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PRODUCT INSIGHT

1. Introduction

Microscopic procedures with optical magnifications are 
widely used for imaging in medical or scientific laborato-
ries, as often the smallest structures such as tissue cells 
are examined. These magnifications are usually accom-
panied by small apertures - f-number typically > 20 - 
which minimize stray light to achieve the required resolu-
tion. However, what has a positive effect on the imaging 
of microscopic samples can have negative effects as soon 
as unwanted particles are in the optical path. Dirt in the 
beam path of a camera, which cannot be seen with a 
normal lens and a wide aperture, can become   
dominating in the image even at low microscopic magni-
fications, thus superimposing image information and 
possibly complicating its evaluation. For this reason, 
special attention must be paid to keeping the entire 
optical system clean in applications with small apertures.

2. The Dependence on the f-stop

The influence of the aperture on the visibility of the dirt 
particles can be easily understood on the basis of the 
beam path. If the aperture is large and the f-number  
therefore small, the light cone is very large and the light 
rays fall on the image sensor at a wider angle. The shadow 
of the dirt particle is correspondingly small, as the com-
pletely shaded area on the sensor is small. A surrounding 
shadow forms around the core shadow, which is charac-
terized by a weaker attenuation in the image.

Image Quality in Medical & Life Sciences: 
Influence of Particles in the Optical Path
With the MED ace, Basler has launched a camera series that is specifically designed to meet the needs of medical and 
life science applications. A special feature of the MED ace cameras is the Dust Protection Feature Set, which seals the 
sensor chamber. This Product Insight explains why special attention should be paid to possible contamination of the 
optical path in medical and life sciences applications.
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Figure 1: Influence of the aperture on the visibility of a particle. 
These simple illustrations show the relationship between the aperture 
and the visibility of a particle located directly on the sensor glass 
in the image. With the large aperture opening in the upper illustra-
tion (small f-number), the core shadow is significantly smaller than 
the particle itself. This effect is induced by the ray path, the diffrac-
tion of the light at the particle and the large angle of incidence 
which allows relatively diffuse light to pass through. Below, the same 
scenario is shown with a much smaller aperture (higher f-number). 
Due to the smaller angle of incidence, the core shadow of the particle 
is larger and darker: the particle is clearly visible in the image.  
(Illustrations not to scale)
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3. The Dependence on the Position in the 
Beam Path

The extent to which a particle appears in the image is not 
only dependent on the aperture, but also on the position 
of the particle in the beam path. Particle shading (size 
and black-out) increases with decreasing distance 
between particle and sensor. For example, a particle that 
is on the IR cut filter in color cameras may not be visible 
or only barely visible in the image, while the same particle 
on the sensor glass is very prominent in the image. For 
this reason, it is all the more important to keep the space 
between the IR cut filter filter and the sensor free of 
particles.

Figure 2: Detectability of a particle at different f-stops. To illustrate the influence of the aperture, a camera with 3.45 µm pixels was 
prepared with a defined dirt particle. This was applied directly to the sensor glass and has a diameter of 13 µm. From left to right, the 
aperture decreases, leading to an increasing visibility of the particle. From aperture 32 on, diffraction rings are observable and the particle 
becomes more prominent. The grey value deviations increase from 3 % at f-stop 8 to 21 % at f-stop 32.
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Figure 3: Influence of particle position on visibility. This figure 
illustrates how the position of the particle in the optical path influ-
ences its visibility in the image. On the left, the particle is located 
directly on the sensor glass and creates a clearly visible core shadow. 
In the right picture the particle is on the IR cut filter, the aperture 
is identical to the one in the right picture. Due to the greater distance 
between the particle and the sensor, the light rays behind the particle 
run further towards each other, thus creating a much smaller core 
shadow. The surrounding shadow is noticeably weaker, since many 
light rays can bypass the particle and diffraction effects cause an 
additional extinction of the shadow. 
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4. The Dust Protection Feature Set 

All Basler MED cameras are manufactured with great 
care in a separate production area under clean room con-
ditions in accordance with ISO 14644 Class 8. The air in 
the production area is permanently filtered and periodi-
cally monitored. If the number of particles in the air 
exceeds a defined limit, no production is carried out and 
appropriate countermeasures are initiated. The entire 
production staff is specially trained for this area and can 
only access the production area via an air lock. To prevent 
the intrusion of particles into the sensitive area a gown, 
hairnet and special gloves must be worn. 

Since the IR cut filter used in color cameras makes it 
impossible to clean the sensor in case of contamination, 
Basler offers the Dust Protection Feature for selected 
MED ace cameras. This includes a sealing ring that is 
mounted between the IR cut filter and the sensor glass, 
for special protection of the sensor chamber against con-
tamination by particles, thus preventing visible contami-
nation of inaccessible areas in the camera‘s optical path. 
In addition to the final inspection at our camera test tool, 
the critical components sensor and IR cut filter are already 
checked for possible contamination during the produc-
tion of these cameras. If necessary, they can be cleaned 
of particles before the final assembly. This effectively 
prevents later problems in microscopic customer 
applications.

Figure 4: Comparison of the visibility of a particle on the IR cut filter and on the sensor glass. As in Figure 2, a camera (3.45 µm pixel 
size) was prepared with a 13 µm dirt particle, which in this case is located on the IR cut filter. With identical aperture, the particle on the 
sensor glass (right images) is more clearly visible than the same particle on the IR cut filter (left images) 

Figure 5: The Dust Protection Feature Set. The MED cameras 
with the Dust Protection Feature Set have an adapted hardware 
setup for special protection of the sensor chamber against unwanted 
particles: a sealing ring (depicted in light blue) is inserted between 
the IR cut filter and the sensor glass during production. This seal 
prevents the intrusion of particles during transport, installation at 
the customer’s site and of course during operation in the final 
application. This ensures that the cleanliness checked at the final 
inspection is maintained over the entire service life of the camera. 
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technology, first obtaining a degree in engineering (FH) 
and then a doctorate in engineering. In her dissertation 
she worked on the development of an ultrasound device 
for measuring bone properties. Due to her many years of 
experience Melanie brings a lot of knowledge from 
medical technology as well as from hard- and software 
development.
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Basler Group

Basler is a leading manufacturer of high-quality digital 
cameras and camera accessories for industry, medical 
and life sciences, traffic and a variety of other markets. 
The Basler Group is home to approximately 800 emplo-
yees, at its headquarters in Ahrensburg, Germany, and at 
other locations in Europe, Asia and North America. 

Basler cameras are well suited for various vision applica-
tions in medicine, diagnostics and life sciences. They can 
be used in microscopy, laboratory automation and diag-
nostic equipment, such as in hematology, pathology, 
ophthalmology and dermatology. Fields such as biome-
dical research has also become increasingly prevalent 
sites for cameras.

To address even the most complex imaging demands, 
Basler offers the Basler MED ace camera series. Specifi-
cally designed for medical and life sciences. These 
cameras incorporate MED feature sets for excellent color 
reproduction, for example needed in ophthalmology.

With more than 30 years of experience in image techno-
logy, Basler is the world’s largest producer of industrial 
digital CMOS cameras. With in-depth understanding of 
sensor technology, we shape the transition process from 
CCD to CMOS and find the most suitable camera for the 
application.

Our separate production line for the Basler MED ace 
cameras ensures compliance with the quality manage-
ment standards of ISO 13485:2016.
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