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General information

The images of a camera are the representation of light re-
flected by an object onto a sensor chip (CMOS or CCD). For 
these images to be automatically analyzed with the help of 
computers, the objects in the image area need to be imaged 
with high contrast and be reproducible reliably.      

Lighting optimized for the imaging of the objects is essential 
for the satisfactory function of the image processing system. 

The uniform and constant illumination of the image area or 
the object - independent of the environment - is a prerequisite 
to obtain reproducible position, measuring or quality data 
from the image analysis, i.e. task-specific lighting has to be in-
stalled and extraneous light be minimized/screened out.     

The size and type of the lighting is determined by the shape 
and size of the reflecting surface as well as by the distance and 
lighting angle to the image field/object. Flat surfaces are easy 
to illuminate; indentations and cylindrical or spherical sur-
faces require a more complex lighting. 

Furthermore, the selection and arrangement has to consider 
specific environmental conditions and mechanical/availability 
requirements of the light. The task and the object properties 
determine the characteristics of the lighting. 

This guide is intended to provide help in finding suitable light-
ing equipment for vision sensor applications.

Lighting Types

Transmitted light

In the case of transmitted light, 
the object is illuminated from 
behind with a large, diffusely 
shining illuminated screen, cre-
ating a silhouette image with 
sharp edges and high contrast.

Reflected light

In the case of reflected light, the 
lighting comes from the direc-
tion of the camera. Ideally, dif-
fuse reflected light results in few 
image shadows and no total re-
flection from the object.

Bright field lighting
In the case of bright field lighting – dif-
fuse reflected light – the surface appears 
bright and uneven spots dark in the im-
age.

Dark field lighting
In the case of dark field lighting 
– directional light with a shallow 
angle – the surface remains 
dark, while edges, protrusions or 
indentations appear bright in 
the image.

When shooting quickly moving objects, very short camera ex-
posure times become necessary to avoid motion blurriness. 
This requires a high light intensity or the illumination with a 
flash to still achieve a full image recording. The proper timing 
of the flash is controlled by the image analysis system.
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Light fixures

In general, all types of light fixtures can be employed:

Fluorescent Lights with HF-Ignition

Due to their tube-shaped or ring-shaped design, fluorescent 
lights are especially suitable for the illumination of large sur-
faces. Their ignition – employing electronic high-frequency 
(approx. 30 kHz) ballasts – reduces flickering and beats, keep-
ing the brightness stable. In addition, electromagnetic inter-
ference is prevented by high voltage and the service life of the 
illuminant extended. With the help of opal trays or diffusing 
screens, the light becomes diffuse and a near-uniform illumi-
nation of the image area is achieved.

Electric Filament Lights (Halogen)

Electric filament lights are especially suitable for illuminating 
small areas with high intensity. In general, they emit a direc-
tional light, whose orientation is further enhanced with the 
help of reflectors and lens systems. In the image, this results 
in the formation of shadows by protruding parts and total re-
flections by flat surfaces, which have to be considered accord-
ingly by the analysis. 

LED lights

The development of light-emitting diodes has made great 
strides in recent years with regard to light intensity and colors. 
Equipped with reflectors, they are used for directional light-
ing; when grouped in large quantities, as illumination fields. 
LED lights are thus available in different designs as spot, line, 
area or ring lights, which are selected and/or arranged task-
specifically.

Type Attributes Power supply Design Service life

Fluorescent lights Large surface, wide spac-
ing possible

High-frequency > 25 kHz Ring-shaped/tube-shaped MTBF of 5000 h

Electric filament lights 
(Halogen)

Vibration-sensitive 50 Hz – AC or DC Point light, directional MTBF of 2000 - 4000 h

LED lights Flash-capable 12/24 VDC various shapes and colors MTBF of 70.000 - 
100.000 h

Decision Criteria

■ The dimensions of the light fixture are determined by 
the size of the object or image area, the operating di-
stance and the position tolerances.

■ The reflection properties of the object and background 
surfaces as well as the distance determine the intensity 
of the light and in this way also the waste heat.

■ The service life and aging characteristics of the illumi-
nants determine the long-term consistency of the 
image analysis or corresponding maintenance cycles.

■ Availability and costs can – just like the physical limita-
tions – significantly influence the selection of the light 
fixture.
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Which lighting for which tasks?
Examples:

Measuring Tasks and Shape Identification
For measuring geometric parameters with high precision and 
reproducibility, a transmitted light illumination makes sense. 
Uneven spots and different colors on the surface of the object 
do not negatively impact the image processing.

Quality Control and Parts Identification 
If the characteristics of an object are to be identified or 
checked on the surface, a reflected light illumination from the 
direction of the camera is employed. Highly reflective surfaces 
ideally require diffuse reflected light, which - however - can be 
very complex construction-wise. Either the active area of the 
light has to be designed much larger than the object itself or 
the light source has to be placed in the light path of the lens.

Code and Plain Text Reading
High-contrast images of printed surfaces are the prerequisite 
for a high recognition rate. Only in very few instances can 
transmitted light be utilized for these tasks. This leaves only 
the option of working with bright field lighting. 

If surfaces are encoded by laser or imprinter engraving, the 
use of the dark field lighting is recommended.

Completeness Check and Handling Tasks
For the localization and pattern recognition, a combination of 
several lighting types may become necessary, if the external 
outline as well as the surface features need to be imaged in 
high contrast.

Further information on image processing systems

www.siemens.com/simatic-sensors/mv
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The information provided in this brochure contains descriptions or characteris-
tics of performance which in case of actual use do not always apply as described
or which may change as a result of further development of the products. The
desired performance features are only binding if expressly agreed upon in the
contract. Delivery options and technical data subject to change without prior
notice.


