﬂbthﬁrdﬁé@%e§6t$ﬁéiﬁkoBb%@ﬂihﬂhaé@UﬁhnépatE®htalns

a Shack- bet'@@%@ubﬂcféﬁ% fQEalsFﬂﬁé%Eb?E o identify the components of the
scene of which it is previocusly known at what distance they
15 are located.

In addition, a Shack—Harfmann sensor consists of an
assembly of lenses plaéed in array form to form the same
number of images 1n a two-dimensional detector. The
displacement of each of them in relation to the position

20 corresponding te & planar wavefront measures the local
gradient of the wavefront. It 1s possible to reccver the
original wavefront through numerical processes. The proposed
phase camera contains a Shack-Hartmann in the focal point of a
converging lens, which is why the design is alsc a wavefront

25 phase camera, but placed in the focal point of a lens, with a
completely different data processing than what has been
asscciated up until now to the Shack-Hartmann sensor. It is
then possible to recover both depths and wavefront phases.

Description of the Drawings

30 Figure 1: Diagram of the arrangement of the aperture
lens (1), of the lenses (2), and of the CCD (3) forming the
phase camera. (5) is the focal point of the converging lens.
(6} is the focal of each micreclens of the array of lenses. (7)
is the local tilt angle of the wavefront. (4) is the optical

35 path displacement experienced by the turbulent wavefront in




converging lens, which is why the design is also a wavefront 25 phase
canera, but placed in the focal point of a lens, with a conpletely
different data processing than what has been associated up until now to

t he Shack-Hartmann sensor. It is then possible to recover both depths and
wavefront phases. Description of the Draw ngs 30 Figure 1: Di agram of the
arrangenent of the aperture lens (1) , of the lenses (2) , and of the CCD
(3) formng th phase canera. (5) i.s.the focal point of the converging
lens. (6) i REPBCH ad’fjtés’éh‘gf}ﬁ)&"r%}"%% %’rerfﬁép%%}-ray of lenses. (7) is
the local tilt angligueté 2hecoavaeeftuontdiggthmi sftite dpiveaaioB3Sgpathd to

di spl acenent expterli enced b .tthhe turlbul ent _wavefr.ont i n(?) reg atfi on.to

anot her one Wi t hout “50%Y r ati'oh. °Fi gdr&®2: "toncéptaal di'agr amof “the™d

i nvention appltredpheria tweileseppe wit hha hargehgaiceln srervétjon Ref for m ng
at nospheri c tqmography i.n. the astrophysi.cal servatian r (8)

W t hgadapti veSQanﬂ):ti @ 'Vﬁé:hi R %&ﬂ%l C%%rl %r egl?léa lg%/le‘?lsdu\%at ﬁtlugfbt%%gmé

at nospher e carayegspordthin (e artchofdDyre dhemesphagetcah®r saral (@@ . staani ng
the conplete l.i.nder a her. ul.ence iC ts_ the
final inmage ﬁ%stehe% ré?ée%co%l(ra%%’%o Eicérﬁlﬁfeﬁgz K %ncé:%gn’é%?g\%i a'%lrlgglnﬁg am%:l assic
ast rophysi calatnobpeeviat i orrbof eacst 4k3)( 8Jhiwsi agifehes adaptiiveloptpge of

mul ticonj ugated to,two turbulence |ayers in the atnosphere (9) and (10).

It can only recover a very small nunber of individual turbul ence |ayers
(thr®e layers at rastye. 3(139ncardudd diyrdmdifcat ecltlie inavetraomyssenasors
conj ugatel'y agsaciated to,r each turbul gyt Laygr. (1) cosnaspandsytect he

t el escope. referred Enbodi ment of the Invention The particul ar case of an
ast r ophysi calmudiséepwitdadgow-e htva tugbesedie 1RAeE agia tdicartneiPhexeeddl ng t he

diameter of 20 copgrence re.pf JN& atposphere (aPPF OdARi el Y@ rCmpin the
individual turbulence layers {(three layers at most). (11} and
15 (12} indicate the wavefront sensors conjugately associated to
each turbulent layer. (1) corresponds to the telescope.

Preferred Embodiment of the Invention

The particular case of an astrophysical observation with
a telescope having a diameter exceeding the diameter of

20 coherence r; of the atmosphere (approximately 20 cm in the
visible spectrum) is considered. The turbulence oI the
atmosphere causes a loss of resclution in the image obtained
with the telescope, i.e., loss of high spatial frequencies
information. To prevent this loss, it is necessary to know the

25 manner 1in which the atmospheric turbulence degrades the
wavefront of the light _comiﬁg from the star under study.
Natural or artificial point starts which allow characterizing
the deformation that the atmosphere introduces 1n the
wavefront can be used to that end.

30 With classic multiconjugate adaptive optics (Figure 3),
a wavefront phase sensor must be used for each deformable
mirror conjugated teo an individual turbulence layer, i.e. two
different phase sensors (WFS) which must be aligned and placed
in operation in parallel and in different positions of the

35 optical axis. The complexity of the calculations and the need




vi si bl e spectrun) is considered. The turbul ence of the atnosphere causes a
| oss of resolution in the inage obtained wth the tel escope, i.e., |loss of
hi gh spatial frequencies information. To prevent this loss, it is
necessary to know the 25 manner in which the atnospheric turbul ence
degrades the wavefront of the Iight coméng fromthe star under study.
Natural or artificial point starts which allow characterizing the

def ormati on that t@ ggﬁpsphﬁggein%%%dugﬁ%lgn épg W %$t£pnte&§p belﬁsed to
that end. 30 th ¢rassic nﬁiticonjugate aéhBPlve optic (Figur3'3), a
wavef ront phasidlseasondanust te wsedbiorsmpadgirudef nnkeble imposerbtonfagat ed
to an individual bul.enc P di e as (WFS)
whi ch nust bé)arféﬁédwgﬁa %P%%%§&i¥h g%%é%ﬁﬂ%%n %%ﬁ%a&% Pgl‘ﬁﬁggpﬁgéf?ferent
posi tions of tuwulbnoptiayakrsaxis. The conplexity of the cal cul ati ons and
the peed 6 for vel.o¢i S] t h e - -
nill?seconds in tﬁ%qéig%%l%R%%%égﬁﬁ%%nﬁgﬁggfﬁ?gi?%ggg?b e“%o%gogé?%ﬁﬁe t he
correction todaygnat wordey aplsreeicat nosphes i eset dpbshenican| Bygrze 25 YWih t he
phase carmera fiavi bgddie desigashawn chn flauke id. (ableshose ppeiation in
this case is showm in Figure 2, only one sensor is used, which sensor is
pl aced in a gaggltécnposi t Fon oftikel optiical #d sz andisdesi Myl reEaBY enent ,
subsequent |y pracgsseth py JRaAS0h the FRMIEr & icé L0 dRchnkques i ||

al | ow obtai ning the three-dinensional” map of turbul ences (wavefront
phat®s) assodicateddedr tHelleritlilpy €BF b nDOfhet FB<pRet ErafiieR2af FaRt St t he

observation wiiuibe:d£l §860PRN1OHNEDEs ) NaRLE QRed 8% WBL! c@Sidehecabhi t ude
at which these turbulence |ayers are |ocated. 15 7 CLAI NS

of atmosphere which affects the cbhservaticn with the telescope
of the invention, as well as the altitude at which these
turbulence layers are located.

15




1.- A wavefront aberration and di stance neasurenent phase canera in
different environnents using Fourier Slice, characterized by mcrol enses

pl aced in the focal point of a 5 converging | ens, and whose data are
interpreted using a conbined Fourier "Slice" and fast Fourier transform
edge detection technique. 2.- A wavefroft aberration and di stance

nmeasur enent phase canera in di fferent envi ronnents using Fourier Slice 10
characterized according to claim1, .RRiai ning the three di nensional
phase map associated to the assenbly oé—a'-rmspheri-c turbul ent |ayers

af fecting an eart ht-baséd vawelfesgbopiabeastroroniaod| dbgencat irasuenert
wavefront abegfald aand dhstanee JRASUNATEAL.,d> Plase Sagecd by dLffer ent
envi ronments ‘using Fourier Slice aracterized according to claim1, for
obt ai ni ng t hechdnaeserdigrensi onalrophases nnlpcasscei ahed froat heofrtoupt of

turbyl ences  affRehing thssophihal ghbagi cat, ohser valian. o Lhedighi nal
fundus of a patient - A wavefront aberration and di stance neasurenent
phase canera ¢qii“h}iflﬁfler5’é>r\1tflér‘ﬁV| rdAret singsi AgstFoliphekers| fteensehar agties i zed
according to glia-mdn ﬂ‘é}{hnqgg@l ning the three- dinensional phase nmap
associated to the group of conmponents of a real scene. 25 5.- A wavefront
aberration and di st-ancé mEdsdrehent2PephaseecafBfa 1IFGRER ere s VERTEoNMent s

usi ng Fouri erpralsieCearehar act efized-acCandi Nhile@ +6l @sihd, rhakiobt @,mb@g t he
t hree- di nensi onal phase map associated to the surface of a CCD.

wave? ront abefPEPrENT g dicSPaRce neastirdffent 30 Bﬁ’é%@l@@nﬁlhﬁ |tﬁrﬁ‘?‘ffer ent

envi ronment s disdengi EQUI i efhadld Canaffhadacienized agcordibng akgembaj mds for
obtaining the three- dinensional phase map associated to the surface of

necessary nECHRAPEEF ar tS PN Fre al¥GHdt i VB HHGGREr y 317, -3 Raveftont
aberration andidisstpnee steasshieMBNboservation.

3.- A wavefront aberration and distance measurement

15 phase camera in different environments using Fourier Slice
characterized according to ciaim 1, for obtaining the three-
dimensional phase map associated to the group of turbulences
affecting the ophthalmoleygical observation of the retinal
fundus of a patient.

20 4.- A wavefront aberration and distance measurement
phase camera 1in different enviromments using Fourier Slice
characterized according to claim 1, for obtaining the three-
dimensional phase map associated to the group of components of
a real scene.

25 5.- A wavefront aberration and distance measurement
rhase camera in different environments using Feourler Slice
characterized according to claim 1, for cobtaining the three-
dimensional phase map associated to the surface of a CCD.

6.—- A wavefront aberration and distance measurement

30 phase camera in different environments using Fourier Slice
characterized according to c¢laim 1, for obtaining the three-
dimensicnal phase map asscociated to the surface of necessary
mechanical parts in the automotive industry.

7.- A wavefront aberration and distance measurement

35 phase camera in different environments using Fourier Slice




35 phase canmera in different environnents using Fourier Slice 8
characterized according to claim1, for obtaining the distance nap
associated to the group of atnospheric turbulent |ayers affecting an

eart h-based tel escopi c astronom cal observation. 8.- A wavefront aberration
and di stance neasurenent 5 phase canera8in different environnments using
Fourier Slice <characterized according to claiml, for obtaining the

di stance nap i t . p . turb nces .af.fect. .
opht hal ol og) Ao 0555r 02t 150 BTN SPT b f BRELS Br koot QAR o . A
wavefront aberaratasecantedi ¢ ahte geagureanertirosphases cawsrdenh dey$es ent

envi ronnments usd.ng, four %%r-?hi—]&aesedc@éié&{]ogariiczQQnaoﬁ}%%gwgoﬁs%r%'aQ%&.1’ for
obt ai ni ng t he eptﬁ map aSsociated to t group of conponents of a scene
real. 10.- A wavef&.ont2Rab&vedtrpoh afgrdpsiancendeadiftemenat meEBuphmset caner a

in different environments ;using Eoupi et ol iGfentBaracheriggdi@ccerfing to
claim1, for obtaining the depth map (polishing) assoCiated to the surface
of a CCD. 11.chagxagagefisshecapedin itenchyidn dirsfahcetireasng eEentdisphage

camera in di ffeyents enLEaNRNL SISO FOWE &y Bl ERce L0 2¢RAEAGLELT i 7ed
according to claim1, for obtaining the depth map associated to the surface
of necessary JRF¢hatireHIiFatt sohFprvighécautdnothee Taidustr yfundus. alprdcess
for obtainingaidepth and wavefront phases map by using a wavefront
aberration and di stance 25 measurenent phase canera in different
envi®onments using-Fouki éf2vSErert ARsEARE € z@8dacticdrhg i aslvarRent

devel oped onpERY. chderaAibrocessrinf ehtaidiRers dephh andryevekromd phase
map by using the wavefront aberration and di stance neasurenent 30 phase

camera in di fHeréateBRAST AnTeRtsnUsthgCholt ier 95 (Ptalghsrather AsRid:
accordi ng to pghakbydeidevetopet ¢RobPG components of a scene real.

i0.- A wavefront aberration and distance measurement
15 phase camera in different environments using Fourier Slice
characterized according to claim 1, for cobtaining the depth
map (polishing) associated to the surface of a CCD.
11.- A wavefront aberration and distance measurement
phase camera in different environments using Fourier Slice
20 characterized acceording to claim 1, for obtaining the depth
map assoclated to the surface of necessary mechanical parts in
the automotive industry.
12.- A process for obtaining a depth and wavefront
phases map by using a wavefreont aberration and distance
25 measurement phase camera in different environments using
Fourier Slice, characterized according to claim 1, developed
on GPU.
13.- A process for obtalning a depth and wavefront phase
map by using the wavefront aberration and distance measurement
30 phase camera in different environments using Fourier Slice,
characterized according to claim 1, developed on FPGA.
14.- A process for obtaining a depth and wavefront phase
map by using the wavefront aberration and distance measurement
phase camera in different environments using Fourier Slice,

35 characterized according te¢ claim 1, developed on GPU in




14.- A process for obtaining a depth and wavefront phase map by using the
wavefront aberration and di stance neasurenent phase canera in different
environnents using Fourier Slice, 35 characterized according to claiml1,
devel oped on GPU in 9 conbination with FPGA. 15.- A process to

astronom cal |l y observe using adaptive optics with GPU-controlled
deformable mrrors by using a wavefront aberration and di stance

measur enment p Tera . jfferent environnents using Fourier Slice
characteri zedpg}go?g%r%gl&ﬁlgwjtt@ %Fg%‘m 1, for obtaining the three-dinensional

phase nmap associ at¥d -t @ tivecgeoupo ofstatnosprerliyc dosebut emtind aylepsiwhi ch
affect an eartfi-hased; f,ol esgopi,6 28§ LoNomGal., QPSEEVAI oML, 10,45, A
process to astronom cally observe using adaptive optics w't h

FPGA- cont r ol |'ewvedebor nalbteratiipnoasd byi dsirng weasvavetnonphadveeatiraniand
distance Measy &L Phase CARERE: | Nua il f 86ERte SNULODMEHLS, H3kg, EQuri er
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wavefront aberraticn and distance measurement phase camera in
different environments using Fourier Slice characterized
according to claim 1, for c¢btaining the three-dimensicnal
15 phase map associated tc the group of atmospheric turbulent
layers which affect an earth-based telescopic astronomical
observation.
17.- A process to astronomically observe using adaptive
optics with GPU- and FPGA-controlled deformable mirrors by
20 using a wavefront aberration and distance measurement phase
camera in different environments using Fourier Slice
characterized according to claim 1, for obtaining the three-
dimensional phase map asscciated to the group of atmoespheric
turbulent layers which affect an earth-based telescopic

25 astronomical observation.




