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CAMERAUSING BEAM SPLTTER WITH 
MICRO-LENS IMAGE AMPLIFICATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is related to a group of seven 
previously co-filed and commonly assigned U.S. Patent 
Applications, namely U.S. patent application Ser. No. 
10/170,607, entitled Camera Speed Color Film With Base 
Side Micro-Lenses, filed in the name of Irving et al. on Jun. 
12, 2002; U.S. patent application Ser. No. 10/171,012, 
entitled Lenticular Imaging With Incorporated Beads, filed 
in the name of Chari et al. on Jun. 12, 2002; U.S. patent 
application Ser. No. 10/167.746, entitled Camera Speed 
Color Film With Emulsion Side Micro-Lenses, filed in the 
name of Szajewski et al. on Jun. 12, 2002; U.S. patent 
application Ser. No. 10/167,794, entitled Imaging Using 
Silver Halide Films With Micro-Lens Capture, And Optical 
Reconstruction, filed in the name of Irving et al. On Jun. 12, 
2002; U.S. patent application Ser. No. 10/170,148, entitled 
Imaging Using Silver Halide Films With Micro-Lens Cap 
ture, Scanning And Digital Reconstruction, filed in the name 
of Szajewski et al. on Jun. 12, 2002; U.S. patent application 
Ser. No. 10/281,654, entitled Imaging Using Silver Halide 
Films With Inverse Mounted Micro-Lens And Spacer, filed 
in the name of Szajewski on Oct. 28, 2002, and U.S. patent 
application Ser. No. 10/326,455, entitled Imaging System 
Having Extended Useful Latitude, filed 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 

0.003 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-20" century. In the 
“Technicolor” technique, beam splitters are employed in 
conjunction with color filters to enable Simultaneous capture 
of color Separation images on monochrome film Stock. More 
recently, beam splitters have been proposed for color Sepa 
ration image capture in digital cameras using color filters 
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. 
101.42685A entitled “Silver Salt Photographic and Elec 
tronic Image Pickup Camera' filed by Atsushi on Nov. 11, 
1996 and J.P. Pat. Pub. No. 11231372, entitled “Camera 
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Provided With Preview Function” filed by Toru on Feb. 17, 
1998 each describe hybrid film/electronic image capture 
Systems having a main taking lens System with a beam 
Splitter that deflects 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 film. 
Beam splitters have also found other uses in hybrid cameras. 
For example, the Kodak Advantix TM PreviewTM camera sold 
by Eastman Kodak Company, Rochester, N.Y. uses a beam 
Splitter to divide light between one path leading to an optical 
Viewfinder 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 first imaging Surface and a portion of the 
received light traveling from the beam splitter to a Second 
imaging Surface. A first image capture System is provided for 
capturing an image based upon the light traveling to the first 
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 first imaging Surface, 
with each micro-lens in the array concentrating a first 
fraction of the light from the beam Splitter onto concentrated 
image areas of the first imaging Surface. Wherein the first 
image capture System forms an image based upon the light 
concentrated onto the concentrated image areas. 
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0.011 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 first 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 first 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 magnifier is positioned to alter the 
effective magnification 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 first 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 first imaging Surface having a first 
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 first portion traveling to a first 
imaging Surface and a Second portion traveling to a Second 
imaging Surface. A fraction of the light traveling along the 
first axis is concentrated to form a pattern of concentrated 
image elements on the first imaging Surface. A first image is 
formed based upon the pattern of concentrated image ele 
ments formed on the first imaging Surface. A Second image 
is formed based upon the light reaching the Second imaging 
Surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014 FIG. 1 is an illustration of an embodiment of an 
imaging System of the present invention; 
0.015 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 flow 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 first axis A. Imaging 
system 4 further includes a beam splitter 8. Beam splitter 8 
receives light traveling along first axis A and passes a portion 
of the received light So that it continues to travel along first 
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 first portion of the received light through beam splitter 8 
So that the first portion continues to travel along first 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 first axis ASO 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 first, 
Second and third axes being different. 
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0.033 Imaging System 4 has more than one image capture 
System with a first image capture System 10 being provided 
having a first imaging Surface 11 for capturing an image 
based upon light that travels along first 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, first imaging Surface 11 comprises a 
Surface on a conventional photoSensitive element 14 Such as 
a film 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 
first 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 first 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 first 
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 first 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 first image 
capture System 10 to use conventional image capture tech 
niques to form an image using the light that Strikes the first 
imaging Surface. In this regard, the degree of concentration 
provided by the micro-lenses can be defined 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 first imaging Surface to the 
light from beam splitter 8. 
0.036 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 first 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 first 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 first 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 first 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 flexible film capable of receiving images in 
multiple frame areas, photosensitive element positioning 
System 13 can also comprise a film Supply System 16 and a 
film take up System 17 that cooperate to advance photosen 
Sitive element 14 between frame areas. Film Supply System 
16 and film 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, flatneSS 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 flat 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 flatneSS 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 film positioning System 13, or gate System 15. Photo 
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Sensitive element contact Surface 18 and optional pressure 
plate assembly 19 can be individually or collectively revers 
ibly compressible and act to passively position photosensi 
tive element 14 in a position to receive light from the Scene. 
0041 Shutter system 23 is disposed between the light 
from the scene and photosensitive element 14. Shutter 
System 23 is adapted to control the passage of light from the 
Scene to first imaging Surface 11. Shutter System 23 passes 
light from the Scene in response to Signals generated by user 
controls 58 or microprocessor 50. These signals cause 
Shutter System 23 to move from a closed State that prevents 
light from passing to an open State that permits light to pass 
for a first capture period. At the end of the first capture 
period, shutter system 23 returns to the closed state. The 
duration of the first capture period can be fixed or it can be 
determined, for example, by microprocessor 50 using con 
ventional algorithms that are based upon the amount of light 
from the Scene as determined by using photoSensors well 
known in the art, and information indicating the photosen 
tivity of the photosensitive element 14. The amount of light 
in the Scene can be determined using a photosensor (not 
shown) and using conventional exposure determining algo 
rithms. Alternatively, image Sensor 24 can be used to deter 
mine the amount of light in the Scene. Similarly, the pho 
tosensitivity of photosensitive element 14 can be 
determined, for example, by analysis of markings on a film 
canister, or by using other means well known in the art. 
0042. The operation of taking lens unit 6 will now be 
described in greater detail. Taking lens unit 6 focuses light 
from the Scene So that light passing through beam Splitter 8 
forms an image of the Scene at first imaging Surface 11 and 
Second imaging Surface 21. Optionally additional optical 
elements (not shown) can be interposed between beam 
Splitter 8 and first imaging Surface 11 and/or Second imaging 
Surface 21 to help focus light So that corresponding images 
are formed at first imaging Surface 11 and/or Second imaging 
Surface 21. 

0.043 Taking lens unit 6 can be simple, such as having a 
Single focal length with manual focusing or a fixed focus. In 
the example embodiment shown in FIG. 1, taking lens unit 
6 is a motorized 2XZoom lens unit in which a mobile element 
or combination of elements 26 are driven, relative to a 
stationary element or combination of elements 28 by a lens 
driver 30. In the embodiment shown, lens driver 30 controls 
both the lens focal length and the lens focus position. A 
Viewfinder System 32 presents images captured by image 
Sensor 24 to user 5 to help user 5 to compose imageS. The 
operation of viewfinder system32 will be described in detail 
below. 

0044 Various methods can be used to determine the 
focus Settings of taking lens unit 6. In a preferred embodi 
ment, image Sensor 24 is used to provide multi-spot auto 
focus using what is called the “through focus” or “whole 
way Scanning approach. The Scene is divided into a grid of 
regions or Spots, and the optimum focus distance is deter 
mined for each image region. The optimum focus distance 
for each region is determined by moving taking lens System 
6 through a range of focus distance positions, from the near 
focus distance to the infinity position, while capturing 
images. Depending on the camera design, between four and 
thirty-two images may need to be captured at different focus 
distances. Typically, capturing images at eight different 
distances provides Suitable accuracy. 
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004.5 The captured image data is then analyzed to deter 
mine the optimum focus distance for each image region. 
This analysis begins by band-pass filtering the Sensor Signal 
using one or more filters, as described in commonly assigned 
U.S. Pat. No. 5,874,994 “Filter Employing Arithmetic 
Operations for an Electronic Synchronized Digital Camera” 
filed by Xie et al., on Dec. 11, 1995, the disclosure of which 
is herein incorporated by reference. The absolute value of 
the bandpass filter output for each image region is then peak 
detected, in order to determine a focus value for that image 
region, at that focus distance. After the focus values for each 
image region are determined for each captured focus dis 
tance position, the optimum focus distances for each image 
region can be determined by Selecting the captured focus 
distance that provides the maximum focus value, or by 
estimating an intermediate distance value, between the two 
measured captured focus distances which provided the two 
largest focus values, using various interpolation techniques. 
0046) The lens focus distance to be used to capture the 
final high-resolution Still image can now be determined. In 
a preferred embodiment, the image regions corresponding to 
a target object (e.g. a person being photographed) are 
determined. The focus position is then set to provide the best 
focus for these image regions. For example, an image of a 
Scene can be divided into a plurality of Subdivisions. A focus 
evaluation value representative of the high frequency com 
ponent contained in each Subdivision of the image can be 
determined and the focus evaluation values can be used to 
determine object distances as described in commonly 
assigned U.S. Pat. No. 5,877,809 entitled “Method Of 
Automatic Object Detection In An Image', filed by Omata 
et al. on Oct. 15, 1996, the disclosure of which is herein 
incorporated by reference. If the target object is moving, 
object tracking may be performed, as described in com 
monly assigned U.S. Pat. No. 6,067,114 entitled “Detecting 
Compositional Change in Image' filed by Omata et al. On 
Oct. 26, 1996, the disclosure of which is herein incorporated 
by reference. In an alternative embodiment, the focus values 
determined by “whole way Scanning” are used to Set a rough 
focus position, which is refined using a fine focus mode, as 
described in commonly assigned U.S. Pat. No. 5,715,483, 
entitled “Automatic Focusing Apparatus and Method’, filed 
by Omata et al. on Oct. 11, 1998, the disclosure of which is 
herein incorporated by reference. 
0047. In one embodiment, the bandpass filtering and 
other calculations used to provide autofocus in imaging 
System 4 are performed by digital Signal processor 40. In this 
embodiment, imaging System 4 uses a Specially adapted 
image Sensor 24, as is shown in commonly assigned U.S. 
Pat. No. 5,668,597 entitled “Electronic Camera With Rapid 
Autofocus Upon An Interline Image Sensor', filed by Parul 
ski et al. on Dec. 30, 1994, the disclosure of which is herein 
incorporated by reference, to automatically Set the lens focus 
position. As described in the 597 patent, only some of the 
lines of Sensor photoelements (e.g. only 4 of the lines) are 
used to determine the focus. The other lines are eliminated 
during the Sensor readout process. This reduces the Sensor 
readout time, thus shortening the time required to focus 
taking lens unit 6. 
0048. In an alternative embodiment, imaging system 4 
uses a separate optical or other type (e.g. ultrasonic) of 
rangefinder 48 to identify the Subject of the image and to 
Select a focus position for taking lens unit 6 that is appro 
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priate for the distance to the Subject. Rangefinder 48 oper 
ates lens driver 30, directly or as shown in FIG. 1 micro 
processor 50 uses information from rangefinder 48, to move 
one or more mobile elements 26 of taking lens unit 6. 
Rangefinder 48 can be passive or active or a combination of 
the two. A wide variety of multiple sensor rangefinders 48 
known to those of skill in the art are Suitable for use. For 
example, U.S. Pat. No. 5,440,369 entitled “Compact Camera 
With Automatic Focal Length Dependent Exposure Adjust 
ments' filed by Tabata et al. on Nov.30, 1993, the disclosure 
of which is herein incorporated by reference, discloses Such 
a rangefinder 48. Rangefinder 48 can operate lens driver 30 
directly or as is shown in the embodiment of FIG. 1, 
rangefinder 48 can provide data to microprocessor 50. In the 
latter embodiment, microprocessor 50 uses this data to 
determine how to move one or more mobile elements 26 of 
taking lens unit 6 to Set the focal length and lens focus 
position of taking lens unit 6. 
0049. The focus determination made by rangefinder 48 
can be of the Single-spot or multi-spot type. Preferably, the 
focus determination uses multiple spots. In multi-spot focus 
determination, the Scene is divided into a grid of regions or 
spots, and the optimum focus distance is determined for each 
Spot. 

0050. Once the optimum distance to the subject is deter 
mined, microprocessor 50 causes lens driver 30 to adjust the 
at least one element 26 to Set the focal length and lens focus 
position of taking lens unit 6. In the embodiment of FIG. 1, 
a feedback loop is established between lens driver 30 and 
microprocessor 50 so that microprocessor 50 can accurately 
Set the focal length and the lens focus position of taking lens 
unit 6. 

0051) Second Image Capture System 
0.052 FIG. 2 shows a face view of image sensor 24. As 
can be seen in FIG.2 image Sensor 24 has a discrete number 
of photosensors 25 arranged in a two-dimensional array. 
Image Sensor 24 can take many forms, for example image 
Sensor 24 can be a conventional charge coupled device 
(CCD) sensor, a complementary metal oxide Semiconductor 
(CMOS) image sensor and/or a charge injection device 
(CID). In one example embodiment, image Sensor 24 has an 
array of 2448x1632 photosensitive elements or photosen 
sors 25. Photosensors 25 of image sensor 24 convert photons 
of light from the Scene into electron charge packets. Each 
photosensor 25 is surrounded with inactive areas 27 Such as 
isolation regions, interconnecting circuitry and useful Struc 
tures known to those of ordinary skill in the art. Each 
photoSensor 25 on image Sensor 24 corresponds to one pixel 
of an image captured by image Sensor 24, referred to herein 
as an initial image. 
0053. In one embodiment, where image sensor 24 is used 
to capture color images, each photoSensor 25 is also overlaid 
with a color filter array, Such as the Bayer color filter array 
described in commonly assigned U.S. Pat. No. 3,971,065, 
entitled “Color Imaging Array” filed by Bayer on Mar. 7, 
1975, the disclosure of which is herein incorporated by 
reference. The Bayer color filter array has 50% green pixels 
in a checkerboard mosaic, with the remaining pixels alter 
nating between red and blue rows. Each photosensor 25 
responds to the appropriately colored incident light illumi 
nation to provide an analog Signal corresponding to the 
intensity of illumination incident on the photosensor 25. 
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Various other color filter arrays can be used. A color filter 
can be omitted where image Sensor 24 is used to capture 
grey Scale or So-called black and white imageS. In another 
embodiment, color images can be captured by wavelength 
Specific color exposure depth interrogation as described in 
U.S. Pat. No. 5,965,875 entitled “Color Separation in an 
Active Pixel Cell Imaging Array Using a Triple Well Struc 
ture.” filed by Merrill on Apr. 24, 1998. 
0054 The process by which second image capture system 
20 converts information from image Sensor 24 into a digital 
image will now be described with reference to FIG. 1. The 
analog output of each photosensor 25 is amplified by an 
analog amplifier (not shown) and analog processed by an 
analog Signal processor 34 to reduce the output amplifier 
noise of image Sensor 24. The output of the analog signal 
processor 34 is converted to a captured digital image Signal 
by an analog-to-digital (A/D) converter 36, Such as, for 
example, a 10-bit A/D converter that provides a 10 bit signal 
in the Sequence of the Bayer color filter array. 
0055. The digitized image signal is temporarily stored in 
a frame memory 38, and is then processed using a program 
mable digital Signal processor 40 as described in commonly 
assigned U.S. Pat. No. 5,016,107 entitled “Electronic Still 
Camera Utilizing Image Compression and Digital Storage' 
filed by Sasson et al. on May 9, 1989, the disclosure of 
which is herein incorporated by reference. The image pro 
cessing includes an interpolation algorithm to reconstruct a 
full resolution color initial image from the color filter array 
pixel values using, for example, the methods described in 
commonly assigned U.S. Pat. No. 5,373,322 entitled “ Appa 
ratus and Method for Adaptively Interpolating a Full Color 
Image Utilizing Chrominance Gradients' filed by LaRoche 
et al. on Jun. 30, 1993, and U.S. Pat. No. 4,642,678 entitled 
“Signal Processing Method and Apparatus for Producing 
Interpolated Chrominance Values in a Sampled Color Image 
Signal filed by Cok on Feb. 3, 1986, the disclosures of 
which are herein incorporated by reference. White balance, 
which corrects for the Scene illuminant, is performed by 
multiplying the red and blue Signals by a correction factor So 
that they equal green for neutral (i.e. white or gray) objects. 
Preferably, color correction uses a 3x3 matrix to correct the 
camera spectral Sensitivities. However, other color correc 
tion Schemes can be used. Tone correction uses a set of 
look-up tables to provide the opto-electronic transfer char 
acteristic defined in the International Telecommunication 
Union standard ITU-R BT.709. Image sharpening, achieved 
by Spatial filters, compensates for lens blur and provides a 
Subjectively sharper image. Luminance and chrominance 
Signals are formed from the processed red, green, and blue 
signals using the equations defined in ITU-R BT.709. 
0056 Digital signal processor 40 uses the initial images 
to create archival images of the Scene. Archival images are 
typically high resolution images Suitable for Storage, repro 
duction, and sharing. Archival images are optionally com 
pressed using the JPEG Standard and Stored in data memory 
44. The JPEG compression standard uses the well-known 
discrete cosine transform to transform 8x8 blocks of lumi 
nance and chrominance Signals into the Spatial frequency 
domain. These discrete cosine transform coefficients are 
then quantized and entropy coded to produce JPEG com 
pressed image data. This JPEG compressed image data is 
Stored using the So-called “Exif image format defined in 
“The Exchangeable Image File Format (Exif)” version 2.1, 
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published by the Japan Electronics and IT Industries Asso 
ciation JEITA CP-3451. The Exif format archival image can 
also be stored in memory card 52. In the embodiment of 
FIG. 1, imaging System 4 is shown having a memory card 
slot 54 which holds removable memory card 52 and has a 
memory card interface 56 for communicating with memory 
card 52. An Exif format archival image and any other digital 
data can also be transmitted to a host computer or other 
device (not shown), which is connected to imaging System 
4 through a communication module 46. 
0057 Communication module 46 can take many known 
forms. For example, any known optical, radio frequency or 
other transducer can be used. Such transducers convert 
image and other data into a form Such as an optical signal, 
radio frequency signal, or other form of Signal that can be 
conveyed by way of a wireless, wired, or optical network 
Such as a cellular network, Satellite network, cable network, 
telecommunication network, the internet or any other com 
munication path to a host computer (not shown), network 
(not shown) or other device including but not limited to a 
printer, internet appliance, personal digital assistant, tele 
phone or television. 
0.058 Digital signal processor 40 also creates Smaller size 
digital images based upon the initial imageS. These Smaller 
sized images are referred to herein as evaluation images. 
Typically, the evaluation images are lower resolution images 
adapted for display on viewfinder display 33 or exterior 
display 42. Viewfinder display 33 and exterior display 42 
can comprise, for example, a color liquid crystal display 
(LCD), organic light emitting display (OLED) also known 
as an organic electroluminescent display (OELD) or a Subset 
of the OLED type display that uses polymeric compounds to 
emit light (also known as a PLED). Any other type of video 
display can also be used. 
0059) Image Capture Sequence 
0060. The process by which images are captured will 
now be described. The steps of this process are referred to 
herein collectively as an "image capture Sequence'. AS used 
herein, the term "image capture Sequence' comprises at least 
an image capture phase and can optionally also include a 
composition phase and a verification phase. 
0061 During the composition phase, microprocessor 50 
Sends signals to a timing generator 66 indicating that images 
are to be captured. Timing generator 66 is connected gen 
erally to the elements of Second image capture System 20, as 
shown in FIG. 1, for controlling the digital conversion, 
compression, and Storage of the image Signal. Image Sensor 
24 is driven from timing generator 66 via sensor driver 68. 
Microprocessor 50, timing generator 66 and sensor driver 68 
cooperate to cause image Sensor 24 to collect charge in the 
form of light from a Scene for an integration time also 
referred to herein as a Second capture time that is either fixed 
or variable. After the Second capture time is complete an 
image Signal is provided to analog signal processor 34 and 
converted into evaluation imageS as is generally described 
above. 

0062) A stream of initial images is captured in this way 
and digital Signal processor 40 generates a stream of evalu 
ation images based upon the initial images. The Stream of 
evaluation images is presented on Viewfinder display 33 or 
exterior display 42. User 5 observes the stream of evaluation 
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images and uses the evaluation images to compose the 
image. The evaluation images can be created as described 
above using, for example, resampling techniques Such as are 
described in commonly assigned U.S. Pat. No. 5,164,831 
entitled “Electronic Still Camera Providing Multi-Format 
Storage Of Full And Reduced Resolution Images' filed by 
Kuchta et al., on Mar. 15, 1990, the disclosure of which is 
herein incorporated by reference. The evaluation images can 
also be stored, for example, in data memory 44. 
0063. During the capture phase, microprocessor 50 sends 
a capture Signal causing digital Signal processor 40 to obtain 
an initial image and to process the initial image to form an 
evaluation image. During the capture phase, microprocessor 
50 also sends a signal causing shutter System 23 to expose 
photosensitive element 14 to light from the Scene for a 
capture time during which the photoSensitive element 14 
collects light from the Scene to form an image. Micropro 
ceSSor 50 also sends a capture Signal to Second image 
capture System 20 causing digital Signal processor 40 to 
Select an initial image as an evaluation image and, option 
ally, to process the initial image to form an additional 
archival image. 
0064. First image capture system 10 and second image 
capture System 20, form images based upon light that is 
received during the first capture time and a Second capture 
time respectively. Depending on the Sensitivities of the 
imaging Surfaces used to collect light, the capture time used 
by one imaging System to capture an image can be different 
from the capture time used by the other imaging System to 
capture an image. Microprocessor 50 determines an appro 
priate capture time for each image capture System based 
upon Scene conditions, knowledge of the Sensitivity of the 
first imaging Surface 11 and the Second imaging Surface 21, 
and based upon the type of photography being performed, 
causes appropriate Signals to be generated for the capture of 
images by each image capture System. Various conventional 
algorithms can be used to define the first capture time and 
Second capture time for either or both of the image capture 
Systems. 

0065 During the verification phase, the evaluation image 
is adapted for presentation on viewfinder display 33 and/or 
exterior display 42 and is presented for a period of time. This 
permits user 5 to Verify that the appearance of the captured 
archival image is acceptable. Because both the archival 
image and the evaluation image are derived from a single 
optical System, i.e. taking lens unit 6, these images contain 
the same image information and it is not necessary to correct 
for parallax problems created in evaluation imageS when one 
optical System is used to provide an archival image of a 
Scene to a first image capture System 10 and a Second, 
Separate, optical System is used to provide a Second image 
capture System 20 used to capture evaluation images. 

0066 Imaging system 4 is controlled by user controls 58, 
Some of which are shown in more detail in FIG. 3. User 
controls 58 can comprise any form of transducer or other 
device capable of receiving input from user 5 and converting 
this input into a form that can be used by microprocessor 50 
in operating imaging System 4. For example, user controls 
58 can comprise touch Screen input a 4-way Switch, a 6-way 
Switch, an 8-way Switch, Stylus System, track ball System, 
joy Stick System, a Voice recognition System, a gesture 
recognition System and other Such Systems. In the embodi 
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ment shown in FIG. 2, user controls 58 include a shutter 
trigger button 60. User 5 initiates image capture by depress 
ing shutter trigger button 60. This causes a trigger signal to 
be transmitted to microprocessor 50. Microprocessor 50 
receives the trigger Signal and generates capture signals in 
response to the trigger Signal that cause an image to be 
captured by one or both of the first image capture system 10 
and the Second image capture System 20. 

0067. In the embodiment shown in FIG.3, user controls 
58 also include a “wide' Zoom lens button 62 and a “tele' 
Zoom lens button 64, are provided which together control 
both a 2:1 optical Zoom and a 2:1 digital Zoom feature. The 
optical Zoom is provided by taking lens unit 6, and adjusts 
the magnification in order to change the field of view of the 
focal plane image captured by image Sensor 24. The digital 
Zoom is provided by the digital Signal processor 40, which 
crops and resamples the captured image Stored in frame 
memory 38. When user 5 first turns on imaging system 4, the 
Zoom lens is Set to the 1:1 position, So that all Sensor 
photoelements are used to provide the captured image, and 
the taking lens unit 6 is Set to the wide angle position. In a 
preferred embodiment, this wide angle position is equivalent 
to a 40 mm lens on a 35 mm film camera. This corresponds 
to the maximum wide angle position. 

0068. When user 5 then depresses the “tele” Zoom lens 
button 64, taking lens unit 6 is adjusted by microprocessor 
50 via lens driver 30 to move taking lens unit 6 towards a 
more telephoto focal length. If user 5 continues to depress 
the “tele” Zoom lens button 64, the taking lens unit 6 will 
move to the full optical 2:1 Zoom position. In a preferred 
embodiment, this full telephoto position is equivalent to a 40 
mm lens on a 35 mm film camera. If user 5 continues to 
depress the “tele” Zoom lens button 64, the taking lens unit 
6 will remain in the full optical 2:1 Zoom position, and 
digital Signal processor 40 will begin to provide digital 
Zoom, by cropping (and optionally resampling) a central 
area of the image. While this increases the apparent mag 
nification of the Second image capture System 20, it causes 
a decrease in Sharpness, Since Some of the outer photoele 
ments of the Sensor are discarded when producing the 
archival image. However, this decrease in SharpneSS would 
normally not be visible on the relatively small viewfinder 
display 33 and exterior display 42. 

0069. For example, in the embodiment shown in FIG. 1, 
Second image capture System 20 derives an evaluation image 
from a high resolution image Sensor 24 having, for example, 
2448x1632 photosensors corresponding to about 4.0 mega 
pixels. The term resolution is used herein to indicate the 
number of picture elements used to represent the image. 
Exterior display 42, however, has lower resolution provid 
ing, for example, 320x240 elements, which correspond to 
about 0.08 megapixels. Thus, there are about 50 times more 
Sensor elements than display elements. Accordingly, it is 
necessary to resample the initial image into an evaluation 
image having a Suitably Small image size So that it can 
properly fit on viewfinder display 33 or exterior display 42. 
This resampling can be done by using low pass filtering, 
followed by Sub-Sampling, or by using bilinear interpolation 
techniques with appropriate anti-aliasing conditioning. 
Other techniques known in the art for adapting a high 
resolution image for display on a relatively low resolution 
display can alternatively be used. 

Sep. 16, 2004 

0070 The resampling of the captured image to produce 
an evaluation image having fewer pixels (i.e. lower resolu 
tion) than the captured image is performed by digital signal 
processor 40. AS noted earlier, digital Signal processor 40 
can also provide digital Zooming. In the maximum 2:1 
Setting, digital signal processor 40 uses a central area Such 
as an area comprising 640x480 photoSites to form an image 
and interpolates the imaging information from these photo 
Sites to obtain an image having, for example, 1280x960 or 
2448x1632 samples to provide the image. 
0071 Digital signal processor 40 can also modify the 
evaluation images in other ways So that the evaluation 
images match the appearance of a corresponding archival 
image when viewed on viewfinder display 33 or exterior 
display 42. These modifications include color calibrating the 
evaluation images So that when the evaluation images are 
presented on viewfinder display 33 or exterior display 42, 
the displayed colors of the evaluation image appear to match 
the colors in the corresponding archival image. These and 
other modifications help to provide user 5 with an accurate 
representation of the color, format, Scene content and light 
ing conditions that will be present in a corresponding 
archival image. 
0072. As noted above, because evaluation images are 
displayed using an electronic display that has lower resolu 
tion than a corresponding archival image, an evaluation 
image may appear to be sharper when viewed through 
viewfinder display 33 or exterior display 42 than it will 
appear when the archival image is printed or otherwise 
displayed at higher resolution. Thus, in one optional 
embodiment of the present invention, each evaluation image 
can be modified So that areas that will appear out of focus in 
a corresponding archival image could appear to be out of 
focus when viewed on an electronic display Such as exterior 
display 42. Moreover, when the digital Zoom is active, the 
entire image is Softened, but this Softening would normally 
not be visible in exterior display 42. For the example in 
imaging System 4 of FIG. 1, exterior display 42 can be a 
display having 320x240 pixels while the archival image is 
provided using a sensor area of 640x480 pixels in the 
maximum digital Zoom Setting. Thus, the evaluation image 
displayed on exterior display 42 after normal resizing will 
appear Suitably Sharp. However, the archival image will not 
produce an acceptably sharp print. Therefore, a resampling 
technique can be used which creates an evaluation image 
having 320x240 pixels, but having reduced apparent Sharp 
neSS when the maximum digital Zoom Setting is used, as is 
described in commonly assigned U.S. patent application Ser. 
No. 10/028,644 entitled “Method and Imaging system for 
Blurring Portions of a Verification Image To Show Out of 
Focus Areas in a Captured Archival Image', filed by Belz, 
et al. on Dec. 21, 2001. 
0073. It will be appreciated that the apparent sharpness of 
a print or other tangible output that is made from the archival 
image is also a function of the Size of the rendered image. 
Accordingly, imaging System 4 can optionally have an input 
(not shown) for receiving a signal indicating the expected 
Size of the output and can adjust the apparent Sharpness of 
the evaluation image accordingly and/or provide a warning 
as is also described in the 644 application. 
0074 Micro-Lens Array 
0075 AS is noted above, the amount of light that is 
available to each of first image capture System 10 and Second 
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image capture System 20 during a capture time is effectively 
reduced because the light passing from the Scene through 
taking lens unit 6 is shared between first image capture 
system 10 and second image capture system 20. This effec 
tively reduces the effective Sensitivity of first image capture 
System 10 and Second image capture System 20. In accor 
dance with the present invention, the effective sensitivity of 
at least one of first image capture System 10 and Second 
image capture System 20 is enhanced by optically associat 
ing a micro-lens array 12 with at least one of the first image 
capture System 10 and the Second image capture System 20. 
In the embodiment of FIG. 1, micro-lens array 12 is 
positioned between beam splitter 8 and Second imaging 
surface 21. The function of micro-lens array 12 will now be 
described with reference to FIGS. 4 and 5. 

0.076 FIG. 4 schematically illustrates a face view of one 
embodiment of micro-lens array 12 and an associated image 
sensor 24 according to the invention. As is shown in FIG. 4, 
image Sensor 24 has a Second imaging Surface 21 with 
photoSensors 25, and light non-responsive inactive areas 27, 
Such as isolation regimes, drains and interconnectivity 
regions. The projection of individual dynamic range 
enhancement micro-lenses 72 of micro-lens array 12 is 
shown relative to photosensors 25. 
0077 FIG. 5 schematically illustrates a cross section 
view of the embodiment of FIG. 4. As is shown in FIG. 5, 
light from a Scene Striking each dynamic range enhancement 
micro-lens 72 is focused at an associated concentrated image 
area 74 of image Sensor 24. At least one photosensor in a 
concentrated image area 25b is positioned within each 
concentrated image area 74 associated with each dynamic 
range enhancement micro-lens 72. PhotoSensors in a con 
centrated image area 25b within each concentrated image 
area 74 receive enhanced exposure thereby increasing the 
effective Sensitivity of photoSensors in a concentrated image 
area 25b within concentrated image area 74. This makes it 
possible to image dark Scene elements Such as Scene Shad 
OWS. PhotoSensors in a residual image area 25a that are 
outside of concentrated image area 74 are located in residual 
image area 76. PhotoSensors in a residual image area 25a 
receive a reduced exposure. This is because a portion of the 
light that would have traveled to photosensors 25a in 
residual image areas 76 is focused by each dynamic range 
enhancement micro-lens 72 onto concentrated image areas 
74. This effectively filters the amount of light passing to 
photoSensors 25a in residual image areas 76 reducing the 
effective sensitivity of photosensors 25a. Thus, each 
dynamic range enhancement micro-lens 72 concentrates 
light at concentrated image area 74 and enhances the expo 
Sure at photoSensitive area 25b while retarding the exposure 
of residual image area 76 and reducing exposure at photo 
Sensitive area 25a. 

0078. The operation of this system can be explained with 
reference to FIGS. 6A, 6B and 6C. As is shown in FIG. 6A, 
light from a photographic Scene extends over a wide range 
of Scene luminances. In the case of consumer photography, 
these are typically the luminances that are visually observ 
able by humans. This range is indicated in FIG. 6A as scene 
luminance range 80. However, photosensors 25 on image 
sensor 24 has an actual latitude 82 within which photosen 
SorS 25 can capture differences in Scene illumination and 
record a contrast image of the Scene. Because of the inherent 
limitations of Solid-State image capture technology and the 
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Specific response of photoSensors 25 to illumination from 
the Scene, the actual photoSensor latitude 82 of photosensors 
25 is defined by a lower response threshold 84 and an upper 
response threshold 86. Photosensor 25 does not differentia 
bly react to Scene illumination differences when photoSensor 
25 is exposed to quantities of light that are lower than the 
lower response threshold 84. This is in part because the 
amount of charge Stored at the photoSensor 25 during an 
image capture Sequence can be So low as to be indistin 
guishable from errant electrical interference or other noise 
that can become involved with Signals transmitted from the 
imager. This effect practically occurs when the Signal to 
noise ratio of the exposure matches the inherent dark Signal 
to noise ratio of image Sensor 24. 
0079 Similarly, photosensor 25 does not differentiably 
react to Scene illumination differences when element 30 is 
exposed to quantities of light that are higher than the upper 
response threshold 86. As noted in greater detail above, this 
is because the amount of light received by photosensor 25 
above upper response threshold 86 is sufficient fill the charge 
Storage capacity of photoSensor 25 of image Sensor 24 So 
that photoSensor 25 no longer has a meaningful additional 
response to additional light energy. Because of this, all 
photosensors 25 that are exposed to Such quantities of light 
cease to record meaningful differences in Scene content. 

0080 However, as is also shown in FIG. 6A, it is 
desirable that Second image capture System 20 and image 
Sensor 24 should record Scene information at a desired 
system latitude 88 having desired system lower response 
threshold 90 that is lower than the lower response threshold 
84 of photosensors 25 of image sensor 24. Photography in 
this range of illumination is made possible by concentrating 
light from the Scene. In this regard, each of micro-lenses 72 
in micro-lens array 12 fractures light from the Scene into at 
least two portions. A concentrated fraction of light from the 
Scene is concentrated So that a greater amount of light per 
unit area falls upon each of photosensors 25b within the 
concentrated image areas 74 during a capture time than 
would fall upon photosensors 25b within concentrated 
image areas 74 in the absence of the array of micro-lenses 
12 of dynamic range enhancement micro-lenses 72. 

0081 AS is shown in FIG. 6B, this increase in the amount 
of light incident upon photoSensors 25b within concentrated 
image areas 74 has the effect of shifting a first range of Scene 
exposure levels 94 so that the entire first range 94 is within 
actual photosensor latitude 82 allowing photosensors 25b 
within concentrated image 74 record an image. 

0082 AS is shown in FIG. 6C, some of the light incident 
on micro-lenses 72, for example light that is poorly focused 
by micro-lenses 72 or light that passes between distinct ones 
of micro-lenses 72, is not concentrated. Instead, this residual 
fraction of the light passes to image Sensor 24 and is incident 
on photosensors 25a of residual image area 76 thus enabling 
formation of a residual image. The residual image can 
further be formed by designed or adventitious light Scatter 
and reflection at image Sensor 24. The residual fraction of 
light that Strikes residual image area 76 during a Second 
capture time is less than the amount of light that would be 
incident on residual image area 76 in the event that array 12 
of micro-lenses 72 was not interposed between a Scene and 
image Sensor 24 during the same Second capture time. Thus, 
micro-lenses 72 effectively filter light from the scene that is 
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incident on residual image area 76 So that a greater quantity 
of light must be available during the Second capture time in 
order for photosensors 25a of residual image area 76 to 
receive Sufficient illumination to form an image. Accord 
ingly, the Second capture time used to obtain images from 
image Sensor 24 is typically Sufficient to form an image on 
the residual image area 76 of the image Sensor 24 when light 
from the Scene is within a Second exposure range 96. 

0083. As is shown in FIG. 6C, when the micro-lenses 72 
of micro-lens array 12 are exposed to light within Second 
exposure range 96, a Second exposure Suitable for producing 
an image i.e. within the actual photosensor latitude 82 is 
formed on photoSensors 25a in the residual image area 76. 
In this way, image Sensor 24 can be used to record differ 
entiable images at exposure levels that are above the upper 
response threshold 86 of photosensors 25 of image sensor 24 
but below a desired system upper response threshold 92. 

0084. A region of overlap can be defined between first 
exposure range 94 and Second range of Scene exposure 
levels 96. Where it is desired to greatly increase system 
latitude 88, this region of overlap can be contracted. In one 
embodiment, the ability to capture image information from 
photoSensors 25 within either concentrated image areas 74 
or residual image areas 76 over a desired system latitude 88 
is ensured by defining a Substantial range of exposures 
wherein first exposure range 94 and Second exposure range 
96 overlap. Alternatively, it may be preferred to provide an 
imaging System 4 wherein there is Substantial Separation 
between first exposure range 94 and Second exposure range 
96. An imaging System 4 having Such a Substantial Separa 
tion would effectively operate to capture different images 
under very different imaging conditions Such as daylight and 
interior light. 

0085. As is shown in FIGS. 6b and 6c, micro-lens array 
12 has a plurality of micro-lenses 72 each confronting more 
than one of photosensors 25. It will be appreciated that the 
fraction of photosensors 25b receiving micro-lens focussed 
light, to enable image capture in first range of Scene expo 
sure levels 94 and the other fraction receiving effectively 
filtering light, to enable image capture in Second range of 
scene exposure levels 96 light will influence the portion of 
the image that is shifted in exposure Space as discussed in 
detail in relation to FIGS. 6A, 6B and 6C above. The ratio 
of exposure enhanced photosensors 25b to other photosen 
sors 25a is related to the magnitude of the overall shifts in 
exposure Space. This proportion will also influence the 
resolution and overall image Structure capabilities in each 
exposure region. 

0.086. In one embodiment, the ratio of the number of 
photosensors 25 to the number of micro-lenses 72 is at least 
1.5 to 1. In another embodiment, the ratio can be at least 2 
to 1. In further embodiments the ratio can be at least 5 to 1, 
and at least 9 to 1. Additionally, in one embodiment the ratio 
of the number of photosensors 25 to the number of micro 
lenses 72 can be no greater than 1000 to 1. In another 
embodiment, this ratio is no greater than 100 to 1. In still 
another embodiment, this ratio can be no greater than 5 to 1. 
Further, the structure of micro-lens array 12 and the dimen 
Sions of micro-lens 72 relative to the layout of image Sensor 
24 can be Such that the exposure of Some individual pho 
tosensor sites 25 are not influenced by micro-lenses 72. This 
embodiment provides a proportion of photoSensors 25 that 
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are not shifted in exposure Space, thereby preserving latitude 
82. In a useful embodiment, the fraction of photosensors 25b 
positioned to receive focused light on exposure and the 
fraction of other photosensors 25b positioned to receive 
residual light on exposure constitute at least 25% of photo 
Sensors 25 on image Sensor 24. In a preferred embodiment, 
the fraction of photosensors 25b positioned to receive 
focused light on exposure and the fraction of photoSensors 
25a positioned to receive residual light on exposure consti 
tute at least 50% of photosensors 25 on image sensor 24. 
While in another embodiment, the fraction of photosensors 
25b positioned to receive focused light on exposure and the 
fraction of other photosensors 25a positioned to receive 
residual light on exposure constitute at least 75% of all the 
photosensors. 

0087. It will be appreciated that when an exposure level 
is in Second exposure range 96 and the first exposure range 
94 and Second exposure range 96 at least partially overlap, 
photosensors 25b may also contain useful imaging informa 
tion. Under these circumstances image information can be 
obtained from photosensors 25b. However, where the expo 
Sure is above the first exposure range 94 then photosensors 
25b in concentrated image areas 74 will be fully exposed and 
will not contain any differentiable image information. 
0088. It will be further appreciated that while this dis 
cussion has been framed in terms of a specific embodiment 
directed towards image capture intended for capturing 
human visible Scenes, the invention can be readily applied to 
capture extended Scene luminance ranges and Spectral 
regions invisible to humans and the Solid State image Sensor 
can be any Solid State image known to the art that has the 
requisite imaging characteristics. The effective increase in 
latitude enabled can be at least 0.15 log E. In certain 
embodiments, the effective increase in latitude can be 
between at least 0.3 log E and 0.6 log E. In other embodi 
ments, the effective increase in latitude is at least 0.9 log E. 
0089 FIG. 7A schematically illustrates a face view of 
another embodiment of a micro-lens array 12 and an asso 
ciated image sensor 24 is shown. Here an array 100 of 
Sensitivity enhancing micro-lenses 102 is provided to reduce 
the amount of light that is allowed to Strike light inactive 
areas 27. Array 100 positions each sensitivity enhances 
micro-lens 102 in association with one photosensor 25. The 
optional array 100 is known in the art. 

0090 AS can be seen in this embodiment, sensor 24 
comprises both a micro-lens array 12 of dynamic range 
enhancement micro-lenses 72 and an array 100 of sensitivity 
enhancing micro-lenses 102 as described in U.S. Pat. No. 
4,667,092 entitled Solid-State Image Device With Resin 
Lens and Resin Contact Layer filed by Ishihara on Dec. 22, 
1993. FIG. 7B schematically illustrates a side view of the 
embodiment of FIG. 7A. AS is shown in FIGS. 7A and 7B 
Sensitivity enhancing micro-lenses 102 enhance the 
response of each photosensors 25 by concentrating light 106 
at the individual photoSensors 25. The larger micro-lenses 
72, however, act to concentrate light 108 at specific ones of 
the Sensitivity enhancing micro-lenses 102 and associated 
photosensors 25b, in concentrated image area 74 while 
allowing residual light to fall onto other ones of the micro 
lenses 102 and associated photoSensors 25a, in residual 
image areas 76 thereby increasing the luminance range 
recording capability of image Sensor 24. Thus, in this 
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embodiment, the sensitivity of all photosensors 25 is 
enhanced by micro-lenses 102 while micro-lens array 12 of 
micro-lenses 72 enhances the effective sensitivity of selected 
photosensors 25b and reduces the effective sensitivity of 
other photoSensors 25a. Digital Signal processor 40 can form 
images using image information from photoSensors 25b, So 
that Second image capture System 20 can achieve a greater 
effective Sensitivity, than Second image capture System 20 
will have using image information from photoSensors 25 
having their Sensitivity enhanced only by a Sensitivity 
enhanced array 100 of micro-lenses 102. Digital signal 
processor 40 can also form images using image information 
from both photosensors 25a and 25b to achieve a greater 
effective dynamic range. 
0.091 In the embodiments described above, micro-lens 
array 12 has been shown as comprising a cubic, close packed 
arrangement of circular dynamic range enhancement micro 
lenses 72. This arrangement results in the concentration of 
light in the manner described above. In this embodiment, 
micro-lenses 72 can have a uniform cross-sectional area. 
FIG. 8A shows, conceptually, micro-lens array 12 of micro 
lenses 72 arranged in this uniform cubic close packed 
distribution pattern by a support 78. It will be appreciated 
that other array patterns can be used. For example, FIG. 8B 
shows an embodiment of micro-lens array 12 having an 
off-set Square close packed array pattern. In another embodi 
ment shown in FIG. 8C dynamic range enhancement micro 
lenses 72 are arranged in a micro-lens array 12 having a 
hexagonal close packed array pattern. Micro-lens array 12 
can also feature random distributions of dynamic range 
enhancement micro-lenses 72. One embodiment of an array 
having a random distribution is shown in FIG. 8D. As is 
shown in FIG. 8E, in still another embodiment, array 12 can 
comprise an array of cylindrical or acylindrical dynamic 
range enhancement micro-lenses 72. 
0092. As is shown in FIGS. 9A, 9B and 9C, micro-lens 
array 12 can comprise dynamic range enhancement micro 
lenses 72 having different optical characteristics. In the 
embodiment of FIG. 9A, micro-lens array 12 of cylindrical 
dynamic range enhancement micro-lenses 72 is shown. AS is 
shown in FIG. 9A, micro-lens array 12 has a first set of 
micro-lenses 72a that have a greater cross-section area than 
a second set of micro-lenses 72b also provided by micro 
lens array 12. In this embodiment, the first set of micro 
lenses 72a concentrate a greater portion of light during an 
exposure than micro-lenses 72b. Thus, the first set of micro 
lenses 72a form a line image exposure 75a on image Sensor 
24 as shown in FIG. 9D, in a first set of concentrated image 
areas 74, when the amount of the light during the exposure 
is within a first exposure range 84. When light from the 
Scene is within a Second exposure range 86, the Second Set 
of micro-lenses 72b form a line image exposure 75b on 
image Sensor 24 in a Second Set of concentrated image areas 
74b. Light that is not concentrated by either set of micro 
lenses 72a and 72b can form a residual image (not shown) 
in residual image area 76 of image sensor 24 of FIG. 9D. 
Similarly, FIGS. 9B and 9C each show the use of a 
micro-lens array 12 having differently sized Sets of first Set 
of micro-lenses 72a and second set of micro-lenses 72b with 
micro-lens array 12 concentrating light and directing that 
light onto concentrated image areas 74a to form line image 
exposure 75a when light from the scene is within a first 
range. Micro-lenses 72b concentrate light from a Scene and 
direct this light onto concentrated image areas 74b to form 
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a line image exposure 75b when the light from the scene is 
within a Second range. Here too, residual portions of the 
light are recorded in residual image areas 76. Thus, in these 
embodiments of FIGS. 9A-9C the effective latitude of image 
sensor 24 can be further extended. 

0093. As is shown in FIG. 9C, the surface coverage of 
micro-lenses 72 does not have to be maximized. While any 
useful Surface coverage of micro-lenses 72 can be employed, 
the ratio of the projected area of micro-lenses 72 to area of 
image Sensor 24 occupied by the photoSensors 25 can be at 
least 5 percent. In one embodiment, the coverage can be 
between at least 50 percent and up to 85 percent. In another 
embodiment, Surface coverage of 85 percent up to the 
close-packed limit can be used. The precise degree of 
Surface coverage can be adjusted to enable varying levels of 
exposure latitude while maintaining useful image quality. In 
any embodiment where the Surface coverage is less than the 
close packed limit, support 78 can be defined to allow 
residual light to pass to image Sensor 24. 
0094. It will be appreciated that the concentration of light 
by micro-lens array 12 of dynamic range enhancement 
micro-lenses 72 also performs the optical equivalent of 
re-sampling the image formed on an imaging Surface Such as 
Second imaging Surface 21 of Second image capture System 
20. Accordingly, in one useful embodiment of the present 
invention, the Surface coverage of micro-lens array 12 can 
be matched to correspond to the imaging resolution of a 
display such as viewfinder display 33 or exterior display 42 
in imaging System 4 and micro-lens array 12 can be placed 
in optical association with imaging Surface 21 Such as on 
image Sensor 24. Where this is done, an evaluation image 
can be extracted from image Sensor 24 at an image resolu 
tion appropriate for display simply by Scanning extracted 
image data from the image Sensor and assembling image 
information only from the concentrated image areas. This 
Speeds image processing by eliminating the need for digital 
Signal processor 40 to perform the Step of re-sampling an 
initial image So that an evaluation image can be provided 
more quickly. Further, micro-lens array 12 can be used to 
direct concentrated light onto particular Sections of image 
Sensor 24. This permits image Sensor 24 to have photosen 
SorS 25 that are inoperative to be used to capture evaluation 
images in that micro-lenses can be used to concentrate light 
away from inoperative photosensors and onto adjacent 
operative photoSensors without impairing image quality. 
Accordingly, lower cost imagers can be used. 
0095. It will also be appreciated that the dynamic range 
of an imaging Surface Such as first imaging Surface 11 can 
vary during operation of the imaging System. For example, 
in the embodiment of FIG. 1 first imaging Surface 11 is 
located on photoSensitive element 14 which can, for 
example, comprise a film. Where different films are loaded 
into first image capture System 10, the Sensitivity of the films 
can vary as is indicated by Speed ratings for the films. The 
micro-lens array 12 can be provided with different types of 
micro-lenses 72 adapted to concentrate light in different 
intensities to form Separate concentrated and residual images 
on an imaging Surface. These different types of micro-lenses 
can be adapted to record images on Second imaging Surface 
21 that generally correspond to the dynamic ranges of 
various types of films that can be located in an imaging 
system or that coincide with, for example 60% of the 
dynamic range of the films. In this way, when microproces 
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Sor 50 determines that a photoSensitive element in imaging 
System 4 is rated at one speed, microprocessor 50 can cause 
digital Signal processor 40 to extract an image using pho 
toSensors formed by microlenses that concentrate light in a 
way that is intended to provide a dynamic range that 
corresponds to the dynamic range of a photoSensitive ele 
ment 14. 

0.096 Micro-lens array 12 can comprise a set of indi 
vidual micro-lenses 72 that are formed together or joined 
together, for example by extrusion, injection molding and 
other conventional fabrication techniques known to those in 
the art. Micro-lens array 12 can also be formed by combin 
ing a plurality of Separate micro-lenses 72 fixed together by 
mechanical or chemical means or by mounting on Support 
78. Micro-lens array 12 can comprise a set of lenticular 
beads or spheres (not shown) that are positioned proximate 
to or coated onto image Sensor 24 or otherwise joined to 
image sensor 24. Micro-lenses 72 may be formed in any 
matter known in the microstructure art. Micro-lenses 72 may 
be unitary with image Sensor 24, as for example by being 
embossed directly into image Sensor 24 at manufacture or 
they may be integral to a distinct layer applied to image 
Sensor 24. In Still other embodiments, a micro-lens array 12 
can be formed using a photoSensitive coating. 

0097. The dimensions of imaging system 4 and the 
detailed characteristics of the taking lens unit 6 dictate the 
exposure pupil to image distance, i.e. the camera focal 
length. Preferably, an image is formed at the array of 
micro-lenses 12. The characteristics of micro-lenses 72 
dictate their focal length. The micro-lens images are formed 
at the light Sensitive areas of image Sensor 24. The f-number 
of taking lens unit 6 controls the depth-of-focus and depth 
of-field of imaging System 4 while the micro-lens f-number 
controls the effective aperture of imaging System 4. By using 
taking lens unit 6 having a stopped down f-number, excellent 
Sharpness along with wide depth of focus and depth of field 
are obtained. By using an opened f-number for micro-lens 
array 72, high System Speed is obtained. 

0098. Accordingly, a useful combination of taking lens 
unit 6 and micro-lenses 72 f-numbers will be those that 
enable System speed gains. System speed gains of more than 
0.15 log E, or '/2-stop, are useful, while System Speed gains 
0.5 log E or more are preferred. While any micro-lenses 72 
having an f-number that enables a Speed gain with taking 
lens unit 6 having adequate depth-of-field for an intended 
purpose can be gainfully employed, typically micro-lenses 
72 having f-numbers of 1.5 to 16 are useful. In certain 
embodiments, micro-lenses 72 having f-numbers in the 
range of f/2 to f/7 are useful. In other embodiments, micro 
lenses 72 having f-numbers in the range of f/3 to f/6 are 
preferred. 

0099. The individual micro-lenses 72 are convergent 
lenses in that they are shaped So as to cause light to converge 
or be focused. AS Such, they form convex projections from 
the Support 78. The individual projections are shaped as 
portions of perfect or imperfect Spheres. Accordingly, micro 
lenses 72 can be spherical portion lenses or they can be 
aspherical portion lenses. Both types of micro-lenses can be 
Simultaneously employed. A spherical portion micro-lens 72 
has the shape and cross-section of a portion of a sphere. An 
aspherical portion micro-lens 72 has a shape and croSS 
Section of a flattened or elongated Sphere. The lenses are 
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micro in the Sense that they have a circular or nearly circular 
projection. Any useful lens diameter consistent with the 
operation of the invention as described and the dimensions 
of known Solid State imager arrays can be usefully 
employed. In one embodiment, micro-lenses 72 with a 
diameter of between 1 and 1000 microns are used. A 
cylindrical portion micro-lens 72 has the Shape and croSS 
Section of a portion of a cylinder. An acylindrical portion 
micro-lens 72 has a shape and cross-section of a flattened or 
elongated cylinder. FIGS. 10A-10D show a cross-sectional 
view of micro-lenses 72 mounted in a support 78 and 
exhibiting example embodiments of various spherical and 
aspherical micro-lenses 72. 

0100 FIG. 10A shows an embodiment wherein micro 
lenses 72 comprise spherical lenses joined by Support 78. 
FIGS. 10B and 10C show embodiments of micro-lens array 
12 having aspherical micro-lenses 72. It is appreciated that 
any of the above described array patterns may be combined 
with aspherical micro-lenses 72 to provide extended lati 
tude. Further, any of the patterns of micro-lenses 72 can be 
applied in a non-close packed manner to enable extended 
photographic latitude. 

0101 Micro-lenses 72 are shown with distinct hatching 
to illustrate the Spherical and aspherical character of the 
protruding portion that actually forms the micro-lens. 
Aspherical micro-lenses 72, of the type shown in FIGS. 10B 
and 10C, are especially useful for this application in that the 
variable radius of Such lenses allows for control of the lens 
focal length and lens aperture nearly independently of the 
spacing between micro-lenses 72 and photoSensors 25. 
While these cross-sections have been described as spherical 
or aspherical, it is fully appreciated that the diagrams equally 
represent in cross-section cylindrical or acylindrical micro 
lenses 72. 

0102) The light concentration or useful photographic 
Speed gain on concentrating light focused by taking lens unit 
6 with a circular projection micro-lens 72 is the Square of the 
ratio f-numbers of imaging System 4 and the micro-lenses 
72. Speed gain (in log relative Exposure) in Such a system 
can be determined as the speed gain equals 2xlog (camera 
lens f-numberS/micro-lens f-numbers). The light concentra 
tion or useful photographic Speed gain of cylindrical micro 
lenses 72 allow the Square root of Such an improvement 
because they concentrate light in only one direction. The 
concentration of light by micro-lens array 12 enables both a 
System speed gain and forms an exposure pattern image 
Sensor 24. 

0.103 Preferred design parameters for micro-lenses 72 
and their relationship to photoSensors 25 of image Sensor 24 
follow from these definitions: 

0104 Micro-lens radius is the radius of curvature of the 
hemispheric protrusion of micro-lenses 72. For aspherical 
micro-lenses 72 this value varies acroSS the Surface of the 
micro-lens. 

0105 Micro-lens aperture is the cross sectional area 
formed by the micro-lens typically described as a diameter. 
For Spherical micro-lenses this diameter is perforce less than 
or equal to twice the micro-lens radius. For aspherical 
micro-lenses this diameter can be greater than twice the 
Smallest radius encountered in the micro-lens. Use of dif 
ferently sized micro-lenses having distinct apertures enables 
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distinct levels of Speed gain on a micro-Scale and thus 
enables extended exposure latitude for a photoSensitive site. 
0106 Micro-lens focal length is the distance from micro 
lenses 72 to photosensors 25 of image sensor 24. 
0107 Micro-lens f-number is the micro-lenses 72 aper 
ture divided by the micro-lens focal-length. For spherical 
micro-lenses 72, the desired micro-lens focal length can be 
used to define an appropriate micro-lens radius following a 
lens equation, thusly: 
0108 Micro-lens radius is the micro-lens focal-length 
times (n-n)/n, where n is the refractive index of the 
material outside the micro-lens (typically air with a refrac 
tive index of unity) while n is the refractive index of the 
micro-lens and any contiguous transmissive material e.g. 
(plastics as used in array Support 78.) The useful plastics or 
polymers typically have a refractive index of 1.4 to 1.7). The 
ratio of the highest to the lowest refractive index can be 
between 0.8 and 1.2. In preferred embodiments the ratio is 
between 0.95 and 1.05. Following the known refractive 
indices of typical photographic System components, useful 
Spherical micro-lenses will have a micro-lens focal length 
about 3 times the micro-lens radius (n-n)/n-/3). Non 
integral micro-lenses 72 can be made from a wider variety 
of plastics and glasses. For micro-lenses 72 that are inte 
grally formed on image Sensor 24, Superior optical proper 
ties are provided when the refractive index of the materials 
used to form the composite optical device are as Similar as 
possible. 

0109 FIG. 11 shows a flow chart of a method for 
capturing an image according to the invention. AS is shown 
in FIG. 11, the process begins when a shutter trigger button 
60 is depressed by user 5 causing a trigger Signal to be 
generated (step 120). Microprocessor 50 detects the trigger 
Signal indicating that shutter trigger button 60 has been 
depressed and causes first image capture System 10 and 
Second image capture System 20 to capture images. A Sensor 
exposure Step is executed (Step 122) using Second imaging 
system 20 and image sensor 24 as described above. The 
array of micro-lenses 12 reduces range enhancing of Scene 
information into concentrated image areas 74 and residual 
image area 76. Sensor 124 is interrogated (step 124) to 
capture and fix the exposure information. In this embodi 
ment, image information is extracted from photoSensors 25b 
within the concentrated image areas 47 (step 126). Image 
information is also extracted from the photosensors 25a in 
the residual image area 76 (step 128). The extracted image 
information is reconstructed (step 130) to form a likeness of 
the original Scene. 
0110 Under low exposure conditions, scene information 
is determined based upon image conditions in the photo 
Sensors 25b in concentrated image area 74. In one embodi 
ment, photoSensors 25b in concentrated image area 74 are 
Separated from photoSensors 25a in residual image area 76 
during a calibration process So that digital image processor 
40 can quickly and efficiently Separate image information 
obtained from concentrated image area 74 and residual 
image area 76. Alternatively, a Single image can be obtained 
from image Sensor 24 and processed by digital Signal 
processor 40 which then uses image analysis techniques to 
Separate image information obtained from concentrated 
image area 74 and image information obtained from residual 
image area 76. 
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0111 Under high exposure conditions, scene information 
is carried in photosensors 25a in residual image areas 76. 
FIG. 12 shows a contrast pattern image formed on image 
Sensor 24 after image wise exposure of image Sensor 24 to 
light from a Scene that is within a first range of Scene 
exposure levels 94 AS is discussed above, when imaging 
System 4 is exposed to first range of exposure levels 94 
image information is directly recorded by photoSensors 25a 
in residual image areas 76 in the form of a residual image 
104. Residual image 104 is similar to the image formed by 
conventional optical imaging techniques. However, as is 
shown in FIG. 12, residual image 104 is not a continuous 
image in that imaging information useful in the composition 
of residual image 104 is lost during the concentration of light 
onto photosensors 25b. There are various methods by which 
this information can be corrected. For example, interpolation 
techniques can be used to compensate for the missing 
information. In certain applications, under Sampling tech 
niques can be used to process imaging information captured 
by photosensors 25a. 
0112 Alternatively, where exposure conditions in the 
Scene Overlap, Scene information can be obtained from 
photosensors 25a and 25b. Further, it will be appreciated 
that exposure conditions can vary within an image and, 
therefore, where a Scene contains a wide range of exposure 
levels, it can occur that the exposure level in one portion of 
the image will be within the first exposure range 94 while the 
exposure level in the Second portion of the same image will 
be in the second exposure range 96. Thus, in Such an image, 
part of the image information will be obtained from photo 
sensors 25b in the concentrated image areas 74 while 
another part of the image information will be obtained from 
photosensors 25a in residual image areas 76. Where this 
occurs, a single output image is composed by assembling the 
output image using image information for both concentrated 
image areas 72 and residual image areas 74. An image 
formed in this manner will contain imaging information 
representative of a Scene exposure over a dynamic range that 
includes the entire desired system latitude 88. 
0113. It is appreciated that the forgoing discussion is 
couched in terms Specific to System Sensitivity enhancement 
enabled by the use of micro-lens array 12 as applied to 
image Sensors Such as Solid State Sensors. Although the 
underlying mechanistic considerations are Somewhat dis 
tinct, Similar considerations apply to Sensitivity enhance 
ment enabled by the use of intervening micro-lens array 12 
as can be applied to photoSensitive elements 14 Such as 
photosensitive silver halide films. With silver halide films, 
the lower response threshold is set by consideration of the 
minimal applied photon flux required to make a silver halide 
grain developable, while the upper response threshold is Set 
by either exhaustion of the density forming ability of the film 
or by full exposure of individual incorporated silver halide 
grains. When a photosensitive element 14 is optically asso 
ciated with micro-lens array 12, image formation is accom 
plished by a photoprocessing development Step with 
optional desilvering and Stabilizing as known in the art 
followed by direct optical printing or Scanning and digiti 
Zation using techniques described in the commonly assigned 
and cross-referenced patent applications. 
0114 FIG. 13 schematically illustrates another embodi 
ment of an imaging System 4 having a first image capture 
System 10 comprising an image capture System for capturing 
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images on a photosensitive element 14 and with a Second 
image capture System 20 that captures images using an 
image capture Sensor 24. Here, the imaging System 4 com 
prises a beam Splitter 8, and a micro-lens array 12 having 
individual microlenses 72 positioned at the focal plane of the 
micro-lens array 12. On exposure, image light Strikes beam 
splitter 8 and a portion of the light is passed to the first 
imaging Surface 11 to expose photoSensitive element 14, 
while the balance of the light is passed to the Second imaging 
Surface 21 to expose image Sensor 24. 
0115) In the embodiment shown in FIG. 13, shutter 
System 23 modulates the passage of light from the Scene to 
beam splitter 8 thus controlling exposure of both the light 
photoSensitive element 14 and the image Sensor 24. AS is 
shown in this embodiment, micro-lens array 12a is provided 
for image capture System 10, while a Second micro-lens 
array 12b is provided for Second image capture System 20. 
Micro-lens array 12a is arranged with micro-lenses arranged 
in an inverse mounted arrangement, with each micro-lens 72 
having a light receiving Surface 140 to receive light from 
beam splitter 8 and a light focusing Surface 142 confronting 
photoSensitive element 14. Light focusing Surface 142 is 
adapted to concentrate the received light onto photoSensitive 
element 14. Spacer 144 positions photosensitive element 14 
Separate from the light focusing Surfaces 142. The Spacer 
can, for example, comprise any Structure that is capable of 
providing a separation between light focusing Surfaces 142 
and photoSensitive element 14. This arrangement is useful 
with an array of micro-lenses 12b having very fine pitch. 
0116. The individual micro-lenses 72 of array 12a and the 
Surrounding medium, define a focal plane offset from the 
focusing Surface of the microlenses 72. When imaging 
system 4 is loaded with light sensitive silver halide film 14, 
film 14 is positioned and aligned by film gate system 15 at 
the focal plane defined by the individual micro-lenses 72 and 
the Surrounding medium. 
0117. In the aforesaid embodiments, the light sensitive 
film imaging System has been described as optionally 
employing a distinct micro-lens array. Other embodiments 
employing light Sensitive films with emulsion Side micro 
lenses, with base side microlenses and with microlenses 
formed by partially embedded beads are specifically con 
templated. 
0118. In another embodiment, a micro-lens array 12 
assembly can be augmented by Stacked array magnifier as 
described by U.S. Pat. No. 6,381,072 entitled Lenslet Array 
Systems And Methods, PCT filed by Burger on Jan. 23, 
1998, to adjust image frame Size as desired for particular 
applications. In this context, the Stacked array magnifier 
enables the user optional use of multiple format films, i.e. 
films having distinct slit widths or frame sizes in one of the 
imaging Systems. Further, the Stacked array magnifier 
enables the user optional use of a film of one frame size in 
an imaging System in place of a Solid State imager without 
necessity of grossly altering the optical properties of the 
camera. A specific embodiment is a camera with a first film 
based imaging System responsive to human visible images 
and a Second imaging System that user optionally employs a 
Solid State imager or a film imaging System responsive to 
human non-visible light, as in a Security or observation 
Caca. 

0119 Further details regarding the use of an array of 
micro-lenses 8 to improve image capture capacity regarding 

Sep. 16, 2004 

micro-lens reconstruction along with micro-lens sizing, 
shape and optical properties are disclosed in U.S. application 
Ser. No. 10/167,794, entitled “Imaging Using Silver Halide 
Films With Micro-Lens Capture And Optical Reconstruc 
tion,” filed in the name of Irving et all on Jun. 12, 2002 and 
U.S. application Ser. No. 10/170,148 entitled “Imaging 
Using Silver Halide Films With Micro-Lens Capture, Scan 
ning And Digital Reconstruction, filed in the name of 
Szajewski et al. on Jun. 12, 2002, the disclosures of which 
are incorporated by reference. The combination of micro 
lens arrays with Solid State image capture devices are 
described in U.S. application Ser. No. 10/326,455 entitled 
“Digital Camera Having Extended Useful Latitude” filed in 
the name of Szajewski et al. on Dec. 20, 2002, and U.S. 
application Ser. No. 10/281,654 entitled “Inverse Mounted 
Micro-Lenses,” of Szajewski et al., the disclosures of which 
are incorporated by reference. 
0120 In another embodiment, the first image capture 
System 10 and the Second image capture System 20 can both 
capture images on photosensitive element 14 that can be 
used in combination with beam splitters 12, for example, to 
enable color Separation exposures. Here, color filters can be 
used with pan Sensitized photosensitive elements. Alterna 
tively, the photoSensitive elements can be specifically Sen 
Sitized to the desired color Sensitivity as known in the art. In 
yet another embodiment, two or more Solid State image 
capture Systems can be employed with Separate imagers 
used in combination with multiple beam Splitters to enable 
color separation exposures. The, color filters can be used to 
enable color Specific image capture. The Sensitivities can be 
the human visible red, green and blue triad, the complemen 
tary cyan, magenta yellow triad or can include UV, IR or far 
IR Sensitivities as desired for Specific applications. 
0121 The invention has been described in detail with 
particular reference to certain preferred embodiments 
thereof, but it will be understood that variations and modi 
fications can be effected within the Spirit and Scope of the 
invention. 

Parts List 

0122) 4 imaging System 
0123 5 user 
0.124 6 taking lens unit 
0125) 
0126) 
O127) 
0128 
0129 
0.130) 
0131) 
0132) 
0133) 
0134) 
0135) 
0.136) 

8 beam splitter 
10 first image capture System 

11 first imaging Surface 

12 micro-lens array 
12a micro-lens array 
12b micro-lens array 
13 photoSensitive element positioning System 

14 photosensitive element 
15 gate System 

16 film Supply system 
17 pressure plate 

18 photoSensitive element contact Surface 
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0137) 19 pressure plate assembly 
0.138 20 second image capture system 
0.139 21 second imaging surface 
0140 23 shutter system 
0141 24 image sensor 
0.142 25 photosensors 
0.143 25a photosensors in a residual image area 
014.4 25b photosensors in a concentrated image area 
0145 26 element 
0146 27 inactive areas 
0147 28 element 
0148] 30 lens driver 
0149 32 viewfinder system 
0150 33 viewfinder display 
0151 34 analog signal processor 
0152 35 viewfinder optics 
0153) 36A/D converter 
0154) 38 frame memory 
O155 39 display driver 
0156 40 digital signal processor 
0157 42 exterior display 
0158) 44 data memory 
0159) 
0160 
0161) 
0162 
0163) 
0164) 
0165) 
0166) 
0167) 
0168) 
0169 
0170) 
0171 
0172 
0173 
0174) 
0175) 
0176) 
0177) 
0178) 
0179 

46 communication module 

48 rangefinder 
50 microprocessor 
52 memory card 
54 memory card slot 
56 memory card interface 
58 user controls 

60 shutter trigger button 
62"wide' Zoom lens button 

63 accept button 
64"tele' Zoom lens button 

66 timing generator 
68 sensor driver 

72 dynamic range enhancement micro-lens 
72a first set of micro-lens 

72b Second set of micro-lens 

74 concentrated image area 
74a first Set of concentrated image areas 
74b Second Set of concentrated image areas 
75a line image exposure 
75b line image exposure 
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0180 76 residual image area 
0181 78 support 
0182 80 scene luminance range 
0183 82 actual photosensor latitude 
0.184 84 lower response threshold 
0185 86 upper response threshold 
0186 88 desired system latitude 
0187 90 desired system lower response threshold 
0188 92 desired system upper response threshold 
0189 94 first range of scene exposure levels 
0190. 96 second range of scene exposure levels 
0191 100 array of sensitivity enhancing micro-lenses 
0.192 102 sensitivity enhancing micro-lenses 
0193 104 residual image 
0194 106 sensitivity enhancing concentrated light 
0195) 108 concentrated light 
0196) 120 detect trigger signal step 
0197) 122 execute sensor exposure step 
0198 124 interrogate sensor step 
0199 126 extract image information from photosen 
Sors in concentrated image area Step 

0200 128 extract image information from photosen 
Sors in residual image area 

0201 130 reconstruct image step 
0202 140 light receiving surface 
0203) 142 light focusing surface 
0204 144 spacer 
0205) A first axis 
0206 B Second axis 

What is claimed is: 
1. An imaging System comprising: 

a taking lens unit adapted to focus light from a Scene; 
a beam splitter receiving light from the Scene with a 

portion of the received light traveling from the beam 
Splitter to a first imaging Surface and a portion of the 
received light traveling from the beam splitter to a 
Second imaging Surface; 

a first image capture System for capturing an image based 
upon the light traveling to the first imaging Surface; 

a Second image capture System for capturing a Second 
image based upon the image formed at the Second 
imaging Surface; and 

an array of micro-lenses in optical association with the 
first imaging Surface, with each micro-lens in the array 
concentrating a first fraction of the light from the beam 
Splitter onto concentrated image areas of the first imag 
ing Surface; 
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wherein the first image capture System forms an image 
based upon the light concentrated onto the concentrated 
image areas. 

2. The imaging System of claim 1, wherein the array of 
micro-lenses also permits a Second fraction of the light to 
form a residual image in areas of the associated imaging 
Surface that Surround the concentrated image areas. 

3. The imaging System of claim 2, wherein the array of 
micro-lenses concentrates the first fraction of the light to 
form an image in the concentrated image areas of the 
imaging Surface when light from the Scene is within a first 
range of exposure and wherein the Second fraction of the 
light from the beam splitter forms an image in a residual 
image area Surrounding the concentrated image areas of the 
first imaging Surface when light from the Scene is within a 
Second, higher, range of exposures. 

4. The imaging System of claim 3, wherein the first image 
capture System forms an image based upon the pattern of 
concentrated image elements and the image formed in the 
residual image area. 

5. The imaging System of claim 4, wherein the Second 
imaging System captures an image when light from the Scene 
is within a third range of exposures, and wherein micro 
lenses are Selected So that the first range of exposures and the 
Second range of exposures generally coincide with the third 
range of exposures. 

6. The imaging System of claim 4, wherein the Second 
imaging System captures an image when light from the Scene 
is within a third range of exposures, and wherein micro 
lenses are Selected So that the first range of exposures and the 
Second range of exposures coincide with at least 60% of the 
third range of exposures. 

7. The imaging System of claim 1, wherein the micro 
lenses concentrate light So that the appearance of the image 
captured by the first image capture System based upon the 
pattern of concentrated light generally corresponds to the 
appearance of the image captured by the Second image 
capture System. 

8. The imaging System of claim 1, wherein the micro 
lenses concentrate light So that the first image capture 
System can capture imageS when the Scene illumination is 
above a first lower response threshold and wherein the 
Second image capture System is adapted to capture images 
when the Scene illumination is at least above a Second lower 
response threshold with the first response threshold being at 
least equal to the Second lower response threshold. 

9. The imaging System of claim 1, wherein a Second array 
of micro-lenses is optically associated with the Second 
image capture System, with each micro-lens in the Second 
array concentrating a first fraction of the light traveling to 
the Second imaging Surface onto concentrated image areas of 
the Second imaging Surface and wherein the Second image 
capture System forms an image based upon the concentrated 
image areas. 

10. The imaging System of claim 8, wherein first image 
capture System and Second image capture System are opti 
cally associated with, respectively, a first array of micro 
lenses and a Second array of micro-lenses that are adapted So 
that the first image capture System and Second image capture 
System are capable of capturing Similar appearing images of 
a Scene when exposed to a Scene having a predefined range 
of illumination intensities. 
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11. The imaging System of claim 1, wherein the fraction 
of light traveling to the first imaging Surface is less than the 
fraction of light traveling to the Second imaging Surface. 

12. The imaging System of claim 1, wherein the fraction 
of the light traveling to the first imaging Surface is between 
5%-95% of the light received by the beam splitter. 

13. The imaging System of claim 1, wherein the beam 
Splitter comprises at least one of a prism or a mirror. 

14. The imaging System of claim 1, wherein first imaging 
Surface comprises an image Sensor and the first image 
capture System comprises a processor and a display, wherein 
the processor collects image information from the image 
Sensor, processes the image information and presents the 
images captured by the first image capture System on the 
display. 

15. The imaging System of claim 14, wherein the display 
has a predefined display resolution that is less than an 
imaging resolution of the first imaging Sensor and the array 
micro-lenses comprises an array of micro-lenses that con 
centrates light to form a pattern of concentrated image 
elements on the first imaging Sensor that corresponds to the 
display resolution of the display. 

16. The imaging System of claim 1, wherein the first 
imaging Surface comprises an image Sensor having a plu 
rality of photosensitive photoSites and wherein there are 
fewer micro-lenses in the array of micro-lenses than there 
are photoSites in the plurality of image Sensing photoSites. 

17. The imaging system of claim 1, wherein the first 
imaging Surface comprises an image Sensor having an array 
of Spaced photosensor areas and wherein each microlens in 
the array of micro-lenses receives light directed at more than 
one of the photosensors and concentrates a portion of the 
received light onto leSS than all of the photosensors at which 
the received light is directed. 

18. The imaging system of claim 1, wherein the first 
imaging Surface and the Second imaging Surface comprise 
image Sensors that use photoSensors to convert incident light 
into electrical charge. 

19. The imaging System of claim 1, wherein at least one 
of the imaging Surfaces comprises a photoSensitive element 
having chemicals generate a latent image when exposed to 
light. 

20. An image capture System comprising: 

a taking lens unit adapted to focus light toward a beam 
Splitter; 

a beam splitter receiving light from the taking lens unit 
and passing a portion of light to form an image at a first 
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 for controlling the passage of light to 
at least one imaging Surface and a photosensitive 
element positioning System having gate positioning a 
photosensitive element having the first imaging Surface 
thereon to receive light controlled by the Shutter assem 
bly; 

an electronic image capture System having an image 
Sensor with the Second imaging Surface thereon Said 
electronic image capture System adapted to capture an 
image based upon the light incident on the Second 
image Surface; 
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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; and 
controller for determining a capture time and for 
enabling the Shutter assembly and electronic image 
capture System to capture an image representative of 
Scene conditions during the capture time. 

21. The image capture System of claim 20 wherein the 
Shutter assembly is positioned So that the Shutter controls the 
passage of light to every imaging Surface. 

22. The image capture System of claim 20 wherein the 
electronic image capture System incorporates a display and 
Said electronic image capture System processes the captured 
image for presentation on the display. 

23. The image capture System of claim 22, wherein the 
electronic image capture System resamples the captured 
image for presentation on the display. 

24. The image capture System of claim 23, wherein the 
electronic image capture System incorporates a display and 
Said electronic image capture System processes the captured 
image into a form that has an appearance that is adapted to 
generally correspond to the appearance of the image cap 
tured on the photosensitive element. 

25. The image capture system of claim 21 wherein the 
array of micro-lenses optically downsamples the image. 

26. The imaging System of claim 20, wherein the elec 
tronic image capture System comprises a processor and a 
display, wherein the processor collects image information 
from the image Sensor, processes the image information and 
presents the images captured by the first image capture 
System on the display. 

27. The imaging System of claim 26, wherein the display 
has a predefined display resolution that is less than an 
imaging resolution of the first imaging Sensor and the array 
micro-lenses comprises an array of micro-lenses that con 
centrates light to form a pattern of concentrated image 
elements on the first imaging Sensor with the pattern having 
a number of concentrated image elements that corresponds 
to the number of display elements. 

28. The image capture system of claim 21 wherein the 
controller determines a Sensitivity for the photoSensitive 
element, determines a capture time and causes the shutter 
assembly to open for the capture time and further causes the 
electronic image to capture an image based upon the Scene 
conditions during the capture time. 

29. The image capture system of claim 21, wherein the 
controller determines a Sensitivity for the photoSensitive 
element, determines a a desired effective Sensitivity for the 
photoSensitive element image capture System based at least 
in part upon the Sensitivity of the photosensitive element, 
and further causes the electronic image capture System to 
capture images in a manner that has an effective Sensitivity 
that corresponds to the effective Sensitivity of the photosen 
Sitive element image capture System. 

30. The image capture system of claim 21 wherein the 
photoSensitive element image capture System is adapted to 
receive a set of different types of photosensitive elements 
with each type of photoSensitive element in the Set having a 
different Sensitivity, wherein the array of microlenses com 
prises an array having a set of different types of micro-lenses 
with each type of micro-lens concentrating light in a manner 
adapted to correspond to one type of the photoSensitive 
elements so that the sensitivity of each different one of the 
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photosensitive elements in the Set can be matched by Selec 
tively forming an image based upon the light concentrated 
by the Set of micro-lenses corresponding to a particular 
photosensitive element. 

31. The image capture system of claim 30 wherein the 
processor is adapted to determine the Sensitivity of a pho 
toSensitive element and to cause the electronic image cap 
ture System to capture images based upon light concentrated 
by micro-lenses that are associated with the type of micro 
lens associated with the Sensitivity of the photosensitive 
element. 

32. The image capture System of claim 21 wherein the 
electronic image capture System begins an image capture 
Sequence only when light from the Scene Strikes the image 
SCSO. 

33. An imaging System comprising: 
a taking lens unit adapted to focus light from a Scene; 
an image capture System for capturing an image based 
upon the light traveling to an imaging Surface; 

a Stacked array magnifier positioned to alter the effective 
magnification of the light traveling to the imaging 
Surface; and 

an array of micro-lenses in optical association with the 
imaging Surface, with each micro-lens in the array 
concentrating a first fraction of the light onto concen 
trated image areas of the imaging Surface; 

wherein the image capture System forms an image based 
upon the light concentrated onto the concentrated 
image areas. 

34. A method for capturing an image of a Scene using a 
first imaging Surface having a first Sensitivity and a Second 
imaging Surface having a Second Sensitivity, the method 
comprising the Steps of: 

focusing light from the Scene, 
dividing the focused light from the Scene into a first 

portion traveling to a first imaging Surface and a Second 
portion traveling to a Second imaging Surface; 

concentrating a fraction of the light traveling along the 
first axis to form a pattern of concentrated image 
elements on the first imaging Surface; 

forming a first image based upon the pattern of concen 
trated image elements formed on the first imaging 
Surface; and 

forming a Second image based upon the light reaching the 
Second imaging Surface. 

35. The method of claim 34 wherein a second fraction of 
the light traveling to the first imaging Surface is not con 
centrated and forms a residual image on areas of the first 
imaging Surface that Surround the concentrated image areas. 

36. The method of claim 35 wherein the step of concen 
trating the light traveling along the first axis comprises 
concentrating the light traveling along the first axis So an 
image that is formed based upon the pattern of concentrated 
image elements appears to have been captured using an 
image capture Surface having the Sensitivity of the Second 
image capture Surface. 

37. The method of claim 34 wherein the first fraction of 
the light is concentrated to form an image in the concen 
trated image areas of the imaging Surface when light from 
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the Scene is within a first range of exposure and wherein a 
Second fraction of the light traveling to the Second imaging 
Surface forms an image in a residual image area Surrounding 
the concentrated image areas of the first imaging Surface 
when light from the Scene is within a Second, higher, range 
of illumination intensities. 

38. The method of claim 36, wherein the first image is 
formed based upon the pattern of concentrated image ele 
ments and formed in the residual image area. 

39. The method of claim 36, Wherein the second image 
comprises an image formed from light the Scene that is 
within a third range of exposures, and wherein light is 
concentrated So that the first range of exposures and the 
Second range of exposures generally coincide with the third 
range of exposures. 

40. The method of claim 36, wherein the second images 
comprises an image formed from light from the Scene that is 
within a third range of exposures, and wherein degree of 
light concentration is Selected So that the first range of 
exposures and the Second range of exposures coincide with 
at least 60% of the third range of exposures. 

41. The method of claim 34, wherein the micro-lenses 
concentrate light So that the appearance of the image cap 
tured by the first image capture System based upon the 
pattern of concentrated light generally corresponds to the 
appearance of the image captured by the Second image 
capture System. 

42. The method of claim 34, wherein light traveling to the 
first imaging Surface is concentrated So that a first image can 
be captured using the concentrated light when the Scene 
illumination is above a first lower response threshold and 
wherein the Second image is captured when the Scene 
illumination is at least above a Second lower response 
threshold, with the first response threshold being at least 
equal to the Second lower response threshold. 

43. The method of claim 34, wherein a fraction of the light 
traveling to the Second imaging Surface is concentrated onto 
concentrated image areas of the Second imaging Surface and 
wherein the Second image is based upon the concentrated 
fraction of the light. 

44. The method of claim 42, wherein the first image and 
Second image have a similar appearance when exposed to a 
Scene having a predefined range of illumination intensities. 

45. The method of claim 34, wherein the fraction of light 
traveling to the first imaging Surface is less than the fraction 
of light traveling to the Second image capture System. 
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46. The method of claim 34, wherein the portion of the 
light traveling to the first imaging Surface is between 
5%-95% of the light traveling to the second imaging surface. 

47. The method of claim 34, wherein the first imaging 
Surface comprises an electronic image Sensor and the Step of 
capturing a first image comprises capturing a first image by 
using the electronic image Sensor to covert light incident on 
the first imaging Surface into electronic Signals. 

48. The method of claim 46, further comprising the steps 
of processing the electronic Signals into an image that can be 
presented on a display and presenting the image on the 
display. 

49. The method of claim 47, wherein the display has a 
predefined display resolution that is less than an imaging 
resolution of the electronic imaging Sensor and the light 
traveling to the first imaging Surface is concentrates light to 
form a pattern of concentrated image elements on the 
electronic imaging Sensor having a number of concentrated 
image elements that corresponds to the number of display 
elements. 

50. The imaging system of claim 34, wherein the first 
imaging Surface comprises an image Sensor having a plu 
rality of photosensitive photoSites and wherein there are 
fewer micro-lenses in the array of micro-lenses than there 
are photoSites in the plurality of image Sensing photoSites. 

51. The method of claim 34, wherein the first imaging 
Surface comprises an image Sensor having an array of Spaced 
photosensors areas and wherein light directed at the first 
imaging Surface at an area containing more than one of the 
photosensors is concentrated onto a portion of the received 
light onto less than all of the photoSensors in the area at 
which the received light is directed. 

52. The method of claim 34, wherein at least one of the 
Steps of forming a first image and forming a Second image 
comprise forming by converting light incident on one of the 
first and Second imaging Surfaces into electrical charge and 
processing the electrical charge to form a electronic Signal 
representing the image. 

53. The method of claim 34, wherein at least one of the 
imaging Surfaces comprises a photoSensitive element having 
chemicals that generate a latent image when exposed to 
light. 


