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(57) ABSTRACT 

In one aspect, an imaging system is provided. The imaging 
system has a taking lens unit adapted to focus light from a 
scene, and a beam splitter receiving light from the scene 
With a portion of the received light traveling from the beam 
splitter to a ?rst imaging surface and a portion of the 
received light traveling from the beam splitter to a second 
imaging surface. A?rst image capture system is provided for 
capturing an image based upon the light traveling to the ?rst 
imaging surface, and a second image capture system is 
provided for capturing a second image based upon the image 
formed at the second imaging surface. An array of micro 
lenses is in optical association With the ?rst imaging surface, 
With each micro-lens in the array concentrating a ?rst 
fraction of the light from the beam splitter onto concentrated 
image areas of the ?rst imaging surface. Wherein the ?rst 
image capture system forms an image based upon the light 
concentrated onto the concentrated image areas. 
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CAMERA USING BEAM SPLITTER WITH 
MICRO-LENS IMAGE AMPLIFICATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to a group of seven 
previously co-?led and commonly assigned US. Patent 
Applications, namely US. patent application Ser. No. 
10/170,607, entitled Camera Speed Color Film With Base 
Side Micro-Lenses, ?led in the name of Irving et al. on Jun. 
12, 2002; US. patent application Ser. No. 10/171,012, 
entitled Lenticular Imaging With Incorporated Beads, ?led 
in the name of Chari et al. on Jun. 12, 2002; US. patent 
application Ser. No. 10/167,746, entitled Camera Speed 
Color Film With Emulsion Side Micro-Lenses, ?led in the 
name of SZajeWski et al. on Jun. 12, 2002; US. patent 
application Ser. No. 10/167,794, entitled Imaging Using 
Silver Halide Films With Micro-Lens Capture, And Optical 
Reconstruction, ?led in the name of Irving et al. on Jun. 12, 
2002; US. patent application Ser. No. 10/170,148, entitled 
Imaging Using Silver Halide Films With Micro-Lens Cap 
ture, Scanning And Digital Reconstruction, ?led in the name 
of SZajeWski et al. on Jun. 12, 2002; US. patent application 
Ser. No. 10/281,654, entitled Imaging Using Silver Halide 
Films With Inverse Mounted Micro-Lens And Spacer, ?led 
in the name of SZajeWski on Oct. 28, 2002, and US. patent 
application Ser. No. 10/326,455, entitled Imaging System 
Having Extended Useful Latitude, ?led in the name of 
SZajeWski et al. on Dec. 20, 2002, the contents of Which are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention is related to hybrid and combination 
imaging systems having beam splitters. 

BACKGROUND OF THE INVENTION 

[0003] Hybrid and combination imaging systems are 
designed to capture an image of a scene using more than one 
image capture system. This can be done for a variety of 
purposes. Often hybrid and combination imaging systems 
are used to capture images of the same scene using different 
types of image capture systems. 

[0004] Such hybrid cameras often use a single taking lens 
system to collect and focus light from the scene. In such 
cameras, a beam splitter is used to deliver the same scene 
image from the taking lens system to separate imaging 
surfaces in the hybrid or combination camera. The use of 
beam splitters in cameras having more than one imaging 
surface has also been knoWn since at least the inception of 
the “Technicolor” image separation technique for silver 
halide color image capture in the early-20th century. In the 
“Technicolor” technique, beam splitters are employed in 
conjunction With color ?lters to enable simultaneous capture 
of color separation images on monochrome ?lm stock. More 
recently, beam splitters have been proposed for color sepa 
ration image capture in digital cameras using color ?lters 
and monochrome solid state image capture devices. 

[0005] Other examples of hybrid and combination camera 
systems that use beam splitters include JP Pat. Pub. No. 
10142685A entitled “Silver Salt Photographic and Elec 
tronic Image Pickup Camera” ?led by Atsushi on Nov. 11, 
1996 and JP. Pat. Pub. No. 11231372, entitled “Camera 
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Provided With PrevieW Function” ?led by Toru on Feb. 17, 
1998 each describe hybrid ?lm/electronic image capture 
systems having a main taking lens system With a beam 
splitter that de?ects a portion of the light traveling through 
the taking lens system onto an electronic image capture 
surface and permits another portion of the light passing 
through the beam splitter to strike a photosensitive ?lm. 
Beam splitters have also found other uses in hybrid cameras. 
For eXample, the Kodak AdvantiXTM PrevieWTM camera sold 
by Eastman Kodak Company, Rochester, NY. uses a beam 
splitter to divide light betWeen one path leading to an optical 
vieW?nder system and another path leading to an electronic 
imager. 
[0006] One draWback of the use of such beam splitting 
systems is that sharing the light captured by a taking lens 
system to form images at different imaging surfaces inher 
ently reduces the amount of light available at each imaging 
surface during the time allotted for image capture. This, in 
turn, reduces the effective sensitivity of each image capture 
system. In certain applications, the reduction of effective 
sensitivity may not be preferred. 

[0007] Thus, there remains a need for image capture 
systems capable of simultaneous image capture using more 
than one image capture system Without a substantial reduc 
tion in the effective sensitivity of each system. 

[0008] Further there is a need for image capture systems 
having a reduced dependence upon post capture processing 
of the electronic image. Such post image capture processing 
is typically performed because the electronic image is often 
presented on a display screen that has substantially loWer 
image display resolution than the image capture resolution 
of the imager used to capture the electronic image. Thus the 
electronic image must typically be doWnsampled so that it 
can be presented on the loWer resolution display. Such 
processing can be time consuming Which can delay the 
presentation of the evaluation image and/or the capture of 
additional images. 

[0009] More particularly, there is a need for image capture 
systems and methods that permit simultaneous capture of 
images using an imaging system that captures archival 
images on a photosensitive element and an imaging system 
that captures images using a solid state imaging surface and 
generates evaluation images therefrom. 

SUMMARY OF THE INVENTION 

[0010] In one aspect, an imaging system is provided. The 
imaging system has a taking lens unit adapted to focus light 
from a scene, and a beam splitter receiving light from the 
scene With a portion of the received light traveling from the 
beam splitter to a ?rst imaging surface and a portion of the 
received light traveling from the beam splitter to a second 
imaging surface. A?rst image capture system is provided for 
capturing an image based upon the light traveling to the ?rst 
imaging surface, and a second image capture system is 
provided for capturing a second image based upon the image 
formed at the second imaging surface. An array of micro 
lenses is in optical association With the ?rst imaging surface, 
With each micro-lens in the array concentrating a ?rst 
fraction of the light from the beam splitter onto concentrated 
image areas of the ?rst imaging surface. Wherein the ?rst 
image capture system forms an image based upon the light 
concentrated onto the concentrated image areas. 
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[0011] In another aspect, an image capture system is 
provided. The imaging system has a taking lens unit adapted 
to focus light toward a beam splitter and a beam splitter 
receiving light from the taking lens unit and passing a 
portion of light to form an image at a ?rst imaging surface 
and a portion of the light to form an image at a second 
imaging surface. A photosensitive element image capture 
system having a shutter assembly controls the passage of 
light to at least one imaging surface and a photosensitive 
element positioning system having a gate positioning a 
photosensitive element having the ?rst imaging surface 
thereon to receive light controlled by the shutter assembly. 
An electronic image capture system is provided having an 
image sensor With the second imaging surface thereon said 
electronic image capture system is adapted to capture an 
image based upon the light incident on the second image 
surface and a micro-lens array in optical association With the 
second imaging surface imaging plane concentrating light 
directed at concentrated image areas of the second imaging 
surface. A controller determines a capture time and enables 
the shutter assembly and electronic image capture system to 
capture an image representative of scene conditions during 
the capture time. 

[0012] In another aspect, an imaging system is provided. 
The imaging systems has a taking lens unit adapted to focus 
light from a scene and an image capture system for capturing 
an image based upon the light traveling to an imaging 
surface. A stacked array magni?er is positioned to alter the 
effective magni?cation of the light traveling to the imaging 
surface. An array of micro-lenses in optical association With 
the imaging surface, With each micro-lens in the array 
concentrating a ?rst fraction of the light onto concentrated 
image areas of the imaging surface. Wherein the image 
capture system forms an image based upon the light con 
centrated onto the concentrated image areas. 

[0013] In still another aspect, a method for capturing an 
image of a scene using a ?rst imaging surface having a ?rst 
sensitivity and a second imaging surface having a second 
sensitivity is provided. In accordance With the method, light 
from the scene is focused and the focused light from the 
scene is divided into a ?rst portion traveling to a ?rst 
imaging surface and a second portion traveling to a second 
imaging surface. A fraction of the light traveling along the 
?rst aXis is concentrated to form a pattern of concentrated 
image elements on the ?rst imaging surface. A ?rst image is 
formed based upon the pattern of concentrated image ele 
ments formed on the ?rst imaging surface. A second image 
is formed based upon the light reaching the second imaging 
surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is an illustration of an embodiment of an 
imaging system of the present invention; 

[0015] FIG. 2 schematically illustrates a face vieW of an 
image sensor; 

[0016] FIG. 3 is an illustration of a back vieW of the 
imaging system of FIG. 1; 

[0017] FIG. 4 is an illustration of one embodiment of a 
face vieW of an image sensor With an optically associated 
array of micro-lenses; 

[0018] FIG. 5 is a side illustration of one embodiment of 
an image sensor and array of micro-lenses shoWn in FIG. 4; 
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[0019] FIG. 6A is a diagram useful in describing the 
relationship betWeen scene exposure, actual latitude and 
effective latitude; 

[0020] FIG. 6B is a diagram useful in describing the effect 
of concentrated light on a photosensitive element; 

[0021] FIG. 6C is a diagram useful in describing the effect 
of residual light on the photosensitive element; 

[0022] FIG. 7A schematically illustrates a face vieW of 
another embodiment of an image sensor With an optically 
associated array of micro-lenses of the invention; 

[0023] FIG. 7B schematically illustrates a side vieW of the 
embodiment of FIG. 7A; 

[0024] FIGS. 8A-8E shoW various diagrams illustrating 
embodiments of an array of micro-lenses useful in practicing 
the present invention; 

[0025] FIGS. 9A-9C shoW diagrams illustrating various 
embodiments of arrays of different micro-lenses that can be 
usefully combined in a single array of micro-lenses; 

[0026] FIG. 9D-9F shoW diagrams illustrating patterns 
formed on an image sensor by imageWise eXposure of the 
image sensor to light from a scene passing through, respec 
tively, the arrays of FIGS. 9A-9C; 

[0027] FIG. 10A-10C shoW cross-section illustrations of 
arrays of micro-lenses, spherical and aspherical lenses; 

[0028] FIG. 11 shoWs a How chart of imaging according 
to the invention; 

[0029] FIG. 12 shoWs a contrast pattern formed on an 
image sensor after imageWise eXposure of the image sensor; 

[0030] FIG. 13 is an illustration of another embodiment of 
an imaging system of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] FIG. 1 shoWs a block diagram of one embodiment 
of an imaging system 4. As is shoWn in FIG. 1, imaging 
system 4 includes a taking lens unit 6, Which focuses light 
from a scene (not shoWn) along a ?rst aXis A. Imaging 
system 4 further includes a beam splitter 8. Beam splitter 8 
receives light traveling along ?rst aXisAand passes a portion 
of the received light so that it continues to travel along ?rst 
aXis A. Beam splitter 8 also directs another portion of the 
received light along a second aXis B. 

[0032] Beam splitter 8 can be any conventional beam 
splitter as knoWn in the optical arts. In certain embodiments, 
beam splitter 8 can comprise an angled glass surface, 
partially silvered mirrors, a beam splitting prism and/or a 
combination thereof. Beam splitter 8 can operate by passing 
a ?rst portion of the received light through beam splitter 8 
so that the ?rst portion continues to travel along ?rst aXis A 
While also directing a second portion of the received light in 
a second direction as described above. Alternatively, beam 
splitter 8 can direct a portion of the received light traveling 
along ?rst aXisAso that one portion of the light travels along 
second aXis B and another portion of the light from taking 
lens unit 6 along a third aXis (not shoWn), With the ?rst, 
second and third aXes being different. 
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[0033] Imaging system 4 has more than one image capture 
system With a ?rst image capture system 10 being provided 
having a ?rst imaging surface 11 for capturing an image 
based upon light that travels along ?rst axis A and a second 
image capture system 20 being provided having a second 
imaging surface 21 for capturing an image of the scene 
based upon light that travels along second axis B. In the 
embodiment shoWn, ?rst imaging surface 11 comprises a 
surface on a conventional photosensitive element 14 such as 
a ?lm or a plate. Also in the embodiment of FIG. 1, second 
imaging surface 21 comprises a surface on an electronic 
image sensor 24 that is positioned to receive light directed 
by beam splitter 8 along second axis B. The operation of the 
?rst image capture system 10 and the second image capture 
system 20 Will be discussed in detail beloW. 

[0034] Because beam splitter 8 divides the light from 
taking lens unit 6 betWeen ?rst imaging surface 11 and 
second imaging surface 21, the amount of light that reaches 
each imaging surface per unit of time is reduced and 
consequently, the effective system sensitivities of the ?rst 
image capture system 10 and the second image capture 
system 20 are reduced. HoWever, as is shoWn, in FIG. 1, a 
micro-lens array 12 is optically associated With one of the 
imaging surfaces and enhances the exposure at selected 
portions of the associated imaging surfaces. This effectively 
increases the sensitivity of the selected portions and effec 
tively decreases the sensitivity of other portions. This 
increased sensitivity can be used to compensate for the loss 
of the light that is displaced by beam splitter 8 so that an 
image formed using imaging information from the selected 
portions Will have the appearance of an image captured With 
a system having greater sensitivity. In certain embodiments 
described beloW, imaging information is obtained from both 
regions having increased and decreased sensitivity and this 
imaging information is combined to form an image having 
an effectively increased overall dynamic range. 

[0035] It Will be appreciated that beam splitter 8 can be 
adapted to direct a principal portion of the light from a scene 
toWard ?rst imaging surface 11 While directing the remain 
ing portion of the light from the scene toWard second 
imaging surface 21 that is optically associated With a micro 
lens array 12 to compensate for the reduced provision of 
light at second imaging surface 21. This alloWs ?rst image 
capture system 10 to use conventional image capture tech 
niques to form an image using the light that strikes the ?rst 
imaging surface. In this regard, the degree of concentration 
provided by the micro-lenses can be de?ned so that the 
effective sensitivity or effective dynamic range of the second 
image capture system 20 to the concentrated light Will 
approximate the response of the ?rst imaging surface to the 
light from beam splitter 8. 

[0036] For example, in one potential embodiment of the 
imaging system 4 shoWn in FIG. 1, beam splitter 8 passes 
betWeen 75 percent and 95 percent of the light from taking 
lens unit 6 to ?rst imaging surface 11 and directs the 
remaining portions of light from taking lens unit 6 to second 
imaging surface 21. In this example, array of micro-lenses 
12 is positioned in optical association With second imaging 
surface 21 and adapted to concentrate light received in the 
second optical path B so that second image capture system 
20 can derive an image from light concentrated by micro 
lens array 12 to form an image having an apparent sensitivity 
that approximates the sensitivity of the ?rst image capture 
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system 10. Beam splitter 8 can direct proportions of light 
betWeen alternate paths in other ratios. The distribution of 
light by beam splitter 8 can be at any distribution ratio 
consistent With the intended use. For image capture systems 
that have grossly similar native sensitivities, the distribution 
is generally at a ratio of betWeen 19:1 and 1:19, preferably 
at a ratio of betWeen 3:1 and 1:3, and more preferable at a 
ratio of betWeen 2:1 and 1:2. More disparate ratios can be 
employed With image capture systems that have grossly 
different native sensitivities. 

[0037] First Image Capture System 

[0038] In the embodiment shoWn in FIG. 1 ?rst image 
capture system 10 comprises a photosensitive element posi 
tioning system 13 and a shuttering system 23. Photosensitive 
element positioning system 13 has a gate system 15 that 
positions photosensitive element 14 to receive an image 
formed by light from the scene traveling along ?rst axis A. 
Where photosensitive element 14 is adapted to record mul 
tiple images on separate image areas of photosensitive 
element 14 such as Where photosensitive element 14 com 
prises a roll of a ?exible ?lm capable of receiving images in 
multiple frame areas, photosensitive element positioning 
system 13 can also comprise a ?lm supply system 16 and a 
?lm take up system 17 that cooperate to advance photosen 
sitive element 14 betWeen frame areas. Film supply system 
16 and ?lm take up system 17 can comprise many Well 
knoWn conventional structures and mechanisms for advanc 
ing and positioning a photosensitive element 14. 

[0039] In the embodiment shoWn in FIG. 1, photosensi 
tive element positioning system 13 is also shoWn including 
an optional contact surface 18 Which is used to help establish 
the positioning, ?atness and alignment of photosensitive 
element 14. Where contact surface 18 is provided, photo 
sensitive element 14 is brought against photosensitive ele 
ment contact surface 18 prior to image capture. Contact 
surface 18 provides a rigid ?at structure that is positioned at 
an appropriate location to receive the image. Photosensitive 
element contact surface 18 is adapted to contact photosen 
sitive element 14 Without damaging photosensitive element 
14 and to hold photosensitive element 14 in a manner that 
improves the positioning ?atness and alignment of photo 
sensitive element 14. Photosensitive element contact surface 
18 can, for example, have matte beads (not shoWn) distrib 
uted thereon as are knoWn in the art of photography. Such 
matte beads can have a diameter of betWeen 0.1 to 2 
micro-meters and a distribution generally covering the sur 
face area of photosensitive element contact surface 18. 
Coatings of various materials can also be used, such as, for 
example, mineral oil, silicone oil and carnuba Wax. Other 
materials that can usefully be used With photosensitive 
element contact surface 18 are described in a paper entitle 
“Coating Physical Property Modifying Addenda” IX pub 
lished in Research Disclosure 38957, Volume 389 in Sep 
tember 1996. It is recogniZed that insertion of optional 
element contact surface 18 introduces additional refractive 
surfaces Which can be accommodated as is Well understood 
in the optical arts. 

[0040] As is also shoWn in FIG. 1, an optional pressure 
plate assembly 19 is used to position photosensitive element 
14 against element contact surface 18. Optional pressure 
plate assembly 19 can be formed by guides or rails integral 
to a ?lm positioning system 13, or gate system 15. Photo 






























