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Abstract: In this paper we have exposed 3 HD cameras with CMOS sensor in long time experiment at different doses and exposition time 

with γ radiation from 2 sources of ionizing radiation – cobalt 60 (Co60) and cesium 137 (Cs137) at room temperature imitating the working 
conditions of “hot cell” premises. All components of the used camera are without radiation reinforcement, excluding the lenses. During the 

experiment, we found degradation of the irradiated cameras. As the absorbed dose increases, the image becomes brighter. Furthermore, 
experimental results demonstrated decreasing in signal-noise ratio (SNR) with increasing the absorbed dose. We confirmed that the HD 

industrial cameras can operate in ionizing radiation environment with moderate decrease of SNR (3,5dB. This experiment is valuable and 

can provide information for selection of cameras working in ionizing radiation environment. 
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1. Introduction 

Video cameras are widely used in surveillance and video 
inspections in ionizing radiation environment, during interruptions 

of nuclear reactors, as well as in space research in satellites. 
Radiation gamma radiation upon electronic elements reduces their 

operational life depending on their total absorbed dose. This fact 

obliges the introduction of radiation control, which contains 
monitoring of the dose rate at the points where the cameras are 

installed. In the good practices there is no normative requirements 
for the indication of threshold for gamma radiation resistance of 

industrial electronic devices and elements. 

The camera is complex opto-mechanical and electronic device 
which consists of three main parts: 

Optical. With its help, the reflected light rays from the captured 
objects are projected on a special surface, which converts them into 

electrical signals and then passes to the electronic processing unit.  

Electronic unit. There are several modules included in the 
electronic unit. Some of them control the optical system, others 

process the received electrical signals from the optical system in a 
suitable form communication or recording. A separate module 

controls the camera's recorder.  

Viewfinder. This is a device that allows the operator to see 

where it is aimed and what the camera is currently shooting, and 
provides additional information about recording, speed, aperture, 

focus, white balance, battery status, volume, etc.  

Recording device. Often this is a stand-alone module (even with 
some types of cameras it is missing), with which the video signal is 

transferred to a durable medium – magnetic tape, digital memory 
such as cards, DVD, hard disk, flash memory or cloud.  

Nowadays, two competing technologies are mainly used in the 

production of light-sensitive arrays. The first is simpler in a number 

of ways and more promising is the CMOS (Complementary Metal-
Oxide-Semiconductor) technology. The leader in the digital photo 

market is CCD (Charge-Coupled Device) technology. More labor-
intensive to manufacture, CCDs are used in the vast majority of 

digital cameras. CMOS arrays are most commonly used in cameras. 

The basis of the array, made by CMOS technology, are field-
effect transistors, which change their state during illumination, 

which change their state during illumination, preventing the flow of 

electric current through the terminals, or vice versa, amplifying the 
signal. The electronic circuit of the camera records changes in the 

state of Yacheek array and based on this constructed image.  

CMOS arrays are characterized by reduced power consumption 
compared to CCD matrices. On the other hand, the resolution, 

dynamic range and noise immunity of CMOS arrays are lower than 
that of CCDs. This is explained by the complexity of the device, as 

well as the lower light sensitivity of the field-effect transistors of 

the elements. Used in low-end cameras in the beginning, CMOS 
arrays are designed as a large hybrid chip, on the board of which are 

mounted many service circuits of the camera. These are the analog-
to-digital converter (ADC) and the electronic shutter, the schemes 

for white balance and image compression.  

Another positive side of CMOS arrays is their stability and 
durability. The reason is again the use of field-effect transistors as 

light-sensitive elements, in the larger sizes of each element and in 

the high manufacturability of the production. The microscopic 
pixels of the light-sensitive arrays react only to the intensity of the 

light falling on them. To get an image that is close to the quality of 
a movie photo, the digital camera must also distinguish colour 

shades. To increase the accuracy of the array operation (improving 
the SNR) by increasing the light sensitivity, each pixel has a 

converging microlens focusing the light flux. This is especially true 
for CMOS arrays, where without such lenses it is difficult to 

achieve the required image quality.  

Disadvantages of CMOS arrays are low pixel fill factor, which 

reduces the sensitivity (the effective surface of the pixel is ~ 75%, 
the rest is occupied by transistors) and high noise level (due to the 

fact that even in the absence of light through the photodiode 
significant current), the reduction of which complicates and 

increases the cost of technology.  

[1,2,3,4]. CMOS sensors are widely used in video inspections 

due to their higher durability compared to conventional CCD 
sensors [5,6,7], and their damage is acceptable in environments with 

low levels of ionizing radiation [8,9]. The analysis of ordinary 
CMOS cameras will provide valuable information in the design and 

selection of video systems in an environment with ionizing 
radiation. Therefore, it is necessary to study and analyze the 

degradation of ordinary CMOS cameras[10,11].  

Radiation damage includes total ionizing dose (TID) when 

irradiated with different doses, displacement dose (DD) and single-
event transient (SET) damage. TID degradation causes performance 

degradation, including CMOS sensor malfunctions, so the impact of 
this type of damage must be most strongly considered when using 

CMOS HD cameras. The Goiffon study compares damage to 
CMOS sensors, TID versus DD, by photon irradiation [12]. 

Leonello Servoli's study describes the progressive damage of 
CMOS sensors without ionizing radiation protection [13]. Zujun 

Wang studies the damage of CMOS (3T) sensors made with 0.35-

μm technology, subjected to TID irradiation at 7.2 and 1800.0 Gy 
(Si) / h [14]. Although there is considerable research on the damage 

caused by TID on CMOS sensors, few articles focus on the effect of 
the absorbed dose upon the image quality of HD cameras with 

CMOS sensors. 

2. Requirements to the system’s elements 

The choice of controllable PTZ cameras for effective video 

surveillance is determined by a number of complex factors, but the 
main one is their greater flexibility and the ability to monitor at a 

wider angle. Known as controllable CCTV cameras, these systems 
provide the convenience of being able to focus on the right details 
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in the observed object. For example, you will be able to get both a 
panoramic picture of the observed object and a detailed one of a 

certain segment from it, through which you want to analyze in 
detail. Another advantage of controllable cameras is their ability to 

easily monitor a shifting or moving object. The biggest benefit of 
controllable cameras is providing a more reliable way of monitoring 

an object is their dynamics. Thanks to it, they act as several 

stationary cameras and offer far more important information than 
that which can provide us with a camera from some of the static 

models. 

Controlled cameras are widely used where it is necessary to 
cover large areas and specifically fixed parts of the areas with video 

surveillance.  

Sources of ionizing radiation are sealed spent radioactive 
sources subject to disposal. In the course of the technological 

process to be monitored, the main source of ionizing radiation 

remains this spent, over which radioactive aerosols are also 
released. The components of the video system which may be 

contaminated with radioactive substances shall be designed so as to 
be easily deactivated by chemical or mechanical means. 

3. Requirements to the system’s elements 

Cameras: the proposed model captures excellent video with 

1080p resolution (1920 x 1080) at 25 frames per second. It is 

possible to change the shooting mode from full HD to HD or SD. 
The case is reliably and securely built to withstand the extreme 

temperature range from -40 to +70 ºC, and also has 6 kV lightning 
protection. In addition, the device has the IP 66 standard – it has 

been tested for durability in contact with water and dust, which 
makes it extremely suitable for installation requirements. 

The cameras are equipped with a motorized lens with a range 

from 2.7mm to 11mm. with a viewing angle from 112.5° to 39°, 

four times the powerful optical zoom and 16 times digital, thanks to 
which you can observe various objects from the in the treatment 

area. As well as a rotating PTZ mechanism, whose functions 
provide a large monitoring range and high detail. PTZ means pan-

tilt-zoom, i.e. rotation (horizontal), tilting (vertical) and zoom. The 
rotation can be 355 degrees at an inclination of -0° to + 90°.  

The cameras are connected to the DVR (digital video recorder) 

via a coaxial cable and can be controlled remotely via a controller 

and OSD menu located outside the “hot cell”.  

4. Requirements to the system’s elements 

The experiments were performed for a long time at different 
doses and exposure times with γ radiation from two types of sources 

- cobalt 60 (Co60) and cesium 137 (Cs137) at room temperature, 
thus simulating the real working environment of a premise type "hot 

camera ”. The dose at the test position was calibrated with a Silver 

Dichromate Dosimeter before irradiation. 

 

 

Fig. 1 Location of the three cameras in the testing area. 

For the experiment are used three cameras, which are located at 
different distances from the sources of ionizing radiation (Figure. 

1). The distances are as follows: Source-Camera 1 – 120 cm, 

Source-Camera 2 – 220 cm; Source-Camera 1 – 180 cm. The 
cameras are attached to the walls of the room where the experiment 

is performed. The cameras have serial numbers from A01 to A03, 
all CMOS sensors are from one batch. The test of each camera is 

performed at the same time. The experimental conditions and serial 
numbers of the cameras are presented in Table 1. All cameras are 

powered by 12 V DC and transmit a real-time video signal.  

There are 21 exposures to ionizing radiation. Parameters of the 

expositions are given in table 1. 

Table 1: Parameters of the expositions. 

№ Type 
of the 
source 

Activit
y of the 
source, 

Bq 

Exposit
ion 

time, s 

Absorb
ed dose 
camera 
1, Gy 

Absorb
ed dose 
camera 
2, Gy 

Absorb
ed dose 
camera 
3, Gy 

1 Co60 100 600 1300 387 578 

2 Co60 120 240 624 186 277 

3 Co60 800 180 3120 928 1387 

4 Co60 1500 240 7800 2321 3467 

5 Cs137 300 210 1365 406 607 

6 Co60 900 300 5850 1740 2600 

7 Cs137 1000 450 9750 2901 4333 

8 Cs137 700 300 4550 1354 2022 

9 Co60 750 360 5850 1740 2600 

10 Co60 500 600 6500 1934 2889 

11 Cs137 550 300 3575 1064 1589 

12 Cs137 400 180 1560 464 693 

13 Cs137 600 120 1560 464 693 

14 Cs137 2000 600 26000 7736 11556 

15 Co60 1800 210 8190 2437 3640 

16 Co60 1500 630 20475 6092 9100 

17 Cs137 350 570 4322 1286 1921 

18 Co60 700 330 5005 1489 2224 

19 Co60 600 300 3900 1160 1733 

20 Cs137 1100 450 10725 3191 4767 

21 Cs137 1800 540 21060 6266 9360 

Data from the tested cameras are recorded continuously during 
irradiation to measure the SNR of the cameras before, during and 

after irradiation, the video signal includes images under all three 

conditions. At the end the camera degradatin is calculated according 
to the European Machine Vision Association (EMVA) 1288 

standard[15]. 

5. Conclusions 

After exposure with ionizing radiation of the three cameras, 
degradation is observed to varying degrees in each of the cameras – 

burned pixels, increased SNR and the overall fading of the camera 

image. This means that the dynamic range of the image decreases 
and the dynamic characteristics of the system deteriorate, i.e. the 

image quality decreases. The results are presented in Table 2. 
Results are measured in batches of 7 expositions. 

Table 2: Degradation of tested cameras. 

№ 
cam
era 

Distance 
form the 

source, cm 

Number of 
burnt 

pixels, pcs. 

Increase 
of SNR, 

dB 

Overall 
fading of 

the image, 
% 

 After exposition №7 

1 120 88 1,7 1,72 

2 220 19 0,51 0,53 

3 180 33 0,76 0,91 

 After exposition №14 

1 120 112 2,5 2,53 

2 220 35 0,75 0,75 

3 180 51 1,12 1,13 

 After exposition №21 

1 120 143 3,47 3,51 

2 220 57 2,39 1,17 

3 180 93 1,56 1,83 

6. Conclusions 

In this paper we have studied the degradation of an HD camera 

with a CMOS sensor after several expositions with ionizing 
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radiation from sources of γ radiation from two types of sources – 
cobalt 60 (Co60) and cesium 137 (Cs137) at different doses and 

exposure times at room temperature. The behaviour of the examined 
cameras showed degradation.  

During exposition with γ radiation from Co60 and Cs137 one of 

the visible effects is that the more the cameras are exposed, the 

greater the degradation is. Also, as the distance decreases, the 
degradation of the cameras increases. More experiments will be 

conducted in the future to confirm the conclusions in this article. 

This means that the dynamic range of the image decreases and 
the dynamic characteristics of the system deteriorate, i.e. the image 

quality decreases. This effect is well illustrated by visual 
observation[16], [17]. 

By analyzing the SNR of the image, we find that the decrease in 

the SNR changes with increasing of exposition and the absorbed 

dose, respectively. Even so, the reduction in SNR is still small, 
within 3.5 dB. Therefore, HD industrial cameras with CMOS 

sensors can be used under certain conditions in an environment with 
ionizing radiation, where ionizing radiation can lead to moderate 

damage[18]. 
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