woO 2009/0652277 A1 |10 0 OO 0 00 O 0

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

(19) World Intellectual Property Organization | 11”11

52 IO O T 0O

International Bureau

(43) International Publication Date
28 May 2009 (28.05.2009)

(10) International Publication Number

WO 2009/065227 Al

(51) International Patent Classification:

GOIB 11/245 (2006.01) A61C 13/38 (2006.01)
(21) International Application Number:
PCT/CA2008/002064

(22) International Filing Date:
24 November 2008 (24.11.2008)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
60/989,880 23 November 2007 (23.11.2007) US

(71) Applicant (for all designated States except US): NU-
MEQ INC. [CA/CA]; 9710 Trans-Canadienne, Montreal,
Québec H4S 1V9 (CA).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MARCIL, Frangois
[CA/CA]; 9758, avenue St-Charles, Montreal, Québec
H2C 21.1 (CA). MATZ, Christian [CA/CA]; 23, Mc-
Nider, Montreal, Québec H2V 3X4 (CA). GEOFFROY,

(74)

(81)

(34)

Louis [CA/CA]; 28, St-Paul, Otterburn Park, Québec
J3H 118 (CA). ENNAJIMI, Elmekki [CA/CA]; 62, rue
Audubon, Montreal, Québec HI9B 3E9 (CA).

Agent: OGILVY RENAULT LLP; Suite 1600, 1981
McGill College Avenue, Montreal, Québec H3A 2Y3
(CA).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

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, ZM,

[Continued on next page]

(54) Title: THREE-DIMENSIONAL SURFACE MEASURING SCANNER

(57) Abstract: There is described
a scanner having a frame with a
support, two lasers attached to the
frame and two optical sensors attached
to the frame, the lasers and optical
sensors being positioned and oriented
to reduce shadowing effects for the
cameras and for the laser lines while
covering close to 100% of the surface
of an object to be imaged and reducing
the scanning time.



WO 2009/065227 A1 |00 0T R0 10000 000 00

7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Published:

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES,FI, —  with international search report
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT,NL, — before the expiration of the time limit for amending the
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, claims and to be republished in the event of receipt of

CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). amendments



10

15

20

25

WO 2009/065227 PCT/CA2008/002064

THREE-DIMENSIONAL SURFACE MEASURING SCANNER

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority wunder 35 USC
§119(e) of United States Provisional Patent Application No.
60/989,880 filed on November 23, 2007, the contents of which

are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to the field of
three-dimensional surface measuring scanners, such as those
for dental applications, medical applications, automotive
applications, and other areas where a 3D surface is measured

and reproduced virtually.

BACKGROUND OF THE INVENTION

[0003] Multiple scanners, such as those in the dental
industry, are based on laser triangulation. In these systems,
a laser beam is projected on an object to be digitized, such
as a dental casting, for example. By imaging the diffuse
reflectance of the laser beam on the object, the distance to
the object is measured and a three-dimensional (3D) image of

the object can be reconstructed.

[0004] Numerous dental scanners include a single sensor to
take images of a dental casting in order to create the 3D
image. The sensor is displaceable in order to take images of
different views of the dental casting. Then the dental
scanner creates a 3D image of the dental casting from the
different views and using data processing. The sensor is

usually moved by means of a motor and the exact position of

SUBSTITUTE SHEET (RULE 26)
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the sensor must be known when the images of the dental
casting are taken. Because the movements of a motor are not
always perfectly reproducible, an error on the sensor
position can be introduced which affects the quality of the
scan and periodic calibration of thé scanner 1is needed to

reduce the error on the sensor position.

[0005] Therefore, there is a need for an improved scanner.
SUMMARY
[0006] There is described a scanner having a frame with a

support, two lasers attached to the frame and two optical
sensors attached to the frame, the lasers and optical sensors
being positioned and oriented to reduce a shadow effect for
the cameras while covering close to 100% of the surface of an
object té be imaged.‘The present scanner is not to be limited

to dental applications.

[0007] According to a broad aspect, there is provided a
scanner system for scanning an object comprising: a frame
comprising a support for receiving the object, the support
having a rotational axis extending vertically therefrom; a
first laser and a second laser attached to the frame and
emitting a first beam of 1light centered on a first
illumination axis and a second beam of light centered on a
second illumination axis, respectively, the first laser being
positioned and oriented such that the first beam of 1light
illuminates at 1least a first region of the object when
received on the support, the second laser being positioned
and oriented such that the second beam of light illuminates
at least a second region of the object when received on the

support, the first illumination axis and the second

- 2 -
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illumination axis defining an illumination plane and
intersecting the rotational axis at a first intersection
angle and a second intersection angle, respectively, the
first intersection angle being comprised in a first range
from about -15 degrees to about -5 degrees or from about 5
degrees to about 15 degrees, and the second intersection
angle being comprised in a second range from about -65
degrees to about -55 degrees or from about 55 degrees to
about 65 degrees; and a first optical sensor and a second
optical sensor attached to the frame and having a first field
of view centered on a first sensing axis and a second field
of view centered on a second sensing axis, respectively, the
first optical sensor being positioned and oriented on one
side of the illumination plane such that at least the first
region of the object is within the first field of view and
the second optical sensor being positioned and oriented on
another side of the illumination plane such that at least the
second region of the object is within the second field of

view. .

[0008] A field of view of a sensor is defined as the
angular extent of the observable world that can be measured
by the sensor. The field of view is also called the angular

field of the sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Further features and advantages of the present
invention will become apparent from the following detailed
description, taken in combination with the appended drawings,

in which:
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[0010] Fig. 1 1is a perspective view of a scanner

comprising a rectangular frame, in accordance with an
embodiment;
[0011] Fig. 2 illustrates the positioning of lasers with
respect to a rotational axis, in accordance with an
embodiment ;
[0012] Fig. 3 illustrates the positioning of cameras with
respect to an illumination axis, 1in accordance with an
embodiment;
[0013] Fig. 4 1is a perspective view of a scanner
comprising two scanning modules, 1in accordance with an
embodiment ;
[0014] Fig. 5 is a perspective view of a scanning module

comprising a single camera, in accordance with an embodiment;

[0015] Fig. 6 1is a perspective view of a scanning module

comprising two cameras, in accordance with an embodiment; and

[0016] Fig. 7 1s a perspective view of a scanner
comprising a ball joint plate for tilting an object to be

scanned, in accordance with an embodiment.

[0017] It will Dbe noted that throughout the appended
drawings, 1like features are identified by 1like reference

numerals.

DETATILED DESCRIPTION

[0018] Figure 1 illustrates one embodiment of a scanner 10
for digitizing an object in order to obtain a 3D

representation of this object. The scanner 10 comprises a
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frame 12, a first laser 14 emitting a first beam of light, a
second laser 16 emitting a second beam of 1light, a first
camera 18 having a first field of view, and a second camera
20 having a second field of view. The frame 12 also comprises
a support 22 adapted to receive the object to be scanned. The
object is received on the top surface of the support 22 which
is rotatable about a rotational axis 24 which extends
perpendicularly from the top surface. The lasers are used for
illuminating the object and the cameras are used for imaging
the diffuse reflectance of the laser beam on the object. By
rotating the object, it is possible to scan substantially the

whole surface of the object.

[0019] The first laser 14 is positioned and oriented such
that its emitted beam of 1light illuminates at least one
region of the object when this object is positioned on the
support and such that an illumination axis 26 on which the
beam of light of the first laser 14 igs centered intersects
the rotational axis 24. The second laser 16 is positioned and
oriented such that the beam of 1light emitted by the second
laser 16 illuminates at least one region of the object
positioned on the support 22 and such that an illumination
axis 28 on which the beam of 1light emitted by the second
laser 16 1is centered intersects the rotational axis 24. In
one embodiment, the regions of the object illuminated by the
lasers 14 and 16 are substantially the same. In another

embodiment, these regions are different.

[0020] The axes 24, 26, and 28 are all comprised in a
single plane defined as the illumination plane as illustrated
in figure 2. The illumination axis 26 and the rotational axis

24 intersect at an angle a while the illumination axis 28 and
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the rotational axis 24 intersect at an angle B. Throughout
the description, angles are positive if measured
anticlockwise according to arrow 30. When referring to angles
between an illumination axis 26, 28 of a 1laser and the
rotational axis, the angles are measured from the laser axis
26, 28 to the rotational axis 24. As a result, in the
embodiment illustrated in figure 2, the angle a is positive
while the angle B is negative, when looking at the scanner 10
in accordance with arrow A illustrated in figure 1. It should
be understood that the angle a will be negative while the
angle p will be positive 1if the scanner 10 is viewed 1in

accordance with arrow B.

[0021] The angle a 1s comprised in a first range from
about minus sixty-five degrees to about minus fifty-five
degrees or from about fifty-five degrees to about sixty-five
degrees while the angle P is comprised in a range from about
minus fifteen degrees to about minus five degrees or from
about five degrees to about fifteen degrees. As a result, the
lasers 14 and 16 can be positioned on different sides of the
rotational axis 24, as illustrated in figure 2, or on the
same side of the rotational axis 24. The particular wvalues
for the angles a and B allow for the reduction/elimination of
shadows caused by the laser lines on the object due to the
particular shape of the object preventing the laser beam from
illuminating a complete line of the object. In one particular
embodiment, the angle a is about minus sixty degrees or about
sixty degrees and the angle B is about minus ten degrees or

about ten degrees.

f0022] Referring back to figure 1, the first camera 18 is

positioned on a first side of the illumination plane while



10

15

20

25

30

WO 2009/065227 PCT/CA2008/002064

the second camera 20 is positibned on the other side of the
illumination plane. While the cameras 18 and 20 are
positioned on the right and on the left of the illumination
plane, respectively, when one 1looks at the scanner 10
according to arrow C, it should be understood that the
positions of the cameras 18 and 20 can be reversed. This
particular positioning of the camera allows a reduction of
laser triangulation shadowing effects. These shadowing
effects occur when the camera cannot see the region
illuminated by the laser because of the shape of the object,
such as a relief. The first camera 18 1is oriented such that
the region of the object illuminated by the first laser 14 is
within the field of view of the first camera 18. The second
camera 20 is oriented such that the region of the object
illuminated by the second laser 16 is within the field of

view of the second camera 20.

[0023] In one embodiment, the first camera 18 is
positioned such that its axis 32 is in a plane comprising the
axis 26 of the first 1laser 14 and orthogonal to the
illumination plane 33. The plane comprising the axis 26 and
orthogonal to the illumination plane 33 is referred to as the
first orthogonal plane. The second camera 20 is positioned
such that its axis 34 is in a plane comprising the axis 28 of
the second laser 16 and orthogonal to the illumination plane
33. The plane comprising the axis 28 and orthogonal to the
illumination plane 33 is referred to as the second orthogonal

plane.

[0024] In one embodiment, the first camera 18 1is
positioned such that the angle w between the axis 32 and the

illumination plane 33 is about thirty degrees or about minus
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thirty degrees whether or not the axis 32 is comprised in the
first orthogonal plane, as illustrated in figure 3. The
second camera 20 is positioned such that the angle‘@ between
the axis 34 and the illumination plane 33 is about minus
thirty degrees or about thirty degrees whether or not the
axis 34 is comprised in the second orthogonal plane. It
should be understood that if the angle w is positive, then
the angle ¢ 1s negative and vice versa. This configuration

allows for the reduction of shadowing effects. (

[0025] In another embodiment, the first camera 18 1is
positioned such that the angle w is about forty-five degrees
or about minus forty-five degrees whether or not the axis 32
is comprised in the first orthogonal plane while the second
camera 20 1s positioned such that the angle ¢ is about minus
forty-five degrees or about forty-five degrees whether or not
the axis 34 is comprised in the second orthogonal plane. It
should be understood that if the angle w 1is positive, then
the angle ¢ 1is negative and vice versa. These particular
camera positions provide an improved measurement accuracy as

a wide vision angle is provided to the cameras 18, 20.

[0026] In one embodiment, the distance between the
object/support and the cameras and lasers, referred to as the
working distance, is defined as a function of the sensor-
lens-object-motion combination. The camera is chosen as a
function of parameters such as the gquality of signal, frame
rate speed, and the like. The lens is chosen is chosen to
mediate between the object and the image (camera sensor) also
taking into consideration parameters such as resolution and
approximate working distance to allow for the range of the

motion system. The working distance can be optimized after
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some testing such as determining the best resolution as a

function of the working distance.

[0027] In one embodiment, the lasers 14 and 16 illuminate
substantially the same region of the object and this region
is within the field of view of both the first and the second
cameras 18 and 20. In another embodiment, the first laser 14
and the second laser 16 illuminate different regions of the
object. The first camera 18 1is positioned such that the
region'of the object illuminated by the first laser 14 is
within the field of view of the camera 18 while the second
camera 20 is positioned such that the region of the object
illuminated by the second laser 16 is within the field of
view of the camera 20. The first laser 14 and the first
camera 18 form a first scanning assembly while the second
laser 16 and the second camera 20 form a second scanning
assembly. Alternatively, each one of the cameras 18 énd 20
may be positioned and adapted to comprise the whole object in

their field of view.

[0028] In one embodiment, positioning the lasers 14 and 16
having particular values for angles a and B and positioning
the cameras having particular values for the angles ¢ and o
allows the digitization of the whole object following a 360
degrees rotation with the utilization of only two lasers and
two cameras. Furthermore, the particular positions and
orientations of the different components also allow the
reduction of the shadowing effects and the scanning time

required to digitize the whole object.

[0029] In one embodiment, the scanner 10 is a dental

scanner for scanning dental castings, prostheses, crowns,
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bridges, and other dental objects. The angles a and P are
equal to about +10 degrees and about +sixty degrees,
respectively,iwhile the camera angles ¢ and w are both equal
to about zithirty degrees, with angle ¢ being positive if w is

negative, and vice versa.

(00301 In one embodiment, the support 22 comprises two
translation stages in addition to the rotation stage allowing
the rotation about the rotational axis 24. The translation
stages allow moving the object to be scanned in a horizontal
plane in the event the size of the object is too large to
allow a complete scan of the object following a 360 degrees

rotation.

(0031] It should be understood that the scanner 10 can
comprise further lasers and cameras in addition to the lasers

14 and 16, and the cameras 18 and 20.

[0032] Figure 4 illustrates one embodiment of a scanner 50
comprising a circular frame 52, a first scanning module 54, a
second scanning module 656, and a support assembly for
receiving an object to be scanned. The support assembly
comprises a motorized rotational stage 58 having a rotational
axis 60. Two motorized translation stages 62 and 63 are

mounted on the rotational stage 58.

[0033] The first scanning module 54 comprises a laser 64
emitting a laser beam 66 and a camera 68 having an angular
field or field of view 70, as illustrated in figures 4 and 5.
The second scanning module 56 comprises a second laser 72
emitting a laser beam 74 and a second camera 76 having an
angular field 78. The lasers 64, 72, and the cameras 68, 76

are fixedly secured into their respective scanning module 54,

- 10 -
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56 such that no relative movement occurs between the laser

64, 72 and the camera 68, 76.

[0034] The laser axis on which the beam 66 is centered and
the laser axis on which the beam 74 is centered intersect the
rotational axis 60 and these three axes are part of a single
plane, namely the illumination plane. The angle between the
axis of the laser 64 and the rotational axis 60 is about ten
degrees while the angle between the axis of the laser 72 and
the rotational axis 60 is about sixty degrees. Both scanning
modules 54 and 56 are positioned on a same side with respect

to the rotational axis 60.

[0035] In the scanner 50, the axis of the camera 68 is in
a first plane comprising the axis of the laser 64 and
orthogonal to the illumination plane while the axis of the
camera 76 1is 1in a second plane comprising the axis of the
laser 72 and orthogonal to the illumination plane. When
looking at the scanner 50 according to arrow D, the angle
between the axis of the camera 68 and the axis of the laser
64 1s about thirty degrees while the angle between the axis
of the camera 76 and the laser 72 is about -thirty degrees
such that each camera 68, 76 is located on a different side

of the illumination plane.

[0036] In one embodiment, the scanner 50 is about twenty-
eight inches high while the circular basis 52 has a diameter
of about twenty-two inches. The working distance between the
camera lens/laser and the center of the measurement field is

from about six inches to about seven inches.

[(0037] While the scanning modules 54 and 56 each comprise

a single camera 68, 76, it should Dbe understood that a

- 11 -
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scanning module may comprise two or more cameras, as
illustrated in figure 6. The scanning module 80 comprises a
single laser 82 and two cameras 84 and 86. In one embodiment,
the scanning modules 54, 56 are each replaced by a scanning
module 80 in the scanner 50. Using scanning module 80 allows

a further reduction of the shadow effects.

[0038] ‘In one embodiment, the scanning modules 54 and 56,
and the rotational stage 58 are fixedly secured to the frame
52 while the lasers 64, 72 and the cameras 68, 76 are fixedly
secured into their respective scanning modules 54, 56 such
that the axis of the lasers 64 and 72, the axis of the
cameras 68 and 76, and the rotational axis 60 have a fixed
relative position. Having the axis of the cameras and the
lasers in a fixed position relative to the rotational axis 60
which is fixed relative to the frame 52 ensures that the
elements of the scanner 50 will not be out of alignment
because of vibrations, for example. As a result, the number
of recalibrations of the scanner 50 needed after its
fabrication is greatly reduced. Any mechanical means and/or
fabrication techniques for fixedly securing the different
elements together can be wused. For example, welding,
precision machining such as electro-discharge machining, and
adhesives can be used for fixedly securing the elements
together and ensuring that no axis will move with respect to

the other axes.

[0039] Figure 7 1illustrates the scanner 50 in which the
support assembly is further provided with a ball joint plate
88 and a dental casting holder 90 to receive the object to be

scanned. The association of the ball joint plate 88 and the
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dental casting holder 90 allows tilting of the dental casting

in any direction.

[0040] The frame can have any shape allowing the
appropriate positioning and orientation of the lasers and
cameras. The frame can be made from any solid material such
as aluminum, for example. In one embodiment, the frame can be
a box-like frame that can be closed during scanning for
avoiding any interference between the light emitted by the
lasers and the ambient 1light surrounding the scanner.
Alternatively, the scanner can be an “open” scanner such as
scanner 50. In this case, the lasers and cameras are adapted
to minimize the influence of the surrounding light on the
measurements. For example, high power lasers and high

sensitivity cameras can be used.

[0041] In one embodiment, the scanner comprises vibration
reducing elements. For example, high quality cross-roller
bearings may be inserted in the rotational stage in order to

reduce vibrations during rotation of the object.

[0042] Any laser emitting light detectable by the cameras
can be used. For example, the lasers can emit visible light
such as 1light at 660nm, infrared 1light, and the 1like. The
beam of light emitted by the lasers can have any profile,
such as a Gaussian profile. Additional optics may be used for

obtaining a structured light beam.

[0043] While the present description refers to cameras for
detecting the 1light reflected by the lasers, it should be
understood that any optical sensor adapted to detect the
reflected light can be used. A charge-coupled discharge {(CCD)

camera, a complementary metal-oxide-semiconductor (CMOS)

- 13 -
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active-pixel sensor, and the like are examples of optical
sensors that can be used in the scanner. In one embodiment,
the camera is a CMOS based 1 megapixel monochrome 10 bit

digital camera.

[0044] In one embodiment, the scanner further includes an
electronic module for controlling the motorized translation

and rotation stages, the lasers and the cameras.

{0045] In one embodiment, a computer 1is used to operate
the scanner and generate the 3D image of the scanned object.
In this case, the CPU of the computer is connected to the
electronic module. The commands entered in the computer are
sent to the electronic module which executes the tasks
related to the commands. While the object is rotated, the
cameras take images of the object illuminated by the lasers.
The CPU receives the images of the object taken by the
cameras. From these images, the CPU creates a 3D image of the
object wusing laser triangulation. It should be understood
that any laser triangulation methods known by a person can be
used to generate the 3D image of the object from the received

images taken by the cameras.

[0046] In one embodiment, the object is rotated twice from
zero degrees to 360 degrees. During the first rotation,
images of the object illuminated by a first laser are taken
by a first camera. The images are sent to the CPU and stored
in a memory. During the second rotation, the object is
illuminated by a second 1laser and images are taken by a
second camera. This second set of images is then sent to the

CPU and stored in the memory. Alternatively, profiles of the
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object are extracted “on the fly” from the received images

and these profiles are stored in memory.

[0047] The embodiments described above are intended to be
exemplary only. The scope of the invention is therefore
intended to be limited solely by the scope of the appended

claims.
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I/WE CLAIM:

1. A scanner system for scanning an object comprising:

a frame comprising a support for receiving said object,
said support having a rotational axis extending vertically

therefrom;

a first laser and a second laser attached to said frame
and emitting a first beam of 1light centered on a first
illumination axis and a second beam of light centered on a
second illumination axis, respectively, said first Ilaser
being positioned and oriented such that said first beam of
light illuminates at least a first region of said object when
received on said support, said second laser being positioned
and oriented such that said second beam of light illuminates
at least a second region of said object when received on said
support, said first illumination axis and said second
illumination axis defining an illumination plane and
intersecting said rotational axis at a first intersection
angle and a second intersection angle, respectively, said
first intersection angle being comprised in a first range
from about -15 degrees to about -5 degrees or from about 5
degrees to about 15 degrees, and said second intersection
angle being comprised in a second range from about -65
degrees to about -55 degrees or from about 55 degrees to

about 65 degrees; and

a first optical sensor and a second optical sensor
attached to said frame and having a first field of view
centered on a first sensing axis and a second field of view
centered on a second sensing axis, respectively, said first

optical sensor being positioned and oriented on one side of

- 16 -
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said illumination plane such that at least said first region
of said object is within said first field of view and said
second optical sensor being positioned and oriented on
another side of said illumination plane such that at 1least
said second region of said object is within said second field

of view.

2. The scanner as claimed in claim 1, wherein said first
intersection angle 1s equal to about 10 degrees or -10
degrees and said second intersection angle is equal to about

60 degrees or about -60 degrees.

3. The scanner as claimed in c¢laim 1, wherein said first
sensing axis 1s 1in a plane that is orthogonal to said
illumination plane and that includes said first illumination
axis, and said second sensing axis is in a plane that is
orthogonal to said illumination plane and that includes said

second illumination axis.

4. The scanner as claimed in claim 3, wherein a first
sensing angle between said first sensing axis and said first
illumination axis is about -30 degrees and a second sensing
angie between said second sensing axis and said second

illumination axis is about 30 degrees.

5. The scanner as claimed in claim 3, wherein a first
sensing angle between said first sensing axis and said first
illumination axis 1is about 30 degrees and a second sensing
angle between said second sensing axis and said second

illumination axis is about -30 degrees.
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6. The scanner as claimed in any one of c¢laims 1 to 5,
wherein said support comprises a rotational stage for

rotating said object.

7. The scanner as claimed in claim 6, wherein said rotating

stage is motorized.

8. The scanner as claimed in any one of claims 1 to 7,
wherein said first laser, said second laser, said first
optical sensor, said second optical sensor, and said support

are fixedly attached to said frame.

9. The scanner as claimed in any one of claims 1 to 8,
wherein said first laser and said first optical sensor are
enclosed in a first housing secured to said frame, and said
second laser and said second optical sensor are enclosed in a

second housing secured to said frame.

10. The scanner as claimed in claim 9, further comprising a
third optical sensor and a fourth optical sensor enclosed in
said first housing and said second housing, respectively,
said third optical sensor and said fourth optical sensor
having a third sensing axis and a fourth sensing axis,
respectively, said third sensing axis being a mirror image of
said first sensing axis with respect to said illumination
plane and said fourth sensing axis being a mirror image of
said second sensing axis with respect to said illumination

plane.

11. The scanner as claimed in any one of claims 1 to 10,
further comprising a first translation stage having a first
translation axis and a second translation stage having a

second translation axis for moving said support, said first

- 18 -
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translation axis and said second translation axis being

different.

12. The scanner as claimed in claim 11, wherein said first
translation stage and said second translation stage are

motorized.

13. The scanner as claimed in any one of claims 11 or 12,
wherein  the first translation stage and the second

translation stage are positioned above the rotational stage.



WO 2009/065227 PCT/CA2008/002064
10

v

C

FIGURE 1

1/7



WO 2009/065227 PCT/CA2008/002064

16
—<
“‘ :/ 24
\“/-\:
/‘\‘ a » 14
28 , .7

e —
\
\
\
\
\
\
\

FIGURE 2

2/7



PCT/CA2008/002064

WO 2009/065227

20

18

33

22

FIGURE 3

3/7



PCT/CA2008/002064

WO 2009/065227

FIGURE 4

4/7



WO 2009/065227 PCT/CA2008/002064

FIGURE 5

57



WO 2009/065227 PCT/CA2008/002064

~ FIGURE 6

6/7



PCT/CA2008/002064

WO 2009/065227

.

st

FIGURE 7

717



INTERNATIONAL SEARCH REPORT International application No.
PCT/CA2008/002064

A. CLASSIFICATION OF SUBJECT MATTER
IPC: GO1B 11/245 (2006.01) , A61C 13/38 (2006.01)
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(2006.01): GO1B*, A61C
USCL:356/602

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

Canadian Patent Database, USPTO, Epoque, Delphion
keywords: scanner, frame, laser, illumination plane, sensor, detector, angle, support, motor, rotation, translation

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US5118192A (CHEN S. et al.) 2 June 1992 (02-06-1992) *see whole document* 1-13
Y US5812269A (SVETKOFFD. I. et al.) 22 September 1998 (22-09-1998) *Fig. 6, 1-13
col. 9, line 35 - col. 11, line 49*
A US4947666A (HAMETNER A. L. et al.) 14 August 1990 (14-08-1990)*Fig’s 3- 1-13
5 *
A US6512239B1 (WEISS A. et al) 28 January 2003 (28-01-2003)*Fig’s 1, 4, 6, 1-13
summary*
[ ] Further documents are listed in the continuation of Box C. [X] See patent family armex.
* Special categories of cited documents : “T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
“A” document defining the general state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance
“X” document of particular relevance; the claimed invention cannot be
“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone
“L” document which may throw doubts on priorig claim(s) or which is “Y”  document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
being obvious to a person skilled in the art
document referring to an oral disclosure, use, exhibition or other means
“&”  document member of the same patent family
“p” document published prior to the international filing date but later than
the priority date claime
Date of the actual completion of the international search Date of mailing of the international search report
5 February 2009 (05-02-2009) 16 March 2009 (16-03-2009)
Name and mailing address of the ISA/CA Authorized officer
Canadian Intellectual Property Office
Place du Portage I, C114 - 1st Floor, Box PCT Goran Basic 819- 953-2098
50 Victoria Street
Gatineau, Quebec K1A 0C9
Facsimile No.: 001-819-953-2476

Form PCT/ISA/210 (second sheet ) (July 2008) Page 2 of 3




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CA2008/002064

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

US 5118192A 02-06-1992 None

US 5812269A 22-09-1998 DE 69626424D1 03-04-2003
DE 6962642472 24-12-2003
EP 0916071A1 19-05-1999
EP 0916071A4 06-12-2000
EP 0916071B1 26-02-2003
JP 2000513099T 03-10-2000
US 5546189A 13-08-1996
US 5654800A 05-08-1997
WO  9805923A1 12-02-1998

US 4947666A 14-08-1990 US 5046852A 10-09-1991

US 6512239B1 28-01-2003 AU  5958500A 08-01-2002
TW  468043B 11-12-2001
WO  0201206A1 03-01-2002

Form PCT/ISA/210 (patent family annex ) (July 2008)

Page 3 of 3




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report

