6/038876 A1 |0V 200 OO0 O

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
13 April 2006 (13.04.2006)

(10) International Publication Number

WO 2006/038876 Al

(51) International Patent Classification : GO01B 9/02,
GOIN 21/41, A61B 8/14
(21) International Application Number:
PCT/SE2005/001478

(22) International Filing Date: 6 October 2005 (06.10.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
0402435-2 8 October 2004 (08.10.2004) SE

(71) Applicant and

(72) Inventor: BADJU, Trajan [SE/SE]; Ormbunkegatan 1,

S-422 43 Hisings Backa (SE).

(74) Agent: SANDSTROM, Sven; Sandstrom IPR Consul-
tants AB, Birger Jarlsgatan 119, S-113 56 Stockholm (SE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: A METHOD AND A SYSTEM FOR GENERATING THREE- OR TWO-DIMENSIONAL IMAGES

r/’\\_\ 3-Dimension object (105)

\

e // e
\/// ~

Scanner (106)

Detector (109)

Measurement path (B)

Mirror (107)

|

Light splitter (103)

]

Reference path (A) D

Light source (101)

(57) Abstract: In a method and a system for generating images a laser being tuneable at a rapid frequency and a corresponding
@ synchronized detector are provided. In a preferred embodiment the tuneable laser and the detector are synchronized in time so that
& the wavelength from the tuneable laser is known when the detector is given its detected signal value. In accordance with another
O preferred embodiment the tuneable laser is a monolithic laser, and in yet another preferred embodiment the laser and the detector are
O located on a common chip module. The system can be used to generate OCT images.



WO 2006/038876 PCT/SE2005/001478

A METHOD AND A SYSTEM FOR GENERATING THREE- OR TWO-DIMENSIONAL IMAGES.

TECHNICAL FIELD

The present invention relates to a method and system for
generating two- and three-dimensional images, ’ and in
particular to a system using Optical Coherence Tomography

(OCT) technology.

BACKGRCOUND OF THE INVENTION

In many applications there is a need and desire to generate
and display three-dimensional images. One area of particular
interest 1is as an aiding tool in surgery and similar

applications such as in-vivo diagnosis.

For many years the predominant tools for generating two- and
three-dimensional images have been the microscope or/and an
ultra-sound instrument. However, the drawback with a
microscope is that tissue has to be brought to the microscope
thereby making it impossible to perform in-vivo examination.
For ultra-sound techniques the drawback is the coarse

resolution.

Further, many diseases such as cancer in various forms are
best examined at very high resolution. For many years a need

existed to provide images with high resolution from within the
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body. This problem was partially solved by the development of
Optical Coherence Tomography (OCT) technology.

US patents Nos. 5,956,355 and 6,160,826 are examples of

systems relying on OCT technology for generating images.

However, there are numerous problems and drawbacks with
existing OCT based image-generating systems. In particular the
existing systems are unable to generate fast and high accuracy
two dimensional scans or three-dimensional images in real
time. Thus, whereas it is entirely possible to overlay a
number of two-dimensional (2-D) images and thereby form a
three-dimensional (3-D) image, such an approach will not

generate 3-D images in real time.

Real time 3-D images would be very useful and a powerful tool,
for example for assisting in surgery. A number of other
application areas exist, such as retina examinations, cancer

diagnosis, diagnosis of industrial processes, etc.

Another problem encountered in prior systems is their
relatively large size. For example, it is common for a system
relying on opto-mechanical components to have a size of more
than 10 dm’.

SUMMARY

The object of the present invention is to overcome the
problems as outlined above and to provide a method and a
system, which enables generation of 3-D images in real time in
an OCT-based, or similar interferometer-based image generation

system.

It is a further object of the present invention to provide a

scanning device, that scans the surface of the intended
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volume/body to be examined that is small and compact and which

can even be entered into a human body.

These objects are obtained by a method and a system comprising
a laser being tuneable at a rapid frequency and a fast broad

band detector.

In a preferred embodiment the tuneable laser and the fast
broad band detector are synchronized using a synchronizing
_controlling unit correlating the laser with the detector at

each wavelength sample.

In accordance with another preferred embodiment the tuneable
laser is a monolithic laser, and in yet another preferred
embodiment the laser and the detector are located on a common
chip module which also can include the synchronizing

controlling unit.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described in more detail by
way of non-limiting examples and with reference to the

accompanying drawings, in which:

- Fig. 1 is a general view of an exemplary 3-D image
generation system, and

- Fig. 2 is a flowchart illustrating different steps carried
out in the system depicted in Fig.l when generating images.

- Fig. 3 illustrates different sweep patterns

DESCRIPTION OF PREFERRED EMBODIMENTS

In Fig. 1, a general view illustrating an exemplary set up of
an 1image generation system in accordance with the present
invention is depicted. The system comprises a light-emitting

source 101. It is preferred to use a rapidly tuneable laser as
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the light-emitting source 101. In particular it is preferred
to use a monolithic laser. An example of a suitable rapidly

tuneable monolithic laser is the Syntune laser, S 1000.

The exemplary laser depicted in Fig. 1 is able to change
wavelength at a high rate e.g. 20 kHz. Higher rates are
possible to achieve if the application is such that a higher
rate would be advantageous. Today rates in the MHz range are
ehtirely possible. The tunéable 1light source can also be
connected and synchronized with the tuneable filter in order

to reduce the optical noise, SSE (Stimulated Source Emission).

For example the laser 101 can be set to continuously generate
light in for example the range 1250 nm to 1350 nm, a range
suited for medical applications relating to skin tissues.
Other wavelength ranges can be wused depending on the
application and the material to be investigated. Another
suitable range 1is around 1550nm. The laser 1is set to sweep
between these wavelengths at a rate that generates each
wavelength in the range 1250 nm to 1350 nm two times per time

period. The time period T being 1/20Khz = 0.05 ms.

The sweeps can be generated in any suitable fashion. Depending
on the application a suitable sweep pattern is selected. This
can be accomplished using an electronically controlled laser.
In currently preferred embodiments the sweeps are generated
either as repeated mono-directional sweeps starting at a first
frequency, 1linearly sweeping to a second frequency and then
restart at the first frequency or bi-directional starting at a
first frequency linearly sweeping to a second frequency and
the linerarly sweeping back to the first frequency and then
restart, see Fig 3. The power from the laser can be constant,
be varied in accordance with a gaussian pattern, see Fig. 4 or'

any other suitable pattern.
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The light emitted from the laser 101 1is split into two
separate paths, for example using a light splitter 103. The
two paths exiting the light splitter 103 are led into separate
light paths A and B, respectively. The paths A and B can be
formed by optical fibres, waveguides, free space in air or
gases and/or glass or a suitable combination thereof. The
light directed through path A is used as reference as will be
described below and the light directed through the path B is
directed at an object 105 for which a 3-D image is to be
generated of. At the end of the optical path B a Scanner 106

is located.

The object 105 is a three-dimensional object to be measured.
Light reflected by the object is returned through the optical
path B and directed to a detector 109. The detector can
advantageously be the detector described in the co-pending
Swedish patent application No. 0302577-2 entitled
"Photodetector”. In a similar manner light reflected by a
mirror 105 at the end of the optical path A is also directed
to the detector 1009.

Finally, there is a control/data sampling unit 111 provided
for synchronizing the laser 101 and the detector 109 and for

collecting data for output as an image of the object 107.

In fig. 2 a flow chart illustrating the different steps
performed in the system depicted in Fig. 1 when generating a
three-dimensional image is shown. In the example used it is
assumed the an object to be measured over a volume V(X,y,2z)
where %,y denotes the area seen by a two-dimensional scanner
and z is the depth perpendicularly into that area. It is
further assumed that the Volume V is measured using for

example 500x500x500 pixels, the number of sample points 1is
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depending on the Dbody to be examined and the wanted

resolution.

First in a step 201 the scanner 106 1s set to scan an area
comprising e.g. 500x500 pixels. For each pixel the depth z of
the object 107 is measured using a wavelength sweep of the

laser 101, step.

Thus, during a time period T light reflected from the object
107 is returned to the detector 109. (Note that the laser 101
being a monolithic laser ca be tuning up and down in
wavelength at a constant speed V=2*lambda pana/T, but it can
also be set to tune the wavelength in one direction, from
short to long, and then start at the shortest wavelength again

or vice versa.), step 202 b

At the same time light reflected from the mirror 105 is also
returned to the detector in a step 203. Data values are
collected from the detector 109 at certain pre-determined
times at which the current wavelength of the laser is known,
step 205. For example, if as in this example 500 data values
evenly distributed over z are to be collected, 500 data wvalues
have to be collected during one half of a time period T. 1In
this example where the laser is set to sweep with a frequency

of 20 kHz a new data sample needs to be collected each 50 ns.

Spectrum analysis, for example a FFT of the collected data
then gives complete z-line tomography for each point x,y in

the area A, step 205b and 206.

After one half of a time period T, 25 us, the next pixel of the
2-dimensional scanner 106 can have its z-line measured. Thus
in 500X500X25 ps = 6,25 s. This time can easily be reduced by

letting the laser sweep at a higher rate.
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Finally in a step 207 the three-dimensional image of the
object 107 is output. In a preferred embodiment the image is
then continuously updated, step 209, thereby creating a 3-D

video sequence of the object in real time.

When generating the 3-D image it is dimportant that the
detector and laser are synchronized so that the correct data
value is collected at the correct time. It is preferred to use
a monolithic laser as the laser 101 because it is then
possible to obtain direct electronic control of the wavelength
thereby making the synchronization between the laser and the
detector easy and fast. Other types of lasers e.g. ECLs can be
used but are currently less preferred because the wavelength
then has to be defined indirectly. Also, as noted below a
monolithic laser can be integrated on an integrated circuit

thereby making the implementation very small indeed.

The generation of the samples in the z-direction relies on the
following. If, at a particular wavelength generated by the
laser one path (A, B) is not equal in‘length to the other the
different received reflected light from the two sources of
reflection, i.e. the object to be measured 107 and the mirror
105 will be out of phase when detected by the detector. Thus,
the amplitude will vary at the detector will vary as a
function of the difference in length of the two paths in a

pattern typical to an interferometer.

Thus, the amplitude will vary as a sinus function with a
maximum when the paths have the exact same length and when the
difference is equal to a multiple of the current wavelength
emitted by the laser. Hence, the period for the varying
amplitude in the combine optical signal returned f£from the

mirror 105 and the object 107 will depend on the current
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wavelength emitted by the laser. It should be noted that the
light returned from the two paths will at all time have the
same wavelength. For this reason the signal generated by the
detector will be a DC-signal when the light generated by the

laser is constant in wavelength.

If, on the other hand the wavelength of the light emitted by

the laser is varying in frequency so the emitted wavelength is

a function of time A(t) = f(t) the following will occur.

If the paths are of equal length, there will be no difference. .’

in the phase of the two reflected light signals. Thus, the
combined signal will be both a maxima and also be a DC-signal

(as for the case described above with a fixed wavelength)

Tf there is a small difference in length between the paths,
the light reflected from the different sources (object 107 and
mirror 105) will arrive at the detector slightly out of phase
thereby resulting in somewhat smaller amplitude, but also they
will differ in wavelength due to the variation in emitted

wavelength from the laser.

Since the emitted wavelength is constantly varying, i.e. the
laser sweeps at a constant rate between two wavelengths, the
light received at the detector from the longer of the two

paths (if there is a difference) will at the time tl vary as:

Mongpatn(t1) = A(ti-Al/c)

As a result the signal detected by the detector 109 will have
a frequency equal to the difference in frequency between the
two signals received via path A and B, respectively. Assuming
that the sampling freguency is higher than the shift in
wavelength for the laser 101, the detector will detect this

signal. That is a signal out of phase and having a frequency
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equal to the difference in frequency between the two signals.
Provided that a constant sweep rate is used for the laser 101
and that the samples are sampled at constant time intervals,
the phase difference will wvary, but the difference in
frequency between the two received signals will remain the

same.

The resulting signal, sometimes termed the beat signal,
detected at the detector 109 will hence be a sinus signal
sampled at a very high rate, varying with a frequency that
depends on the difference in path length between the two paths
A and B, the wavelength emitted by the laser 101 and the sweep
frequency of the laser 101.

Further, assume that the object 107 is replaced by a number n
of mirrors each reflecting the light back to the detector. The
detector will then receive n+l optical signals. The light
received by the detector will then have different wavelengths,
one wavelength corresponding to each mirror. For example if
the object 107 is replaced by three mirrors there will be
three reflected optical signals from those and one signal from
the reference mirror associated with path A. The three
reflected signals will ©result in three different beat
frequencies (the beat frequency between the three from path b
and the one from path a) for each sample. Using Fourier
transformation of the sampled signal during one half time
period T, it is then possible to obtain a position for all
three mirrors. This 1is possible because there will be
particular beat frequency component s corresponding to each
mirror and its corresponding position as mentioned above.
Moreover the amplitude for each frequency will correspond to
the amount of light reflected by each mirror, the more light
reflected by a particular mirror the higher the amplitude

detected by the detector.



WO 2006/038876 10 PCT/SE2005/001478

In case the mirrors are instead tissue, more dense tissue will
reflect more light and hence create higher amplitude at the
detector. Scanning over an area will provide a full 3D image

of the volume under examine.

When using the system as described herein it is advantageous
and preferred that the light emitting source can generate high
frequency sweeps in a repeatable manner at a constant power or
variable power as described above during the entire sweep.
Further, the detector should preferably have good high
bandwidth thereby be able to detect optical signals at a high
rate (many samples per second) and also have a broad
wavelength sensitivity that corresponds to the wavelength
generated by the 1light emitting source. The system as
described herein can genérate output signals at a rate of MHz
or more. It is also preferred to use a large range for the
wavelength sweep since this will provide a better resolution
in the z-direction (depth) because the greater the difference
in frequency between different depths, the easier they will be

to separate in the resulting spectrogram.

Also as noted above, in order to provide useful results it is
preferred that the time sampling is made at constant intervals
and that the laser used has a line width being smaller than

the difference in light frequency between two time samples.

The size of the apparatus can be minimized to a size that
makes it possible to be easily moved from one location to an
other and even be used outside in a harsh environment. The
scanning device 106 can also be made small and compact by
using a Micro-Electro-Optical-Mechanical-System (MOEMS) so it

is possible to insert the scanning device into the human body

\
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or other bodies and devices that need to be examined from the

inside.

Furthermore, the system as described herein can be implemented
using two or more light sources, two or more detectors, and
two and more optical filters. Each 1light source having its
specific wavelength or wavelength range and each detector will
only detect one wavelength or wavelength band by using the
appropriate optical filter. In particular if three tuneable
lasers and three detectors are employed colour images can be
obtained. For example, each tuneable laser is set to its own
wavelength band, and each detector signal is encoded as colour
signal, like the Red, Green and Blue (RGB) encoded system for

generating a true coloured 2-D or 3-D image.

Further using the approach with several lasers operating in
different wavelength bands it is possible to apply one colour
for cancer tissue one for fluids and yet another for fat
tissue, etc. This Dbecause different tissue will reflect

different wavelengths differently.

In yet another embodiment a multiple frequency system is
provided by transmitting at least two different laser
frequencies in a time division pulse train. So that a first
fregquency is transmitted during a first time interval and a

second frequency during a second time interval, etc.

When detecting the response of laser pulses generated in this
manner, each laser pulse 1s detected seperately by a detector
that is synchronized with the transmitted laser pulse train.
In the alternative a multitude of detectors one for each

frequency or a combination thereof can be used.
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Tn the event synchronization of a detector is required, this

can advantageously be provided by the control system.

Using the method and system as described herein will provide
excellent three-dimensional images of a vide range of
different objects including tissues of various kinds on and
inside the human body as well as other living animals and
plants. The system will be a great help in different diagnosis |
systems including skin cancer, heart, Dbrain and lung
condidtions to name a few. Other possibilities to wuse the
described system herein, both using 2-D and 3-D scans, are;
process industry like plastic, glass, pulp, steel and other
materials that need to be inspected for cracks, uniformities,

and contamination.
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CLAIMS

1. A system, for generating images, the system comprising:

a monolithic laser

a first light path connected to the laser, the light path
being associated with a mirror

a second light path alsc connected to the laser

a detector located to receive light from to the first and
second light paths, and

an output unit for generating a 3-D or 2-D image in response
to signals received from the first and second path,

respectively.

The system in any of claims 1 or 2, wherein the laser and

detector are integrated on a common chip.

The system of any of clais 1 or 2, wherein the system is an

OCT system.

. A system for generating a three-dimensional (3-D) image,

the system comprising:

a tuneable laser

a first light path connected to the laser, the light path
being associated with a mirror

a second light path also connected to the laser

a detector connected to the first and second light paths

an output unit for generating a 3-D image in response to the

detected frequency and the frequency of the tuneable laser.

5. The system of claim 4, wherein the laser is a monolithic

laser.
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6. The system of any of claims 3 - 5 wherein the laser and

detector are integrated on a common chip.
7. The system of any of claims 3 - 6, further comprising a

scanner device.

8. The system of any of claims 1 - 7, further comprising a
control unit for controlling and synchronized  the
wavelength and/or activating of the laser and/or the

detector.

9. The system of any claims 1-8, further comprising a tuneable

optical filter.

10.The system of any claims 1-9 wherein the system comprises
two or more light sources, two or more detectors, and two
and more optical filters, and wherein each 1light source
having its specific wavelength or wavelength range and each
detector will only detect one wavelength or wavelength band

by using the appropriate optical filter.

11. The system of claim 10 comprising three tuneable lasers
and three detectors, and wherein each tuneable laser is set to
a separate wavelength band, and wherein each detector signal

is encoded as colour signal

12. The system of any of claims 1 - 9, wherein the system
comprises one or more tuneable lasers being configured to

transmit to transmit pulse trains of different frequencies.
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