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| NVENTI ON - Large dianeter fiber optics, often re‘b_g{,%zlﬁ&,p as
"flexible | iWOBTBEEs"  are wel known in the art, and X

conprise a single, solid core fiber which is surrounded by a cl addi ng

| ayer and a sheath or shielding |ayer. The core is the portion of a light
pi pe which transmits light, and typisai-h am“,,;,; of about 2 to 12°
mm It is 5 formed of a very soft > semr-rrqurd plastic nmaterial, such as

OPTI FLEX[ err], which is manufactured by Rohm & Haas Corporatlon of

Phi | adel phi a, Pennsyl vani a The cl adding | ayer typically conprises
pol yt etrafl uoroet hyl ene (PTFE or TEFLON err]), or the like, while the

outer sheath is fabricated of a material such as polyvinylchloride

(PVC). Unlike small dianmeter optical fibers, which are typically used to
transmt 10 |nforrrat|on I n reI atlvel co Iex control systens, these |arge
di aneter "light pipes" a Al AR PNMENAION ar j ety of

i 1lum nation systens where dlrect Ilghtlng S difficult to maintain,
dangerous, or subject to vandalism Exanples include architectural

li ghting, display icagediamsteo fiberaoptics, pfien feferren fordsri'flexiblel light pipest!, are well
Comecty 01 it Bk yBEEY AT kBT iR L Bpndl
advant ageous hya cladtling Myer and a sigdath oreshigidihg tayer. The &drt umﬂxa@bm of\aslightn nust
There are. pr biPe HCH s Hekin B3PI b, ABIOERE BF AR 113 421y it | on
5 formed of a very soft, semi-liquid plastic material, such as OPTIFLEX®, which is
manufactured by Rohm & Haas Corporation, of Philadelphia, Pennsylvania. The
cladding layer typically comprises polytetraflucroethylene (PTFE or TEFLON®), or
the like, while the outer sheath is fabricated of a material such as polyvinylchloride
(PVC). Unlike small diameter optical fibers, which are typically used to transmit
10 information in relatively complex control systems, these large diameter "light pipes”
are typically employed in a variety of illumination systems where direct lighting is
difficult to maintain, dangerous, or subject to vandalism. Examples include
architectural lighting, display cases, pools and spas (to eliminate electrical connections
near water), hazardous material zones (to eliminate the need for sealed lighting), or
15 jail cells. They are particularly advantageous in that only a single centralized
illumination system must be maintained, rather than a plurality of individual lights.
There are problems, however, in implementing such light pipe illumination
systems because of the difficulty of illuminating a plurality of light pipes from a
single illumination source. In order to maximize efficiency, the optical fibers must be
20 bundled as closely as possible, to ensure the maximum ratio of core area (the part of
each light pipe which actually transmits light) to total area. However, bundling the
large diameter light pipes together in order to illuminate them from the single
illumination source is difficult to do efficiently. Each of the individual light pipes are




systens because of the difficulty of illumnating a plurality of Iight

pi pes from a single illumnation source. In order to naximze
efficiency the optical fibers nust be 20 bundl ed as cl osely as possible, to
ensure the waenpessyrati o of core area (the part of eackchushioisgar pe
whi'ch actually tranmts light) to total area However, bundling the

| arge dianeter |ight pipes together in order to illumnate themfromthe :
single illumnation source is difficult to do eff|C|entIy Each of the
i ndi vi dual 1ight pipes are W2/ 30367
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round and th[%mﬁé(}%ﬂﬁ‘sd%%? %P%Pf%m q‘ﬁé%ﬂlﬁféaqdb“ﬁﬂ@ cl addi ng
and shi gielid 2y rmspgbgeépimmﬁ%lphbﬂmmeﬂwwhmﬁz&* G 1,

wherein a bundle di aneter optical_fibers or light pipes 4

i s shown. Ealrgcofiametst opticabfibers eplightipipes 4 is shovy. cBach optica] fibend ¢pmpriseayer 7,
and a shi el dj I Q‘flad&h ﬂﬁ.%qép;, Vi descri Qg%@i n

maxi mum ef fi .‘él@grrelc@;/& ‘gfaél rgﬁqggﬁ% ﬁﬁpﬁ’g?@g’n Vot he ::b-g'%e of each
of t He e nbtammepnmeﬁimengr 4t ig desipablede allyrnipate ytmewnegﬁwofmbnft he

0 i 11 ol el Bpica et 3, TWBRif 366 iceR Syl R plon BF hlrio ™

al so the cl axt(kpmgdlaexyossﬁlc}naymfbimakﬁbm dt will illegninate ﬁot only thefeotesgeofior e t he

voi ds 9 betwegen i.h fj bers h ar abl.e becayse of 10 the
fibers' rou\n\ﬁ'e(ﬂph@ﬁﬁg%?sfg’r’gﬂ ﬁ&%&%ﬁﬁ%%%

| Ihl unmi Rat i OnFmthmme,rﬂﬁvo(ijﬂsD bétwbéiﬂhébbpiﬁal ﬁbért,lvﬁﬁdumrin@wbtew oft her

t han the gor S te econe an ef.ficien 0SS, .since it
will not ﬁb&ﬁ%%dﬁmﬁf% F a#q %p‘h O he fibers
so closely twﬁehwmf&ﬁtmmmkgmﬁy@wommmmls Bividstegul ties in
configuring and accommdatl ng the 1lluymnation systemand 15 difficulties

encount er ed 1Kl bacomesan AdicieCy loss, stnee dillgot bﬁ@"‘i‘ﬁ%lw bythe fHherdl ed i bers.
;rglc?\nldgﬁ:agn Rh&ﬁgx?a‘é &%ﬁﬁt&gﬁ y enpcfbsagWr even %ﬁiss pro I ber s uniess
ti gurmgandacco the i ummatlonsystem
15 ‘diﬁiculuw encountered in attempting to replace one of the individual bundled fibers.
This design also typically results in color variation between fibers unless techniques
are specifically employed to prevent this problem.
One prior art solution, variations of which have been disclosed in parent
application USSN 08/374,163, U.S. Patent No. 5,396,571 to Saadatranesh et al., and
20 U.S. Patent No. 5,222,793 to Davenport et al., for example, is to illuminate only the
core of each output fiber, rather than illuminating the entire optical fiber bundie.
Such an approach is advantageous, for example, because by preventing the incidence
of light on other optical fiber elements, such as the shielding or cladding layers, as
well as voids between fibers, the efficiency and light output of the illumination
25 system is greatly increased. Also, because the whole image of the arc of the lamp is
received by each individual fiber, rather than collectively on a bundle of fibers so that
each fiber receives a different part of the arc, color variation between fibers is
eliminated. Furthermore, using such a concept, it is possible to space the optical
fibers, rather than bundling them, which multiplies their versatility in various
30 applications.




One prior art solution, variations of which have been disclosed in parent
application USSN 08/ 374,163, U S. Patent No. 5,396,571 to Saadat nanesh et
al., and 20 U. S. Patent No. 5,222,793 to Davenport et al., for el{’(ﬁanﬁl e,,

is toillunmiwadwsesty the core of each output fiber, rE
illumnating the entire optical fiber bundle Such an approach is
advant ageous, for exanple, because by preventing the incidence of

| ight on other optical fiber elenments, such as the shielding or cladding
| ayers, as wel | as voids between fibérs, the efficiency and |ight -
output of the illumnation 25 syStemis greatly increased Also, because

t he whol e i mage of Ontdisadvantage ohthesearepent systems, eww,eaﬁwm@ﬁ:ﬂmnmmal

fi ber, rather %@@s tl:a%gl% ]:&? ggl.& QEM

fiber receives a erennit\@w B?%tggarc &f or varlgx?dlon%b we:gi glbers
is el i m nfbed wlﬁdrarbé:asedn@pn classis corgc smnmsaxecnﬂmmlonpambohposm ble to
space the opti bers, rather, tha 1] i n hem,, V\hlph nul t.iplies
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One di sadvant age of these recent systens, however, Is their use of

I1lum nation reflectors to transmt |ight betmeen t he source of

iI'lum nation and the out put  opSUMMARY OF THE B ¥ e based upon cl assic
conic sections; i.e. elllptlca or parabolic reflectors Such
reflectors are best for "ideal"” light sources; i.e. "point" sources, but 5

‘;&rw;\rRs{a 'OFW‘% rH:Ed m&&& 5%an WM&?&W aft{ded Eib&d shove Shdcaitiec e d-
it unploys an illumination reflector(s) which has been customized to maximize the
efficiency of light transmission between the illumination source, such as an arc lamp,

10 and the cores of each of the plurality of output fibers. A method of fabricating the
customized illumination reflectors includes mapping the radiation patterns of the
particular illumination source to be utilized, creating a database of those radiation
patterns, and utilizing the database to generate an optimal illumination reflector
configuration. The computer-generated reflector will virtually always be a non-conic

15 section, because the illumination source is not ideal.

More particularly, an optical fiber manifold for coupling light from an
illumination source to a plurality of output optical fibers is disclosed. Each output
optical fiber has a proximal end for receiving the light, and the manifold includes an
illumination reflector for receiving iflumination from the illumination source and

20 redirecting the illumination to the proximal ends of each of the output optical fibers.
The illumination reflector is particularly designed to complement the illumination
source with which it is paired, and therefore has a computer-generated non-circular
cross-section and is both non-elliptical and non-parabolic.

In another aspect of the invention, a method of fabricating an illumination
reflector for an optical fiber manifold is disclosed. Steps in the method include
mapping the radiation patterns of the illumination source, and creating a database of




This invention is an inprovenent over the prior art described above,
because it enploys an illumnation reflector(s) which has been

custom zed to nmaxim ze the efficiency of light transm ssion between the
i 1] um nati omoswamer, such as an arc lanp, 10 and the cor &CTOSITeIsE? of t he
plurality of output fibers. A nethod of fabricating the custom zed
i1lumnation reflectors includes nmapping the radiation patterns of the
particular illumnaton source to be utilized, creating a database of those
radi ati on patterns, and utilizing thg database to generate an optima

I 1lum nation reflector confiiguration. The conputer-generated reflector
will virtual ﬂhys&aﬂada;lm pattesnsn cFhen othe dathbase écbsed o ghmuanlllmmnaﬁdmm nation

source is not Jcul.a . a ptical fiber

mani f ol d forreé1 ?‘Wégﬁaﬂ?ﬂ wp}cgrﬂr%‘ﬂd&‘a%qpt‘f’ﬁﬁflﬁ% g’?fﬁf‘&@s'% é plurality
of out put opmnﬁﬁiatibnlaea@mmﬁilmldmadmﬁasbu@uﬁml ﬁ%ers;)pt [ cgl fiber has a
proxi mal end for rece the | Lght, and the pani | es an

i|lum nation ref Ilr@éfeb @ﬁ&mﬁ/ﬁ%ﬁ@n‘fm?%anm%f H’Pﬁ“gd% Mng i on
source and ZQ?Mdmimmmnsﬂm sbhzloam H?dxﬂﬂybpoﬁtb@t wtw'mmg%dgé%each of

the output optical fib The il umnatlonreflector is particularly
desi gned t o WBerBIn ﬁﬁ@umnt aptiGah fibaw, mmfm‘ﬂnﬁﬂmhgﬂ; paired,

and t herefor r&nﬁ?ﬂpdé Eﬁﬁln lﬂlﬁf gmen n and
i's both non- %H‘ﬁptlca anhﬁ’m&?g&% ol %QBI 0t & 'is ano?%gﬁﬁaés%ect of
t he i nvent i odiscreterfoeahpaintf Eachiofi theisegmentshave h origitadinalraxis coimaidentwithr for an

(r)rgt)lpfﬁlg Ilhg raWn pa?’f@?ﬁ% of 3 |@PEIW§#@%@%%§IW§PeaH ng a

dat abase ¥ source, and is\aBa®i@d RO&MVerge the light from the illumination source to its
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t hese radi at m%& fogp! point-r T proimal end of cach pfthg opticy] diogis s Jogated ghthe

i 'l um nat i onfocal point of a corresponding lens segment for receiving light therefrom. The
manifold has a longitudinal principal axis, and it will often be the case that the axis of
at Jeast one of the lens segments will not be parallel to the longitudinal axis of the

15 manifold.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a prior art end view of a bundle of large diameter optical fibers,
illustrating the structure of each fiber, including sheathing, cladding, and core;

FIG. 2 is a schematic top view of a first embodiment of the invention,
20 illustrating an illumination source, an illumination reflector, a multi-sectored lens, and
a plurality of output optical fibers;

FIG. 2a is a cross-sectional view taken along lines 2a-2a of FIG. 2,
particularly illustrating the illumination reflector fabricated in accordance with the
principles of this;



reflector configuration which provides an optimal distribution and

I ntensity of i1lumnation at a proximal end of each of the out put
optical fibers. In yet anot her aspect of the i nver&siron an
optical fib@OMHIP$HId for coupling 5 light froman illuhGia T ur ce
to a plurality of output optical fibers is disclosed, wherei n each of

the output optical fibers has a proximal end for receiving the |ight
and. the manifold conprises a lens having a plurality of segments which each
have a di screte focal point. Each of the segnents have a l|'ongitudi nal

axis coincident wwth _ . the principa), | ocal propagation yector of the
light received frohGRds WI%W@%QW%%GFE@,"@%W@%X@B%W@ conver ge
the light fromghe illumnation source to its respective focal point
The proximal end 6f each of the optical fibers is located at the f ocal
poi nt of a corresponding | ens segnent for receiving light therefrom The
mani fol d has a | ongy ' NG : ' i TN e ase
that the axis of nﬁd’%%%?%%ﬁ?‘%ﬂ‘?ﬁ?ﬁ%ﬁ%d&mn S W %Pq%‘;eenga al | el
to the | ongi tilhistratingaxineltiedectoted &5 andrai plodality of output optical fibers, wherein each

. . S | ' d
Vi cw of a olntHEk P e S abbioe regionstip it parespndit Bl Mg e

structure of each fiber, including sheathing, cladding, and core;

FIG 2 is a sche ' op view of .a first enbodi pent . of the.inveption, 20
illustrating an mgﬁﬁ@3W§ | VIEW Of B g:tgmp\feeqnpb@&rgqn,t ogthe

Ul {7~ sect or eghitith, ilReating a splitel fof obipling HhORM s fapdptieal ke SRS

FIG 2a is a cross-sectiagnal view taken along |ines 2a-2a of FIG 2,
particul arly phurglity phbraneh eutputiopticalitibers; using & pulte-scstoredilépsicat ed i n
accordance with the principles of this;

FIG. 6 is an end view along lines 6-6 of the multi-sectored lens shown in
10 FIG. 5,

FIG. 7 is a schematic top view of a third alternative embodiment of the
invention, illustrating a splitter for coupling light from a first optical fiber to a
plurality of branch output optical fibers, using a multi-sectored reflector;

FIG. 8 is a schematic side view of a fourth alternative embodiment of the
1S invention, illustrating an illumination source, a multi-sectored reflector, and a plurality
of output optical fibers;

FIG. 9 is an end view of the multi-sectored lens illustrated in FIG. 4; and

FIG. 10 is an end view of the multi-sectored reflector illustrated in FIG. 8.

FIG. 11 is a schematic side view of a fifth alternative embodiment of the
20 invention, illustrating a splitter utilizing a multi-sectored lens;
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FIG 3 is an end view along lines 3-3 of the nmulti-secored | ens shown in
FI G- 2; WO 97/30367 FIG 4 is a schematic side view of aPCEIS3OIAT| ve
enbodi nent of the invention, illustrating a nmulti-sectored | ens and a

plurality of output optical fibers, wherein each 5 output optical fiber
is . in abutting relationship with a correspondi ng | ens sector; :
FIG 5 is a schematic side view of a secogd al ternative-enbodi nent of the

i nvention, illustrating a splitter for coupling light froma first optical
fiber to a pl &Gl 2 s asf endriew plopgtipes 1532 o€ EIG.filpers, using a

mul ti-sectored | ens; FIG 6 is an end view along lines 6-6 of
the multi-sectored |l ens shown in 10 FIG 5; FIG 7 is a
schematic top vi eWIGf 1histdschematic sidersicivvaf acsikth diltermativeodmbddiiment of kigvent i on,

illustrating.a splitter f.or c li light froma first optical] fjber to a
plurality o?“ﬁ‘F&ﬁ%' 88‘5@?%88%%@#’%"5‘0 reflector, %H{““S“Y

reflector, of output optical fibdt§;and i s a schematic side view of a fourth

alternative enbodi nent of the 15 invention, illustrating an illum nation
source, a nmulti-sectored reflector, and a plurality
5 FIG. 14 is an end view of the multi-sectored reflector illustrated in FIG. 13.

Referring now more specifically to the drawings, FIGS. 2, 2a, and 3 illustrate
an optical fiber manifold constructed in accordance with the principles of the
invention, which includes a source of illumination 12, comprising any conventional

10 light source, such as an arc lamp or the like. An illumination reflector 14, which in
the illustrated embodiment is integral with the lamp 12, reflects the light from the
lamp through a collimating lens 16. The light exiting the collimating lens 16 is then
reflected by a fold mirror 18 to a scalloped segmented lens 20. The fold mirmror 18
may be provided with a cold mirror coating to eliminate any light in the infrared or

15 ultra violet spectra, if desired. The light from the fold mirror 18 is transmitted by the
segmented lens 20 to a plurality of spaced output optical fibers 22. An important
feature of the invention is that the number of segments or sectors 24 and the number
of output fibers 22 correspond. Each lens segment 24 is adapted to converge or focus
the light received from the source 12 to a spot at the inlet plane of its comresponding

20 output fiber 22 which has a bearnwidth no wider than the fiber core. Thus, each
optical fiber 22 receives light only from a single corresponding segment 24, as shown
by the ray tracings in FIG. 2. The illustrated preferred embodiment is designed to
illuminate eight individual fibers 22, so there are eight segments 24, but the number
of segments or fibers may vary.



of output optical fibers; FIG 9 is an end view of the

multi-sectored lens illustrated in FIG 4; and FIG 10 is an
end view of the nulti-sectored reflector illustrated in FIG 8.

FIG 11 is aweonees¥ic side view of a fifth alternative enbBHHEHOM (he
20 invention, illustrating a splitter utilizing a nulti-sectored |ens;
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FIG 12 is an end view along lines 12-12 of FIG 11; : FIG 13

is a schematic side vjew of a5|x alternatlv odi.nent of t
i nvention, il ustr M HBPoRant % &ﬂgﬁwqﬁs‘mq}’% ¢ ef | ect or,
and a plurali téﬁiﬂmc%ﬁcff ﬁ&&ﬂﬁﬁn\@%m F‘;t!éétjgesc? r@ﬂ-‘ilasslca'i’ n—comc segtid;s g4 s

an end view of 't sectore ustrate
the design of the illumination reflector 14. In the prior art, in contrast, classical conic

sections are typically used in illumination reflector design, to create elliptical or
5 parabolic reflectors. By way of background, classical conic sections are so-named

because they can be generated (and perhaps more importantly, visualized) by
imagining the plane that would be exposed by slicing through a circular section cone.
For example, if such a cone is sliced through with a cut that is exactly perpendicular
to the long axis of the cone, the resuiting exposed plane is a circle. This is the

10 simplest example of a conic section. Like the other conic sections, the circle can be
described algebraically, in this case by the expression:

(¢ +y) 2 =r )

wherein r is the radius of the circle, x is the x~coordinate value of the radius, and y is
the y-coordinate value of the radius. In other words, the radius magnitude of the
15 circle is always equal to the square root of the sum of the squares of its x-y
coordinate values. The properties which this confers on the circle is that it has a
single focal point equidistant from the locus of its circumference points, and that
focus is in the center. This characteristic can be quite useful in optics.
If the slicing plane of the theoretical cone were to be tilted away from the
20 perpendicular to the axis, other classical conic shapes are generated, not much more
complex in mathematical description than the circle, but with ever more intriguing
properties. From the standpoint of the history of optical design, two of the most
important are the ellipse and the parabola.
The ellipse is a closed oval, and can be imagined by looking at the shape the
25 edge of a circular coin makes as it is progressively tilted with respect to the observer's
line of sight. The ellipse has the properties of having two focal points, or foci, both



DESCRI PTI ON OF THE PREFERRED ENMBODI MENT Referring now nore
specifically to the drawings, FIGS. 2, 2a, and 3 illustrate an opti cal
fiber manifold constructed in accordance with the principles of the

i nventi on, WPTHWIéMcl udes a source of illumination 12, comSAUSPTRIS4ny
conventional 10 Iight source, such as an arc lanp or the like. An

i1 lumnation reflector 14, which in the illustrated enbodi nent is
integral with the lanp 12, reflects the light fromthe | anp through a
collimating lens 16. The light exiting ©8he collimating lens 16 is then

reflected by a fold mrror 18 to a scall oqud segnented | ens 20. The fold
mrror 18  locpted alons theolinajeiseching the ellipsds fangraxis Esueirdinyistactuelly ispesiad any

} lgﬂi } e | Qfﬂ;mf*’ﬁ%i%*??%l%é%ﬁ#’? t:ﬁ’ & Wﬁfﬁ%ﬁ%ﬁiﬂ@ 16 s |
Phgr?nilfa%t ?ogggé‘:tzgo lllﬁé mt:)e O@ﬁ SAMER sloo‘rmseg?.ors 4 nd_ar:)ﬁwﬁlrjﬁbgr
of output fi gﬂ’@#‘? ?ﬁﬁhﬁfa&@a Sqagxg‘é gogmmpn%ga?gf&ﬁ pé'B‘Y‘ﬁonnverge.

or focus 5 biohghtlexadily tocavergehct totheichmplenieniasy houd lochionPRiesgictivdisf | nl et

pl ane of its, corgespondi ng.20 output fiber 22 which has a beamm dth no
wi der than tﬁ'@'f‘#‘ﬁ‘éﬂm“c %%E'Fhus, each optical fiber 22 receives |ight

only froma singlEnkie theelipseithe RtandpenfiguelQidpe. It isOyenthRd Y
tracings in F|G Q%ﬁ The illustrated preferred_enbodi ment is designéd to
i 11 uminate eShiping e EPne Along arlmgpamlichio nsdong s, allithe way Hown dgjite hese. 24, but

th nb | 267
the number —The RlulBiRg SRiPehal'’h VeltBEASthEBhalY 8id/and an open MWQ The

An i npor t Yht parabela hasoljut tarsingle feous.i s optidal propertiessarg suchathiatya raypofdight t he
leaving the exact point of focus and bouncing off the surface of a parabolic reflector
will exit the open mouth going exactly parallel to the long axis of the parabola, no
matter where the ray strikes the reflector. Flashlight reflectors are often parabolic; by
collimating the light (i.e. making all the rays travel parallel paths), the flashlight beam

15 can be directed where it is needed and deliver the most light to the area of interest,
instead of illuminating a large area dimly, as a non-directed bulb would do.

As a collector of light, the parabola has the ability to take collimated light
directed toward it and concentrate that light at the focus point. This makes parabolic
shapes useful for solar energy collectors.

20 The inventors have discovered, however, that the problem with using classical
elliptical and parabolic reflectors, as contemplated in the prior art, is that, while the
above analysis is done based upon ideal assumptions; i.c. that the light source
occupies a "point” in space in the purest mathematical sense, in that it is
dimensionless. If a light source used to illuminate an elliptical or parabolic reflector

25 could occupy a dimensional space of zero, the easily-described, well-behaved "ideal"
properties of these shapes would be realized. However, such 2 light source is
impossible in the physical world; a light source of zero dimension would, by
definition, be infinitely bright. In the physical world, a light source is a very real,




efficiency of the inventive system is the use of non-classical, non-conic

sections in the design of the illumnation reflector 14. In the prior
art, in contrast, classical conic sections are typical lé used in
i | | uni nati onwosbeastor design, to create elliptical or 5 pBFHEHN70E847

reflectors. By way of background, classical conic sections are so-naned
because they can be generated (and perhaps nore inportantly, visualized) by
i magi ning the plane that woul d be exposed by slicing through a circular )
section cone. For exanple, if such a c®ne is sliced through with a cut

that is exactly perpengdi cul ar to.the |ong axis of the.con th
resul ting exp ?@%W“Fﬁ%&c eél Mﬁ%f a
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described al gebraically, in this case" expreSS|on
wherein r is tﬂi@ﬁ@@hﬁ@b’dﬂ@ﬁéﬂi@ﬁm emiteshol light areonc enlyelarge, t he

radius, and y g %J’@ sﬁ%ﬁ radi us. I n other words,

t he. r adi us magni gcngml t‘%’rﬁ’%{cw 'S a| I'):? ual to the square root of
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which this co t | e. f ocal I nt
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If the slicin an t he eor.et n e to be tilte avvatg/, rom
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el lipse and the pa th?entw new on—uadﬁ&%]ﬁbﬂrbd?:ﬂ%ul%%oﬁl&ﬁﬁ%e&i@k gd can
be i magi ned by I ooki n% at tehe sr?a e the 25 edge of circul ar col n'l?lakes as
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use non-classical shapes, difficult to describe mathernatically but amenable to analysis

15 by the considerable number-crunching power of modem personal computers.

Thus, the inventive method for fabricating the reflector 14 shown in FIGS. 2

and 2a begins with the mapping of the complex radiation patterns of the real lamp 12
to be utilized in the particular apparatus. In a customized application, the lamp
actually used in each individual device might actually be individually mapped.

20 However, more typically, a particular manufacturer's lamp, designated by model
number, is mapped, and the vagaries between individual lamps of a particular model
or type of lamp, typically quite small, are ignored for the sake of manufacturing
practicality and reasonable cost. Mapping, in this sense, means to generate a
collection of spatial intensity distribution measurements at a constant radial distance

25 from the lamp. This is done by moving a calibrated imaging detector array around
the source in spherical coordinates until a detailed data file is obtained, point-by-
point, of the lamp's specific radiation patterns. This detailed file doesn't really care
about the relative "idealness” of the source; rather, the file contains a description of
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ﬂIummanon reflector, havmg a circular cross-section (FIG. 2a) which might be used
in the prior art. The deviation of the shape of reflector 14 from a surface of

20 revolution of a classic conic section has been exaggerated for illustrative purposes.

Another advantage of the non-conic illumination reflector 14 designed and

fabricated in accordance with the principles of this invention is the ability to utilize
higher intensity light at the fiber end face without burning the fiber ends. Optical
beams do not naturally have a uniform intensity distribution across the beam.

25 Imperfections in optical systems can produce peaks and other nonuniformities. Even
in ideal systems the intensity distribution will tend toward a Gaussian distribution. A
Gaussian beam has a peaked intensity distribution described by



W97/ 30367

PCT/ US97/ 01847 9
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15 higher intensity levels without buming the fiber ends.

1t should be noted that this technique for mapping the radiation pattemns of a
light source, and developing a database from which a reflector may be designed for
an illumination system, is not limited to fiber optic applications. It is also useful for
other types of illumination applications, such as projection systems, for example.

20 Furthermore, the database which is developed from the mapping process may be used
to fabricate customized lenses as well as reflectors, if desired.

Another significant feature of the invention is that if the collimated beam
approaching the segmented output lens 20 is de-centered with respect to the lens, then
the relative intensity to the several output fibers can be varied in a controllable

25 manner. This inventive feature may provide a number of advantages, as there are
many instances when there is a need to controllably vary the amount of light to each
fiber. For example, the ability to controllably allocate different amounts of light to
each fiber may provide a means for compensating for light loss through fibers of
different lengths coming from the same coupler manifold. Thus, if it is desired to
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advantageous in that the outer segment lenses consequently have a smaller diameter,
15 resulting in the ability to couple into smaller output fibers 22a.
Another difference between lens 20a and lens 20 of FIG. 2 is that, in contrast
to the lens 20, the lens 20a comprises asymmetrical, rather than symmetrical, outer
lens segments 24a. This asymmetrical distribution provides an additional
advantageous means for controllably varying the light intensity transmitted to each
20 output fiber 22a. Each lens segment 24a subtends a different angle, and therefore
different areas of incident light, so consequently delivers to its corresponding output
fiber a quantity of light proportionate fo its size. Thus, the asymmetrical lens
segment distribution illustrated in FIG. 9 permits control of the light intensity to each
output fiber without de-centering the collimated beam, by instead determining the lens
25 segment size which will be required for each output fiber, relative to the sizes
required for the other output fibers, and sizing each lens segment accordingly.
Yet another difference between the lens 20a of FIG. 4 and the lens 20 of FIG.
2 is that the lens 20a is adapted to directly abut the output fibers 22a at a lens/optical
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hi gher intensity light at the fiber end face w thout burning the fiber
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10 still inherent in the system. These can be further mlmmmed, if desired, by applying
an anti-reflective coating to the lens 20a to match the material of the optical fiber.
The coating may comprise any desired well known anti-reflective coating, such as a
multi-layer dielectric coating.
Of course, it should be understood by one of ordinary skill in the art that each
15 of the advantageous features discussed in connection with the FIG. 4 embodiment
could be employed independently of the other features, or in combination with only
one of the other features, as desired.
FIGS. 5 and 6 illustrate yet another alternative embodiment of the invention,
wherein like components are designated by the same reference numeral, preceded by
20 the numeral 1. The inventive optical fiber manifold 110 comprises a splitter, coupling
light from a source comprising a large single fiber 112 through a collimating lens 116
and a segmented lens 120 to a number of smaller output fibers 122. In this
embodiment, the collimating lens 116 comprises a hyper-hemispherical lens having an
aplanatic spherical surface with zero spherical aberration and coma, and is affixed
25 directly to the source fiber 112. Of course, another type of collimating lens, such as
that shown in FIG. 2, could be used as well. Also, it should be noted that in this
embodiment, as in the other lens embodiments of FIGS. 2 and 4, each segment 124
of the segmented lens 120 preferably has a spherical or aspheric lens surface 130, for
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the light source; i.e. the source fiber 212. A corresponding output fiber 222 is then
located at the focal point to receive the light collected by that section, which is
15 focused to a single spot so that only the core of the corresponding fiber optic 222 is
illuminated. The manifold is preferably contained in a housing 225, fabricated of
clear plastic, though other materials could be used as well. Although two segments
224 and branch fibers 222 are illustrated, any number of both could be employed,
though they should preferably correspond. Also, as in the case of the segmented lens,
20 the segments 224 may be symmetrical or asymmetrical, depending upon the
application and the desired controllability of the illumination intensity to each output
fiber. If it is desired to locate one or more of the output fibers in an orientation
different than that shown, such as in a generally parallel orientation to that of the
source fiber, one or more fold mirrors may be employed to re-orient the reflected
25 light.
FIGS. 8 and 10 illustrate another alternative embodiment wherein like
components to those of previous embodiments are designated by the same reference
numeral, preceded by the numeral 3. In this embodiment, a segmented reflector array
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97/ 30367 Clency of the resultant system, as discussed supra, although thc segments 324
PCT/ US97/ 01847 may of course be fabricated using standard elliptical reflectors, if desired.
By using back-to-back reflectors around a lamp 312, a high degree of

15 collection angle can be achieved, with relatively low magnification, because the
vertex of the reflector (which produces the highest magnification) is eliminated. By
reducing magnification, a smaller spot size can be achieved without increasing the
angles of the light directed to the spot. ‘This is ideal for converging energy onto the
core of a relatively small fiber.

20 Again, in this design, any number of fold mirrors may be employed to re-
direct the reflected light, if desired. Additionally, while eight output fibers 324 are
shown, any number of segments and fibers could be employed within the scope of the
invention. As in all of the disclosed embodiments, the output fibers are spaced,
which improves adaptability of the system to numerous applications over prior art

25 systems where bundling of the output fibers is required. Also, spacing the fibers
greatly enhances thermal dissipation characteristics of the fibers.

Still another altemative embodiment is shown in FIGS. 11 and 12, wherein
like components to those of previous embodiments are designated by the same
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bythenumeral 5. In this embodiment, which is similar to that

1llustrated in FIG. 8, a segmented reflector array is utilized to couple the light from a
source to a pair of coaxial output fibers. More specifically, a source of illumination
512 is located at the common center of two reflectors 520a and 520b, which are

20 oriented back-to-back, and are preferably non-elliptical, as discussed above. Output
fibers 522 are located coaxially with the illumination source 512 along the optical
axis 523 of the optical fiber manifold 510. The primary difference between the FIG.
13 and FIG. 8 embodiments is that the reflector surface is circularly symmetric about
the optical axis 523, as illustrated in FIG. 14, rather than scalloped. The reflectors

25 are adapted to equally illuminate the two fibers 522 for applications such as
automobile headlights or for lighting opposite ends of a long haliway. In the
embodiment illustrated, the reflected light travels through the output fibers 522 and
then is focused by a beam focusing lens 525 onto the element desired to be
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previ ous enbodiligaet with the ptwtmhbxdcprbpammd&fedt@hwewed from the light

source, is an important technique for minimizing optical aberration and permitting
more efficient "launch" of light into the fibers, and is not disclosed in any prior art
known to the inventors.

20 Although exemplary embodiments of the invention have been shown and
described, many changes, modifications, and substitutions may be made by one
having ordinary skill in the art without necessarily departing from the spirit and scope
of this invention.



nuneral, preceded by the nuneral 3. In this enbodi ment, a segnented

reflector ray WO 97/ 30367
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utilized t W@®B& the |ight froma source to a plurality Peruser§e47 f i bers.
A source of illumnation 312, which may, for exanple, conprise an arc

| anp, is |ocated at the conmon center of two refteetors 320a- and 320Db,
whi ch are oriented back-to-back. 5) t fibers 3 2 are arran
surrounding relationship to the illuminatfon source @mmﬂ“""‘ | i ght
fromthe refg,ggltt aa%%g?sand 320b, whi ch together cd ality
of segnents , each of which corresponds with one of the out put f| bers.

The elliptical center or vertex region of each reflector 320a and 320b is
renoved, as and.th WO . ct or e ned at two,

i nt ersecti on poi nrs 32‘%“338%%9“ WFA%E‘FP“P ‘I‘%*%P Bdi nent ,
the refl ect osoupeomenplarditydoboutpi @ptiedl Ifibbis] Sad oapd: dpticall fbeRCaieh Rh@rg 4Si NY
the inventive net od(}j |ngt eradgHon atterns of the %lgt
source 312, P B‘tﬂeﬁé ing spyd dight S@t“g? danpiiding ansillumination c h

maxi m zes  reffeligr ﬁirﬁ’eé‘eiﬁﬂéﬂhﬁnﬁd&ﬁﬂ‘dﬁ% MmiB R Blrc? S RREUSERCRS UPT 2,
al t hough theresegments 324 co%ggl abri catgﬂ&jum ng andard
el lipti ca|5rémeat@pstoth¢px@é@aleads ofeach of said owyumm@i fihersk said- back

reflectors af ﬁmg? ﬁ‘fbt& EF %FC& n be
achi eved, WIE relatively Iow gni ﬁ!catlgﬁ) ecause éﬁgﬁ&nﬂﬂ@?‘]ﬁgéﬁf t he

refl ector (\Amparpbd@uces the highest magnification) is elimnated. By
reduci ng magnification, a smaller spot size can be achi eved wi thout

i ncreasing the anges of the light directed to the spot. This is ideal
for converging enzrgy 'ﬂlmopﬁcbhtibermmfbﬂasfreatedehataim& | sndsfiethér ddnliRising20

firect the rBIPECOLEPVERHIE S Dt SPAERIEly AdnE PR 0F FER Al SPRSALRPETD Ut put
fibers 324 are shown, any nunber of segrrents and fibers could be
enpl oyed wi thin tlj]e sc,ﬁ[i)e oA &)ﬂ'mmfoldasrecttedmcia:mz,whmmsaxdlms
comprises a plurality of segments, each having a discrete focal point, said segmented
lens being adapted to converge the light from said illumination source and the
proximal end of each of said optical fibers being located at the focal point of a
5 corresponding segment for receiving light therefrom.

4, The optical fiber manifold as recited in claim 1, wherein said
illumination source comprises a lamp.

5. The optical fiber manifold as recited in claim 1, wherein said
iliumination source comprises an input optical fiber adapted to transmit light from an
originating source of illumination, such that said optical fiber manifold comprises a
splitter for coupling said input optical fiber to said phurality of output optical fibers.

6. The optical fiber manifold as recited in claim 1, wherein said



invention. As in all of the disclosed enbodi nents, "t'"he output fibers are

spaced, whi ch inproves adaptabili ty of m t o nunerous
applications over prior art 25 syste\mm E g of the out ut f| bers

i s required. WO eB03@pacing the fib y enhances ¥

di ssi pation characteristics of the f{ bers.” Still anot her
alternative enbodinment is shown in FIGS. 11 and 12, wherein i ke
conponents to those of previous enbodi nent fg are desi gnat ed by the same
WO 97/ 30367 ; -

PCT/ US97/ 01347 ;
fof er ence nunen]hfmn%nrogczggector oom lurali %‘ se%ment.hleach IPT%zmd; a dns&x@tc focal

ed b nmer a
optical fiber point,rseidise éﬂtbﬁpg awmdatospmrergeetheilghﬁmsmdlﬂmmaeme

i ber 412"t hr oSOCEELER prOdAl o of b aRbAen GRERNCHR et wheTordl 10 2

nunber of sn#l peint ofis podresporidiigssegthient fGh eecpivingdight therefiiofif er ence bet ween thi s
enbodi mrent and that of FIG 5 1s that in the FIG 10 enbodi ment, the
segnented | ens 420 includes tapered |ight pipe (optical fiber)

extensions 423 at tfhe ouTwiéptRACfIR: nanhfolden Yecited i Blakin 4 2dherdii&aidaper ed

| i ght pipe ection f the output le yst em_gen e a si gnr ficant
part of the Ii d “38 @mrwqfsweﬁwen%eﬂ@i( ta-backs dith & ur ved
aspheric |ens ﬁfoﬁ%&d&xoreﬂédoxb@luéﬁ’m&ﬁ% e veRE hre® BlerddP Beifif elithfhaled Said 20-

Thi s reduces | ns surface aberratrons and al 'ows higher~opti cal

conpr essi on or illugeingtion;seurse beingilecated sulptantially, eentrally with respeetftodhe pait ofi al so

and_cases ot dieacERRe Eih RcARUELAPchFisk 4 (Bl O @RCAG sefinklifpticn P03
in FIGS. 13 andrelmh\umﬁtnsbpataelyﬁowd@hﬁfunsatdaﬂummcmmmmm@ﬂs core
the numorai 5. of & i aouiBs Bt it O STl ar (o that | | i11ustraled
in FIG 8, a segnented reflector array is utilized to couple the [ight from
a 8.  The optical fiber manifold as recited in claim 1, wherein said

illumination reflector comprises a pair of reflectors oriented back-to-back, with a

portion of each reflector which includes the vertex area thereof being eliminated, said

illumination source being located substantially centrally with respect to the pair of

5 reflectors, a pair of output fibers located on opposite sides of said optical fiber

manifold and coaxial with the other of said output fibers and said illumination source

along the optical axis of said manifold, each of said reflectors being adapted to focus

light from said illumination source onto the core of a comresponding one of said

output fibers.

9. The optical fiber manifold as recited in claim 3, wherein the lens
segments are unequally sized, each said lens segment being sized to compensate for
varying loss factors in the optical fibers, such that the light exiting from the output
optical fibers is adapted to have a substantially uniform intensity.



source to a pair of coaxial output fibers. Mre specifically, a source of

I1lum nation 512 is located at the common center of two reflectors 520a
and 520b, which are 20 oriented m are preferably

non-el | i pt ive@b303&r di scussed aboqmﬂmﬂnmmtm Lers 522 rarwsbnasdred
coaxially with the illum nation sourcée 512*al ond t he opti cal axi s 523
of the optical fiber manifold 510. The primary difference bet ween the
FI G 13 and FIG 8 enbodinents is that the reflector surface is
circularly symetric about t he optlc%(? axis 523, as illustrated in FIG
14, rather than s ed ref 25 are ada te to equal

i 1lumnate the t flg&o@f%q‘ "EBB%’@ t'?%‘ﬁél’%ﬁ]@Ws IE‘EJ Tle

hrergdgl ghts Qsegimhtslarq hl YO$iRaS; iehich ﬁfﬂi&ﬂﬁiﬂréscgm h'Wgsb&nﬁéﬂﬁatch
enbodi nent 1 Ll ustrat e I ecte t trav rqu t he, out put
fibers 522 ahﬁ E’FF'EF?C FHE%QB’&“E?LEQ’ &93} ‘é‘g% fremghent o t he
el ement desi p@futidpties] fibers is adaptiiotivé @%aHstantially uniform intensity
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iI'lum nated. The dual reflector surface has the sane efficiency advantages

as di scussed yf th tgg‘gp t nation of
t he high magni Ti ca??z i(\‘}glelrtex regl on 5% g’\i\hgﬁrge ee@girxegi%m h the
attendant i napposeshing saiddenscay bade-oentertd td gmirobiably varlydight toeeash fibér.

Still anot her advantageous feature of the invention is best shown in the
enbodi nents of FIGS. 5 and 11. In FIG 5, for exanple, it can be seen t hat
t he | ens segnkht s ’Iﬂibqommallfbmmmfoldcmgemmdlmalhmm wherdifi thélight

oriented to be nop-parall the |ongitud axis.142 of t flber
112 (which i T ﬁﬁ‘ 8“p Plo' & {'&zﬁb ﬂB”Srﬁ’?be fiber
mani fold), in order to allgn the principal axis of each | ens 10 segnent
with the principal,loc ro i on_vector of .t g recelvedfromthe
| i ght source (not@&*the qwlr‘giﬁg%ﬁ Secited i %5\1@ shd igRsctor in
FIG 5). A scgnﬁkﬂ‘&@wwqmb%tm%utﬁﬁgkﬁﬁuhﬂﬂﬂaﬁ@ﬁm&%rﬁﬁ&ap&éee” in

FIG 11, wherein the
of their comresponding output optical fibers, whereby the focal point of each lens

segment is substantially coincident with its exit plane.

14.  The optical fiber manifold as recited in claim 13, wherein said lens
segments include an anti-reflective coating to minimize light losses between the lens
segments and the output optical fibers.

15.  The optical fiber manifold as recited in claim 3, wherein the plurality
of segments which comprise said segmented lens are arranged circumferentially about
a radial center of the lens.

16.  'The optical fiber manifold as recited in claim 3, wherein said
segmented lens includes a radially central lens, and the remaining lens segments are
arranged circumferentially about said central lens.



| ongi tudi nal axis 440 of each | ens segnent is_non-parallel to the

| ongi tudi nal axis 442 of the fiber 412. This arrangenent, wherein the

| ongi tudinal axis of the |ens segne ““t“mtﬁﬁmssari ly parallel to the
principal axiWOS3®EE i unination g\mmu mtl her PGSR t h
the principal |ocal propagation vector of the" idht*received fromthe Ii ght
source, is an inportant techni que for mnimzing optical aberration and :
permtting nore efficient "launch" of gight into the fibers, and is not
di sclosed in any prior art known to th& inventors. 20 * Al though

exenpl ary enbodi menyg. of Théieptical i cRahifoRVA B5RA i bANA 32 %mhad&%&fd B

many changes, nodifjcatjons, and substitutions nmay be nma one

havi ng or di nar { Riwplity of tapered mpmmtomsewbﬁrsmnyamahgm pipefextensitie
spirit and Scopging adaptd fof aﬁ?dgmgﬁgl &gofsaldms\é@na%/oﬁ%%ds

PCT/ US97/ 01847 What
1. An optical fiber rranlfol d for coupling light froman il Ium' nation

source to a plurali sald ou ut..optical fibers
each having a prt(l)m el eng tof iél&%&gks%gsé QH‘?‘H’aﬁﬁ‘hl fol d

including an i Bymhavmg)mmumaﬁti(mcmmceftbc nre&mdmmpﬂsmgl um nation from said
i 1lum nation source and r d I n theég I 1Jum ngtion to the proximl ends
of each of said out FH#PP qxb&ttgms fthe tlluminafion Soues; on ref | ect or

havi ng a non-circul mtixrgcnsdatﬂﬁﬁé oPthe aidiatioi pageri® Bmeteld bR tthe Alunfidfion source:
non- par abol i ¢. and ’

using the database to generate a configuration for the optical component which
provides an optimal distribution and intensity of illumination within said illumination
system.

19.  The method as recited in claim 18, wherein the mapping step comprises
generating a collection of spatial intensity distribution measurements at a constant
radial distance from the illumination source.

20.  The method as recited in claim 19, wherein the spatial intensity
distribution measurements are generated by moving a calibrated imaging detector
array around the illumination source in spherical coordinates until a detailed file is
obtained, point-by-point, of the source's specific radiation patterns.

21.  The method as recited in claim 18, wherein the illumination system
comprises an optical fiber manifold for coupling light from an illumination source to
a plurality of output optical fibers and the optical component comprises an
illumination reflector, the step of using the database comprising using the database to
generate an illumination reflector configuration which provides an optimal distribution
and intensity of illumination at a proximal end of each of said output optical fibers.



2. The optical fiber manifold as recited in claim11, and further

conpri si ng a lens for converging said |ight separately on the core of
each of the optical fibers. 3. The optical fiber manifold as
recited i riwol9aBe362, conprises a pl urBEGTUS978184% egnent s,
each having a discr mm a sal d segnent ed | ens being adapted to
converge the light ftom said#i| um nati on source and the proxi mal end of
each of said optical fibers being |ocat at the focal poi nt of ab
correspondi ng segnent for receiving li therefrom - 4. . The

optical fiber manjf ol %?‘épt{cﬁlcﬁﬂe?mogﬂ& gg‘e%(ng? %{g,rm ation UM nation

source conprises a | mani fol d as

recited in (ﬂoafcmtganlmh@mfogmutwpttcal ﬁbamSmdtqm opticat Ebers epchi ayingem i nput

opt 2 kBB e e M SRR AR 62
for coupl i neplamlity ofrli&gmcﬁwwmwaéh have d discrete dogal poind, iehch Gﬁmeﬁmw‘ntsopt i cal
:‘Nlhte)rermsn s faving a longxtudmal -&g coif E:fdgn Wl[h ngr manl flgtl:a? aspaéaetn%lntv%cc:lto} gftchleallg] 1

light received from the illumination source and being adapted to converge the light

from said illumination source to its respective focal point, the proximal end of each of

said optical fibers being located at the focal point of a corresponding lens segment for

receiving light therefrom.

23.  The optical fiber manifold as recited in claim 21, wherein the manifold
has a longitudinal principal axis, and the axis of at Jeast one of said lens segments is
not parallel to the fongitudinal axis of said manifoid.



illumnation reflector conprises a plurality of segnents, each having a

di screte focal point, said segnented | ens being adapted to converge the
light fromsaid.illum nation source and the proxi mal end of each of said
optical fiberwosaBeyg7| ocated at the focal 5 point of a corresposionds
segnent for receiving light therefrom 7. The optical fiber
manifold as recited in claim1, wherein said illumnation reflector
conprises a pair of ™Neflectors ofiented!fack-to-back, with a portion of -
each refl ect oid whi d vertex area thereof being ebyn nated,

sai d i 11 um natNagry sy Nof Ng | ocat ed subst i all Alrally w

respect to the pai QA Ifect ors, each refl
plurality of refie =fts_Whi ch are each ad
focus light fro R Sour ce onjaY { hg
corresponding o
mani fol d as regiA
conprises a palr
each refl ector whi
said illum natign sourck being |ocat
respect to the 2?' of 5 refdlectors, a pair of outpyl

opposite sides said optical fiber mani f ol d @ i ' e ot her
of said output fibqﬁE} dfsaid illum nation sour ~ '
axi s of said manifole=’each of said rep%;ctors bei ng adapt

light fromsaid il 1 y O rce ont core of a corregpondi ng one of
sai d out put fi M/ﬁk ’&,59‘“ 9. i ber rv%#iqfol d as
recited in claim3, wherein the | ens segnents ake Woequal |y sized, each
said | ens segnent being sized to conpgnsatte for war

ing loss factors in
the optical fibers, such that the I%g Qxiting frgmtHhe out put
optical fibers is adapted to have a

tartially uni fofmintensgity.
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The optical fiber manifold as recited in claim®6, wherein the reflector
segnents are unequal ly sized, each said reflector segnment being sized to
conpensate  P&I7PEISi ng | oss factors in the optical fibers, perubonoser t he
light exiting fromthe out put optical fibers is adapted to have a

substantially uniformintensity. 11. The optical fiber manifold:
as recited in claim3, wherein the |igh2/4 approaching said | ens may be
de-centered to controllably vary light to each fiber. - - 12. The

optical fiber manifold as recited in claim®6, wherein the |ight

approaching said reflector may be de-centered to controllably vary light to
each fiber. 13. The optical fiber manifold 2; ecited in claim
3, wherein said |l ens segnents are adag?igg e in abyéd g structural

rel ati onship with the proxi mal ends tr fcorrespghdi ng out put optical
fi bers, whereby the focal poin&a? each lens segnent/is substantially
coincident with its exit plane The #ptical fiber manifold
as recited izgl aj m 13, Wi [ gRent s ifncl ude an

anti-refl ectivye cpatj \QgtMEen th
segnents and tihe . gu%%tlcal fi ber
i ment s whi ch

mani fold a P o e r 2 4EIFE&iiSS_ t
ent e ens ii ; ou

conprise sa

14325

212




a radial center of the |ens. 16. The optical fiber manifold
as recited in claim3, wherein said segnented lens includes a radially
central lens, and the remaining | ens segnents are arranged

ci rcunf er ent i WPIPY3WBbut said central |ens. WO 97/ 303@CTAIS97/01847
PCT/ US97/ 01847 21

17. The optical fiber manifold as recited in claim3, and further
conpri si ng a plurality of tapered |i @8 pipe extensions, each of said

tapered |ight pipe exten
said | ens segne out put
opti cal conponegéhaf an _y\
source, the nethod 3
the illum nation g

being adapted for attachment to one of _
18. A method of fabricating an
system having an illum nation
22 mappi ng the radiation patterns of
eaé?ng/a' t@pase of the radiation
, an

patterns emtted k source usi ng the
dat abase to gengrate 3 for the optical conponent which
provi des an optfi malQdi NI ols intensity of illumnation within said

illum nation
wherein the ma
I ntensity di st

The method as recited in claim18,
RFating a collection of spatial
a const ant




radi al distance fromthe illum nation source. 20. The net hod

as recited in claim19, wherein the spatial intensity di stribution
measurenents are generated by noving a calibrated i magi ng detector array
around the itiownBessri on source in spherical coordinates untPETESIFRIBLT | ed
fileis obt ai ned, point-by-point, of the sources specific radiation
patterns. 21. The nethod as recited in claim18, wherein the
illum nation system conprises an optiazé fiber nmanifold for coupling
light froman illum nation source t JO. @ pl ural i &¢%9f ayf put optical -
fibers and the opti og@gnent conpri ses_an i 1) unf§&t i on reflector,
the step of using t el Ght se conp isin% usiAé?thr day abgse t9-> generate
an illumnation reflector configurgfion i ch_provideg ai opt{i NE

di stribution and i ity of illymnati-of at & QIo Muajlﬁﬁﬁgu each of
sai d out put opgypg]l fli — WD 97/ 303647 .—;g%r'

22 22. i An | fiber i fold foP\co DA NQg Iidﬂp from an
illum nation sqgurde to py uralit our pt opfical_fibers, sai d out put

optical fiber av\ng a proxi mal end {/or wedeiving said |ight and
said mani fold rigi ns having a PLURQ Ity sk segmgghs which
each have a di¥¢rete {f gcal t ™

rt=- -@ach_of Lhe R E 5 ¥av :
| ongi t udi nal axis i ent with the prf ATIPE pcalser-otagatigh vector of
t he light receiVed fromthe illygg)iatipn sourcegapd Nei ng adapted to
converge the |ight fromsaid illum nat ?3grce to42$ respective focal
point, the proxinmal end of each of sai d opffral fibers babﬂg | ocated at

the focal point of a corresponding | ens segnent for

510
523

9
’ Fi9. I3 525 /u'ﬁf
\
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receiving light therefrom 23. The optical fiber manifold as
recited in claim2l, wherein the manifold has a | ongi tudi nal princi pal
axis, and the axis of at |east one of said | ens segnents is el paral | el

to the longitudinal axis of said manifold.
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ety of purposes, such as illomination pools, spas,
hazardous material zones, jail cells and other appli-
cations where direct lighting is dangerous, difficult
to maintain, or subject to vandalism. The manifold
employs an illumination reflector(s) (14) which has
been customized to maximize the efficiency of light
transmission between the illumination source (12),
such as an arc lamp, and the cores of the plural-
ity of ontput fibers (22). A method of fabricating
the customized illumination reflector includes map-
ping the radiation pattems of the particular illumi-

nation source to be utilized, creating a database of ’ / A
those radiation pattems, and utilizing the database 3

to generate an optimal illumination reflector config- /
uration. The computer-generated reflector will vir- 20
ally always be a non-conic section, because the : 24
illumination source (12) is not ideal, .
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