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Image quality testing of complete  
cameras and assembled camera modules 
is standard in the optics industry. It is 
done by imaging a suitable target using 
the camera module under test and evalu-
ating the quality of the reproduction of 
the target. But recent rapid advances in 
consumer-type technology – for example, 
13-MP-resolution cameras in smartphones 
becoming standard in the higher-priced re-
gion – are rewriting the rules. Therefore, 
new approaches for testing methodologies 
are required to keep up with the techno-
logical developments and economic pres-
sure. Most of these can also be used in a 

similar fashion for all other camera test-
ing applications, from high-end scientific 
to thermal imaging surveillance cameras.

Most consumer-type camera modules 
are integrated into devices such as smart-
phones and webcams and use relatively 
short-focal-length (1 to 5 mm), wide-field-
of-view optics and either CCD or CMOS 
color sensors.

The parameters typically extracted dur-
ing testing of such a module can broadly be 
classified into five categories: image qual-
ity via the modulation transfer function1 
or the spatial frequency response2; proper-
ties of the optical system (e.g., distortion, 

relative illumination); optomechanical 
properties (e.g., relative alignment of the 
optics and the sensor or autofocus preci-
sion); color properties (e.g., color rendi-
tion, white balance); and sensor properties 
(e.g., dynamic range, linearity, noise, bad 
pixels). For modules incorporating flash 
capabilities, the alignment, illumination 
profile and intensity of the flash unit can be 
characterized as well. We will focus on the 
first three topics and discuss the remaining 
parameters only briefly.

Although most camera modules are de-
signed to be used with the object at a larger 
distance (infinite conjugate), conventional 
testing techniques usually place a test tar-
get with various patterns – typically a test 
chart – at a shorter distance (finite conju-
gate) from the module.

‘Classical’ finite testing
The industry has come a long way since 

the first images taken from early test 
charts, similar to the more modern one in 
the ISO 12233 standard,2 which were orig-
inally designed to allow a human observer 
to judge image quality from that displayed 
on an analog TV monitor, for example. 
Today, testing with test charts in finite dis-
tance is standard, done by image analysis 
software in real time.

Figure 1 shows a schematic represen-
tation of a test chart system in finite con-
figuration. The device under test (DUT) 
is placed in front of an illuminated chart 
with different markers and patterns on 
it. An image is then taken with the DUT, 
and software algorithms analyze the posi-
tion and shape of the markers, and extract 
the performance parameters of the camera 
module.
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Figure 1. Typical finite distance test chart setup with the illuminated test chart placed at a finite distance 
from the device under test (DUT). 
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A modified version of this setup incor-
porates a relay lens in between sample 
and chart to create a virtual image of the 
chart as seen from infinite distance. This 
approach usually requires a custom, high-
quality relay lens, especially for larger-
field-of-view applications and broadband 
(e.g., daylight) illumination, which can 
make such a setup complex and commer-
cially unviable. This solution should be 
used only if infinity conjugate measure-
ment and a more complex chart evaluation 
are required.

This test chart technology is relatively 
easy to deploy and combines a high den-
sity of measurement points with the ability 
to use different types of markers and pat-
terns on different field positions of a single 
chart. It is typically used for sensor resolu-
tions of up to 13 MP and testing in finite 
or close-to-infinite distances. However, 
because of recent advances in manufactur-
ing technology, this technology reaches 
its limits as the industry moves to sensor 
resolutions of 13 MP and higher, which 
tightens the requirements on optics and the 
alignment of the individual components of 
the module.

Common precision and repeatabil-
ity bottlenecks include the need for high 
homogeneity of the illumination over a 
large area, edge contrast and precision of 
the patterns on the test charts, and the re-
quired reproducible spectral distribution 
lighting, which is usually done with LEDs.

The size of the test instrument is an-
other important factor in a production 
environment: For the wide-angle, large-
field-of-view optics typically found in con-
sumer camera modules, a large test chart 
is required. The larger the angular field 
of view, the larger the test chart must be  
for a given finite object distance, which 
cannot be set too small for infinity-set 
fixed-focus objectives. The situation is 
similar for modules that have a focusing 
capability – in this case, shorter object dis-
tances can be used but the setup does not 
properly reflect the final application. For 
large test charts, the corresponding large 
instrument requires more precious factory 
floor space.

Testing using collimator domes
An alternative approach for testing 

camera modules with larger object dis-
tances between about 1 m and infinity is 
to use a set of collimators as target projec-

tors where each measurement point on the 
image sensor is provided by a dedicated 
collimator. A collimator consists of an il-
luminated target structure (the reticle) in 
the focal plane of an objective lens. The 
collimator projects the target virtually 
onto the DUT (Figure 2). The collimators 

can be either fixed-focus with preset infin-
ity or finite object distances, or they can 
be motorized for variable object distances.

The collimators are arranged in space 
so that the optical axes meet at the en-
trance pupil of the DUT. Different off-axis 
angles then correspond to different image 
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Figure 2. Collimator-based setup with the target being projected from a user-selectable distance of  
–1 m to infinity to 1 m onto the DUT. A simpler version uses fixed-focus collimators set to a specific  
distance; e.g., infinity.

Figure 3. Photograph of a collimator arrangement with nine collimators in a dome configuration.  
The DUT (not shown) is located below the collimators.



positions on the DUT sensor, with on-axis 
being the center position on the sensor.

Although this setup is more complex 
than a test chart setup, it offers several ad-
vantages and higher flexibility for testing 
at different object distances: 

• It can be used as a “true” infinite setup, 
with the DUT being tested under the same 
conditions as in the final application. This 
setup is quite insensitive to the actual po-
sitioning of the collimators, as the field po-
sitions are determined only by the angles 
between the collimators.

• The test chamber is compact, with the 
outer dimensions independent of the DUT 
field of view, so it uses less factory floor 
and is easier to manage. In fact, the me-
chanically closest distance of the collima-
tors should be used.

• It is less sensitive to stray light, and 
the reticle illumination can be better con-
trolled – which, in turn, leads to better re-
peatability.

• By using motorized collimators that 
can be focused, arbitrary object distances 
from approximately 1 m to infinity can be 
generated. This makes it possible to test 
the focusing of fixed- and autofocus mod-
ules. It is further important for the high-
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Figure 4. A schematic setup of 6-axis active-alignment setup using a computer-controlled movement  
platform (e.g., a hexapod) and a collimator dome as described in the text for fully automated alignment  
of sensor and optics, with optional glue dispensing and curing.

precision active alignment technology.
Figure 3 shows a typical collimator 

arrangement with nine collimators, all 
pointing into the entrance pupil of the 
DUT below (not shown). The spherical 
dome support allows the adjustment of the 
collimators to different object angles.

Additional tests: Business as usual
Besides the setups for measurement of 

image quality and optomechanical param-
eters discussed, other parameters are typi-
cally characterized for camera modules: 
These relate to color (e.g., white balance, 
color rendition3); sensor characteristics 
(linearity, sensitivity, bad pixels, etc.); or 
additional optical parameters such as dis-
tortion4 or veiling glare.5 Unfortunately, 
because of space constraints, they cannot 
be covered here in detail, but in general, 
the testing of these parameters is straight-
forward and well documented in the rel-
evant standards.

The image acquisition and transfer time 
for most camera modules is short, so the 
data obtained from the DUT also can be 
used in production to proactively and au-
tomatically align the optics and sensor 
to each other in a real-time, closed-loop 

process so that the combination delivers 
the highest possible performance. Besides 
the simple three-axis alignment for focus-
ing (Z) and centering (X-Y) of the sensor, 
rotation and, especially, sensor tilt rela-
tive to the image plane of the optics can 
be adjusted (Figure 4). The tilt adjust-
ment becomes increasingly important for  
high-performance, high-resolution mod-
ules with short depth of focus to reach the 
required image quality. As sensor resolu-
tion increases and the required tolerances 
become smaller, the industry is forced  
to use automatic alignment systems in-
stead of further reducing manufacturing 
tolerances.

Depending on the application, either 
a collimator arrangement or a finite test 
chart is used to provide the required in-
formation for the multiaxis active align-
ment system. To fix the achieved camera 
alignment, a glue dispenser with UV light 
curing can be embedded into the system, 
making the instrument a fully automated 
fabrication station for camera modules.

Meet the author
Dr. Daniel Winters is head of the image quality 
testing R&D group at Trioptics GmbH in We-
del, Germany; email: d.winters@trioptics.com.

References
1. T.L. Williams (1999). The optical transfer 

function of imaging systems. Institute of 
Physics Publishing.

2. ISO (2000). ISO standard 12233:2000: Pho-
tography – electronic still-picture cameras 
– resolution measurements.

3. ISO (2012). ISO standard 7321-1:2012: Co-
lour characterisation of digital still cameras 
(DSCs). ISO 17321-1:2012: Graphic technol-
ogy and photography – colour characterisa-
tion of digital still cameras (DSCs), Part 1: 
Stimuli, metrology and test procedures.

4. ISO (2008). ISO standard 9039:2008: Qual-
ity evaluation of optical systems – determi-
nation of distortion.

5. ISO (1994). ISO standard 9358:1994: Veil-
ing glare of image forming systems.


