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1. Introduction 
 
Many industrial processes, such as steel or glass fusion, emit stray optical 
radiation often unsuspected by users. Moreover, techniques employ optical 
radiation characteristics and implement specific sources emitting mainly 
ultraviolet or infrared radiation. Thus, the photochemical, germicidal, 
fluorescent and other effects of ultraviolet radiation are used for 
polymerizing adhesives and varnishes, drying printing inks, sterilization, 
quality inspection, etc. The emitted radiation is likely to present risks in 
any one of these cases. The effects on the eye and skin induced by this 
radiation are rarely perceived at once and exposed persons often find it 
difficult to appreciate them to the right degree. Yet, there are no quick, 
simple measuring methods for quantifying these hazards because of the 
wide variety of optical radiation sources and conditions of use. 
CatRayon was therefore developed with the aim of making available a set 
of general and technical data on optical radiation sources to users and 
prevention specialists. Its main aim is to provide knowledge of hazards 
inherent in an optical radiation source under conditions defined by users. 
A first version of CatRayon [1, 2], with 5 data bases of approximately 400 
optical radiation sources, allowed assessment of the hazards produced by 
one source at a workstation. The new version now considers several 
sources and takes in account their spatial intensity distribution. It 
permits: 

• assessment of exposure at fixed or moving workstations, 
• performance of hazard mapping in a determined working area, 
• definition or proposal of efficient personal protection or group 

protection by adding filters in front of the sources, 
• editing of an analysis report containing all results. 

A database of around a hundred protective filters now complements the 
source database. 
 
 
2. Method of risk assessment 
 
Hazard assessment is based on Exposure Limits EL [3,4] recommended by 
ICNIRP. A hazard coefficient has been defined to quantify the risks in a 
spectral region. This hazard coefficient is the ratio of the exposure, 
irradiance or radiance level to the corresponding Exposure Limit EL. Thus, 
a hazard coefficient greater than 1 indicates that there is a hazard in the 
spectral range considered and under the conditions described.  



 

Total irradiance received at a specified point, is obtained by adding the 
individual irradiances produced by the sources, while the radiance is 
determinate by the maximal value of the individual radiances. Eye 
hazards are evaluated in the line of sight direction of an observer. Skin 
hazards are determinate in all directions. 
All calculations are based only on the direct component of the radiations. 
The reflected radiations on the wall are not taking in account. 
 
 
3. Calculation model 
 
All points are located through their coordinates defined in a rectangular 
coordinate system XYZ (reference system). The directions in space (for the 
receiving surface orientation) are defined with vectors. Besides, sources 
are oriented with the help of a secondary axe system X'Y'Z' whose the XY 
plan coincides with the surface of the source. The X' and Y' axes 
correspond respectively with the longitudinal and transversal axis, and 
the Z' axe with the emission indicatrix of the source. The irradiance 
produce by a source to a receiving surface is calculated in the source axe 
system (X'Y'Z'). All points and vectors are transformed from the XYZ 
system to the X'Y'Z' system as follows: 
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where : 
x',y', z' : Coordinates of a point or a vector in the source coordinate 
system, 
x, y, z : Coordinates of a point or a vector in the reference coordinate 
system, 

SfM →Re  : Transformation matrix from the XYZ reference system to 

the X'Y'Z' source system. 
 
Irradiance produced by a source to a receiving point 
The irradiance produced by an extended source is estimated using a finite 
element method. The source S of complex shape is broken down into a 
series of simple geometrical surface (rectangle, triangle, circle, ellipse). 
Each simple surface is discretized into small areas ai. Thus, the irradiance 
E (fig.1) produced by a non-diffuse source is expressed as follows: 
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where  
In : Radiant intensity in the direction of the surface normal, 
K(Ci,γι) : Relative radiant intensity (%), defined in the reference 
system of the CIE[5] (fig. 2), of the ith surface element, 



 

Fc :  Configuration factor. 
 
The relative radiant intensity K(Ci,γi) in the (Ci,γi ) direction is linearly 
interpolated from the relative radiant intensity distribution data, 
measured or provided by the  constructor at even interval. 
 
If Emes is the measured irradiance and Fcmes the corresponding 
configuration factor, then: 
 

 
mes

mes Fc
Fc

EE =  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Radiance in a specified direction 
The radiance L in a specified direction (C,γ)  is calculated from the 
radiance Lmes measured in an another direction (Cmes,γmes), using the 
following relation: 
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where  
α, αmes: angles between the surface of the source and the 
orthogonal projection of this surface on a plane perpendicular to 
this direction. 
 

 
 
Personal exposure and group exposure 
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 Figure 1: Irradiance produced by a non-diffuse 
source. 

Figure 2:Reference system of the CIE
[5]



 

Personal exposure is studied at fixed and moving workstations. The route 
of the moving workstations is simulated with a series of receiving 
surfaces. For some spectral ranges the Exposure Limit EL is expressed in 
term of exposure or irradiance/radiance depending of the exposure 
duration. Therefore, the hazard assessment for the moving workstation is 
evaluated using the sum of exposure determinate at each point of the 
route if the total exposure duration is lower than duration given by EL  
(i.e. t <104s for the spectral range 300-700nm) or using the maximum 
value of the irradiance/radiance determinate at each point of the route if 
the total exposure duration is greater than duration given by EL  (i.e. t 
>104s for the spectral range 300-700nm). 
Group exposure is evaluated defining working areas. A working area is 
represented by a rectangular virtual surface arranged horizontally in the 
room. This surface is meshed by a regular grid defining an area between 
the X- and Y-axes. A receiving surface is placed at the center of each grid 
cell.  
 
 
Personal protection and group protection 
The spectral irradiance produced by a source and source spectral radiance 
adding a filter are determinate as follows: 
 

λλλ Τ= .EsE        λλλ Τ= .LsL  
where 

Esλ  :  spectral irradiance produced by a source, 
Lsλ  :  source spectral radiance, 
Τλ  :  spectral transmission factor of a filter. 
 

A list of efficient filters for the personal protection is established by 
testing each filter of the database at each workstation. Only tested filters 
for witch the calculated hazard index is lower than 1 are kept. 
The group protection consists researching efficient filters, put in front of 
the sources, to protect all points of a working area. This requires, in a 
first time, identifying the more dangerous sources in each spectral range 
and classifying them. To achieve this, an involvement coefficient to the 
hazards is assigned at each source, at the time of the hazard assessment. 
Because of sum of individual irradiances produced by the sources at a 
point, it is not possible to know the required limit of the hazard index for 
testing the sources individually with a filter. Therefore, an iterative 
method is used, beginning to protect the more dangerous sources. The first 
limit of the individual hazard index is fixed at 1. Each source is tested 
individually with all filters and only filters for witch the calculated 
individual hazard index is lower than the limit are kept. Then, the hazard 
index (residual hazard index) is evaluated for all sources protected with a 
filter. A new limit of the individual hazard index is calculated as follows:  

New limit = old limit/ residual hazard index 
The program is performed until the calculated hazard index is lower than 
1. 
 



 

 
4. Functionalities of the CatRayon software program 
 
All entered and calculated data are grouped together under a project, 
which can be saved for later usage. 
 
To create a project, CatRayon3 therefore permits: 

• selection, positioning and orientation of sources present in the 
room, 

• description of two workstation types: fixed workstations and 
moving workstations,  

• definition of working areas of varying size and grid, 
• selection and arrangement of possible protective equipment. 

 
After calculating exposures, the following information can be viewed 
interactively with respect to operator (fixed workstation) line of sight or 
receiving cell (working area) orientation: 

• spectral regions from which hazards originate and associated 
physiological effects, 

• hazard coefficients in each spectral region in graphical or tabular 
form. 

 
If the studied configurations feature hazards, CatRayon offers the 
possibility of automatically listing: 

• group protection equipment (filters fitted to source) allowing 
hazards to be eliminated in the considered working area, 

• efficient personal protection equipment at fixed or moving 
workstations. 

 
The combined project data and results can be recorded in an RTF-format 
analysis report, which can be read and updated by all text editors. 
 
Graphical environment 
The CatRayon3 environment takes the form of a main window (cf. figure 3) 
featuring: 

• a main menu grouping together all program functionalities,  
• a icon bar for accessing source entry, workstation and protective 

equipment functions,  
• a second icon bar for accessing hazard display and calculation, and 

proposed protective equipment functions,  
• a graphical area representing layout of sources, workstations and 

working areas in the room,  
• an area for selecting graphical options. 
 



 

 
 

 
 
Figure 3: CatRayon3 main window 
 
 
Sources  
Sources (cf. figure 4) are selected from one of the 5 following databases: 

• Lamps for general use, mainly intended for lighting, 
• Lamps for specific use which emit ultraviolet and/or infrared 

radiation, 
• Welding arcs produced by different welding processes: electrodes, 

solid wires, cores wires, 
• Furnaces used in various activity sectors: glassworks, steelworks, 

forges,  
• Other industrial sources. 

 
For each selected source it is possible to view its general characteristics 
and its spectral characteristics. 
Source position is given by entering its x, y, z coordinates defined in the 
room. Source orientation is obtained by entering the angular value of 
rotation around the 3 axes. The graphical image of the source is updated 
as data is entered.  
 



 

  
 
Figure 4: Adding a source 
 
 
Workstations and working areas 
Personal exposure to source radiation can be studied based on two 
configurations: fixed workstations and moving workstations. Fixed 
workstations are the simplest case of persons working all day at the same 
stations.  Their definition requires entering their x, y, z coordinates and 
the daily exposure duration. 
Moving workstations (cf. fig.5) simulate persons moving around the room 
or working successively at several workstations. Moving workstation 
definition requires describing the route followed by the operator through a 
succession of points. The following data is associated with each point:  

• X, Y and Z coordinates of the point in the room reference frame, 
• daily exposure duration, 
• orientation of the operator's line of sight. 
 



 

 
 
Figure 5: Adding a moving workstation 
 
 
Working areas allow evaluation of the group exposure corresponding to 
given room sectors and therefore quick identification of major hazard 
areas. A working area is defined by: 

• the X and Y coordinates of its origin, 
• its height z, 
• its dimensions along the X and Y axes, 
• the number of subdivisions along the X- and Y-axes. 

 
Hazard assessment – displaying results 
Results windows for fixed or moving stations, or for working areas, all 
feature two panels: 

• one referring to hazard qualitative aspects, i.e. the type of 
radiation involved, namely Ultraviolet, Visible, Infrared and its 
associated physiological effects, 

• the other referring to quantitative aspects giving, in graphical 
form, the hazard coefficient values in each spectral range. 

 
Figure 6 show results window for a working area. The results window 
allows graphical or tabular form display of the hazard coefficients for 
each working area grid cell for a spectral range and for the selected 
reception surface orientation. In fact, the receiving surface located at the 
center of each working area grid cell, can be oriented. Then the graphic is 



 

actualized relate to the selected orientation. The grid cells are colored 
green if the hazard coefficient is less than 0.8, white if the hazard 
coefficient is between 0.8 and 1.0 and gradation of red, whose redness 
varies with the hazard coefficient value if this exceeds 1.0. 
 

 
 
Figure 6: Working area results 
 
 
Protection equipment 
Protective filters choose in the filters databases can be directly added at 
workstations to shield the operator or placed in front of the sources. Thus 
hazards assessment is achieved taking account these personal and/or 
group protective filters. CatRayon allow also automatically determining 
filter efficiency and proposing a list of efficient filters. Example of group 
filter list is displayed at figure 7. For each selected source, window gives 
number of efficient filters and filter list. Then it is possible to display 
general and spectral characteristics of the selected filter and to place this 
filter in front of the source. 



 

 
 
Figure 7: Efficient filter list 
 
 
5. Conclusion 
 
Exposure measurements to optical radiation in the workplace are often 
costly and time consuming. So as a first step of the hazard assessment, the 
prEN 14255 [6] advises to carry out a preliminary review including 
exposure estimation. CatRayon software program is quite suitable to 
achieve this preliminary review of the exposure.  Moreover it enables 
determining protective measures to restrict exposure to the limits. 
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