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Abstract- The requirements for photobiological safety of 

lamp systems and methods for assessing the hazards of 

blue light and thermal hazards generated by optical 

radiation with wavelengths of 380-1400 nm, projectors 

using halogen incandescent lamps (HIL) are analyzed. 

The results of the levels’ study of blue light 

photobiological danger of image projectors with HIL with 

a power of 210 W are presented. It is shown that the 

studied type of projector belongs to the risk group RG2. 

The safe exposure time of blue light tB is 14.5 sec, and the 

safe thermal exposure time tR is 1.2 sec. When the 

distance is reduced to 0.5 m, the risk of blue light and 

thermal hazards remains within the RG2 group (medium 

risk) with less safe exposure time. 

Conclusions are made on the compliance of the studied 

image projectors with the conditions of light 

photobiological safety. 
 

Keywords: Photobiological Safety, Thermal Hazard, 

Blue Light, Brightness, Projector. 
 

1. INTRODUCTION 
At the present stage, the solution to reduce energy 

consumption for lighting is a relevant problem.  
According to the International Energy Agency, 19% of 
the world's electricity production is spent on lighting [1].  
Over the past decades, a large number of scientific papers 
have been published aimed at improving energy 
efficiency, limiting the use of inefficient light sources [2-
6]. An equally important issue is the quality of light, 
although it has received less attention so far.  It is known 
that the optical radiation of artificial light sources can 
create negative biological processes in the human body 
[7]. Light emitted in the wavelength range 400-500 nm 
(maximum about 435-440 nm) causes a photochemical 
effect on the retina. This range corresponds to blue light, 
so the danger associated with this spectrum range is 
called the danger of blue light. 

The International Illumination Commission on [8, 9] 

clarified the term “danger of blue light”. It should only be 

used when considering the photochemical risk of retinal 

damage (photo maculopathy), usually associated with 

fixation on bright light sources. General requirements for 

the classification and methods of assessing the 

photobiological safety of lamps and tube systems are set 

in [10]. With regard to projectors, which are classified as 

tube systems, features of assessing their photobiological 

hazard are set out in [11]. In addition to the danger of 

blue light, projectors can create thermal hazards for the 

retina with light wavelengths in the range of 380-1400 

nm, so the study of light safety of image projectors, 

especially those used in various educational institutions 

without professional maintenance is an urgent task. 

According to [11], a projector is an optical system 

that uses the reflection and/or refraction of light to 

increase the intensity of light at a limited body angle. The 

beams of the projectors have a high brightness (more than 

106 kd/m2), which can cause danger to the retina when 

viewed directly into the lens from a short distance. The 

danger of projector light, according to [12], is classified 

into four risk groups RG0, RG1, RG2, RG3 

General group RG0. The physiological basis of the 

RG0 classification is that the projector light does not pose 

any photobiological hazard to the retina for 10000 s 

(more than 2.8 h). Low risk group RG1. The projector's 

light beam exceeds the RG0 limit, but does not endanger 

the retina for 100 s medium risk group RG2. This 

requirement is met when the RG1 limits are exceeded, 

but does not pose a hazard to the retina for 0.25 s. The 

RG2 projector can be used safely, except in cases of 

direct eye radiation. RG3 risk products pose a risk group 

even with short-term exposure (less than 0.25 s).  
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The blue light hazard risk assessment of projectors is 

based on the LB energy luminance power in the field of 

view specified in standard [11]. The spectral function of 

the severity of the danger of blue light (B) and thermal 

danger (R) in the wavelength range 380-1400 nm is 

shown in Figure 1 [12]. 
 

 
 

Figure 1. Spectral functions of hazard severity for retina [12] 

 

Limit values of energy, maximum safe exposure time 

of blue light tB and thermal radiation tR (in the wavelength 

range 380-1400 nm), as well as recommended reception 

angles (fields of view) γ when measuring these energy 

values are shown in Tables 1-3. 

 
Table 1. Limit values of energy values for different risk groups [11] 

 

Danger 

Wave 

length, 

nm 

Radiation  

level symbol, 

measuring  

unit 

Angle of view γ, rad 

Risk 

group 

RG0 

Risk 

group 

RG1 

Risk 

group 

RG2 

Blue light 
300 to 

700 

LB 

W/m2∙sr 
100 10000 4000000 

Blue light 

 (Not big 

source) 

300 to 

700 

EВ 

W/m2 
1.0 1.0 400 

Thermal 

damage to  

the retina 

380 to 

1400 

LR 

W/m2 ∙sr 
28000/α 28000/α 28000/α 

 
Table 2. Exposure time limits for different risk groups [11] 

 

Danger 

Risk 

group 

RG0 

Risk 

group 

RG1 

Risk 

group 

RG2 

Blue light 10000 s 100 s 0.25 s 

Thermal damage 

to the retina 
0.25 s 0.25 s 0.25 s 

 

Projectors, unlike most lighting lamps and tube 

systems, use projection optics, which increase the 

intensity of light and form an imaginary image of the 

light source, which is perceived by the observer with 

changed dimensions and location. If the concentration of 

the light beam changes by changing the distance from the 

crystal to the lens, the dimensions of the imaginary image 

will change accordingly. 

When the beam is narrowed, the position of the 

visible source changes by a greater distance. 

Measurement conditions for finding the energy brightness 

are shown in Figure 2. 

 

Table 3. Receiving angles for measuring the energy brightness of 

projectors [11] 
 

Danger’s 

name 
Wavelength, nm 

Angle of view γ, rad 

Risk 

group 

RG0 

Risk 

group 

RG1 

Risk 

group 

RG2 

Blue light 300 to 700 0.11 0.011 0.011 

Thermal 

damage 

to the retina 

380 to 1400 0.011 0.011 0.011 

 

 
 

Figure 2. Measurement conditions for finding energy brightness 

 

The peculiarities of determining the risk group of 

image projectors are that the energy brightness and 

energy illumination should be determined nearer to the 

light source along the axis of the light beam. For narrow, 

optically generated rays, the flux density within the beam 

increases, so the value of the irradiation (illumination) 

created by them also increases.  

This should be taken into account when assessing the 

photobiological hazards of blue light in terms of 

exposure, because optics can significantly change its 

level. Assessment of photobiological safety by measuring 

energy illuminance is used mainly for small light sources 

with angular dimensions α<1.7 mrad. If the source is 

observed through magnifying optics, it may be that the 

angular size of the image will exceed 1.7 mrad and can be 

considered as a source of extended dimensions. In these 

cases, it is advisable to use energy brightness to assess 

photobiological safety.  

When assessing the photochemical hazard of blue 

light by energy brightness, the optics do not affect the 

measurement result, because according to the law of 

conservation of brightness, it cannot change it. But this 

statement is valid only in cases where the angle of view γ 

is less than the angular size of the image of the source, 

i.e., for the actual brightness. If γ>α, then the evaluation 

is performed on the average in the field of view energy 

brightness. When measuring the average brightness 

(when changing the measurement distance r), the value of 

the angle γ must remain unchanged, while the value of 

the angular size of the source α changes. 

Spatially averaged brightness values in the 

“incomplete field of view” (at γ>α) decreases with 

increasing distance from the projector, first according to 

the linear law, and then in the “far field” as a ratio (γ/α)2.  
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The aim of this work is to study the risks of 

photobiological hazards of blue light and thermal hazards 

(for the wavelength range 380-1400 nm) HIL image 

projectors belonging to the risk group RG2 and used in 

everyday life, schools and other areas. 

 

2. PRESENTATION OF THE MAIN MATERIAL 

OF THE STUDY 

The levels of photobiological danger of blue light and 

thermal danger of 210 W HIL projectors were studied. 

The energy parameters of the projectors were measured 

using a set of test equipment for risk assessment of 

photobiological hazards of light OST 300. Spectro 

radiometric system kit includes monochromators, 

photoelectric detector, system for measuring spectral 

density and size of light sources, and a simulator of the 

human eye 1.7 m in the field 11 mrad and 110 mrad.  

Measurement results are processed by a computer 

with software that allows calculating the brightness LV 

(kd/m2) and illuminance EV (lux), energy brightness LB 

(W/m2∙sr) and energy illuminance EB (W/m2), weighted 

by spectral function blue light hazards B (λ), energy 

brightness LR (W/m2∙sr) and energy illuminance ER 

(W/m2), weighted spectral function of thermal hazard R 

(λ) correlated color temperature (CCT) and other 

parameters. LB energy brightness, EB illuminance and safe 

blue light exposure time are determined from the 

following expressions based on spectral measurement 

data [10]: 

• light sources with an angular size greater than 11 mrad: 
700

6 4

300

2( , ) ( ) 10 J , 10 s/ m sr BL t L t B t t  


=    
 

(1)
 

700
4

300

( ) 100 , 10 sBL L B t 


=      (2) 

2
6

max W/m sr
10

, 100B
B

t L
L

=   (3)

 
where, LB energy brightness; B (λ) is a spectral function 

of the severity of the danger of blue light, in relative units 

(Figure 1); LB is energy brightness of blue light, taking 

into account the function of the severity of the danger of 

blue light; ∆λ is wavelength interval in nanometers; and t 

is the duration of exposure in seconds; 

• light sources with an angular size of less than 11 mrad 

[10]: 
700

2

300

( , ) ( ) 100  Jm ,  100sBE t E t B t t    −=       (4) 

700

300

( ) 1, 100sBE E B t  =      (5)

 
where, EB energy illuminance, taking into account the 

function of the severity of the danger of blue light; and t 

is the irradiation time in seconds. 

For a small source, with an energy illuminance         

EB > 0.01 W/m2, the limit values shall not exceed the 

levels determined by the formula [10]: 
2

max

10
, 100s

B

t t
E

=   (6)

 

where, tmax is the maximum allowable exposure time in 

seconds. Energy brightness levels weighted by the 

thermal hazard function R(λ) were also determined 

according to [10]: 
1400

380

( ) , 10mks 10sRL L R t  =     (7) 

where, LR energy brightness, weighted by the function of 

the danger of thermal action on the retina, W/m2sr; and 

R(λ) is a function of the severity of the danger of thermal 

action, in relevant units (Figure 1). 

Measurements of parameters for assessing the danger 

of blue light were performed from a distance of 1 m at an 

angle of view of 11 mrad. The energy brightness 

weighted by the LR thermal hazard function was 

determined for the angular size of the source 11 mrad and 

from the same distance at an angle of view 11 mrad. The 

results of measuring the average energy luminance (LB), 

energy luminance the (LR) are shown in Table 4. 

 
Table 4. The results of measuring 

 

ССТ, К 6565 

LV, kd/m2 9.96×107 

LВ, W/m2sr 6.92×104 

LR, W/m2sr 2.2×106 

ЕV, lux 8570 

ЕВ, W/m2 5.92 

tВmax, s 0.25 

tВ, s 14.5 

tRmax, s 0.25 

tR, s 1.2 

Risk group RG2 

 

With regard to thermal danger, the maximum energy 

brightness LR, weighted by the function of thermal hazard 

of visible radiation R(λ), numerically equal to the 

maximum allowable brightness for risk group RG2 [10]. 

For continuous radiation projectors, the energy luminance 

of LR max shall not exceed [10]: 

2
max

28000
W / m srRL


=  (8)        

where, α is the angular size of the light source (in 

radians).  

The maximum energy brightness LR max depends on 

the angular size of the visible source and is calculated 

using the distance from the observer to the visible source. 

If the brightness LR is determined with an average angle  

γ = 11 mrad, then the minimum angular size αmin should 

be α = 11 mrad, and the maximum is no more than 100 

rad. At an angular size α<11 mrad to determine LR it is 

necessary to take α = 11 mrad, and at α>100 mrad - limit 

to 100 mrad. We performed measurements at r = 1 m,      

α = γ = 11 mrad. For these conditions: 

6 2
max

28000
2.545 10 W/m sr

0.011
RL = =   

The results show that at a distance of 1 m (the 

distance for which the level of photobiological safety of 

blue light is normalized), this type of projectors belongs 

to the group RG2 (medium risk). The time of safe 

exposure of blue light at a distance of 1 m is 14.5 s, and 

the thermal danger of light with wavelengths in the range 
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of 380 - 1400 nm at a distance of 1 m - 1.2 s. That is, the 

thermal hazard of projectors with HIL over short 

distances is more critical than the danger of blue light. 

When the distance is reduced to 0.5 m, the risk group for 

blue light and thermal hazard remains unchanged - RG2, 

but the safe exposure time is reduced. It is 5.7 s for blue 

light and 0.8 s for thermal danger. 

 

3. CONCLUSION 

1) The studied image projectors with HIL with a power of 

210 W do not exceed the level of photobiological danger 

of blue light and thermal danger of light of risk group 

RG2 (medium risk) and meet the requirements of 

international standard IEC 62471-5. Image Projectors; 

2) It is shown that the level of energy brightness, of 

thermal danger of light with wavelengths 380 - 1400 nm 

is normal, the safe exposure time of blue light is 14.5 s, 

and the time of safe thermal exposure - 1.2 s; 

3) For image projectors with HIL safe exposure time of 

blue light tB is much higher than safe thermal exposure 

time tR. 

 

NOMENCLATURES  

 

1. Acronyms 

HIL       Halogen Incandescent Lamp 

IEC       International Electrotechnical Commission 

CCT      Correlated Color Temperature 

 

2. Symbols / Parameters 

tB: Exposure time of blue light 

tR: Thermal exposure time 

B(): Blue light hazard spectral function 

R(): Weighted spectral function of thermal hazard 

LB: Energy brightness  

LV: Brightness 

EB: Energy illuminance 

EV: Illuminance 

ER: Energy illuminance 

α: Source size angle 

γ: Angle of view 

LB(𝜆, 𝑡): Spectral energy brightness 

LR: Energy brightness  

: Wavelength interval 

t: Duration of exposure 
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