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Camera and method of detecting image data

The invention relates to a camera and a method of detecting image data from a 

detection zone according to the preamble of claim 1 and 13, respectively.

5
Cameras are used in a variety of ways in industrial applications to automatically 

detect object properties, for example for the inspection or for the measurement of 

objects. In this respect, images of the object are recorded and are evaluated in 

accordance with the task by image processing methods. A further use of cameras 

10 is the reading of codes. Objects with the codes located thereon are recorded with 

the aid of an image sensor and the code regions are identified in the images and 

then decoded. Camera-based code readers also cope without problem with 

different code types than one-dimensional barcodes which also have a two- 

dimensional structure like a matrix code and provide more information. The 

15 automatic detection of the text of printed addresses, (optical character recognition,

OCR) or of handwriting is also a reading of codes in principle. Typical areas of use 

of code readers are supermarket cash registers, automatic parcel identification, 

sorting of mail shipments, baggage handling at airports, and other logistic 

applications.

20

A frequent detection situation is the installation of the camera above a conveyor 

belt. The camera records images during the relative movement of the object 

stream on the conveyor belt and instigates further processing steps in dependence 

on the object properties acquired. Such processing steps comprise, for example, 

25 the further processing adapted to the specific object at a machine which acts on 

the conveyed objects or a change to the object stream in that specific objects are 

expelled from the object stream within the framework of a quality control or the 

object stream is sorted into a plurality of partial object streams. If the camera is a 

camera-based code reader, the objects are identified with reference to the affixed 

30 codes for a correct sorting or for similar processing steps.
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Many industrial camera systems use their own illumination to be independent of 

variable light conditions. Differing illumination types are distinguished. In addition 

to the direct illumination that is also called bright field illumination, dark field 

illumination and diffuse illumination are also inter alia known. Such illuminators are 

5 conventionally both installed directly in the device and added as external 

illuminators.

A typical area of use for dark field illumination is detection using metal surfaces.

The light is shone in at a shallow angle here. In accordance with the principle of 

10 angle of incidence equals the emergent angle, the total light is directed away from 

the observer or from the camera and the field therefore remains dark. Structures 

such as slanted edges, scratches, impressions, recesses and elevated portions 

interfere with the optical path of the light. The light is reflected toward the camera 

or is typically only scattered at these anomalies. These defect points then appear 

15 as bright in the camera image.

With a dark field illumination, the illumination light sources, optionally with the 

optics, have to be arranged at a specific position and angle toward the camera 

field of vision. The light sources are typically located on a circular arrangement at 

20 å specific angle with respect to the optical axis of the camera. For this reason, the 

light sources can no longer be located on a common expansion card.

Diffuse light may be useful in applications in which reflective, polished, shiny, or 

metallic objects have to be inspected. It is particularly difficult if these surfaces are 

25 no longer planar, but of free form, crimped, arched, or cylindrical.

in EP 1 158 460 B1, different groups of transmission elements are controlled to 

transmit light in a teaching process and that control and thus illumination is used 

for the subsequent operation at which one or more characteristic features of a 

30 detected object are optimum. The annulariy arranged transmission elements can 
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admittedly generate illumination from different directions, but not diffuse 

illumination or illumination at a sufficiently shallow angle for dark field illumination.

EP 1 687 752 B2 discloses a provision of an omnidirectional illumination in a 

5 scanning apparatus that reads codes with an image sensor. A respective light 

guide element whose light emergence surface deflects the light inwardly is 

respectively arranged in front of the individually controllable light sources of a dark 

field illumination that surround a reception optics. The light of the light sources is 

varied for so long until a code included in the image data can be read. The light 

10 guides require a certain depth, which is not problematic for the described 

application in a hand-held device, but is disadvantageous with industrial cameras. 

In addition, o.ne respective light guide is provided per light source so that the 

overall design becomes very complex with stronger illuminators having a large 

number of light sources.

15

EP 1 688 861 B1 uses an attachment having reflectors or light guides in front of 

the illumination of a code reader and the light is incident on the reading zone at a 

shallow angle at the other end of the attachment. This attachment makes the code 

reader very substantially larger, however.

20

A combined dark field illumination and bright field illumination is known from US 

8,768,159 B2. inner light sources are provided that irradiate directly into the 

detection zone and thus represent the bright field illumination and outer light 

sources are provided having a light guide with a slanted emergence surface for the 

25 dark field illumination. The dark field illumination is thus a further solution using 

light guides which brings along the disadvantages already mentioned multiple 

times with respect to complexity and construction size.

US 9,569,653 Bl describes a dark field illumination in a slanted plane for a code 

30 reader. Respective separate light sources are provided for diffuse illumination, for
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which purpose the light transmits a diffuser and the dark field illumination is 

provided by means of reflectors. The front of the code reader is slanted by 15°-30° 

and should be brought into alignment with the surface of the code to be read in 

accordance with its intended purpose. However, this produces a distorted design 

and a design large in construction again in the field of view.

US 7 614 563 B1 deals with a hand-held device for code reading, which has two 

arrays of LEDs. One of the arrays is assigned an external light guide for dark field 

illumination, the other array is assigned another light guide for diffuse illumination.

US2003/0231494 A1 discloses a ring illumination for a microscope. The light from 

LEDs radiating radially outwards is deflected inwards to the object to be observed 

on the central ring axis by a curved mirror. Depending on the axial object distance, 

the curved mirror is axially offset against the LEDs so that the light impinges on 

the curved mirror at a different position and still is deflected towards the object, 

now at a different axial distance.

In US 6 614 596 B2, another ring illumination for a camera system with an outer 

curved mirror ring for deflecting the light from LEDs inwards is described. The 

LEDs can be activated together in various combinations for different illumination 

characteristics.

It is therefore the object of the invention to produce suitable illumination in a simple 

and flexible manner.

This object is satisfied by a camera and by a method of detecting image data from 

a detection zone in accordance with claim 1 and 13, respectively. The camera 

records image data from the detection zone using an image sensor. An 

illumination unit having at least one light source illuminates the detection zone for 

this purpose. A front screen terminates the camera or its housing at the front side, 
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that is in the direction of view of the camera, and thereby in particular protects the 

illumination unit

The invention starts from the basic idea that the light source does not irradiate 

5 directly into the detection zone, but that its light is rather previously incident on a 

lateral deflection element associated with the light source. Laterally here means an 

offset in the plane perpendicular to the field of vision that is in turn fixed, for 

example, by the optical axis of the image sensor or of a reception optics disposed 

in front of the image sensor. The light generated by the light source is remitted 

10 non-directionally at the deflection element for a diffuse illumination or is reflected 

directionally for a dark field illumination. The deflection element accordingly has a 

remitting or reflective surface depending on the illumination to be generated. The 

deflection element and the light source are located beneath the front screen, that 

is within the camera and protected by the front screen. At least parts of the 

15 deflection element can here also be formed together with the front screen that then 

combines the protective function and the deflection function.

The invention has the advantage that a modular dark field illumination or a diffuse 

illumination is integrated in a camera. The camera can thereby be adapted very 

20 much more simply to an actually required illumination situation. The design of the 

camera enables compact and in particular flat construction sizes.

The light source is preferably aligned with an irradiation direction transversely to 

the field of vision of the camera. For this purpose, laterally irradiating LEDs can 

25 preferably be used. As already mentioned, the field of vision of the camera can be 

defined via the optical axis of the image sensor or of a reception optics. The lateral 

deflection element is arranged in the direction of irradiation so that the transmitted 

light of the light source is incident there. A direction of irradiation transversely to 

the field of vision signifies angles of at least 70°, at least 80°, and preferably at 

30 approximately 90°. Even somewhat larger angles are conceivable; the deflection
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efement then accordingly guides the light initially transmitted with a small reverse 

component into the detection zone. A direction of irradiation transversely to the 

field of vision means that the illumination in the ideal case does not need any more 

construction depth than, the deflection element itself since the deflection practically 

5 takes place in one plane. An extremely flat manner of construction of the 

illumination unit is therefore possible.

The light source is preferably arranged with a direction of irradiation toward the 

outside. The direction of irradiation here has at least one component radially 

10 outwardly with respect to the field of vision. Outwardly does not have to mean 

directly in extension of the connection between the light source and the optical 

center of the reception optics, for example if a plurality of light source are arranged 

to form a rectangle and are outwardly directed with respect to its edges. A larger 

surface Is produced by the direction of irradiation to the outside with a subsequent 

15 defection, said surface in particular being larger than the surface which is formed 

by a plurality of light sources themselves and from which the light is effectively 

irradiated. This in turn enables shallow angles of illumination at a greater distance; 

the existing construction size is thus better utilized by the orientation of the light 

source to the outside.

20

The defection element is preferably arranged outwardly beneath a margin of the 

front screen. The deflection thus takes place only at the outermost margin and 

thus at the largest possible distance from the reception optics. The existing 

surface is thus even optimally used because the margin of the front side of the 

25 camera practically becomes the effective illumination source.

The deflection element is preferably configured as a frame. This frame surrounds 

the preferably plurality of light source that are each aligned toward the frame. Such 

a frame can be very simply integrated into a flat device design and so-to-say forms 

30 the plane of the light deflection within the camera.
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The front screen and the frame are preferably rectangular. The frame is directly 

adapted to the shape of the front screen. This can be produced simply and also 

produces a simple overall design.

The deflection element is preferably subsequently replaceable, in particular as an 

exchangeable frame to change between a diffuse illumination and a dark field 

illumination and/or to change illumination parameters by a different shape of the 

deflection element. A suitable deflection element is used in the respective camera 

or even application as required. A change is made here between a dull, diffusely 

remitting surface and a reflective surface to obtain a diffuse illumination or a dark 

field illumination. In addition a deflection element having a different mirror shape 

can be used to set a different angle of illumination, reading distance or another 

illumination parameter adaptable by beam shaping and by the beam direction. The 

deflection element is preferably an exchangeable frame, again preferably in 

rectangular form. This can be produced and replaced particularly simply.

The deflection element is preferably connected to the front screen and is thus 

formed replaceably together with the front screen. This further facilitates the 

change of the illumination. Only the front screen together with the deflection 

element has to be removed and replaced with another front screen having a 

different deflection element.

The deflection element preferably has an optically effective contour, in particular a 

concave contour or a free-form surface. The illumination is thereby directly 

adapted even better to the required illumination conditions with respect to a simple 

deflection by flat mirrors.

A plurality of light sources, in particular all of the light sources, of the illumination 

unit are preferably arranged on a common circuit board. This is possible because 

the deflection element provides a matching illumination angle. The light sources 
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themselves can be arranged flatly next to one another, they do not themselves 

have to be at the correct angle to the detection zone. A common circuit board 

reduces the complexity of the illumination unit itself and of its installation and thus 

reduces the manufacturing costs.

5

The illumination unit preferably has a plurality of individually controllable groups of 

light sources. Each of the groups of preferably equal size comprises at least one 

light source. By a direct activation or intensity adaptation of the groups, different 

light scenarios are created that can be predefined by parameters, but can also be 

10 set or taught by feedback of an evaluation of the image data. Four groups are 

preferably provided per edge of a deflection element formed as a rectangular 

frame. The illumination then becomes changeable from all four directions by an 

individual control of the groups.

15 The illumination unit preferably has light sources of different colors. Some 

structures, in particular codes of specific colors on a specific background, can be 

read better in a matching illumination spectrum. This can be achieved by setting a 

color for the light sources, but also by mixing colors. Depending on the 

embodiment, light sources of different colors or light sources whose color can be 

20 switched such as multicolor LEDs can be provided.

The camera preferably has a control and evaluation unit that is configured to 

identify code regions in the image data and to read their code content. The camera 

thus becomes a camera-based code reader for barcodes and/or 2D codes 

25 according to various standards, optionally also for text recognition (optical 

character recognition, OCR). A control and evaluation unit is preferably provided in 

another respect without a code reading function that controls and performs the 

various tasks in the camera such as the image recording, an illumination, the 

measurement of actual and required focal position and its display.

30
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The method in accordance with the invention can be further developed in a similar 

manner and shows similar advantages in so doing. Such advantageous features 

are described in an exemplary, but not exclusive manner in the subordinate claims 

dependent on the independent claims.

5
The invention will be explained in more detail in the following also with respect to 

further features and advantages by way of example with reference to 

embodiments and to the enclosed drawing. The Figures of the drawing show in:

10 Fig. 1 a schematic sectional representation of a camera with illumination;

Fig. 2 a frontal view of the camera;

Fig. 3 a detailed view of the deflection of the illumination;

Fig . 4 a schematic representation of the illumination produced by deflection 

and of the field of vision of the camera; and

15 Fig. 5 a three-dimensional view of an exemplary use of the camera in an 

installation at a conveyor belt.

Figure 1 shows a schematic sectional representation of a camera 10. Received 

light 12 from a detection zone 14 is incident on a reception optics 16 that conducts 

20 the received light 12 to an image sensor 18. The optical elements of the reception 

optics 16 are preferably configured as an objective composed of a plurality of 

lenses and other optical elements such as diaphragms, prisms, and the like, but 

here only represented by a lens for reasons of simplicity.

25 To illuminate the detection zone 14 during a recording of the camera 10, the 

camera 10 comprises an illumination unit that is shown in Figure Tin the form of 

two light sources 20, for example LEDs or also laser diodes. A transmission optics, 

not shown, can be associated with the light sources 20.
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The light sources 20 do not irradiate directly into the detection zone 14. Their 

transmitted light 22a is instead first aligned on a lateral deflection element 24. The 

deflection element 24 has, depending on the application of the camera 10, a 

reflective or diffuse surface that generates a dark field illumination 22b with a 

5 shallow angle of irradiation into the detection zone 14 or a diffuse illumination 22b 

from the transmitted light 22a. The deflection element 24 and the optical path of 

the transmitted light 22a-b will be explained in more detail below with reference to 

Figures 2 to 4.

10 A control and evaluation unit 26 is connected to the illumination unit and to the 

image sensor and is responsible for the control work, the evaluation work, and for 

other coordination work in the camera 10. It therefore reads image data of the 

image sensor 18 to process them and to output them at an interface 28. Separate 

evaluations of the image data are also conceivable, in particular the decoding of 

15 code regions in the image data so that the camera 10 becomes a camera-based 

code reader.

The camera 10 is protected by a housing 30 that is terminated by a front screen 32 

in the front region where the received light 12 is incident and the transmitted light 

20 22b emerges.

Figure 2 shows an embodiment of a camera 10 in a frontal view. The front of the 

camera 10 and its front screen 32 are rectangular, with rounded corners indicating 

that this shape is not to be understood in a narrow mathematical sense. A 

25 respective plurality of light sources 20 of the illumination unit 20 are arranged at 

the edges of the rectangle, but in contrast, depending on the embodiment, more or 

less inwardly displaced depending on the embodiment. The light sources 20 are 

preferably accommodated on a common circuit board 34.
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The deflection element 24 is configured as a reflective frame that is likewise 

substantially rectangular, that surround the light sources 20, and that preferably 

forms the outer margin of the front of the camera 10 to utilize the available surface 

as completely as possible. The light sources 20 transmit their transmitted light 22a 

5 outwardly in the direction toward the deflection element 24 or the reflective frame.

The transmitted light 22a is deflected diffusely or directionally into the detection 

zone 14 there depending on the embodiment of the deflection element 24. The 

corresponding diffuse illumination 22b or dark field illumination 22b emerges from 

the plane of the paper into the detection zone 14 in the frontal view of Figure 2 

10 with a shallow angle of incidence. With a diffuse illumination 22b, unlike with a 

directed dark field illumination 22b, the direction can naturally only be specified for 

a central portion.

The light sources 20 are preferably individually controllable and thereby enable 

15 variable illumination zones. To reduce the circuit complexity, it can be sufficient 

only to control groups of light sources 20 together. One variant here is to combine 

the light sources 20 arranged at a respective edge of the rectangle to form a 

respective group. An illumination 22b from specific directions can then be directly 

generated, in particular in an interplay with an image processing of the image data 

20 of the image sensor 18 in the control and evaluation unit 26, in order in this 

manner to find the best possible lighting setting for the respective application.

In a further preferred embodiment, multi-color light sources 20 are used. The 

plurality of colors can already be generated in a respective light source 20 as with 

25 a multi-color LED, or light sources 20 of different colors are used next to one 

another that are selectively activated for specific colors. Some structures become 

more easily recognizable due to a color change of the illumination 22b; for 

instance codes are read better in a red or in a blue light depending on the print 

color and the background. A reflective deflection element 24 does not generate 

30 any chromatic aberration in this process.
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Figure 3 shows a detailed structure with the optical path of transmitted light 22a 

and illumination 22b at the deflection element 24 in a cross-section. The light 

source 20 is here an LED having lateral light emergence, accordingly 

perpendicular to the field of vision of the camera 10. The direction of irradiation is 

5 preferably at least transverse to the field of vision, l.e. an angular range different 

from the orthogonal alignment of, for example, 70’-110° is also conceivable. This 

can also be achieved, for example, with a light deflection at the light source 20 

instead of by a laterally irradiating LED.

10 The deflection element 24 designed with a reflective surface in Figure 3 directs the 

transmitted light 22a in the direction of the detection zone 14. In this respect, the 

entry angle in the detection zone 14 can also be shallower or steeper than shown 

by a corresponding configuration of the deflection element 24 depending on the 

distance and the shape in which a dark field illumination 22b is required.

15

The contour of the deflection element 24 is configured such that as much 

transmitted light 22 as possible is directed into the detection zone 14. In the 

example shown, a concave contour, that is a bundled contour, is selected. 

Parameters of the dark field illumination 22b such as the working distance, the 

20 angle of irradiation, the size and the geometry of the detection zone 14, or the 

intensity distribution can be set via the curvature and the effective tilt angle of the 

contour. The contour can also be configured as free-form for this purpose.

Such optical effects can also be achieved instead of with a specific contour of the 

25 deflection element 24 or cooperating therewith by means of additional optical 

components, not shown, between the light source 20 and the deflection element 

24 that, for instance, focus the transmitted light 22a in the vertical direction of 

Figure 3 and thus allow it to be incident on the deflection element 24 in bundled 

form. The front screen 32 can furthermore be provided with an optically functional 

30 structure, for instance an impressed lens, a prism, or a diffractive structure that 
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provides a further bundling or an additional change of the angle of irradiation in the 

detection zone 14.

It is selectively possible to replace the deflection element 24 having a reflective 

surface with one having a diffusely scattering surface. A dark field illumination 22b 

is then not produced, but rather a diffuse illumination 22b.

The camera 10 supports a change between a dark field illumination 22b and a 

diffuse illumination 22b and/or an adaptation of the illumination parameters by a 

very simple conversion in which the deflection element 24 is replaced with a 

deflection element 24 matching the new demands. The deflection element 24 is 

only releasably fixed in the camera 10 for this purpose, in the case of a deflection 

element 24 configured as a frame, as was presented in Figure 2, it is an 

exchangeable frame that is inserted between the front screen 32 and the 

remaining housing 30. In a particularly preferred embodiment, the deflection 

element 24 or the exchangeable frame is fastened to the front screen 32 and thus 

forms a common component. A change of the deflection element 24 and then 

consequently a change between a dark field illumination 22b and a diffuse 

illumination 22b or an adaptation of illumination parameters is very simply effected 

by replacing the front screen 32.

Figure 4 again shows a sectional view of the front region of the camera 10 to 

illustrate the detection zone 14 and the region illuminated by a dark field 

illumination 22b here. A lateral angle of incidence is achieved even though the 

light sources 20 themselves are mounted in one plane. The gap between the 

sections of the circuit board 34 shown is due to the sectional view; it can 

nevertheless be the same circuit board 34 having a central opening for the 

received light 12, as can be recognized in the frontal view of Figure 2.
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Figure 5 shows a possible use of the camera 10 in installation at a conveyor belt 

36 that conveys objects 38, as indicated by the arrow 40, through the detection 

zone 14 of the camera 10. The objects 38 can bear code regions 42 at their outer 

surfaces. It is the object of the camera 10 to detect properties of the objects 38 

5 and, in a preferred use as a code reader, to recognize the code regions 42 , to 

read and decode the codes affixed there, and to associate them with the 

respective associated object 38. In order also to recognize laterally applied code 

regions 44, additional cameras 10, not shown, are preferably used from different 

perspectives.

10
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KAMERA OG FREMGANGSMÅDE TIL REGISTRERING AF BILLEDDATA

Patentkrav

1. Kamera (10), der har en billedsensor (18) til registrering af billeddata fra et 

registreringsområde (14), en belysningsenhed (20,24) med i det mindste en 

lyskilde (20) til oplysning af registreringsområdet (14), en frontskive (32) samt et til 

lyskilden (20) tilordnet sideværts omstyringselement (24), der er anbragt i 

kameraet (10) beskyttet af frontskiven (32) og har en diffust spredende overflade 

eiteren spejlende overflade for i registreringsområdet (14) at frembringe en diffus 

belysning (22b) elier en mørkfeltbelysning (22b), 

kendetegnet ved,

at omstyringselementet (24) efterfølgende er udskifteligt for at skifte mellem diffus 

belysning (22b) og mørkfeltbelysning (22b) og/eller ved hjælp af en anden form af 

omstyringselementet (24) at ændre belysningsparametre.

2. Kamera (10) ifølge krav 1,

hvor lyskilden (20) er orienteret med udstrålingsretning på tværs, især vinkelret på 

kameraets (10) synsretning.

3. Kamera (10) ifølge krav 1 eller 2, 

hvor lyskilden (20) er anbragt med udstrålingsretning udadtil.

4. Kamera (10) ifølge et af de foregående krav, 

hvor omstyringselementet (24) er anbragt udvendigt under en rand af frontskiven 

(32).

5. Kamera (10) ifølge et af de foregående krav, 

hvor omstyringselementet (24) er udformet som ramme.
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6. Kamera (10) ifølge krav 5, 

hvor frontskive (32) og ramme er rektangulære.

7. Kamera (10) ifølge et af de foregående krav, 

hvor omstyringselementet (24) er udformet som skifteramme.

8. Kamera (10) ifølge et af de foregående krav, 

hvor omstyringselementet (24) er forbundet med frontskiven (32) og således er 

udformet udskifteligt sammen med frøntskiven (32).

9. Kamera (10) ifølge et af de foregående krav, 

hvor omstyringselementet (24) har en optisk virksom kontur, især en konkav 

kontur eller en friformsflade.

10. Kamera (10) ifølge et af de foregående krav,

hvor flere lyskilder (20) i belysntngsenheden (20, 24) er anbragt på et fælles 

printkort (34).

11. Kamera (10) ifølge et af de foregående krav, 

hvor belysningsenheden (20, 24) har fle,re enkeltvis aktiverbare grupper af 

lyskilder (20) og/eller lyskilder (20) i forskellige farver.

12. Kamera (10) ifølge et af de foregående krav,

som har en styre- og evalueringsenhed (28), der er udformet til i billeddataene at 

identificere kodeområder og udlæse deres kodeindhold.

13. Fremgangsmåde til registrering af billeddata fra et registreringsområde (14), 

hvorved registreringsområdet (14) gennem en frontskive (32) oplyses af en 

belysningsenhed (20, 24) med i det mindste en lyskilde (20), hvorved 

registreringsomradet (14) ved hjælp af et af frontskiven (32) beskyttet, til lyskilden
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(20) tilordnet sideværts omstyringselement (24) med en diffust spredende ' 

overflade eller en spejlende overflade oplyses med en diffus belysning (22b) eller 

en mørkfeltbelysning (22b), 

kendetegnet ved,

5 at omstyringselementet (24) efterfølgende er udskifteligt for at skifte mellem diffus 

belysning (22b) og mørkfeltbelysning (22b) og/eller ved hjælp af en anden form af 

omstyringselementet (24) at ændre belysningsparametre.
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Figure 3

Figure 4
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Figure 5


