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Abstract of the Disclosure

The device for the measurement of distances and of the angle
of incidence of a light beam comprises an optical emitting
system 1n order to project the light beam onto the object to
be measured, and an optical receiving system in order to
project the reflected light onto position detectors. The
optical receiving system comprises two prisms which refract
the reflected light beam with an angular compression and
eXpansion, respectively, thus allowing to reduce the

dimensions and the sensitivity of a detector for the

measurement of a given measuring range.

(FIG. 7)
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DEVICE FOR THE MEASUREMENT OF DISTANCES OR OF THE ANCGLF OF
INCIDENCE OF A LIGHT BEAM

Background of the Invention

The present invention refers to a device for the measurement

of distances or of the angle of incidence of a light beam,

comprising an optical emitting system in order to project
sald light beam onto the object to be measured, and an

optical receiving system in order to project the reflected

light onto a position detector.

Measurements of the angle of incidence or of the distance by
means of opto-electronic systems are generally based upon
the triangulation principle as described in FIG. 1. In
order to obtain a good precision, this method requlires a
large basis, which constitutes a first drawback, the second
drawback being the strongly limited measuring range which
results in a large dead zone Z. These drawbacks are
particularly inconvenient in the case of a detector, which
must contain the light source and the receptor in a single

housing whose dimensions should be as small as possible.

Summary of the Invention

On the background of this prior art, it is the object of the
present invention to provide a device for the measurement of
distances or of an angle of incidence of a light beam which
has a small basis, i.e. whose dimensions are reduced with

respect tTo known devices, and which allows an extended

measuring range.

This object is attained by a measuring device wherein said
optical receiving system comprises a prism which refracts

the light beam with a compression of the angular variation
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thereof, thus allowing to reduce the extent of the position

detector required in order to measure a corresponding

measuring range, resp. by a measuring device wherein said
optical receiving system comprises a prism which refracts
S5 the light beam with an expansion of its angular variation,

thus allowing to increase the sensitivity of the position
detector for small angular variations.

Brief DescriEtion of the Drawings

10
The invention will be explained in more detail hereinafter
with reference to the appended drawings which illustrate
embodiments of the invention by way of examples.
15 FIG. 1 schematically shows the measuring principle of
triangulation;
FIG. 2 describes the law of Snell-Descartes:
20 FIG. 3 shows the measuring principle of the invention:
FIG. 4 shows a first embodiment of a device of the
invention;
25 FIG. 5 shows a second embodiment of the invention:
FIG. © shows a measuring principle which is extended
wlth respect to that of FIG. 3; and
30 FIG. 7 shows another embodiment of a device of the

invention.
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Detailed Description of the Invention

FIG. 1, which schematically represents the known principle
of a distance measurement by triangulation, shows light
source 1l and the optical emitting system which projects the
beam emitted by the light source onto the measured objects 3
and 3', located at a distance d resp. d' from a reference
surface. The light which is diffusely reflected by the

measured object is collected in a receiving lens or an
optical receiving system 4 and projected onto a position
detector 5 which is located at a distance C from said lens
Oor recelving system 4. In this schematic arrangement, the
distance b from the reference R on the position detector is

a function of the measured distance d.

In order to obtain a high precision, a large basis A between
optical axis AO of the optical emitting system and optical
axis AO' of the optical receiving system is necessary.
Furthermore, as appears clearly in FIG. 1, the measuring

range 1s limited by the optical arrangement and by the size

of the position detector. Also, the important dead zone 7
will be noted.

The fundamental idea of the present invention consists in
compressing or amplifying the angular variation of the light
1n the optical receiving system in a non-linear manner. The
realization of the inventive idea allows to provide a
compact detector having a large measuring range and whose

optical receiving and emitting systems are closer to each
other.

The propagation of light depends on the index of refraction
of the traversed medium and may be expressed by the law of
Snell-Descartes (see FIG. 2):
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where 1 1s the angle of incidence and r is the angle of
refraction, n; being the index of refraction of the air and

o n, the index of refraction of the traversed medium. In the

case Oof a beam which propagates in the air and penetrates
into glass (n = 1.5), it appears that the ratio Ar/Ai varies
from 0.66 to 0 as i varies from 0 to 90°. Ar represents the

variation of the angle of refraction and Ai the variation of
10 the angle of incidence.

Hence, when considering the propagation of a light beam
which passes from a more refringent medium to a less
refringent medium, an expansion of the angular variations

15 according to the law of Snell-Descartes up to total
reflection is observed.

effect, care must be taken that the entrance and exit
20 surfaces are not parallel. Usually, this is realized by

using a prism, but it is also possible to make use of an

optical material whose index of refraction varies along the

path of the light beam. A compression or an amplification
'O the angular variations will thus be obtained even in the

25 case of a plate whose entrance and exit surfaces are
parallel.

Reference will now be made to the case of a detector (see
FIG. 3), the latter being a part of a measuring device which
30 further comprises electric and electronic circuits and other
components. If it is intended to perform measurements by
means of a light beam whose angle of incidence, i.e. the
angle of the reflected light, varies by Ai = 40°, it is

possible according to the invention to compress this

. WL =, e e - semdea.
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variation to approximately 20° by means of a suitable prism.
The measuring range of the detector will thus be
considerably enlarged. The determination of the angles
formed by the faces of prism 11 allows an optimal angular
compression on the entrance surface of said prism and
prevents an excessive reduction of the compression on the
exlt surface. The emerging light beam is subsequently
focused on the position detector by a lens which may also be
integral with the exit surface of the prism. In a very
schematic manner, FIG. 3 shows light source 6, the optical
emitting system 7 with optical axis AO, and the measured
object 8 at a certain distance d from the source, as well as
object 9, shown in broken lines at a reduced distance d'’

which represents a reduced dead zone.

FIG. 3 shows a variation between incident light beam i
coming from object 8 situated at a greater distance d and
incident light beam i' coming from object 9 situated at a
shorter distance d', i.e. a Ai of 40° lmpinging on entrance
surface 10 of prism 11 results in a variation Ar of 20° of
the light beam at the exit of the prism. In other words,
desplite a smaller distance between the light source and the
poslition detector, the measuring range of detector 12 is
larger and its dead zone is reduced. FIG. 3 also shows that
lens 13, which focuses the light beam emerging from the

prism on the position detector, may be integral with the
prism.

FIGs. 4 and 5 show two exemplary embodiments of a detector,
1.e. of an opto-electronic assembly comprising a light
source and a position detector. FIG. 4 is a schematic
drawlng showing an emitting system on the left and a
recelving system on the right, light source 6 in housing 14
comprising known (non-represented) means for holding and
adjusting the light source and blackened internal steps 15
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in order to keep reflections as low as possible. Near the
exlt of the housing, optical system 7 1s visible which
projects the light from light source 6 onto the measured
object (not shown). Optical axis A0 is illustrated as a

proken line. The housing is externally closed by an optical
window 16.

The recelving system is integrated in the same housing and
externally closed by an optical window 17. Incident light
peam 1' coming from the nearer one of the measured objects

1s at approximately 40° with respect to optical axis A0 and

falls on entrance surface 10 of prism 11. Said entrance
surface 10 1s cut at approximately 45° with respect to
optical axis AO'. Refracted beam r' of incident beam i’
subsequently passes through lens 13 which is integral with
the exit surface of the prism and whose focal distance is
€.g. equal to f = 6. Then, the emerging refracted beam
falls on a mirror 19 which reflec¢ts the beam onto position
detector 12. 1Incident light beam i coming from the position
Of the farther one of the measured objects is refracted by
entrance surface 10 of the prism and becomes refracted beam
r which also passes through lens 13 and falls on mirror 19

from where it is reflected onto position detector 12.

The measuring device is accommodated in a housing and
comprises the position detector as well as the measuring and
control circuits known to those skilled in the art. The

construction according to FIG. 4 allows to realize a

detector whose dimensions are reduced with respect to
detectors of the prior art.

The embodiment according to FIG. 5 allows to further
lncrease the detection distance and to obtain a large
measuring range with a compact construction and reduced

dimensions. The emitting system and the recelving system
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are disposed side by side in a single housing 20. The
emitting system comprises a light source 6 and a focusing
lens 7 which projects the light onto the non-represented
object to be measured. The recelving system is constituted
by the combination of a prism with a focusing lens, as
described in the previous example, and of a lens or lens

portion which focuses the reflected light on a similar

position detector.

As the reflected light impinges at an angle comprised

between -6° and 0° with respect to the optical axis, lens 21

focuses these beams between polnts -6 to 0 on position
detector 24.

If the angle of incidence varies between 0° and 30°,
incident beams i and i' are refracted by entrance surface 23
of prism 22 and subsequently focused by lens 25 on position
detector 24 which is disposed at a right angle with respect
Lo the optical axis. Refracted beams r and r' are focused
on the detector between point 0, which lies exactly 1n the

optical axis of the system, and point 30 at the end of the
detector.

The non-linear angular compression produced by the prism
reduces the angular sensitivity of the measurement as the
measured distance decreases. The quantity of light
collected by the prism also decreases as the measuring
distance decreases since a greater proportion is then
reflected outwards by the entrance surface of the prism.
This 1s also a favorable parameter which tends Co prevent a
saturation of the measuring device.

With the optical arrangement described in FIG. 6, 1t is
intended to further increase the detection distance by using

prism 26 in order to effect an angular expansion rather than
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a compression, so as to increase the measuring sensitivity
on position detector 27. For measurements in the short

range, the information of position detector 12 will be used

which allows a compressed measurement of the angular
variation of the incident beam from i' to i. Measurements
in the long range will be effected by position detector 27
which responds to an expanded value of the angular variation
Ai' = 1 to i'' through prism 26 and lens 28.

The schematic illustration of FIG. 6 shows the arrangement
of FIG. 3 and in addition the arrangement for the expansion
of the beam. Prism 26 is arranged in such a manner that the
surface which is inclined with respect to optical axis AQ'',
which in turn is parallel to the optical axis AO of the
optical receiving system, is exit surface 29. Exit surface

22 may form an angle of approximately 40° with optical axis

AO''. FIG. 6 shows a variation between the incident beam i
coming from object 8 situated at an intermediate distance d
and 1ncident beam i'' coming from the object situated at a
greater distance d'' of Ai = 8° on prism 26 which produces a

varlation Ar' of 16° of the beam on detector 27 at the exit

of the prism.

Depending on the requirements, the arrangement of FIG. 6

allows to realize detectors for long distance measureéments

- which offer a large measuring range due to the combination

of an optical system with angular expansion or a
conventional optical system for long distances, and of an

optical system with angular compression of the short range.

The embodiment described in FIG. 7 shows the realization of
a detector which unites the advantages of the angular
compression by prism 11 for short-range measurements and

those of the angular expansion by prism 26 for long-range

35 measurements. The emitting system and the receiving systems
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including the two prisms are lntegrated side by side in a
single housing 31, the construction belng very compact due
to the use of a single spherical mirror 30 which replaces
lens 13 or 25 and lens 28 for the purpose of focusing the
incident beams on position detectors 12 or 24 for short-
range measurements and 27 for long-range measurements. It

1s possible to replace the single spherical mirror by two

spherical mirrors, i.e. one for each prism. It is possible

Lo provide a single detector instead of the two detectors
or 24 and 27.

12

While the two procedures of compression and eXxpansion of the

angular values have been described and demonstrated
simultaneously in FIGs. 6 and 7, it is qulite possible to

apply only one of the two procedures.
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We claim

1. A device for the measurement of distances or of the
angle of incidence of a light beam, comprising an optical

5 emitting system in order to project said light beam onto the
object to be measured, and an optical receliving system in
order to project the reflected light onto a position
detector, wherein said optical receliving system comprises a
prism which refracts the light beam with a compression of

10 1its angular variation, thus allowing to reduce the size of
the position detector required 1n order to measure a

correspondlng measuring range.

2 . A device for the measurement of the angle of 1ncidence

15 of a light beam, comprising an optical emitting system 1n
order to project said light beam onto the object to be
measured, and an optical receiving system in order to
project the reflected light onto a position detector,
wherein said optical receiving system comprlses a prism

20 which refracts the light beam with an expansion of 1ts
angular variation, thus allowing to 1ncrease the sensitivity

of the position detector for small angular varilations.

3. The device of claim 1, wherein the entrance surface of
25 said prism forms an angle of approximately 45° with the

optical axis of the optical receiving system.

4. The device of claim 2, wherein the exit surface of
said prism forms an angle of approximately 40° with the

30 optical axis of the optical receiving system.

5. The device of claim 1, wherein the exit surface of
said prism comprises optical elements allowing to project
the refracted beam onto the position detector.

39
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6. The device of claim 5, wherelin sald optical elements
at the exit surface of the first prism and at the exit
surface of the second prism are constituted by a single
spherical mirror or by two spherical mirrors which focus the

diffracted beams on said position detector(s).

7. The device of claim 5, wherein said optical receiving
system, comprising said prism, 1s separated from the optical
emitting system and comprises a mirror which i1s arranged
under the exit surface of said prism and sald optical
elements 1n order to project the refracted beam onto the
position detector which is arranged 1n parallel to the
optical axis, the optical emitting and the optical receiving

systems forming a detector which i1s arranged 1n a housing.

8 . The device of claim 1, wherein said optical receiving
system comprises a combination of said prism with a focusing
lens and of a focusing lens or lens portion, each of said
elements being designed in such a manner as to receive the
reflected light and to project said reflected light onto
sald position detector at the angle formed between the beam

and the optical axis of the optical recelving system.

9. The device of claim 8, wherelin said position detector
is disposed at 90° with respect to the optical axis of the

optical receiving system.

10. The device of claim 1, comprising an assembly which
combines the optical emitting system, the optical receiving
system which refracts the light beam with a compression, the
optical receiving system which refracts the light beam with
an expansion of the angular wvariation, as well as the

position detector(s) in one housing.
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