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ABSTRACT

The invention concerns a sensor unit (50), a device and a process for the inspectidn
of the surface (10", 10") of an object (10) for the purpose of identifying surface cha-
racteristics, such as structural defects. The device contains an emitting module (51),
which emits at least one beam bundle (6, 6°, 6"), and a receiving module (52) with at
least one light receiver (15, 16, 20). In the focal point of a parabolic mirror (1) a
rotating polygonal mirror wheel (2) is located, on to which the beam bundle (6) of
the laser (3, 4) is directed by means of a telecentric lens, which guides the emitter -
and receiver beam on the same optical axis, whereby the parabolic mirror (1) guides
the deflected beam bundle (6, 6', 6") under a constant angle relative to the symettry
axis (7) of the parbolic mirror (1) along a scanning line (23, 24) over the object (10)
and the diffusely reflected beam bundle after its deflection out of the common beam

path impinges on the processing unit (35).
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PROCESS AND DEVICE FOR INSPECTING THE SURFACE OF
AN OBJECT

The invention concerns a device and a process for the inspection of the surface of an

object in accordance v-ith the generic terms of the independent claims.

Known with respect to the surface inspection of materials is the scanning of the

respective surface with CCD — line — or matrix cameras as well as with laser scanners

and the analyzing of the grey-scale value or colour pictures with image processing

mecans.

In the case of the processing of woods, for example in door and window building
or in the fabrication of veneer sheets, it is necessary to investigate the woods to be
processed with regard to their quality. In doing so, it has to, e.g., be determined,

whether the woods have shakes, fissures, knot holes or protrusions or indentations

or whether they are affected by blue stain or red ring rot, which make them unsuit-
able for the foreseen purpose. Up until now, therefore such inspections of woods are
to the greatest extent carried out by people. It is in particular up to now prcatically

not possible to automatically eliminate or to classify woods which are affected
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by blue stain or red ring rot. Furthermore, there are a number of technical problems,
which generally are associated with the great depth of focus and the simultaneously
high resclution called for by the process as well as with the transportation speed of

the wood. For this, relatively elaborate illumination equipment with a very high per-

formance 1s necessary.

When illuminating wood by means of a laser beam, the so-called scatter effect oc-
curs, which signifies, that a part of the light is dispersed into the wood fibres and
there is scattered in the vicinity of the surface in function of the local density distn-
bution. In the case of an undisturbed fibre orientation, a characteristic dipole distri-
bution in the spatial intensity distribution of the diffusely reflected light is manifest,
whereby the (I/e) - drop, the integral intensity as well as the actual structure of the

maxima of the emissions are dependent on the type of material and on the structure of
the defect. Through SE-A-7500465-5, a process and a device utilizing a helium-neon

laser has become known, where the scatter effect is indirectly exploited for the

evaluation.

Through EP-0 198 037 B1, a process for measuring the fibre angles in a fibrous
material, such as wood, has become known, where an area on the surface of the ma-
terial is illuminated with an impinging ray of light and photo-sensitive devices are -
spatially arranged in such a manner, that they measure the light reflected by the il-
luminated area. The fibre angle is measured relative to three reference axes vertical
to one another (X, y, z) and any point on the surface of the matenial is defined as the
point of origin of the axes. The illuminated area encompasses the point of origin and
has a diameter, which is at least ten times the size of the average fibre diameter of

the substance to be measured. A majority of the photo-sensitive devices is posi-

~ tioned in a2 manner to be able to assess the azimuthal angular positions around the

point of origin of the intensity maximum of the reflected light. Furthermore, a num-
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ber of arbitrary points in transverse and longitudinal direction of an area on the surface
of the material are staked out, in order to be in a position to assess the azimuthal

angular positions of the intensity maxima at each of the points. By means of

10

15

20

25

the relationship between the azimuthal angular position of the refected light maxima
and the fibre angle, for every measuring point the corresponding fibre angle is cal-
culated relative to all three axes, in order to indicate the xcomplete pattern of the fibre
angles within the measured area of the fibrous material. For carrying out this proc-
ess, a highly elaborate installation is necessary, in order to on the one hand measure
the radiated beam proportion of the reflected light and on the other hand the propor-
tion of the diffusely reflected light.

By DE-A-196 04 076.0, a device for the inspection of the surface of woods for the

purpose of determining surface characteristics has been proposed, consisting of an
opto-electronic sensor, an electronic and / or optical processing unit, a computer
capable of real-time operation, whereby the wood can be moved relative to the sen-
sor, as well as an incremental position transducer, which synchronizes the sensor
with the speed of the wood. The sensor consists of a colour laser scanner with at
least two beam bundles of differeing wave lengths and a receiver with two channels
with onz opto-electrical receiving element each, whereby the channels are formed by
beam splitting of the feﬂected beam bundle and at least in one of the channels a lens
for creating an intermediate image plane is located. After the lens, within one of the
channels there is an optical graduated filter, which is capable of modulating the
passing light current to the opto-electrical receiving element belonging to it inde-
pendent of the position. The signals of the receiving element of the one channel
without the graduated filter are converted into a colour image in the computer and
those of the other channel, the light current of which has been modulated independ-
ent of the position, into a profile image of the surface.



10

15

20

25

30

CA 02287242 2005-12-08

P1339 PCT 05.10.99

-3a-
It 1s, for example, known from the documents US-4,286,880 or JP 59 040 149 A,
that wood surfaces can be investigated by scanning with a light beam. These two
documents divulge a rotating mirror, which is located in the focal point of a para-
bolic mirror; light is emitted on to the rotating mirror from a light source and from
there distributed by reflection on the parabolic mirror along a scanning line on the
wood surface. In US-4,286,880, the subject is an improvement of work stations for
the localization of wood defects, in the case of which work stations an operating
person has to find the defects. The operating person marks the defects and the marks
are detected by an optical sensor with a binary output signal. The object of JP 59 040
149 A 1s the detecting of live knots by means of asymmetrically scattered light. For
the solution of this problem, a wood surface 18 scanned by a light beam and light scat-

tered from the wood surface is directly detected by two detectors arranged symmetri-
cally with respect the the scanning beam.

From the state of the technology, optical distance sensors are also known. The dis-
tance sensor divulged in the document EP-0 387 521 A2 1s based on a tnangulation
process. A beam of light 1s focussed on the surface to be measured by means of a
lens. Light scattered by the surface is collected by the same lens and focussed on
position-sensitive detectors by a concave mirror. The components are positioned in
such a manner relative to an optical axis, that a high light sensitivity is assured by a
small angle of incidence. Another distance sensor is divulged in document WO
93/11403. It contains a rotating polygonal mirror, which distributes light emitted
from a light source on to a scanning line on the surface to :e¢ measured. A scanning

lens projects the point-shaped light source on to the surface. The light reflected by
the surface is projected on to a point-shaped detector by means of the same scanning
lens and a further lens; this construction is designated as “confocal”. Only when

the object is in the focal plane of the scanning lens and the detector is simultaneously
in the focal plane of the further lens, does a maximum light intensity impinge on the
detector. The detected light intensity is therefore a measure t:or the distince of the ob-
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ject from the scanning lens. The construction can be refined by foreseeing several de-
tectors, which supply maximum signals at differing object distances.

- et
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‘The invention is based on the objective of indicating a device and a process for the

dynamic inspection of the surfaces of objects such as woods, tiles, textiles or
glasses, for the identification of surface characteristics, by means of which an auto-
matic inspection of the surface can be carried out continuously and with a high
speed and by means of which characteristics such as shakes, fissures, cracks, knot
holes, protrusions, indentations, in the case of wood also blue stain or red ring rot
can be identified with certainty by the exploitation of the scatter effect. In particular,
simultaneously the position-dependent diffuse reflection of a surface, the distance of
the surface as well as the deviation of the diffuse reflection charactenstic in function |
of the position can be detected by a Lambert projector at processing speeds of several
metres per second in real time. Apart from this, the device shall be of a simple con-
struction and should be able to be manufactured at a low cost.

The objective is achieved by the device in accordance with the invention and by the
process in accordance with the invention, as these are defined in the independent

~laims.

The device in accordance with the invention for the inspection of the surface of an
object for the purpose of the identification of surface characteristics contains a sen-
sor unit according to the invention, whereby in preference fhe lens can be moved
relative to the sensor unit. The device furthermore contains a scanning device, to
which light is transmitted from the sensor unit, whereby the scanning device com-
prises a concave mirror, in the focal point of which a light deflecting element illu-
minated by the sensor unit with a deflection angle dependent on time is located, so
that the light transmiited by the sensor unit can be guided over the object along a
scanning line and light from the scanning device diffusely reflected by the object

impinges on the sensor unit.
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A preferred embodiment of the device in accordance with the invention is charac-
terized by a parabolic mirror, in the focal point of which a rotating polygonal mirror
is located, on to which the beam bundle of the laser is directed by means of a tele-
centric lens, which guides the tranémitter and receiver beam along the same optical

axis, whereby the parabolic mirror guides the deflected beam bundle over the object
along a scanning line under a constant angle relative to the symmetry axis of the
parabolic mirror and guides the beam bundle diffusely reflected by the object back
along the same path, and whereby it (the beam bundle) after being reflected out of

the common beam path impinges on the processing unit.

The device is based on the fact of the so-called Tracheid effect (scatter effect) ,
which occurs with density changes on the surface in the case of a number of materi-
als with a point-shaped, in preference coherent illumination. In doing so, light enters
into the material through the surface and is guided inside the material, whereby the
guidance of the light and its damping are determined by the structure of the matenal.
The device and the process are in a position to exploit the scatter effect for the
evaluation of surface anomalies and to carry out an assessment of surface defects

like this under real time conditions.

In the beam path between the laser and the polygonal mirror wheel, in prefgrence
there is a mirror with an aperture or with a hole, through which the irradiated beam
bundle impinges on the polygonal mirror wheel, whereby the mirror deflects the
diffusely reflected bem bundle on to a lens under a given angle, in the focal plane of
which the optical detectors and the electronic processing unit, in preference includ-

ing a computer capable of real time operation, are situated. After the lens and in

front of its focal plane, by beam splitting two beam bundles and pi'eferably at least
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two channels are created, which are evaluated separately. A high precision of exe-

cution 1s important for the functioning of the device.

If, for example, the material to be inpsected is wood, then around the intensive light
spot of the direct irradiation two light cones are formed aligned to the direction of
the fibres, which diminish corresponding to the dipole characteristic and which join
the direct light spot of the impinging beam. In correspondence with the change of
the surface structure and the direction of the fibres, these two light cones change
with respect to their length, brightness and direction. The brightness, length and di-
rection are dependent on the local defect and its shape as well as on the direction of
the fibres. The inventors have in particular discovered, that through the scatter effect
for the first time in the case of woods just starting blue stain or red ring rot can be
made visible, long before the attack can be identified by the unaided eye, but can
solely be detected by means of chemical analyses or microscopic viewing. Equally
on the basis of the scatter effect defects in the wood, such as, for example, knot

holes, compression wood or blue stain become visible, which lead to a diminuition

of the quality of the corresponding wood.

In order to obtain a surface profile (3D - profile) by means of a triangulation proc-

ess, at least one one light beam emitted from the sensor unit can be guided on to the
object. Light diffusely reflected from the object under a finite angle relative to the

impinging beam can be guided back to the sensor unit in such a manner, that the
impinging and the returned light beam are essentially in coincidence in a plane par-
allel to the surface of the object. In an alternative version, also several, in preference
two, laser beams can be guidable by means of verious mirrors offset ralative to one
another in such a manner, that the individual laser beams are in coincidence in the

horizontal plane, while in the vertical object plane a constant angle is given, in order

to measure the surface profile by means of the vertical deposition of the diffusely
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reflected laser light with a position-sensitive opto-electrical receiving element,

which is in particular a PSD sensor element capable of high speed.

5 In a preferred embodiment of the invention, at least one leaser beam is focussed on
the surface of the object in order to obtain a 3D surface profile by triangulation. The
vertical deposit of the diffusely reflected laser light is measured through an addi-
tional guidable mirror under a constant angle by means of a position-sensitive re-
ceiving element (PSD) capable of high speed.

10

The process for the inspection.of the surface of an object for the purpose of the
identification of surface characteristics in accordance with the invention utilizes a
sensor unit according to the invention which emits light to a scanning device,
15  whereby in preference the object is moved relative to the sensor unit. The emitted
light is focussed on the object by means of a telecentric projection and guided over
the object along a scanning line under a constant angle relative to the object to be
scanned and relative to the vertical line of the transportation surface. Light

diffusely reflected by the object is guided back in to the sensor unit along the same

20  beam path as the emitted light.

In a preferred embodiment of the process in accordance with the invention, the laser

beam is focussed on the object by means of a telecentric projection, which guides
25  the emitted and receiver beam along the same optical axis focusses it on the object

and guides it along a scanning line always under a constant angle relative to the

object to be scanned and relative to the vertical line of the transportation surface ot

the object, which can be the most effectively achieved by the arrangement of a para-

 bolic mirror, in the focal point of which a polygonal mirror wheel is located, so that

30 in this case the angle of the laser beam is constant with respect to the symmetry axis
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of the parabolic mirror. In doing so, the spatial resolution is limited solely by the
focussing ability of the laser light. The telecentric beam bundle of the moving laser
light spot, the measuring point, along a scanning line, does not have to impinge or-
thogonally on the surface to be scanned, the angle of impingement can rather more
be any one within wide ranges, it must, however, be constant relative to the normal

line of the transportation surface of the object. In doing so, the diffusely reflected
light is guided back to the detector through the same projection system.

In accordance with the process, in preference with the utilization of parallel proces-

sors, various surface characteristics can be measured in real time, namely in par-

ticular:

a) the intensity distribution of the diffusely reflected laser light and / or

b) the distribution of the intensity of the laser light scattered by local density
variations (Tracheid effect), which is observed through spacial filters in the
scatter channel and / or

c) the elevation profile (3D channel) of the surface, which is measured by means
of a triangulation process and / or

d) double refraction characteristics, which are measured by means of detection

processes dependent on polarization, for example by means of an analyser par-
allel and anti-parallel to the surface direction.

After the lens and in front of the image plane of it, at least two channels are formed
by beam splitting into two partial beam bundles, which are assessed. On principle it
1S even possible to detect all characteristics mentioned above with only one laser,
which can be implemented by a modification of the receiving module. For splitting-
up the diffusely reflected laser radiation into partial radiation bundles according to
their diffeing wave lengths, a dichroic mirror is positioned in the beam path,

whereby from the partial beam bundles of differing wave lengths various surface
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characteristics, such as in particular the elevation profile in the 3D channel, the. re-
flectivity in a red light channel as well as the Tracheid effect in the mentioned scat-
ter channel are simultaneously recorded with a high repetition rate. One of the par-
tial radiation bundles formed by the dichroic mirror, in preference the red light pro-
portion of the diffusely reflected laser beams, is preferably once again split-up into
two channels, in preference by means of a semi-transparent mirror, in which in ac-
cordance with the diffusely reflected laser light sensitive sensors are located,
whereby within one channel the image of the directly diffusely reflected light point,
or spot on the object is evaluated and the image of the light cones of the scatter
effect is blanked out and from the image of the laser point or spot a grey-scale
image is obtained, while inside the other channel (scafter channel) by means of
special spatial filters the directly diffusely reflected light point or spot 1s blanked
out and only the image of the remaining light cones is evaluated. The blanking out

is carried out by means of special spatial filters.

The Tracheid - scattered laser light (scatter channel), which, for example, in the case
of wood serves for the evaluation of the image of the remaining light cones, is de-

tected in a real time process for making visible density dependent surface anomalies,

such as shakes, cracks, fissures, structure defects, by means of a four-quadrant
process, for example by means of dichroic mirrors or a four-quadrant diode,

position- dependent in the form (Sx +Sy)/S and in the direction arctan (S /Sy), if
necessary in combination with the triangulation process in the 3D channel also in

function of the elevation, the spatial resolution of which is only limited by the

focussing ability of the laser light.

In the following, the invention is explained in detail on the basis of the Figures. In

- these are schematically illustrated:



10

15

20

25

30

P1339 PCT

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

CA 02287242 1999-10-22

05.10.99

- 10 -

a cross section through a first embodiment of the sensor unit in accor-

dance with the invention,

a cross section through a second embodiment of the sensor unit in accor-

dance with the invention,

a cross section through a third embodiment of the sensor unit in accor-

dance with the invention,

a top view of a defecting element of the sensor unit of Fig. 3,

a schematic layout of the device in accordance with the invention in top

view,

a top view of a technical embodiment of the device in accordance with

the invention, in which the beam path is folded in order to achieve a
small depth of the construction,

a side view of the device of Fig. 6,

a view of a receiving module with a spatial filter vertical to the parabolic

mirror in the scatter channel and

a view of the receiving module of Fig. 8 with the same spatial filter par-

allel to the parabolic mirror in the scatter channel.

Figure 1 shows a schematic cross section through the first embodiment of the sensor

unit 50 in accordance with the invention. The sensor unit 50 serves to emit light to a

scanning device 60 (not illustrated in Fig. 1), which is situated in the direction of an
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arrow 61, and for recetving light impinging from the scanning device 60. The sensor
unit 50 contains a light-emitting sender module 51 and a light receiving receiver
module 52. The emitting module 51 contains at least one light source 3; this can be a
laser, a light-emitting diode (LED) or another light source. In front of the light sour-
ce 3, if necessary there can be a (not illustrated), e.g., focussing optical system. The
receiving module 52 contains at least one light receiver 20, e.g., a photo-diode, a
CCD camera, a position-sensitive receiving element (PSD), etc. An optical system
13, e.g., a focussing lens or a multi-element lens can project an object (not illustrated

in Fig. 1) on to the light receiver 20.

The sensor unit 50 apart from this also has an optical deflection element 9. If light
from the direction of the scanning device 60 were to impinge on the sensor unit 50,
then it would be split-up by the deflecting element 9 into two light paths 53, 54 dif-
fering from one another. A first beam path 53 is defined by a first spatially limited
part 55 of the light and a second beam path 54 is defined by a second spatially limi-
ted part of the light 56. The first beam path 53 has a smaller cross sectional area than
the second beam path 54. The emitting module 51 is located in the first beam path

53 and the receiving module 52 in the second beam path 54. In this embodiment the
deflection element 9 is designed as a plane mirror with an aperture 25 and arranged
in such a manner, that light travelling to the deflection element 9 is to a greater ex-
tent left to pass through to the scanning device 60 through the aperture 25. Light

emanating from the scanning device 60 outside the first beam path 53 is in contrast
to a greater extent reflected to the receiving module 52. The surface shell, which
surrounds the aperture 25 in the deflection element 9, is in preference parallel to the
direction of diffusion of the emitted light 53.

In Figure 2, a different embodiment of the sensor unit in accordance with the inven-

tion 50 is schematically illustrated. Here the deflection element 9 is designed as a
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small mirror and arranged 1n such a manner, that light 53 travelling from the emitter
module 51 to the deflection element 3 1s to a greater extent reflected to the (not illu-
strated in Fig. 2) scanning device 60. Light 54 emanating from the scanning device
outside the first beam path 53 i1s in contrast to a greater extent allowed to pass
through to the receiving rnpdule 52.

Figure 3 schematically illustrates a further embodiment of the sensor unit in accor-
dance with the invention 50. The deflection element 9 corresponds to that of Fig. 1.
This embodiment contains two light sources 3, 4, for example, two lasers. A first
laser 3 emits red light in the wave length range between 620 nm and 770 nm, e.g.,
680 nm, and a second laser 4 emits infrared light in the wave length rangle above
770 nm, e.g., 830 nm. The two laser beams are joined by n:eans of a mirror 12 and a
beam splitter 11. The receiving module 52 contains two light receivers 15, 20 and a
beam splitter 14, by means of which light 54 impinging on the receiving module 52
is split-up on to the light receivers 15, 20. The beam splitier 14 can have dichroic

characteristics, i.e., its reflection to transmission ratio can be dependent on the

wave length.

Figure 4 schematically illustrates a top view of the mirror 9 with aperture 25 of Fig.
3 along the line IV - IV. Light 54 emanating from the scanning device 60, which

exactly coincides with the light 53 travelling to the scanning device 60, does not

impinge on the receiving module 52. This way a ,,cross-talk” is efficiently preven-
ted.

In accordance with Figure 5, the fundamental principle of the device in accordance

with the invention consists of a concave mirror 1, which is in preference cut out of a

paraboloid as a narrow strip 1 and which has the length 1 and the height h. Preferred
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as a concave mirror is a parabolic mirror, beacuse it provides an ideal, practically
aberration-free image. Within the focal point of the parabolic mirror 1 is a polygonal
mirror wheel 2, which is rotated by a motor 27 at a high speed, with one of its poly-
gon surfaces arranged in such a manner, that preferably at an angle of 45 degrees of
the normal line of the polygon surface of the mirror wheel to the optical axis 7
(symmetry axis) of the parabolic mirror 1, the centre of the polygon surface comes
to lie exactly in the focal point of the parabolic mirror 1. Two lasers 3, 4 each gene-
rate a laser beam, whereby one laser in preferenée operates in the wave length range
of approx. 680 1.m, therefore in the red light range, and the other laser preferably in
the wave length range of 830 nm, therefore in the infrared light range. The laser be-
ams are deflected through mirrors 11, 12 and brought together to a common beam 6.
For this purpose, the mirror 11 illustrated in Figure 1 is transparent for the laser be-
am of the lase: 3 situated behind it. The combined laSer beams 6 pass through a
further mirror 9 through a hole 25 in it and impinge on one of the plane polygon
surfaces of the rotating polygonal mirror wheel 2. Dependent on the design of the
polygonal mirror wheel 2 and on the centre distance of it from the parabolic mirror

1, the polygonal mirror wheel 2 guides the laser beams 6, 6', 6" at a certain prede-
fined horizontal image field angle a over the parabolic mirror 1 in its longitudinal

expanse 1, as can be seen in Figure 5.

The horizonta! image field angle a is limited by the laser beams 6', 6". The laser
beam 6™ respectively reflected by the pai'abolic mirror 1 1S guided parallel to itself
over the longitudinal expanse 1 of the parabolic mirror 1 and forms the scanning
line. The reflected laser beam 6"' is guided to an inclined mirror and impinges on the
surface 10' of an object to be scanned 10, for example a piece of wood travelling
with the speed v relative to the laser. In this manner, the laser beams 6 from the

lasers 3, 4, which are focussed on the object 10, are guided under a constant angle

relative to the symmetry axis 7 of the parabolic mirror 1, 1.e., to the normal line of

the transportation surface of the object 10 to the object 10 to be
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scanned, along the scanning line 23, 24. The object surface is projected on to the

light receiver contained in the receiving module as a telecentric image.

The laser light diffusely reflected in the point of impingement is guided back along
the same path, so that arriving beam and diffusely reflected beam in essence coin-
cide. The polygonal mirror wheel 2 projects the diffusely reflected beam bundle on
to the mirror 9, which deflects it and guides it to a processing unit 5, which evaluates
the diffusely reflected beam bundle optically and electrically, to which a computer
capable cf real time operation also belongs.

In the Figures 6 and 7, a technical embodiment of the device is illustrated. The two
lasers 3, 4 generate laser beams 6, which are brought together through mirrors 11, 12
and are projected on to the rotating polygonal mirror wheel driven by a motor 27,
rotating at high speed, through a hole 25 within the mirror 9, which once again is
located in the focal point range - this time relative to a longish, plane mirror 17 - of
the parabolic mirror 1. The two laser beams 6 are projected on to the mirror 17 by
the polygonal mirror wheel 2, which deflects the laser beams on to the parabolic
mirror 1, so that the folded beam path illustrated in Figures 6 and 7 is produced. The
parabolic mirror 1 now has the effect, that the laser beams reflected by it can be
guided parallel to one another and therefore under a constant angle relative to its

symmetry axis 7, relative to a normal line 19 of the transportation surface 10’ of

the object 10 on to the surface 10°.

To do this, in the beam path after the parabolic mirror 1 in accordance with Figure 7
there are two plane mirrors 18, 19 aligned transverse to the surface to be scanned 10’

of the object to be scanned 10, which guide the laser beams travelling parallel in one

another along a scanning line 23 over the surface 10'. Two mirrors 18, 19 are used,
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in order with respect to the evaluation in the triangulation process to be able to ob-

tain a 3D depiction of the image. If the information in the direction of the vertical
axis can be made do without, then on principle one mirror 19 is sufficient for the

construction of the device and for carrying out the process.

In the following, on the basis of Figure 7 beam paths for the case without triangula-
tion process and for the case with triangulation process are discussed. The light be-
am emitted by the sensor unit 50 and reflected by the parabolic mirror 1 impinges on
the object 10 through mirror 19. In this, preferably the angle of impingement  rela-
tive to the normal line 29 on to the object surface 10° is greater than zero, i.e., the
light impingement on to the surface 10° is not vertical. As a consequence, light di-

rectly reflected from the surface 10‘ does not fall back on to the mirror 19; therefore

diffuse reflection on the surface 10° is measured. In the case without triangulation
process, light 1s measured, which returns to the sensor unit 50 under the same angle
of reflection 3 through the mirror 19 on the same path as the impinging light. If a
triangulation process is to be utilized, then the vertical deposition of light is measu-
red, which is diffusely reflected under a constant angle 6 relative to the impinging
light and which falls back into the sensor unit 50 through a further mirror 18. Also in
this case, the light in essence travels along the same path back to the sensor unit 50
as the impinging light. In this, the angle 6 determines the resolution of the 3D mea-
surement. The greater the angle 0, the more sensitively the 3D profile can be measu-

red. A preferred value for the angle 8 is © = 15.5° + 1.5°. In an alternative version of

the process, light can be beamed on to the object 10 both through mirror 19 as well
as through mirror 18 - or even on more than two light paths - , and the respective
diffusely reflected light portions detected.

Two further mirrors 21, 22, which in the top view are arranged laterally from the

mirrors 18, 19 and if necessary in different planes, serve to simultaneously guide the
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laser beams over a side surface 10" of the object 10 along a further scanning line 24
and to obtain an image - also as a 3d image -, so that simultaneously two planes 10,
10" inclined relative to one another at a given angle can be scanned, which in the
example illustrated are inclined at 90 degrees to one another. The diffusely reflected
light beams travel back along the same path and impinge on the mirror 9 under the

horizontal image field angle o, from where they are deflected towards a lens 13.

Located in the beam path of the lens 13 there is a dichroic mirror 14, which is trans-
parent for the infrared radiation of the diffusely reflected laser light, but deflects the
diffusely reflected red light radiation of the other laser. After the mirror 14, in the
image field plane of the lens 13 there is a receiver 20, the received signals of which
are utilized as 3D information. With this information, a relief image can be calcu-
lated in the computer, which enables the identification of depth changes of the object

to be inspected. Used in preference as sensor element 20 for the 3D channel, 1s a
position-sensitive, opto-electrical receiving element, in particular a PSD sensor ele-
ment capable of high speed, which detects the positional deviation of the laser beam
relative to the zero position, which has been guided through the mirror 18 and 21.
The red light proportion of the diffusely reflected laser beams is deflected through
the dichroic mirror 14 and impinges on to a splitter mirror 26, which once again
splits-up this beam proportion into two channels, in which light-sensitive sensors 15,
16 are located. One channel is operated as a so-called direct red sensor and provides
a grey-scale image, whereby here the image of the direct light point or spot on
the object is evaluated. For this purpose, by means of a diaphragm the light cones of
the scatter effect are blanked out. The other channel is the so-called scatter channel
and serves to evaluate the actual scatter image and thus in the case of wood the light
cones, which adjoin the direct light spot. To do this, the centre point or centre
spot, “which is of course evaluated in the other channel, is blanked out be means of

special spacial filters 30 in the scatter channel and the imge of the remaining light

cones, for example, projected on to a four-quadrant diode. From the relationship of
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the two light cones to one another, their position relative to one another and relative

to the direction of transport can be calculated and therefore in the case of wood, for

example, the fibre direction or places affected with blue stain or red ring rot can be

identified. The evaluation of the diffusely reflected laser radiation is therefore car-

ried out in such a manner, that the energetic and / or the positional distribution of the

diffusely reflected radiation is converted into different electrical signals.

10

15

20

25

30

By means of a computer capable of real time bpération, subsequently the channels
can be evaluated and the images generated displayed on a monitor. It is equally pos-

sible to convert the signals from the three channels into colour values, in order to

thus also generate a colour image.

It 1s also conceivable to transmit the diffusely reflected laser radiation to a CCD

camera for evaluation.

The figures 8 and 9 on the one hand show a view of the receiving module 15 with a
spatial filter 30 vertical to the parabolic mirror 1 in the scatter channel with lens 13

and mirror 14, and on the other hand a view of the same receiving module 15 with

" the same spatial filter 30 parallel to the parabolic mirror in the. scatter channel. One

can make out the spatial blanking out on the one hand of the centre spot by a central
plate 31, whereby the light cones impinge on the light receiver 15 through slits 32,
33.

The device and the process are in particular suitable for assessing the surface of an
object, in particular of flat objects such as woods, tiles, textiles, glasses, plastic sur-

faces, foils, silicium wafers, cardboards and others for the purpose of identifying
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surface characteristics such as shakes / c;'acks, holes, protrusions or indentations,
and to evaluate them according to quality criteria. The device and the process are in
particular suitable for the application of the inspection of woods, because they are
for the first time capable of directly evaluating the scatter effect in the case of wood

and they provide a selective optical contrast enhancement in the case of the most

~diverse surface defects or enable a differentiation of woods with saw roughness.

Equally, blue stain as well as dirt contamination’ or damage done by worms or
cracks / shakes are made very well visible. The usefulness of the invention consists
in particular of the fact, that with it in real time various surface characteristics can be

measured, such as

a) the intensity distribution of the diffusely reflected laser light and / or

b) the distribution of the intensity of the laser light scattered by local density varia-
tions (Tracheid effect), which is observed through spatial filters in the scatter

channel and 7 or

c) the elevation profile (3D channel) of the surface, which is measured by means of
a triangulation process and / or

d) double refraction characteristics, which are measured by detection processes
dependent on polarization, for example by means of an analyser parallel and

anti-parallel to the surface direction.
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CLAIMS
What is claimed 1s:
1. A device for inspecting a surface of an object to determine surface

characteristics of the object, said device comprising:

a scanning device, and

an optical sensor unit comprising:

a sending module for emitting light to the scanning device,

a receiving module for receiving light incident from the scanning
device, and

an optical deflecting element that is operable to split light incident
from the scanning device into a first beam path and a second beam path, said
first beam path being different than said second beam path, said first beam
path being defined by a first spatially limited part of the incident light and
said second beam path being defined by a second spatially limited part of the
incident light,

and where the first spatially limited part has a cross sectional area that
is smaller than a cross sectional area of the second spatially limited part,

wherein the scanning device includes:

a light deflecting element, said light deflecting element having a time-
dependent deflection angle,

and a concave mirror having a focal point and an axis of symmefry,

wherein said light deflecting element is located in said focal point so
that light emitted from the sensor unit can be guided into the sensor unit
under a constant angle relative to the symmetry axis of the concave mirror
along a scanning line over the object and so that light diffusely scattered
from the object emanating from the scanning device can be guided into the
sensor unit along a path identical to the emitted light,

and wherein the concave mirror is disposed relative to the object

surface and the receiving module such that the surface can be telecentrically



CA 02287242 2005-12-08

20

projected into the receiving module and the light deflecting element acts as
an aperture diaphragm,

said receiving module further comprising at least one light receiver
with a special filter or a diaphragm designed and positioned in a manner that ‘
directly diffusely scattered light is blanked out for said at least one light

recelver, in order to detect tracheid scattered light.

2. The device according to claim 1, wherein the deflecting element is a
mirror with an aperture and i1s positioned such that a major portion of light
traveling from the emitting module to the deflecting element passes through

the aperture to the scanning unit.

3. The device according to claim 1, wherein the deflecting element is a
mirror and is positioned such that a major portion of light traveling from the
sending module to the deflecting element is reflected to the scanning device

by the mirror.

4, The device according to any one of claims 1 to 3, wherein the emitting
module includes a plurality of light sources that produce light having

different wave lengths.

5. The device according to claim 4, wherein said plurality of light

sources includes at least a first light source and a second light source, said
first light source emits light having a wave length between about 620 nm and

770 nm, and said second light source emits light having a wave length above

770 nm.

6. The device according to any one of claims 1 to 5, wherein the
receiving module includes an optical system, the optical system being
positioned between said deflecting element and said at least one light receiver
such that the at least one light receiver is disposed in the focal plane of the

optical system.
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7. The device according to claim 6, wherein the receiving module
includes several light receivers and at least one beam splitter, whereby by
means of said at least one beam splitter, light 1mpinging on the receiving

module can be split up among the light receivers.

8. The device according to claim 7, wherein the at least one beam splitter

has a wave length dependent reflection to transmission ratio.

9. The device according to any one of claims 7 and 8, wherein a further
spatial filter or diaphragm is positioned ahead of a light receiver for blanking

out I1ight cones from a scatter etffect.

10.  The device according to any one of claims 1 to 9, including two light
receivers, each of said two light receivers having a spatial filter or diaphragm
arranged in a manner that directly diffusely scattered light is blanked out,
said spatial filters being positioned orthogonally relative to one another to

measure directional dependence of tracheid scattered light.

11. The device according to any one of claims 1 to 10, wherein the
receiving module includes at least one CCD camera or at least one position-

sensitive receiving element.

12.  The device according to any one of claims 1 to 11, wherein the light

deflecting element is a rotating polygonal mirror wheel.

13. The device according to any one of claims 1 to 12, wherein the

concave mirror 1s a strip having parallel cut edges out of a paraboloid.

14. The device according to any one of claims 1 to 13, wherein, for
obtaining a 3D profile by a triangulation process, at least one light beam

emitted from the sensor unit can be guided on to the object and light diffusely
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scattered from the object under a constant angle relative to the incident beam
can be guided back to the sensor unit such that the incident beam and the
gutded back beam are coincident in a plane parallel to the surface of the

object.

15.  The device according to claim 14, wherein, for obtaining a telecentric
3D profile by means of a triangulation process, the sensor unit includes a
position-sensitive receiving element capable of high speed, in order to
measure the surface profile by deposition of the diffusely scattered light

vertically to the object surface by means of telecentric projection.

16.  The device according to any one of claims 1 to 15, wherein the object

1s movable relative to the sensor unit.

17. A process for inspecting a surface of an object to determine surface
characteristics thereof, wherein

light emitted from a sensor unit is transmitted to a scanning device
and the emitted light 1s guided to and deflected by a deflecting element

wherein the light deflected by the deflecting element is focused on the
object by a concave mirror having a focal point and a symmetry axis, the
light deflecting element being positioned at said focal point, said deflected
light being guided under a constant angle relative to the symmetry axis of the

concave mirror along a scanning line over the object,

and light diffusely reflected from the object is generally guided back
to the sensor unit along the same path as the emitted light,

wherein the object surface is telecentrically projected into the sensor
unit by the concave mirror, whereby the light deflecting element acts as an
aperture diaphragm and wherein additionally the intensity of tracheid
scattered light guided back to the sensor unit is measured by a receiver, the

directly diffusely scatted light being blanked out for the receiver.
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18.  The process according to claim 17, wherein the tracheid scattered light
is measured by two receivers, each of said two receivers comprising a spatial
filter for blanking out the directly diffusely scattered light point, the spatial
filters being positioned orthogonally relative to one another to measure

directional dependence of tracheid scattered light.

19.  The process according to any one of claims 17 and 18, wherein for
obtaining a 3D profile by a triangulation process, at least one light beam
emitted by the sensor unit i1s guided on to the object and light directly
diffusely scattered from the object under a constant angle relative to the
incident beam is guided back to the sensor unit such that the incident beam

and the guided back beam are coincident in a plane parallel to the surface of

the object.

20.  The process according to any one of claims 17 to 19, wherein various

surface characteristics are measured in real time using parallel processors.

21.  The process according to any one of claims 17 to 20, further
comprising separating light portions of differing wave length impinging on
the sensor unit from one another, and instantaneously recording, from the
light portions, with a high repetition rate, various surface characteristics, said
surface characteristics including elevation profile in a 3D channel,

reflectivity in a red light channel, and tracheid effect in a scatter channel.

22. The process according to claim 21, comprising splitting up light
impinging on the sensor unit into first and second light portioné, and guiding
the first and second light portions to two light receivers, said first light
portion having an image of light cones of the scatter effect blanked out, the
image of the directly diffusely retlected light point on the object is evaluated
and from grey-scale image 1s obtained, and in the case of the second light

portion, the directly diffusely reflected light point is blanked out by special
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spatial filters and only an image of remaining light cones is evaluated by said

recelver.

23.  The process according to claim 22, comprising the further steps of
separating light portions of differing wave length impinging on the sensor
unit from one another, whereby, with a first light portion in a triangulation
process, 3D information is measured by means of a position sensitive
receiving element and, with a second light portion, the intensity distribution
of the object as well as the surface characteristics are measured with opto-

electrical sensor elements.

24.  The process according to any one of claims 17 to 23, wherein light
impinging on the sensor unit makes density-dependent surface anomalies

visible and, by means of a four-quadrant process, which is a function of

position (Sx +S, )/ S and direction arctan (Sx +S, )

25.  The process according to claim 19, wherein light impinging on the

sensor unit makes density-dependent surface anomalies visible and, by means

of a four-quadrant process, which is a function of position (Sx +S, )/ S and

direction arctan(Sx +Sy) and, 1f necessary, in combination with the

triangulation process in a 3D channel, which is a function of elevation, is
detected in a real time process, a spatial resolution of which is limited only

by a focusing ability of the light.

26. The process according to any one of claims 17 to 24, further

comprising moving the object relative to the sensor unit.
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