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(57) ABSTRACT 

A lens system comprises a ?rst lens group and a second lens 
group, and is con?gured to form an image at a ?rst magni? 
cation and at a second magni?cation. The lens system has a 
common optical axis in both magni?cations. The lens system 
is further con?gured to form an intermediate image between 
the ?rst lens group and the second lens group at the ?rst 
magni?cation. The intermediate image formed in the ?rst 
magni?cation is further imaged onto an optical detector. In 
the ?rst magni?cation, the second lens group acts as a relay 
lens imaging the intermediate image onto the optical detector. 
In the second magni?cation, the ?rst and second lens groups 
together form an image on the optical detector Without form 
ing an intermediate image. 
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LENS SYSTEM 

FIELD OF THE INVENTION 

[0001] This invention relates to a lens system, more in 
particular to the lens system included in an optical biopsy 
device. 

BACKGROUND TO THE INVENTION 

[0002] A biopsy is carried out during a minimal-invasive 
surgery to determine the status of a suspicious lesion. Since 
suspicious lesions must be visible for a surgeon, these biop 
sies are taken generally in a later stage of a disease. The 
biopsies are then sent to a pathologist to examine target tissue 
sections. The outcome thus depends on the local tissue 
samples that may or may not represent the actual disease stage 
in the tissue. Optical biopsy is an alternative method, Where 
in-vivo optical technology is used to determine Whether the 
disease has affected the tissue. This method also enables the 
diagnosis of the disease in an early stage. Light can interact 
With tissue in a number of Ways, including elastic and inelas 
tic (multiple or single) scattering, re?ection at boundary lay 
ers and absorption, and can for instance lead to ?uorescence 
and Raman scattering. All of these can be utiliZed to measure 
any abnormal change in tissue. This is bene?cial to a patient, 
because no tissue is removed and an analysis can be per 
formed in real time on the spot at all necessary locations. 
Furthermore, automatic diagnosis Would save time for the 
patient as Well as for the surgeon Who can diagnose and treat 
the person instead of Waiting for pathology results. 
[0003] An optical biopsy device must ful?ll tWo require 
ments to be useful. Firstly it must be able to scan a signi?cant 
area Within a limited time. Secondly, it must have a high 
sensitivity and speci?city. Currently, various optical methods 
have been proposed for cancer detection. The available meth 
ods capable of screening larger areas (in general non-point 
like methods) have a high sensitivity but a rather loW speci 
?city. Hence, these methods produce a lot of false positives. 
Methods that have a much higher speci?city are in general 
point like measuring methods. These methods can give a good 
diagnosis but are not suited to scan signi?cant areas in a short 
period of time. To ful?ll both the above mentioned require 
ments tWo different optical devices are required. One based 
on “camera” like imaging and capable of vieWing larger areas 
and another one based on “microscope” like imaging and 
capable of vieWing tissue on a cellular level. It is apparent that 
biopsy procedures Would be more ef?cient and effective if a 
single optical biopsy device can sWitch betWeen tWo different 
vieWs of a target site Without the device having to be removed 
from the patient. 
[0004] Although combining camera and microscope func 
tions in one device has been described in patent application 
US-Al -200401 58129, the tWo optical modalities are still 
separate entities placed aside each other. This results in rather 
bulky devices. Since for minimal invasive procedures the 
Width of the device is of utmost importance, such solutions as 
described in US-Al-20040l 58129 may not be preferable. 
[0005] It Would therefore be advantageous to have an opti 
cal biopsy device Which does not have the disadvantage 
described above and more in particular to have a compact 
optical biopsy device that enables camera-like (macroscopic) 
and microscope-like imaging. 
[0006] Particular and preferred aspects of the invention are 
set out in the accompanying independent and dependent 
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claims. Features of the dependent claims may be combined 
With features of the independent claims and With features of 
other dependent claims, as appropriate and not merely as 
explicitly set out in the claims. 

SUMMARY OF THE INVENTION 

[0007] According to a ?rst aspect of the invention, a lens 
system has a ?rst lens group and a second lens group and is 
con?gured to form an image at a ?rst magni?cation and at a 
second magni?cation, Wherein the lens has a common optical 
axis in both magni?cations. The lens system is further con 
?gured to form an intermediate image betWeen the ?rst lens 
group and the second lens group at the ?rst magni?cation. 
The intermediate image formed in the ?rst magni?cation is 
further imaged onto an optical detector. The ?rst magni?ca 
tion alloWs vieWing a signi?cant area of a target being imaged 
Whereas the second magni?cation alloWs vieWing the target 
With a high sensitivity and speci?city. In the ?rst magni?ca 
tion, the second lens group acts as a relay lens imaging the 
intermediated image onto the optical detector. In the second 
magni?cation, the ?rst and second lens groups together form 
an image on the optical detector Without forming an interme 
diate image betWeen the ?rst and the second lens groups. 
[0008] According to a ?rst aspect of the invention, a lens 
system for an optical biopsy device has a ?rst lens group and 
a second lens group con?gured to form an image at a ?rst 
magni?cation and at a second magni?cation, Wherein the lens 
has a common optical axis in both magni?cations. The lens 
system is further con?gured to form an intermediate image 
betWeen the ?rst lens group and the second lens group at the 
?rst magni?cation. The intermediate image formed in the ?rst 
magni?cation is further imaged onto an optical detector. The 
?rst magni?cation alloWs vieWing a signi?cant area of a target 
being imaged Whereas the second magni?cation alloWs vieW 
ing the target With a high sensitivity and speci?city. For 
minimal invasive procedures, it is critical to have a compact 
optical biopsy device. If vieWing at tWo different magni?ca 
tions is combined in a single objective lens system, a signi? 
cant reduction in the Width of the biopsy device is achieved 
and also larger areas can be vieWed With a higher speci?city. 
In the ?rst magni?cation, the second lens group acts as a relay 
lens imaging the intermediated image onto the optical detec 
tor. In the second magni?cation, the ?rst and second lens 
groups together form an image on the optical detector Without 
forming an intermediate image betWeen the ?rst and the sec 
ond lens groups. 
[0009] According to a preferred embodiment of the inven 
tion, the ?rst magni?cation is associated With a macroscopic 
vieW and the second magni?cation is associated With a micro 
scopic vieW. A macroscopic vieW enables vieWing a signi? 
cant area of a target Whereas a microscopic vieW enables 
vieWing the target on a cellular level With high speci?city and 
sensitivity. For an optical biopsy device to be practically 
useful, a combination of a macroscopic vieW capable of vieW 
ing a larger area of the target and a microscopic vieW capable 
of vieWing the target on a cellular level is important. 

[0010] According to another embodiment of the invention, 
the absolute value of the ?rst magni?cation is at least 100 
times smaller than the absolute value of the second magni? 
cation. The higher magni?cation alloWs vieWing the target on 
a cellular level With high speci?city and sensitivity While the 
loWer magni?cation alloWs vieWing a signi?cant area of the 
target. Having tWo different magni?cations in a single unit 
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yields a compact optical biopsy device that enables camera 
like (macroscopic) and microscope-like imaging. 
[001 1] According to a further embodiment of the invention, 
the ?rst lens group has a focal length F1 and the second lens 
group has a focal length F2 and the ?rst lens group and the 
second lens group are at a distance of D 1 2. The focal length F 1 

of the ?rst lens group is preferably smaller than the distance 
D12. This constraint ensures that the intermediate image is 
formed at the ?rst magni?cation. 
[0012] According to a still further embodiment of the 
invention, the focal length P1 of the ?rst lens group and the 
focal length E2 of the second lens group comply With |F2/ 
F 1 | >1 . The focal length of the second lens group is larger than 
that of the ?rst lens group in order to be able to image the 
intermediate image onto the detector in the ?rst magni?ca 
tion, While alloWing imaging of the object onto the detector 
Without intermediate image in the second magni?cation. 
[0013] According to a second aspect of the invention, an 
optical biopsy device comprises an inserting tube to be 
inserted into a body; and a lens system secured in a tip end of 
the inserting tube having a ?rst lens group and a second lens 
group con?gured to form an image at a ?rst magni?cation and 
at a second magni?cation. The lens system has a common 

optical axis in both magni?cations. The lens system is further 
con?gured to form an intermediate image betWeen the ?rst 
lens group and the second lens group at the ?rst magni?ca 
tion. With this kind of optical biopsy device, the examining 
physician could scan a larger area of the target (macroscopic 
vieW) and, upon noticing a suspicious region, directly vieW in 
situ the single cells (microscopic vieW) to make a pathologi 
cal determination during the course of a single optical biopsy 
procedure. 
[0014] According to an embodiment of the invention, the 
optical biopsy device further comprises a sWitchable lens 
system con?gured for sWitching betWeen the ?rst magni?ca 
tion and the second magni?cation. The sWitchable lens alloWs 
more design freedom for the optical biopsy device. 
[0015] According to another embodiment of the invention, 
the sWitchable lens system is con?gured to Work according to 
the electro-Wetting principle. Such lenses do not have move 
able parts, thus making a compact and robust lens system 
design possible. 
[0016] According to another embodiment of the invention, 
the sWitchable lens system is con?gured to Work by displac 
ing a lens. 
[0017] According to a still further embodiment of the 
invention, the second lens group consists of at least one ?xed 
lens and one sWitchable lens. This combination improves 
aberration control in the lens system that can be used to 
increase the performance of the ?rst lens group. 
[0018] According to a further embodiment of the invention, 
the optical biopsy device further comprises an image sensor. 
The image formed by the lens is imaged on to the image 
sensor. 

[0019] According to a still further embodiment of the 
invention, the optical biopsy device further comprises a ?ber 
bundler con?gured for relaying an image formed and a con 
sole optically coupled to the ?ber bundler. The console is 
con?gured for reading out the image formed. The image 
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sensor is generally integrated into an optical head. To make 
the design of the optical head simpler, the image can be 
relayed using the ?ber bundler. Instead of being imaged onto 
the image sensor, the target is imaged on one end of a ?ber 
bundler. This ?ber bundler consists of many tiny ?bers. The 
image is relayed by this ?ber bundler to the other end of the 
?ber bundler. The other end of the ?ber bundler is probed by 
the beam of a console of the optical biopsy device. 
[0020] According to another embodiment of the invention, 
the optical biopsy device further comprises a single scanning 
?ber con?gured for reading out an image formed and a con 
sole optically coupled to the single scanning ?ber. The con 
sole is con?gured for reconstructing the image formed. 

BRIEF DESCRIPTION OF THE FIGURES 

[0021] These and other characteristics, features and advan 
tages of the present invention Will become apparent from the 
folloWing detailed description, taken in conjunction With the 
accompanying draWings, Which illustrate, by Way of 
example, the principles of the invention. This description is 
given for the sake of example only, Without limiting the scope 
of the invention. The reference ?gures quoted beloW refer to 
the attached draWings. 
[0022] FIGS. 1a and 1b shoW an optical biopsy device 
according to an embodiment of the invention; 

[0023] FIGS. 2a and 2b shoW an optical biopsy device 
according to an embodiment of the invention; 

[0024] FIGS. 3a and 3b shoW an optical biopsy device 
according to another embodiment of the invention; 
[0025] FIGS. 4a and 4b shoW an optical biopsy device 
according to an embodiment of the invention, Where an image 
sensor is replaced by a ?ber bundler; 
[0026] FIG. 5 shoWs a schematic vieW of a confocal scan 

ning mechanism; and 
[0027] FIGS. 6a and 6b shoW an optical biopsy device 
Where an image sensor is replaced by a scanning ?ber. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] Particular and preferred aspects of the invention are 
set out in the accompanying independent and dependent 
claims. Features of the dependent claims may be combined 
With features of the independent claims and With features of 
other dependent claims, as appropriate and not merely as 
explicitly set out in the claims. 

[0029] The present invention Will be described With respect 
to particular embodiments andWith reference to certain draW 
ings, but the invention is not limited thereto but only by the 
claims. Any reference signs in the claims shall not be con 
strued as limiting the scope. The draWings described are only 
schematic and are non-limiting. In the draWings, the siZe of 
some of the elements may be exaggerated and not draWn to 
scale for illustrative purposes. Where the term “comprising” 
is used in the present description and claims, it does not 
exclude other elements or steps. Where an inde?nite or de? 

nite article is used When referring to a singular noun eg a 
,, “ or “an , the”, this includes a plural of that noun unless 

something else is speci?cally stated. 
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[0030] Furthermore, the terms ?rst, second, third and the 
like in the description and in the claims, are used for distin 
guishing between similar elements and not necessarily for 
describing a sequential or chronological order. It is to be 
understood that the terms so used are interchangeable under 

appropriate circumstances and that the embodiments of the 
invention described herein are capable of operation in other 
sequences than described or illustrated herein. 

[003 1] 
like in the description and the claims are used for descriptive 

Moreover, the terms top, bottom, over, under and the 

purposes and not necessarily for describing relative positions. 
It is to be understood that the terms so used are interchange 

able under appropriate circumstances and that the embodi 
ments of the invention described herein are capable of opera 
tion in other orientations than described or illustrated herein. 

[0032] 
interior region including lung, bladder, abdominal cavity, 

In the context of the invention, target can be any 

knee joint and the like. The examining physician can examine 
the interior region and upon noticing a suspicious region ie 
a lesion, he can vieW in situ the single cells of the lesion. 
Target can also be any surface to be inspected for its defects. 
In the same context, macroscopic vieWing refers to vieWing a 
larger area of the target and microscopic vieWing refers to 
vieWing the target on a cellular level With high sensitivity. In 
the context of the invention, ?rst lens group refers to lens 
elements betWeen a target and an intermediate image and 
second lens group refers to lens elements betWeen the inter 
mediate image and an image sensor. 

[0033] A lens system of an optical biopsy device 1 as shoWn 
in FIG. 1a consists of a ?rst lens group 10 and a second lens 

group 20 having an optical axis 60. The lens system, at a ?rst 
magni?cation, transforms a beam 40, 50 emerging from a 
target (not shoWn) into a beam 41, 51 and forms an interme 
diate image at plane 70. The beam 41, 51 is further trans 
formed into a beam 42, 52 by the second lens group 20. The 
intermediate image is further imaged onto an image sensor 30 
by the second lens group 20. At the second magni?cation, as 
shoWn in FIG. 1b, the lens system 100 images a target from 
close proximity, Without forming any intermediate image 
betWeen the ?rst lens group 10 and the second lens group 20. 
The second lens group 20 images the beam onto the image 
sensor 30. 

[0034] The second lens group 20 consists of a sWitchable 
lens system con?gured for sWitching vieWing betWeen the 
?rst magni?cation and the second magni?cation of the optical 
biopsy device 1, as shoWn in FIGS. 2a and 2b. The second 
lens group 20 includes tWo lenses 21 and 22 in such a Way that 
they form a cavity 23 betWeen them. The image is formed on 
an image sensor 30. A protective glass plate 15 is placed 
before the lens 16 and they together form the ?rst lens group 
10. 

[0035] The optical biopsy device 1 as shoWn in FIGS. 3a 
and 3b includes the ?rst lens group 10 and the second lens 
group 20. The ?rst lens group consists of a glass plate 15 and 
a lens 17 Whereas the second lens group 20 includes a ?rst 
lens 26 and a second sWitchable lens 27. The sWitchable lens 
27 is a ?uid focus lens. 
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[0036] FIGS. 4a and 4b shoW an optical biopsy device 1 
including a ?rst lens group 10 and a second lens group 20. The 

image sensor 30 is replaced by a ?ber bundler 80. In FIG. 4a, 
the ?rst lens group 10 transforms a beam 40, 50 emerging 
from a target (not shoWn) into a beam 41, 51 and forms an 
intermediate image at plane 70 in betWeen the ?rst lens group 
10 and the second lens group 20. The beam from the inter 
mediate image 70 is further transformed into a beam 42, 52 
and forms an image onto one end of the ?ber bundler 80. The 
image is relayed to the other end of the ?ber bundler 80 and is 
probed by the beam 220 from a console 210 of the image 
sensor 30. In FIG. 4b, the beam 40, 50 emerging from the 
target is transformed into a beam 41, 51 and 42, 52 and forms 
an image onto one end of the ?ber bundler 80. The image is 
relayed to the other end of the ?ber bundler 80 and is probed 
by the beam 220 from a console 210 of the image sensor 30. 

[0037] FIG. 5 shoWs a confocal scanning system as 
described in J. Vasc. Res. 2004; 41 :400-411 by E. Laemmel et 
al., Which is an example ofa console system 210 of FIG. 4. 
The insert 11 shoWs an extended vieW of the image bundler 2. 
2 is an image bundler. 3 is a lens. 4 is a tilting mirror. 5 is a 
dichroic ?lter. 6 is a laser source. 7 is a photo detector. Details 

of the system are described in the above reference and are 
included by reference. 

[0038] FIGS. 6a and 6b shoW an optical biopsy device 1 
including a ?rst lens group 10 and a second lens group 20. In 
this case, the image sensor is replaced by a scanning ?ber 300 
that reads out the images. This ?ber 300 is connected to a 

console (not shoWn). In FIG. 6a, the ?rst lens group 10 trans 
forms a beam 40, 50 emerging from a target (not shoWn) into 
a beam 41, 51 and forms an intermediate image 70 before the 
second lens group 20. The beam from the intermediate image 
70 is further transformed into a beam 42, 52 and forms an 
image that is scanned by scanning the ?ber end 310. The 
image formed can be read out and transferred to the console. 
In FIG. 6b, the beam 40, 50 emerging from the target is 
transformed into a beam 41, 51 and 42, 52 and forms an image 
onto one end of the ?ber bundler 80. The image is scanned by 
scanning the ?ber end 310. The image formed can be read out 
and transferred to the console. 

[0039] At the ?rst magni?cation, the ?rst lens group 10 
With the optical axis 60, images the target from far aWay, ?rst 
onto an intermediate image 70. This intermediate image is 
then imaged by the second lens group 20 containing a sWit 
chable optical element, in the ?rst sWitching state, onto the 
image sensor 30. At this magni?cation, the ?rst lens group 10 
acts as a camera and images large tissue areas (macroscopic 

vieW). At the second magni?cation, the ?rst lens group 10 
images the target from close proximity, forming no interme 
diate image betWeen the ?rst lens group 10 and the second 
lens group 20 containing a sWitchable optical element. The 
sWitchable optical element at the second magni?cation 
images the beam onto the image sensor 30. The image sensor 
30 can be a spectral detector. The sWitchable optical system 
20 can be a mechanical actuation-based optical system or can 

be an electro-Wetting principle-based optical system. 
[0040] As shoWn in FIGS. 2a and 2b, a sWitchable lens 
system based on an electro-Wetting principle consists of a 
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cavity enclosed by tWo lenses 21 and 22. The cavity 23 
between the two lenses 21 and 22 is occupied by a conducting 
liquid and a non-conducting liquid. Both liquids do not mix. 
Switching betWeen the tWo liquids is achieved by making use 
of the electro-Wetting effect as described in EP-A1-1543370. 
Filling the cavity 23 With tWo different ?uids gives rise to tWo 
different focal lengths of the second lens group 20. In the case 
of macroscopic vieWing, the intermediate image 70 produced 
is imaged by the second lens group 20 onto the image sensor 
30. The second lens group 20 acts as a relay lens. In this case, 
the cavity 23 of the sWitchable lens system 20 is ?lled With 
salted Water (conducting liquid). For the microscopic vieW no 
intermediate image is formed and the second lens group 20 is 
used to image the target in focus on the image sensor 30. In 
this Way tWo functionalities can be combined in one optical 
biopsy device. In this design, the microscope function has a 
magni?cation of 12.8. The macroscopic vieW has a ?eld of 
vieW of 30 degrees and a magni?cation of 0.033. The change 
in magni?cation betWeen the macroscopic and the micro 
scopic vieW is thus a factor of 389. 
[0041] The general formula describing a “sag” or Z-coor 
dinate of a surface as a function of the radial coordinate r is 

given by 

r2 (1) 
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[0042] Where R denotes the radius of each lens surface, r 
denotes the distance from the optical axis 60 and Z the posi 
tion of the sag of the surface in the Z-direction along the 
optical axis 60. The coef?cients A2 to Al6 are the aspherical 
coef?cients of the surface. If the lens surfaces are numbered 
from left to right in FIGS. 2a and 2b starting With the object 
plane as surface no. 0, the image plane at the image sensor Will 
be surface no. 10. The stop of the lens system, determining the 
numerical aperture of the lens system, is positioned at the lens 
surface of lens 16 facing the lens group 2 (surface no. 5). Table 
1 and Table 2 shoW the numerical values of the parameters for 
the lens surfaces in macroscopic and microscopic vieWing. 
[0043] For the macroscopic vieWing, the stop diameter is 
0.35 mm and the magni?cation is 0.0329. For the microscopic 
vieWing, the stop diameter is 0.8 mm and the magni?cation is 
—12.838. All examples are designs at a Wavelength of650 nm. 

[0044] The focal length P1 of the ?rst lens group is 0.545 
mm and the distance D 1 2 betWeen the ?rst lens group and the 
second lens group is 2 mm. The lens system complies With 
F l<Dl 2. Furthermore, the focal length P2 of the second group 
is 2.01 mm in the macroscopic vieW and F2 is 3.07 mm in the 
microscopic vieW. Hence |F2/Fl| is greater than 1 in both 
vieWs. 

[0045] In Tables 1 to 4, “No” denotes the surface number, 
“R” the radius of the lens surface [mm], “d” denotes the lens 
thickness or the lens interval [mm], “n” denotes the refractive 
index of the lens. The coe?icients A2 to Al6 denote the 
aspherical coef?cients: A2 in [mm'l], A4 in [mm'3], A6 in 
[mm_5],A8in[mm_7],AlOin [mm_9],Al2in[mm*11],A14in 
[mm-l3], A16 in [mm-15]. In the last column, denoted as 
“remark”, the object, the stop and the image surface are 
indicated. 

TABLE 1 

No R D A2 A4 A6 A8 

0 50.0 0 0 0 0 

1 In?nity 0.1 1.5864 0 0 0 0 

2 In?nity 0.308 1.4893 0 0 0 0 

3 —0.505 0.05 0 2.2781106 395.78477 —22863.226 

4 In?nity 0.5 1.4893 0 0 0 0 

5 In?nity 2.0 —1.4126962 3.4642668 —199.81128 4177.5756 

6 —1.839 1.0 1.6000 0 0 0 0 

7 In?nity 0.3 1.3313 —0.59217799 —0.22344204 —0.046872184 0.31412181 

8 In?nity 1 1.6000 0.68799559 —0.14118644 0.48306084 —0.35036155 

9 In?nity 8 0 —0.013601463 0.19970431 —0.081464652 

10 In?nity 0 0 0 0 

No A10 A12 A14 A16 Remark 

0 0 0 0 0 Object 

1 0 0 0 0 

2 0 0 0 0 

3 878251.69 —18220793.0 1.95633 108 —8.60217 108 

4 0 0 0 0 

5 —49341.888 323794.08 —1110030.3 15348039 Stop 

6 0 0 0 0 

7 —0.5939669 0 

8 0.14318611 0 0 0 

9 0 0 0 0 

l0 0 0 0 0 Image 
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TABLE 2 

No R d N A2 A4 A6 A8 

0 0.075 0 0 0 0 
1 In?nity 0.1 1.5864 0 0 0 0 
2 In?nity 0.308 1.4893 0 0 0 0 
3 -0.505 0.05 0 2.2781106 395.78477 -22863.226 
4 In?nity 0.5 1.4893 0 0 0 0 
5 In?nity 2.0 -1.4126962 3.4642668 -199.81128 4177.5756 
6 -1.839 1.0 1.6000 0 0 0 0 
7 In?nity 0.3 1.6000 -0.59217799 -0.22344204 -0.046872184 0.31412181 
8 In?nity 1 1.6000 0.68799559 -0.14118644 0.48306084 -0.35036155 
9 In?nity 8 0 -0.013601463 0.19970431 -0.081464652 
10 In?nity 0 0 0 0 

No A10 A12 A14 A16 Remark 

0 0 0 0 0 Object 
1 0 0 0 0 
2 0 0 0 0 
3 878251.69 -18220793.0 1.95633 108 -8.60217 108 
4 0 0 0 0 
5 -49341.888 323794.08 -1110030.3 1534803.9 Stop 
6 0 0 0 0 
7 -0.5939669 0 0 0 
8 0.14318611 0 0 0 
9 0 0 0 0 

10 0 0 0 0 Image 

[0046] Switching between the macroscopic and the micro- has an absolute value of the magni?cation of 9.4. The mac 
scopic viewing is possible by using the second lens group as 
shown in FIGS. 3a and 3b. The ?rst lens of the second lens 
group 26 is a ?xed lens, while the second lens 27 is a ?uid 
focus lens as described in US-B2-7126903. The ?uid focus 
lens 27 consists of water and oil. In the case of the macro 
scopic viewing, an intermediate image 70 is formed in 
between the ?rst lens group 10 and the second lens group 20, 
which intermediate image is further imaged by the second 
lens group 20 onto the image sensor 30. The second lens 
group 20, with the lens 27 in the ?rst switching state, acts as 
a relay lens. For the microscopic viewing, with the ?uid focus 
lens 27 in the second switching state, no intermediate image 
is formed in between the ?rst lens group and the second lens 
group. In this way two functionalities can be combined in one 
optical biopsy device. In this design the microscope function 

roscopic view has a ?eld of view of 30 degrees, with the 
absolute value of the magni?cation equal to 0.036. The 
change in magni?cation between the macroscopic and the 
microscopic view is thus a factor of 262. 
[0047] Table 3 and Table 4 show the numerical values of the 
parameters for this design in macroscopic and microscopic 
viewing, respectively. For macroscopic viewing, the stop 
diameter is 0.26 mm. For microscopic viewing, the stop diam 
eter is 0.8 mm. All examples are designs at a wavelength of 
650 nm. 

[0048] The focal length P1 of the ?rst lens group is 0.545 
mm and the distance D 1 2 between the ?rst lens group and the 
second lens group is 1.5 mm. Furthermore, the focal length P2 
of the second lens group is 1.54 mm in the macroscopic view 
and is 3.27 mm in the microscopic view. Hence lF2/Fll is 
always greater than 1. 

TABLE 3 

No R d 11 A2 A4 A6 A8 

0 52.0 0 0 0 0 
1 In?nity 0.308 1.4893 0 0 0 0 
2 -0.505 0.05 0 2.2781062 395.78578 -22863.304 
3 In?nity 0.5 1.4893 0 0 0 0 
4 In?nity 1.5 -1.4126962 3.4642668 -199.81128 4177.5756 
5 -16.123 1.0 1.5803 0 0.10876535 -0.066019473 0.19278492 
6 -1.203 0.2 0 0.083373851 0.037893098 0.11166808 
7 In?nity 0.1 1.5145 0 0 0 0 
8 In?nity 0.167 1.3313 0 0 0 0 
9 -1.0 0.816 1.6000 0 0 0 0 

10 In?nity 0.1 1.5145 0 0 0 0 
11 In?nity 5.8 0 0 0 0 
12 In?nity 0 0 0 0 

No A10 A12 A14 A16 Remark 

0 0 0 0 0 Object 
1 0 0 0 0 
2 878255.44 -18220886 1.95633 108 -8.60223 108 
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TABLE 3-continued 

3 0 0 0 0 Stop 
4 -49341.888 323794.08 -1110030.3 15348039 
5 0 0 0 0 
6 0 0 0 0 
7 0 0 0 0 
8 0 0 0 0 
9 0 0 0 0 

10 0 0 0 0 
11 0 0 0 0 
12 0 0 0 0 Image 

TABLE 4 

No R d n A2 A4 A6 A8 

0 0.0 0 0 0 0 
1 In?nity 0.308 1.4893 0 0 0 0 
2 -0.505 0.05 0 2.2781062 395.78578 -22863.304 
3 In?nity 0.5 1.4893 0 0 0 0 
4 In?nity 1.5 -1.4126962 3.4642668 -199.81128 4177.5756 
5 -16.123 1.0 1.5803 0 0.10876535 -0.066019473 0.19278492 
6 -1.203 0.2 0 0.083373851 0.037893098 0.11166808 
7 In?nity 0.1 1.5145 0 0 0 0 
8 In?nity 0.983 1.3313 0 0 0 0 
9 -1.0 0.167 1.6000 0 0 0 0 

10 In?nity 0.1 1.5145 0 0 0 0 
11 In?nity 5.8 0 0 0 0 
12 In?nity 0 0 0 0 

No A10 A12 A14 A16 Remark 

0 0 0 0 0 Object 
1 0 0 0 0 
2 878255.44 -18220886 1.95633 108 -8.60223 108 
3 0 0 0 0 Stop 
4 -49341.888 323794.08 -1110030.3 15348039 
5 0 0 0 0 
6 0 0 0 0 
7 0 0 0 0 
8 0 0 0 0 
9 0 0 0 0 

10 0 0 0 0 
11 0 0 0 0 
12 0 0 0 0 Image 

[0049] In all the above mentioned embodiments, the image [0051] It is to be understood that although preferred 
is formed on the image sensor 30. To make the design of the 
optical device simpler, relaying the image using a ?ber bundle 
technique as described for instance in J. Vasc. Res. 2004; 
41 :400-411 by E. Laemmel et a1. is preferably employed. 
Instead of being imaged onto an image sensor 30, the image 
is noW imaged on one end of a ?ber bundler 80 as shoWn in 
FIGS. 4a and 4b. This ?ber bundler 80 consists of many tiny 
?bers. The image is then relayed by this ?ber bundler to the 
other end of the ?ber bundler 80. The other end of the ?ber can 
noW be probed by the beam 220 of the console 210. An 
example of such a console 210 is for instance a confocal 
scanning system as shoWn in FIG. 5 and as described in J. 
Vasc. Res. 2004; 41:400-411 by E. Laemmel et al. This ref 
erence shoWs an example of the scanning system 210 and 220 
of FIGS. 4a and 4b to read out the relayed image by means of 
the ?ber bundler 80. 
[0050] In a further embodiment, as shoWn in FIGS. 6a and 
6b, a single scanning ?ber 300 is used for relaying the image 
formed. This ?ber 300 is connected to a console (not shoWn). 
By scanning the ?ber end 310, the image formed by the 
optical probe can be read out and transferred to the console as 
described in US-A1-20050052753. 

embodiments, speci?c constructions and con?gurations, as 
Well as materials, have been discussed herein for devices 
according to the present invention, various changes or modi 
?cations in form and detail may be made Without departing 
from the scope and spirit of this invention. In particular the 
sWitchable lens may be of any type, such as a displaceable 
lens being moved by a mechanical motor or a sWitchable lens 
based on liquid crystal principles. 

1. A lens system comprising a ?rst lens group and a second 
lens group con?gured to form an image at a ?rst magni?ca 
tion and at a second magni?cation, Wherein the lens system 
has a common optical axis in both magni?cations, and 
Wherein the lens system is further con?gured to form an 
intermediate image between the ?rst lens group and the sec 
ond lens group at the ?rst magni?cation. 

2. A lens system for an optical biopsy device comprising a 
?rst lens group and a second lens group con?gured to form an 
image at a ?rst magni?cation and at a second magni?cation, 
Wherein the lens system has a common optical axis in both 
magni?cations, and Wherein the lens system is further con 
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?gured to form an intermediate image between the ?rst lens 
group and the second lens group at the ?rst magni?cation. 

3. The lens system of claims 1 and 2 claim 1, Wherein the 
?rst magni?cation is associated With a macroscopic vieW and 
the second magni?cation is associated With a microscopic 
vieW. 

4. The lens system of claim 3, Wherein the absolute value of 
the ?rst magni?cation is at least 100 times smaller than the 
absolute value of the second magni?cation. 

5. The lens system of claim 1, Wherein the ?rst lens group 
has a focal length F1 and the second lens group has a focal 
length F2 and the ?rst lens group and the second lens group are 
at a distance of D l 2, and Wherein the focal length F l of the ?rst 
lens group is smaller than the distance D12. 

6. The lens system of claim 5, Wherein the focal length P1 
of the ?rst lens group and the focal length P2 of the second 
lens group comply With |F2/F1|>l. 

7. An optical biopsy device comprising: 
an inserting tube to be inserted into a body; and 

a lens system secured in a tip end of the inserting tube 
having a ?rst lens group and a second lens group con 
?gured to form an image at a ?rst magni?cation and at a 
second magni?cation, Wherein the lens system has a 
common optical axis in both magni?cations, and 
Wherein the lens system is further con?gured to form an 
intermediate image betWeen the ?rst lens group and the 
second lens group only at the ?rst magni?cation. 
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8. The optical biopsy device of claim 7, further comprising 
a sWitchable lens system con?gured for sWitching betWeen 
the ?rst magni?cation and the second magni?cation. 

9. The optical biopsy device of claim 8, Wherein the sWit 
chable lens system is con?gured to Work according to an 
electro-Wetting principle. 

10. The optical biopsy device of claim 8, Wherein the 
sWitchable lens system is con?gured to Work by displacing a 
lens. 

11. The optical biopsy device of claim 7, Wherein the 
second lens group consists of at least one ?xed lens and one 
sWitchable lens. 

12. The optical biopsy device of claim 7, further compris 
ing an image sensor, Wherein the image formed by the lens 
system is imaged on to the image sensor. 

13. The optical biopsy device of claim 7, further compris 
ing: 

a ?ber bundler con?gured for relaying the image formed by 
the lens system; and 

a console optically coupled to the ?ber bundler and con 
?gured for reading out the image formed. 

14. The optical biopsy device of claim 7, further compris 
ing: 

a single scanning ?ber con?gured for reading out the image 
formed by the lens system; and 

a console optically coupled to the single scanning ?ber and 
con?gured for reconstructing the image formed. 

* * * * * 


