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Abstract: The paper presents a detailed method for photometric calculation of the efficiency of electro-
optical devices at different background brightness, based on theoretical research and conducted experiments.  

Using the developed method, experimental tests have been carried out and the obtained results have 
been presented. 
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Резюме: В представения труд е разработена подробна методика за фотометрично 
пресмятане на ефективността на електронно-оптични уреди при различна яркост на фона, 
разработена на базата на теоретични изследвания и проведени експерименти. 
 С използване на разработената методика са проведени експериментални изследвания и са 
представени получените резултати. 
 
 

The basic of the methods is to research the upmost sensitivity at assigned parameters. The 
value which characterizes the device’s sensitivity is presented the upmost power illumination of the 
entrance hole with the relation signal/noise or the upmost value of the current, radiated by the object 
when the level of the noises is set.  

The method of the energy research of the electronic-optical devices has some important 
specifications in comparison with the method of the optical and optical-electronic devices. Because the 
electronic-optical devices comprises of optical, photo-electronic, electro-technical and luminescent 
devices, so it is necessary to use different methods for research and coordinate the characteristics of 
the indicated devices when their parameters are defined. For each of the methods, it is necessary to 
take into account the volume and the character of the necessary information for the researched object 
and this information helps to find the object, to define its boundaries and to ensure the detailed 
research of its structure.  Depending on these circumstances, not only the range of the researched 
objects is changed but also the sequence of the stages of the energy calculations. [1…3]. 

When finding distant objects, it is necessary to specify the following circumstances: 
- Upmost contrast brightness of the observer’s pupil;  
- светотехнични characteristics of the researched object; 
- taking into considerations the atmospheric influence; 
- research of the utmost illumination of the photocathode from the hypothetical illumination from 

the object and the background around it;  
- Comparison of the obtained results with the utmost contrast sensitivity of the eye at given 

observation conditions. 
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In order to define the efficiency of the electronic-optical devices, a method is suggested which 
was developed on the basis of theoretical research and experimentations, carried out by the author 
and it ensures the research of the possibility to find distant objects at different background brightness.  

1.  Determination of the effective energetic illumination of the photocathode image 
fkefE : 
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where: 
obA  – surface of the entrance hole of the lens; 

 Г – magnification of the optical system;  
 e  – energetic illumination of the entrance hole;  

 L – distance of observation; 
 к ...0  – spectral range of the research; 

 
  – spectral coefficient of the reflected filters;  

 
f  – spectral percolation of the attached filters;  

 
op  – spectral percolation of the optical system;  

 
atm  – spectral percolation of the atmosphere.  

2.  Definition of the influence of outside noise fluctuations over the image brightness is done by 

using the coefficient ischK , defining the image sharpness 
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where: 
fkN  – quantum exit of the photocathode;  

 t – time of the experiment; 
 S  – spectral sensitivity of the photocathode. 

3.  Defining the coefficient which characterizes the relationship signal/noise for the background 

current
tschK : 

(3) 
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where: 
tJ  – background current of the photocathode; 

 
maxS  – maximum spectral sensitivity of the photocathode.  

4.  Definition of the relationship signal/noise, considering the noises from the amplification of 
the information signal from the electronic-optical transformer and  background current 

(4) 
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5.  Definition of the brightness background B at the entrance of the electronic-optical device: 
(5) 
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where: 
dK  – coefficient, considering the Styles-Crawford effect; 

 
bK  – coefficient, considering not using the full usage of the eye’s pupil;  

 
EOPГ  – optical magnification of the electronic-optic transformer; 

 D – diameter of the entrance hole; 
 f   – back focal distance of the lens. 

 
 



  165

6. Defining the diameter of the observer’s pupil and the coefficients dK  and bK for B . 
7. Defining the exponent n  and n  forB and B respectively. 

8. Defining the efficient illumination 
fkefE  of the object over the photocathode:  
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9. Defining the efficient illumination of the background image over the photocathode: 
(7) 
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where: 
efR  – energetic illumination of the object; 

 
fkA  – surface of the photocathode of the electronic-optic transformer. 

10. Defining of the sharpness of the image К: 
(8) 
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11. Defining of the utmost sharpness K  of the image: 
(9) 
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12. Defining the efficiency EOVN  of the electronic-optical device: 

(10) 
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where: n  – exponent, characterizing the influence of the background brightness [2,4]. 
 

13. Defining the utmost illumination EOVE of the device: 

(11) 
OEVEOV NEE H / , 

where: 
HE  – observed utmost illumination with the naked eye.  

 
Using the worked out method, experimental research was being carried out with an electronic-

optical device. Table 1 represents the obtained results. 
 

 
 

Fig. Electronic-optic device for research of particular emissions of the atmosphere  
in the near infrared part of the optical spectrum  
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  Table 1. Photometric characteristics of the electronic-optic device  
 

Background brightness [cd/m2] №  Characteristics 
510.1 B  

310.1 B  
1 

fkefE  5,88 5,88 

2 
ischK  0,12 0,12 

3 
tschK  0,02 0,04 

4 
schK  0,19 0,19 

5 B  610.7,7 
 

210.8,7 
 

6 
dK  1 1 

7 
bK  1 1 

8 n  0 0,24 
9 n  0 0,53 

10 
HE  810

 
710

 

11 K   1,45 1,56 

12 
OEVN  44 44 

13 
EOVE  1110.75,2 

 
910.07,4 

 

 
It can be concluded that a detailed method is developed which ensures photometric research 

of the efficiency of the electronic-optic device at different background brightness.  
The method is used when calculating the electronic-optical device for research of particular emissions 
in the atmosphere in the near infrared part of the optical specter. 
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