10 SEPTEMBER 2004 DESCRI PTION Title of the Invention: PANORAM C | MAG NG
LENS Detail ed Description of the Invention: The present | MEREPTEMBER 2604
to a panoramic imaging |lens capable of inmaging a |ateral perspective of
3600 circunference as an annular inmage. As a panoram c imaging |ens that
can inmage a perspective of 3 60 circunference at one time, |enses :
disclosed in U S. Patent Nos. 4,566,763 and 5,473,474 have been
conventionally known. The panorarﬂfgfd fog lens 1 is formed with a |ight
perneabl e material, such as optical ¢ ass a transparent resin and the

lTike;, in agiehat bentf¥MiBEehERdnf ormaround a light axis, which is a
central axis of the lens as shown in Fig. 1. The panoramc inaging lens 1

has an ‘annul ar ngﬁ@mgcdﬁm(ﬂawfx,m 2, on which lateral light fromthe
360 full circunference is incident; a first reflective surface 3. forned.

In an annular formthat is adjacent to and substantially opposes the |ight
I ncident surface 2 to reflect the light inside the lens 1; and a second.

reflectivepetHifiagaepdseroytAad & 1heCepika i nside the annul ar |ight
i nci dent surface 2 to repﬁyect t he rgf ectlle:]dgﬁl ght fromthe first.

reflective surfagge rels A . A
| i ght out goi ng surfgce Sh?r%'gnﬁt???%@iﬁ%g%ht rom Et\té Jﬁésl%fn&ge?%f | ective

surface 4 b&p&ﬁi@‘%ﬁ:‘ 2hagiR9s &h@&&f%%%&?é?@k@ﬂéi%% erence

as an annular image.

As a panoramic imaging lens' that can :i.:ﬁage a perspectiw}e
of 360° circumference ai: one time, lenses disclosed in U S. Pﬁtent
ltlo#. 4,566,763 and 5,473,474 have been conventionally known.
The panoramic imading lens 1 is formed with a light permeabie'
material, such as optical glass, a trénsparent resin and the
like, in a rotation symmetrical form- around a light axis, which
is a central axis of the lens as shown in Fig. 1. The panoramic
.’unagihg Jens 1 has an annular light incident surface 2, on which
lateral light from the 360° full circumfefence_ is incident; ;’:1

~ first reflective surface 3. formed in an annular form that is
adjacent toand sﬁbstantially opposes the iight incident surface
2 to reflect therli.ght inside the lens 1; and a second reflective
surface 4 provided at a central part inside the annular light
incident surface 2 to reflect the reflected light from thle first
rgflective surface 3 inside the annular first reflective surface
3. A light dufgoing surface 5 tré.nsmitting the light from the

second reflective surface 4 is formed at a position opposing



the second reflective surface 4 in a central part of the first reflective
surface 3. The light incident surface 2 is fornmed- in a f o SEPTEEMBERR2004
| ens bulging laterally, and the second reflective surface 4 inside it is
formed in a concave form whereby the inner surface of the lens 1 is a
reflective surface in a formof a convex mrror. The first reflective
surface 3 adjacent to the light incident surface 2 is also fornmed in a
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and a necessary controlling sections an

A panor am G $MSEARG: thoSheRROnGLEGULRTENCR AOALGT DY A0e paneram e

i magi ng | ens S conve to an efectric s ﬁé

of the i myngederh¥add BRgPhQ18462419y, and the inner surface of the

lens 1 is an annular reflective surface of a concave mirror form
_ directéd tp the second reflective surféce 4. The light outgoing
surface b5 is appfopriately formed in a concave or convex surf.ace
or a planar surface.
A panorarﬁ-ic imaging sysfem using the panoramic imaging
'lens 1 comprises, as shown in Fig. 1, a panoramic imaging adapter
10 having the panoramic imaging lens 1 énd a relay lens 6 for
image formation pr‘dvided on the 1ight axis, and an imaging éevice
8, su_chras a video camera and the like, to which the panoramicr
imaging adapter 10 is attached. The imaging Vdevice 8 comprises
'a lens system 9 for acquiring an iiuage, an imaging element 7.
such as a CCD and the like, provided at the image focus location
thereof, and a necessary controlling sections and the like not
shown in the figure.
A panoramic landscape 1_1 of 360° circumference acquired
by the panoramic iméging lens1lis coﬂverted toanelectric signal

by the imaging element 7 of the imaging device 8 and projected.




1,0 SERTEMBER 2004 on various kinds of a nonitoring device 14, such as a
liquid crystal, a CRT and the like. Wth respect to the PO SEFTEMBERI2004
lens 1, . in the case where the panoram c inaging adapter. 10 is arranged
in such a direction that the light incident surface 2 turns upward as
shown in Fig. 1, the lowernost light L1 fromthe panoram c | andscape 11
of 3600 circunference anongst the incident |ight incident on the |ight

i nci dent surface 2 of _th 1%goramc I magi ngﬁl ens 1 is refracted at the

light inci d®ht &N &12ds; fE A anidordpg deviee Whpssichgasi astiquid ecti ve

surface 3 toward .t he Z: ond . leflectlve surface 4, and further reflected at
the second TEFi%et id &cE 9 1HQut go fromthe | i ght out going surface

5, followed by b ed throlHagh the relay lens 6 on a circunferential
part of the magﬁiﬂ‘a'%e et Fo PRBOTARLC HEgénarirns ppeimmbbe dasght L2

fromthe panoram.c¢ |andscape 11 a the incident light is incident on
the 11 ght | IETFe idies ARPAERRLG Ty4ding’ AGRPEETCD A8 PRESRERS: 37 rRilon:
surface 2 then reflected at the opposing .

first refl e‘ijﬁei?e ﬁ?agfcn}éh% lflggg %ﬁﬂggzéé’cﬁ#&cfa& Yeehg yeward pgehown and

further refl cte e sec d.reflective surface to outgo fromthe
li ght out'gorhg™t d]f'ag:%‘eS &igétﬂe]r fjf'§°¥“ gapRF8EEH kandscapeay | ens

6 on a centyral gpgrt of the I ma el ement 7. According to the foregoing

i ng
mechani sns, % Hor%?rﬁcd“qu?ﬁ&g‘&’%p%m‘i‘igﬁ 5 tihr?aééﬁldﬁht aHL g dingidestm on t he

I magi ng elene an _annul ar two-di mensi onal inmage 12 on
t he roni t orS nghﬁev r}ét él% surface 2 m@. the panoramic imaging lens

1l is refracted at the light incident surface 2, then reflected
at the opposing first reflective surface 3 toward the second
- reflective surface 4, and further reflected af the second
reflective surface 4 to outgo from the light outgoing surface
5, followed by being imaged through the relay lens 6 on a
eircﬁinferential part of the imaging element 7. In the case where
the uppermost light L2 from the panoramic landscape 11 amongst
the incident light is incident on the light incident surface
2, itisreflectedat the light inc._i.dent surface 2 of the panoramic
imaging lens i, then reflected at the opposing first reflective
surface.z teward the second reflective surface 4, and further
reflected at the secoﬁd reflective surface to outgo from the
light outgoing surface 5, followed by being imaged tﬁrough the
relay lens 6 onacentral part of the imagingelement 7. According
to the foregoingmechanisms, the panofamic landscape 11 is imaged
in an annular form on the imaging element 7 and pi*ojected as

an annular two-dimensional image 12 on the monitoring device



3 10 SEPTEMBER 2004 14. According to the foregoing conventional technique,
there is such a problemthat a part of the light incident{pSEFRTENBER 2004
i ncident surface 2 of the panoramic imaging lens 1 is incident on the
i maging element 7 as flare and ghost. The phenonenon of flare or the |ike
I s caused by m xing external noise light Ln functioning as flare or the
like with the regular imaging light LOon the light path inside the |ens
as shown inl ig. 2A. The noise light Ln is'incident on the light incident
surface. 2-0f the panoramic imging lens 1, and after reflected on the
first reflective surface 3 and the second reflective surface 4 inside the
panor am ¢ i magi nd*% ipg 1R the foregeing copvengaenal feghaiqueuttjoa=s from .
the light i cideﬁ': sur%ice 2 as shown in Fig. 2A. However, a slight part
of the noi st ISUGHt 2 BTCPIRBNJEL 2martgf dda Light dncidephan the ¥ahitect ed on
the |ight ifci.d ntt surface 2 _inside the panoranic inmaging lens 1 and
proceeds t o GHRE fPEAAPRS PEGHI® PARATETLE HEaddgg kens dads ipaddgmt LO i n
the lens. Therefore, the ngi se light Lnl, which is a part of the noise
light Ln, i%%iardegird: PERPeRE oh athéAFgnRnd ihiafdnt Theghenonenoand t hen
It agrees v%%rlthe Iigﬂ% ath of the re%ul ar imging light LOto reach the
i magi ng el € are Qhd-1% | L8 1S e by mixing, @x4rEeel nedse digditon pat h
ft?hg'l'hL'Id ' difion to the f ' i se |ight

o] e noi Ln.includes, in ition to e foregoing, noise lig
Ln2 Causin§%¥f§&€&69nﬁﬂg as dre or %ge {1ke w1th the regu ar(%maging

light LO on the l1ight path inside the lens as shown in Fig. 2A.

The noise light Ln is incildent on the light incident surface-

2 of the panoramic imaging lens 1, and after reflected on the

first reflective surface 3 and the second reflective surface

4 inside the panoramic imaging lens 1, most of the noise light

Ln again outgoes from the light incident surface 2 as shown in

-Fig. 2A. However, a slight part of the noise light Lnl amongst

the noise light Ln is inwardly reflected on the light incident

surface 2 inside the panoramic imaging lens 1 and broceeds to

agree with the light path of the regular imaging 1ight LO in

the lens. Therefore, the noise light Inil, which is a part of

the noise light In, is inwardly reflected on the light incident

surface 2, and then it agrees with the light path of the regular

imaging light LO to reach the imaging element 7, and is pro Jjected

as flare and ghost.
The invasion path of the noise light Ln includes, in
addition to the foregoing, noise light Ln2 causing flare or the

like that suffers repeated reflection inside the panoramic



liske that suffers repeated reflection inside the panoram c 10 SEPTEMBER

2004 imaging lens 1 and then agrees with the incident path@EERTEMBERYG04
i maging light LO by the inward reflection on the light incident surface 2
as shown in Fig. 2B. Moreover, as shown in Fig. 2C, noise light Ln3
causing flare or the like is included, which after reflected once inside
the panoramc imaging lens 1, agrees with the incident |ight path of the.
regul ar imag{irnsgi | i ght -IIO b& the inward reflection on the |ight incident
surface 2. W% ‘?%s‘%é’& t 3R e AaresFdvihsthe dacidentspabhef igiet i s
parti cul arlnl\_z I‘%flble to function_as the noise light Ln when light is :

i nci dent ot tHE PaABRAMRE Hiand Y hefbe invand rrElegbiononcting dieide. | n

t he case where 4he gangr'am' c imaging system__is used as a surveillance
canera or tHCHIRE SPRERGS % a5 8RO 15 BHY e ABan dMPFRO Y9 ke 28hBlOVINGNf | ar e

and ghost aﬁl.ver %Iy‘ a{é}eit the control of light amount to deteriorate

quality of tH& %I et 1R &n3TRRUF IR FLRER Hadhpckikaidscinsdadeda vi ew of
t he foregoi‘grgir lfrqt{?:l ens €fsoci ted with the conventional technique, and an
obj ect t her'B5ht SHETpFOVIHErSf PATS: LRFLde ity RGRPEARLieakpaging dpnsertainly

suppressi ng, ngi se |ight using,flare and ghost wth a sinple structure.
Speci fi cal 'Y, algﬁgef;n%émi% ?‘qué{l@ét HFR T BAER £ EhenheyRiar Hewgisenpri si ng

a light tr 1LtL] 1t erial .. such as optical _glass, a_transparent resin
and the i ilggrﬂatn%b@% e g.pmjtrgrireélﬁ]rﬁﬂ n on the :llght incident surface
2. |

With respect to the flare and ghost, partial strong light
is particularly liable to functipn as the noise light Ln when
light is incident on the panoramic imaging lens 1 from the 360°
circumference. In the case where the panoramic imaging system'
is used as a surveillance camera or the like, there is such a
problem and the like that the flare and ghost adversely affect
the control of 1ight amount to deteriorate quality of the bPictured
image.

The invention has been developed in view of the foregoing
problems associated with the conventional technigue, and an
object thereof is to provide a panoramic imaging lens capable
of certainly suppressing noise light causing flare and ghost
with a simple structure. |

Specifically, the inventionrelates toapanoramic imaging
l.ens comprising a light transmitting material, such as optical
glass, a transparent resinand the like, and comprising anannular

light incident surface formed in a rotation symmeti:ical form



Iinght' imnci dent surface fornmed in a rotation symetrical form.5 10
SEPTEMBER 2004 around a light axis, which is a central axi4$pSEETEMBERS2004
a substantial convex lens formbulging to enable incident of |ateral
light fromthe 360 full circunference; a first reflective surface forned

I n an annul ar concave mrror formbulging outwardly that substantially
opposes the light incident surface to reflect light inside the lens; a
second refl | ve surface forned jn,a convex mirror formprovided at a
central par%clgdr{lgle e&!1 ﬁg Biriin %W*‘gﬁ? g ﬁcﬁ"%ﬁﬁg‘ g LEeths tersda at he
reflected I] f.r, the first reflectjv urface toward an inner part of
t he annul aré |rsatntrieFPI CTVVE iﬁ??a .‘,"mah'df frl'q gt NAYSE Agcddentcer

positioned at,_a central_part inside the annular first reflective surface
and opposi r%ﬁ%éig'@ﬁ&&oﬂf%ﬁ%%ﬁ%f%?wf@rppgﬁs gifirsityefliegttiver om t he
second refl .a\cl:% sEjorf fﬂe . The panorgm c | ma?i ng,l ens i s a panoramc
i magi ng | ens that i's I(Ta“% Bed*Wi PR hofOPERT B cMTECDaf PrBx SgABINO
regul ar ref ' f light- on.a.light path toward the |ight incident
surface anngﬁlgtg{a&ﬁ?b’%hatp%? %t%qﬁail&ﬁ%%%@é;em‘?l 1gt igpident shrfapeght pat h
of imaging, |i Lpcident .on.the |ight incident surface and bei ng
refract ed tgngg%;%%ggdiq%g% ilﬁgli‘é%ettl}?egfe&ﬁs,a\ﬁf‘i’ict?ﬁda?%ﬂref({ﬁftvepéf’%aﬁﬁ l'i ght
partly andd r ef db he |ight incident surface from the
interior o o?ﬁ%&ﬁ{e%g Dglm‘/':e%td'%%ﬂ% ’f%f’]é"ﬁ!‘ip vd‘fie?h?et PSRRI PR IRl fRCt i ve
gag;r l‘(’f cf)f'?r“'et%%‘z‘[%tlé pEL B Rt WUr e A0 BLAEL AP LOEIES: 491 05, 0! ack or
| from the first reflective surface toward an inner part of the

annular first reflective surface; and a light outgoing surface
positioned at a central part inside the annul;‘:tr first reflective
surface and opposing the second reflective surface to transmit
the iight from the second reflective surface. The panoramic
imaging lens is a panoramic imaging lens that is equipped with
-a non-réfleétive part exerting no regular reflection of light
on a light path toward the light incident surface amongst light
‘paths of light proceeding to agree with a light path of imaging
light incident on the light incident surface and being refracted
and proceeding inside the lens, which are light paths of light
partly and i'nwardly reflected by the light incident surface £rom
the interior of the lens toward the interior of 1::he lens.
The no'n-reflect;ive part of the invention may be a light
absorbing part formed to be black or a dark color that absorbs
light but does not reflect light, a diffused reflective part

formed to be a roughened surface that diffusely reflects light




| ieght. but does not reflect light, a diffused reflective part. formed to
be a roughened surface that diffusely reflects light 6 101@5?_]5&?@&55?@@604
but does not regularly reflect light, or a combination thereof, he
non-reflective part nay be an opening having a formof a cyli nder a
crucible former or the like that is formed in a rotation -syrmetrlcal form
around a |ight axis of the panoramc |mag| ng lens fromthe |ight outgoing

f t d. refl f the | d th
has cuch o SOAGE pRE Ny FoH oG TR Br % combinShien HhemenR- o of o
fthe light with t lin ect f
of the 1ignt i nerASbhHeeIREt el Dat 3RS bl g Bnenl Rk AR o tosur f ace.
Th f | i f f li nd
that is ¥§r#§§téf¥ﬁ réia%'?%n s epPier oL Lk idad 16 ginmmedt Snol (he |

panor am ¢ |r@‘9]! r,otru fromthe l ht out goi ng surface toward a
direction Gpposi %trjscagl.oﬁtgnp 81"?38% P§t‘:§-° THS RBROFai@ct i ve

t l fQr t .Of h f .the |ight '
ot goi ng iu??*a?ﬁgalﬁa‘@%rgfﬁlt% 1595} cafbeR i85 ApPEiad Snied thenpapid | magi ng
I ht f the_light t f
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surface of ¢{0¢ PINYIN &= {RI! BQnESSSlsf %rtngdpobseftv:\%n on a side of the

11ght outgoing surface with respect to a line connectinga fringe

of the light incident surface on a side of the first reflective
surface.

The non-reflective part may also be an opening haﬁ.ng a
form of a cylinder that is formed in a rotation symmetrical form
around a light axis of the panoramic imaging l.ens. protruding
from the light 6utgoing surface toward a direction opposite to
the second reflective surface.

The non-reflective part may also be formed on at least
one of a periphery of the light outgoing surface and the first
reflective surface of the panoramic imaging 1éns in an annular
formwith a 1ight a:iis of the 1light oufgoing surface as a center.

The non-reflective part may also be formed on a side
peripheral surface of the panoramic imaging lens formed bétween
the light incident surface and the first reflective éurface of
the panoramic imaging lens. |

Fig:. 1 is a schematic diagram showing the principal of

a panoramic imaging lens.



the Iight incident surface and the first reflective surface of the
panoram c imaging lens. Fig. 1 is a schematic di agram showgy$EPFTEMBER 2064
of a panoramic imging l-ens. 7 10 SEPTEMBER 2004 Fig. 2 is vertical cross
sectional views showing the states of l|ight transm ssion of conventional
panoram c imaging lenses. Fig. 3 is a cross sectional view showing a first
enbodi nent of the panoramic inmaging lens of the invention. Fig. 4 is
across sectional view showi.ng a_second enbodi nent of the panoran c inmaging
| ens of the invedti%r? 1gV§Trtiopl cxogssectdenal yigms phowlagdibierstateshi r d
enbodi ment of .the panoram c inmaging |ens of the invention. Fig. 6 is a
cross sect i%&ngFé:\ﬁa?ﬁWﬁﬁ"%#ﬂﬂ%%&&ﬂmra@ﬁctiﬁ@mme@-i magi ng
|l ens of the invention, Fig. 7 is a cross sectional view showing a fifth
enbodi nent  of t K& %ahdf FAFTCITEGF hPnEheley shaging addmsdrentmidimedti s a
Cross sectioj_ga‘il vi ew showi ng a nodified exanple of the fifth enbodi ment of
the panorarfit YHafaNQTARIS SraginRg lspmmh dhe Epyenbionr. g cross secti onal
vi ew showi ng a sixth epbodi of the panoram.c inmaging | ens of the

invention. Fig. fd9%-& 8?’65%2%88?:&8}13?- VHPERNSHARE Aot mosdmenrinpl e of
the sixth eppqdirent of the pancramic imoing |ens of the invention.

Fig. 5 is a cross sectional view showing a third embodiment
-of the panoramic imaging lens of the inve.ntibn.

Fig. 6 isacross sectional view showinga fourth embodiment
of the panoramic imaging lens of the inve,ntion.r |

Fig. 7isacross éectional view showing a fifth embodiment
of the panoramic imaging lens of the invention.

Fig. 8 is across sectional view showing amodified example
‘of the fifth embodiment of the panoramic imaging lens of the
invention. | |

Fig. 9 is across sectional view showing a sixth embodiment
‘of the panoramic imaging 1ens.of the invention. |

Fig. 10isacross sectional viewshowingamodified example
of the sixth embodiment of the panoramic imaging lens of the.
invention. | |

Fig. 11 is a cross sectional view showing another modified
example of the sixth émbodiment of the panoramic imaging lens
of the invention.

Embodiments of the invention will be described with

reference to the drawings. Fig. 3 shows a first embodiment of



Fig. 11'is a cross sectional view show ng another nodified exanple of the
si xth enbodi nent of the panoram c imaging I ens of the i nvemESEFTEMBER 2004
Enbodi nents of the invention will be described with reference to the
drawings. Fig. 3 shows a first enbodiment of 8 10 SEPTEMBER 2004 t he

i nvention, and a panoram c inmaging |lens 20 of this enbodinment is forned
with optical glass or a transparent resin for lenses in a rotation
symetrical,.formaround the | iaﬂwg{r axi s, of the lens., The panoram c inmaging

lens 20 hastHhiRRRREEE™1 PRAE R imggipgclens)20 gf thts@rhogtimeatt | i ght

fromthe 360 full _circunference is.incident, for imaging a perspective of
3600 circunt SPERSQ.WH%%Q-@H? iHASFAF & hrpaseavent resdpqer denses a

convex | ens; bgl}_%i ngd | at er al | é‘ Aﬂf. rst reflective surface 23 reflecting
the |ight iTtRERTELEPERYNE CARELHoTM Yraund thedight sieafetho lest he

interior of,the lens 20 is formed adjacent to the light incident surface
22. A secondS gPP@Eﬂ“QZIS %’H??%l%n%% r%f ?‘é‘ét PRgaRMRLaR Flightedncigrntf rom t he

first reflective surface 23 to the inner part of the annular first
refl ective HPEEe 9% i 1 o¥keh | datREatentight phFemotthene3e@hufalll i ght
i nci dent sur.face _22. The first reflective surface 23 is formed to be a
convex for G5 ETREerGe e’r%lji"f,ldﬁﬁﬁ -t hET | HRGindiPr ReEsBectiie faf $60°
TS5 ve MEEE=1o8", YA Dol SRl Sutbacn Bk . S o
direction %f cgﬁse:%efgrpsg bru fgli%%t . ggerally. A fiz;*st reflective surface
23 reflecting the 1light incident from the annular light incident
surface 22 to the interior of the lens 20 is fonﬁed adjacent
to the light incident surface 22. A second reflective surface
24 reflecting the reflected light from the first reflective
'suff‘ace 23 to the inner part of the annular first reflective
surface 23 is formed in the central part of the annular light
incident surface 22. The first reflective surface 23 is formed
to be a convex ferm bulging 1ateraliy, and the inner surface
' of the first reflective surface 23 on facing the interior of
the lens 20 forms a reflective surface in e form of an annular
| concév_e mirror fecing the direction of thé second reflective
surface 24. The second reflective surface 24 is formed to be
" aconcave form, and the inner _surface th.ereof facing the interior
of the lens 20 forms a reflective surface in a form of a convex
mirror. A lightoutgoing surface 25 transmitting the 1ight from -

the second reflective surface 24 is formed on a central part

of the annular first reflective surface 23 at a position opposing



surfacer24. The second reflective surface 24 is forned to be a concave

form and the inner surface thereof facing the interior. §fsEFTEMBERS004
forms a reflective surface in a formof a convex mrror. A Iight outgolng

surface 25 transmtting the light from the. second reflective surface 24
is fornmed on a central part . of the annular first reflective surface 23 at
a position opposing 10 SEPTEMBER 2004 the second reflective surface 24. The

light incid surface , e first reflective surface 23 and the second
reflective gﬁ%fsa%%o'% %e%glch: FFEdSF’G‘L'?J € 2%pherical surface or a
non-spherical surface that is. appropriately defined by an appropriate:
equat i on, V\herebx;l(l}engb%%ﬁu?@ﬂeng% fﬁéi?&zarﬁlleﬂ%@f){e%ﬂf%wmdmrence
out goes froggthg nght ogt gggng .surface 25. The |ight outgoing surface 25
is formed to DalECESTRRYECLIPFLLYS SUrtans 24 arafrapedsp be antenical: f ace

dependi ng . he optical system . The_panoramc inmaging lens 20 is al so
used in a p%%kbéraa% %Pai gisr?ée§§gf%ﬁ)u§§g§?W&H%@wamﬁ% Fig 1,

and it is %i ded in._.a,.panor C i i ng adapter 10 to enable panoranic
i magi ng of 18%8 FRRR TR AL Y h %r‘?tﬂhéﬁ"ﬂ edddobt of aqpneramdca vi deo
canera and the like. The panoram c inmaging |lens 20 of this enbodinent is
equi pped wi T4 r?%ﬁﬁlﬁé)f I gg’f?‘b"éfepﬁﬁqcezﬁ’“ftﬁﬁfseiﬁ?@ sthe Hail sutgodhigect i on
i gt *pat ne A R" 0 i iy pifag} 8 switioms 2hi 41 Foiion dro pRoging.
L ght i nci CL%?fcrsl(?r% élh}.efééeg,hg Ciorrll(x:rieg:espt:ttrface or a pianar surface depending

on the optical system.

The panoramic imaging lens 20 is also used in .a pancramic
imaging system as similar to. the case shown in Fig. 1, and if
is provided in a_p;':moraniic i@gging adapter 10 to enable panoramic
imaging of 360° circumference through an imaging device 8, such
as a video camera and the like.

The panoramic imaging lens 20 of this embodiment is
equipped with a non-reflective part 26 that exerts no regular
reflection of light on a 1ight path toward the light incident
surface 22 amongst light paths of light proceeding to agree with
é light path of imaging light incident on the light incidel;t
surfaée 22 and being refracted and proceeding inside the le.ns,
which are 1ight paths inside the lens of light partly and inwardly
reflected, by the light incident surface 22 -from the interior
of the lens toward the rinterior of the lens. The non-reflective

part 26 is an opening 28 having a cylindrical form formed from

the light outgoing surface 25 toward the second reflective

10




surface' 22 and being refracted and proceeding inside the lens, which are
light paths inside the lens of light partly and inwardly 4e¢SEtEdBER 2064
|l ight incident surface 22 fromthe interior of the lens toward the
interior of the lens. The non-reflective part 26 is an opening 28 having a
cylindrical formformed from the |ight outgoing surface 25 toward the
second reflective 10 10 SEPTEMBER 2004 surface 24 in a rotation symetri cal

1 8 B ARt
0™ posi ¢ PiAcBNECRY hataPleh Behigaf St oo Hreted s madtas bt 1o
The firat 29T e, ob bR PnssChaniflyiod (15, %6hmed 4 Posthecmomar 1o
on-rof | cct P9E° At O360RE Lo HHErERAH Bhcindiing d4abf Lo e 15 &k or a
ot lective parpiraPhat’s 5 Bebs Vs bR A%tar fa 85 tact Fmiehocapacir ect s
conbi nat i on"¢ Rerase. Siftinihy & xdSlas, ot e, df e By BuEEReR 17 on (he
0ot oal gl naae SAAREE kA BB A R o dma R H oot
surface 22, tﬂ@ﬁei)itflﬁts 5@&31‘? ‘i?/.bvoef Thé ft%&%k%ébstoqiethe panoramic imaging

lens 20,

The non-reflective part 26 is a 1ight absorbing part formed
tobe blﬁck or a dark color that absorbs 1ight but does not reflect
light, adiffusedreflective part formed to be a roughened surf-ace
that diffusely reflects light but does not regularly reflect
light in a certain direction, ora combinétion thereof, and they -
are appropriately selected depending on the purpose.

Upon Iﬁroduction of the panoramic imaging lens 20, in the‘ )
case of optical glass, after forming to a prescribed shape, tﬁe
li'ght incident surface 22, the first reflective surface 23, the
second light reflective surface 24 and the 1ight outgoiﬁg surface
25 are polished, and thenmetallic thin films as light reflecting
films are formed on the surfaces of the first reflective surface
23 and the second reflective surface 24 by vacuum deposition
or the like. Before or after the procedures, the opening 28
of the non-reflective part 26 is opened, which is ;tpprdpriately

subjected to a surface roughening treatment depending on
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second 1ight reflective surface 24 and the |ight outgoing surface 25 are

polished, and then netallic thin filnms as |ight reflectingpSEPEERMBER 2004
formed on the surfaces of the first reflective surface 23 and the second

reflective surface 24 by vacuum deposition or the like. Before or after
the procedures, the opening 28 of the non-reflective part 26 is opened,
which is appropriately subjected to a surface rougheni ng treatnent

Croatment TBOR g aP o het S ARIP U EB /PP IR ToF SOREMS Gdieor . | n
L anspar ent PR (BerAPEC et BEATRaS i€ HoeaTREri ng & Shape of the
P o TR0l 0 o2 MR SRR Gt A b LogR, L ™ ¢
et b S TSR 3 ol SR e s aces,
Lo 9SE% b o B S5 Mg 38S e sl S ) S e 1 o
21 oat ment R < SgE] (HrRo1d TR bnt n hash v TReTRaRHR G a8 SamRaE ol or . | ¢
e 50 PO W AR R ReRIL A e RRLEEE T SR S et
Accordi ng E%éz@%t?ﬁ‘&o%i'ﬂng iarzg‘%gif'oq:mle%nsonzotﬁé élﬂ?aces of the first.

reflective surface 23 and the second reflective surface 2'4 by

vacuum deposit.ion or the 1like, and before or after the procedures,

the opening 28 of the non-reflective paft 26 is appropriately

subjectéd to a surface roughening treatment depending on

necessity, and then subjected to a treatment for coating the

surface thereof with black or a dark color. It is also possible

that the molding is completed at the state where the opening

28 is filled with a material that does not reflect light.

'According to the panoramic imaging lens 20 of this

émbodiment, because the nqn-—reflective part 26 is provided on

a light path toward the light incident surface 22, which is a

light path of light partly and inwardly reflected by the light

incident surface 22 from the interior of the lens toward the

interior of the 1ené to agree with a light path of the imaéing

light LO to be a regular image, the noise light Ln0 reflected

from the interior of the lens towa'rd the interior of the lens

to agree with the. light path of the imaging light LO inside the

12



enbodi nent, because the non-reflective part 26 is provided on a light path
toward the light incident surface 22, which is a light paj sEPTEMBER 2004
partly and inwardly reflected by the Iight incident surface 22 fromthe
interior of the lens toward the interior of the lens to agree with a |ight
path of the imaging light LOto be a regular inmage, the noise light LnO
reflected fromthe interior of the lens toward the interior of the |ens

L0-2 o0 4t e PR GRE A5 LABRLAS AN L Lost g2, the 12 10
bl ocked by FhaThgeePhipltHobS ESb R Bk Thoe- PR ok axt orbe 12 he
i gnt Lo e b thedton g 3368 R brk 15 anddee § Bt picosd Tewtack or
(o i 5 substsnirighty e 8fE buibatk, 22 Q0 HoFeR vt fite s RiohT Pkt PRely
i dent - sur iR B Ui 1o LGSR0, ChePise e naf Testgence on
et o Pt T888 o oL EABRLLRL Dl pSERENE HEA S por
fo the i nterrarcst the Teid H6RkIAE oo ShREr P prdcer 2 235htr oo i th
the L1 Ot Rioind! obDeL s 0100 14 Wierds@l BAARING | e ddudOfiR! PocO™
" LnO reflected on the inner surface of the light incident surfac;e
22 can be of such anextent that exertsno influence §n the pictured
image, i.e., substantially nil. Becausenoise light proceeding
on a light path thatr does not over_lap the non-reflective part
26 is not sﬁch light that inwardly reflected from thé interior
-of‘ the lens to the interior of the lens at the light incident
surface 22 to agree with the light path of the imaging light
L0 inside thé lens, it dogs not become nbise on the ima_ging light
LO. | |
According to the panoramic imaging lens 20 of this
embodiment, the noise light ILn0 causing flare and ghost is
suppressed by the non‘—reflective parj: 26 tomake a clear pictured
image without noise, whereby the image quality is improved.
According thereto, the imaging accuracy of asurveillance camera
or fhe like is improved to enable good imaging for a dark place

- or a complicated image. 'The opening 28 may be a crucible former

shape expanding toward the opening mouth, which is preferred

13




LO According to the panoramc inmaging lens 20 of this enbodi nent, the

noi se | ight LnO causing flare and ghost is suppressed by {#8EPTEMBER 2004
non-reflective part 26 to make a clear pictured. image w thout noise,
whereby the inage quality is inproved. According thereto, the inmaging
accuracy of a surveillance camera or the like is inproved to enable good

I maging for a dark place or a conplicated image. The opening 28 nay be a

e SHAEG AR P, Wb VRLSG BT BRI Rl 1
e Thoed P ol AL TR, 35" L SRR ATUE™Y, SLe Tert !
e e PRBSBLA LRSIl Bl W5 L A05 RETR SRR
ron o LSEY R, | el Al RABDLRATR §EOLO6oLSLL B0 LRl P02
ot ) e 1 G0ES kDbl bR LB LT
22 and brocsial oo df bikob i WD 05 LGN BRI T g2 e | o
o oo S, Bhobl APESQLTIRT Lot SE o % 4 0 i
surface 25 mwalfhettpéﬂ_;%ﬂgiiﬁcident surface 22 amongst 1ight paths of light

procéeding to agree with the light path inside the lens of -the

imaging light L0 incident on and réfraéted at the light incident

surface 22 and proceeding inside the lens, which are light paths

inside the lens of light partly and inwardly reflected by the

light incident surface 22 from the interior of the lens toward.

the interior of the lens. 'fhe non-reflective part 32 is formed '_

to protrude from the 1igﬁt outgoing surface 25 of the pénoramic

imaging lens 30 toward a direction opposite to the second

reflective surface 24, The-non—reflective part 32 1s formed

to be a concave form, which is a cylindrical opening formed from

the fringe of the first reflective surface 23 toward the second

refiective surface 24, and the inner surface of the cylindrical

concave pa-rt 34 is provided as the non-reflective part 32, with

the bottom of the cylihdrical concave part 34 being formed as

the 1light outgoing surface 25.

The fringe of the opening of the non-reflective part 32

is formed to protrude from the fringe of the first reflective

14




i magi ng'lens 30 toward a direction opposite to the second reflective
surface 24. The non-reflective part 32 Is formed to be a fPREPIEMBER 2004
which is a cylindrical opening formed from the fringe of the first
reflective surface 23 toward the second reflective surface 24, and the
inner surface of the cylindrical concave part 34 is provided as the
non-reflective part 32, with the bottomof the cylindrical concave part 34

of the nonTarieet P sophim AAhARLAP gBlk R (s ernBtet PBRF cRbacamego of Che
and e anrl & HanTosBUEE CRROE L0 PE, PRGCTATLS RBSKRR] WP HS Semor ai o
e eyt nar A rens ARARLAT SadgRE 1D B BhSm Pa s DL or e n

[ ane 30, The o ad ert TSI Bphive gl 34 Sea e paRulERc Bar L 34 o
e s embod ik Foieddn o £3R30p NI 258, LS ARG R2UL 5° ©f

one 50 of (hiae Bk End i ARE ., Tl Fiad et U Ditarn &

lens 30 of this . lange part 95 ard the first
e ect PSP bR S8 U158 Bn AR e an o
32 and the end surface of the annular part 36 of this embodiment
. éré formed to be black or a dark color and are appropriafely
formed to be a roﬁghened surface,

In the panﬁramic imaging lens 30 of this embodiment, a
flange part 38 is unitedly formed in a boundary pért between
fhe 1i§ht incident surface 22 and the first reflective surface
23. The flange part 38 becomes a positioning part and a
sﬁpporting part for installing the panoramic imaging lens 30
to the panoramic imaging adapter. |

The same effect as in the foregoing embodiment can be
obtained by the panoramic imaging lens 3.0 of this embodiment,
and installation to the panoramic imaging adapter or the like
can be easy and reliable by the annular part 36 and the flange
part 38. Furthermore, owingto the flangepart 35 unitedly formed
iﬁ the boundary part between the l.ight incident surface 22 and
the first reflective surface 23, a supporting member upon

installation fo the panoramic imaging adapter or the like becomes

unnecessary, whereby the angle of view upon picturing can be
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supporting part for installing the panoram c imaging lens 30. to the
panoram c i magi ng adapter. The sane effect as in the foreop BEFPEMBEREPH04
can be obtained by the panoram c inmaging lens 30 of this enbodinent, an
installation to the panoranmic inmaging adapter or the |like can be easy and
reliable by the annular part 36 and the flange part 38. Furthernore, ow ng
to the flange part 35 unitedly formed in the boundary part between the

LLaht i pel deBbaduidacerh Bpfladlied EShoELheRl 4B S NR0S Bt o
e 5o CeRRR R Rl S hed W Sty USRS 0O, oo
ULt g pEERrRPe O A WR AL RBREN PP, RS
e e S A TR Sl B oA

10" accor di g LarePehers R, N Y uf Kof indiftsesh BF He-Be et dhtoo wi i 1
reference t | g e in the foregoi ng enbodinents are
attached Wﬁ]ﬁ%ﬁeégggehfgyﬁn%ol S Fﬁf%%m oﬁtﬁ?ﬁesaéégc?arnpi)f’oﬁés (fygied

enbodi nment gy non-reflective part 42 that exerts no regular reflection of

light is provided on a light path toward the light incident surface
 Apanoramic imaging lens 40 according to a third embodiment

of the invention will be describe with reference to Fig. 5. The
éame members aé in the foregoing embodiments are attached ﬁith
the same symbols to omit the description. In this embodiment,
a non-reflective part 42 that exerts no regular re_flectipn of
light isprovided oﬁ alight pathtowardthe ligl;t incident surface
22 amongst light paths of light proceeding to agree with .the
light path inside the lens of the imaging light LO incident on
and réfracted at the light incident surface 22 and proceeding
inside the lens, which are light p'aths inside the lens of light
partly and inwardly reflected by the light incident surface 22
from the interior of the lens towafd'the interior of the lens.
The non-reflective part 42 is formed to p-rotJ':ude from the light
-outgoing surface 25 of the panoramic imaging lens_ 40 toward a
direction opposite to the second reflective surface 24. -Thé
non-reflective part 4_12 is formed to be an annular part 46
' protruding from a fringe of the first reflective surface 23 to

surround the light outgoing surface 25, and the annular part
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22’ anongst |ight paths of light proceeding to agree with the |[|ight path
inside the lens of the imaging light LOincident on and r¢f sgEpTEMBER 5604
i ght incident surface 22 and proceeding inside the |lens, which are |ight
paths inside the lens of light partly and inwardly reflected by the |ight
i ncident surface 22 fromthe interior of the lens toward the interior of
the lens. The non-reflective part 42 is forned to protrude fromthe |ight

. out goi ng sy fiage . ram.c Jdmaging lens 40 toward a direction
oppogi tegt o&lé he se"c?eo%ngzlr Ee'fkgflé’gﬁ@epas’iﬁ Fggeglz’ﬁ’g“% © ReRerertecinasinsart 42
s formed t n A6 . protruding fr a fringe of the first
reflective :geul’ a@ t 3@p%af’%!8%%%incg 1{'}%(59{199?‘ a@h‘?’@ﬁﬁn&%ﬁ??ﬁ%e‘-’?ii%nd ‘the

nnul 164,10 ' 46.b ffixi) t f fixi

fhe. panorart ¢ RGrRG: TRACURAsH. Y e ARRYE Gt iy SRABPartabens Shown
in Fig. 1. ; anul t 46 is f dtob

eyl nari cai > ShReR e st p A, =R Eho Bt annan <ol atecer the

cylindri Calofoﬁﬁévgyﬁgﬁ%féafrSoﬁﬁé@d Loy b§4;kr]a[ei\:‘e4n c%_%r{eﬁlglféﬁ ]i)régt gr: th,

wi th the bottom of Indrrcal  conhCave 'p

[ 9N OO G0 S Ree2per T ONLAT Rl S R ALt on

symetrical form aroun ellghft axi's "of e

e o, SR GaPEis 62105 dlpo" b TPt Sl Ry (oSS0 e bl ack
The annular part 46 is formed in a rotation symmetrical form
around the light axis of the panoramic imaging lens 40. Tﬁe
non-reflective part 42 of this embodiment is also formed to be
blackoradarkcolorandis appropriately formed to be a roughened
surface.

The same effect aé in the first embodil_nent can be obtained
by the panoramic imaging lens 40 of this embodiment,-- and
installation to the panoramic imaging adapter or the like can
be easy and reliable by the annular part 46. The cylindrical
concave part 44 may be a crucible former shape exﬁaﬂding toward
the o_peﬁing mouth, which is preferred particularly in the case
where a resin lens is molded.

A panoramic imaging lens 50 according to a fourth
embodiment of the invention will be describe with r_efe;rencé to
Fig. 6. The same members as in the foregoing erﬁbodiments -are
attached with the same syml_)ols to omit the &escription . Inthis

embodiment, a non-reflective part 52 that exerts no regular

reflection of light is provided on a 1ight path toward the light
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The sane effect as in the first enbodi nent can be obtained by the

panorami c imagi ng |l ens 40 of this enbodinent, and install ¢y SEPTEMBER 2004
panoram c i magi ng adapter or the Iike can be easy and reliable by the
annul ar part 46. The cylindrical concave part 44 nay be a crucible forner
shape expanding toward the opening nouth, which is preferred particularly
in the case where a resin lens is nolded. A panoram c imaging |lens 50

ot or ence 1 anciHEfhegdeCR) HlincRl Lihd BR¥hn ¥ afebh mipcmomerint s ar o
amhodi ment AT SerTal FRE T UE b EPErclheidq abEele R Pl dmginectiant i on of
nci dent SubPain yhCch 894 REAANGE ot 1 gkHe et soksacagte wi th
rof racted aE e RN G AP §8Re “ng b D9h 8 AR dib R PhAciTLde | ens,
fer oot eq byreniirt G \IBhETar e oBPE aBlshdy flcockat By RS oriante 1 ens
Step part SPTRRAGIR LR 2t Ehon T I8BERSHREH [0 TPor Lovet B face 23

Sl a1 ofb PRSI g pohlEeBISRERT Rk BEAL R ot
' asteppart 54 formedbycutting apart betwéen thefirstreflective
surface 23 and the light outgoing surface 25 of the panoramic
imaging lens 50 to an annular form.
The step part 54 is formed by cutting in an annular form
to surround the light'outgoing surface 25, and the step part
54 is constituted with a plane parallel i:o the light outgoingr
surface 25 and a plane that perpendicularly arises from that
plane in a cylindrical form. The end surface of the cylindrical
- protruded part forms the light outgoing surface 25. The
non-reflectivé part 52 of this embodiment is also formed to be
black oradark colorandis appropriately formed to be-a .fdughened
surface. — |
The same effect as in the first embodiment can be obtéined
by the panoramic imaging lens 50 of this embodiment.
A panoramic imaging lens 60 according to a fifth embodiment
of the invention will be describe with reference to Fig. 7. The.

same members as in the foregoing embodiments are attached with

the same symbols to omit the description. In this embodiment,
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to*surround the |ight outgoing surface 25, and the step part 54 is
constituted wth a plane parallel to the |ight outgoing sS4y 5&EFTENMBERI2604
pl ane that perpendicularly arises fromthat plane in a cylindrical form
The end surface of the cylindrical protruded part forns the-|ight outgoing
surface 25. The non-reflective part 52 of this enbodinent is also forned
to be black or a dark color ‘and is appropriately formed to be a roughened

panoram ¢ | g e g cor T SR Y e e A R R R R Ve o0
of or once 1 o EG e pRoRRRCR LR g AR T PR Bt A & ar o
ambod ment 218 K S TRAREr 2605 & AP reer SR el s Bt e < no

et dont - surfoace Pe58 1ntESeP hO U Ele bl el o RE 10 R Th Gk e i tn

the |ioht gadhersiodgal 86 digngsghe fIdBe B-HIANG IO bNGIdent, on and

refracted at the light incident Surface proceéding “in

whi ch are |{ghtadPehBs disi Qﬁi&ﬁ%xjeeffglgé E%‘tﬂ?f’:%nnsq&ﬁ% Lﬂe E.’I.%(iix’s (i)@g@{g?}l% | ens

reflected by the Iight incident surface 22 e 1 nteriror
toward the Jdiary ghadfmidialyPar1odtit BONeH Sl 6L MG ML, B8ctscd gbmed in
an annul ar form-on a periphery of the Zame plané as the 7 ght2Tutdoi ng
surface 25,from the interior of the lens toward the interior of the lens.
The non-reflective part 62 is f-ormed in an annular form on_la
periphery of the same plane as the light outgoing surface 25,
which is between the inner fringe of the first reflective surface
23 and the light outgoing surface 25. The non-reflective part
62 of this embodiment is also formed to be black or a dark color
and is appropriately formed to be a roughened surface.
The same effect as in the first embodiment can be obtained
by the panoramic imaging lens 60 of this embodiment. Furthermore .
in the case where the light outgoing surface 25 is in a convex
lens form as shown in Fig. 8, the non-reflective part 62 may
be similarly formed on.a periphery of the light cutgoing surface
25 and inside the fringe of the first reflective surface 23.
A panoramic imaging lens 70 according to a sixth embodiment
of the invention will be describe with reference to Fig. 9. The
same members as in the foregoing embodiments aré attached with

the same symbols to omit the description. In this embodiment,

the curvature of the light incident surface 22 is rélatively
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which is between the inner fringe of the first reflective surface 23 and

the Iight outgoing surface 25. The non-reflective part 621@5EPYEVMBER 2004
enbodi nent is also forned to be black or a dark color and is appropriately
formed to be a roughened surface. The sanme effect as in the first

enbodi ment can be obtained by the panoramc imaging lens 60 of this

enbodi nent. Furthernore, in the case where the |ight outgoing surface 25

my oo o iy T IR el deps g hos, yimg ibedce 25
g ng | erd A REar iy Tae P PRSI 74 e Recsm g AdEn || be
emhod nont 4 o ot aager pla e 18 AATR VBT G eBRa frdngermrat i on” 1
ol at el y o 18 SETEn S0 £ Pk Eints BanEranier rReyeRgiPRns 70
Tont | nat et oantt aca e 30R - nePReSH Rl P2 T R o3 HSRD o as
non-ref | ectieh Eareg she Bk B et e O g Bhofib d abcon il
he | Toht e R aPARoPRERte kb Cretthl cBb 1acHH pRbTIRR R et B and

refracted gk e thiaihg 11WIOR0! 188 dAGE oA %9588 10 (1si flg L he | ens,
whi ch are ‘ ‘ . . -
incident surface 22 and proceeding inside the lens, which are
lightpathsinsidethe1ensoflightpértlyahdinwafdlyreflécted
by the iight iﬁcident surface 22 from the interior of the lehs
toward the interior of the lens. The non-reflective part 72
of this embodiment is also formed to be black or a dark color
and is approﬁriately formed to be a roughened surface.
- The same effect as in the first embodiment can be obtainéd
by the ﬁanoramic imaging lens 70 of this embodiment.
As shown in Fig. 10, the annular non-reflective part 72
may be formed £from the side peripheral surface 74 of the panoramic.
imaging lens 70 to the fringe of the first reflective surface
23. Fﬁrthermore, as shown in Fig. 11, the panoramic imaging
lens 70 may be have such a shape that the first reflective surface
23 is formed as a convex lens form £rom the fringe of the side
peripheral surface 74 on the side of the light outgoing surface

25 through an annular plane part 76 in parallel to the light

outgoing sﬁrface 25. In this case, the plane part 76 is also
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light paths inside the lens of light partly and inwardly reflected by t he

| ight incident surface .22 fromthe interior of the |lens R 2004
interior of the lens. The non-reflective part 72 of this enb

also fornmed to be black or a dark color and is appropriately forrred to be
a roughened surface. The sane effect as in the first embodi ment can.-be

obt ai ned by the panoramc i magi ng | ens 70 of this enbodiment. As shown in

Fig. 10, t f ar t maybe forned fromthe side
peri pher al hfé!u ceﬁ;ﬁof tﬁekgg%%érégﬁp q%&zng lens 70 to the fringe of
the first reflec ;ﬁg}ﬁg t er as shown in Fig.. 11, the
panor ani ¢ i magi ntg';IIhI :‘?1 ng:yuﬁdségjh e%8% 0 qlesﬁ’é'b%mfjr%’( ig I’i‘@tﬁgllﬂﬁtted
reflective rfac f S .a con |l ens formfromthe fringe of
the side pﬁc?le;o e?gfgé e% on Y he g‘l’ée } RAFd SLoghend ihpoishgpeur f ace

25 t hrough @f‘tﬁ@%f? 1%@%%93 péag@ma a%gﬁlfcgﬁgié’géggs%ggmg%%ﬁl D904

surface 25. this case ane p

f < Th [ | f th
ormed as t.ﬂe t@l%'%er %fnbﬁgﬂﬁﬁt%afﬁ?tj %ire c%g gﬁ%éggﬁ%&é{ﬂ %%og}%gg&ggi Ei gn

invention is not limte oregol

and the shaostinchte 8R8-f] a5l vergatic iy WengPPLOBBLElL Y 2ol ected,

such as those enbodi nent at are conbrnati
ol ded. - suas Taneethafodll, | S BRIehe il RS inscRenilen 'o%é‘%u% atiny
plural |ens@$ention by accumulating plural lenses.
Accordlngtothepanoramic1mag1ngoftheinvent10n noise
light causing flare and ghost can be certainly suppressed by
the non-reflective part to improve the quality of the pictured
- dmage. According thereto, the imaging accuracy of a
sﬁrveillanCecameraorthelikeisimprovedtoenablegoodimaging
for adark placeor a complicated image, whereby .image Processing

and the like can be made easy.

21




According to the panoram c imaging of the invention, noise |ight causing
flare and ghost can be certainly suppressed by the non-reigSEPTEMBER 2004
inprove the quality of the pictured .image. According thereto, the imaging
accuracy of a surveillance canera or the like is inproved to enable good
imaging for a dark place or a conplicated i mage, whereby image processing
and the |li ke can be nmade easy. 21 10 QﬁfgﬁgBER 2004 CLAIMS 1. A panoramc

i mgi ng lens conprising an annular lig i ncident surface fornmed in a
rotation symetrical formaround a light axis in a substantial convex |ens
formbulging to enable incident of lateral light; a first reflective

surface formed i nAaﬁarMQMi@rima% QIIC VS bk AQTM bl gl 911%’1{’& ql # hat
substantially opposes the light incident surface to reflect |n5|de

the lens; a SSE@@ﬁde@ﬁbe¢hiw6mﬁuttaceymmﬁﬁtdﬁﬂ:ﬁkmaaﬁﬂﬁhra|lﬂﬁﬁtakﬂ§|de
the annul ar, incident surface to reflect the reflected Iight from
the first rei“ile tf"wtélﬂ?lfa&céo?ﬁ?ﬁiar]&nén IPHhetulgare o eisblanindident fof st

reflecti ve susface: aapd.a d | ghis: Uk gpLng.SuLLage. PasToned at 8 pentral

part inside the annuiar first reflective surface an opposi Fecond
reflective sevfage hortorarfemit bilhenki ghtwafanm citdte ssecondi safy epbbya

surface, ein: lateral incident light is refracted fromsaid annul ar
|i ght |nC|d£ PP adBotdhar quEtfeef itPstefiiTredibbe srmitlacshal bengif iar st

light paths, sdnbekberdedyd ramsaal dofd gty r&f | ecld e, suriace tovard

annular light incident surface to reflect the reflected light from
the first reflective surface toward an inner part of the annular
first reflective surface; and a light outgoing surface positioned
at a central part inside the annular first reflective surface and
opposing the second reflective surface to transmit the light from
the second reflective surface, wherein:

lateral dincident 1light is refracted from said ananular light
incident surface toward the first reflective surface along first
light paths, is reflected from said first reflective surface toward
said second reflective surface, and is reflected from said second
reflective surface through said Llight outgoing surface as imaging
light, and other incident light is refracted from said annular
light incident surface toward the first reflective surface and is
reflected from said first reflective surface toward said annular
light incident surface along second light paths and is reflected by
said annular light incident surface toward the first reflective
surface along light paths which agree with said first light paths;
and wherein a non-reflective surface is provided on said panoramic
imaging lens and on said second light paths to suppress reflection

of light along said second light paths.
2. A panoramic imaging lens as claimed in claim 1, wherein
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saifd setond reflective surface, and is reflected from said second
reflective surface through said |ight outgoing surface as §9&EPEEMBER 2004

and other incident light is refracted fromsaid annular |ight incident
surface toward the first reflective surface and is reflected fromsaid
first reflective surface toward said annular |ight incident surface al ong

second light paths and is reflected by said annular |ight incident surface
said iret MERobacasbeiRy GH 365 Tigle surndil pihdeime 50 frovi ded
ot et on CHrT g ek L tBRE Mk 15RE Nt WS Bk cretnast hhgi ng
part 1s a IR ahdar bR re el e gy 2 R FUBR S iohenan Susm hat
Formed to baa IR EerFor 6 aaeofby ol potiFPabfarfy st does

not regul ar] ygHef lH5Cts dohBRhat26n At nati on thereof. 3. A panoramc
imaging lens as clained In SRR 2, erein the non-reflective part is an

O omer® 191373, o PSS AN 18 00, R Rl SiShtn 11 o
. 00y MSRAGIcEte L0 SRR ) R L 3BARR | o
a positi on tilt 3sSkdEn8l A Iodht1 BN AL AWACEE M LolfT G ghe @ |1 ne

axisofth@panoramicimaginglensfromthelightoutgoingsurface

toward the second reflective surface of the lens, and the opening

has such a depth that a bottom of the'dpening is at a;positionr

on ; side of the light outgoing surfaée with respeét to a 1iné

connecting a fringe of the light incident surface on a side of

the first reflective surface.

4, A pancoramic imaging lens as claimed in claim 2, wherein

the non-reflective part is an opening having a form of a cylinder

that is formed in a rotation symmetrical form around a light

axis of.the panoramic imaging lens protruding from the light

outgoing surface toward a direction opposite to the second

reflective surface. |

5. A panoramic imaging lens as claimed in claim 2, wherein

the non-reflective part is formed on at least one of a periphery

of the light outgoing surface and the first reflective surface

of the panoramic imaging lens in an annular form with a light

axis of the light outgoing surface as a center.
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connecting a fringe of the light incident surface on a side of the first
reflective surface. 4. A panoram c inmaging |ens as clai medy SEPTEMBER 2004
wherein the non-reflective part is an opening having a formof a cylinder
that is formed in a rotation symetrical formaround a.light axis of the
panoram c i maging |l ens protruding fromthe light outgoing surface toward a
direction opposite to the second reflective surface. 5. A panoramc

i mgi ng | eng as ined in claim?2 wherein_the non-reflective part is
formed on af 'l ea(s:% %(i)anr%’rg*“lg P9Ik Lens s (Heimeghin hajdl By shereire and
the first rgﬁéqﬁﬁl_% uggace of th%? anoram c i magi ng lens in an annul ar
formwith a ITght “axi-sC6f e REYY fit PRF sifle ReFipheradcpurface3 10
SEPTEMBER 2004 6. naram ¢ jmaging lens as clainmed in claim2, wherein
the non-r efﬁg)g%thlg v%ébcgr%fmicsﬂ‘%?% 8Hg £W btventethe Wghtatroidgnt he
panorami c i ' farmed between the |ight incident surface and the
first reerc% J%Q%%$$§%%%&Fsgﬁ8338ﬁ§?5ﬁF8rFﬁ§§Pﬁdﬁenqﬂﬂﬁamap1mm5nmmCT
PANORAM C | MaG NG LENS 1t has an annul ar |ight incident surface fornmed in a

subst anti al ~convex lens form a first reflective surface forned in an
annul ar concave
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mrror formto reflect light inside the lens; a second reflective surface
provided at a central part inside the annular |ight incideqy sSEPTEMBER2004
reflect the reflected light fromthe first reflective surface toward an

i nner part of the annular first reflective surface; and a |ight outgoing
surface positioned at a central part inside the annular first reflective
surface and opposing the second ref]ective surface to transmt light. A
non-refl ective part exerting no re@%ﬁ;'Ié]FAq']éflection of light is provided on

a light path toward the lig | NG ce_anongst |ight paths of |ight
proceeding to agree with a Ir}%Ag ‘}[ﬁ"&g:{@#&}‘ﬁagfﬁa | i ght incident on and
refracted at the light incident surface and proceeding inside the |ens,

which are light paths of light partly and inwardly reflected by the |ight
i nci dent surfaceﬂz ag  imapralar, light dhrcident wurfape fefmedvinda tswbstanitiadi or of

the lens. Fiqgure, 1 . .
convex lens form; a first reflective surface formed in an annular concave

mirror form to reflect light inside the lens; a second reflective surface
provided at a cehtral phrt inside the annular light incident surface to reflect
the reflected light from the first reflective surface toward an inner part of
the annular first reflective sm.;face; and a light 6utgoing surface positioned

" at a central part inside the annular first reflective surface and opposing the |
second reflective surface to transmit light. A non-reflective part exerting
no regular reflection of light is provided on a light path toward the light
incident surface amongst light paths of light proceeding to agree with a light
path of imaging light incident on and refracted .at the light incident surface
énd proceeding inside the lens, which are light paths of-light partly and
inwardly reflected by the light incident surface 22 from the interior of the
lens toward the interior of the lens. ‘

Figure 1
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