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(57) ABSTRACT 

Improved methods and systems for imaging are provided. 
Speci?cally, systems and methods for extending the range of 
a digital Zoom are provided in Which an imaging system 
provides continuous magni?cation over a plurality of inter 
leaved optical pathways and digital Zooming imagers. Sys 
tems and methods of centering an image as the ?eld of vieW 
changes, and for masking out undesirable obstacles from a 
magni?ed image are also provided. 
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OPTICALLY ENHANCED DIGITAL IMAGING 
SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of Us. Provi 
sional Patent Application No. 60/624,326 ?led Nov. 2, 2004 
the entire disclosure of Which is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to optically enhanced 
digital imaging systems, and speci?cally to improved sys 
tems and methods for multi-path optical magni?cation of a 
digitally Zoomable image. 

BACKGROUND OF THE INVENTION 

[0003] Many scienti?c and engineering applications 
require individuals to be able to see and manipulate items 
Which are not visible With the naked eye. Semiconductor 
manufacturers, for example, must be able to examine and 
probe micro and nano-scale circuits fabricated on various 
substrates. Similarly, biological researchers must be able to 
see and manipulate cells, proteins, micro-organisms and 
other microscopic elements Within their laboratories. Micro 
scopic and metrologic applications are as prevalent and 
diverse as the engineers, scientists and developers (collec 
tively, end-users) Who promulgate them. However, existing 
tools do not provide many of the features desired by these 
end-users. 

[0004] Optical microscopes alloW end-users to see many 
objects too small to be visible to the unaided eye. Compound 
microscopes, in use since the late 1500s, typically use a 
plurality of lenses to magnify an image. Modem compound 
microscopes use multiple glass lenses Within the objective 
and ocular assemblies. In addition, modern compound 
microscopes typically provide multiple objective lenses, 
Which may be rotated or otherWise interchanged, such that 
a single compound microscope can magnify an object up to 
about l000><, in discrete steps (e.g., 4><, l0><, 400x, etc.). 

[0005] Currently, optical Zoom systems are used in micro 
scopes in conjunction With an objective lens to provide a 
continuously variable magni?cation. Zoom systems are typi 
cally composed of tWo or more individual lenses Whose 
axial position relative to one another is varied by some 
mechanical means. Often motors are used to facilitate the 
motion of the individual lenses. 

[0006] The stereo, binocular or dissecting microscope is 
similar to the compound microscope, except that it uses tWo 
eyepieces (or sometimes tWo complete microscopes) to 
provide slightly different vieWing angles to the left and right 
eyes. In this Way, the stereo microscope produces a three 
dimensional visualiZation of the sample being examined. 

[0007] Recently, digital imagers have been coupled to 
compound or stereo microscopes in order to digitiZe and 
manipulate magni?ed images of an object under examina 
tion. In the most Widespread application, a digital camera or 
imager is attached to the microscope either at an eyepiece 
assembly, or at a dedicated port. The images captured by the 
imager are then typically fed into a computer and displayed 
on a monitor or stored for later usage. In addition, recent 
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digital imagers have been attached to compound microscope 
assemblies Without eyepieces for direct human observation. 

SUMMARY OF THE INVENTION 

[0008] Like the compound microscopes upon Which they 
are based, existing digital imagers only alloW end-users to 
vieW objects through one objective lens at a time. Thus, the 
end-users must manually sWitch optical magni?cation 
modes, abruptly transitioning betWeen 4><, l0>< and 400x 
optical magni?cation, for example. Due to these abrupt 
magni?cation changes, the ?eld of vieW often crops out 
interesting objects, requiring time-consuming adjustments 
to the object’s position. 

[0009] Furthermore, microscopes containing optical Zoom 
systems suffer from errors in alignment as the lenses are 
translated. The moving mechanical components in the sys 
tems Wear over time and motors produce unintended vibra 
tions in the images. 

[0010] Accordingly, What is needed is an improved system 
for digital imaging Which is able to continuously Zoom in 
and out on an object. In addition, a need exists for an 
imaging system Which does not have moving parts Within 
the optical pathWay. Finally, a need exists for systems and 
methods for tracking objects as an image is magni?ed in 
order to crop and center upon items of interest. 

[0011] In satisfaction of these needs and others, embodi 
ments of the present invention provide continuous-Zoom 
systems and methods Which employ multiple optical path 
Ways and digital Zooming techniques. In addition, embodi 
ments of the provided system alloW an end-user to simul 
taneously vieW and manipulate multiple images at various 
magni?cations. Furthermore, embodiments of the provided 
system automatically crop, scale and center images as the 
magni?cation level changes. 

[0012] In accordance With one embodiment of the inven 
tion, an imaging system is provided having a range-extended 
digital Zoom. This imaging system includes a ?rst optical 
path Which projects a ?rst image upon a ?rst digital imager 
at a ?rst magni?cation and a second optical path Which 
projects a second image upon a second digital imager at a 
second magni?cation. The imaging system is also con?g 
ured to digitally Zoom the ?rst image betWeen the ?rst 
magni?cation and the second magni?cation using said ?rst 
optical path, and to digitally Zoom the second image 
betWeen the second magni?cation and a third magni?cation 
using the second optical path. The imaging system also 
preferably includes electronic components that are able to 
store and transmit data, such that an end-user or computer 
system can be automatically appraised of the individual 
components Within the imaging system. 

[0013] In accordance With another embodiment of the 
invention, a method of providing continuous magni?cation 
Within an imaging system over an extended Zoom range is 
provided. The method includes the folloWing steps: present 
ing a ?rst image that has been magni?ed by Way of a ?rst 
image path; digitally Zooming Within the ?rst image Within 
a range bounded by a ?rst magni?cation provided in the ?rst 
image path and a second magni?cation provided in a second 
image path; and, When the digitally Zoomed ?rst image 
meets or exceeds the second magni?cation, presenting a 
second image that has been magni?ed by Way of the second 
image path. 
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[0014] In accordance With a third embodiment, a method 
of virtually removing obstructions in an image is provided. 
The method includes the following steps: recording a ?rst 
image of a background and an obstruction at a ?rst point in 
time To; recording a second image of the background and the 
obstruction at a second point in time T1; and if the obstruc 
tion or background has shifted betWeen time T0 and time T 1 
such that different portions of the background have been 
revealed, creating a composite image by replacing each 
portion of the obstruction With a corresponding portion of 
background revealed during either T0 or T1. 
[0015] In accordance With a fourth embodiment, a digital 
image editing system is provided. The digital editing system 
is con?gured to virtually remove obstructions from an image 
by performing the folloWing steps: recording a ?rst image of 
a background and an obstruction at a ?rst point in time To; 
recording a second image of the background and the 
obstruction at a second point in time T1; and if the obstruc 
tion or background has shifted betWeen time T0 and time T 1 
such that different portions of the background have been 
revealed, creating a composite image by replacing each 
portion of the obstruction With a corresponding portion of 
background revealed during either T0 or T1. 

[0016] In accordance With a ?fth embodiment, a digitally 
Zooming microscope is provided. The microscope prefer 
ably includes a light source for illuminating an object to be 
imaged, a ?rst optical path Which projects an image of the 
object upon a ?rst digital imager at a ?rst optical magni? 
cation; and a second optical path Which projects another 
image of the object upon a second digital imager at a second 
optical magni?cation. The microscope also preferably 
includes a display for shoWing one or more magni?ed 
images. In addition, the microscope is preferably con?gured 
to digitally Zoom in and out on the object betWeen the ?rst 
magni?cation and the second magni?cation using said ?rst 
optical path, and to digitally Zoom in and out on the object 
betWeen the second magni?cation and a third magni?cation 
using the second optical path. 
[0017] In the ?nal embodiment, a digital optical probe 
system is provided. The probe system includes a probe, a 
stage, and an imaging system containing at least tWo optical 
paths. The imaging system is con?gured to provide continu 
ous Zooming Within magni?ed images of an object placed 
upon the stage through a traversal of interleaved levels of 
digital magni?cation and optical paths. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] These embodiments and other aspects of this 
invention Will be readily apparent from the detailed descrip 
tion beloW and the appended draWings, Which are meant to 
illustrate and not to limit the invention, and in Which: 

[0019] FIG. 1 is a block diagram illustrating one embodi 
ment of a digital optical probe system; 
[0020] FIG. 2 is a block diagram illustrating connections 
betWeen the imaging system constructed in accordance With 
the invention and a computer system; 

[0021] FIG. 3 provides a more detailed vieW of the digital 
optical probe system constructed in accordance With the 
invention; 
[0022] FIG. 4 illustrates the magni?cation of a substrate 
using a combination of multiple image paths With a digital 
Zooming imager constructed in accordance With the inven 
tion; 
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[0023] FIG. 5 illustrates the net effect of continuous 
Zooming, according to the invention, as captured through 
multiple frames from a video feed; 

[0024] FIG. 6 illustrates the creation of a magni?ed ?eld 
of vieW upon a desired location as provided by an embodi 
ment of the invention; 

[0025] FIG. 7 illustrates hoW desired objects may be 
hidden by obstructions in a magni?ed image; 

[0026] FIG. 8 illustrates the creation and use of a mask 
image to separate a desired image from obstructions; 

[0027] FIG. 9 is a diagram of an embodiment of the 
device used in Which tWo imagers vieW the same ?eld of 
vieW. 

[0028] FIG. 9a is a diagram of the superpositioning of 
images from the embodiment of FIG. 9. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] The present invention Will be more completely 
understood through the folloWing detailed description, 
Which should be read in conjunction With the attached 
draWings. In this description, like numbers refer to similar 
elements Within various embodiments of the present inven 
tion. Within this detailed description, the claimed invention 
Will be explained With respect to preferred embodiments. 
HoWever, the skilled artisan Will readily appreciate that the 
methods and systems described herein are merely exemplary 
and that variations can be made Without departing from the 
spirit and scope of the invention. 

[0030] In general, the present invention comprises a multi 
path optical imaging system With continuous digital Zoom 
capability enhancing a plurality of optical magni?cation 
levels. 

[0031] FIG. 1 is a block diagram illustrating one embodi 
ment of a digital optical probe system 100. The digital 
optical probe system, 100 includes an imaging system 101, 
a movable stage 104, a target specimen or substrate 102 and 
a probe 106. As shoWn, the imaging system 101 is oriented 
toWards the substrate 102. The substrate 102 is positioned 
upon the movable stage 104, Which typically has at least 
three degrees of freedom. The stage 104, is preferably 
adjustable along the x, y and Z axes, and is controllable by 
an end-user. A probe 106 is used to manipulate the substrate 
102 upon the stage 104. The probe can be used to hold the 
substrate 102 in place or to adjust the substrate 102 by very 
small amounts. In various embodiments, the probe may test 
the substrate 102 electrically, optically, chemically, or 
through various near?eld magnetic or other atomic interac 
tions. In another embodiment, the probe provides the ability 
to adhere to or provide suction to the substrate 102, or the 
ability to deposit solids, liquids, upon the substrate 102. 
Preferably, the imaging system 101, probe 106 and stage 104 
are in electrical communication With a computer or other 
processing apparatus. 

[0032] It is important to note that although the illustrated 
embodiments refer to a substrate 102 as the imaged object, 
any other object may be used. For example, the techniques 
and system employed herein may be used to image biologi 
cal or chemical specimens, smears, or cultures. In alternate 
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embodiments, the imaging system 101 may be used Within 
a telescope to vieW distant objects, both terrestrial and 
celestial. 

[0033] FIG. 2 is a block diagram illustrating connections 
betWeen the imaging system 101 constructed in accordance 
With the invention and a computer system 200. In the 
preferred embodiment, the computer system 200 controls 
the imaging system 101. The computer system 200 may also 
communicate With the stage 104 and the probe 106, either 
directly or indirectly. 

[0034] The computer system 200 is Well knoWn to those 
skilled in the art. In the preferred embodiment, the computer 
system 200 is connected to a variety of Input/Output (I/O) 
devices. These may include, for example, a keyboard 202, 
mouse 204 and display 206. The computer system 200 may 
also optionally interface With a remote control 207 for the 
probe system 100. 

[0035] The computer system 200 preferably interfaces 
With the I/O devices, as Well as the imaging system 101, 
probe 106 and stage 104 through a PCI or other bus, and 
appropriate controller hardWare. This controller hardWare 
includes a video card 208, an imager PCI interface card 210, 
a motor controller card 212 and a test interface card 214. As 
Will be apparent to those skilled in the art, the video card 208 
can be used to control the display 206. Similarly, the imager 
PCI interface card 210 preferably controls the imaging 
system 101, While the motor controller interface card 212 
orchestrates the movements of the stage 104. 

[0036] As illustrated, the test interface card 214 preferably 
connects the computer system 200 to a test instrument 216. 
In this embodiment, the test instrument 216 controls the 
testing of the substrate 102 or the actuation of the probe 106. 
The electrical testing may include applying electrical signals 
intended to actuate various miniature, moveable structures 
such as microelectromechanical systems (MEMS). It is 
understood that a variety of probes can be employed. For 
example, probes may measure and/ or intentionally alter pH, 
temperature, concentrations of chemical species, light inten 
sity. Furthermore, probes may be used for the physical 
manipulation of the substrate or devices on the substrate as 
Well as for the delivery of ?uids, solids, and/or gases to the 
substrate. 

[0037] FIG. 3 provides a more detailed vieW of the digital 
optical probe system 100. In this embodiment, the probe 
system 100 is in electrical communication With the PCI 
interface card 210 and With an illuminator 300. 

[0038] The illuminator 300 comprises a source of illumi 
nation for the substrate 102. In the illustrated embodiment, 
the illuminator includes an LED driver 301, as Well as red, 
green and blue LEDs 302-306. The LED driver 301 controls 
the intensity, duration and frequency of the light output from 
the LEDs 302-306. One skilled in the art Will recogniZe that, 
instead of using red, green and blue LEDs, other sources of 
visible and invisible light may be used. For example, a White 
bulb could be used, as could a source of infra-red, ?uores 
cent or ultraviolet light. Furthermore, illumination param 
eters other than Wavelength such as the polariZation of the 
light and the numerical aperture of the lenses 308 can be 
varied. In any event, the light from these LEDs 302-306 is 
then preferably passed through a series of beam splitters 310 
and lenses 308, and through an objective lens 312, until it 
ultimately illuminates the substrate 102. 
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[0039] The objective lens 312 is preferably coupled to a 
lens I.D. unit 320 capable of storing information about the 
objective lens 312. The lens I.D. unit can store information 
about the objective lens 312 including, but not limited to its 
abnormalities, usage, settings and calibration. So, When used 
With the imaging system 101, a speci?c objective lens 312 
can communicate data to the computer system 200 relating 
to its attributes. Either an end-user or the computer system 
200 may then use this attribute information in order to 
correct for problems and to generate the best possible 
images. Similarly, the end-user or computer system 200 may 
Write data to the lens I.D. unit 320. 

[0040] The reads and Writes to the lens I.D. unit 320 are 
facilitated by the lens I.D. reader 322. Preferably, the lens 
I.D. reader 322 is in electrical communication With the lens 
I.D. unit 320, after the objective lens 312 is inserted into the 
imaging system 101. Each objective lens used Will contain 
its oWn information, and thus the imaging system 101 may 
speci?cally identify and interface With a variety of objective 
lenses. Advantageously, this feature prevents time-intensive 
manual calibration of the imaging system 101 for each 
objective lens inserted. In various other embodiments, each 
electronic component (e.g., imagers 316, illuminators 300, 
lenses 308, beam splitters 310, etc.) may have its oWn I.D. 
unit and/or reader, such that the computer system 200 is 
automatically appraised of the individual components Within 
the imaging system 101. 

[0041] As discussed above, like the objective lens 312, 
each electronic component is preferably con?gured to store 
data describing its abnormalities, usage, settings and cali 
bration. HoWever, the electronic components themselves 
may be quite diverse, and may be chosen from the group 
consisting of one or more of: 

[0042] (a) an optical lens; 

[0043] (b) a source of illumination; 

[0044] (c) a digital imager; 

[0045] (d) an array of light emitting diodes; 

[0046] (e) a communications hub; 

[0047] (f) a motor; 

[0048] (g) a processor; 

[0049] 
[0050] (g) a beam splitter, Waveguide, refractor, or other 
optical component. 

(h) a mechanical mount; and 

[0051] The position of the objective lens 312 is preferably 
controlled by a motoriZed ?ne focus stage 324. A motoriZed 
lens interface 326 controls the motorized ?ne focus stage 
324 in response to commands from the hub. 

[0052] In operation, the light emitted from the illuminator 
300 preferably shines through the objective lens 312 and is 
re?ected by the substrate 102. At that point, it again enters 
the objective lens 312 and is redirected and magni?ed by one 
or more beam splitters 310 and lenses 308 contained Within 
the imaging system 101. The light travels Within the imaging 
system 101 along one or more optical image paths 314 until 
it reaches one or more imagers 316. The light is then focused 
on each imager 316, thereby generating an image of the 
substrate 102. 
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[0053] The images Which ultimately are projected upon 
the imagers 316 each achieve different levels of magni?ca 
tion. For example, image path 31411 is longer, and thus has 
a greater focal length, than image path 3140. Accordingly, 
the magni?cation of an image of the substrate 102 Will be 
greater along path 314a than along image 3140. Thus, in one 
embodiment, image paths 3140, 31419 and 31411 might have 
effective magni?cations of 4x, l0>< and 40x, respectively. 
The effective magni?cations along each image path 314 can 
be further controlled through the use of different lenses 308 
and beam splitters 310 along each image path 314. Further 
more, although only three image paths 314 are illustrated in 
FIG. 3, one skilled in the art Will recogniZe that any number 
of image paths greater than tWo may be employed, to 
provide a broad range of optical magni?cation pathWays. 

[0054] The imagers 316 are preferably solid-state digital 
imaging devices, such as Charge-Coupled Devices (CCDs). 
The imagers 316 may capture images in black and White, 
color, or beyond the range of the visible spectrum. In 
addition, the imagers 316 may be separate devices, or may 
all be logical partitions of the same device. Preferably, each 
imager 316 has a resolution su?icient to enable the computer 
system 200 to digitally Zoom Within the image generated by 
that imager 316. 

[0055] FIG. 4 illustrates the combination of multiple 
image paths 314 With a digital Zooming imager 316 in order 
to obtain a desired magni?cation of the substrate 102. 

[0056] As discussed previously, With existing systems an 
end-user often had to choose betWeen a broad ?eld of vieW 
400 and a narrow ?eld of vieW 402 When he actually Wished 
for an intermediate ?eld of vieW 404. Existing systems 
provided discrete magni?cation levels, such that a higher 
magni?cation poWer Would generate too narroW a ?eld of 
vieW 402, and a loWer magni?cation poWer Would generate 
too broad a ?eld of vieW 400. 

[0057] Embodiments of the present invention alloW digital 
Zooming betWeen tWo discrete optical magni?cation levels. 
Thus, in one embodiment, the probe system 100 alloWs an 
end-user to Zoom in from the optical magni?cation level 
(i.e., image path) providing the broad ?eld of vieW 400 to the 
desired ?eld of vieW 404. In an alternate embodiment, the 
probe system 100 alloWs an end-user to Zoom out from the 
optical magni?cation level providing the narroW ?eld of 
vieW 402 to the desired ?eld of vieW 404. 

[0058] In order to achieve the desired magni?cation and 
?eld of vieW 404, the probe system 100 ?rst presents a ?rst 
image that has been magni?ed by Way of a ?rst image path 
314c, preferably on the display 206. Next, the probe system 
100 digitally Zooms Within the ?rst image Within a range 
bounded by a ?rst magni?cation (e.g. 4><) provided in the 
shortest image path 3140 and a second magni?cation (e.g. 
10x) provided in an intermediate-length image path 31419. 
When the digitally Zoomed ?rst image meets or exceeds the 
second magni?cation, the probe system 100 presents a 
second image that has been magni?ed by Way of the second 
image path 314b. 

[0059] This process may be continued With the third 
pathWay 31411 as Well. In this instance, the probe system 100 
digitally Zooms Within the second image Within a range 
bounded by a second magni?cation (e.g. 10x) provided in 
the intermediate-length image path 314!) and a third mag 
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ni?cation (e.g. 40x) provided in the longest image path 
31411. When the digitally Zoomed second image meets or 
exceeds the third magni?cation, the probe system 100 pre 
sents a third image that has been magni?ed by Way of the 
second image path 314a. 

[0060] Thus, the probe system 100 is con?gured to pro 
vide continuous Zooming Within magni?ed images of the 
substrate 102 through a traversal of interleaved levels of 
digital magni?cation and optical paths 314. One skilled in 
the art Will readily recogniZe that Zooming out of the 
presented image Will require only the reversal of the steps 
outlined above. 

[0061] FIG. 5 illustrates the net effect of this continuous 
Zooming, as captured through multiple frames from a video 
feed. As shoWn, a video capture system captures tWelve 
frames from the probe system 100. Initially, the magni?ca 
tion is at its loWest, and the image traverses the shortest 
image path 3140 and is projected upon a ?rst imager 3160 
(as illustrated in FIG. 3). During frames one through four, 
the magni?cation is digitally magni?ed until it Would oth 
erWise surpass the magni?cation provided by the interme 
diate-length image path 3141). Beginning at frame ?ve, the 
presented image is generated through the intermediate 
length pathWay 31419 and the second imager 3161). During 
frames ?ve through six, the image is again digitally mag 
ni?ed, until it Would otherWise surpass the magni?cation 
provided by the long image path 314a. Thus, beginning at 
frame seven, the presented image is generated through the 
long pathWay 314a and the third imager 316a. Thereafter, 
the image is digitally magni?ed during frames seven through 
tWelve, until the magni?cation reaches the desired level. 

[0062] One problem inherent With continuous Zooming is 
the fact that, as the magni?cation increases, the ?eld of vieW 
shrinks until objects Which the end-user may Wish to observe 
are cropped out of the picture. FIG. 6 illustrates an embodi 
ment of the invention Which alloWs an end-user to center a 
magni?ed ?eld of vieW upon a desired location. 

[0063] As illustrated in FIG. 6, the ?eld of vieW shrinks 
from the largest ?eld of vieW 600, to a smaller ?eld of vieW 
602, to the smallest ?eld of vieW 604 as the magni?cation 
increases. To see an off-screen object, the image is adjusted 
until it captures the desired area, or ?eld of vieW 606 With 
the proper magni?cation. This is preferably accomplished 
through logically shifting the ?eld of vieW on a high-pixel 
count imager until the desired image location is shoWn. In 
alternate embodiments, softWare algorithms may facilitate 
the digital Zooming and centering of the desired ?eld of vieW 
606 upon the preferred location. In addition, off-center or 
moving imagers may be used to pan a magni?ed image until 
the desired ?eld of vieW is displayed. 

[0064] Alternatively, the beamsplitter 310 and/or lens 308 
may be moved or rotated to pan a magni?ed image across an 
imager until the desired area is captured. In one embodiment 
this is done by adjusting the angle of a mirror supported by 
a gimbal mechanism because the geometric layout of any 
optical path shoWn in FIG. 3 may be modi?ed by including 
one or more mirrors to bend the path. 

[0065] One skilled in the art Will recogniZe that the target 
or location need not be the same for each image as magni 
?cation changes. Furthermore, tWo locations may generally 
differ by in-plane Qi/Y) location or out-of-plane (Z) loca 
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tion, or both. By changing the focus, magni?cation, and 
imager settings, embodiments of the present invention can 
center on various in-plane and out-of-plane objects through 
out the differing vieWs. 

[0066] Once an appropriate magni?cation and ?eld of 
vieW have been detected, an end-user may explore the image 
While the image remains static. HoWever, frequently there 
are objects Within the magni?ed image, Which complicate 
observation. In particular, objects that an end-user Wishes to 
observe are occasionally hidden by the ends of the probe 106 
or by other obstacles. 

[0067] FIG. 7 illustrates hoW desired objects may be 
hidden by obstructions in a magni?ed image. As shoWn, at 
Time 0 (To), a displayed ?eld of vieW 700 shoWs three 
magni?ed objects 702a, 704a, and 70611 under observation. 
At TO, the end-user can see the portions of the three objects 
702a, 704a, and 70611 that he or she Wishes to observe. Also 
shoWn are tWo probes 708, located on either side of the 
image. Note that the probes do not obstruct the vieW of any 
of the objects 702a, 704a, and 70611. 

[0068] At Time 1 (To) the objects 702-706 have moved 
relative to the probes 708 and the ?eld of vieW 710. Whether 
the objects 702-706 have moved or the ?eld of vieW 710 and 
probes 708 have moved is immaterial, as it is their relative 
motions Which are problematic. Thus, at T1, objects 702!) 
and 7041) have been partially obscured by the probes 708. 
Similarly, object 706!) has moved toWards the bottom of the 
?eld of vieW 710 such that portions of the object 706b are 
no longer visible. 

[0069] To address this problem, embodiments of the 
claimed invention provide methods and systems for gener 
ating composite images Which digitally remove obstructions 
from a given ?eld of vieW. Generally, as a target is moved 
through an imager’ s 316 ?eld of vieW, potentially beneath an 
aperture formed by probes, Wires, and other obstacles, the 
imager 316 collects and stores images of areas of the target 
that may be occluded or otherWise unavailable for imaging 
at a later time. Thus, memorized image information is used 
to ?ll in unavailable image information in a displayed, 
analyZed, or stored image. 

[0070] In the preferred embodiment, obstacles are virtu 
ally removed from an image through the folloWing method. 
First, the probing system 100 records a ?rst image of a 
background and an obstruction at a ?rst point in time TO. 
Next, the probing system 100 records a second image of the 
background and the obstruction at a second point in time T1. 
If the obstruction or background has shifted betWeen time T0 
and time T1 such that different portions of the background 
have been revealed, the probing system creates a composite 
image by replacing each portion of the obstruction With a 
corresponding portion of background revealed during either 
T0 or T1. 

[0071] The determination regarding Which pixels corre 
spond to the moving background and Which correspond to 
the obstructions can be accomplished in several Ways. In one 
embodiment, an end-user designates the respective regions 
using a pointing device and a graphical user interface. In 
another embodiment, motion-measurement machine-vision 
algorithms, such as gradient-based optical ?oW or block 
matching, are applied to many small regions of interest on 
a sequence of images. In a re?nement of this embodiment, 
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information from other sources is combined With image or 
user-input information, to accurately track obstructions, 
backgrounds, and desired objects. At this point, a mask 
image is preferably created to separate the desired image 
from the obstructions. 

[0072] FIG. 8 illustrates the creation and use of a mask 
image to separate a desired image from obstructions. In this 
image, the black pixels correspond to motion Within the 
scene. In this case, these pixels correspond to portions of the 
target Which shifted upWard during three discrete points in 
time. As the target shifted upWard, the image pans upWard, 
and re-centers, in order to keep the desired objects Within the 
?eld of vieW. Relative to the target, the probes appear to be 
moving doWnWard in the ?eld of vieW. Accordingly, at time 
TO, the probes 708 appear high in the ?rst ?eld of View 80011. 
At T1, the probes 708 appear in the middle of the ?eld of 
view 8001). And, at T2, the probes 708 appear loW in the ?eld 
of view 8000. 

[0073] As portions of the target image are revealed due to 
the relative motion betWeen the target and the probes 708, 
portions of the probes can be subtracted from the mask in 
order to generate a composite, non-current image. At time 
TO, there has been no relative motion betWeen the target and 
the probes 708, and they are shoWn in their entirety Within 
the ?eld of View 80211. At T1, portions of the target that Were 
not previously visible are noW visible. Thus, portions of the 
probe can be replaced With the neWly visible portions, 
generating a ?eld of view 8021) Where the probes 708 have 
been reduced to slivers. HoWever, the image is still slightly 
obstructed by the slivers of the probes 708. At T2, there has 
been suf?cient motion of the target such that, betWeen times 
TO and T2, all of the target has been revealed. By combining 
the portions of the target Which Were visible at all three 
times, the non-current composite image 8020 can be gener 
ated, in Which the probes have been eliminated entirely. In 
this fashion, obstacles of all types may be removed from the 
desired images. 
[0074] Although the use of image superpositioning has 
just been discussed in terms of removal of obstacles from the 
image, such superpositioning is also useful to remove other 
optical artifacts. For example, lenses frequently produce 
blurred images When the image is produced at the edge or 
circumference of the lens. This blurring can be removed 
from an image by capturing a ?rst image that has a blurred 
edge region and translating the object to move the regions 
that Were blurred toWard the center of the image ?eld. 
Additional images are then captured With the previously 
blurred regions in the middle of the neW ?elds so as to 
appear non-blurred. The portions of the noW non-blurred 
images of the edge regions are then combined With the ?rst 
image to take the place of the blurred images of the edge 
region and to create a neW image Without blurring at the 
edge. 
[0075] Referring to FIG. 9, the present invention can also 
be used to produce a higher resolution of the images ?eld. 
To produce this super pixel resolution, the tWo imagers 316a 
and 31619 capture an image of the same ?eld of vieW through 
the same objective 317. The magni?cation of both images 
can be the same. Although both imagers see the same ?eld 
of vieW, because of the differences in the optical paths, each 
image is slightly shifted; typically less than 1 pixel. 
[0076] Referring also to FIG. 9b, the tWo images if 
overlapped Would appear as shoWn. As can be seen the 



US 2006/0092505 A1 

pixels of image 400 overlap With portions of the pixels of 
image 410. Any one pixel of image 400 then generally 
appears as if it Were made up of four smaller (“quarter”) 
pixels of image 410. By mathematically manipulating the 
tWo images an equivalent higher resolution image is formed. 
For example in one embodiment each “quarter pixel” may 
be assigned a value that is the Weighted average of the 
nearest neighbors from the tWo images. Other methods are 
also knoWn to one skilled in the art. 

[0077] In addition, digital images may be combined from 
multiple imagers to provide additional information to the 
user. Each of these imagers may have images taken at 
different locations, under different polariZations (by Way of 
different polariZers placed in the optical path), focus, color 
sensitivity (by Way of different ?lters placed in the optical 
path), pitch, magni?cation numerical aperture or distortion. 
This additional information can thereby be used to enhance 
or combine the images as desired. 

[0078] A further re?nement of this embodiment provides 
another step in Which this synthesiZed image is displayed. 
This display can further shoW an obstacle simultaneously 
With the synthesiZed image, potentially designated With a 
different appearance such as black-and-White or red-only or 
outline-only or With graphic markers. The display of the 
mask image can be overlaid With some degree of transpar 
ency as Well, so that the overlay, the underlying target, and 
the geometrical relationship betWeen them can be visual 
iZed. 

[0079] In yet another embodiment, an obstacle is removed 
through changing the focus of the image. In the case of an 
imaging system 101 With high numerical aperture and small, 
isolated obstacles, the obstacles become substantially trans 
parent When sufficiently out of focus. Thus, the composite 
image may simply be an image of the target With the 
obstacles sufficiently out of focus. Translating the stage 104 
and imager focus together While the obstacles are stationary 
is analogous to translating the obstacles alone. 

[0080] The ?exibility of this system can be easily seen in 
the folloWing application. In this application the system is 
used to visualiZe the placement of probes onto the pads of a 
semiconductor Wafer. In this operation a semiconductor 
Wafer on a stage is visualiZed by the system. A set of probes 
is then brought above the pads and is loWered onto the pads. 
Generally this is done in such a manner that the probes place 
sufficient pressure on the pads so as to remove or “scrub” 
any oxide on the pads and produce a good electrical contact. 
All this is irrelevant if the probes do not align properly With 
the pads in the ?rst place. 

[0081] The present system permits the pads to be vieWed 
and the placement and contact betWeen the probes and pads 
to be veri?ed. The contact veri?cation may be done in 
multiple Ways. First the pads can be focused in an image and 
as the probes contact the pads they too Will come into focus. 
When the probes are in focus, in-plane motion of the probes 
caused by the ?exing of the probes provides an indication 
that contact has been made. 

[0082] A second method utiliZes multiple imagers cen 
tered at different planes of focus. One imager could be 
focused on the probe tips and one imager could be focused 
on the substrate. Additionally, another imager could be 
focused at some intermediate level. When the in-plane 
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centers of the ?elds of vieW of all imagers are coincident, 
they provide a convenient means of aligning the probes and 
substrate as Well as a means of tracking the probes and 
substrate as they are moved into contact. 

[0083] In sum, improved methods and systems for imag 
ing are provided. Speci?cally, systems and methods for 
extending the range of a digital Zoom are provided in Which 
an imaging system provides continuous magni?cation over 
a plurality of interleaved optical pathWays and digital Zoom 
ing imagers. Systems and methods of centering an image as 
the ?eld of vieW changes, and for masking out undesirable 
obstacles from a magni?ed image are also provided. 

[0084] Variations, modi?cation, and other implementa 
tions of What is described herein Will occur to those of 
ordinary skill in the art Without departing from the spirit and 
scope of the invention as claimed. Accordingly, the inven 
tion is to be de?ned not by the preceding illustrative descrip 
tion but instead by the spirit and scope of the folloWing 
claims. 

What is claimed is: 
1. An imaging system having a range-extended digital 

Zoom, comprising: 

a ?rst optical path Which projects a ?rst image upon a ?rst 
digital imager at a ?rst magni?cation; and 

a second optical path Which projects a second image upon 
a second digital imager at a second magni?cation; 

Wherein the system is con?gured to digitally Zoom the 
?rst image betWeen the ?rst magni?cation and the 
second magni?cation using said ?rst optical path, and 
to digitally Zoom the second image betWeen the second 
magni?cation and a third magni?cation using the sec 
ond optical path. 

2. The system of claim 1, further comprising a display 
Which presents at least one magni?ed image for vieWing. 

3. The system of claim 1, con?gured such that an end-user 
can continuously Zoom Within and betWeen each magni?ed 
image through a continuous traversal of interleaved levels of 
digital magni?cation and optical paths. 

4. The system of claim 1, con?gured to center each 
magni?ed image upon a speci?ed target or location. 

5. The system of claim 1, Wherein the ?rst and second 
imagers comprise different logical elements Within the same 
physical device. 

6. The system of claim 1, further comprising one or more 
electronic components, each con?gured to store data regard 
ing its physical properties. 

7. The system of claim 1, Wherein each electronic com 
ponent is con?gured to store data, the data type selected 
from the group consisting of the component’s abnormalities, 
usage, settings and calibration. 

8. The system of claim 1, Wherein the electronic compo 
nents are selected from the group consisting of one or more 
of: 

(a) an optical lens; 

(b) a source of illumination; 

(c) a digital imager; 

(d) an array of light emitting diodes; 

(e) a communications hub; 
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(f) a motor; 

(g) a processor; 

(h) a mechanical mount; and 

(g) a beam splitter, Waveguide, refractor, or other optical 
component. 

9. A method of providing continuous magni?cation Within 
an imaging system over an extended Zoom range, the 
method comprising the following steps: 

presenting a ?rst image that has been magni?ed by Way of 
a ?rst image path; 

digitally Zooming Within the ?rst image Within a range 
bounded by a ?rst magni?cation provided in the ?rst 
image path and a second magni?cation provided in a 
second image path; and 

When the digitally Zoomed ?rst image meets or exceeds 
the second magni?cation, presenting a second image 
that has been magni?ed by Way of the second image 
path. 

10. The method of claim 1, further comprising the step of 
digitally Zooming Within the second image Within a range 
bounded by the second magni?cation and a third magni? 
cation provided in a third image path. 

11. The method of claim 1, Wherein the ?rst image and the 
second image are presented simultaneously. 

12. The method of claim 11, further comprising the step 
of presenting multiple images at the same or various levels 
of magni?cation. 

13. The method of claim 11, Wherein the magni?cation of 
the ?rst and the second images is controllable by an end 
user. 

14. The method of claim 1, Wherein presenting an image 
comprises displaying the image to an end-user, outputting 
data describing the image to a computer system, or storing 
data describing the image for subsequent use. 

15. The method of claim 1, further comprising the step of 
centering each magni?ed image upon a speci?ed target or 
location. 

16. A method of virtually removing obstructions in an 
image comprising the folloWing steps: 

recording a ?rst image of a background and an obstruction 
at a ?rst point in time To; 

recording a second image of the background and the 
obstruction at a second point in time T1; and 

if the obstruction or background has shifted betWeen time 
T0 and time T1 such that different portions of the 

May 4, 2006 

background have been revealed, creating a composite 
image by replacing each portion of the obstruction With 
a corresponding portion of background revealed during 
either T0 or T1. 

17. A digital image editing system con?gured to virtually 
remove obstructions from an image by performing the 
folloWing steps: 

recording a ?rst image of a background and an obstruction 
at a ?rst point in time To; 

recording a second image of the background and the 
obstruction at a second point in time T1; and 

if the obstruction or background has shifted betWeen time 
T0 and time T 1 such that different portions of the 
background have been revealed, creating a composite 
image by replacing each portion of the obstruction With 
a corresponding portion of background revealed during 
either T0 or T1. 

18. A digitally Zooming microscope, comprising: 

a light source for illuminating an object to be imaged; 

a ?rst optical path Which projects an image of the object 
upon a ?rst digital imager at a ?rst optical magni?ca 
tion; 

a second optical path Which projects another image of the 
object upon a second digital imager at a second optical 
magni?cation; and 

a display for shoWing one or more magni?ed images; 

Wherein the microscope is con?gured to digitally Zoom in 
and out on the object betWeen the ?rst magni?cation 
and the second magni?cation using said ?rst optical 
path, and to digitally Zoom in and out on the object 
betWeen the second magni?cation and a third magni 
?cation using the second optical path. 

19. A digital optical probe system comprising: 

a probe; 

a stage; and 

an imaging system containing at least tWo optical paths, 
the imaging system con?gured to provide continuous 
Zooming Within magni?ed images of an object placed 
upon the stage through a traversal of interleaved levels 
of digital magni?cation and optical paths. 

20. The system of claim 1, Wherein each optical path 
creates a different poWer of magni?cation for each image. 

* * * * * 


