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SMALL AND FAST ZOOM SYSTEM BY GYOUNG I L CHO ET AL. 5
BACKGROUND OF THE | NVENTI ON The present invention
relates to an optical zoom device and operati onal
nmethods for the device. Conventional zoom devices
requi re coupl ed nechani cal notions to adjust the axial
separati ons between individual or groups of elenents
in order to change the optical 10 magnification. FIG
1 illustrates t,i I | & m system At
t he very basi c%@ﬁéggm&%?ﬁ@fudes at | east
one noving lens for zoomn One |l ens to change the

i mge size is called the variator 1 and another |ens

to maintain focus through the zoom range is called
t he- conpensat or 2.§§¥Eﬂﬁkiﬂﬁﬁﬁiu§3ﬁéﬁaned to change
the i mage size of 15 object. However, the image is
def ocused because the inmaging position is also
changed. Therefore, the variator 1 nust nove in
uni son wth t B dNDA Vi INm and keep
the image 3 in focus. These novenents are usually
rBepaesetahventicorelated tbad opticahzoanndeviaeiand operatitvel iretbeds for
barrel. The nechani cal notions decrease the speed of
thezdgoige.ng, 1 ncrease space and weight 20 for zoom
system may induce unwanted jitter, and require |arge

 PCoMRENntioRaITdoMidedites Fequir@étiiplel dibchdnital MBEHRT0 GdjusZB® iR ial
systemis restricted to magni fying the area on-axis.
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zoom devi ce that can nge rmagnification. RY OF
ma%ﬁ't:'(cz{ NYENTI ON Exanpl e enbodi nents may sol ve the
|sa&va

ntages of the conventional zoom

FIG. 1 illustrates conventional mechanical zoom system. At the very basic level, a

- zoom system includes at least one moving lens for zooming. One lens to change the

image size is called the variator 1 and another lens to maintain focus through the zoom

range is called the compensator 2. The variator 1 is moved to change the image size of

. object. However, the image is defocused because the imaging position is also changed.

- Therefore, the variator 1 must move in unison with the compensator lens 2 to zoom and

keep the image 3 in focus. These movements are usually mechanically controlled by a
zoom ring on the lens barrel.

The mechanical motions decrease the speed of zooming, increase space and weight
for zoom system, may induce unwanted jitter, and require large power consumption. In
addition, the mechanical zoom system is restricted to magnifying the area on-axis.
Therefore, there has been a need for a small and fast zoom device that can change

magnification.



system Exanpl e enbodi nents may provide a zoom system
that is conpact and does not have nacroscopic

nmechani cal notions of |enses. Exanpl e enbodi nents may
provi de a zoom systemthat consunmes m ni mal power.
Exanpl e enbodi nents may provide a zoom system that can
conpensate various optical distortions or
aberrations. According to an aspect of the present

i nvention, thesgMIIARYOYF ¢8E IRVZRAMORYStem for
formng an image wth varying magnification conprising
one or nore variable focal |I|ength |enses, wherein the
var i pRingpld @aRdith &RGhAY doBRIhd dsddPiRaglf o ANk &ifiohd1%bom
array lens, wherein'the mcromrror array |ens
S¥¢#prises a plurality of micronirrors, wherein each

M CT BRI O mbRliEGHN ) hrotdl £z6hgRml the if Qnithet 288 E5H not
of the mcromrror array |lens, Wwerein the
hayeanasrAseapif megharipal imatigns offlensess conprises a plurality
Of MEERMN Gtbodifibitiih 567 PRSI, B0u! it BRI OIS
and actuating conponents actuati ng the  ‘m crom rrors,
mheein the mcromrror array lens is an adaptive

opt i O ' Woidoley ray
I ensﬁ%iénny%gct S a %H}Srlg%ﬂimg{ %6023(%%%11@1 %ﬁ%gldiﬁﬁr}gnstage,r t he
varipu ppicel digersibng epbertatibenses i ncl ude a first variable

f oca ri | . e

| orahech R ah BRoAR MBI N & plof Bl o bERO Lo

fee igmingamemegramigledryiog fagmificaien tomygsirigront ocmsreatirigble focal
R magni fi.cation.,..The vari,able fogal .|l ength | ense

RbE RerROMd L6 B i d BB, RS0 S S5 Tons,

whereip theensraniobridenydeng compidises y plofaling afmuinfioriesrs, whEbedn each

tr lati / tafi f ' ' f th
ERBBREH b3 BBAT b RSO R Bt e s ™
dhatrinekb thicrontitrongrag flens hathepainmiy st Sifuralfiy@f Meciai¥hlr r or s

of the mcrom. rror array |lens are arranged tao fQrm one
Spuctures élg]](ﬁdmg the micromirro ande actuagng componen% actlmgng 816

micromirrors, wherein the micromirror array lens is an adaptive optical component, and
wherein the micromirror array lens corrects aberrations.

In example embodiments, the variable focal length lenses include a first variable
focal Iength lens and a second variable focal length lens. The focal lengths of the variable
focal length lenses are changed to form the image in-focus at a given magnification,

The variable focal length lenses are made of micromirror array lenses. The
micromirror array lens include a plurality of micromirrors.

The translation and/or rotation of each micromirror of the micromirror array lens is
controlled to get the desired functions of the zoom system.

The micromirrors of the micromirror array lens are arranged to form one or more
concentric circles.

Each micromirror of the micromirror array lens may have a fan shape.

The reflective surface of each micromirror of the micromirror array lens is
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concentric circles. Each mcromrror of the

mcromrror array |lens may have a fan shape. The

refl ective surface of each micromrror of the

mcromrror array lens is 2 substantially flat.

Alternatively, the reflective surface of each

mcromrror of the mcromrror array |lens has a

curvature. The curvature of the mcromrror nmay be

cont.rol L ed, Each mcromrror of th l Crom rror_ array
sutsitio st ptseRgvely, PRl hgh vt O b el e e

.el ectromagnetic force. The mcromrror array |len
MigIGRTEIrFaY dng dasa SrEATIP a1 1o PreEfUrReE g Apieramiter Ay Gy o

uphol ding the micromrrors and actuati ng conmponents
confeallgdt i ng the micromrrors. The mechanical structures

and the actuating conponents are | ocated under the

m cEeeh micmrsi.lrorngthmr&tvr@mirmr @rray lens is dctwatediby elgctrostatic force

reflective Fresnel lens, and the mcromrrors are 10
andior elergpechagnetie fofcat pl ane. The zoom system i ncl udes a

beam splitter positioned between the first variable

f 0CcThe inddrginitrdranay Rasifukiher incladesch pladaligyiuf smethanidal stergird

lens. Alternatively, the first variable focal |ength

uphd3ifig Bdnichiniterand adtadtingRbMpbRsed ac'td%._ﬂﬁ% theln8B®mAT&s. The
positioned so that the path "of ‘the |ight refl ected-by

mebiida) f@ky&@{ dAthEackRf c@mﬂw 'a?él%%r{?@ﬁthé REG@Birrors.

vari a ocal 15 [ engt ns 1s not ed. Each

I COILAL Bkt SOPIh Ot 14 FRAGT 1405 Ol D o
Yy ens. e mcromrror array

I .| dapt i tical t. The m '

eniy{?sgﬁtgﬂa aptive opti cal conponen e mcromrror

¥Wrpensates for phase errors of |ight

i ntyoduced by the medium befween an 0 object_ and j

| e 20 SOl LOEs W SRR s Gred W orbat Sbyaable

that may cause the . .
focal length léns and the second variable focal length lens. Alternatively, the first variable
focal length lens and the second variable focal length lens are positioned so that the path
of the light reflected by the first variable focal length lens and the second variable focal
length lens is not blocked.
Each micromirror is controlled to change the focal length of the micromirror array

lens.

- The micromirror array lens is an adaptive optical component. The micromirror

- array lens compensates for phase errors of light introduced by the medium between an

‘object and its image and/or corrects the defects of the zoom system that may cause the

image to deviate from the rules of paraxial imagery. Also, an object which does not lie on
the optical axis can be imaged by the micromirror array lens without macroscopic

mechanical movement of the zoom system.



i mage to deviate fromthe rules of paraxial inmagery.
Al so, an object which does not lie on the optica
axis can be imaged by the mcromrror array |ens

wi t hout macroscopic mnechani cal novenent of the zoom
system 3 The zoom system may further include a focus
| ens group, an elector lens group and a relay |ens
group. The first variable focal length lens forns a

vari ghe &odn@%teﬁf@é&pﬁmh&ﬁ&lﬁd%% 68EMME Wb AR BH8kroup
| ength | ens forms ensator | ens group. The

%fi@rrelm' leppgroup. ¢ 59 ﬁrSé Mg mgke fogshicngth lens forgns agariatps lepggroup,
AR LRERH §aGMobdl RAefhQEns EAEH %P@As%gkﬂs %}Bu gred,

Green, and Bl ue (RGB respective to get a coI or
i magdhe miRmiFTE A §¥Séﬁ?W9H$4ﬁPtSPF§IfY iha sanprohage condition for
tﬂls]&' Eva{/élénﬁthoéf RANERAS Sanf:l']élﬁee(l&}]ﬁ)o Fesﬁ&h@gly 'tH%&' d'&lor image.

Al so, the zoon1systen1nay rth I ncl ude

E}?@@@IS@%@@ mey ﬁ@ﬂlﬁblﬂlclumplpwbtmé Ibét@,dpafwé'ﬂte@émlor imaging.
| |
ARG A8 8 Rtent %ﬁﬁlﬂh@t‘ﬂcﬁhé@ Rﬁ@écnﬁfé%t 3 | e’%h%%eﬁf;tnc

|nage i s obtal ne treat ne SI ghal s
sepgominchdeRRBetl, C@@e nnd Bhg (RGBe s¢rRaB) Ageles dpage iTlbtained by

t%e%ﬁﬁ%ﬁ%ﬁ%l El‘é'fﬁfi’A f% R éha'c‘?r df QM 'gLf‘e @gﬁagrs%?ﬁ The

nsors I's ~sync rénlze mat che
tygatorent [of tttCﬂloblgun‘ls fiom thecRedyi Greor and Biye (RGB) sensors is

: n
e S RAERAAE R, ERIS bt B B BET PR RNy
thy ssmeenpbéseeccadiphe fembati wareteagﬂhmzﬂ Rd:banaere and Blwr 6RGB),
%9%&%%1 focal -length mcromrror array |lenses. The

9%ten1can change the magnification of an
| magl'[lhg Zey18 tsgstei df mmplﬁmmlmdﬁmntscmﬂmdéﬁamiecal moiet vapiable

The mcromrror arra ens .i ncl £
ISRty et I N o yeen e claee (IS Boenyficaton
afedry uﬁagﬁm eysmm heéithio8tMniabrosc@picr Mlechafi@all Aabnsl 6N WHnkes. The

focal. | engt t.h mcromrror array lens is changed
N AR ) I T Oore G oyl o @ Rents, S s 4
WEhE [s@iflé 'dchanism to control the focal length. The focal Iength of the

micromirror array lens is changed with the translation and/or rotation of each
micromirror.

The micromirror has a tiny mass. Therefore, the lens comprising the
micromirror has a very fast response time down to hundreds of microseconds. The
lens also has a large focal length variation and a high optical focusing efficiency. In
addition, the lens makes possible a large size lens, makes the focusing system very
simple, and requires low power consumption. The lens has a low production cost

because of the advantage of



The mcromrror has a tiny mass. Therefore, the |ens
conprising the mcromrror has a very fast response
time down to hundreds of mcroseconds. The lens also
has a |l arge focal length variation and a high optica
focusing efficiency. In addition, the | ens nmakes
possible a |large size |l ens, nmakes the focusing system
very sinple, and requires | ow power consunption. The

th:Rprolh@sividy. TAWRE OAUEH BRp&RSE forkbﬁﬁéﬂr' SfecRiinfrbtficed by the

+ advant age of 4 _nass Eroduct|V|t The | ens can also

I%e&f’r%%‘éi?e@ thespbieshanddls|imagerandios cqrrrets dhp sistgtsisy a dae system that
R g etk ASmARS s of PltadibiSmb TR and/ or

corrects the defects of a |lens systemthat cause the
i magExaneplejerphosiracntsy mworleasra doem dsvicpandanslade dngwympse.

ngﬁgﬂ@hﬁaggp@gkgents can work as a zoom devi ce and
i nclude one or nore mcromrror array |enses. Exanple

enbo#karenle embcsimentrenag ehanige theampghificationiod an baging systergibng
uﬁﬂzﬂ@aﬁ'ﬁew mo ﬂ—dc}oﬂﬁgﬁ ;9;3)2 8‘5%8@?]% i gLy or array

lenses in the optic e mcromrror array
| e nsTm)micsormgoaarmatrkm twtogksfag @a(hndbéwfgtdiu ldngﬂlsier&mdd mcludes

niaﬂf hﬂ)dﬁfbron%'g% th i‘e@%ct%eclgg%[m‘f a%[ut%tl (ﬁ oy e%?s to c? rol Iﬂ%ht

and actuati ng conponent ions of
Poh@nﬂpﬁm©nnmmmnnnm Each n1cron1rror has the sanme

func aL, arra of m on1rr rs works
as aﬂr‘cgl?? 1%%[1‘&11’61] ocﬁg?nﬁ% ehoél g K ﬁ [Yfyprmrors
“Qdamtenﬁmahmdmmangkmmbwhwhmgaﬂhgﬂb@mﬁkdhanEnmmemsahm

d?étlhgxge ﬁe sa e&%rslgdu?ag %I&a%(e) nv(f %o%e?rgt%at?ﬁqg p%{ﬁl q?{,lm%ge %l 9% order
toedoethisy the tn&imrﬂﬂﬂoksyanﬂélddt@ﬁtaﬁd:aﬁ?hﬁdﬁﬁ&gﬂ%&bmﬁﬁehwﬂy controlled to
ve.desired positions b tyatin
SRR S5O g o7 YEE SPBRGIR ol by b i of ey dneed
b yortoling itk kriiifatioh, bylcbaidligy #saBtatibl), oEBYPEdn@bIlING GothttSnslation
‘@P%Plon or by controlling both translation and
a
The micromirror array lens can have a polar array of micromirrors. For the polar
array, each micromirror has a fan shape to increase an effective reflective area so that the
optical efficiency is increased. The aberration of the micromirror array lens can be

reduced by micromirrors with curvatures. The optical efficiency of the micromirror array

lens also can be increased by locating a mechanical structure upholding micromirror and




The mcromrror array |lens can have a polar array of
mcromrrors. For the polar array, each mcromrror
has a fan shape to increase an effective reflective
area so that the optical efficiency is increased. The
aberration of the mcromrror array |lens can be
reduced by mcromrrors with curvatures. The optica
efficiency of the micromrror array |ens also can be
thoaaedisg coryyonkite anden gickomiBoh@rih@edse si effitive efleqniRe hida agl
nigﬁgﬂ%ﬁ%or nd % t.he actuating conponents under

THEY SV N TP EEEE % ef fective reflective area
and Th@midf@hjkﬂoﬂgrdyhalsﬁﬂémiplﬂ' @n&bﬁilﬂiﬂnesrlﬁahd\raﬁfages (Thehe
m.cromrror g{ ens. of exanpl e enbodlgﬁnts has
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patatineacande geliitsirdy imeatasigp e dpmuny 5%%051? glechitepe

afiblogtest; 3y the&is @asd Righ bﬁﬁﬂr@wsmgrérﬁda&@y I(@mé 1e85&Ra e a
the mcromrror; (3) the lens has a gh_ optica

 fyenErIRpeRtr |“e'ih%‘ﬁé?ﬁmg(°4?}w%l ﬁ@’ffrvéﬁgcec%?f»‘aﬁ%w&c Iawrcrnalrr@@my

Sénk EnchiISS dibirSte Widrb@iHord, @R iM9e00bt thélenP8Ed RJeSRACRlarge the
Because the micromrror arr%¥  ens includes discrete
PPeFaban Frerdby shage srior pEaless; 69 tharest s insxrengixe brsause abthe

QBAEYE omgss pRRBE A 0P PhiG AU BEnibY maRARGurf: rt&hna&g}a (6) the

| ens; (5) the cost s inexpensive because of th

Ao a7t egeerTtefaehagy %)a%mrrqdwd Toof thermedivel ketwaen me@abject and
E@Mdr%éc%qﬁméfa%s\/ ftﬁdeq p em't@a SaS@Js mggmfe%%

ase errors I ntroduce |un1 n the
cfmme ¢ rdeschf pareial imagasysdithe lreuwﬂkeé @Inasfomelg@eﬁ@n rgichf
'tsﬁxgplére Ztsﬁg?ct& ?%gg@gnraﬂﬁﬁgrgre éo‘himhﬂ%g t%v#gﬁ lgﬁ}sldsahg act&a&ﬁms
fussUg corgroditst em nuch  sinpler; (8) the lens requires
smal ‘m&%‘éﬁf sygtglgsolf rérpatnlkp?&e d %egl%sﬁnl%é é@éﬁ%@?( IZ;{E gﬁngigalé’{) Foom

is use contr
epdvo pndemics isargvidally &) tlaglesice hidk)a varclogipzaemigogped; $3)shicem

iGN Gk PR HSfgn{oheichlBy AR o%8 RAS Han Glitar”’ 97

Zzoom n
efficiency; (5) the device can have a large aperture (6) the cost is inexpensive because

the micromirror array lens is inexpensive and the macroscopic mechanical displacement
of lenses is not necessary; (7) the device can compensate for phase errors.introduced by

the medium between the object and its image and/or corrects the defects of a lens system
that



device has a large variation of magnification; (4) the
device has a high optical efficiency; (5) the device
can have a large aperture (6) the cost is inexpensive
because the micromrror array lens is inexpensive and
the macroscopi ¢ nmechani cal di splacenent of lenses is
not necessary; (7) the device can conpensate for phase
errors introduced by the medi um between the object
@ng thé Bnalgg&gﬁ:gﬁtbcﬂc@ﬁ the ﬁzﬂes&ﬁ‘tp&aﬂaﬁnﬁgé@%m@ ﬁe@cd i ﬂéi'y

t hat cause the i eviate from:t
e Eispsefisrs |m%°%§°@fvn&3%f)w 1H&P’a&wee&°ff lensge £%> e
devitp kRubesaial HolvBeolsuinptib® wHBLIhE SH&@Binfiron BEAABhGR hctuated by
% Iac nt of lenses; (9) the device requires snal

§ﬁnpt|on when the micromrror array lens is

act u anmeug%xalﬁble Gltnb&ﬁﬁl@dté &re fbﬁéﬂ?)esunﬂwtrﬁ@cﬂ % fenaam%ksﬁndmg
@%QOdlnents are briefly sunmari zed

apgle spgpdigients pande r@déﬁﬂ@cfpﬂwsdf@yﬁlgﬁéle@ti%u ned

@égcﬁﬂi@nj@lhlaﬁygnagicqqlﬁw ngs, detailed description, and
appended cl ai ns. DESCRI PTI ON OF THE FI GURES These and

ot her features, aspects and advantages of the present

i nvention w |l becone better understood with
reference to th nnanyi i wherein: FIG
1 is a schemati &0 o O}af\.t.ggﬁ'f ]?\'edlau..véntl onal

MEChaRése ahd SAQTANES, 8Pects ﬂ&dv&é%%@ WBth8 pre QAMnS Mo Will
using. one or nore variable focal 1ength |enses; FIGS.

rsomh betsp uadrsvpodirthreisnes e tharscampapyiag Er g\ FiBn

usi ngPnegs @ Echgﬂﬁt?c dlﬁ'ﬂrﬁﬁ QUBWREE cHvERbnAIGRR Bhical2dm @stem
shows the principle of a mcromrror array |ens;

5is FI-Q Johevint FOnpivaRmysag oBhenerg verrblesforal &,mgﬁléer@%
the Fﬁ}@ 35 DR 3H SoWRILE 085 3y§&ﬂ§’ o@r&%ﬂ%&eﬁ@&ﬁusﬂ@qme 0T MOTE

act uat | ng conponents;
micromirror array lenses;

FIG. 4 shows the principle of a micromirror array lens;

FIG. 5 is a schematic plan view showing the structure of the lens that is made of
many micromirrors and actuating components; and

FIG, 6 is a schematic diagram showing how a micromirror array lens works as a

lens.
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FIG 6 is a schematic di agram showi ng how a
mcromrror array lens works as a |ens. 7 DETAILED
DESCRI PTI ON OF THE I NVENTION FIG 2 shows a zoom
system 50 using one or nore variable focal |ength
| enses. In the enbodinment shown in FIG 2, the zoom
systemincludes a first variable focal length lens 4
and a second variable focal length I ens 5. Changi ng
t he magni i-Qn i ' j
acconpl i sb t ‘{,iyl"q?*:? %.t@ ZHtrg—t .bnggi; engt h
lenses. 4, 5. The first  variable focal l.engih ns 4
i § ER0 WS 2Oy Ele ) Shasing e of Fers ‘h’“ﬁ%(%le if%%gfsm&aﬁ%% In the
because the inmmging position, is alsg chan%ed.
emppdimepbihewn t“hEIQ-%eﬁle Zp@ip Sy siers includes & figst yarigblefoeal dength lens
l ength | enses 4, 5 nust be changed in unison to = |
4 and gsedopd saripbleciogaltlensth lengd Chapging Beusagnificationef anHmaging
zoom system 52, in which one or nore micromrror array
sysdtam sesconiilisied By utilzingsthel varéablediotad bingthf lowsas 4. o e first
| enses 4, 5. An exanple of a mcromrror array lens is
vatisiie fochlidehgitnlehd 4 clpmpey the ithagelsize. Bitatht imagesip defoensed because
Vari abl e Focusing Mcromrror Array Lens" by Janmes G

mﬁmaginggoﬂﬁ&] is @0 whgtided AtRrefiva] b fobaSlefith bf $B &flo ariable focal
March 2, 2003. The paper is incorporated by reference

lerlghf Bndebit S5 At Bk @RaHRd BSurifonfth a¥nidPind1QES theRBE in-fbaus.

ecause mcromrror array lenses 7, 8 are reflective

LYPefg, 3iatsh(%»§sv\% ?@%’?ﬂ@s&h‘?ﬁ o il %n@&i %ﬁlrgledél%nﬂtgbﬂ :ﬁ'PaE/ lenses

arr angenen cromrror array
herefpre, .the. zpom.syste 2 includes a beam '
7, § RS ai e DRERIGAE B2 he Haes 2 P e

beam splitter changes the directiqn of the |jght, 10
by 98 xEmple ok e ey Jos i desiithed Gy e aper enbiled st
arrangenent. As shown in FIG 3a, the total size of
reapn@seﬁgwbls Veeusingdicramireos Ariay Lansy by dames fy HiddyAnd
mechani cal zoom syst em because necessary separations
GyloungibShn, which wasrrivhtished andviarele2, 200D e paper inmgotperaigsdry
t he conpensator and an i magi ng sensor can be
reference into this disclosure as if fully set forth herein.

Because micromirror array lenses 7, 8 are reflective types, it is impossible to
make an in-line optical arrangement with micromirror array lenses 7, 8. Therefore, the
io‘om system 52 includes a beam splitter 9 positioned in the path of light 10. The beam
splitter 9 changes the direction of the light 10 by 90°, and thus simulates an in line optical
arrangement. As shown in FIG. 3a; the total size of the zoom system 52 is less than a
conventional mechanical zoom system because necessary separations between the
variator and the compensator and between the compensator and an imaging sensor can be

satisfied by a beam splitter 9 and the micromirror array lenses 7, 8 in a small space.



satisfied by a beamsplitter 9 and the mcromrror
array lenses 7, 8 in a snmall space. 8 FIG 3b shows a
zoom system 54, in which one or nore mcronmrror array
| enses 11, 12 are used as variable focal |ength

|l enses 4, 5. Since it is inpossible to make an in-line
optical arrangenent with mcromrror array |enses 11,
12, the mcromrror array lenses 11, 12 are positioned

SO FR3bishewp atBofbydidte 54,9 Whilond 3r mbfe et @SrBY arkd}Benses

mcromrror array lenses 11, 12 is not bl ocked by

total si ze of the zoom system 54. Since the positions
ot s ThEb AL LAl LA G BRE Ao SRR ey
th

f I _th
el e SRR R el Rptel T 1 PR BT RE e i oo e B
igh TRy e miionGat Heay IGVS T B 8 pbt Horsed ey siher ™

| enses 11, 12.. The om systens 52 -5

lloﬁ‘ﬁéu%%@@ﬁx‘ﬂﬂléfocgnla%tﬁfeh%ﬁ?ﬂem al so can reduce the

=

.. 8, . 4
B comﬁeqeetfelzlf-lﬁ fEAngeBspLaliy carlé?zfg'egﬂxeaot@léazerpé@&@afry%gtem 4.
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performances of a zoom system instead of two variable
fSiaen the peffions|of Heanicronter aray lenses b Subl,| 12meednefilys changed,
vari ator |ens group, conpensator |ens group, elector
thd zoom systomp SZfd doonot eeslsphasrfor lgnompventent hustibeigion system 52,
zoom systemusing mcromrror array lenses is
54 expbamaadactiired witha doapacsizeaslsu de ppeercapamptionss thgzoom
mcromrror array |lenses also has sone groups of
sySt@nss2s 54 i fEniMalSieshdrd R nbmeéiothdve dhicRdnilir6r &by 161%es 7, 8,
array lens 14. There are two conditions fora perfect
11/ gns. The first is a converging condition that all
1ight scattered by one point 20 of an object shoul d
\. i | Ok j T cond
BIRRLAGLEhe <5 4 R B o Roh ool A0 Ge: fdGeRl
l.ight shauld have s hase at. the | e, Rl ane T0
pgbydibeds O Habrya et Wnl O bl ocal B o RAE Tre e
of _conventional .reflective |lens 15
focus lens group, variator lens group, compensator lens group, elector lens group and

relay lens group. Even though the zoom system using micromirror array lenses is
explained with two lenses, actual zoom system using micromirror array lenses also has
some groups of lenses.

FIG. 4 shows the principle of a micromirror array lens 14. There are two conditions

- for a perfect lens. The first is a converging condition that all light scattered by one point

of an object should converge into one point of the image plane. The second is the same

phase condition that alt the converging light should have same phase at the image plane.

‘To satisfy the perfect lens conditions, the surface shape of conventional reflective lens 15

is generated to have ali light scattered from one point of an object to be converged into
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is generated to have all light scattered from one
poi nt of an object to be converged into 9 one point on
t he i mage pl ane and have the optical path |ength of

all the converging light to be sane. Even though the
optical path |length of the converging light is
different, the sanme phase condition can be satisfied
because a phase of light is periodic. Therefore, the

onB PR E IARR ine!dif 1SANMEORANS [RLh OFbil Yo RO lih:

stying pertect lens conditi'ons can 5 be repla

o g Boborita ) B RAcor LAV ERPRE o
sa‘lan %ﬁ%sfe ?gxglétgorl%a 3 lbt%fls\g }sﬁeﬁggﬁhéésat aqhta&eof@%g?ig Pﬁ‘g&g‘b- 'ﬁ'ierefore, the

u nsi on Vi ew
o e e EBETS GRS
ST B PR IS0 e BESE

can have a 10 polar_array of the mcronmrror 18. Each
roigies fagonkeres Biseatisrad light and franglotes tp gdiust B pbase: o

i ncrease an effective reflective area, which increases

t Fig. Didlusteaigs ta¢ fwe dimmenyionalivisvnefdhamiczerhireor purey Igned7. Each

uphol di ng each mcromrror and actuating conponents to

- micidtrer dricelecteostitimblly aridorriectramgnetioally E8nteolled by tlat mthating

under the mcromrrors 18 so that the mcromrrors 18
coﬁ;?&ndnﬂ; 19eBedatsed e B axR9inbRtric the id&yminer £aSilag 17ken have a
e

fective reflective 15 area. Fig. 6 illustrates how
poldf Grril) SHRSnfckSHhirfk 18YEAcR b8 the nibiinSrrdkd 18 CRDRaveA R bHat b
scatt'ered Ilight 21, 22 are converged into one point P

inc?-%gte Q@eﬂ'émggre‘?ﬂeaz‘ge Ji‘%'rlﬁ QAR fréds&%@&ilcbi %’ﬁaﬁﬁcy each of

mcromrror ases of arbitrar t 21, 22

be ,adj | At i
¢ e B Bl B g e AR R Bt oiSoRetl o
e PSSR s e PR bl b B 1450 0
lens 20 is changed by controlling the, r¢ ta&i on arHJI/ Qr
microaHE Pl are 1 e closerfineapptherthrebyancreasing ihe eHpstve grilective

array lens 20 is
area,

- Fig. 6 illustrates how the micromirror array lens 20 gets an image. Arbitrary scattered

- light 21, 22 are converged into one point P on the image plane by controlling position of

each of the micromirror 23. Phases of arbitrary light 21, 22 can be adjusted to be the
same by translating each of the micromirror 23. The required translational displacement
is at least half of the wavelength of light.

-The focal length £ of the micromirror atray lens 20 is changed by controlling the

rotation and/or translation of the micromirror 23. The micromirror array lens 20 is

~ possible by controlling only rotation without controlling translation even though it can

10
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possi bl e by controlling only rotation w thout
controlling translation even though it can 10 not
satisfy the phase condition. In this case, the imging
quality of the lens 20 generated by controlling only
rotation is degraded by the aberration. Pure
translation without rotation can satisfy the two

i magi ng conditions by Fresnel diffraction theory. The

not{sﬁ@s%%ggﬁﬂfs%%ﬁﬂ 9191 Ihﬁlﬁs S;Q,Qt %[nﬁ to?ﬁﬁ%l?stm%%né}géd

ration esn‘a es 5

by P eionE afiie gsedegfaﬁe%i%fﬁé e e p?l?eeﬁmh#faﬂ il

oG AL e e R e
o S B S LB e b Tt SRR

the mcromrrors 23 has a curvature because the ide
of th aeromireor 38 age, Shsrlowsris fhsisherration) Baer thongh Shequality pf sh ens
curvature. However, since the aberration of the |ens
withiont motien isnowerdhin the lera 3vithgotation anddranlations taalens wishpne
the lens with curvature if the size of elenent is

‘mosioRhis thnaivgitagd thet its domtrabdnd felnivatinneisl egsierdloant the lens with

curvature. The micronmirror array lens is an adaptive
rot&itnl sad kragsiitid@nent because the phase of |ight can be
changed by the translations and/or rotations of

MIGE QeSidel flaf eaci'ihﬁ thehRicFOntiFBR1 23as a SdrkAkrd tRISuse @it ideal shape
correct the phase errors as an adaptive opti cal

of 3 @ngtuce J@%&t‘%ﬁ rlé'ngﬁ g IH‘O&'&[% l%‘ﬁé\fe? sﬁfceltﬁegiﬂerratlon of the

|um etweent e obJect and its

lents W%@gw xS F§09 oX) %xédst él\f/i?cé%‘f h?irngfrﬁ: r S I AL hﬁ'{% the size

* o By el Ll ”%gi%ctheb{?eicéﬁ@k”“

optical tilt by adJ usting the transl ations and/o
¢ olhe FsHRmiStor Afrapilens iR AdARUVe opHical sqmpafient becauss the phase of
magni fication of any object within the Field of View
lighti chmte changedskwthe manshtionsc and/gpplations of omicrpmirtaryn The
of the optical system Thus, the object to be
micragirirdriagrely dkms Sam odrréva e Iﬂmsel drmrozs anlvalapiintd aaicalogoinpoasgnt can
in a conventional system

correct the phase errors of light introduced by the medium between the object and its

~ image and/or corrects the defects of a lens system that cause its image to deviate from the |

rules of paraxial imagery. For an example, the micromirror array lens can correct the
phase error caused by optical tilt by adjusting the translatioﬁs and/or rotations of
micromirrors. This allows magnification of any object within the Field of View without
macroscopic mechanical motion of some portion of the optical system. Thus, the object

to be magnified does not have to'lie on the optical axis as in a conventional system.

11
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11 The sane phase condition satisfied by the
mcromrror array |lens uses an assunption of
nonochromatic light. Therefore, to get a col or inage,
the mcromrror array lens of the zoomsystemis
controlled to satisfy the sane phase condition for
each wavel ength of Red, Geen, and Blue (RGB),
respectively, and the zoom system can use bandpass

f’I*fhe Eﬁgé pl%s& CoritBtién HRR% mgqﬂ@ﬁﬁc?omi'rﬁil Eéa)y\leﬁi‘uééﬁﬂtﬁis@lﬁﬁﬁﬁbn

een, a col’or

of @81’60081%' %?L ?ngﬁt i‘ﬁ&%f)o i$ %&ﬁ%glof‘ﬁns?g@} heH froﬁlmray fenk Bfthe

romrror ‘a ens, a col or

LA, B S5 o 8 b
N R W TR

mcromrror arra Iens 0T etheR I
- to makprpenoghropabislights 3y Veiwﬁgo ERED Gireeth BPC? ﬂme;&%ﬁaans

is controlled to sat_lsfg the phase condition for the
el colprphotoplagtiReiensanisusst a%wnasa genser iy i 20oRLHtEm using a
nmeasure the intensity of each Red, G een, and Bl ue
midrbmirtor srray lees,accolardmegencan bb joblgined hwﬁn@meh@@f elgefrigal sigaals
intensity of Red light is stored as image data because

froprRed, GRel, dnddbiue (RGBYsmeats with pewithout bendpasxfilters othich should

G een and_ Blue Iight, the mcromrror array 15 lens
be SENOALE] NG Mgclnsigh thesith! bimidieniamaraplener Wit h
the process of the Red light. Therefore, the

&lﬁa e HedalghP¥caltSR8 fiom MYIBFRY, @l REbARG! SrayTBiscbed
o g%e e ec?rﬁl caand Bl ue |mfadgaf;ng sensors. Vz\;‘ly:ﬁ t he

cox%tttb\ﬂg&]ﬁ(ﬁﬁs e @%SQ d@@e f I@ﬂﬁ ﬁ@&ﬁéﬁt@ﬁg R‘@Ht@rcﬁﬁfaﬁﬂﬁ'ﬁﬁe

ere ereo

im: é%%glgs%}s?%?ea%)ﬂr% Sn%ltf: kﬁ%g% IR?CIP Oéﬁ h Qllidcf %fulégr gﬂy &5&&5& ﬂgﬁﬁ an

obieHie A T Aoy G B3 toé%zfﬁ&%ﬁéﬁa% §?°%es.e only
12 CLAI M5

Red light is imaged properly. To image each Green and Blue light, the micromirror array

lens and each imaging sensor works in the same manner with the process of the Red light.

- Therefore, the micromirror array lens is synchronized and/or matched with Red, Green,

and Blue imaging sensors.

" While the invention has been shown and described with reference to different -

- embodiments thereof, it will be appreciated by those skills in the art that variations in

form, detail, compositions and operation may be made without departing from the spirit

and scope of the invention as defined by the accompanying claims.

12
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1. A zoomsystemfor formng an i mage with varying
magni fi cation conprising one or nore variable foca

| ength | enses, wherein the variable focal |ength |ens

is 5 made of a mcromuror array |ens, wherein the

m cronurror array |lens conprises a plurality of
mcromrrors, wherein each GIAMSrror is controlled

to change the focal length of the mcromrror array

11 ensA %ﬁrs@bt&ntf&efo%ﬁg Qﬂlrﬁz[gérwﬂf v&a%?ﬁné ﬁﬁ@mﬂf:d%foh R6fprising one
ﬁg%f’}ﬁ&s \%.Hgbléj focalI lglygtl? ense CW ep Iei%%%e é@%ﬁ% f(l)'lcraFISéré%th letns is

act ug’lafl‘ﬁ@f ) Iﬁé’f‘?ﬁuéfn"bﬁ‘i”ryrlé‘i‘% Whm@rtéP ﬁnqrw@lrrﬁr @fr@rdem FIDEEyes a
ar r apluradimsof miceomiadaphareinepth mikoriomopisventroliedna change the

WL‘ er ﬁicﬁl 1bf8h Eﬁ' hE ﬁﬁérf)ﬁlﬁ'for%?léns |vﬁﬂ§en‘f He'r@i€lothirror array lens
aber ions.,

o ReipfTmpe Ll Rty el Ghbplife fcfomiron
conp@ifeastuatipg é‘?féli’qiilelﬁtﬁ actyatingdhg misromiriozyy wheigi: themiemiror
t he aedyclensis afi addpave dificaiompeyiaitciind tWiteic tid Sdcroérror array

| MOt BorfieM BLGatlon@m t he rul es of paraxial imagery.
3. The zoom system of claim 1, wherein the mcromrror

array lens is an adaptive optical conponent, wherein

2. an o@h@ﬁon‘(‘@s&ﬁl (ﬁ%@ﬁmrlo%vh!eﬂeﬁl R0 EmBR iafr@y 1efs Sn G@4ptive

' e mcr rror array |ens u
macr SRRAET R R TS Hanor 95y Ish sostiriodf s ofhe
30 3®mgysiem thpkcapsedhe wnage éndoiate freinfhe rulssiof paipriak imagery.
translation of each mcromrror of the mcromrror
array lens is controlled. 5. The zoom system of cl ai m

31, WRRL Slokh §3J§€cnfcﬁfc%hqnwﬁéreﬁﬁﬁ@nﬁ@r&hﬂf8r5ﬁ 1e8{ istall Gdaptive
m crom I‘FOI‘ array lens 1S, .con

Syt BBl RO R AR PPN 958 okl i GPLea axis can be

r ot aimaggd by tl@g@lnromlrror array lens without macroscopic mechanical movement
of zoom system.
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mcromrror of the mcromrror array lens are
controlled. 10 7. The zoom system of claim1l, wherein
the mcromrrors of the mcromrror array lens are
arranged to formone or nore concentric circles. 8.
The zoom system of claim 1, wherein each micromrror
4of t Ree wost vaERrafclaim l ayhereisrbe tanslation efeagh apsomirerof the
The maeombios beay lehs i€ kahtolikd. wherein the reflective
surface of each mcromrror of the mcromrror array
| ens is substantially flat. 10. The zoom syst em of
5.cl ai Thédzoonhgsemrofchitm newheein therotdtioh a€ €ac ini€@filirror of the

m Cf&mréﬁﬁform%&gﬁs Lhsudiggom rror array |lens has a
curvature e zoom system of claim 10, wherein

the curvature is controlled. 12. The zoom system of
6.cl ai heizoopneystempfekig 1nwberomithe wansksfion arel nofatipwaf eachr

ar r agicrathirtod Bthe MiGGhitaérarabyent hetonedlaat i ¢ force. 13.
The zoom system of claim 1, wherein each micromrror

of t mcromrrQr arra Ien is actuated b

Tl ectiotig HRRBT B PR ol glagn 1, Ghereiaghe oo of the Ricromirepg aray
The leovare syangedtaforroloat or thorewloatamiric amlsh i cromi rror

of the mcromrror array lens is act uated by

8. ele CHEORLM g%teltﬂ% %Eﬂrﬁ n %ﬁ%@%ﬁ%&“}%&?& T 0 gucrgmllr?or array

‘The e nec ani ca
strué?%&%a A#eR® actuating conponents are | ocated
under the mcromrrors.

9. The zoom system of claim 1, wherein the reflective surface of each micromirror

of the micromirror array lens is substantially flat.

10. The zoom system of claim 1, wherein the reflective surface of each micromirror
of the micromirror array lens has a curvature.

11. The zoom system of claim 10, wherein the curvature is controlled.

12, The zoom system of claim 1, wherein each micromirror of the micromirror array
lens is actuated by electrostatic force.

13. The zoom system of claim 1, wherein each micromirror of the micromirror array
lens is actuated by electromagnetic force. '

14
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16. The zoom system of claim 1, wherein the
mcromrror array lens is a reflective Fresnel |ens.
10 17. The zoom system of claim 1, wherein the
mcromrrors are arranged in a flat plane. 18. The
zoom system of claim 1, and wherein each nicromnirror
is controlled to 15 change the focal length of the
141i cr B 2a00r syslemaf clagmd, wh@einBach mivoomisys bEihe oficromaranarray
1, WRes RiabuhtB@ biLIeERIakiE FrcdhidPlechBRaghetic drc@dapt i ve
opti cal conponent, wherein the mcromrror array |ens
conpensates for phase_ errors of light introduced by
13 he Hesgroom wetemed slayn lowhersin thevaesheaical phyeturengd sy ac{mng
zoomrayshents ak ladatidmnder tidwaiceomnirdolse m crom rror array
lens is controlled to satisfy the sanme phase

ondition for, each,wavel engt h, of . Red., G een, and u
1§ P FRa SR R o B iR RRee bS5 a5 § rélekfve

zoom'$snel BAs.of claim 20, further conprising a

plurality of bandpass filters. 22. The zoom system of

1E! ai Phe2ond YELREST ERR! vRBE (e BRLSRSIRCHE Bﬁal_\r%g@ﬁpe[ﬂat

wherein thé photoel ectric sensor conprises ,

Geefi®™30 35 40 15 and Blue (RGB) sensors, wherein
a color image is obtained by treatnent of electrical
1&1 gnbheszobmeystemef i 1Qimierherdn dacBlmieroptc) is Serifdles to

23. alm 22 in the treatment
of e%gﬁ%eztﬁé’ cﬁbél?}éﬁg})gﬁlf %@0%%& arPRLEI N the treatmen

Clrica rom

19. The zoom system of claim 1, wherein the micromirror array lens is an adaptive
optical component, wherein the micromirror array lens compensates for phase
errors of light introduced by the medium between an object and its image.

20. The zoom system of claim 1, wherein the micromirror array lens is controlled to
satisfy the same phase condition for each wavelength of Red, Green, and Blue
(RGB), respectively, to get a color image.

- 21.  The zoom system of claim 20, further comprising a plurality of bandpass filters.

22. The zoom system of claim 20, further comprising a photoelectric sensor, wherein
the photoelectric sensor comprises Red, Green,

15
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5 Red, G een and Blue (RGB) sensors is synchronized
and/ or matched with the control of the mcromrror
array lens to satisfy the sanme phase condition for
each wavel ength of Red, Geen and Blue (RGB),
respectively. 24. The zoom systemof claim1, wherein
t he ot Blb K%GBb gemporp.evhgrain p eplovinage rrqnhtmedaby tre@tnfng ek
vari alettficdlepakls fieAOhO REE Gre@) dndBERCRGB) Yankdrabl e f ocal
| engt h | ens, vvherein the focal length of the first
ari e focal th | ens and the focal. |en hof
ecoﬁge%%ﬂn? ke ?fcr}?ﬂa\lfﬂ Xl ?fﬁmﬁ‘é%geag}lameﬁ%}ﬁﬁe f@l?la%rmn the
t he Reddaeémandddius (REiB)essenspirs/ie synvhupmized ead/ponatchied wigh the
The z&ot sHtht iitiBhirtdratray Rfs td/hfaﬁﬁf? it dafh@ phase $bndition for each

vari feg%@ﬁf%ﬂde&%e aléfﬁﬁle e9tfive m cromi rror

~array erérn mcrom POar T | ens
conprises a plurality of mcrom rrors 26 The zoom

fySt Tﬁ% ?Jon‘f Ll ?;)I%‘( e(v?léx@m e vARGR N ?Jng@l% el c,oo%?[lrlse a

eng mcr

whor Br Ve s a&ﬂ@é?qnéﬂéﬂ%?r%’ﬁ? dergliylons, Wherein the
pl ur &icak lyngﬂfl ohtihe figstrivanablesfocdl Tengihlenyandthesipsaldengtf of the

cl ai gacddd varaBleabénl IdngthflédsSte &ﬁﬁ%e‘&hb forirOB@ imdgR e Edtul B8NS
and 1@811111’3?1?99&1 vari abl e focal Tength |l ens are nmade of

mrirro array | enses, wherein 25 each of the
mcrom rror array |lenses conprises a plurality of

25“ cr ?ﬁ% E({o%{ %S%%l of szﬁ 2499 Oﬁ%r?%ﬁltl 111111:8 an%Llalfg%l?@ v\%tinlll ts r1]s,ergf1ade

r| SIn t't er
f| r s? %‘&F‘F%F@TF‘ES en, BhgieH qhéﬁécra’ﬁ'&“tf 2y BPFHUP“SCS a
var i plofatity afomicrdngngtsh | ens. 30 35 40 16 29. The
zoom system of claim 24, wherein the first variable
focal length | ens and the

26. The zoom system of claim 24, wherein the second variable focal length lens is
made of a micromirror array lens, wherein the micromirror array lens comprises a
plurality of micromirrors.

27. The zoom system of claim 24, wherein the first variable focal length lens and the
second variable focal length lens are made of micromirror array lenses, wherein
each of the micromirror array lenses comprises a plurality of micromirrors.

28. The zoom system of claim 24., further comprising a beam splitter is positioned
between the first variable focal length lens and the second variable focal length
lens.
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second variable focal length I ens are positioned so

that the path of the light reflected by the first

vari able focal length |l ens and the second vari abl e

focal length lens is not blocked. 5 30. The zoom
system of claim24, farther conprising a focus |ens

29r ouphe sevmesystemont claimd, wherain thqrshvarieblgfodablengthdenggnd the
wher edcond Wriablerfsdal leagihdisend pesitlonbdRothix thepah of e fighta
vari gkl 8¢ fng%& YRriatidd %o&lh@na%'ilg %QF Shd@e ke%@ﬁc?wflr%%'lfgcal

| eng
20

30.

ens group.

el GER i S0 Becl, COTPENS

The zoom system of claim 24, further comprising a focus lens group, an elector
lens group and a relay lens group, wherein the first variable focal length lens
forms a variator lens group, and the second variable focal length lens forms a
compensator lens group.
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