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EXCITATION LIGHT SOURCE ASSEMBLY

CROSS-REFERENCITO RELATELDD
APPLICATION

This application claims the benefit of 1S, Provisional
Patent Application No, 61/379.282, filed on Sep. 1, 2010,
which is hereby incorporated herein by reference for all that
it discloses.

TECHNICAL FIELD

This invention relates in general lo syslems for exciling
fluorescent malerials and more particularly 1o systems for
exciting fluorescent materials in molecular imaging applica-
Tions,

BACKGROUND

Molecular imaging systems are known in the art and are
commonly used 1w caplure various Lypes or modes of images
[rom an object or specimen being analysed. The objeets or
specimens that are iImaged may comprise any ol a wide range
of compositions and objects, as is well-known, Primarily,
such imaging svstems are configured to detect extremely low
levels of light emitted by the specimen or object under study.
The light emitted by the object or specimen may be generated
by a bio-lominescence process, a fluorescence process, or by
a combination thereot. Such imaging systems may also be
capable of capturing reflected light images, in which light
reflected by the object is caplured by the imaging syslem
camerd. Such a reflected light image is oflen combined with
one or more emitted light images to torm a single, composite
inage, Such a composite image allows a vser to more easily
correlate features and attributes of the emitred light image(s)
with physical locations on the specimen or other characieris-
tics thal are contained in the rellected light image.

Ag is known, light emission by fluorescence results from
the prior or simultaneous exposure of the fluorescent material
Lo excilation light ol suitable wavelengih. However. not all
fluorescent malterials Mluorcsce or cmil light in response (o
excitation light ol the same wavclength, Consequently, the
wavelength of the particular excitation light must be selected
so that it will excite the particular fluorescent material
invelvod.

Because most molecular imaging sysiems seek (o detect
fluorescence from a wide range of fluorescent materials, ost
such imaging svstems are provided with excitation light
sources that can be operated to illuminate the tluorescent

material with excitation light of the appropriate wavelength, =

Unlorunately, however. most excitation light sources tend (o
be expensive and/or difficult to implement in vse, and s¥stems
are constantly being sought that improve on existing systems.

SUMMARY OF THI INVENTION

An excitation light source assembly according to one
embodiment of the invention may include a housing defining
a central opening therein and a plurality ol Tamp receplacles
surrounding the central opening. The housing is mountable (o
a stpport strueture having a camera mounted thereto so that a
field of view of the camera is substantially unobstructed by
the housing. A light source 1s posilioned within cach of the
plurality of lamp receplacles. A diffuser is positioned adja-
cent the light source in cach ol the plurality of lamp recep-
tacles so that each of the diffusers diffuses light produced by
cach of the light sources. A control system operatively con-

"
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nected to each of the light sources operates selected ones of
the light sources o provide a desired excitation illumination
lo an object within the field ol view of the camera.

Also disclosed 15 an excilation light source assembly that
includes a housing and a first connector portion mounted 1o
the housing. A lamp receptacle produces light in a first
defined wavelength band. A sceond conmeclor portion i
mounted o the Tamp receplacle so that the lamp receplacle
can be removably engaged with the st conneclor porlion
mounted to the housing. The hovsing is mountable to a sup-
portstructure so that a field of view of'a camera also mounted
{0 support structure is subsiantially unobsiructed by the hous-
ing and by the lamp receplacle.

Another excitation light source assembly includes a base
member that defines a central opening therein. A plurality of
first connector portions are mounted to the base member at
positions localed around the central opening. T'he light source
assembly also includes a plurality of lamp receplacles, at least
some ot which produce light in different wavelength bands, A
second connector portion mounted to each of the plurality of
lamp receplacles is releasably engagable with a correspond-
ing ome ol the plurality ol first connector portions mounied 1o
the base member. The base member is mountable Lo a support
strueture so that the central opening is aligned with a camera
mounted to the support structure and so that a field of view of
the camera is substantially unobsirucicd by the base member
andl the lamp receplacles.

Also disclosed is an assembly that includes a support struc-
ture and a camera mounted to the support structure. An exci-
tation light source assembly mounted to the support structure
includes a housing that defines a central opening therein and
a pluralily of lamp receptacies that surround the central open-
ing. The hovsing is mounted to the support structure so that
the central opening is alighed with the camera and so that a
field of view of the camera is substantially vnobstructed by
the housing. At least one narrow-band light source 1s posi-
tioned within at leastone ol the plurality o[ lamp receplacles.
A diffuser is positioned adjacent the narrow-band light
source, A control system operatively connected 1o each of the
narrow-hand light sources operates selected ones ol the nar-
row-band light sources to provide a desired excitation illumi-
nation o a Muorescent material within the field of view ol said
camera.

BRIEL DESCRIPTION O TTIE DRAWINGS

Nlustrative and presently preferred exemplary embodi-
ments of the invention are shown in the drawings in which:

1€, 1 is & perspeelive view ol an excitation light source
assembly according (o one embodiment ol the present inven-
Liom;

FIG. 2 is a sectional view in perspective of a molecular
imaging svstem having the excitation light source assembly
ol ¢ 1 provided therein:

I1€3. 3 is 1 plan view ol the support struclure ol the molecu-
larimaging system of FIG, 2 showing the relative positions of
the excitation light source assembly and the lens assembly of
the camera;

I1(3. 4 is an cxternal view in perspective ol the molecular
imaging system of G 2:

FIG. & is a sectional view 10 perspective of the excitation
light source assembly taken along the plane 5-5 of FIG. 1;

IP1(3. 6 is a sectional view in perspective of the excitalion
light source taken along the plane 6-6 ol FICGR 1

IP1€3. 7 15 Nuorescenl image ol desert Hora oblained with
excitation light having a wavelength of about 465 nm and
observed at a wavelength of about 550 nm;



US 8,901,516 B2

3

FIG. 8 is a fluorescew of the desert tlora of FIG. 7 but
observed al a wavelength of about 735 nm;

I'I(r. 9 1s & perspective view ol a second embodiment of an
excitation light source assembly having a plurality of remov-
able lamp modules;

FIG. 10 is a sectional view in elevation of one of the
plurality of removable lamp modules of the sceond embodi-
ment of the exeitation light source assembly of 1C, 9:

IPIG. 11 is an exploded perspective view of one of the
removable lamp modules of the second embodiment of the
excitation light source assembly of FIG. 9;

I"ICr. 12 15 a perspeetivie view ol a third embodiment of an
excitation light source assembly; and

FIG. 13 is a sectional view in elevation of the excitation
light source assembly of FIG. 12.

DETAILED DESCRIPTION OUCTTIE PRETERRIEED
EMBODIMIINTS

One embodiment of an excitation light source assembly 10
is shown in 'IGS. 1-3 as il could be used in. or comprise a
portion ol. 4 molecular imaging system 12 (also shown in
FIG. 4) of the tvpe commonly used in molecular imaging
applications, Briefly, the excitation light source assembly 10
may comprise a housing or main body member 14 that defines
acentral opening 16 therein.'The housing or main body mem-
her 14 may also define a plurality of Tamp receptacles 18 that
are arranged around the central opening 16, as best seen in
FIGS. 1 and 3. The various lamyp receptacles 18 are config-

ured 1o recelve various light sources or lamps 20, More spe- 3

cifically, and as will be described in greater detail below, the
light sources or lamps 200 may comprise onc or more narmrow
band light sources 22 and‘or one or more broad-band light
sources 24, as best seenin FIGS. 5 and 6. Generally speaking,

the narrow band light sources 22 are used in fluorescent 3

imaging applications. whereas the broad-band light sources
24 arc used in rellecied light applications (c.g.. lo caplure a
visible light image), although this need not necessarily be the
case.

Some ol the lamp receptacles 18 may be provided with one
ormare dilTusers 26 and/or onc armore [ilicrs 28, as best scen
in FIG. 5. The diffusers 26 are vsed to ditfuse or spread light
produced by the lamps 20, whereas the filters 28 are used to
filter or remove light of vnwanted or undesirable wave-
lengihs. In a typical application. those lamp receplacles 18
that arc provided with narrow band light sources 22 may also
be provided with difftusers 26 and filters 28, whereas those
receptacles 18 that are provided with broad-band light

sources 24 will not be provided with dilTusers 26 and [ilters

28. Allernatively. other arrangements are possible, as will be s

deseribed herein.

In an embodinent where in the excitation light source
assembly 10 is to be vsed in conjunction with a molecular
imaging system 12. 10 will be generally desirable o provide

the excitation light source assembly 10 with the capability o s

generate of produce excitation light or illumination in a vari-
ety of individual bands or colors that extend over a compara-
tively large wavelength range (e.g.. from about 430 nanom-
clers (nm) (o about 745 nm). [Towcever. other embodiments
may extend this range to 800 nm or even 900 nm. In the
particular embodiment shown and desceribed herein, the exci-
tation light source assembly 10 is capable of producing or
gonerating len (10Y individual illumination bands or colors
having comparatively narrow bandwidths (e.g., in the range
olabout 30-35 nm), although bandwidths having other ranges
may also be used. The ten (10) individual illumination bands
or ¢colors (i.e., having relatively narrow bandwidths of about

"
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30-35 nm) thus may cover the large wavelength range of from
aboul 430 nm 1o aboul 745 nm. In another embodiment, the
wavelengih range may be extended o aboul 900 nm by pro-
viding one or more additional illumination bands or colors
having wavelengths that extend to 900 nm.

In addition 1o the ability to provide illumination via one or
more narrow illomination bands, the excitation light source
asscmbly 10 may also be used o provide broad-band (e.g.,
while light) illumination. which may be desirable in cerlain
imaging applications.

In the particular embodiment shown and described herein,
each dividual illumination band or color s generated or
produced by light sources 22 provided in lamp receptacles 18
that are localed om opposile sides of the central opening 16, As
will be deseribed in greater detail below, this arrangement
provides for more even illumination than would otherwise be
the case if the individual illumination band or color were
provided by only a single lamp receptacle 18.

In an application wherein the excitation light source
asscmbly 1 is used in conjunction with amolecular imaging
system 12, the housing or main body member 14 ol the
excitation light source assembly 10 may be monnted to a base
member 30 that, in turn, may be mounted 1o a suitable support
strueture 32 associated with the imaging system 12, See
11138, 2 and 3. More particularly, the excitation light source
asscmbly 10 is mounted Lo the support siructure 32 so that the
central opening of main body 14 is substantially alipned with
{i.e., concentric t0) a lens assembly 34 of a camera 36 asso-
cialed with the imaging system 12, The arrangement is such
that a ficld o view (represented schematically by lines 38) of
camera 36 is substantially unobstrucied by the housing 14
and/or central opening 16 of housing 14 of excitation light
source assembly 10,

The exeitation light source assembly 10may be operatively
conmecled Lo a control system 40 (111 23, Control system 4
may be used o oporate selecled ones of the various light
sources 20 (e.., narrow-band light sources 22 and broad-
band light sources 24) provided in the excitation light source
assembly 10 10 provide a desired illumination (o an object or
specimen 42 located within the field ol view 38 ol camera 36.
Camera 36 may then capture an image of luorescing material
in the abject or specimen 42. Tt should be noted that different
fluorescent materials in the specimen 42 may be excited or
activated by illuminating the specimen 42 with light ol vari-
ous colors or wavelength bands. In addition. dillerent fluo-
rescent Materials in the specimen 42 mayv fluoresce or emit
light of different wavelengths even when illuminated with
light of the same color or wavelengilh band. Images ol the
specimen 42 produced by lighl emitied in such dillerent
wavelongihs may be caplured by using an appropriate [ilter in
conjunction with the camera 36.

For example, and with reference now 1o FIGS. 7 and 8, a
first Nuorescent image 44 ol a specimen 42, in this casc a
cacius pad and flowoers. may be obtained by using the conirol
system 40 1o activate those Light sources 20 that emdt light in
an individual wavelength band or color that will excite the
particular fluorescent material of interest in the specimen 42,
In this particular cxample. the individual wavelength band or
color comprised a middle or “cenler” wavelength ol aboul
465 nm, with a bandwidth of about 30-35 nm. A 550 nn filter
was used to capture the image 44 shown in FIG. 7, which was
then combined with a visible light image of the specimen 42.
The emission al 550 nm reveals the Nuorescence ol the indi-
vidual spines ol the cactus. However, no fuorescence of the
Hower appears at this wavelength, In contrast, a second tluo-
rescent inage 46 of the specimen 42, depicted in FIG. 8, but
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captured with a 735 nm filter, reveals emission from the
leaves ol the Mowers as well as [rom the entire surlace of the
cactus pad.

A significant advantage of the excitation light source
assembly of the present invention is that it may be used to
illuminate an object or specimen with light in multiple narrow
hands or colors. therehy allowing 2 single excitation light
source assembly 10 be used in imaging applications involving
a wide range of luorescent materials that are excited over a
wide range of wavelengths. Moreover, the excitation light of
each individual wavelength band or color may be readily
increased and deercased inbrightness by controlling the num-
her ol light sources in cach lamp receplacle that are illumi-
nated or activated at any one time. Still further, the ability of
the excitation light source assembly 1o also provide broad-
band illumination allows for the ready capture of conven-
tional reflected light images ol the object or specimen, which
are lypically desired in most imaging applications.

Still ather advantages are associated with the paring of the
lamp receptacles on opposite sides of the central opening, in
that such a paring allows lor the more even illumination ol the
object or specimen than would otherwise be the case il the
illumination were provided by only a single lamp receptacle.

Still et other advantages are associated with embodiments
having removable lamp receptacles. In such embodiments,
the lamp receptacles can be readily removed and replaced in
the field, thereby allowing users to conveniently and rapidly
tailor the wavelength bands or colors that may be provided by
the excitation light source assembly. The present invention

alse dispenses with the need (o provide the illumination via 3

fiber optic bundles. which is expensive and cumbersome.
Morcover. such iiber optic bundles must also be carclully
selected so that they do not contain materials or elements that
themselves would fluoresce in use.

IHaving briefly described one embodiment ol the excilation
light source asscmbly ol the present invention, as well as
some al'its more signilicant [caturcs and advanlages, various
exemplary embodiments of the excitation light source assem-
bly will now be described in detail. However, before proceed-
ing with the deseription, it should be noted thal while the
particular embodiments are shown and described herein as
they could be used to provide illumination over certain wave-
length ranges and in certain narrow illumination bands or
colors having certain bandwidths, the particular wavelength
ranges, numbers ol 1llumination bands. as well as the band-
widths ol the Tlumination bands may be varied depending on
the any of'a wide range of factors, including the requirements
ot'the particular application. Consequently, the presenr inven-
tion should not be regarded as limited to the particular

examples. ranges. wavelengih bands, and applications shown s

and deseribed herein.

Referring back now 1o FIGS. 1-4, an excitation light source
assembly 10 according t© one embodiment of the present
invention is shown and deseribed herein as it may be used in

conjunclion with a molecular imaging system 12 of the type s

commonly vsed in the molecular imaging field. In the par-
ticular embodiment shown and described herein, the imaging
system 12 may comprise a generally rectangularly-shaped
chassis ormain enclosure 48 comfigured (o house and support
the various componenis and subsystems required 1o perlorm
variovs types of molecular imaging processes. Inaddition, the
main enclosure 48 also may be provided with various external
{inish pancls 50 thal cover or overlay the underlying chassis or
main enclosure structure 48, In the particular ecmbodiment
shown and deseribed herein, the imaging system 12 1s
designed or configured to be connected to separate computer
system (not shown) 1o allow a user to operate the imaging
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system 12 and view inages produced by the imaging system
12 on 4 suitable display system (also not shown).

I'he main enclosure 48 of imaging system 12 may be pro-
vided with an access door 52 thal can be moved vertically
between a closed position (shown n FIG. 4) and an opened
position {not specifically illustrated in the drawing figures j 1o
allow the user 1o access an imaging compariment or chamber
54 delined by the main enclosure 48, as best seen in G 2,
Theimaging, compartment 54 is sized 10 receive one or lmore
abjects or specimens 42 1o be imaged. Ohjects or specinens
42 suitable for vse with the imaging system 12 include
samples that may be provided in a well plate 56, as well as
living organisms (not shown). Other lypes ol objeels or speei-
mens 42 may be imaged for other purposes as well, as would
become apparent to persons having ordinary skill in the art
alier having becomne familiar with the teachings provided
herein.

Relerring now primarily (o IFIG. 2. the imaging system 12
also may include an imaging system sub-assembly 58 having
an object plattorm or stage 60, as well as a mounting or
supporl struciure 32, The object platform 60 is moveably
mounted 1o the sub-assembly 58 so that the object platform 600
cal be moved vertically toward and awav from the support
structure 32, ie, generally in the direction indicated by
arrows 62, The support structure 32 is configured to receive
camora 36, control sysicm 40, as well as various other com-
ponents and sysiems required for operation of the imaging
system 12, Howewver, because such various other components
and svstems that may be required or desired tor the operation
ol the imaging system 12 are not required Lo understand or
practice the present invention, such additional components
and systems will not be described in further detail herein.

The excitation light source assembly 10 may comprise a
housing or main body 14 that defines a central opening 16
therein. as best scen in PIG. 1. The housing or main body
member 14 may be mounted Lo a base member 30 o allow the
excilation light source assembly 1 (0 be readily mounied 1o
the support structure 32 of the imaging system 12, as best seen
in FIGS, 2 and 3. As mentioned above, the excitation light
source assembly 10 1s mounted o the support structure 32 so
that the central opening 16 of main body 14 1s substantially
aligned with the lens assembly 34 of camera 36. The arrange-
ment is such that the field of view 38 of camera 36 is substan-
tially unobstructed by the housing 14 and/or central opening
16 ol housing 14,

Relerring now primarily (o FIGE. 3. 5. and 6, the main
bady member 14 of excitation light source assembly 10 also
defines a plurality of lamp receptacles 18 therein that are
arranged around the central opening 16, lach of (he lamp
receplacles 18 1s sived or conligured 1o receive one or more
light sources or lamps 20 (UIGS. 5 and 6). In particular, the
large diameter lamp receptacles 18 may be sized to receive
one or more narrow-band light sources 22, as best seen in
111(3. 5, whereas the small diameler lamp receplacles 18 may
be sized o receive a single broad-band light source 24, as besi
seen in FIG. 6.

The various lamp receptacles 18 may be provided at loca-
tions on the main body member 14 so as to provide substan-
tially uniform illuminaiion to the object or specimen 42 pro-
vided on the imaging platlorm or stage 60. In the particular
emwbodiment shown and described herein, the main body
member 14 is provided with twenty (20) large diameter lamp
reeeptacles 18, cach ol which is provided with a plurality of
narrow-hand light sources 22 and. oplionally. dilTusers 26,
and Nllers 28. Morcover. and as will be deseribed in further
detail below, a given larpe diameter lamp receptacle 18 (such
as receptacle 68),may be matched with a counterpart large
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diameter receptacle 18 (such as receptacle 68" on the oppo-
sltcside ofcentral opening 16. Sec lI(. 1. 13oth the receptacle
68 and ils counterpart reeeplacle 68 may be conligured Lo
emit light ol the same color or wavelength range. Thus. when
energized, each such recepracle 68 and connterpart receptacle
68" will emit light of the same color or wavelength range.
Because cach such receplacle 68 and counterpart receplacle
68" are localed on opposite sides o the central opening 16. the
specimen 42 will be more evenly illuminated with this
arrangement than would otherwise be the case if the light
were emitted only by a single receptacle 18.

A brielly deseribed above. cach ol the small diameler
receplacles 18 may be provided with a single broad-band light
source 24. The various small diameter receptacles 18 also
may be provided in spaced-apart relation around the central
opening 16 ol body member 14 in order (o provide substan-
Lially unilorm illumination of the object 42 provided on the
slage 60 when the broad-band light sources 24 are energived.

The hovsing or main body member 14 mayv be tabricated
from any of a wide range of materials, such as metals or
plastics, that would be suilable [or the iniended application.
Generally speaking. it will be desirable 1o use a material that
will not fluoresce in response to the illumination provided by
the various light sources 20 provided therein, as such fluores-
cence of the material comprising the main body member 14
will degrade (he performance of the imaging syslem 12, 13y
way ol example, in one embodiment. the housing or main
body member 14 is fabricated trom a polvoxymethvlene ther-
moplastic material, sveh as Delrin®:. Alternatively, other

malterials may also be wsed. as would become apparent o 3

persons having ordinary skill in the art afier having bocome
Lamiliar with ihe wachings provided hercin. Consequently.
the present invention should not be reparded as limited 1o a
main body member 14 that is fabricated from any particular
malterial.

With relerence now primarily to UG 5, cach ol the large
diameter lamp receplacles 18 delined by (the housing 14 ol the
excitation light source assembly 10 is sized or configured to
receive at least one, and preferably three (3) narrow-band
light sources 22 {omly two ol which are shown in PIG 5). As
will be deseribed in grealer detail below, the individual nar-
row-band light sources 22 may be individvally activated by
control system 40 to provide illumination of three (3) ditfer-
ent intensity levels by activating various ones of the three
narronw-band sources 22 provided (o each lamp receplacle. In
contrast. cach ol the small diameler lamp reeeptacles 18 may
be sized to receive a single broad-band light source 24. How-
ever, other arrangements are possible, as would become
apparent lo persons having ordinary skill in (he art alier

having hecome familiar with the teachings provided herein. s

Consequently. the present imvention should ned be regarded as
limited to any particular configuration with respect to the
number of light sources 20 that may be provided 10 each lamp
receplacle 18.

The various light sources 20, eag., comprising narrow-band =

light sources 22 and broad-band light sources 24, may be
mounted 1o a ¢ircuit board 64 which, inturn, may be mounted
or atlixed to the main body 14, as best seen in FIGS. 1.5, and
6. Circuil hoard 64 provides a means lor physically support-
ing the various light sources 20 within the lamp receplacles 18
and tor electrically connecting the light sources 20 to the
control system 40, Circuit board 64 may also be provided
with any of a wide range ol ancillary systems and devices.
such as light source drive circuits and cormectors. 10 allow the
light sources 200 lo be activated by control system 40, How-
ever, because such devices and systems are well-known in the
art and could be readily provided by persons having ordinary
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skill in the art atter having become tamiliar with the teachings
provided herein. the circuit board 64 that may be utilived in
one embodiment of the present invention will nol be
deseribed in [urther detail herein,

Each narrow-band light source 22 15 suitable tor producing
excitation light having a wavelength band or color that com-
priscs al least the wavelength or wavelengths required 1o
excile or activale Muorescence in the particular malerial or
specimen 42 1o be imaged or studied. In addition, becavse it

y will be desirable tousethe imaging system 12 to image a wide

range of tluorescent materials, varous ones of which may
require excitation light having dilTerent colors or wavelength
bands, in one embodiment, cach of the larger diameter lamp
receptacles 18 defined by the housing 14 will hold at least
one, and prefterably three (in one embodiment), narrow-hand
light source 22 that cmils light having wavelengihs (i.c., a
wavelength band) that is slightly dillerent rom the wave-
lengihs produced by the other narrow-band light sources 22
provided in others of'the larger diameter lamp receptacles 18,
Stated another way, the various lamp receptacles 18 may emit
light of dilTerent colors. In this manner. then, the single hous-
ing 14 ol excitation light source assembly 10 can be used 10
produce excitation light having wavelengths across any
desired wavelength range.

In addition, and as wags also mentioned above, each of the
larger diameter lamp receplacles 18 {c.g.. lamp receplacle 68,
I1I¢3. 1y may be paired wiilh a countlerpart receplacle (e.g.,
lamp receptacle 68") on the opposite side of the central open-
ing 16 in order to provide more even illumination of the
specimen 42 provided on the imaging platform or stage 60.
lior example, il a particular lamp receptacle 68 is provided
with 1 narrow-bhand light source 22 that is capable ol emitling
light having middle or center wavelength of abowt 465 nm,
then its counterpart receptacle 68' should also be provided
with a narrow-band light source 22 having a middle or center
wavclengih ol about 465 nm.

In the particular embodiment shown and described herein,
the excitation light source assembly 10 is capable of emitting
excitation light in a plurality of individual bands or colors
over g wavelength range from about 430 nm o aboul 745 nm.
Therelore, it will be generally desirable 10 use [or cach light
source 20 a comparatively narrow-band light source 22 that
emits light having wavelengths over a tairly narrow-band. By
way of example, narrow-band light sources 22 having band-
widihs in the range ol about 30-35 nm can be used 10 advan-
lage in the present imvention. I such narrow-band light
sources 22 are used, ten (10) such narrow-hand light sources
22, properly selected, will be sufficient 1o cover the exem-
plary wavelengih range. In accordance with this objective,
then. the main body member 14 15 provided with twenty (20)
large diametor receplacles 18 (thal are arranged In ten pairs of
two ol opposite sides of the central opening 16. The corre-
sponding, receptacle pairs {e.g., 68 and 68', FIG. 1) are then
provided with narrow-band light sources 22 ol the same
wavelengihs so that the excitation light source assembly 10 i
capable of providing illumination in ten different narrow-
band wavelength ranges or colors.

Alternatively, another embodiment of the invention may
produce light having a wavelengih of 800 nm by providing
one or mare light sources 22 capable of producing light hav-
ing wavelengths of around 800 nm. In still another embodi-
ment, the range could be extended 1o wavelenaths of 900 nm
oreven longer by providing the excitation light source asscm-
bly 10 with light sources 22 capable of producing light having
wavelenglhs ol around 900 nm.

Each narrow-band light source 22 may comprise a light
emitting diode (LED) that emits light in the desired wave-
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length band, and ideally, with the desired bandwidih (e.g., of

about 30-35 nm). Light cmitting diodes having such narmow
bandwidihs (c.g.. about 30-35 nm) along the desired wave-
length range (c.g., 430 nm to aboul 745 nm) are readily
commercially available and can be vsed as the narrow-band
sources 22, However, it should be noted that suitable LEDs
that emil or produce light in cach of the desired wavelength
bhands may not be available. IT so, 16 may be necessary 1o use
broader-band LEDs, i.e., that emit light having wavelengths
outside the desired wavelength range. If so, such LEDs or
broad-band light sources may be used in combination with a
filter clement 28 w0 filler or remove the undesired wave-
lengihs, as will be deseribed i greater detail below.

Regardless of the particular light source 22 that may be
used, itis also generally preterred, but not required, 1o provide
a dilTuser 26 within cach lamp receplacle 18, The dilluser 26
may be provided al any convenient posilion within lamp
receplacle 18. In one embodiment, dilTuser 26 is localed at a
position immediately adjacent the light source 20, as best
seenin FIG. 5. A sleeve 66 provided in the lamp receptacle 18
may be used o support diffuser 26. although other arrange-
menls dare possible. As its name implies. the dilTuser 26 dif-
fuses orspreads light produced by the light source 20, thereby
generally providing for more even illumination than would be
provided by the light source 22 alone.

The diffuser 26 may comprise any ol a wide range ol
optical dilfusers that are now known in the art or that may be
developed in the future that are or would be suitable for the
particular application. However, becavse optical diffusers are
well-known in the art and could be readily provided by per-
sons having ordinary skill in the art alter having bocome
Lamiliar with the teachings provided hercin. the particular
dittfusers that may be used in one embadiment of the invention
will not be described in further detail herein.

Ag mentioned above. the light output characleristics ol the
various light sources 20 (c.g.. 1.11Ds) that may be utilived in
the excilation light source assermbly 10 may be such that it
may be required, or at least desirable, to further limir the
wavelength range of exeitation light produced by each light
source 200 This may be the case regardless ol whether the
particular light source 200 involved is a narrow-band light
souree 22, Accordingly, inone embodiment, sach of the large
diameter lamp receptacles 18 (e.g., containing or housing the
narrow-band light sources 22) may also be provided with a
lilter clement 28. lilier clement 28 may remove or llier
undesired wavelengths produced by the Tlight source 200,
regardless of whether the light source 20 comprises a narrow-
band light source 22, In the particular embodiment shown and
deseribed herein. cach such [ilter may be positioned adjacent

the dilTuser 26, as best seen in IG5, although other arrange- s

menls are possible,

In the particular embodiment shown and described herein,
each filter element 28 may comprise a “notch™ tvpe filter
having a relatively narrow wavelength bandpass range ol

aboul 30 nm around the desired cenler wavelengih or color, s

Such noteh type filters are available over a wide range of
wavelengths or colors. In one embodiment otf'the invention, a
separate notch filter 28 is provided for each light source 22,
and the noteh [iler wavelength is selected as appropriate lor
the particular light source 22 with which it is paired. Thus.
when individunally activated, each light source/filter combi-
nation will emit excitation light having a bandwidth of about
30 nm at a desired color or wavelength band within the
desired overall wavelength range (e.g., from about 430 nm (o
aboul 745 nm).

Referring now primarily to FIG. 6, the excitation light
source assembly 10 may also be provided with a plurality of
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small diameter lamp receptacles 18 therein that are sized 10
reecive a broad-band light source 24. In the parlicular
embodiment shown and described herein, cach small diam-
cler lamp receplacle 18 receives a single broad-band light
source 24, although other embodiments may be provided with
a plurality of broad-band light sources 24 for each receptacle
18. Broad-band light source 24 may comprise any of a wide
range ol broad-band light sources now known in the arl or that
may be developed in the future thal are. or would be, suitable
for the intended application. 13y way ol example, in one
embodiment, each broad-band light source 24 may comprise
a “white” LED of the tvpe that are readily commercially
available. In another embodiment, one or more of the broad-
band light sources 24 may be mounied at other locations
within the imaging system 12.

llach ol the various light sources 20 i.e., comprising nar-
row-band sources 22 and broad-band sources 24, provided in
the various lamp receptacles 18 defined by the housing 14

y may be operatively connected to a control system 40 (FIG. 2)

via the circuil board 64. Control system 40 may be used 10
operale or energive the various light sources 20010 turm them
on and off. In one embodiment, each of the various light
sources 20 (i.e., comprising narrow-band sources 22 and
broad-band sources 24) may beindividually controlled so that
a single light source 20, emilling excitation light in a desired
wavelengih band or color. may be used 1o excile the desired
fluorescent material contained in the object or specimen 42
being studied. Alternatively, other arrangements are possible.
l'or example. in another ecmbodiment. the control system 40
may operale lwo or more light sources 200 simultancously.

The excitation light source 10 may be operated as [ollows
to capture a fluorescent image of a specimen 42, for example
a cactus pad and tlowers, Once the specimen 42 has been
properly positioned on the platform or stage 60 and the imag-
ing system 12 otherwise prepared for operation, the conirol
system 40 may operate sclecled ones of the various light
sources 20 (e.., narrow-band light sources 22 and broad-
band light sources 24) to illuminate the specimen 42 with a
desired wavelength band or color. Camera 36 may then cap-
lurc an image of Muorescing material in the objecl or speci-
men 42, As described earlier, different fluorescent materials
in the specimen 42 may be excited or activated by illuminat-
ing the specimen 42 with light of various colors or wavelength
bands. In addition, dilferent [uorescent malerials in the
specimen 42 may [uoresce or emil light ol diferent wave-
lenaths even when illuminated with light of the same color or
wavelength band. Images of the specimen 42 produced by
light emiited in such different wavelengths may be caplured
by using an appropriale liller in conjunction with the camera
36.

For example, and with reference now 1o FIGS. 7 and 8, a
first luorescent image 44 of specimen 42 may be obtained by
using the control sysiem 4 o activate those light sources 20
that emil light having a middle or center wavelength ol aboul
465 un (and with a bandwidih of about 30-35 am). Certain
materials contained within the specimen 42 will fluoresce in
response to this excitation illomination. However, the mate-
rials may not all Muoresce or emit light ol the same wave-
lengih. Dilferent malernials will [uoresce or emit light of
different wavelengths, asis known, The particular fluorescent
image 44 depicted in FIG. 7 was captured with a 550 nm filter
adjacent the camera 36 and is shown combined with a visible
light image ol the specimen 420 The emission a1 350 nm
revedls the Muoreseence ol the individual spines ol the cactus.
Hewvever, no tiorescence of the flower appears at this wave-
lenath. In contrast, the second Huorescent image 46 depicted
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in FIG. 8, but caprured with a 735 nin filter, reveals emission
[rom the leaves ol the Nowers as well as [rom the entire
surlace ol the cactus pad.

Other variatioms and conligurations arc possible [or the
excitation light source according to the present invention. For
example, a second embodiment 110 of an exeitation light
souree assembly according to the teachings of the present
invention is illustrated in VIGE. 9-11. The second embodi-
ment 11 dillers from the first embodiment 10 in that the
scecond embodiment 110 comprises a plurality of lamp recep-
tacles 118 that are removable from corresponding main bod-
ies 114, The removable lamp receptacles 118 allow the exci-
tation light source 110 10 be readily configured (and
recomfigured) w0 produce light ol any desired wavelength
bhand or color by simply removing one or more of the lamp
receplacles 118 and replacing it or them with another Tamp
receptacle 118 that configured to produce light in the desired
wavelength band or color.

The second embodiment 110 may comprise a base member
134 (o which arc mounted a pluralily ol main bodics 114. In
the particular embodiment illustrated in PIGS. 9-11. the base
member 130 comprises a C-shaped member having a central
opening 116. Alternatively, the base member 130 could com-
prise other shapes and confipurations, such as the circnlar
shapc ol the [irst cmbodiment 110, The overall conliguration
of the C-shaped base member 130 is such thal the central
opening 116 thereof will be substantially alipned with the
lens assembly 34 of camera 36 when mounted 1o the support
structure 32 ol imaging system 12, 8ce VIGE. 2and 3. As was
the case [or the irst embodiment 1. the arrangement ol the
sccond embodiment 1140 is such that the field of view 38 ol
camera 36 is substantially unobstructed by the central open-
g 116 of base member 130, as well ag the various light

receplacles 118 associated wilh excllation light source 3

assembly 114,

With reference now primarily (o I'IC 10, cach main body
114 may be substantially identical 1o the others and may
comprise an opening 115 therein sized to receive the corre-
sponding removable lamp receplacle 118, Main body 114
may also be comligured (o receive a conneclor assembly 117
that is sized 1o removably receive a mating portion 119 pro-
vided in the removable lamp receptacle 118. The connector
assembly 117 and mating portion 119 provide physical and
cleetrical engagement with (he removable lamp receplacle
118. Connector assembly 117 may be clectrically conneeted
10 an electrical connector assembly 165 provided in the main
body 114. See also FIG. 9,

In the particular embodiment shown and deseribed herein.

cach main body 114 has an angled base portion 121 so thatthe s

cach lamp reeeplacle 118 is angled inward. oward the central
axis 151 of'the hovsing 114, by an angle (), as best seen in FIG,
10 (central axis 151 is shown in a displaced position in FIG.
10 lor clarity). Such an arrangement allows the excilation

light produced by the varlous lamp receplacles 118 o roughly s

converge at a point on the image platform or stage 60 where
the specimen 42 is to be located during the imaging operation.
Alternatively, other arrangements for aiming or directing the
lamp receptlacles 118, thus excitation light emitted thereby.
could also be used, as would become apparent lo persons
having ordinary skill in the art after having become familiar
with the teachings provided herein.

‘The base member 130 and cach o[themain bodics 114 may
he fabricated from any of a wide range of maierials (c.g..
melals and plastics) that would be suilable lor the intended
application. By way of example, in one embodiment the hase
member 130 may comprise aluminum. Each of the main
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badies 114 may be fabricated from a polyoxymethylene ther-
moplastic malerial. such as Delrin®. Allernatively. other
malerials may also be used.

Conneelor asscmbly 117 and its maling portion 119 may
comprise any ot a wide range of connector assemblies that are
now lenown in the art or that may be developed in the future
that are, or would be, suitable for the particular application.
[Towever, by way of example. in one cmbodiment, conneclor
assembly 117 and its mating portion 119 may comprise 2 bype
“1PGLT connectlor assembly available rom LEMO USA, Ine.
of Rohnert Park, Calif. Alternatively, other tvpes of connec-
tors lnay be used.

Referring now to FIGS, 10 and 11 simultanecusly, each
lamp receplacle 118 may be substantially identical to the
others and may comprise lrst and second barrel sections 123
and 125 thal may be comneeted or joined (ogether by a
threaded nipple or sleeve section 127, Sleeve section 127 is
also configured to receive mating connector portion 119, as

» best seen in FIG. 10. The upper barrel section 125 may be

comnfigured o receive one or more narrow-band light sources
122 (only a single narrow-band light source 122 is illustrated
in FIGS. 10 and 11), which may be mounted to a cireuit board
164 that is electrically connected to mating connector portion
119 wia wires (not shown) or other suitable means. Barrel
seelion 125 may also be confligured Lo receive a dilfuser 126
andsor a filier 128. as best scen in FICG. 11, A sleeve 166 may
be nsed to position the diffuser 126 and/or filter 128 with
respect 1o the light source 122, A foam spacer 131 or other
clastomeric malerial may be provided between circuit board
164 and sleeve 127, as best seen in F1GG, 1.

‘The upper and Tower barrel sections 123 and 125 may be
tabricated from any of a wide range of materials, such as
metals or plastics, that would be suitable for the intended
application. Consequently. the present invention should not
be regarded as limiled o any particular material. [owoever, by
way of example. in one embodiment. the upper and lower
barrel sections 123 and 125 are fabricated from aluminum.
The aluminum may be provided with a svitable non-reflective
coaling.

Sl other variations arc possible. For example. and with
reference now to FIGS. 12 and 13, a third embodiment 210 of
the excitation light source assembly may comprise a “C™-
shaped housing or main body 214 that defines a central open-
ing 216. 'The housing 214 alse delines a plurality ol lamp
reeoplacles 218 that are arranged around the central opening,
as bestseenin FIG, 12, The housing 214 ofthe excitation light
source assembly 210 is also configured to be mounted to the
support structure 32 ol imaging system 12, so that the lens
assembly 34 ol camera 36 1s generally concentrie with the
central opening 216 defimed by the housing 214, Sce IM1(8. 2
and 3. As was the case for the other embodiments, the
arrangement is such that the field of view 38 of the camera 36
is substantially unobsiructed by the housing 214 andfor cen-
tral opening 216 ol housing 214 of the excitation lightl source
assembly 214,

Referring now 1o FIG. 13, each of the lamp receptacles 218
may be provided narrow-band light source 222 that, in one
cmbodiment, may be mounted 10 a circuit board 266. A dil-
fuser 226 may also be positioned within each of the lamp
receptacles 218, penerally at a position adjacent the light
source 222, Each ditfuser 226 diffuses light produced by the
corresponding light source 222 and may be held in position by
asleeve 266, As was the case [or the other cmbodiments. cach
lamp receptacle 218 may also be provided with a lilier 228, 17
desired or required, to remove or filter any undesired light
wavelengths that may be produced by the light source 222,
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The C-shaped housing 214 of the excitation light source
assembly 210 allows cach ol the lamp receplacles 218 pro-
vided therein 1o be conveniently angled (i.e., by an angle 8
with respeet 1o the contral axis 251 ol housing 214). so that
light from the lHght sources 222 may be directed 10 a desired
area within the field of view 38 of camera 36.

The housing 214 for the exciiation light source assembly
210 may be ldbricailed rom any of a wide range ol materials,
such as metals or plastics, that would be suitable for the
intended application. Consequently, the present invention
should not be regarded as limited to housings made from any
particular materials, [owever, by way of example. in one
embodiment. the housing is fabricated as a single plece [rom
any of a polvoxymethvlene thermoplastic material, e.g., Del-
ring

lHaving herein set forth prelerred embodiments of the
present invention. it is anticipated that suitable modifications
can he made thereto which will nonetheless remain within the
scope of the invention. The invention shall therefore only be
construed in accordance with the following claims:

The invention claimed is:

1. An excitation light source asscmbly, comprising:

a housing defining a central opening therein and a plurality
of lamp receptacles surrcunding the central opening,
said howsing being mountable to a suppaort structure so
thal the central opening is aligned with a camera also
mounted to the support structure so that 4 field of view ol
the camera is nnobstructed by said housing;

a light source positioned within each of the plurality of

lamp receplacles, wherein al least one of said light 2

sources compriscs 4 narrow-band light source; and

adilTuser positioned within ai least some ol the plurality ol
lamp receptacles, each of said difttsers ditfusing light
produced by each of said light sources; and

a control syslem operatively commeeted (o cach ol said Tight

sources said control system operating seleeted ones ol
said light sources (o provide a desired excitation illumi-
nation to an object within the field of view ot said cam-
era, the object luorescing in response 1o the excitation
llumination provided by said light sources.

2. The excitation light source assembly ol claim 1 whercin
said narrow-band light sonree emits light having a bandwidth
of about 35 nm.

3. The excitation light source assembly of claim 2 wherein
sald al least one narrow-band light source comprises a light
emitling diode.

4. The excitation light source assembly of claim 1, further
comprising at least one filter positioned adjacent at least one
diffuser in at least one of the lamp reeeplacles deflined by said
housing.

5. The excitation light soeurce assembly ol claim 4, wherein
said at least one filter comprises a notch filter having a wave-
length bandpass range of about 30 hm.

6. The excitation light source assembly ol claim 1, wherein

al Teast ome af the light sources comprises 1 broad-band light s

soULree,

7. The excitation light source assembly of claim 1, wherein
at least some of said plurality of lamp receptacles comprise
opposed pairs ol Tamp receptacles on opposite sides of said
central opening. cach opposed pair ol lamp receplacles pro-
ducing light of the same color,

8. The excitation lialt source assembly of claim 7, further
comprising len opposed pairs of lamp receptacles on opposiic
sides of said central opening.

9. The exeitation hight source assembly ol ¢laim 1, wherein
the light source pasitioned within each of the plurality of lamp
receptacles does not extend bevond the lamp receptacle.
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10. The excitation light source assembly of claim 1, further
comprising a plurality of light sources positioned within al
least some ol the lamp receptacles so thatl the plurality ol light
sources do not extend beyond the lamp receplacles.

11. The excitation light source assembly of claim 10,
wherein said plurality of light sources is three light sources.

12. "The excilation light source assembly of claim 1,
wherein the plurality ol light receplacles defined by said
hovsing comprise a plurality of large diameter receptacles

3 and a plurality of small diameter receptacles.

13, The excitation light source assembly of claim 1,
wherein the plurality of light receplacles deiined by said
housing comprise generally eylindrically shaped openings
having first and second open ends, said excitation light source
assembly further comprising a cirenit board mounted to a first
side of said housing. said light sources being mounied o said
circuit board so that said light sources extend through the first
open ends ol the generally cylindrically-shaped light recep-
tacles.

14. An assembly, comprising:

a support struclure;

a camera mounted 1w said supporl structure;

an excitation light source assembly mounted to said sup-

port strueture, said excitation light source assembly

comprising:

a housing delining a central opening therein and a plu-
rality of lamp receplacles surrounding the ceniral
opening, said housing being mounted 1o said support
structure so that the central opening, 1s aligned with
said camera and so that a feld of view ol said camera
1s substantially unobstrucied by said housing:

al least ome narrow-band light source positioned within
at least one of the plurality of lamp receptacles; and

a diffuser positioned within at least some of the plurality
ol Tamp receplacles, cach ol said dilTusers dillusing
light produced by cach of said narrow-band light
sources; and

a control system operatively connected to each of said

narrow-band light sources, said control system operat-
ing seleeted ones of said narrow-band light soeurces Lo
provide a desired excitation illumination o a [uoreseent
material within the field of view of sald camera, the
fluorescent material fluorescing in response to the exci-
tation illumination.

15. The assembly ol claim 14, [urther comprising a light
[ilter positioned adjacent cach of the difusers.

16. The assembly of ¢claim 14, wherein each of the lamp
receptacles defined by said housing are angled with respect 1o
a central axis of said housing so that light emitted from cach
ol sa1d narrow-band light sources 1s direcled to a desired arca
within the ficld ol view of said camera.

17. The assembly of claim 14, wherein each ot said narrow-
band light sources is selected to provide desired number of
illumination bands over a desired spectral range.

18. The assembly ol claim 17, wherein the desired spectral
range is from about 430 wn to about 745 am.

19. The assembly of claim 17, wherein the desired number
of illumination bands is 10.

20. The assembly of claim 17. wherein cach desired illu-
mination band hag a bandwidih ranging [rom aboul 30 nm 1o
about 35 nm.

21. The assembly of claim 17, wherein the desired spectral
range is [rom aboul 430 nm lo about 900 nm.

22, T'he assembly ol claim 17, wherein the desired speciral
range s [rom about 430 nm o about 800 nm.

23 The assembly ofclaim 14, wherein each of said narrow -
band light sources comprises a light emitting diode.
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24, The assembly of claim 14, wherein said housing com-

prises a polyoxymethylene thermoplastic material.

25. An excitation light source assembly. comprising:

ahousing defining 1 central opening therein and a plurality
of lamp receptacles therein surrounding the central
opening, said housing being mountable to a support
structure so that the central opening is alipned with a
camerd dlse mounled w0 the support structure so that a
ficld of view ol the camera 1s unobstruciled by said hous-
ing;

a light source positioned within each of the plurality of
lamp receptacles so that said light sources do not extend
beyond the lamp receplacles, wherein ai least one ol said
light sources comprises a4 narrow-band light source: and

a control svstem operatively connected to each of said light
sources, said control system operating selected ones of
said light sources to provide a desired excitation illumi-
nation o an object within the ficld of view ol the camera.
th excitation llumination causing [uorescent malerials
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in the object to fluoresce, the camera capturing an image
ol the Muorescing malterial in the object.

26. The excitation light source assembly of claim 23,
whoerein said plurality of lamp receplacles defined by said
housing comprise a plurality of large diameter lamp recep-
tacles and a plurality of small diameter lamp receptacles, said
large diameter lamp receplacles receiving a plurality of said
light sources, said small diameler receplacles receiving a
single light source,

27. The excitation light source assembly of claim 25,
wherein the plurality of light receptacles defined by said
housing comprise generally cylindrically shaped openings
having lrst and second open ends. said excilation light source
assembly further comprising a circvit board movnted to a first
side ot said housing, said light sources being mounted 1o said
circuit board so that said light sources extend through the firsi
open ends of the generally cylindrically shaped light recep-
tacles.



