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(57) ABSTRACT 

The present invention relates to an illuminating device for 
linearly illuminating a flat object, in particular a bank note. 
The illuminating device according to the invention for 
linearly illuminating a flat object, in particular a bank note, 
with at least one or a plurality of linearly disposed light 
Sources, a mirror arrangement serving as a reflector that 
extends in parallel to the linearly disposed light sources, 
with an optical axis perpendicular thereto, characterized in 
that the mirror arrangement consists of plane mirrors, that at 
least one first mirror has a structure, which images the light 
Source to form at least one linear image in parallel to the 
mirror arrangement, and that at least one second mirror 
images the at least one linear image to form a linear 
illumination in parallel to the mirror arrangement on the 
optical axis or in the proximity of the optical axis. 
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Fig. 7 
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ILLUMINATING DEVICE 

0001. The present invention relates to an illuminating 
device for linearly illuminating a flat object, in particular a 
bank note. 

0002 Illuminating devices for linearly illuminating a flat 
object, in particular a bank note, have to fulfill a plurality of 
conditions in order to be able to meet the demands made on 
them. These demands comprise, among other things, an 
illumination as homogeneous as possible with a high light 
intensity at an at the same time low amount of energy used 
in order to avoid unnecessary heat build-up. In addition, for 
example for the use in bank note processing machines, it is 
decisive that the illumination of the object to be measured, 
i.e. of the bank note that is transported past the illuminating 
device with a high speed, takes place in a fashion Such that 
there is no or only a low dependence on the distance of the 
object to be measured to the illuminating device, since the 
distance may vary due to the transportation of the bank note. 

0003 Illuminating devices for linearly illuminating a flat 
object, in particular a bank note, meeting these requirements 
are known. Such an illuminating device is known for 
example from DE 100 00 029 A1. This illuminating device 
contains a mirror arrangement, which in cross section is 
disposed symmetrically to an optical axis and consists of 
several mirror segments directly adjacent to each other. 

0004 But it has turned out that the manufacturing of the 
mirror segments is elaborate, since the mirror segments have 
a non-linear curve shape, e.g. circular, elliptic, hyperbola 
shaped etc. This curve shape makes great demands on the 
manufacturing of the mirror segments, which usually is 
effected by milling the mirror segments out of a full metallic 
material, e.g. aluminum, and a Subsequent polishing. More 
over, the assembling of the curved mirror segments as to 
form the illuminating device is difficult, since the non-linear 
mirror segments have to be fitted together in an exactly 
adjusted fashion in order to obtain the desired illumination 
properties. 

0005 Therefore, the invention is based on the problem to 
specify an illuminating device for linearly illuminating a flat 
object, in particular a bank note, that on the one hand can 
fulfill the requirements with respect to the illumination and 
on the other hand can be manufactured with low effort. 

0006. This problem is solved according to the invention 
by the features of the claim 1. 

0007. The invention starts out from an illuminating 
device for linearly illuminating a flat object, in particular a 
bank note, having at least one or a plurality of linearly 
disposed light sources, a mirror arrangement serving as a 
reflector which extends in parallel to the linearly disposed 
light sources, with an optical axis extending perpendicular 
thereto, wherein the mirror arrangement consists of plane 
mirrors, at least one first mirror has a structure that images 
the light Source to form at least one linear image in parallel 
to the mirror arrangement, and wherein at least one second 
mirror images the at least one linear image to form a linear 
illumination in parallel to the mirror arrangement on the 
optical axis or in the proximity of the optical axis. 

0008. The invention in particular has the advantage, that 
assembling the mirror arrangement is especially easy 
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because of the use of plane mirrors. The plane mirrors can 
also be manufactured with low effort. 

0009 Further advantages of the present invention appear 
from the dependent claims and the following description of 
embodiments with reference to Figures. 
0010 FIG. 1 shows a representation of the beam path of 
an illuminating device according to the invention, 
0011 FIG. 2 shows a representation of a beam path of a 
part of the illuminating device according to FIG. 1, 
0012 FIG. 3 shows a schematic representation of a 
mirror of the illuminating device according to FIGS. 1 and 
2. 

0013 FIG. 4 shows a schematic representation of a first 
embodiment of an illuminating device according to the 
invention, 
0014 FIG. 5 shows a schematic representation of a 
second embodiment of an illuminating device according to 
the invention, 

0015 FIG. 6 shows a schematic representation of a third 
embodiment of an illuminating device according to the 
invention, 
0016 FIG. 7 shows a schematic representation of a fourth 
embodiment of an illuminating device according to the 
invention, 

0017 FIG. 8 shows a schematic representation of a fifth 
embodiment of an illuminating device according to the 
invention, 

0018 FIG. 9 shows a schematic representation of the first 
embodiment of an illuminating device according to the 
invention with altered aspect ratio, and 
0019 FIG. 10 shows a schematic representation of a sixth 
embodiment of an illuminating device according to the 
invention. 

0020 FIG. 1 shows a representation of a beam path of an 
illuminating device 1 according to the invention. 
0021. The illuminating device 1 has a mirror arrangement 
2, 3, 4, with a first plane mirror 2 having structures, which 
is disposed perpendicular to an optical axis OA. The first 
mirror 2 is adjoined by second plane mirrors 3 and 4. A light 
source 5 is disposed on the optical axis OA. The light source 
5 is imaged by the first mirror 2 to form two image points 
6 and 7, which are disposed mirror-symmetrically to the 
optical axis. This symmetry is advantageous, but not abso 
lutely necessary. The second mirrors 3 and 4 are disposed in 
the beam path of the first mirror 2 in such a way that they 
image the image points 6 and 7 to form an illuminated point 
8 on the optical axis. 
0022. The illuminating device 1 represented in the plane 
can be used to linearly illuminate a flat object. For this 
purpose the mirror arrangement 2, 3, 4 is expanded verti 
cally out of the plane of the representation or vertically to the 
optical axis OA, until a linear illumination with the desired 
length is the result. In this case the light source 5 is imaged 
by the first mirror 2 to form linear images 6 and 7 in parallel 
to the mirror arrangement, which are imaged by the second 
mirrors 3 and 4 to form the desired linear illumination 8, the 
linear illumination 8 extending in parallel to the mirror 
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arrangement 2, 3, 4 or perpendicular to the optical axis OA. 
Likewise, it is possible to produce an axially symmetric 
mirror arrangement by rotating the represented mirrors 2, 3, 
4 around the optical axis OA, e.g. for a punctual or circular 
illumination 8. 

0023 FIG. 2 is a representation of a beam path of a part 
of the illuminating device 1, namely of the first mirror 2. 
From FIG. 2 is apparent, how the structure of the first mirror 
2 is designed as to be able to effect the above-described 
imaging. The structure of the first mirror 2 is formed by 
segments, into which the surface of the mirror 2 is divided. 
A division in 20 to 100 segments has proved to be advan 
tageous. In FIG. 2 only two segments 2' and 2" are shown 
by way of example. The segment 2' serves for imaging the 
light source 5 to form the first image point 6, the segment 2" 
serves for imaging the light source 5 to form the second 
image point 7. In contrast to the plane or surface of the first 
mirror 2 the segments have an inclination, which in each 
case is perpendicular to the bisecting line of the angles C." or 
C.", which each are enclosed by the light beam incident from 
the light source 5 and the light beam emitting toward the 
image points 6 and 7. In this way it is possible to determine 
the inclination for all given segments of the first mirror 2, so 
that the structure of the first mirror 2 has the above described 
imaging properties. It is sufficient to execute the described 
determination of the inclination of the segments for one half 
of the first mirror 2, since the two halves of the first mirror 
2 determined by the optical axis OA are identical and are 
disposed mirror-symmetrically to the optical axis OA. 
0024. In generalization of the image anticipated as punc 
tual in the above example any distribution of intensity 
around the image points 6 and 7 can be preset and with 
optimizing processes the inclination of the mirror segments, 
which produce this distribution, can be determined. 
0.025 FIG.3 shows a schematic representation of the first 
mirror 2 of the illuminating device 1. In FIG.3 only the half 
of the mirror 2 lying below the optical axis OA is shown, 
since—as indicated above the upper half of the first mirror 
2 is the result of the reflection of the lower half at the optical 
axis OA. The structure of the first mirror 2 represented in the 
upper part of the Figure for the purpose of better percepti 
bility is shown with vertically exaggerated segments. The 
areas marked with a) and b) are displayed in the lower parts 
of FIG.3 in their exact height ratio. Section a) shows an area 
of the middle of the first mirror 2, whereas section b) 
represents an area of the edge of the first mirror 2. By way 
of illustration, additionally, the segments 2' and 2" as rep 
resented in FIG. 2 are shown in FIG. 3. 

0026 FIG. 4 shows a schematic representation of a first 
embodiment of an illuminating device 1, of a first plane 
mirror 2 and second plane mirrors 3 and 4 and a light Source 
5 disposed on the optical axis. The plane mirror 2 has the 
structures as described above in connection with FIGS. 2 
and 3. The second plane mirrors 3 and 4 are formed by 
planar mirrors. As shown in FIG.4, the light source 5 has an 
aperture of about 90°, within which it emits light onto the 
first plane mirror 2. The structure, i.e. the segments of the 
first plane mirror 2 are arranged, as in FIG. 3. Such that one 
segment effects an imaging as to form the first image point 
(see FIG. 1, image point 6), whereas the next segment effects 
an imaging as to form the second image point (see FIG. 2, 
image point 7). The next segment then again effects an 
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imaging as to form the first image point etc. In this way each 
part of the surface of the first mirror 2 alternatingly con 
tributes to one of the image points 6 or 7. 

0027. In FIG. 5 a schematic representation of a second 
embodiment of an illuminating device 1 is shown. The 
design of the illuminating device 1 substantially corresponds 
to the design of the illuminating device 1 of FIG. 4. The 
difference lies in that the design of the structure of the first 
mirror 2 is altered. The segments forming the structure only 
for a middle area of the first mirror 2 located around the 
optical axis are disposed alternately, so that only this middle 
area contributes to the two image points 6 and 7, whereas the 
outer area of the first mirror located above the optical axis 
OA contributes only to the first image point 6 and the outer 
area of the first mirror 2 located below the optical axis OA 
only contributes to the second image point 7. This is effected 
by the segments lying in the outer areas all being directed to 
the image point that lies on the same side of the optical axis 
OA. 

0028 FIG. 6 shows a schematic representation of a third 
embodiment of an illuminating device 1. The design of the 
illuminating device 1 represented in FIG. 6 substantially 
corresponds to the illuminating device 1 represented in FIG. 
4. The difference lies in that the structure of the first mirror 
2 now is disposed in such a way that the area of the first 
mirror 2 located above the optical axis OA exclusively 
images the first image point 6, whereas the area of the first 
mirror 2 located below the optical axis OA exclusively 
contributes to the second image point 7. For this purpose the 
segments of the first mirror 2 are aligned in Such a way as 
already described above in connection with the outer areas 
of the first mirror 2 of FIG. 5. 

0029. In FIG. 6 additionally a sensor 17 is represented, 
which is used for capturing the illuminated point 8 (or the 
illuminated line) of an object to be measured. The sensor 17 
is disposed in the illuminating device 1 in Such a way that 
it is located in an area not exposed to the beam path. For 
improving the imaging of the object to be measured and 
tested an imaging system 18 can be used, in particular a lens, 
e.g. a gradient lens, which effects a 1:1 imaging. The 
imaging system 18 is also disposed in Such a way that it is 
located in an area of the illuminating device 1 not exposed 
to the beam path. Furthermore, it is possible to provide a 
screen 16 as to avoid the occurrence of scattered light at the 
place of the sensor 17. The screen 16 likewise can be formed 
by a printed circuit board or can have a printed circuit board, 
which carries the sensor 17 and/or the light source 5. For 
improving the luminous efficiency of the light source 5 in 
addition it can be provided that around the light source a 
reflector 15 is disposed. 

0030 FIG. 7 shows a schematic representation of a fourth 
embodiment of an illuminating device 1. The illuminating 
device 1 is formed by a first plane mirror 2 having a structure 
and second plane mirrors 3 and 4, the structure of which 
corresponds to the above described embodiments. Addition 
ally, however, between the first mirror 2 and the second 
mirrors 3 and 4 there are further mirrors 12 and 12'. The 
further mirrors 12 and 12" enclose an angle with the optical 
axis OA that in each case is smaller than 90°. The structure 
of the further mirrors 12 and 12 is aligned such that the light 
source 5 is directly imaged to form the illuminated point 8. 
In this way it is possible to open the aperture of the light 
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source 5 up to 180° and thus to optimally use light sources 
with a large angle of radiation Such as high-power light 
emitting diodes. For the above-described use of the illumi 
nating device 1 for linearly illuminating, with the help of the 
further mirrors 12 and 12 the light of the light source 5 is 
imaged to form a linear illumination in parallel to the mirror 
arrangement 2, 3, 4, 12, 12" on the optical axis. 

0031 FIG. 8 shows a schematic representation of a fifth 
embodiment of an illuminating device 1. In the fifth embodi 
ment the mirrors 2, 3 and 4 likewise substantially correspond 
to the above described mirrors with the same numbering, the 
first mirror 2 consisting of two parts, which touch each other 
at the optical axis OA and enclose an angle of less than 180°. 
0032 FIG.9 shows a schematic representation of the first 
embodiment of an illuminating device 1 with altered imag 
ing properties. By a shift of the position of the first image 
points 6 and 7 in the direction of the light source 5 the 
distance to the illuminated object to be measured is short 
ened, as a result of which the light beams illuminate the 
object to be measured with a flatter angle. In the same way 
in principle it is possible to adjust the imaging properties of 
the illuminating device 1 as to meet the respective demands. 

0033 FIG. 10 shows a schematic representation of a sixth 
embodiment of an illuminating device 1. The illuminating 
device 1 has a first mirror 2, such as already described for 
FIGS. 4 to 7. In the present case it is exactly the same as in 
FIG.9. Second mirrors 3 and 4 (in the same position and size 
as in FIG. 9) in this embodiment are also formed by plane 
mirrors having structure, which image the first and second 
image point of the light Source as to form the illuminated 
point 8. This imaging, however, is no longer a mere deflec 
tion, but enlarges the image points, which in turn enlarges 
the distance of the illuminated point 8 to the light source. 
Accordingly, with linear illumination the linear images are 
imaged onto the optical axis OA. 

0034. The manufacturing of the plane second mirrors 3 
and 4 does not require any further explanation, if these, as 
described above, are formed as planar mirrors. 

0035) If the plane second mirrors 3 and 4 have a structure 
as the first mirror 2 or the further mirrors 12 and 12", as 
described above, a manufacturing by extrusion or injection 
molding is expedient and especially advantageous. If the 
mirrors 2, 3, 4, 12, 12 having structure are manufactured by 
extrusion, they can be produced in any length. 

0036). If the mirrors having structure are manufactured by 
injection molding, with a preset length of the manufactured 
mirrors, any lengths for the illuminating device 1 can be 
obtained by fitting together a plurality of these mirrors with 
preset length. A modular structure can also be provided, i.e. 
a corresponding mirror arrangement 2, 3, 4, 12, 12' is 
provided with the described light source 5 as to form a 
module. These modules are fitted together as to obtain the 
desired length of the illuminating device 1 or of the linear 
illumination 8. 

0037. A further possibility to reduce the size of the tools 
required for the extrusion or injection molding is to produce 
only one half of the first mirror 2. This is possible, since—as 
described above the first mirror 2 is mirror-symmetrically 
to the optical axis OA. Thus the first mirror 2 can be formed 
of two identical parts, which are put together at the optical 

May 17, 2007 

axis OA, the identical parts being disposed in a mirror 
inverted fashion to the optical axis OA. 
0038 Preferably, it is provided, that the first mirror 2 on 
its Surface facing the light source 5, i.e. on the structure, is 
mirror-coated. But it is also possible to produce the first 
mirror 2 of a material transparent for the light of the light 
source 5 and to provide the surface of the first mirror facing 
away from the light source 5 with the structure and to 
mirror-coat it. In this case the Surface facing the light Source 
5 has to be planar and it should be antireflection-coated. The 
transparent material of the first mirror by refraction at the 
plane surface effects a reduction of the size of the angles of 
incidence and an increase of the size of the angles of 
reflection, so that the angles of the structure and with that the 
depth of the structure become smaller. 
0039. A further possibility of manufacturing is to dispose 
mirror 2 together with the deflection mirrors 3 and 4 on the 
surface of a solid body made of transparent plastic. With flat 
angles of incidence onto the mirrors 3 and 4 (Such as in 
FIGS. 4 to 7) for these a mirror coating is not necessary, 
since there is total reflection. 

0040. Until now only the use of mirrors was described, 
which due to their more compact structure are preferred for 
the present invention. But is also possible to design this 
structure as to obtain a lens effect. In this case it is obvious 
that the position of the light source 5 has to be shifted to the 
side of the first structure 2 facing away from the object to be 
illuminated, which then is used as a lens. 
0041 As a light source 5 in principle all known light 
Sources such as light emitting diodes, incandescent lamps or 
gas discharge lamps can be used. The light Sources can be 
formed in a punctual fashion, but they can also have a linear 
extension and be disposed in parallel to the mirror structure 
2, 3, 4. In the case of the above described modular structure 
a corresponding light source 5 can be provided in each of the 
modules. 

0042. It is also possible to produce a plurality of illumi 
nated points or linear illuminations at the illuminated point 
8 or the linear illumination 8. This can be effected by 
disposing two additional light Sources 5 for example above 
and below the optical axis. Likewise it is possible, in the 
case a single light Source 5 is used, to provide more than one 
illuminated point 8 or one linear illumination by a respective 
design of the structure of the first mirror 2. If a plurality of 
light sources is used it can also be provided to use light 
sources of different wavelengths. 
0043. The sensor arrangement described in connection 
with FIG. 6 obviously can be used together with all 
described embodiments of the illuminating device according 
to the invention. The sensor arrangement can be component 
of a bank note processing machine, in which bank notes are 
transported with a high speed past the illuminated point 8 or 
the linear illumination, in order to test them with the help of 
the signals produced by the sensor arrangement. The sensor 
arrangement in this case captures light remitted by the object 
to be measured. But the sensor arrangement can also be 
disposed such that it captures light transmitted through the 
object to be measured. 

1. An illuminating device for linearly illuminating a flat 
object Such as a bank note, comprising 
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at least one or a plurality of linearly disposed light 
Sources, 

a mirror arrangement serving as a reflector, which extends 
in parallel to the linearly disposed light sources, with an 
optical axis (OA) perpendicular thereto, 

said mirror arrangement comprising plane mirrors, 
including at least one first mirror having a structure 
which images the light source to form at least one linear 
image in parallel to the mirror arrangement and at least 
one second mirror imaging the at least one linear image 
to form a linear illumination in parallel to the mirror 
arrangement on the optical axis (OA) or in the proX 
imity of the optical axis (OA). 

2. The illuminating device according to claim 1, wherein 
the structure of the first mirror is formed by segments, 
wherein the segments in relation to the plane of the first 
mirror each have an inclination, said inclination in each case 
being perpendicular to a bisecting line of an angle (C', C."), 
that in each case is enclosed by the angle of incidence of the 
light source and the respective angle of reflection of the at 
least one image. 

3. The illuminating device according to claim 1, wherein 
the structure of the first mirror is formed by segments, 
wherein the segments in relation to the plane of the first 
mirror each have an inclination, said inclination resulting 
from optimization of a preset illumination distribution in at 
least one image. 

4. The illuminating device according to claim 1, wherein 
the first mirror is disposed perpendicular to the optical axis 
(OA). 

5. The illuminating device according to claim 1, wherein 
the structure of the first mirror on the left of the optical axis 
(OA) only images points on the left of the optical axis (OA), 
and the structure of the first mirror on the right of the optical 
axis (OA) only images points on the right of the optical axis 
(OA). 

6. The illuminating device according to claim 1, wherein 
the structure of the first mirror on the left of the optical axis 
(OA) images all points on the left of the optical axis (OA) 
and all or parts of the points on the right of the optical axis 
(OG), and that the structure of the first mirror on the right of 
the optical axis (OA) images all points on the right of the 
optical axis (OA) and all or parts of the points on the left of 
the optical axis (OA). 

7. The illuminating device according to claim 1, wherein 
the first mirror on each side of the optical axis (OA) is 
elongated by at least one further mirror having a structure 
which has an angle to the optical axis (OA) that is Smaller 
than 90°, and that the structure of the further mirrors images 
the light source to form a linear illumination in parallel to the 
mirror arrangement on the optical axis (OA) or in the 
proximity of the optical axis (OA). 
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8. The illuminating device according to claim 1, wherein 
the first mirror comprises two parts which touch each other 
at the optical axis (OA) and enclose an angle Smaller than 
1800. 

9. The illuminating device according to claim 1, wherein 
the second mirror or mirrors are planar mirrors. 

10. The illuminating device according to claim 1, wherein 
the second mirror or mirrors has a structure which images 
the linear image to form a linear illumination in parallel to 
the mirror arrangement on the optical axis (OA) or in the 
proximity of the optical axis (OA). 

11. The illuminating device according to claim 1, wherein 
the one or plurality of linearly disposed light sources are 
formed by light emitting diodes, incandescent lamps or gas 
discharge lamps. 

12. The illuminating device according to claim 1, wherein 
the first mirror is made by extrusion or injection molding. 

13. The illuminating device according to claim 1, wherein 
the surface of the first mirror facing the light source carries 
the structure and is mirror-coated. 

14. The illuminating device according to claim 1, wherein 
a surface of the first mirror facing away from the light Source 
comprises said structure and is mirror-coated, and a surface 
of the first mirror facing the light source is planar and 
non-reflecting. 

15. The illuminating device according to claim 1, wherein 
the first mirror comprises two identical parts which are put 
together at the optical axis (OA), the identical parts being 
disposed in a fashion mirror-inverted to the optical axis 
(OA). 

16. The illuminating device according to claim 1, wherein 
the mirror arrangement has a preset length, and wherein, for 
obtaining a desired length of the illuminating device, a 
plurality of mirror arrangements with preset length are fitted 
together. 

17. The illuminating device according to claim 16, 
wherein each mirror arrangement has a light source. 

18. A sensor arrangement for linearly testing a flat object 
Such as a bank note, comprising an illuminating device 
according to claim 1. 

19. The sensor arrangement according to claim 18, 
wherein a sensor is disposed in the area not exposed to the 
beam path between the light source and the linear illumi 
nation. 

20. The sensor arrangement according to claim 19, 
wherein an imaging system is disposed in the area not 
exposed to the beam path between the sensor and the linear 
illumination. 
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