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FILTER FOR USE WITH IMAGING ENDOSCOPES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 11/009,965, ?led Dec. 10, 2004, 
Which is a continuation of US. patent application Ser. No. 
10/050,601, ?led Jan. 15, 2002, the bene?t of the ?ling dates 
of Which are being claimed under 35 USC § 120. 

FIELD OF THE INVENTION 

[0002] The present invention relates to medical imaging 
systems in general, and in particular to ?uorescence endo 
scopy video systems. 

BACKGROUND OF THE INVENTION 

[0003] Fluorescence endoscopy utiliZes differences in the 
?uorescence response of normal tissue and tissue suspicious 
for early cancer as a tool in the detection and localiZation of 
such cancer. The ?uorescing compounds or ?uorophores 
that are excited during ?uorescence endoscopy may be 
exogenously applied photo-active drugs that accumulate 
preferentially in suspicious tissues, or they may be the 
endogenous ?uorophores that are present in all tissue. In the 
latter case, the ?uorescence from the tissue is typically 
referred to as auto?uorescence or native ?uorescence. Tissue 
auto?uorescence is typically due to ?uorophores With 
absorption bands in the UV and blue portion of the visible 
spectrum and emission bands in the green to red portions of 
the visible spectrum. In tissue suspicious for early cancer, 
the green portion of the auto?uorescence spectrum is sig 
ni?cantly suppressed. Fluorescence endoscopy that is based 
on tissue auto?uorescence utiliZes this spectral difference to 
distinguish normal from suspicious tissue. 

[0004] Since the concentration and/or quantum e?iciency 
of the endogenous ?uorophores in tissue is relatively loW, 
the ?uorescence emitted by these ?uorophores is not typi 
cally visible to the naked eye. Fluorescence endoscopy is 
consequently performed by employing loW light image 
sensors to acquire images of the ?uorescing tissue through 
the endoscope. The images acquired by these sensors are 
most often encoded as video signals and displayed on a color 
video monitor. Representative ?uorescence endoscopy 
video systems that image tissue auto?uorescence are dis 
closed in US. Pat. No. 5,507,287, issued to Palcic et al.; 
US. Pat. No. 5,590,660, issued to MacAulay et al.; US. Pat. 
No. 5,827,190, issued to Palcic et al., US. patent application 
Ser. No. 09/615,965, and US. patent application Ser. No. 
09/905,642, all of Which are herein incorporated by refer 
ence. Each of these is assigned to Xillix Technologies Corp. 
of Richmond, British Columbia, Canada, the assignee of the 
present application. 

[0005] While the systems disclosed in the above-refer 
enced patents are signi?cant advances in the ?eld of early 
cancer detection, improvements can be made. In particular, 
it is desirable to reduce the siZe, cost, Weight, and complex 
ity of the camera. 

SUMMARY OF THE INVENTION 

[0006] A ?uorescence endoscopy video system in accor 
dance With the present invention includes an endoscopic 
light source that is capable of operating in multiple modes to 
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produce either White light, re?ectance light, ?uorescence 
excitation light, or ?uorescence excitation light With refer 
ence re?ectance light. An endoscope incorporates a light 
guide for transmitting light to the tissue under observation 
and includes either an imaging guide or a compact camera 
disposed in the insertion portion of the endoscope for 
receiving light from the tissue under observation. A compact 
camera includes at least one loW light imaging sensor that 
receives light from the tissue and is capable of operating in 
multiple imaging modes to acquire color or multi-channel 
?uorescence and re?ectance images. The system further 
includes an image processor and system controller that 
digitiZes, processes and encodes the image signals produced 
by the image sensor(s) as a color video signal and a color 
video monitor that displays the processed video images. 

[0007] In one embodiment of the invention, a ?lter is 
placed at the distal end of the endoscope in order to produce 
both auto?uorescence and White light images from an image 
sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily 
appreciated as the same become better understood by ref 
erence to the folloWing detailed description, When taken in 
conjunction With the accompanying draWings, Wherein: 

[0009] FIGS. 1A-1B are block diagrams of a ?uorescence 
endoscopy video system according to one embodiment of 
the present invention; 

[0010] FIGS. 2A-2B are block diagrams of a multi-mode 
light source in accordance With different embodiments of the 
present invention; 

[0011] FIG. 3 shoWs a ?lter Wheel and optical ?lters for 
the multi-mode light source; 

[0012] FIGS. 4A-4C illustrate a number of alternative 
embodiments of a camera that can acquire color and/or 
?uorescence/re?ectance images according to one embodi 
ment of the present invention With optional placement for 
collimation and imaging optics; 

[0013] FIGS. 5A-5C illustrate a number of camera beam 
splitter con?gurations; 

[0014] FIGS. 6A-6E are graphs illustrating presently pre 
ferred transmission characteristics of ?lters utiliZed for color 
imaging and ?uorescence/re?ectance imaging With the cam 
era embodiments shoWn in FIGS. 4A-4C; 

[0015] FIGS. 7A-7B illustrate additional embodiments of 
a camera according to the present invention that can acquire 
color, ?uorescence/re?ectance, and/or ?uorescence/?uores 
cence images according to an embodiment of the present 
invention With optional placement for collimation and imag 
ing optics; 

[0016] FIGS. 8A-8F are graphs illustrating presently pre 
ferred transmission characteristics of ?lters for color imag 
ing, ?uorescence/?uorescence imaging, and ?uorescence/ 
re?ectance imaging With the camera embodiment shoWn in 
FIGS. 7A-7B; 

[0017] FIG. 9 illustrates a distal end ?lter in accordance 
With another embodiment of the present invention that 
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allows a conventional endoscope to perform both ?uores 
cence and White light imaging; 

[0018] FIGS. 10A and 10B illustrate hoW the distal end 
?lter alloWs the endoscope to perform ?uorescence and 
White light imaging in accordance With one embodiment of 
the present invention; and 

[0019] FIG. 11 illustrates one embodiment of a distal end 
?lter that can be secured to a conventional endoscope in 
accordance With the present invention. 

DETAILED DESCRIPTION 

[0020] FIG. 1A is a block diagram of a ?uorescence 
endoscopy video system 50 in accordance With one embodi 
ment of the present invention. The system includes a multi 
mode light source 52 that generates light for obtaining color 
and ?uorescence images. The use of the light source for 
obtaining different kinds of images Will be described in 
further detail beloW. Light from the light source 52 is 
supplied to an illumination guide 54 of an endoscope 60, 
Which then illuminates a tissue sample 58 that is to be 
imaged. 
[0021] As shoWn in FIG. 1A, the system also includes a 
multi-mode camera 100, Which is located at the insertion end 
of the endoscope 60. The light from the tissue is directly 
captured by the multi-mode camera 100. With the multi 
mode camera 100 located at the insertion end of the endo 
scope, the resulting endoscope 60 can be characterized as a 
?uorescence video endoscope, similar to video endoscopes 
currently on the market (such as the Olympus CF-240L) in 
utility, but With the ability to be utiliZed for ?uorescence/ 
re?ectance and/or ?uorescence/?uorescence imaging, in 
additional to conventional color imaging. Fluorescence/ 
re?ectance and ?uorescence/?uorescence imaging Will be 
described in detail beloW. By locating the camera at the 
insertion end of the endoscope, the inherent advantages of a 
video endoscope can be obtained: namely, the light available 
to form an image and the image resolution are improved 
compared to the case When the image is transmitted outside 
the body through an endoscope imaging guide or relay lens 
system. 

[0022] A processor/controller 64 controls the multi-mode 
camera 100 and the light source 52, and produces video 
signals that are displayed on a video monitor 66. The 
processor/controller 64 communicates With the multi-mode 
camera 100 With Wires or other signal carrying devices that 
are routed Within the endoscope. Alternatively, communica 
tion betWeen the processor/controller 64 and the camera 100 
can be conducted over a Wireless link. 

[0023] FIG. 1B is a block diagram of an alternative 
?uorescence endoscopy video system 50, Which differs from 
that shoWn in FIG. 1A in that endoscope 60 also incorpo 
rates an image guide 56 and the multi-mode camera 100 is 
attached to an external portion of the endoscope that is 
outside the body. The light that is collected from the tissue 
by endoscope 60 is transmitted through the image guide 56 
and projected into the multi-mode camera 100. Other than 
the addition of the image guide 56 to endoscope 100 and the 
location of the multi-mode camera 100 at the external end of 
the endoscope, the system of FIG. 1B is identical to that 
shoWn in FIG. 1A. 

[0024] FIG. 2A shoWs the components of the light source 
52 in greater detail. The light source 52 includes an arc lamp 
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70 that is surrounded by a re?ector 72. In the preferred 
embodiment of the invention, the arc lamp 70 is a high 
pressure mercury arc lamp (such as the Osram VIP R 
l50/P24). Alternatively, other arc lamps, solid state devices 
(such as light emitting diodes or diode lasers), or broadband 
light sources may be used, but a high pressure mercury lamp 
is currently preferred for its combination of high blue light 
output, reasonably ?at White light-spectrum, and small arc 
size. 

[0025] The light from the arc lamp 70 is coupled to a light 
guide 54 of the endoscope 60 through appropriate optics 74, 
76, and 78 for light collection, spectral ?ltering and focusing 
respectively. The light from the arc lamp is spectrally ?ltered 
by one of a number of optical ?lters 76A, 76B, 76C . . . that 

operate to pass or reject desired Wavelengths of light in 
accordance With the operating mode of the system. As used 
herein, “Wavelength” is to be interpreted broadly to include 
not only a single Wavelength, but a range of Wavelengths as 
Well. 

[0026] An intensity control 80 that adjusts the amount of 
light transmitted along the light path is positioned at an 
appropriate location betWeen the arc lamp 70 and the 
endoscope light guide 54. The intensity control 80 adjusts 
the amount of light that is coupled to the light guide 54. In 
addition, a shutter mechanism 82 may be positioned in the 
same optical path in order to block any of the light from the 
lamp from reaching the light guide. A controller 86 operates 
an actuator 77 that moves the ?lters 76A, 76B or 76C into 
and out of the light path. The controller 86 also controls the 
position of the intensity control 80 and the operation of the 
shutter mechanism 82. 

[0027] The transmission characteristics of ?lters 76A, 
76B, 76C, . . . , the characteristics of the actuator 77 

mechanism, and the time available for motion of the ?lters 
76A, 76B, 76C, . . . , into and out of the light path, depend 
on the mode of operation required for use With the various 
camera embodiments. The requirements fall into tWo 
classes. If the light source shoWn in FIG. 2A is of the class 
Wherein only one ?lter is utiliZed per imaging mode, the 
appropriate ?lter is moved in or out of the light path only 
When the imaging mode is changed. In that case, the actuator 
77 only need change the ?lter in a time of approximately 1.0 
second. The optical ?lter characteristics of ?lters 76A, 76B 
. . . are tailored for each imaging mode. For example, optical 

?lter 76A, used for color imaging, reduces any spectral 
peaks and modi?es the color temperature of the arc lamp 70 
so that the output spectrum simulates sunlight. Optical ?lter 
76B transmits only ?uorescence excitation light for use With 
the ?uorescence/?uorescence imaging mode and optical 
?lter 76C transmits both ?uorescence excitation light and 
reference re?ectance light for use With the ?uorescence/ 
re?ectance imaging mode. 

[0028] A light source 52A of a second class is illustrated 
in FIG. 2B; only the differences from the light source shoWn 
in FIG. 2A Will be elucidated. The light source 52A uses 
multiple ?lters during each imaging mode. For example, 
light source ?lters, Which provide red, green, and blue 
illumination sequentially for periods corresponding to a 
video frame or ?eld, can be used for the acquisition of a 
color or a multi-spectral image With a monochrome image 
sensor, With the different Wavelength components of the 
image each acquired at slightly different times. Such rapid 
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?lter changing requires a considerably different actuator 
than necessitated for the light source 52 of FIG. 2A. As 
shoWn in FIG. 2B, the ?lters are mounted on a ?lter Wheel 
79 that is rotated by a motor, Which is synchronized to the 
video ?eld or frame rate. The layout of the blue, red and 
green ?lters, 79A, 79B, and 79C respectively, in ?lter Wheel 
79 are shoWn in FIG. 3. 

[0029] The transmission characteristics of light source 
?lters, the characteristics of the ?lter actuator mechanism, 
and the time available for motion of the ?lters into and out 
of the light path, for the tWo different classes of light sources 
are described in more detail beloW in the context of the 
various camera embodiments. 

[0030] Because ?uorescence endoscopy is generally used 
in conjunction With White light endoscopy, each of the 
various embodiments of the multi-mode camera 100 
described beloW may be used both for color and ?uores 
cence/re?ectance and/ or ?uorescence/ ?uorescence imaging. 
These camera embodiments particularly lend themselves to 
incorporation Within a ?uorescence video endoscope due to 
their compactness and their ability to be implemented With 
no moving parts. 

[0031] In a ?rst embodiment, shoWn in FIG. 4A, a camera 
100A receives light from the tissue 58, either directly from 
the tissue in the case of a camera located at the insertion end 
of an endoscope, as shoWn in FIG. 1A, or by virtue of an 
endoscope image guide 56, Which transmits the light from 
the tissue to the camera, as shoWn in FIG. 1B. The light is 
directed toWards a monochrome image sensor 102 and a loW 
light image sensor 104 by a ?xed optical beamsplitter 106 
that splits the incoming light into tWo beams. The light beam 
is split such that a smaller proportion of the light received 
from the tissue 58 is directed toWards the monochrome 
image sensor 102 and a larger proportion of the incoming 
light is directed toWards the loW light image sensor 104. In 
this embodiment, the beamsplitter may be a standard com 
mercially available single plate 88, single cube 89, or single 
pellicle design 90, as shoWn in FIGS. 5A-5C. It should be 
noted that, if the optical path betWeen the tissue 58 and the 
image sensors contains an uneven number of re?ections 
(e.g., such as from a single component beamsplitter), the 
image projected onto the sensor Will be left-to-right 
inverted. The orientation of such images Will need to be 
corrected by image processing. 

[0032] In FIG. 4A, light collimating optics 110 are posi 
tioned in front of the beamsplitter 106, and imaging optics 
112 and 114 are positioned immediately preceding the 
monochrome image sensor 102 and the loW light image 
sensor 104, respectively. A spectral ?lter 118 is located in the 
optical path betWeen the beamsplitter 106 and the loW light 
image sensor 104. Alternatively, the spectral ?lter 118 may 
be incorporated as an element of the beamsplitter 106. 

[0033] FIG. 4B illustrates another embodiment of the 
camera 100. A camera 100B is the same as the camera 100A 

described above except that the light collimating optics 110 
and imaging optics 112 and 114 have been eliminated and 
replaced With a single set of imaging optics 113 located 
betWeen the tissue and beamsplitter 106. The advantage of 
this con?guration is that all imaging is performed and 
controlled by the same imaging optics 113. Such a con?gu 
ration requires all beam paths to have the same optical path 
length, hoWever, and this restriction must be considered in 
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the design of the beamsplitter 106 and spectral ?lter 118 that 
is located in the path to the loW light image sensor 104. In 
addition, the fact that these optical elements are located in a 
converging beam path must be considered in specifying 
these elements and in the design of the imaging optics 113. 

[0034] The loW light image sensor 104 preferably com 
prises a charge coupled device With charge carrier multipli 
cation (of the same type as the Texas Instruments TC253 or 
the Marconi Technologies CCD65), electron beam charge 
coupled device (EBCCD), intensi?ed charge coupled device 
(ICCD), charge injection device (CID), charge modulation 
device (CMD), complementary metal oxide semiconductor 
image sensor (CMOS) or charge coupled device (CCD) type 
sensor. The monochrome image sensor 102 is preferably a 
CCD or a CMOS image sensor. 

[0035] An alternative con?guration of the camera 100B is 
shoWn in FIG. 4C. All aspects of this embodiment of this 
camera 100C are similar to the camera 100B shoWn in FIG. 
4B except for differences Which arise from reducing the 
Width of the camera by mounting both image sensors 102 
and 104 perpendicular to the camera front surface. In this 
alternative con?guration, the loW light image sensor 104 and 
the monochrome image sensor 102 are mounted With their 
image planes perpendicular to the input image plane of the 
camera. Light received from the tissue 58 is projected by 
imaging optics 113 through beamsplitter 106 onto the image 
sensors 102 and 104. The beamsplitter 106 directs a portion 
of the incoming light in one beam toWards one of the sensors 
102, 104. Another portion of the incoming light in a second 
light beam passes straight through the beamsplitter 106 and 
is directed by a mirror 108 toWards the other of the sensors 
102, 104. In addition, a second set of imaging optics 115 is 
utiliZed to account for the longer optical path to this second 
sensor. The images projected onto both sensors Will be 
left-to-right inverted and should be inverted by image pro 
cessing. 
[0036] The processor/controller 64 as shoWn in FIGS. 1A 
and 1B receives the transduced image signals from the 
camera 100 and digitiZes and processes these signals. The 
processed signals are then encoded in a video format and 
displayed on a color video monitor 66. 

[0037] Based on operator input, the processor/controller 
64 also provides control functions for the ?uorescence 
endoscopy video system. These control functions include 
providing control signals that control the camera gain in all 
imaging modes, coordinating the imaging modes of the 
camera and light source, and providing a light level control 
signal for the light source. 

[0038] The reason that tWo separate images in different 
Wavelength bands are acquired in ?uorescence imaging 
modes of the ?uorescence endoscopy video systems 
described herein, and the nature of the ?uorescence/re?ec 
tance and ?uorescence/?uorescence imaging, Will noW be 
explained. It is knoWn that the intensity of the auto?uores 
cence at certain Wavelengths changes as tissues become 
increasingly abnormal (i.e. as they progress from normal to 
frank cancer). When visualiZing images formed from such a 
band of Wavelengths of auto?uorescence, hoWever, it is not 
easy to distinguish betWeen those changes in the signal 
strength that are due to pathology and those that are due to 
imaging geometry and shadoWs. A second ?uorescence 
image acquired in a band of Wavelengths in Which the image 
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signal is not signi?cantly affected by tissue pathology, 
utilized for ?uorescence/ ?uorescence imaging, or a re?ected 
light image acquired in a band of Wavelengths in Which the 
image signal is not signi?cantly affected by tissue pathology 
consisting of light that has undergone scattering Within the 
tissue (known as di?‘use re?ectance), utiliZed for ?uores 
cence/re?ectance imaging, may be used as a reference signal 
With Which the signal strength of the ?rst ?uorescence image 
can be “normalized.” Such normaliZation is described in tWo 
patents previously incorporated herein by reference: US. 
Pat. No. 5,507,287, issued to Palcic et al. describes ?uores 
cence/?uorescence imaging and US. Pat. No. 5,590,660, 
issued to MacAulay et al. describes ?uorescence/re?ectance 
imaging. 
[0039] One technique for performing the normaliZation is 
to assign each of the tWo image signals a different display 
color, e.g., by supplying the image signals to different color 
inputs of a color video monitor. When displayed on a color 
video monitor, the tWo images are effectively combined to 
form a single image, the combined color of Which represents 
the relative strengths of the signals from the tWo images. 
Since light originating from ?uorescence Within tissue and 
diffuse re?ectance light Which has undergone scattering 
Within the tissue are both emitted from the tissue With a 
similar spatial distribution of intensities, the color of a 
combined image is independent of the absolute strength of 
the separate image signals, and Will not change as a result of 
changes in the distance or angle of the endoscope 60 to the 
tissue sample 58, or changes in other imaging geometry 
factors. If, hoWever, there is a change in the shape of the 
auto?uorescence spectrum of the observed tissue that gives 
rise to a change in the relative strength of the tWo image 
signals, such a change Will be represented as a change in the 
color of the displayed image. Another technique for per 
forming the normaliZation is to calculate the ratio of the 
pixel intensities at each location in the tWo images. A neW 
image can then be created Wherein each pixel has an 
intensity and color related to the ratio computed. The neW 
image can then be displayed by supplying it to a color video 
monitor. 

[0040] The mixture of colors With Which normal tissue and 
tissue suspicious for early cancer are displayed depends on 
the gain applied to each of the tWo separate image signals. 
There is an optimal gain ratio for Which tissue suspicious for 
early cancer in a ?uorescence image Will appear as a 
distinctly different color than normal tissue. This gain ratio 
is said to provide the operator With the best combination of 
sensitivity (ability to detect suspect tissue) and speci?city 
(ability to discriminate correctly). If the gain applied to the 
reference image signal is too high compared to the gain 
applied to the ?uorescence image signal, the number of 
tissue areas that appear suspicious, but Whose pathology 
turns out to be normal, increases. Conversely, if the relative 
gain applied to the reference image signal is too loW, 
sensitivity decreases and suspect tissue Will appear like 
normal tissue. For optimal system performance, therefore, 
the ratio of the gains applied to the image signals must be 
maintained at all times. The control of the gain ratio is 
described in tWo patent applications previously incorporated 
herein by reference: US. patent application Ser. No. 09/615, 
965, and US. patent application Ser. No. 09/905,642. 

[0041] In vivo spectroscopy has been used to determine 
Which differences in tissue auto?uorescence and re?ectance 
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spectra have a pathological basis. The properties of these 
spectra determine the particular Wavelength bands of autof 
luorescence and re?ected light required for the ?uorescence/ 
re?ectance imaging mode, or the particular tWo Wavelength 
bands of auto?uorescence required for ?uorescence/?uores 
cence imaging mode. Since the properties of the spectra 
depend on the tissue type, the Wavelengths of the important 
auto?uorescence band(s) may depend on the type of tissue 
being imaged. The speci?cations of the optical ?lters 
described beloW are a consequence of these spectral char 
acteristics, and are chosen to be optimal for the tissues to be 
imaged. 
[0042] As indicated above, the ?lters in the light source 
and camera should be optimiZed for the imaging mode of the 
camera, the type of tissue to be examined and/or the type of 
pre-cancerous tissue to be detected. Although all of the 
?lters described beloW can be made to order using standard, 
commercially available components, the appropriate Wave 
length range of transmission and degree of blocking outside 
of the desired transmission range for the described ?uores 
cence endoscopy images are important to the proper opera 
tion of the system. The importance of other issues in the 
speci?cation of such ?lters, such as the ?uorescence prop 
erties of the ?lter materials and the proper use of anti 
re?ection coatings, are taken to be understood. 

[0043] FIGS. 6A-6E illustrate the preferred ?lter charac 
teristics for use in a ?uorescence endoscopy system having 
a camera of the type shoWn in FIGS. 4A-4C and light source 
as shoWn in FIG. 2B, that operates in a ?uorescence/ 
re?ectance imaging mode, or a color imaging mode. There 
are several possible con?gurations of ?uorescence endos 
copy video systems, operating in the ?uorescence/re?ec 
tance imaging mode including green ?uorescence With 
either red or blue re?ectance, and red ?uorescence With 
either green or blue re?ectance. The particular con?guration 
utiliZed depends on the target clinical organ and application. 
The ?lter characteristics Will noW be described for each of 
these four con?gurations. 

[0044] FIG. 6A illustrates the composition of the light 
transmitted by a blue ?lter, such as ?lter 79A, Which is used 
to produce excitation light in the system light source. This 
?lter transmits light in the Wavelength range from 370-460 
nm or any subset of Wavelengths in this range. Of the light 
transmitted by this ?lter, less than 0.001% is in the ?uores 
cence imaging band from 480-750 nm (or Whatever desired 
subsets of this range is Within the speci?ed transmission 
range of the primary and reference ?uorescence image ?lters 
described beloW). 

[0045] FIG. 6B illustrates the composition of the light 
transmitted by a red ?lter, such as ?lter 79B, Which is used 
to produce red re?ectance light in the system light source. 
This ?lter transmits light in the Wavelength range from 
590-750 nm or any subset of Wavelengths in this range. 
Light transmitted outside this range should not exceed 1%. 

[0046] FIG. 6C illustrates the composition of the light 
transmitted by a green ?lter, such as ?lter 79C, Which is used 
to produce green re?ectance light in the system light source. 
This ?lter transmits light in the Wavelength range from 
480-570 nm or any subset of Wavelengths in this range. 
Light transmitted outside this range should not exceed 1%. 

[0047] FIG. 6D shoWs the composition of the light trans 
mitted by a camera spectral ?lter, such as ?lter 118, for 
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de?ning the primary ?uorescence image in the green spec 
tral band. In this con?guration, the ?lter blocks excitation 
light and red ?uorescence light While transmitting green 
?uorescence light in the Wavelength range of 480-570 nm or 
any subset of Wavelengths in this range. When used in a 
?uorescence endoscopy video system With the light source 
?lter 79A described above, the ?lter characteristics are such 
that any light outside of the Wavelength range of 480-570 
nm, or any desired subset of Wavelengths in this range, 
contributes no more than 0.1% to the light transmitted by the 
?lter. 

[0048] FIG. 6E shoWs the composition of the light trans 
mitted by a camera ?lter, such as ?lter 118, for de?ning the 
primary ?uorescence image in the red spectral band. In this 
con?guration, the ?lter blocks excitation light and green 
?uorescence light While transmitting red ?uorescence light 
in the Wavelength range of 590-750 nm or any subset of 
Wavelengths in this range. When used in a ?uorescence 
endoscopy video system With the light source ?lter 79A 
described above, the ?lter characteristics are such that any 
light outside of the Wavelength range of 590-750 nm, or any 
desired subset of Wavelengths in this range, contributes no 
more than 0.1% to the light transmitted by the ?lter. 

[0049] The operation of the preferred embodiment of the 
?uorescence endoscopy video system Will noW be described. 
The cameras 100A as shoWn in FIGS. 4A and 100B as 
shoWn in FIG. 4B or 100C as shoWn in FIG. 4C are capable 
of operating in color and ?uorescence/re?ectance imaging 
modes. A light source of the type shoWn in FIG. 2B, that 
provides a different output every video frame or ?eld is 
required. In the color imaging mode, the processor/control 
ler 64 provides a control signal to the multi-mode light 
source 52 that indicates the light source should be operating 
in the White light mode and provides a synchronizing signal. 
The light source 52 sequentially outputs ?ltered red, green, 
and blue light, synchronously With the video ?eld or frame 
of the image sensors 102 and 104. The ?ltered light from the 
light source 52 is projected into the endoscope light guide 54 
and is transmitted to the tip of the endoscope 60 to illuminate 
the tissue 58. 

[0050] The processor/controller 64 also protects the sen 
sitive loW light image sensor 104 during color imaging by 
decreasing the gain of the ampli?cation stage of the sensor. 
The light re?ected by the tissue 58 is collected and trans 
mitted by the endoscope image guide 56 to the camera Where 
it is projected through beamsplitter 106 onto the mono 
chrome image sensor 102, or the light is directly projected 
through the camera beamsplitter 106 onto the monochrome 
image sensor 102 if the sensor is located Within the insertion 
portion of the endoscope. The image projected during each 
of red, green, blue illuminations is transduced by the mono 
chrome image sensor 102 and the resulting image signals are 
transmitted to the processor/controller 64. 

[0051] Based on the brightness of the images captured, the 
processor/controller 64 provides a control signal to the 
multi-mode light source 52 to adjust the intensity control 80 
and thereby adjust the level of light output by the endoscope 
light guide 54. The processor/controller 64 may also send a 
control signal to the camera 100A, 100B or 100C to adjust 
the gain of the monochrome image sensor 102. 

[0052] The processor/controller 64 interpolates the images 
acquired during sequential periods of red, green, and blue 
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illumination to create a complete color image during all time 
periods, and encodes that color image as video signals. The 
video signals are connected to color video monitor 66 for 
display of the color image. All of the imaging operations 
occur at analog video display rates (30 frames per second for 
NTSC format and 25 frames per second for PAL format). 

[0053] When sWitching to the ?uorescence/re?ectance 
imaging mode, the processor/controller 64 provides a con 
trol signal to the multi-mode light source 52 to indicate that 
it should be operating in ?uorescence/re?ectance mode. In 
response to this signal, the light source ?lter Wheel 79 stops 
rotating and the light source 52 selects and positions the 
appropriate blue optical ?lter 79A continuously into the 
optical path betWeen the arc lamp 70 and the endoscope light 
guide 54. This change from sequentially changing ?lters to 
a static ?lter occurs in a period of approximately one second. 
Filter 79A transmits only those Wavelengths of light that Will 
induce the tissue 58 under examination to ?uoresce. All 
other Wavelengths of light are substantially blocked as 
described above. The ?ltered light is then projected into the 
endoscope light guide 54 and transmitted to the tip of the 
endoscope 60 to illuminate the tissue 58. 

[0054] As part of setting the system in the ?uorescence/ 
re?ectance mode, the processor/controller 64 also increases 
the gain of the ampli?cation stage of the loW light image 
sensor 104. The ?uorescence emitted and excitation light 
re?ected by the tissue 58 are either collected by the endo 
scope image guide 56 and projected through the camera 
beamsplitter 106 onto the loW light image sensor 104 and the 
image sensor 102, or are collected and directly projected 
through the camera beamsplitter 106 onto the loW light 
image sensor 104 and the image sensor 102 at the insertion 
tip of the endoscope 60. Spectral ?lter 118 limits the light 
transmitted to the loW light image sensor 104 to either green 
or red auto?uorescence light only and substantially blocks 
the light in the excitation Wavelength band. The auto?uo 
rescence image is transduced by the loW light image sensor 
104. The reference re?ected excitation light image is trans 
duced by the monochrome image sensor 102 and the result 
ing image signals are transmitted to the processor/ controller 
64. 

[0055] Based on the brightness of the transduced images, 
the processor/controller 64 may provide a control signal to 
the multi-mode light source 52 to adjust the intensity control 
80 and thereby adjust the level of light delivered to the 
endoscope 60. The processor/controller 64 may also send 
control signals to the cameras 100A, 100B or 100C to adjust 
the gains of the loW light image sensor 104 and the mono 
chrome image sensor 102, in order to maintain constant 
image brightness While keeping the relative gain constant. 

[0056] After being processed, the images from the tWo 
sensors are encoded as video signals by processor/ controller 
64. The ?uorescence/re?ectance image is displayed by 
applying the video signals to different color inputs on the 
color video monitor 66. 

[0057] In order for the combined image to have optimal 
clinical meaning, for a given proportion of ?uorescence to 
reference light signals emitted by the tissue and received by 
the system, a consistent proportion must also exist betWeen 
the processed image signals that are displayed on the video 
monitor. This implies that the (light) signal response of the 
?uorescence endoscopy video system is calibrated. One 
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suitable calibration technique is described in tWo patent 
applications previously incorporated herein by reference: 
U.S. patent application Ser. No. 09/615,965, and Us. patent 
application Ser. No. 09/905,642. 

[0058] The cameras 100A, 100B, 100C can be operated in 
a variation of the ?uorescence/re?ectance mode to simulta 
neously obtain ?uorescence images and re?ectance images 
With red, green, and blue illumination. The operation of the 
system is similar to that described previously for color 
imaging, so only the points of difference from the color 
imaging mode Will be described. 

[0059] In this variation of the ?uorescence/re?ectance 
mode, instead of changing from sequential red, green, and 
blue illumination to static blue illumination When sWitching 
from color imaging to ?uorescence/re?ectance imaging, the 
multi-mode light source 52 provides the same sequential 
illumination utiliZed in the color imaging mode, for all 
imaging modes. Capture and display of the light re?ected by 
the tissue is similar to that described previously for the color 
imaging mode. HoWever, in addition to the re?ectance 
images captured in that mode, the gain of the ampli?cation 
stage of the loW light image sensor 104 is adjusted to a value 
that makes it possible to capture auto?uorescence images 
during blue illumination. During red and green illumination, 
the gain of ampli?cation stage of the loW light sensor is 
decreased to protect the sensor While the image sensor 102 
captures re?ectance images. 

[0060] In this modi?ed ?uorescence/re?ectance mode, the 
camera captures both re?ectance and ?uorescence images 
during the blue illumination period, in addition to re?ected 
light images during the red and green illumination periods. 
As for the color imaging mode, the re?ectance images are 
interpolated and displayed on the corresponding red, green 
and blue channels of a color video monitor to produce a 
color image. Like the previously described ?uorescence/ 
re?ectance mode, a ?uorescence/re?ectance image is pro 
duced by overlaying the ?uorescence image and one or more 
of the re?ectance images displayed in different colors on a 
color video monitor. 

[0061] Since individual re?ectance and ?uorescence 
images are concurrently captured, both a color image and a 
?uorescence/re?ectance image can be displayed simulta 
neously on the color video monitor. In this case, there is no 
need to utiliZe a separate color imaging mode. Alternatively, 
as described for the previous version of ?uorescence/re?ec 
tance operation, only the ?uorescence/re?ectance image 
may be displayed during ?uorescence/re?ectance imaging 
and a color image displayed solely in the color imaging 
mode. 

[0062] Yet another embodiment of this invention Will noW 
be described. All points of similarity With the ?rst embodi 
ment Will be assumed understood and only points that differ 
Will be described. 

[0063] In this second embodiment, all aspects of the 
?uorescence endoscopy video system are similar to those of 
the ?rst embodiment except for the camera and the light 
source. A camera 100D for this embodiment of a system is 
as shoWn in FIG. 7A. It differs from the cameras 100A, 
100B or 100C as described above in that all imaging modes 
utiliZe a single, loW light color image sensor 103 (preferably 
a color CCD With charge carrier multiplication such as the 
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Texas Instruments TC252) and that no beamsplitter is 
required. Alternatively, the color image sensor 103 may be 
a three-CCD With charge carrier multiplication color image 
sensor assembly, a color CCD, a three-CCD color image 
sensor assembly, a color CMOS image sensor, or a three 
CMOS color image sensor assembly. 

[0064] Each of the pixel elements on the loW light color 
sensor 103 is covered by an integrated ?lter, typically red, 
green or blue. These ?lters de?ne the Wavelength bands of 
?uorescence and re?ectance light that reach the individual 
pixel elements. Such mosaic ?lters typically have consider 
able overlap betWeen the red, green, and blue passbands, 
Which can lead to considerable crosstalk When imaging dim 
auto?uorescence light in the presence of intense re?ected 
excitation light. Therefore, a separate ?lter 118 is provided 
to reduce the intensity of re?ected excitation light to the 
same level as that of the auto?uorescence light and, at the 
same time, pass auto?uorescence light. 

[0065] In this embodiment, the primary ?uorescence and 
reference images are projected onto the same image sensor 
103, but, because of the individual ?lters placed over each 
pixel, these different images are detected by separate sensor 
pixels. As a result, individual primary ?uorescence and 
reference image signals can be produced by processor/ 
controller 64 from the single CCD image signal. 

[0066] In FIG. 7A, light collimating optics 110 is posi 
tioned betWeen the tissue 58 and ?lter 118 and imaging 
optics 112 is positioned immediately preceding the color 
image sensor 103. In an alternative optical con?guration, 
camera 100E, as shoWn in FIG. 7B, eliminates the colli 
mating optics 110 and imaging optics 112 and replaces them 
With a single imaging optics 113 located betWeen the tissue 
58 and ?lter 118. The advantage of this con?guration is that 
all imaging is performed and controlled by the same imaging 
optics 113. The fact that ?lter 118 is located in a converging 
beam path must be considered in specifying that element and 
in the design of the imaging optics. 

[0067] The operation of a system based on camera 100D 
of FIG. 7A or 100E of FIG. 7B Will noW be described. The 
cameras 100D and 100E are capable of operation in the 
color, ?uorescence/?uorescence, and ?uorescence/re?ec 
tance imaging modes. For a system based on camera 100D 
or 100E, a light source of the type shoWn in FIG. 2A, 
provides steady state output in each imaging mode. As 
described beloW, the light transmission speci?cations of the 
light source ?lters 76A, 76B, and 76C, the ?lter 118, and the 
mosaic color ?lters integrated With the image sensor 103 are 
selected such that the intensity of the re?ected light and 
?uorescence light at the color image sensor’s active ele 
ments results in transduced image signals With good signal 
to-noise characteristics and Without signi?cant saturation. At 
the same time these ?lters have appropriate light transmis 
sion speci?cations for excitation and imaging of the primary 
?uorescence and for color imaging. The ?lter transmission 
characteristics are chosen to provide the desired ratio of 
relative primary ?uorescence to reference light intensity at 
the image sensor. 

[0068] In the color imaging mode, the processor/ controller 
64 provides a control signal to the multimode light source 52 
that it should be in White light mode. The light source selects 
and positions the appropriate optical ?lter 76A into the 
optical path betWeen the arc lamp 70 and endoscope light 
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guide 54. Given the presence of ?lter 118 in cameras 100D, 
100E Which have reduced transmission for excitation light at 
blue Wavelengths, the light source ?lter 76A should incor 
porate reduced transmission at red and green Wavelengths to 
obtain a balanced color image at image sensor 103 With the 
proper proportions of red, green, and blue components. 

[0069] Image signals from the color loW light sensor 103 
are processed by processor/controller 64. Standard tech 
niques are utiliZed to produce a color image from a single 
color sensor: the image signals from pixels having the same 
?lter characteristics are interpolated by processor/controller 
64 to produce an image signal, related to the pass band of 
each element of the mosaic ?lter (e.g., red, green, and blue), 
at every pixel location. The resulting multiple images, Which 
When combined produce a color image, are encoded by 
processor/controller 64 as video signals. The color image is 
displayed by connecting the video signals to the appropriate 
inputs of color video monitor 66. 

[0070] Processor/controller 64 also maintains the overall 
image brightness at a set level by monitoring the brightness 
of the image signal at each pixel and adjusting the intensity 
of the light source output and camera ampli?er gains accord 
ing to a programmed algorithm. 

[0071] When sWitching to the ?uorescence/?uorescence 
imaging mode, processor/controller 64 provides a control 
signal to the multi-mode light source 52 to indicate that it 
should be in ?uorescence/?uorescence mode. The light 
source 52 moves light source ?lter 76B into position in the 
light beam. Filter 76B transmits excitation light and blocks 
the transmission of light at the green and red ?uorescence 
detection Wavelengths, as described beloW. The character 
istics of light source ?uorescence excitation ?lter 76B and 
excitation ?lter 118, along With the mosaic ?lter elements on 
the color sensor 103, are such that the intensity of blue light 
at the color sensor is less than the intensities of red and green 
auto?uorescence at the sensor, and are such that the ratio of 
the intensity of red auto?uorescence to the intensity of green 
auto?uorescence at the color sensor 103 has the appropriate 
value for optimal differentiation betWeen normal and abnor 
mal tissue. The ?uorescence images are processed, as pre 
viously described for color imaging, by processor/ controller 
64 to produce separate images corresponding to each of the 
pass bands of the mosaic ?lter (e.g., red, green, and blue). 
These separate images are encoded as video signals by 
processor/controller 64. A composite ?uorescence/?uores 
cence image is displayed on the color video monitor 66 by 
applying the video signals from red and green pass bands of 
the mosaic ?lter to different color inputs of the monitor. 

[0072] When sWitching to the ?uorescence/re?ectance 
imaging mode, processor/controller 64 provides a control 
signal to the multi-mode light source 52 to indicate that it 
should be in ?uorescence/re?ectance mode. The light source 
52 moves light source ?lter 76C into position in the light 
beam. Filter 76C transmits both excitation light and refer 
ence light and blocks the transmission of light at ?uores 
cence detection Wavelengths, as described beloW. The char 
acteristics of the light source ?lter 76C for ?uorescence 
excitation and the re?ectance illumination and the camera 
?lter 118, along With the mosaic ?lter on the color sensor 
103, as detailed beloW, are such that the intensity of re?ected 
excitation light at the color sensor is comparable to the 
intensity of auto?uorescence at the sensor, and should be 
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such that the ratio of the intensity of auto?uorescence to the 
intensity of re?ected reference light at the color sensor 103 
has the appropriate value. The ?uorescence and re?ectance 
images are processed, as previously described for color 
imaging, by processor/controller 64 to produce separate 
images corresponding to each of the pass bands of the 
mosaic ?lter (e.g., red, green, and blue). These separate 
images are encoded as video signals by processor/controller 
64. A composite ?uorescence/re?ectance image is displayed 
on color video monitor 66 by applying the video signals 
from the appropriate mosaic ?lter pass bands (as discussed 
beloW) to different color inputs of the monitor. 

[0073] As indicated above, the ?lters in the light source 
and camera should be optimiZed for the imaging mode of the 
camera, the type of tissue to be examined and/or the type of 
pre-cancerous tissue to be detected. Although all of the 
?lters described beloW can be made to order using standard, 
commercially available components, the appropriate Wave 
length range of transmission and degree of blocking outside 
of the desired transmission range for the described ?uores 
cence endoscopy images modes are important to the proper 
operation of the system. The importance of other issues in 
the speci?cation of such ?lters such as the ?uorescence 
properties of the ?lter materials and the proper use of 
anti-re?ection coatings are taken to be understood. 

[0074] As discussed above, the ?lters in the light source 
and camera should be optimiZed for the imaging mode of the 
camera, the type of tissue to be examined and/or the type of 
pre-cancerous tissue to be detected, based on in vivo spec 
troscopy measurements. The preferred ?lter characteristics 
for use in the ?uorescence endoscopy video systems With a 
camera of the type shoWn in FIGS. 7A and 7B, operating in 
a ?uorescence/re?ectance imaging mode, or a ?uorescence/ 
?uorescence imaging mode, are shoWn in FIGS. 8A-8F. 
There are several possible con?gurations of ?uorescence 
endoscopy video systems, operating in the ?uorescence/ 
re?ectance imaging mode including green ?uorescence With 
red re?ectance, and red ?uorescence With green re?ectance 
and red or green ?uorescence With blue re?ectance. The 
particular con?guration utiliZed depends on the target clini 
cal organ and application. The ?lter characteristics Will noW 
be described for each of these four con?gurations. 

[0075] FIGS. 8A-8B illustrate a preferred composition of 
the light transmitted by ?lters for a color imaging mode. 
FIG. 8A illustrates the composition of the light transmitted 
by the light source ?lter, such as ?lter 76A, Which is used to 
produce light for color imaging. The spectral ?lter 118 
remains in place during color imaging since there are no 
moving parts in the present camera embodiment. Accord 
ingly, to achieve correct color rendition during color imag 
ing it is necessary for the transmission of light source ?lter 
76A to be modi?ed, compared to the usual White light 
transmission for color imaging, such that the light received 
by the high sensitivity color sensor 103 is White When a 
White re?ectance standard is vieWed With the camera. There 
fore, to balance the effect of spectral ?lter 118, the trans 
mission of ?lter 76A in the red and green spectral bands 
must be less than the transmission in the blue, and the 
transmission of ?lter 76A in the blue must extend to a long 
enough Wavelength that there is an overlap With the short 
Wavelength region of appreciable transmission of ?lter 1118. 
Filter 76A transmits light in the blue Wavelength range from 
370-480 nm or any subset of Wavelengths in this range at the 








