
when using machine 
vision lenses

7
Pitfalls
and how to solve them!

Machine vision lenses are essential components in any machine 
vision system, enabling the capture of high-quality images to 
be analyzed and processed by the system. 

The selection of the right machine vision lens for a particular 
application can have a significant impact on the overall performance 
of the vision system. However, there are many potential pitfalls that 
can arise when using machine vision lenses that can negatively affect 
image quality and system performance. 

In this whitepaper, we will discuss seven of the most common pitfalls 
when using machine vision lenses and provide solutions to overcome 
them.



#1 Working at a distance 
below the specified 
minimum working distance

When trying to achieve high magnification with 
long focal lengths, this can result in a large 
number of close-up rings, leading to significant 
darkening and loss of image resolution due 
to diffraction. Using lenses in a retro 
position avoids the significant darkening 
and loss of image resolution caused 
by a large number of close-up rings.
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One common issue that can arise when using machine vision lenses is the need to work at a close 
distance below the lens’s minimum working distance. This can happen when trying to image small 
objects or features. If the lens cannot focus at such close distances, the resulting image may be 
blurry or out of focus.

Due to the mechanical structure, the distance to separate the lens from the sensor surface reaches 
its limit at the specified minimum working distance. Using a close-up ring allows the lens to be 
moved further away from the sensor, thus shortening the working distance. By increasing the 
distance between the lens and the sensor, the lens is able to focus on objects at shorter distances 
than it could without the ring.

The use of a close-up ring magnifies the image on the camera sensor, which can be useful 
for imaging small objects or features. However, this increased magnification also comes at 
a cost of reducing the depth of field. Depth of field refers to the range of distances in the 
scene that are in focus. With a smaller depth of field, only a narrow range of distances 
will be in focus at any given time, making it more challenging to keep the object of 
interest in focus. One more thing to keep in mind when using the close-up ring is that 
the peripheral resolution is significantly reduced. The following illustration 
demonstrates how using a close-up ring can increase the magnification. 
Kowa offers a variety of close-up rings of different thickness. 

Example of a lens focusing at 
infinity, minimum working 
distance 200mm and below 
minimum working distance 
using a close-up ring of 10mm.



One potential issue that can arise when using a camera and lens together is a difference 
in their flange back. The flange back is the distance between the lens’s mounting surface 
and the image sensor and it plays a critical role in determining the lens’s ability to achieve 
infinity focus.

Production tolerances exist for flange back, and if the camera’s flange back is greater than 
the intended distance of the lens, the lens may not be able to achieve infinity focus. This 
occurs because at the infinity setting, parts of the lens system reach their shortest distance 
from the image plane. As a result, the image may appear blurry or out of focus.

#2 Unable to focus at infinity

FRONT OF CAMERA

FLANGE BACK

C MOUNT
17.526mm

Machine vision cameras often lack the ability to adjust the 
flange back length, while lenses can be adjusted manually. 
Some manufacturers, such as Kowa, offer flange back 
adjustments upon request.

Another reason that a lens may not be able to focus 
properly is due to the depth of immersion of the lens 
and hitting filters or cover glass of the sensor. 
When focusing some mechanical parts go back 
towards the sensor, therefore, it is crucial to 
ensure that any filters used are compatible 
with the lens and camera setup to 
achieve optimal focus.
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When capturing images having a sufficient depth of field is essential in some machine vision 
applications. Depth of field refers to the range of distances in an image that appear in focus. 
If the depth of field is not sufficient for the particular application, it can lead to parts of the 
image being out of focus, resulting in a decrease in image quality.

There are two ways to address this issue. First, you can close the iris, which will increase 
the depth of field and make more things in the picture look clear. However, this approach 
has limitations, as it can also decrease the amount of light entering the system, requiring 
longer exposure times or brighter lighting or lead to blurred images caused by diffraction.

The other way to address depth of field issues is to use a lens with a higher resolution, 
which leads to a gain in depth of field due to the smaller permissible blur circle. 
High-quality lenses are designed to minimize optical aberrations that can cause 
loss of sharpness and contrast, even when the lens is used at larger apertures.

#3 Depth of field is not 
sufficient 
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The chief ray angle (CRA) of a lens is the angle at which the chief ray of light passes through 
the lens. The chief ray is the light ray that passes through the center of the lens and 
intersects the optical axis at the focal point. It is the most important ray for determining the 
image quality of the lens. 

It is essential to consider the interplay of the microlenses on the sensor and the CRA. 
Microlenses are tiny lenses placed on the surface of image sensors that help direct light 
into the photosensitive area of each pixel. They are designed to improve the sensor’s 
sensitivity and reduce noise, which can significantly impact the final image quality. 
However, the presence of microlenses can also affect the CRA requirements for the lens.

When light passes through a lens and reaches the sensor, it may not enter the  
microlenses at the optimal angle. If the CRA of the lens does not match the microlens  
angle, it can cause some light to be blocked by the edges of the microlenses,  
leading to a darkening of the corners of the image (vignetting) resulting in 
reduced image quality.

Therefore, in addition to considering the CRA requirements of the sensor, 
it is crucial to take into account the microlens design when selecting a lens.
The CRA can be requested from the lens manufacturer.

#4 Chief ray angle 
requirements 
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In machine vision applications, a critical consideration when selecting lenses is the spectral 
response of the lens. Spectral response refers to the range of wavelengths of light that a 
lens can transmit. The spectral response of the lens needs to match the spectral range of 
the light source and the sensor to ensure the best possible image quality.

A mismatch in spectral response can result in a decrease in image quality, including a loss  
of colour fidelity, contrast, and resolution. For example, if the lens cannot transmit the  
specific wavelengths of light that are necessary to capture a particular colour,  
the resulting image may appear distorted or inaccurate.

To avoid these issues, it is important to check the transmission sheet of the lens, 
which provides information about the spectral response of the lens. 
The transmission sheet provides a graph of the lens’s transmission as a function 
of wavelength, allowing users to determine the wavelengths of light the lens  
can transmit. By comparing the transmission sheet of the lens to the spectral  
range of the light source and the sensor, users can determine 
whether the lens is suitable for their application.

#5 Spectral response 
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#6 Focus shift at different 
wavelengths 
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In machine vision applications, focus shift at different wavelengths can be a potential issue 
that affects the image quality. Focus shift occurs when the focus of the lens changes as the 
wavelength of light changes. This is because different wavelengths of light refract differently 
as they pass through the lens. As a result, when using a lens that is not designed to correct 
for focus shift, the focal plane can shift as the wavelength of light changes. This can lead to 
a decrease in image quality, with images appearing blurry or out of focus.

A potential solution to this issue is to utilize an IR-corrected lens. In an IR-corrected lens, 
the focus point is adjusted to accommodate the varying wavelengths of light, ensuring that 
the focus remains consistent from visible light to 850nm. These lenses are commonly 
employed in traffic-related scenarios, where visible light is used during the day and 
IR-illumination is utilized at night. Additionally, for more demanding applications involving 
visible light and short-wave infrared (SWIR), there are lenses available that offer  
focus shift correction even up to 2000nm.

Tracking the focus positions with the help of a motor, while changing the 
operating wavelength, can correct the focus. However, a standard lens 
designed for visible wavelengths (apochromat) cannot produce a sharp
image with a common focus if the illumination is mixed visible wavelengths 
and infrared wavelengths. This results in so-called blurred ghost images,  
which overlay a sharp core image and destroy the contrast.

Here one must strictly limit the operating wavelengths with filters, 
or use IR-corrected objectives (superachromats) that can image 
an extended corrected wavelength range in focus. If you want to 
extend the operating wavelength to cover visible, IR and also 
SWIR wavelengths at the same time, which should remain in 
focus together, then use lenses optimised for 
this purpose (hyperachromats).

It is important to note that focus shift can also be affected  
by other factors, such as changes in temperature.  
Therefore, it is essential to consider all of these factors  
when selecting a lens for a particular application.

2000nm



#7 Stability problems 

In contrast to systems that employ standard lenses 
with similar or even better optical parameters, 
ruggedized lenses often exhibit significantly 
better measuring accuracy.  This improvement  
enables manufacturers to achieve greater  
precision in their product manufacturing,  
ensuring constant long-term quality. 

Two way reversible nut is 
utilized instead of 
traditional thumb screws.

Interchangeable iris plates 
instead of delicate 
mechanical iris diaphragms.

Internal glass elements
are glued to 
improve stability.

One pitfall when using machine vision lenses is the potential loss of calibration when 
the lenses are moved, tilted, or shifted. This issue arises in calibrated systems where the 
mechanical stress, vibrations, and deflection of the lens mechanics can lead to the loss of 
centring or unstable optical axis. Over time, even subtle vibrations can cause erosion of 
the mechanical components, resulting in contamination through abrasion that affects the 
captured images and distorts measurement results. Consequently, the tolerance values that 
were initially calculated and set cannot be accurately measured anymore. Measurement 
errors may appear sporadically or worsen gradually. This situation leads to an increase in 
scrap, requires time-consuming and costly troubleshooting efforts, and hinders the 
achievement of planned manufacturing precision. In such cases, calibrations are lost, im-
pacting the overall performance of the system.

To address this issue, a solution lies in the use of ruggedized lenses, which are designed 
without moving mechanics and employ glued lens elements. Ruggedized lenses offer 
several advantages compared to standard lenses. Firstly, the absence of moving 
mechanical parts and diaphragm blades, along with the bonded lens elements, 
enhances their resistance to vibrations and shocks.  The optical axis remains stable 
even under strong impacts or vibrations. Once the lens system is set, the
measuring tolerances of the optical system remain consistent over time.



Kowa is a Japanese company that specializes in creati ng top-notch opti cal products 
specifi cally designed for machine vision purposes. We have a wide selecti on of lenses 
tailored for machine vision, all meti culously craft ed and manufactured in Japan.

To cater to our European customers, Kowa has a sales and R&D offi  ce in Germany. 
This offi  ce serves as a hub for sales and technical support within the European market. 
Our German team works closely with the technical experts in Japan to provide excepti onal 
service. We understand the value of having local experti se and leverage the experti se of our 
dedicated in-house opti cal designers within our German team to provide semi-customized 
and fully customized designs. You can expect prompt communicati on and a thorough 
understanding of your specifi c applicati on needs to develop the ideal soluti on.

Kowa’s machine vision lenses are highly sought aft er in various industries, such as 
automoti ve, pharmaceuti cal, and electronics. They have earned a stellar reputati on 
for their unparalleled precision, reliability, and durability. When it comes to availability, 
Kowa lenses are readily stocked and can be shipped to any locati on in Europe within 
a matt er of days. Our unwavering commitment to maintaining high quality 
standards and fostering innovati on has positi oned us as a leading brand in the 
machine vision market.

About Kowa

Here to help
If you have any enquires or need help with your 
next machine vision project, then please do not 
hesitate to contact one of our opti cal experts.

Tel: +49-(0)211-542184-0 
Mobile: +49-(0)174-1941251
Email: lens@kowaopti med.com
Website: www.kowa-lenses.com


