10 SEPTEMBER 2004 DESCRI PTION Title of the Invention: PANORAM C | MAG NG
LENS Detail ed Description of the Invention: The present i e SEPTEMBER 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 nghéRAﬂfccEﬁgGérgﬁhgﬁﬁ 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
l'i ght outgoing surfgce Sh?r%'gnﬁt???%@iﬁ%g%ht rom Et\té Jﬁésl%fn&ge?%f | ective

surface ¢ baphfignsk ahadshgel 4ho-aPRATINLLLYVSTRTEUE B 2004 -L g, 500

reflective surface ina centra
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
ltlos. 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 trs.nsmitting the light from the

second reflective surface 4 is formed at a position opposing



reflective surface 3. The light incident surface 2 is forned- in a form of
a convex lens bulging laterally, and the second reflectivey SEFTEMBER 2004
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

formed in a formof a convex surface bulging laterally, and the inner
face of a concave mrror

surface of 1Pnae | o annul ar reflective su |
form directed t 8%p éell@séelieé%n vr%??’é@?‘i’?/g 04 8881:2{?&1?@-“1 PEnhthe Figsitng
surface 5 1.5, AR i med, in a.concaye oy convex surface or a
pl anar surface.. tcA" Sa%‘%f%gn%’%%'mg{lﬁ&%& éﬂ?ﬁ‘gﬁ’lﬁé FHEAFen o rihitermedgi ng
lens 1 conpyy se S i | anqr.am c_inmagi ng adapter _10
havi ng t he pano?grrnﬁcofrr@;\églbﬁlg egghfl%%%g grg‘faiﬁrfagfhrg%arl“grthq &Fe2for mat i on
provi ded oq:ﬁtqﬂéi' ' dSn imaging device 8, such as_a video
canmera and 't e% |tkigj,atstu 0 \%%Féfa]ﬂ} 12dzplatr130$£?rﬁge£'f‘?‘rﬁ§f)ﬁ aXﬁ%BF@r whgTERY.
attached. The i;pmdi.n Lc ris a_lens.s 1;Lem9 for acquiring an
. : i 3
i mage, an i nagi nggel %urr]g%/é%%égﬁlggg %ngédaaaﬁa’%%ﬁé% YRSWHASE dBd@at t he
i mage focusd. Qs | P reof .. ang a.necess controléi ng_.sections and the
li ke not shown |‘1F11%tB gg ?&%%g?'An%laen%Jr'lgsrﬁ Ee%%%?cvaepﬁmi a"oﬁ% 3gaacent
ci rcunference 54 lfﬂ By ' m.C.i i ng |len 31.15 converted to an
electric si g‘naf;i :Eliyé e rrgtapﬁgglg?%rfgentz 750#%%%‘%%31 B UAeo8 and
proj ect ed %oh@g%%ﬁuf&?ﬁlg AR 63540 0YS al§1'd11d.ﬁe Oifnn%rnglg}: aee oF 1(:11(1%/ Ice 14,
such as a |1 qui .
lens 1 is an annular reflective surface of a concave mirror form
~directed to the second reflective surféce 4. The light outgoing
surface 5 is appropriately formed in a concave or convex surface
or a planar surface.
A panoramic imaging system using the panoramic imaging
'lens 1 comprises, as shown in Fig. 1, a panoramic imaging adapter
10 having the panoramic imaging lens 1 and a relay lens 6 for
image formation pr‘dvided on the 1ight axis, and an imaging device
8, such as a video camera and the like, to which the panoramic
imaging adapter 10 is attached. The imaging device 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 imaging lens 1 is converted to anelectric signal

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




crystaly a CRT and the Iike. Wth respect to the panoram c inmaging |ens 1,

in the case where the panoranic imaging adapter. 10 is 40 SEFFEMBER

a direction that the light incident surface 2 turns upward as shown

Fig. 1, the lowernost light L1 fromthe panoram c | andscape 11 of 3600

2064
n

“circunference anongst the incident light incident on the light incident
surface 2 of the panoramic imaging lens 1 is refracted-at the |ight
incident surface 2, then reflected at the opposing first reflective _
surface 3 tPnafTFIWE &22Ffd°F r2MPdtord ngufeRice 4 € amchupsherlieiidect ed at
reflectiv urface 4 to outgo fromthe |ight outgoing surface
5, fol |l oned®™XF R nG Reg88% FPEulX®he relay lens 6 on a circunferenti al

t he second

part of the imagi
fromthe panoram

the |ight

surface 2 of

further

hasReFe tortheBAYCT A R dMagd pgdhans

THe ‘PanBraATET

elenent. 7. In the case where the uppernost |ight L2
@%ha E‘,g-ﬁitn tBejgasiedent on

I nci de surface .2, it is reflected at the light incident
i q%fh 1¢ AAgpg aferter 1R ds arrapged 32 Iusdh @pposi ng

rd the second reflective surface 4, and

first reflegti face 2.t
arther r hrsagh Gt R 23880 neaARRE AR actr s BowRAG oo iRoMP: ho

i ght outgoaing.surfage 5. follo by, being i naged through the relay |ens
6 on a ce‘ntJrnaglﬁari’ %?‘?t ﬁ%w?%ﬁvﬁgigﬁﬁﬁelnf&?’.“ ﬂ&@?ﬂ?ﬁ@mg‘f’&%ﬂ?@%ﬁegoi ng

mechani sns,, th noram c | andscape 11 is imaged in an annular formon the
5 30

I magi ng el e

14.
t 1ncldent surface 2 of 1{.1119, panoramic imaging lens

t he noni toroinnghgeﬂ&? 3.1Q SEPTEIVBPR 2004

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

'gircumferential 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 thé light inc._i.dent surface 2 of the panoramic
imaging lens i, then reflected at the opposing first reflective
surface.z tbward 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

An P BEerescgsamengsh theadnchdent ietghtodaicidenge 12 on



According to the foregoing conventional technique, there 1is such a problem
that a part of the light incident on the |ight incident sHg SEPTEMBER 2004
panoramic imaging lens 1 is incident on the imaging elenent 7 as flare and
ghost. The phenonmenon of flare or the |ike is caused by m xing external
noi se light Ln functioning as flare or the like with the regular inmaging
light LOon the light path inside the lens as shown in Fig. 2A. The noise
light Ln is! jl'nci dent on the light incident surface. 2 of the panoramc
I magi ng lend%1, and after reflected on the first reflective surface 3 and
the second reflective surface 4 inside the panoram c imaging |ens 1, nost
of the noise |igHtcCIEIRGE R EBaTRFegoLrgFAanventighal;techadaues itfeaee 2 as.
shown in F*'_ : 2@1 Howlg er, a slight part of the noise |light Lnl anpbngst
t he noise | gﬁfm 2 PEO; &rﬁ&‘r'&ﬂ%ﬁ RHIEcPELshligat ipgadeptnishe Lightf ace 2 -
I nside the pano anﬁi}c ill?gagl ng lens 1 and proceeds to. agree with the |ight
path of the W@QEEﬁIh PP RS PEgHE® PaRPRanifcimagdag ems df bF clnqifentoi se
light Lnl, whigch i,s a_FL%rt of the noise light Ln, is inwardly reflected on
the |ight i%i@b%t““a@& attementy /g ashEfare and eBwski-t nThehangmenoat h of
the regular__i ing light LOto reach the inmging element 7, and is
rojected %s fﬁ%%leeg’én IEH?F LEHAYSRL Y RLPHTS eFterRel epiee Liight Ln
i JId [ ddi, t.i to_the f ' ' light Ln2 [ fl
i ncl udes, i Ltion to or ego ,, hoise |i n2 causing flare or
the 1ike (HAEURTEASRAPPERRACAFS SF) BBE| LK 1dithe thAc oMo R Had10g
SEPTEMBER 2004 ,i I ng. | ens ],than then agrees with the incident path of the
regul ar i nazlgjisﬁl& F’Bg‘?ﬂ %E‘B g’glgll gal‘qﬁvﬁ}%“ﬁ‘ef:?%ét‘?”@naﬁrﬁft% fipdrkg. 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



i nci dent surface 2 as shown in Fig. 2B. Mreover, as shown in Fig. 2C
noi se light Ln3 causing flare or the like is included, wWYgREETEMBER 2004
t he

refl ected once inside the panoramic inmaging lens 1, agrees with

incident |light path of the regular imaging |ight LO by the inward
reflection on the light incident surface 2. Wth respect to the flare and
ghost, partial strong light 1is particularly liable to function as the

noi se light,Ln e I iqht %s i nci dent on the panoramic inmaging lens | from
t he 360 ci?‘E%?r%’é? glr?é’@. | An¢ hEhed AILRes: ¥ithcthaddicdfeati rabh mf sst em s
used as a survejllance canmera or the like, there is such a robl em and t he

like that tHFeIH 3T eMGAIRGHIAN 0N EdPs thvard refhectiom o3 the Jighw amount

to deteriorate quality of the pictured _inage. The invention has been
devel oped iJrP‘\’fjr‘g?ﬁa{oF“f\éﬁ%c?ozr B§oF Y™ droblene2Bas stiererr meshshomn in

convention it‘eggni ue, i\nd an obgect thereof is to -_{)rovi de a panoram c
i magi ng | ens-Lafhn L5 1Lt 409 geusiheg £daraphshed ik ke nalaided.f | are
and ghost indf]{’faba éiegpl e ftruc ure. g, -gci fi chal ly, the invention relates to
a panor ani ¢ i | EpEled %Ny 15T g HIRS PRReFPARES nihaing Aghs such as
T ght i nct don PIEGPPAELT aProdnPRaant JUaHtoRSEY e tEPCRP Y LA inGg08
S O Y00 o bR el BoBf SR Ehaibs Shrkice ™ 1
2. o : |
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



| at er al+ light fromthe 360 full circunference; a first reflective surface
formed in an annular concave mrror formbulging outwardl yo SEHETEMBER 2004
substantially opposes the light incident surface to reflect |ight inside
the lens; a second reflective surface formed in a convex mrror form
provided at a central part inside the annular light incident surface to
reflect the reflected light fromthe first reflecti vedsu'r}‘faCﬁ tow;ard. an
[ art e _ann r.first.reflective surface; and a |ight outgoing
L:UP]‘e;cg po%?‘%’%ﬁgdmé&g it r gplﬁgr{‘si"’héﬁe Tehe%tth fathpi 1eRs Haf Rect | \r/]e
. : . he 1iaht
from the scabmiaeify. 2ooRBE Patcrofcb Bttt enatig igcidest ota
ami c | i i ' i -reflective part
Ecer 1 g oS R H 61 BT GiREe oRgRE afdeR i thedtiNe | i aht
i nci dent s armonast, | ght aths_of |ight proceeding to agree with a
: i glht pat th(j i %n:ﬁag{%oglgnqq g’rf? ?ﬂc-gﬂgﬂiajéncf’ﬁgfq’?gﬂf‘rF?ﬂEi Hgﬁ"ﬂ’ hﬂ&@&_ ﬁnd f
bei ng refr rroceedi ng .inside the |l ens, which are |light paths o
"ant | par C aRgt GRSl i ﬁ?egm&\?hf}m@ﬂ?nﬁ GBS r om
the interi l.ens .t owa t,he i,nterior of the |lens. The
noﬁ- Ir ef | ecﬁ{ovggf)ciyg?t o]f%'g{ﬁ}]telflﬁglgﬁﬁqben 1§85 7 12 seoengntet Lasdidms ﬁ&rﬁfaﬁl?'? f or med
to be bl ac that absorbs _light. but does not reflect
gt Ca aieined ARl nl iy 2820 oy e s o i ot SO0 hat
di ffusely retl ' 6, PTENBER 2004_but, does t regularly
reflect 1ight ,aq‘gltrﬁg clgl hltnlal%éligdr&t Seurxél\gg e toretlect &R regfec_tegllg?‘t
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 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




The non-reflective part may be an opening having a formof a cylinder, a
crucible former or the like that is formed in a rotation 4¢3RPEtENMBER 2@d4N
around a light axis of the panoramic imging lens fromthe Iight outgoing
surface toward the second - reflective surface of the | ens, and the opening
has such a depth that a bottomof the opening is at a position on a side
of the 1ight outgoing surface with respect to a |line connecting a fringe

f the Ii | pCi f ide.of .the first flecti f :
The. non- r ot TS TSY RAHF IR RSN T8RS 5 HSoPhADACL B ABPOR-Cy | | nder
that is formed ip,a rotatign g_rmetri al__form_around a |ight axis of the
panorami ¢ i magi ng ?enos -pﬁeaéla?elf%l NG p??‘grﬂatyhgel?lbrﬂpewgd‘ﬂﬁllﬁlﬁ &eEmt onard a
part may ot botne ey § R PR o Bnd LU Ron o Tormen e
t goi d fisst flecti f ,of th i C i [
Ceng i n an At PR (G u et RES i THREE%EF o i baBPRO™e f ace as
ter. aon-+.ef ' t I be forned id i pher al
Surtace of PREAL IS EEbh (el B bnE R gi Ra SRR HoWEHG ShegRechRR Bent -

surface andeplel S LuESLLESl e Sbach Phoo G RN C L TRg g Tene

Fig. 1is ena agram show n

Lens. 7 10 SEPTEMIEROAES il opdnkie "Bl o8 pod 50085 14 Ul YEOUS, ShOW N
1ight outgoing surface with respect'to a line connecting a fringe
of the light incident surface on a side of the first reflective
surface.

The non-reflective part may also be an opening héving a
form of a cylinder that is formed in a rotation symmetrical form
around a light axis of the panoramic imaging léns.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.



ofs light transm ssion of conventional panoramc inmaging lenses. Fig. 3 is a

cross sectional view showng a first enbodi nent of the pa{@SEPTEMEER 2004
|l ens of the invention. Fig. 4 is across sectional view showi ng a second

enbodi ment " of the panoramic imaging lens of the invention. Fig. 5is a
cross sectional view show ng a third enbodi nent of the panoram c inmaging

| ens of the invention. Fig. 6 is a cross sectional view showing a fourth
enbodi ment of the panoram.c inmaging |ens of the invention. Fig. 7 is a
cross sectional \Ffjeﬂev shswergiget cropssasddrrahivieys showipgrideastiatdsmagi ng

| ens of the jnvention. Fig. 8 is a cross sectional view showng a nodified
exanpl e of%% IllégPFftttﬁnéWBgﬁiLﬂ’éﬁt"' FVERE 19884 PAROT apiE Jinagingrkensfest.he
invention. Fig. 9.s a,cross sectional view showi ng a sixth enbodi nent of
the panorani c i mdgi%g® FERCTASS ReCHRNM: Y19V sheying g fiiysst emhstimsadt i onal
vi ew show %%hrmdi fied exanpple; of_ the sixth enbodi ment of the panoramnic
i magi ng | e & RAROTRPL At 1BATiRG glems ofs thecip¥entien; onal vi ew showi ng
anot her nodified_ . exanpl e of the sixth_enbodi nent of the panoram c i magi ng

lens of the inv&nd@i-dhts BRSSP FERELOBRLVAEYSHORARE @ amond esbaddaenitbed wit h

reference tg the drawings. Fig. 3 shows a first enbodi nent of 8 10
SEPTEMBER Y04 ené’ainﬁx‘féﬁ'%?oh‘?g%’rfbﬁ AP Sratte RSP PP ens 20 of this

enbodi nent . . ,

Fig. 5 is across 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



Is:formed with optical glass or a transparent resin for lenses in a
rotation symetrical formaround the |light axis of the |engg SERTEMBEN 2004
i magi ng | ens 20 has an annular |ight incident surface 22, on which | ateral
light fromthe 360 full circunference is incident, for inmaging a

per spective of 3600 circunference. The |light incident surface 22 is forned
to be a convex lens bulging laterally. A first reflective surface 23

reflecting the,l |%£1% i ncident fromthe annul ar | ight i nci dent surface 22
FHOIEPR b 1 aRd aRpnorapd e inpdiggalans 20 pf thie amkastimenti dent

to the inte
surface 22.. A_second .rer{ll e%ti Vf urface 24 reflecting the reflected |ight
from the fitSEOFRPHSEIER gPTigR S530F & tRensRarenhaesisffondensnsl ar

first reflective rface 23.i5 Lg_r din the central part of the annular
i

light inci e%tm&sé.’%fla%}é"yﬁ'i"?tﬁS IR QYL the d1ght pxde ofsthe 1ppered to be

a convex fqQrm bulging.laterally,. and the inner surface of the first
reflecti ve%r r PACRT iSnllf'%%*rh% Tons 2% EF‘FOF’DOT‘HH‘EW ggdhtodncddagta

reflective surface in a form of an annular. concave mrror facing the
di rection SPIRESsetdnd Pef Votth vdatetpfadd Pt Fremsdbend36et | éullve
surface 24 is forned to pbe . a concave form and the inner surface thereof
facing t he STEEFTEFENCR11E HRPIEE 20T PEr HROGNGE P BEFFRRCEING atfe 368°a for m
rom the. CAECHRECFenTRc: e BhoREAEbiRens Firfane od 16 e tpabe “of the
o008 The! LECoRSHPFAAY RGBT o Rt ACE LD SRR ettt e
First refl 6gLides sHih8%he 11ght 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
'~ a concave 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



23+ and the second reflective surface 24 are formed to be a spherical
surf.ace or a non-spherical surface that is appropriately dgj S rEMBER2004
360

appropri ate equation, whereby imaged |light of a panoramc 1nage o

ci rcunference outgoes fromthe light outgoing surface 25. The |ight
outgoing surface 25 is forned to be a concave surface, a convex surface or
a planar surface depending on the optical system:  The panoram c i maging

lens 20 is o_used. in orami c_ imagi ng systemas simlar to the case
shown in Fi gi;’gfe%?{bd i’fetieps’%g?’BvFB’éﬁa??\ g“‘panor ami ¢ i magi ng adapter 10 to

enabl e panoram c i I.ng, of, 360 circunference through an inmagi ng device 8,
such as a video Téﬁexf%"n'gwlt 595 aohd AR FIES Cretdrp iy sumfa® of this
enbodi nment #:? q i% ed wt? a Qon-reflective part 26 that exerts no
regular re %%&I gﬁ %POP GRELBRTAVS PUREaga A arsharned ke bejagsrhemiciadent
surface 22 ngst _light paths.of |ight proceeding to agree with a |ight
path of i m%?%&sﬁ ?5%3"1‘}{8?&‘8?{{‘-08?1 SP%gaFgéﬁﬁtiW%ﬂeré{c@%%d bei ng
refracted aRr oceedin 1:i nside the lens, which are |light paths inside the
| ens of |ight 2partiy Par Pn%%%jfn'r‘gl‘?re‘ik%amwe@ Hdoht f ainpnaramicsur f ace
22 fromthe interior. _Qf the lens toward the interior of. the lens. The
non-r ef | ectTV&® p‘?zf?tg‘s% PETYMIHREMGSy O¥&IRGTi AEOR ERE i e tc siutigormgf or med

from the IJ ut,goi sur.face 25 toward the second reflective 10 10
SEPTEMBER acd Pg’ée% LB g 95 €3) 1 ot ommed i bena | i ght

Xi whi ' Lon ntral . axi f th anoram c_ inmaging | ens
axi s, ! &J?l&a%ret mrfaoéea,t a%on%%xtsgrfaace csu:'% p al?alp surface depenging

on the optical system.

The panoramic imaging lens 20 is also used in .a panoramic
imaging system as similar to. the case shown in Fig. 1, and it
isprovided 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




20: The' depth of the opening 28 is fornmed at a position that does not
disturb the course of the inmaging light LO and is at a pygSEFTEMBER 2004
of the Iight outgoing surface. 25 with respect to a |line connecting a
fringe of the light incident surface 22 on a side of the first reflective
surface 23, and in this enbodinent, the depth is about 1/2 of the

t hi ckness of the panoranmic imaging . lens 20. The non-reflective part 26 is

i ant bt dSeEEAge Fchn adetatghsrihel A orih pPoted $b8pdatt erbed o be
efoct i yheehACend PBLafion BERH ah B15 of thadinerruiconasion ent (hey
panor am o 1 R8g iy SREChGoE (Y ReohLadd A% BorBat 4 L8oskrier vrwti ng o
Surtace 23, BoR8 G anRfurd GH¥ puPFER Y, SR8 140w 1 8RR e SPAGHE Wt goi ng
i e are i BPEedtanr PR st BRI ok falnt Borkeds o Susmikrspoots and
or af tor t hES it Sena FoltqelEs £ arihotORr Ble IRBRE Aplndeeitiagm e 26 1o
OB o Gl RS AL R LB AT L UAEDL B L 22t o
treatment foe 633HNSE bBSut 175 G End 151605k Phe G inrats S3maes 2"

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 light 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 appropriately

subjected to a surface roughening treatment depending on

11



In: the case where the panoramic imaging lens 20 is a resin lens, a

transparent resin is injected to a netallic nold having a4¢HErENBER2004
panoram c inmagi ng | ens 20 having the non-reflective part 26 fornmed to nold
to a united body. Thereafter, as simlar to the case of optical glass,
metallic thin filns as light reflecting filns are formed on the surfaces
of the first reflective surface 23 and the second reflective surface 24 by

vacuum deposition.or th +: ke, and hefore or _after the procedures, the
openi g 28 BT Nanahdr Fact o fnateDso: 8 tippdistarerycoatiiedhed 1o a
surface rou I n 1;ﬁ_j]reat nt g n%ién on _ necessity, and-then subjected to
a treatnent oracé%a eﬁﬁoﬁglt ﬁf% ‘%ﬁé_’r é’(?fr?‘\mcf’ﬁloﬁrack or a dark color. It
is al so possible, that the | di is conpleted gt the state where the
ing 28 is fi wficns £V panprghs :
opening 28 is filletd GPPR YS9t ePf HAPCHAPLEIIRGIDE a9 2Rl fglesin
Ap dg'tt ' ' [ I 2 f thi nbodi t, b th
ccorai ng e_panoram.c_Lnmmgl.ng.l ens, IS . enpnodl nent, ecause e
non-r ef | ectl?evne pArt e PaLe Fo{/%fé’glﬁrimij POt pdtetaldvis Bolh davigst
[ i dent épZ whi_ch_i | i ght t f l.ight tl di dl
I ncldent s e ILch i1s.a, |l a L partly and I nwardly
o | ected y RHEe #F yh Befileafif amagTpl 1885 Doyt iimaest o6t ivRe | ens
toward the _jnterior of the sto r 1th a light path of the inmaging
light LO t&)abr% g‘g rfgnﬁ' gt gf{ot%gnﬁg@}q"&y ht Cact2d1MLL8H t he
19 f. t I gt' d.the.i ' he | 1 ith th
Interior o r e.,interrLor_o e ns .to agree_w t he.
light path of h‘t%r?e%?‘%ﬁ B oprinRy Bife d%e{ ie thinsgatrrneR 3064 ens i s
I'g'tgtﬂ'@c& i be 0 effl t t *26. _ Noi | i ght hi th
Imte o._ll from nQn-.r ctive part 26. | se | reachi ng e
non-r ef | ect |e\J/fg pgr{'azg&?ﬁgm%? e é’)%:;%eerdi ot i€he surfaces of the first
reflective surface 23 and the second reflective surface 2'4 by
vacuumdepositionor the 1ike, andbefore or after the procedures,
the opening 28 of the non-reflective paft 26 is appropriately
subjected 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
embodiment, because the non-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 lens to agree with a light path of the imaging
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



bl ocked* by the non-reflective part 26 and does not proceed toward the
light incident surface 22 to agree with the light path of 1§ REPTEMBER 2004
light LOinside the |lens. Because the non-reflective part 26 is black or
of a dark color and is formed to be a roughened surface, the noise |ight
LnO is substantially nil or a slight anount of light that is diffusely
refl ected. The noise light LnOreflected on the inner surface ]9{ the Iight
i nci dent su ' h _an extent at_exerts no influence on
the pictur e%éﬁﬁg%g%%"]ft?%l_ pglg‘%‘ﬁgtfcfﬁf'\ ?9%?*‘&%&5‘0’?@%‘5 S6-| iNpse

_ . -~ -refl ' t
26 i not shent renenplril bR rCEFSettla BA%E Bl ekna tha srrerionia nb | ens

26 is not s :
he i nt g4 l.ens the.light.incidegt surface 22-to agree with

e R B i M S L

of this entiiagntiihbdinr Jubed 9 ¥ Workp il due e o

o bhout o e ffafR I Ghe £6hEEaB Ehb 1885 O HERGESB he o0 s dbmer ot 0.

\chtehiOlrJntagin(rjll S;étctlgq oIy Elggeagg EE‘%%& canera .or t$ tike is inproved to
enabl e goog)l nagl nggyl? or 8 dar K piace or a£ CJO%‘BPFE% ?E t?enﬁg}a“gh?’gg‘:?ﬁem ng
wnich i s praverced §ae HoRe HIRRESIBY SUPTrAN Y PiLiRe % 24ohher e o
resin |ens il 48 1 s30T Cdiifﬁ%ieag égffec%:%dalccﬁﬁg inno steol?gﬁ%‘ cond

bno reflected on the inner surface of the light incident surface

22 can be of such anextent that exertsno influence on the pictured
image, i.e., substantially nil. Becausenoise light proceeding
on a light path thatr does not overlap 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 a surveillance 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




enbodi nent of the invention will be described with reference to Fig. 4.

The sane menbers as in the foregoing enbodi nent are attacygdppitEmBER 3602
synbols to omt the description. In this enbodinent, the panoram c | nmaging

| ens has a non-reflective part 32 that exerts no'regular reflection of
light on a light path toward the |ight incident surface 22 anobngst |ight
paths of light proceeding to agree with the Iight path inside the |ens of

(he, L9, Babt ALY 1o A58 e SLAE1d At Bty Ol et oent

surface 22 roceedi ng insi

e ens of 11 oty skl LpigEghy il ?%cc%flﬁc*eix}%tﬁ' "8 wcan | ens.
urf ace 25 SibrRER e o' Sydini Vé—?slpé%tcig%%i% WP e BRFanos Lot o
e a concavid Farh ey T e nehberd b SRV ROREde Hia 8P Aden E A5 1 nge
24, tQﬁdf{LZf‘?‘%ﬁ%‘*re%EﬁW%E?gL%&fﬁ? g e P RS B e s, o fded
o e on Sl siante I%%‘?@fa*”héﬂ"%éﬁe Rt tS? "the
FFinge of (o ?2?*?%#?2%#@39%* %&éﬁﬁkﬂ&ﬁ?%ﬁ* h1 AcEY Bthorm o

ANNUT A" Aok s 30 YHRY aBRE budfabEGI Tibnglh A OEPEELLHRE 11 X1 N0

t he panoramc 1 maging Tens
proceeding to agree with the light path inside the lens of the

imaging light L0 incident on and refracted 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 panoramic
imaging lens 30 toward a direction opposite to the second
reflective surface 24. The non-reflective part 32 is Fformed
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
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the panoram c imagi ng adapter 10 as shown in Fig. 1. The cylindrical
concave part 34 and the annular part 36 are formed in a rq§ 8EFYEMBER 2004
symetrical formaround the light axis' of the panoram c I maging lens 30.
The side peripheral surface of the cylindrical concave part 34 of the
non-reflective part 32 and the end surface of the annular part 36 of this
enbodi nent are formed to be black or a dark color and are appropriately

orrmed Lo O8elMabensh, St b1 ok Bebe MMM, LIBAL D Jcns 00 o (his
(he 11O | agldent iy Lace 22 e Lurslcell e ve s {ace o3, e
(et al! ing, b AARGAELE thIEOhIAENG, S0 Lo LAGReDra ¢ ol no adapter
banor am o | magi naPedoptEfaStodi LonSFR8 IR b a8 ng hiut FEpar g ne
ol o 0erdoc Bt U UAME oo e T IR S0 QD 0, LG 1 ance
surf ace 22 aPtho ikl LELLR LRS! 266,20 2paliRRLLL g, monber wpon

installation to the panoram C ng adap N e 1m0
SEPTEVBER Sh0y o1 o adobbnbavd ¢ie BILE ookt edlpatiy gt er uci bl o
former shaps gxpandi &gk bAvRLde WIeLRP %%hﬂgagopua{rm BMfCBuj.ss 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 3b 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,owingtotheflangepart35unitedlyformed
iﬁ the boundary part between the iight incident surface 22 and
the first reflective surface 23, a supporting member upon
installationfothepanoramicimagingadépterorthe1ikebecomes

unnecessary, whereby the angle of view upon picturing can be
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preferred particularly in the case where a resin lens is nolded. 1In the
case where the panoramc imaging lens 30 is fornmed with a1 SESIENBER 2004
resin, when a gate for injection is formed at the annular part 36,
treatnment of gate spot can be easily carried out. A panoram c inmaging |ens
40 according to a third enbodi nent of the invention will be describe with
reference to Fig. 5. The sane nenbers as in the foregoing enbodi nents are

o 2ched W bhoadbied e 2YA0EL ol 1T Hhnk b 506 SHLASE it B MMt on o
arngst || ghoTher! Sl | Lt dAly LOMAH I ondtilng IR wen e n

15106, 1 pesetied Beck IB6LA ) |8l QIS FIERS O PR SHGR0 21, 1
Phci dent st ane 5558 pfterd b, oot oSl N a00¥, {6 asEommeg i or of

the lens. Jhe..nap: jsye 42 1s formed t rotrude fromthe Iight
.out goi ng sur gceﬁgég%# ttgel\ﬁﬁaﬁ%l‘%r% a#engﬁfnﬁqeecﬁg‘o%ol?m%daat dheecti on
opposi te tof g 52690 flecti u 24, The non-reflective part 42
is formed to be anﬁangu i’r %%H%Et?% (E)% g{%r%l?dlsﬂcdtf?a&n 5 PPTHYE BETERE first
reflective sgg¢face 23 to surround the |ight outgoing surface 25, and the
annul ar part 16 10 SEPTEMBER 2004 46 becones an affixing part for fixing

the _panor am ¢ | MagdifrahBniby i 1% APRGLAM fnd £89' 9 AR S ndQ RS ShOW
: of the invention will be describe with referenée 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 reflection 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 refracted 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-rotrude 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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1.’ The part surrounded by the annular part 46 is formed to be a
cylindrical concave part, and an inner surface and an end $y5ErSEMBER2004
2

cylindrical concave part 44 are fornmed to be the non-reflective part 42,
with the bottomof the cylindrical concave part 44 being fornmed as the
| i ght outgoing surface 25. The annular part 46 is fornmed in a rotation
symmetrical form around the |light axis of the panoram c imagi ng | ens 40.

Th - ' t . ' dj t i I f dtob bl ack
e, on. " el AR P! 82 plyd s TROCLIEIL, 5, 2L oL L0 be black
sare o ectuags 4y W bl SR Al SRS, PRL Y051, RS BeET e
\Oing 2dept conar oL 1S 58 7 Sk AR SADLE Y nc guar por
CXPaN) 00 QU1 ol N OBSILIVA I hndl KL REELECLC RALL Sl Ly 11 (e

case where a resin lens is pano

t f ourt di.g ' nt i il be d i ith ref eto
P02 6o on SeTbEshaPlod oL IUEPE B uh Rbsti Tt e Day Ehehod v t

Fig. 6. The sane nenbers as I n

non-ref | ectione ateotave AFL B2 Wt Phue Bot ko LI i narde

non-refl ective part exerfs no régul ar
provi ded onRyghdav@ t | ] 17...10 SEPTEMBER 2004 inci dent
surface 22 armr‘?gs?ij?"lpgﬁ{2jr %g‘ﬁé%&) %idg% r%‘reo%jé%%gr? %198§n§g?‘b‘éf%et Rt he |i ght

path insi dgpchgnhesr WPatd&e TRIESEmed N - rotétion 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—réflective part 52 that exerts no regular

reflection of light is provided on a 1ight path toward the light
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LO'i ncident on and refracted at the light incident surface 22 and _
proceeding inside the lens, which are Iight paths inside A{0GHPIEMBER 2004
partly and inwardly reflected by the light incident surface 22 fromthe
interior of the lens toward the interior of the |lens. The non-reflective
part 52 is forned on a step part 54 formedby cutting- apart between the
first reflective surface 23 and the |Iight outgoing surface 25 of the

' Fec-Te] I [ ular. form The step part 54 is formed
by Cutti ng i ARt g 124 ﬁ%&#@é}ﬁ%%ﬁ%ﬁ%ﬁggﬂlﬁfel rpldnaitee 25
outgoi g saPf aceryd! she £RAR pethithdtac bl St o harimasio gt

[ | i ' face.qQf .the cylindrica pr ot rude
part form The Ty SAdroRos Fattee"SE A8  unk Erdiant Futpae a2 of

appr opr | at el Br e Tad, v ATHe, Ehd el P er o BeshPctaside i n (e

appropriately fornme

erodi mont . e pieey & Ps PR bk dRaBRRRL AR esTRY B Hidwditen: | of

enbodi ment. A panoram c i rra_E i g P e et O
t he inventi 9R. r r ef; nee to Fig. .7. :
as in the fgirg%jé%ﬁlg%n%%%n%n?fsﬁgéehﬁ ttlglrgﬁze: S{I:\A T th%héegﬁn’éo‘%%dzl@ to omt

t he descri pjj hj di 8 TENMBER 4 a_non-reflective
e, descr PEA G814l QWA T noh®40) SFETRVRER, 2004 A 0ot fof et e
pat h towar dﬂgbép b139954'f'6‘£~lnga'i53r c?f‘f:rtfiﬂg%part between 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 outgoing
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 embod_iments are attached with

the same symbols to omit the description. In this embodiment,
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22 anongst. light paths of |ight proceeding to agree with the |[|ight path
inside the lens of the.imaging Iight LO incident on and r¢f SERTEMBER P604
i ght tncident surface 22 and proceeding inside the lens, which are |ight
paths inside the lens of light partly and, inwardly reflected by the | i ght
i nci dent surface 22 fromthe interior of the |ens toward the interior of
the lens. The non-reflective part 62 is forned in an annular formon a

peri phery of, ﬂé}ﬁ-%o@l%epéétt&eg:ig%gh&?%gﬁﬁbnge 258 2305 00 SO }fght

between the'inner fringe of the fi tive s ace

out §0i N9 $UL{ 461 25roThAcAB: Cofgéfccgaefﬁmdt&&fg,hg{@f% Tpnt s also

formed to be ck”or a dar and 1s appropr

r oughened Silp fmgsWQ1%@p§{ﬁ§%f a.lﬁ.ﬁ!hrEG%P ?é%t?]:ﬁ{sg %@8%&:%%2%1&#[}?1%61, nor e,

obtained by the panoram c I magi ng enbo f

h t g conye ens form
2s shown 1 noERE BRBCLAL L (Y OhP R B ingihg Talil A IR0t B e on
a peri pher yagf Ire&eautahtaetmeou@gnw&a%n@éﬁf;&' d sl gga;%hreoéegﬁgf of the

first reflective surface 2 oram c |nag|ng ens

sixth enmbod] e tAE 1,1 AHEBH AR Ykt BSt ngsygl%@s%é N &l §F ﬁgﬁﬁt 0 F| g.

9. The same nmenbers as in the foregoing e aré attac t he

sarme Yol s y08h drifardACEbElL dbget}lm 3 GB T b B 2 tu1re of

the light incidént surface Is relativ and
the panor anison FRE 1k d:L1b Z@ Hias 1%@@&9&&’%3 LGNS 3 S 1%'nds“:‘

peripheral surface 74 between the
The non-reflective part 62 is formed in an annular form on a

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 are attached with
the same symbols to omit the description. In this embodiment,

the curvature of the light incident surface 22 is relatively
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i ntident surface 22 and the first reflective surface 23 is forrred as a

non-reflective part 72 that exerts no regular reflection 'EFWEIY{BE'?@ZOM
non-reflective part 72 is provided on a light path toward the

incident surface 22 anpngst |ight paths of Iight proceeding to agree with
the light path inside the Iens of the imging light LOincident on and
refracted at the light 1ncident surface 22 and proceeding inside the |ens,

ot octeq titne [k d b othg, 1Ah5, ) bk n%?m%%‘s“c’f‘;%%'pée ens
erbod mont T %‘39¥o?fn%% g Be g e f e ' ec%‘a BrBasm oo 2aabspr i atel y
enbodi ment esa Betanae ?—ﬁs?%%ﬁ%rr Pt e be %Liinggs b
1? (r)ﬂr) ﬁg:jnfpt)r%ﬁeﬁ%? fplgardﬁ:lp %?r ace %a%]ftnsf ﬁé’ r ’E%l ata?ln\ée@ lg%’tﬁgﬂﬁg ImEeIEse
'n Fig 10t ﬂ%%“%énél?%mfﬂt 5?%35?%@% o ”héagﬁevwe %ctte%eé”‘iiéffpeafhi o
fringe of Fcicraulf T Thns Thoinend SRFeR% &C%E‘%ISTX | tf’éé“fa@sr h:“t goi ng
out ol ng sorr aarORroReatily ¥ caﬂ?r%@%ﬁﬁ%%aéﬁnﬁil & 185478 Fosprand
SEPTENBER 30¢hd QneAngS1 dift RANESIAGH! LY rsef;%ctz WP Ellie | ™
| ens of the invention i's not [imte
incident surface 22 and proceeding inside the lens, which are
lightpathsinsidethe1ensoflightpertlyahdinwafdlyreflected
by the iight iﬁcident surface 22 from the interior of the lehe
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 obtained
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 from 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 eurface 25. In this case, the plane part 76 is also
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to'the foregoing enbodi nents, and the position and the shape of the
non-reflective part may be appropriately selected, such agg :MBER 2004
enbodi nents that are conbi nations of the foregoing enbodi nents an e

| i ke. The lens may be, in addition to a lens unitedly nolded, such a |lens
that has the function of .the invention by accunul ating plural |enses.

According to the pano'r am ¢ i magi ng of the i nventi on, noise |ight causing
flare and ghosk C a ress the non-reflective part to
i nprove the qua‘Tl ty gﬁ) E‘eh %:g ?[eéﬁf ‘?ﬁr&e cor ding thereto, the inmaging

accuracy of a su . or the | i oved to enabl e good
imaging for a dar ljfélg;c}ga?no%aﬂﬁé LeRY & 1ili’r'ﬁa Ve b?npﬁe?g@‘iﬂ?le@cesm ng
and the |ikg G Qgrgﬁgfn 43 SSEPTFNEFR 2004 CLAIMS 1. A panor am c

i magi ng | ens conpri si annu gh?“ 510 aRd thy wbgpen 2
rotation sy i axis 1ipn a substantial convex |ens
f or m bul gi n‘{é@?%&ena Ilféa%lrln@g? ﬁt o& I'"Fg ot SPPF?%J(at%W Ppiected  sechve
surface forgedyyaea mrror tm bul gi ng outwardly that
substantiall'y oﬁ%ggggﬁaaﬁﬁé§lgh |nC| ﬁPm%ﬁPnggn?dmgé?FbéprPHQhﬂglnS|de
the lens; upRGHI e Y vi ded t a,central part inside
the annul armI i ghtaﬁltﬁc%lg(gﬁ%ﬂesﬁ'r ¢ a,?lge Yo 8 r-’élhf’éiqlgd-qu &Rtafrom

the Tirst nehboghiveaLEARgal UELF 20} B, RS 3l Higg nulégs frst

reflective surface; and a ht outh|ng sur

part i nsi demwﬁtgaﬂubfraéémlat%fdgei,lwsﬂénsace and

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
sﬁrveillanCecameraorthelikeisimprovédtoenablegoodimaging
for adark placeor a complicated image, whereby .image Processing

and the like can be made easy.
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opposi ng the second reflective surface to transmt the light from the
second reflective surface, wherein: lateral incident |ight{oSEPfEMBENRI2004
fromsaid annular light incident surface toward the first reflective
surface along first [light paths, is reflected fromsaid first reflective
surface toward said second reflective surface, and is reflected from said
second reflective surface through sai&p[ 'M%ht out goi ng surface as i mging

light, and other incident light is reffactéd fromsaid annular [ight
incident surface toward the first reflective surface and is reflected from
said first reflective surface toward said annular |ight incident surface

al ong secondil.i ght. paidiamandnk§ingelbactefhyingaindannular; Jk ot ;Loci dent
surface toward the first reflective surface along I'ight paths whi ch agree
With said fiestfaceghtrmpat hs;a andtiMie gt ipaN-foehl eedunvea S FHACExi S

provi ded on said noramic imaging |ens and on said second |ight paths to
suppress ref FBcfi g StEPTlg e S o P alf s B AT | htenplihsingidert pamor ani ¢

i magi ng | ens aig Jn, ckal e n 10 SEPTEMBER 2004 t he
nongr e?l ecti \ll?%ggl%t lirl@gta' ﬁgﬁtﬂlsg]b;rgf i %%foa?t 1‘38_? rrgarr?eg be W é‘@f&ugarr a dark
color that absorbs hight tfetmdoesyingt otefresy cHicghinsandiifiysepsafd ective
part formed to be a roughened surface that diffusely reflects [ight but

does not regtfartiPFefPetdent| pgRtaceotoa redisitndipbh Hrdeeothe 31endspanor ani ¢

i magi ng | enssasngl abfRgk R claismn2, pmgtﬁgé N, the non-yeflective part is an

openi ng having a formof a cylinder’ that is formed in & rot&aftdn

symmetri cal #mmdrarioight ndidght 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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axi's of’ the panoranmic inmaging lens fromthe |ight outgoing surface toward
the second reflective surface of the lens, and the openi ng10 BEPTEMBER 2004
depth that a bottom of the opening is at a position on a side of the Iight
out goi ng surface with respect to a line- connecting a fringe of the l'i ght
incident surface on a side of the first reflective surface. 4. A panoranmc
imaging lens as clained in claim2, wherein the non-reflective part is an

openi ng. havig ool QPO B EULAIGE o WlBhy! %%Pmmdg Lp gotation

symmetrical formarou axis'o

protruding b1gck tie o halk cHHEORp00 MJ&CGHW% @g;q;gﬁg;gge@%mgﬂ He

t he second ective surface anor a

| | f
claim2, whergid ah?%ﬁHQQaE:SHSSHxY@ BAL kol Se{l gg%elarg?ugﬁbqqegﬁ}vgé;uff ace

peri phery t out gol ng surrace

i ght out gorme: S a2, & e th AT R golt Boterdafhesty weilestam ¢

l'i ght outgoing surfac

I magi ng | enpi fisx clal rae%h'gﬁﬁéﬁ?% h %rfm n the non-reflective part is

formed on a side periphera t'he panoram c i magi ng | ens forned

bet ween thes | | ghts paGHAgRE ﬁ%@ﬁ@d d'81bbhed £ELHSTL' Y2 Fikage of the
panoram ¢ i magi ng. ens _
the non-reflective part is an opening having a form of a cylinder
that is formed in a.rotation symmetricél form around a light
axis of the panoramicimaging lens fromthe 1ight outgoing surface
toward the second reflective surface of the lens, and the opening
has such a depth that a bottom of the dpening is at a posit_ionr
on a 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
axig 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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PANORAM C | MAG NG LENS It has an annular light incident surface fornmed in a
substantial convex lens form a first reflective surface {99 TEMBER 2004
annul ar concave mrror formto reflect Iight inside the lens; a second
reflective surface provided at a central part inside the annular |ight
incident surface to reflect the reflected light fromthe first reflective
surface toward an inner part of the annular first reflective surface; and
a |light out goi ng rface gositi oned. at a central_ part_ inside the annul ar
first reflective sHTICE AR BHHNE Agnenes Fimed 1arelaim e whereie to
transmt |i A non-reflectiv art exerting ,no reqular reflection of
light is pr g@%dmﬁ rﬁ%&ef{tbﬁ? pp?d"t%hgf 4 AR 4 Fifle petdipheralssirtace anongst
l'ight paths_pf..light praceeding tg agree with a light path of inmaging
light inci J2hiths a‘h%‘pafme’f"rg‘E"i‘%’g“%gePgef%‘mbWﬁ%ﬁbeé&rgﬁléchenciaiﬂ;lt
proceedi ng L.nsd e i a | ight paths of |light partly and

i nwar dl y re%ﬁ%%ﬁ%&gtgt*lﬁgiFFShﬁte%iliﬁ&%ggﬁﬁgéﬁPFﬁ(?g Ye pangrande impddndor of
the lens ti)&@g_d the interior of the lens. Figure 1
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