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An important step in selecting Cclose circuit television systems
(CCTV) TV camera is evaluation of resolution capabilities of
available options, because this parameter is most important
one in set that defines ability of external or auxiliary systems to
detect and recognise objects and events on camera video feed.
Knowledge of the camera modulation transfer function is
essential for building robust CCTV to detect and identify
threats. Various approaches to extract MTF slope can be used,
but some peculiar properties of cameras that used in this area
(like closed access to raw images, un ability to fully disable
onboard extensive image processing) is making traditional
approaches less applicable in stand alone mode, so combina-
tion is required to confidently qualify characteristics of camera
samples. In this paper we describe protocol and automation
means that can accelerate measurements procedures, making
them more robust too. Presented results also highlight possi-
ble directions of further research.
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Introduction 

The significance of surveillance system in enhancing public 
safety and security cannot be overstated, as they serve as indispen-
sable tools for crime prevention, traffic monitoring, and property 
protection. As urban areas continue to expand and evolve, the de-
mand for robust and reliable surveillance solutions has intensified, 
prompting innovations in camera technology. In recent years, the 
landscape of closed-circuit television (CCTV) security systems 
has undergone significant transformations, driven by advance-
ments in imaging technology and artificial intelligence (AI). The 
emergence of system-on-a-crystal (SoC), equipped with onboard 
neural processing units (NPUs), has further revolutionised CCTV 
systems by facilitating AI processing at the edge. This develop-
ment allows for real-time analysis and decision-making within the 
camera itself, reducing latency and bandwidth requirements. 
Moreover, the synergy between edge AI and cloud-based AI sys-
tems enhances the precision and robustness of detection models, 
which rely on high-quality images for optimal performance. This 
article focuses on comparison and evaluation of the modulation 
transfer function (MTF) measurement by different methodologies 
in real world scenarios, providing toolset to compare real charac-
teristics of cameras despite image pipeline of camera that en-
hances perceived quality. MTF is critical parameter in assessing 
image quality and system performance because it represent de-
tailization of objects in frame, showing potential performance of 
manual and automated analysis of image [13]. 

One of the most notable advancements in the realm of CCTV 
is the mass adoption of high-resolution sensors, such as 8-mega-
pixel (MP) and 12MP sensors. These sensors offer superior image 
clarity, enabling more accurate identification and recognition of 
subjects within the surveillance footage. Additionally, the integra-
tion of high dynamic range (HDR) capabilities allows cameras to 
capture detailed images in challenging lighting conditions, im-
proving the overall effectiveness of surveillance systems. But 
some manufactures not paying enough attention to camera optics 
characteristics prioritising economical characteristics, which sig-
nificantly reduces gains from high resolution sensors. 

As the adoption of advanced CCTV technologies continues to 
grow, the importance of MTF measurement for ensuring image 
quality becomes increasingly critical [18]. Accurate MTF assess-
ments enable integrators and service companies to evaluate per-
formance of available models, ensuring that they meet require-
ments and can be used with advanced AI models for functionality 
expansion [1]. 

Modern revision of ISO12233:2024 standard suggests to use 
eSFR methodology which is pretty robust and versatile especially 
in case of availability of raw image from device under test [9, 15, 
16]. But test cases in area of CCTV camera often imply that cam-
era is closed system and all measurements should be evaluated 
with blackbox approach. As suggested in previous research [1] re-
sults from traditional edge based methods can be augmented with 
random pattern MTF estimation techniques, providing deeper in-
sight in image processing pipeline of device under test. 

Objectives 

Compare MTF characteristics of various CCTV cameras to de-
velop framework for objective characteristic evaluation of CCTV 
cameras and highlight problems and characteristics that Intrinsic 
to CCTV cameras.  

Related work 

Spatial frequency responses can be extracted from multiple 
test patterns. First and most wide adopted approach is to use 
slanted edge methods which is widely adopted in ISO 12233 
standard line. Edge SFR extraction approach was proposed in 
1960s [6] is based on the fact, that if we have edge at shallow angle, 
we can recalculate coordinates of image samples, such that edge 
is aligned with one of the axis, providing oversampled edge, so 
SFR can be extracted up to sampling spatial frequency. This 
method requires target with a sharp transition (edge) at an oblique 
angle (usually 6° to 8°) is captured by the imaging system, position 
and intensity of this edge are analysed across multiple lines [2, 3, 8].  

Since the edge is not perfectly orthogonal to the sampling grid, 
corrections are applied to align the edge with the grid axes. Than 
oversampled edge sequence is averaged in quarter pixel bins to 
reduce overall noise and numerical differentiation is applied to ex-
tract line spread function from the edge, windowing is also applied 
to reduce high frequency part distortion, due to breaks on the end 
of LSF estimation. But main problem is that in resent years com-
putational photography methods had been implemented in various 
device types including CCTV cameras [1, 4, 12].  

Simple structures may be easily restored, so additional valida-
tion steps are required. And extensive sharpening makes it difficult 
to extract real MTF characteristics from samples in black box test-
ing approach. To overcome this issue noise based random test se-
quences can be used. They provide a way to evaluate ability of a 
camera to properly capture texture surfaces. This is impotent char-
acteristic if we are talking about busy scenes where we have a lot 
of objects at different scales.  

If simple sharpening is applied in extensive amount its effect 
can be estimated by peaks of gibbs artefact amplitude compared 
to peak of line spread function, typically its level not grater than -
15db, but some cameras image signal processor (ISP) can push its 
level up to -17db especially in low light conditions (Fig. 2) high-
lighting edge structure with hi contrast sharp gradients. The effect 
is demonstrated on pseudo color [21-23] visualisation of differen-
tiated edge below (Fig.1), which provide clear way to roughly es-
timate ringing along the edge (white haloing) and video compres-
sion coder imperfections (blocking effect), which is considered as 
noise in current approach. 

Fig. 1. Line spread visualisation in pseudocolors 
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Fig. 2. Line spared function visualisation with averaging 

Second "spilled coins" method for estimating MTF involves 
capturing images of circles with different lightness and size placed 
in a way that they overlap and create a visually complex pattern. 
By controlling size and lightness of circles we can achieve certain 
spectral slope (1/f in most cases to mimic natural scenes spatial 
frequency content). The resulting image can then be analysed to 
determine the MTF, by comparing divisions from designed slope. 
Main disadvantage of this method, in context of CCTV cameras is 
that it is sensitive to sharpening, and have artificially reconstruc-
table pattern, so it is not practical to use this approach in CCTV 
field. 

Third option is noise method, it is a technique used to estimate 
the MTF of imaging systems in same paradigm as spilled coins 
approach, but target is have purely textural nature. It involves cre-
ation of this type of pattern by generating random phase spectrum 
combining it with amplitude spectrum with 1/f spectral slope and 
then applying inverse fourier transform, which produces required 
pattern [7]. It has noise appearance, so aggressive noise reduction 
pipelines, sometimes suppress hi spatial frequencies. But limited 
MTF estimation range and unavailability to robustly estimate sig-
nal to noise ratio, do not allow stand alone usage of this technique. 
This method had been evaluated in previous research to determine 
computational pipeline robustness and ability to precisely estimate 
MTF slope. Results showed low precision on low frequency, but 
overall error level is suitable for comparison of imaging systems 
and human visual system sensitivity for low spatial frequency is 
low according to latest research [17]. And reference juxtaposition 
of results from noise and slanted edge approach highlights sam-
ples with artificial image enhancements like adaptive sharpening. 

The noise method offers a practical approach to estimating the 
MTF of imaging systems by leveraging the modulation effects of 
random noise. This technique is valuable for understanding how 
different spatial frequencies are handled by the system, which is 
crucial for tasks such as image reconstruction and quality control 
[20]. 

To fully qualify samples following tooling and protocol was 
developed: two test targets, with high contrast slanted edge (Fig. 3), 
low contrast slanted edge (Fig. 4) provide MTF estimation using 
ISO 12233 methodology, and pink noise target (Fig. 5) provides a 
way for texture resolution capabilities assessment. In our experi-
ments we used CCTV cameras, that typically have poor perfor-
mance compared to professional cameras, high and medium range 

semi-professional cameras. In harsh noise conditions, especially 
in low light [10,11], high contrast methods provide smoother MTF. 
Sometimes video encoder performance of samples cameras is not 
great and have sensible amount of blocking artefacts, in such con-
ditions high contrast slanted edge method is preferred too, and 
provide good reference for low contrast measurement results, ver-
ifying gathered results. Third method is based on noise with am-
plitude spectrum shaped as 1/f slope, which is typical for natural 
scenes [19] amplitude spectrum and provides means to evaluate 
texture performance. 

Fig. 3. High contrast Slanted 
edge pattern with ArUco  

alignment markers and OECF 
estimation regions

Fig. 4. Low contrast Slanted 
edge pattern with ArUco  

alignment markers and OECF 
estimation regions

Fig. 5. Noise pattern with ArUco alignment markers  
and OECF estimation regions 

One of the key component to improve MTF measurement con-
sistency is test target processing automation [5]. To provide auto-
mated tooling for recognition and test target extraction ArUco 
marker was chosen as they prove resilient over time, have great 
performance and simple API in OpenCV library. To prevent and 
detect geometric distortion, increase detection reliability 4 mark-
ers was placed at corners of test target. 

Other important characteristic that needs to be extracted before 
MTF estimation is opto electrical transfer function (OETF). To es-
timate this function 12 grayscale strips was pleased on the edges, 
reflectivity of each strip was tested with spectrophotometer in 
emissive measurement mode to ensure results precision.  By ana-
lysing registered lightness values against measured reflectivity co-
efficient inversion gamma correction transformation function can 
be calculated. Slight rotation was introduced for future work, to 
compute low contrast MTF and ringing level as function of bright-
ness. 

This element also provides means to calculate signal to noise 
ratio at different lightness levels, duplicating pattern four times 
provides more reliable way to estimate OECF and signal to noise 
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ratio by increasing measurement sample size. To evaluate perfor-
mance in different lighting conditions, 3 levels of lighting was 
chosen 1000, 100, 10 lumen. It is sufficient for detecting poor light 
performance and covers typical lighting conditions for CCTV 
camera as values above and below this range not typical for instal-
lation environments. Infra red illumination is typically triggered 
before signal to noise ratio becomes too bad, and MTF evaluation 
in conditions of no visible light is beyond the scope of this re-
search. 

Thirty two camera samples was gathered for evaluation. All 
samples have ether dome or bullet form factor, have fixed or var-
iable focal length non replaceable optical system. For legal rea-
sons brands and models are hidden but they can be provided on 
request under NDA agreement. 

To compare samples characteristics following table was cre-
ated: 

Table 1 
Measured characteristics of camera samples 

TVL_1 TVL_2 TVL_3 NATIVE_ 
TVL 

RINGING 
 x100 

SNR_1 SNR_2 SNR_3 DR 

CAM_0 1010 970 1020 1080 372.27 31.12 31.91 31.98 35.97
CAM_1 1040 1030 1010 1080 376.73 33.56 34.2 33.5 36.64
CAM_2 950 910 940 1080 588.57 34.98 36.47 36.52 36.97
CAM_3 950 910 990 1080 378.07 36.79 35.29 35.67 36.93
CAM_4 940 900 920 1080 561.78 32.29 32.92 33.01 43.94
CAM_5 1790 1710 1730 2160 598.56 29.47 28.33 29.08 33.85
CAM_6 1540 1480 1510 1620 317.55 30.5 33.48 29.95 36.18
CAM_7 750 780 570 1440 400.48 27.82 31.26 31.3 50.25
CAM_8 940 900 910 1056 361.79 29.96 29.85 31.35 33.47
CAM_9 1130 1130 1120 1520 728.57 30.99 30.65 30.82 45.24
CAM_10 990 1060 980 1080 868.8 33.16 31.93 31.51 30.03
CAM_11 460 990 900 1080 488.17 25.91 25.73 27.52 48.55
CAM_12 1080 1080 1080 1080 743.76 22.7 23.34 24.17 39.85
CAM_13 1870 1840 1830 1944 1097.25 28.61 28.77 28.79 34.44
CAM_14 1640 1660 1670 1944 504.75 32.18 31.93 32.53 33.18
CAM_15 1080 1080 1080 1080 365.44 22.71 22.15 21.5 37.5 
CAM_16 1930 1944 1910 1944 867.88 30.4 30.11 29.46 44.58
CAM_17 1100 1140 1170 1620 260.09 27.41 25.49 27.1 30.73
CAM_18 1590 1570 1610 1620 379.71 30.39 32.46 32.25 33.66
CAM_19 1620 1620 1620 1620 516.29 28.23 28.51 28.78 28.47
CAM_20 1080 1080 1080 1080 402.31 32.8 33.11 31.1 36.2 
CAM_21 890 750 860 1440 430.51 24.54 26.71 25.56 44 
CAM_22 1390 1370 1310 1520 603.64 27.11 27.34 26.74 35.7 
CAM_23 1490 1440 1420 1520 1223.17 28.71 28.7 27.08 34.53
CAM_24 600 570 620 1080 1068.23 34.15 34.22 35.84 39.01
CAM_25 1080 1080 1080 1080 345.14 34.1 33.91 33.71 37.79
CAM_26 1080 1080 1080 1080 555.61 32.35 33.5 32.94 39.58
CAM_27 1080 1080 1080 1080 469.75 32.52 32.61 32.8 35.84
CAM_28 280 1440 290 1440 245.22 30.61 33.58 31.51 34.67
CAM_29 620 600 620 1080 1028.97 32 35.28 35.38 36.63
CAM_30 630 620 640 1080 1014.04 34.6 34.71 34.6 39.58
CAM_31 1080 1080 1080 1080 433.33 28.47 27.4 28.6 35.47

In table above (tb.1) TVL_1 is resolution in television lines of 
full width half modulation at 10lux illuminance of test target, and 
TVL_2, TVL_3 corresponds to 100 and 1000 lux. NATIVE_TVL 
is resolution of imaging sensor,  

RINGINGx100 is ratio of ringing amplitude to line amplitude 
multiplied by 100 (for visualisation purposes). SNR_1, SNR_2, 
SNR_3 is mean signal to noise ratio at 10, 100, 1000 lux illumi-
nance respectively. DR is estimated dynamic range on reflective 
test target at 1000lux. 

Over all overlapped MTF in frequency range normed to sam-
ple frequency (for visualisation and comparison purposes) gath-
ered from high and low contrast slanted edge demonstrated on Fig-
ures 6, 7. 

Fig. 6. All samples MTF from hig contrast target 

Fig. 7. All samples MTF from low contrast target 

Fig. 8. All samples MTF from noise target 

As samples have quit different characteristics and target use 
cases, they was splitted in to 3 grades by native resolution of im-
age sensor. Zero grade contains cameras with resolution greater 
than 1700 TVL, first grade is all samples with resolution above 
1080 TVL and second grade is 1080 TVL (This resolution is typi-
cal for 2mp cameras and often considered minimal by modern 
technical requirements for CCTV system) 

To properly assess samples, let's visualise each grade MTF 
separately, for more relevant insights. 
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The grade visualised on (Fig. 9) contains samples with 8mp 
and 5mp camera samples, typically devices this devices advertise 
as hi end solutions, have superior lens quality and more auxiliary 
features. As expected for small imaging sensors with very high 
pixel density, MTF attention begins at approximately 0.2 of sam-
pling frequency and progress rapidly toward half of sampling fre-
quency especially in low light conditions. MTF correlation with 
lighting conditions is more noticeable on hi resolution samples 
with advanced ISP onboard. 

Fig. 9. Grade 0 samples MTF from low contrast target 

On visualisation of grade 1 samples (Fig. 10) we are observing 
samples with 4mp sensors. Overlapped MTF visualisation, shows 
significant spread of low and high frequency content. Main insight 
that clearly visible is peak shifting towards high frequency with 
reduction of DC component and low frequency. This means that 
different strategies used by vendors to visually boost image quality. 
Some times vendors uses extremely aggressive ISP pipeline with 
significant sharpening, which is proven by ringing levels and 
Noise based MTF shape. 

Fig. 10. Grade 1 samples MTF from low contrast target 

Figure above (Fig. 11) contains largest number of samples, and 
show significant performance variation of base models from dif-
ferent vendors. Due to cost efficiency and typical minimum sys-
tem requirements and this models have highest installation rate. 
So testing importance is highest in this category, because of large 
quantity variation. Only way to create future prof system is to se-
lect models with best possible performance among base models. 

Fig. 11. Grade 2 samples MTF from low contrast target 

Significant drop in resolution is common to samples in grade 
0 (Fig. 12), probably happening due to poor optic quality. From 
figures (Fig. 13, 14) we can conclude that native resolution of 
camera sensor, does not fully represent camera resolution ability, 
and testing evaluation is crucial for choosing best model among 
available. 

Fig. 12. Grade 0 LSF and ringing compare 

Fig. 13. Grade 1 LSF and ringing compare 
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Fig. 14. Grade 2 LSF and ringing compare 

Results 

2MP cameras from second grade use image signal processing 
intensely to mask out poor optical resolution of lenses used in that 
models because this models are typically limited by budget, low 
sensor noise performance is sometimes masked by adaptive noise 
reduction algorithms that have quiet significant hi spatial fre-
quency content attenuation, that can be spotted by analysing MTF 
from different test targets proposed in protocol above. Cameras 
from first two grades as shown above have much shallower spec-
tral slope. This is strong evidence that main limitation of small 
form factor camera is optical system, while full width at half mod-
ulation of line spread function is noticeably wider.  

Over all this review shows current state and limitation in dif-
ferent segments of CCTV camera market, and provides useful in-
sights for system design, highlighting importance of testing pro-
cedure, to make right choice of supplier by correct price to value 
estimation based on objective criteria. All sample have noticeable 
amount of sharpening in image processing pipeline, LSF have sen-
sible ringing on the edge. This phenomenon is probably happening 
due to marketing consideration and effect on human visual system 
in typical multi-view installation should be evaluated, because of 
possible masking effect can be happening, reducing threat recog-
nition performance of security personnel. 

Conclusion 

This paper shows significant of testing procedures before 
choosing CCTV cameras, but current procedures have some limi-
tations and does not provide methods to choose between similar 
samples. Further research should be carried out to implement hy-
brid methodology (to extract MTF up to sampling frequency, from 
noise based patterns reliably). Low contrast MTF against lightness 
offset analysis seems to be perspective, and planned to be re-
searched. Advances in ISP onboard pipeline brings more threads 
to CTTV cameras consumers as visually appealing picture can 
miss critical details due to poor hardware performance. This fur-
ther amplifies significance of testing procedure especially for 
standard projects and large scale deployments, to maximize sys-
tem capabilities. 
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Аннотация
Важным этапом при выборе камер видеонаблюдения является оценка оптической разрешающей способности формируемого
изображения, поскольку этот параметр является наиболее важным в наборе, определяющем способность внешних или
вспомогательных систем обнаруживать и распознавать объекты и события в видеопотоке. Знание частотно-контрастной
характеристики (ЧКХ) камеры необходимо для построения надежных систем замкнутого телевидения (CCTV) для обнаружения
и идентификации угроз. Могут использоваться различные подходы к извлечению формы ЧКХ, но некоторые специфические
свойства камер, используемых в этой области (такие как отсутствие доступа к необработанным изображениям, невозможность
полного отключения встроенной обработки изображений), делают традиционные методы менее применимыми в автономном
режиме, поэтому для достоверной оценки характеристик образцов камер требуется комбинированный подход. В этой статье мы
описываем процедуру и средства автоматизации, которые могут ускорить процессы измерений, а также сделать их более
повторяемыми. Представленные результаты также освещают возможные направления дальнейших исследований.

Ключевые слова: передаточная функция модуляции, CCTV, камера безопасности, качество изображения.
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