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Imaging sensor development results, achieved in the past four decades, provide increased camera capabilities both in day and 
night conditions. Due to advanced camera performances, we are experiencing a wide application of the imaging sensors in 
various areas, e.g. machine vision, mobile technology, autonomous vehicle driving, smart city scenarios, and scientific imaging. 
Low light level sensitivity, supporting camera night vision capability, leads to new applications in the security systems. 
Accordingly, the new needs of the camera testing procedures appear. Advanced camera performances also require a new 
approach to imaging sensor and camera testing and parameter definition. The short review of the current achievements in the 
area of low light camera technology developments is presented as a basis to illustrate the importance of their application and 
proper metrological support development. The review of the most important low light camera parameters and related 
measurement and testing methods is set to point out the needs for new low light camera testing procedures development. 
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Introduction 
MAGING sensor manufacturers, camera developers and 
imaging system manufactures nowadays, usually belong to 

the different organizations. In addition, users need to have a 
clear sense regarding quality control, and applicability of the 
imaging devices. This is one more reason to have clearly 
defined camera parameters providing a good understanding 
between all involved parties in the camera production and 
application chain. 

Imaging sensors are usually well adapted to the selected 
spectral band that is illustrated in Fig.1. An image is formed 
using reflected radiation – from natural or artificial irradiation 
sources (UV, VIS, NIR and SWIR) or IR thermal radiation 
(MWIR, LWIR). 

 

Figure 1. Night vision technology related spectral regions 

Low light level – LLL sensing provides imaging during the 
low visible light conditions, existing during night. Night vision 
technology started development with well-known image 
intensifier technology [1] and later expanded to thermal imaging. 

The increased imaging sensor low light level capabilities 
and various options, provide electronic imaging device 
(camera) as a solution for day light and night conditions at the 
same time having even color imaging capability during the 
night. The typical values for night illumination levels are 
listed in Table 1 [2]. If these levels are compared to day light 
illumination (up to 80000 lux) and normal office illumination 
(200 lux-1000 lux) it is clear that the new approach in LLL 
camera evaluation is necessary, due to metrological support 
related to low illumination levels.  

The LLL imager performance evaluation appears as a new 
challenge that is not universally resolved through standard 
camera measurement methods definition. In the current 
practice the measurements are conducted according to the best 
knowledge about electro-optical (EO) imager testing [3 – 5] 
and night vision metrology [6] developed for image intensifier 
devices [7]. The evaluation methodology is usually adapted in 
accordance with the imager’s type and aimed application goal.  

The goal of this paper is to make a short review of the LLL 
imaging technology pointing out the basic characteristics and 
related assessment methodology. As a starting point the short 
review of the basic performances of the imaging cameras is 
presented. Also, illumination source properties that could be 
used for LLL imaging have an important role in the testing 
methodology development. The most known measurement 
set-ups for visible and IR cameras applicable for LLL camera 
testing are used as a basis to define the key issues that should 
be resolved for LLL camera metrology purposes. This article 
contains the results of the analysis generated during our study 
efforts to develop a new low light level camera testing set-up 
and methodology aiming improvements of our EO laboratory 
capabilities. 

In the discussion section the camera evaluation LLL 
methods and related metrological issues are overviewed. 
 

I 
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Table 1. Night illumination levels 

Night level 1 Night level 2 Night level 3 Night level 4 Night level 5 

Full moon Half moon Quarter moon Clear Starlight Overcast Star-
light Illumination  

Conditions 

  

Range illumination 
[mlux] 

40-1000 10-40 2-10 0.7-2 0-0.7 

Test room illumination 
[mlux] 100 15 4.3 0.9 0.4 

 
Night vision and low light level illumination 

sources 
Low-light imaging is a technology used to improve 

visibility in dimly lit environments where sensitivity of the 
human eye is poor. This technology uses residual radiation 
that could not be detected by an un-aided human eye because 
it is under human eye sensitivity level in the visible region, or 
generated in the other spectral regions. This type of 
illumination conditions appears mainly during the night. Thus, 
the commonly used term is “night vision” technologies and it 
covers: low-light level (LLL) imaging, near-infrared (NIR) 
imaging, short wavelength infrared (SWIR) imaging and 
thermal (medium wave infrared (MWIR), long wave infrared 
(LWIR)) imaging. LLL, NIR and SWIR imagers use reflected 
natural or artificial illuminator sources as a scene illumination 
source. For that reason, the same testing methodology is 
applicable to all three of them. In addition, some scientific 
and biomedical applications use weak or luminescence 
sources for image generation purposes. 

Thermal imagers (MWIR and LWIR) use object emitted 
thermal radiation. All night vision technologies transform an 
invisible image into a visible using different techniques. It means 
that evaluation methodologies of all night images should be 
similar but differences appear in the evaluation of the conversion 
efficacy and testing source design and metrology [8, 9]. 

Natural illumination (irradiation) sources 
The knowledge about night time illumination (irradiation) 

sources is a starting point in the night vision technology 
understanding. The physical quantity, describing the amount 
of visible light energy falling on a scene [10], is called 
illumination and measured in lux [lm/m2]. The level of 
illumination varies during the day from 100.000 lux (bright 
sunny day having spectrum as illustrated in Fig.2), 500 lux 
(bright office illumination) to 0,1 mlux (moonless overcast 
starlight – having a spectrum presented in Fig.3 and typical 
illumination levels presented in Fig.4.) 

Human eye is adapted for vision during day light, so 
illumination is measured using photometric quantities that are 
weighted with human eye spectral sensitivity. In the NIR and 
SWIR part of the spectrum these quantities are not applicable, 
but describing the irradiation levels in this part of the 
spectrum using photometric units has only some qualitative, 
descriptive sense. 

The moon light is a primary illumination source during the 
night time (see Fig.3), but illumination level is changing 
according to the phase during lunar cycle. Star light and sky 
scattered light is the lowest natural illumination source (night 
sky glow as illustrated in Fig.5) [11-14]. The night sky glow 
spectral radiance curve clearly shows why imaging sensors in 
SWIR region provide capability for good night vision 
imaging. 

 
Figure 2. Sun spectrum (AM0 – out of atmosphere; AM1 – at sea level) and 
human eye sensitivity 

 

Figure 3. Night illumination due to the moon and sky 

 
Figure 4. Solar, lunar and sky illuminance levels 
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Figure 5. Night sky radiance [11] 

Artificial test sources and metrology  
Photometric standard source (Type A) [10] based on the 

application of stabilized incandescent bulb (tungsten wire) 
usually using quartz envelope (quarts-halogen) operating with 
predefined color temperature (2856 K) is widely accepted as 
the illumination standard in the visible spectral region. The 
relative spectral radiance distribution is presented in Fig.6 and 
compared to human visual system and SWIR InGaAs detector 
typical relative sensitivity. This comparison shows that this 
type of source could be suitable in the both VIS (NIR) and 
SWIR spectral region. In the VIS region photometric 
quantities related to integral light energy weighted by eye 
relative spectral sensitivity are used, and related metrology is 
established and well developed. In that case the well-known 
and widely accepted measurement unit for scene illumination 
is lux.  

 

Figure 6. Test source Type A relative spectral curve compared to human 
visual system relative spectral sensitivity and typical InGaAs – SWIR 
detector relative spectral responsivity 

Following the increased importance of the SWIR sensor 
application and potential similarity in case when the whole 
SWIR region used the researchers suggestion [15 - 17] to use 
analogy with photometry and to use a new measurement unit 
for SWIR irradiation, swux. The definition of the swux unit 
for SWIR irradiation and analogy with lux is illustrated in 
Fig.7. The equivalent SWIR irradiation measurement 
radiometer is designed using similarity in design as 
photometric measurement instrument lux-meter, and used for 
SWIR irradiation measurements. The measurement results for 
the selected illumination conditions are presented in Table 2 
compared to related photometric values [18]. 

 

Figure 7. Comparison of the photometric units and new SWUX radiometric 
unit definition [17] 

Table 2. Illumination level comparison  

Illumination Level Illumination 
conditions [swux] [lux] 

Direct Sunlight 2,8 107 8,8 104 
Overcast Daylight 4,6 104 900 

Full Moon 97 0,1 
Quarter Moon 44 1,1 10-2 
Clear Starlight 38 1,2 10-3 

Overcast Starlight 3,8 1,2 10-4 

Low light camera technological options 
Cameras sensitive in the visible spectrum range are 

realized using CCD (Charge Coupled Device) and CMOS 
(Complementary Metal Oxide Semiconductor) technology 
[19-27] can be modified to obtain low light functionality. This 
is done by changing the primary technologies in order to 
increase the signal to noise ratio in the following way: 

Electron-multiplying CCD (EMCCD) camera utilizes 
special structured frame transfer CCDs that have two areas – 
the sensor area which captures the image and the storage area 
where the image is stored and photo-generated electrons are 
electronically multiplied prior to read out. This technology 
combines CCD imaging characteristics (e.g. high quantum 
efficiency, low dark current, excellent uniformity, and low 
pixel cross talk) with high speed, low power and ultra-low 
read-out noise of the CMOS technology. 

Intensified charged coupled device (I-CCD) – use image 
intensifier tube as the first stage. Its screen is optically 
coupled with CCD imaging sensor. The image intensifier 
screen has bigger area than the image intensifier sensor 
sensitive area, so they should be optically coupled. Optical 
coupling using relay optics is characterized by a good MTF, 
but it is bulky and involves a high loss of light. Using fused 
fiber optics between the screen of the image intensifier and 
the image sensor surface is a very efficient coupling method. 
If a straight fiber-optic is used, only that part of the intensifier 
that corresponds to the image area of the sensor is utilized. A 
better approach is to use a demagnifying tapered fiber-optic 
bundle whose input and output match respectively, the output 
of the intensifier and the input of the sensor. The advantages 
of this way of coupling are low light losses plus a compact 
construction. 

Scientific complementary metal oxide semiconductor 
(sCMOS) – in basis uses CMOS sensor with a pixel 
architecture and geometry designed specifically to enhance 
low-light level imaging. Pixel size is increased for higher 
sensitivity of the camera. Image processing electronics is 
designed to achieve low read out noise. 
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SWIR imaging sensor 

Cameras sensitive in SWIR (0.9 – 2.7 µm) spectrum 
essentially are not low light level cameras because of their 
wide spectral sensitivity mainly in the IR band, but it can be 
used for night observation because they have some sensitivity 
in the visible region and they are very sensitive in the SWIR 
region where night sky glow exist. Night vision with SWIR 
detectors in high gain mode is possible with natural night sky 
illumination.  

Due to the importance of the SWIR technology [28-30] we 
will consider it as a low light level image sensor that should 
be evaluated in a similar way. 

Digital imaging camera quality assessment 
Imaging camera is considered a device comprised of 

optical image forming system (usually lens), image sensor 
placed in the image forming plane (usually focal plane array), 
signal and image processing electronics, as illustrated in 
Fig.8. 

 

Figure 8. Generalized camera architecture  

Imaging sensor development results in the past four 
decades provide an increased camera capability both in day 
and night conditions. Due to the advanced camera 
performances we are experiencing a wide range of application 
of the imaging sensors in various areas such as machine 
vision, mobile technology and smart city. The camera basic 
parameters and measurement methods are considered in 
literature [3]. Also, selected specific and advanced 
measurement methods are already discussed [30-33]. Some of 
the camera parameters and measurement methods are defined 
in related standards [34-37]. Low light level sensitivity, 
supporting camera night vision capability, leads to the new 
applications in the security systems. Accordingly, the new 
needs of the camera testing procedures appear. 

Imaging sensor basic parameters 
Advanced camera performances also require a new 

approach to imaging sensor and camera testing and parameter 
definition. Camera sensitivity and resolution are limited with 
imaging sensor pixel structure and size, so there is always a 
trade-off between them [39]. It is important to point out that 
illumination (irradiation) on the focal plane is the most 
important factor to count on when the performances are 
measured, and it is the connection point between camera 
parameters and imaging sensor parameters. 

The selection of the key imaging camera and imaging 
sensor parameters is listed in Table 3. In this paper only 
selected parameters and measurement methods related to 
resolution and low light level operation will be discussed. 
Imaging sensor parameters are well defined in EMVA 1288 
standard [37]. 

Table 3. Camera and Imaging sensor key parameters 

Camera parameters Imaging Sensor Parameters 

Resolution (limiting resolution, 
center, corners) 

Detector type, number of pixels, focal 
plane dimensions  

Light sensitivity (Sensitivity 
threshold) 

Effective Pixel distance (pitch) and 
pixel size (micron) 

Noise, signal to noise ratio Spectral sensitivity, spectral bands 

Dynamic range (related scene 
contrast) 

Quantum efficiency (electron/photon)

Color reproduction properties Shutter options and readout timing 

Sharpness Bad pixels 

Operation conditions PRNU – Pixel Response Non 
Uniformity 

Imaging camera basic parameters 
The camera resolution is described as its ability to 

reproduce fine details in an image. The camera resolution 
could be defined as limiting resolution following the 
predefined criteria. To provide a better image usability it is 
important to have a good resolution over all image areas.  

The imaging sensor response depending on the 
illumination level is expressed through the light sensitivity 
parameters. One of the most important is the threshold 
sensitivity defined as a minimal scene illumination required 
to generate the usable image. It is not easy to define and 
evaluate the threshold sensitivity due to the following reasons:  
a) it is complicated to set and control scene low level 

illumination;  
b) setting image usability criteria highly depends on 

application;  
c) it is often subjective when a human observer is involved;  
d) in case when the image is presented to the observer the 

influence of the display properties to projected image is 
hard to isolate. 
Image noise and signal to noise ratio are the parameters 

that could be objectively extracted from the image (video) 
signal. Also, these parameters are usually a part of the 
objective measurement procedures related to the image 
resolution and sensitivity measurement. Imaging signal could 
have limiting range defining image low (dim) or high (bright) 
levels limiting scene radiance dynamic range that could be 
reproduced in the image. The imaging sensor usually has a 
linear light response, so the camera is not able to reproduce 
high luminance (radiance) level in the scene, sometimes 
causing saturation in the image. 

In case of color imagers the proper reproduction of the 
colors in the scene should be evaluated.  

Image sharpness as a part of image details resolution is an 
important but complex parameter to be defined and evaluated. 
It is closely related to the image contrast and imager contrast 
transfer function and imager blur distribution caused by the 
image forming system aberrations and pixel cross talk. 

The dependence of the imaging system parameters on 
operation conditions (temperature, weather conditions) 
shows where application limitations are. Especially, the 
influence of weather conditions is the most important for 
user but also the hardest to evaluate through measurements or 
modeling. 

Image quality metrics 
The main function of the imaging system is to generate the 

scene information data and present them to the human 
observer or image processing system to extract important 
scene structural data. Therefore, a measurement of structural 
distortion should be a good approximation of perceived image 
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distortion. Depending on image application the quality 
(usability) of data could be judged and quantified. So, the 
image quality appears as a common sense term. Yet, it is not 
easy to define a unique metric to express the image quality 
because it depends on the imaging system purpose [40, 41]. 
Also, the image quality assessment could be subjective (using 
observer’s judgement), or objective (using measurement 
results) [42, 43]. 

The objective image quality metrics defined for the image 
processing algorithms optimization success motivated a wider 
application of the image quality in high quality imaging 
system comparison. One of the well-known efforts is the 
definition of the General Image Quality Equation – GIQE [44, 
45] related to the aerial imaging system application and 
connected with the National Imagery Interpretability Rating 
Scale – NIIRS. Aerial and space based surveillance systems 
are complex in design and very expensive so developers 
require a tool that will accurately predict NIIRS performance 
prior to building and testing a new sensor system. The GIQE 
was developed to provide predictions regarding to a small 
detail resolution and involve influence of the required 
resolution parameters, edge response (MTF [46]) imager 
noise and signal to noise ratio. The design of the imaging 
system is the outcome of many trade studies, including the 
image quality within the real world limitations and their 
performances influence to applicability prediction (range for 
target perception). During the design process application of 
the GIQE connecting imager performance parameters and key 
task requirements could be useful [47]. 

In case of the low light digital imaging devices, the 
resolution is one of the important parameters, but sensitivity 
threshold limits also matter, so the image quality is not 
sufficient to predict the overall application range. 

Imaging camera performance models 
An accurate and properly tailored imaging camera 

performance model can greatly reduce the development time 
and cost associated with fielding new systems. An important 
part of an imaging system performance modeling, is accurate 
and well controlled imaging sensor measurement [48, 49]. On 
the other hand, the imaging sensor performance model 
outcome should provide parameters that could be evaluated in 
the laboratory and extended to the field testing of the imaging 
system. It should be clear that only the field testing ultimately 
validates the imaging system performances. In addition, the 
human observer performances should be incorporated as 
important part of the imaging chain. Because of that image 
perception the criteria development should be an important 
part of any model. 

In case of the color imaging sensor [48, 50], a proper color 
balancing can make the imaging sensor model more 
complicated. It is normal to expect that imaging devices, such 
as cameras, aimed to operate in similar light levels like human 
visual system should provide image properties suitable to 
human eye. In case of the low light level conditions where 
human visual system cannot be used there are new imaging 
sensors that are able to convert residual visible light or 
radiation generated in the invisible part of the spectrum to the 
visible image. In that case the generated visible image should 
be suitable for human visual system. Most of the theories, 
measures, models, and methods in color science are 
developed for intensities optimal for human visual system.  

In case of the low light imaging the sensor models [51-53] 
are based on the MTF (Modulation Transfer Function) and 
CTF (Contrast Transfer Function) for discrete systems. That is 
a good orientation because those parameters can be measured 

in the laboratory and can be extended to the field related 
evaluation. Specificity of the SWIR imaging sensor using 
laser illumination requires a modification of the early 
developed models [54]. 

Imaging camera measurement methodology 
The most important camera parameters are connected with 

camera resolution and sensitivity. The common factors 
involved in any measurement method regarding these two 
groups of parameters are application of the test target 
designed in accordance with the requirements and proper 
illumination. 

Measurement methods 
Basic measurement set-ups could be grouped in two basic 

groups:  
a) application of a test pattern projector (collimator) and 

controlled pattern illumination as presented in Fig.9(a), (b);  
b) reflective or transmissive pattern – target and controlled 

illumination observed directly by the camera, as presented 
in Fig.10(a), (b). 

 
(a) 

 
(b) 

Figure 9. Camera evaluation set-up using collimator as a test image projector 
(a) transmissive target and back illumination; (b) reflective (semi 
transmissive) target using combined back and front illumination 

Using these set-ups, the standardized measurement 
methods for resolution measurements are designed and 
applied in practice: 
- MRC – Minimum Resolvable Contrast [35] linked to the 

visibility of a 3-bar USAF-1951 pattern and resolution 
limit definition for visible cameras and night vision devices 
based on image intensifier. The measurements are based on 
the application of the variable contrast target or dual 
illumination source. The same methodology and 
measurement set-up is applicable for SWIR sensors 
measurements [55, 56]. The measurement results could be 
used for imager range estimation, but additional processing 
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could be complicated and depends on predefined 
requirements. 

- MRTD – Minimum Resolvable Temperature Difference 
[57-59] uses four bar test target for resolution limits 
measurements for thermal imagers. This is a key parameter 
for IR thermal imagers [60], and it is used for IR imager 
range estimation following standardized procedure and 
conditions [61].  

- MDSP – Minimum Difference Signal Perceived [49, 62] – 
using visibility data of a 4-bar target the perceived signal 
difference is calculated. This approach intends to provide 
objective measurement method, but it is still not 
standardized. It is incorporated in the imager modeling 
software. The purpose of this parameter definition is to 
find the imager resolution parameter that is independent of 
the imager type. 

- TOD – Triangle Orientation Discrimination [32, 33, 63] is 
a novel method that uses oriented triangles (see Figure12), 
as test targets to get data regarding imagers resolution. The 
same test pattern shape could be used for thermal imager, 
visible and SWIR camera, and image intensifier (low light 
level) imagers. 

- MDTD [2, 22] – Minimum Detectable Temperature 
Difference based on the application of low spatial 
frequency target (usually square) for signal to noise 
measurements. The threshold temperature difference is 
defined for signal to noise ratio equal to one. 

 
(a) 

 
(b) 

Figure 10. Camera evaluation set-up (a) reflective target and front 
illumination; (b) transmissive target and back illumination 

Resolution is a measure of the resolvability of two close 
point objects [64-67]. This definition is fundamental and 
based on the application of the Rayleigh criteria in imaging 
system analysis models. Resolution can be determined 
through analysis of the device spatial frequency response like 
MTF – (Modulation Transfer Function). 

In case of staring digital imaging systems the resolution is 
determined by different factors: (a) optical resolving power 
limits of the image forming system determined by aberrations 
and/or diffraction; (b) imaging sensor structure (pixel size and 
cross-talk, signal readout) [64] and imaging signal processing 
– sampling. From the observer point of view, it is good to 
know a limiting spatial frequency derived from resolution 
power, but the visual perception of the objects in the image is 
also important and not so easy to evaluate. Also, the 
simplification of testing and certain level of universality for 
different applications are important, too. The widely accepted 
approach is to use specially designed test pattern and get 
resolution related parameters through generated image 
analysis.  

Camera resolution could be checked using Philips star test 
pattern [68] presented in Fig.11(a) that allows evaluation of 
the threshold spatial frequency and influence of the lens 
aberration or distortion at the same time. One of the most 
popular test patterns is USAF 1951, presented in Fig.11(b). 
This test chart integrates resolution evaluation in horizontal 
and vertical direction and simplified evaluation of target 
recognition. Foucault – Bigourdan test chart presented in 
Fig.11(c) originally developed for resolving power of 
astronomical telescopes allows resolving power evaluation in 
horizontal, vertical and diagonal direction. It is not so much 
popular as a test chart but basic design principles are 
incorporated in lot of test charts developed after. 

The development of the TV technology initiated 
development and standardization of the integrated test charts. 
Some of them are presented in Fig.12 (a) and (b). The 
appearance of the color cameras generated development of the 
color fidelity test charts (See Fig.12 (c)). Consumer oriented 
imaging devices (camcorders and cell phone camera) are 
evaluated using specially developed integrated test charts. The 
most representative is presented in Fig.12 (d). All these test 
charts tend to provide a simplified but accurate enough 
methodology for camera quality evaluation. 

There is a lot of camera resolution testing using simple test 
set-up as in Fig.10, test patterns are relatively complicated 
providing several different camera parameters through the 
analysis. The examples of these test patterns are presented in 
Fig.12. Triangle orientation discrimination – TOD test target 
(see Fig.13) could be used for the same purpose for testing of 
the night vision devices. 

Imaging camera threshold sensitivity measurement 
methods are still under development but we will mention 
several that are successfully applied in some special cases. 

Sensitivity threshold test method [23] for visible and low 
light cameras has not been standardized yet.  

The basis for the development of methodology for 
sensitivity threshold testing is based on the experience from 
the image intensifier devices testing methodology [68-73] and 
MDTD testing methodology. The fundamental limit for the 
image quality evaluation when image signal has a low value is 
imaging sensor noise, so sensitivity threshold value is set 
according to the imager noise.  

It is not easy to define a dominant noise source in the 
imaging sensor, and it is even harder in the camera noise case. 
Imaging sensor dark current noise is generally unavoidable 
and depends on temperature. In addition, read out noise 
combined with spatially distributed fix pattern noise 
complicate the noise level definition. In case of FPA (focal 
plane array) imaging sensor the PRNU (photo response non-
uniformity) complicates the image signal value definition. In 
addition, the image preprocessing built in image sensor chip 
has a basic function to provide an automatic correction of 
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deviations in the sensor array (bad pixel correction and 
responsivity equalization) and exposure time optimization. In 
case of low imaging signal value, long exposure times are 
necessary when sensor spatial inhomogeneity and dark current 
dominates as noise sources. Imaging sensor manufacturers try 
to correct the most of deviations on the sensor level and 
incorporate solutions in the image preprocessing algorithms, 
in order not to have the influence of camera integrator to the 
imaging sensor operating conditions. For that reason, the 
evaluation of the imaging sensor is very important. 
Fortunately, there are some successful standardization efforts 
[37] related to the imaging sensor and consumer camcorders 
[38]. The consumer camcorder standard is already outdated 
and not applicable to modern digital image sensor. 

   
(a) (b) 

  
(c) 

Figure 11. Camera resolution commonly used test targets: (a) Phillips star 
target; (b) USAF 1951; (c) Foucault – Bigourdan resolution test 

Some other the efforts in the camera threshold sensitivity 
methodology definition as Axis MMI method [74], and 
methods based on signal to noise ratio measurements, are still 
not developed enough to be accepted as the standardized 
method. On the other hand, the importance of the threshold 
sensitivity is not equally important in all applications, so the 
evaluation methodology could be different depending on 
application.  

The image intensified CCD camera evaluation methods 
involve combination of the methods listed [75] and based on 
the analysis of the images generated using USAF 1951 target 
under different levels of illumination. The evaluation of the 
EMCCD camera under extreme low illumination and low 
operating temperatures could achieve higher maximum pixel 
rate, while maintaining the same low background signal level 
and image quality close to that achieved using photon 
counting method. 

Mobile phone camera evaluation at low level illumination 
[76, 77] is important because of wide application and this 
capability could be important selling point for cell phones. 
The standard ISO 12233 and TE42 target (see Fig.12 (a) and 
(d) are used in testing. 

In some cases the Digital Still Camera - DSL [78] could 
achieve low light capability according to the increased pixel 
size. The influence of the exposure time, illumination level on 
noise, resolution and color properties was conducted 

according to the CEA 639 [38] and application of the TE42 
test image. 

 

(a) 

 

(b) 

 
(c) 

 

(d) 
Figure 12. Camera testing targets (a) ISO 12233; (b) CIPA TE252A;  
(c) Macbeth Color Checker chart; (d) TE42- cell phone and camcorder  
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Figure 13. The example of the triangle orientation definition (TOD) test 
target 

Advanced EO imager testing [79] system involves a lot of 
automatization in testing procedures trying to deliver the 
universal software control solution covering several different 
systems. 

Wide Dynamic Range – HDR camera [80] evaluation set-
up involves adapted test chart having areas with higher 
number of gray levels and using light box that is able to 
generate illumination up to 100000 lux. In that case cameras 
that do not have good enough HDR in some areas of test 
image produces a very bad image. There is a lot of work to 
develop proper testing procedures according to the camera 
applications. 

SWIR imager testing [81] advance is based on introduction 
of the new radiometric quantity for description of irradiation 
in SWIR region based on weighting with spectral sensitivity 
curve of SWIR InGaAs detector on the similar way as 
photometric quantities are derived by weighting with human 
eye spectral sensitivity. 

Standardization in measurements and metrology 
The wide camera applications and design complexity cause 

a lot of standardization efforts to regulate different aspects of 
camera application environment. 

Camera metrology is well developed area [6] but nowadays 
there is a lot of work to improve camera measurement and 
evaluation methods following the area of camera applications. 
There is a need for new and improved measurement methods 
developments in the area: 
- Imaging Sensor metrology and testing standardization 
- Camera evaluation methodology in LLL condition, as a 

part of quality control 
Also, general metrological support (radiometry and 

photometry of radiation test sources) will need a new and 
advanced methodology. It will be continuous task joining 
efforts of the imaging sensor and camera manufacturers, and 
test equipment manufacturers. In addition, camera device 
users should improve knowledge regarding image perception 
criteria and definition of the camera critical parameters and 
their values that are important to aimed application. 

Discussion 
Standardized measurement methods should be carefully 

defined in order to be: 

- Reproducible – Everyone should get same results if 
defined set-up and methodology is used. 

- Robust – Insensitive to small changes of instrumentation 
and geometry. 

- Unambiguous – Should be described clearly and easily 
understood. 

- Extensible – Should be applicable through different 
camera types and usable for recalculation of other selected 
parameters. 

- Distinct – The name of the procedure should not be 
confused with some other procedures. 

- Simple – Does not require highly specialized and complex 
equipment and specially trained personnel. 
In addition, measurement methods should be compatible 

with camera modeling software tools. 
The methods that are using collimator are usually more 

time-consuming but provide more capabilities especially for 
imagers MTF – Modulation Transfer Function measurements, 
resolution and noise characteristics. The methods using test 
images are more suitable for routine production quality 
control methods. 

Controlled illumination is the key for any camera testing 
procedure in both cases, when image projector (collimator 
application) and illuminated test image are used.  

For the low light level camera testing the metrological 
environment is very important. It should provide a proper 
realization of the key measurement units (photometric, 
radiometric). 

It will be good to harmonize the selected low light camera 
parameters and test methods with camera analysis models 
[51-54, 82] in order to provide that the modelled parameters 
could be measured too. 

Low light level camera calibration and spectral sensitivity 
measurements [83] are very important part of the camera 
testing metrological support. 

The efforts made to unify the measurement methods in 
order to use them for different type of low light level camera 
measurements are considered important nowadays and it will 
be continued in the future. 

Measurement methods simplification is a new trend 
gaining more interest especially in the consumer camera 
production testing. The main goal is to make them applicable 
for reliable routine testing in the camera production or routine 
testing for predefined purpose [84]. The experience from one 
of the measurement set-up and related methodology for 
advanced imager performances [85] developed for IR systems 
could be used to define low light level imaging systems 
evaluation. 

All attempts related to the development of the objective 
measurement methods [86, 87] should be reconsidered in case 
of the low light level imaging systems. 

Some parameter redefinition and measurement methods 
adaptations to be more related to the field conditions will be a 
task that dominates in the future low light camera evaluation 
methods research. 

The attempts to make better connection of the lowlight 
level camera testing methods with general image quality 
definition and assessment methods, will be interesting area of 
new developments. 

The studies regarding potential measurement errors and 
uncertainty are important part of the measurement 
methodology development and standardization [88]. 

Some specific measurement methods connected with 
evaluation of the new technologies or to specific applications 
will be developed in the future but it is expected that they 
would be only modification of the existing ones. 
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Conclusions 
New developments in high-resolution digital imaging 

sensors testing will be based on advanced versions of existing 
testing methodologies or even development of the new ones. 
Performance improvements should be expected in the area of 
application of the SWIR sensors connected with low light 
imaging and also active illumination laser supported gated 
imaging. 

To increase the spatial resolution of imaging sensors, 
manufacturers typically decrease pixel size. When chip size is 
constant, this creates a tradeoff between resolution and 
dynamic range. The application of the advanced de-blurring 
preprocessing algorithms will provide that small pixel will be 
a more often solution. 

Natural images may then exceed the dynamic range of the 
sensor, resulting in saturated pixels. Reducing the dynamic 
range of a sensor will produce unwanted spatial noise in the 
dark regions of the rendered image that will require novel 
approach in the image processing and imager testing methods. 

Technology opens new opportunities, different camera 
geometry and (absolute) multispectral capabilities that will 
require novel testing methods. The current experience might 
help to design new testing environment. 

Image quality and quality of derived products are important 
for the customers, and imager testing methodology will 
become more important part in the whole imager quality 
control chain. 

Digital systems make new applications possible (and 
necessary), because of a new kind of information, new 
products and data fusion with products from other data 
sources. The real challenge will be testing of the fused 
imagers. 

New products are possible providing a wide range of new 
data from radiometric calibrated data to automatic target 
recognition and tracking. 

Radiometric calibration in the lab is a challenging task 
requiring significant role of the metrological support. 

Digital camera systems have the potential to substitute film 
cameras and have the ability to generate new products for 
consumers market that will require novel approach to testing 
of the camera system and particularly low light level camera 
capabilities. 

Recent developments of the low-level camera testing 
methods provide good and applicable results but additional 
efforts are necessary in the area of standardization and new 
methods developing that will support improved performances 
and wider application. 

The review of the new low light level (LLL) technologies 
developments shows that these devices have improved 
performances and significant applications. Because of that, 
the new or improved testing methods are necessary, together 
with improved metrological support and more extensive 
standardization efforts. The review of the currently existing 
testing methods shows that current testing methods are good 
basis, but additional efforts are necessary to improve testing 
methodology standardization and better metrological support 
in case of low light level devices testing and application.  
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Provere kvaliteta digitalnih kamera za nizak nivo osvetljenosti 

Rezultati razvoja senzora slike tokom poslednje četiri dekade, omogućavaju poboljšanje mogućnosti kamera u dnevnim kao i 
u noćnim uslovima snimanja. Zahvaljujući poboljšanim performansama kamera danas postoji vrlo široka primena senzora 
slike u različitim oblastima kao što su: mašinska vizija, primene kamera u prenosnim uređajima, automatizacija vožnje, 
primene u konceptu pametnih gradova i primene u naučnim istraživanjima. Osetljivost kamera pri niskim nivoima 
osvetljenosti podržava mogućnost primene i u noćnim uslovima što vodi ka masovnoj primeni kamera u sistemima 
obezbeđenja i sigurnosti. Nove primene zahtevaju i novi pristup definisanju parametara kvaliteta kamera i razvoju 
odgovarajućih mernih metoda. Kratak pregled novih dostignuća u razvoju tehnologija primenljivih u kamerama za nizak 
nivo osvetljenosti je prikazan kao ilustracija potrebe razvoja pogodne metrološke podrške. Pregled najvažnijih parametera 
kamera za niski nivo osvetljenosti kao i odgovarajućih metoda testiranja naglašava potrebu razvoja novih procedura 
testiranja. 

Ključne reči: kamere za nizak nivo osvetljenosti, noćno osmatranje, parametri kvaliteta kamera, procedure testiranja kamera, 
funkcija prenosa kontrasta, osetljivost kamera, rezolucija kamera. 

 


