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Scatter Direction Region(s) of Interest 

INTRODUCTION 
Scatter Direction Regions of Interest are an integral part of an efficient scatter calculation. They 

serve to direct scattered rays only towards areas of interest. In generating scattered rays, FRED 

evaluates the solid angle subtended by the Scatter Direction Region of Interest and handles the 

radiometry such that the proper amount of flux is scattered based upon the scatter model BSDF. This 

document provides a step-by-step process for locating and sizing Scatter Direction Regions of Interest 

for maximum efficiency. 

 
Figure 1. Raytrace of Cooke triplet with Scatter Direction Regions of Interest on optical surfaces. 
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Scatter Direction Regions of Interest are assigned on the Scatter Tab of each Surface dialog as shown 

in Figure 2. More than one Scatter Direction Region of Interest can be assigned to any given surface. 

However, care should be taken not to overlap multiple Scatter Direction Regions of Interest assigned to 

a surface since FRED will not discern this overlap and, as a result, scattered flux will be over-estimated. 

 
Figure 2. Surface Scatter Tab where Scatter Direction Regions of Interest are assigned. 

 

All surfaces are assigned a default Scatter Direction Region of Interest upon creation. This default is 

of type “Scatter into a given direction” as shown in Figure 3 which scatters into a cone subtending the 

given half-angle about the given direction. The direction vector can be specified in any coordinate 

system. See FRED’s Help Topic Importance Sampling for a comprehensive list of Scatter Direction Region 

of Interest types. 

 
Figure 3. Default Importance Sample. 
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There are two general cases of interest depending upon the optical space in which the scattering is 

to occur. First, consider the case of collimated space which includes external flat windows as well as the 

intermediate space between an afocal and re-imaging optics. In such spaces, the detector’s apparent 

size and location are dictated by its dimensions and system field-of-view (FOV). Therefore, the most 

efficient Scatter Direction Region of Interest type in collimated space is the default “Scatter into a given 

direction” with the Angle set appropriately.  

 
Figure 4. Scatter Direction Region of Interest for a closed curve. 

 

Next, consider regions within an optical system in which the ray bundle is converging or 

diverging. In these spaces, the Scatter Direction Region of Interest can be thought of as the apparent 

location and size of the detector as seen from a given surface. Therefore, the most efficient Scatter 

Direction Region of Interest type is “Scatter through a closed curve” as shown in Figure 4. The steps 

outlined herein are designed to determine the size and location of that closed curve. 

Regarding the “Other Data” on dialogs in Figure 3 & 4, the options Reverse Ray Directions, 

Number of Scattered Rays are pertinent to this discussion. Reverse Ray Directions causes scattered 

rays to be directed away from the Scatter Direction Region of Interest. This option is necessary when 

the apparent location of the detector is virtual. The Number of Scattered Rays option sets the 

number of scattered rays per incident ray. This value determines how well the Scatter Direction 

Region of Interest is sampled by scattered rays. For relatively small subtended solid angles, the 

default 10 is adequate. However, in cases where the apparent shape of the detector is highly 

aberrated, increasing this value becomes necessary. 
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 Finding a Scatter Direction Region of Interest in Converging or 

Diverging Space 

The 8 steps laid out below define a systematic approach to finding Scatter Direction Regions of 

Interest in an imaging system. These steps can be automated using FRED’s script language.  

1) Create an emitting source at the center of the target surface. This source should be a Detailed 
Source of Position type “Random Plane” and Direction type “Random Directions into an angular 
range” as shown in Figure 5. The source can be easily positioned by setting its starting 
coordinate system to be that of the target surface. [Note: It may be necessary to set the ZDir 
Component under Ray Directions to -1 depending upon the orientation of the target surface 
local coordinate system.] Give this source a near-zero size (red arrow 1) and an angular spread 
sufficient to fill the system f-cone from any position on the detector (red arrow 2). Rays will be 
wasted but that’s OK. 
 

 
Figure 5. Detailed Source settings for Ray Positions and Directions according to step 1. 

 

2) Using the Advanced Raytrace dialog as shown in Figure 6, trace this source to the element of 
interest. This should be done using Specify start/stop surfaces explicity as indicated by red 
arrow 3. Select the Do not perform the transmit/reflect operation option as indicated by red 
arrow 4. To prevent extraneous scattering by other surfaces from interfering with the 
calculation, select the Suppress ray scattering option as indicated by red arrow 5. It may also be 
useful to disable the Raytrace Summary to limit what is printed to FRED’s Output Window. 
 

[Note: The Advanced Raytrace dialog is modeless and should be left open for use in step 4 by 

using the Apply/Trace button. The OK button dismisses the dialog making it necessary to re-set 

these options on subsequent operations.] 

1 
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Figure 6. Advanced Raytrace dialog setting for step 2 of Importance Sample determination. 

 

3) After performing this trace, open the “Best geometric focus” dialog shown in Figure 7. The Best 
Focus calculation must consider only the rays on the element of interest so the Ray Selection 
Criteria (red arrow 6) should indicate the same surface as in Figure 6 (red arrow 3). As a matter 
of consistency, it is advisable to make this calculation in the Global coordinate system (red 
arrow 7).  
 

 
Figure 7. Best Focus dialog. 
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The best focus position is printed in FRED’s Output Window as in Figure 8 (red arrow 8). This is 
the location of the Importance Sampling Region of Interest. If this position and the actual position of 
the detector are on the same side of the surface, then the Importance Sampling Region of Interest is 
a real image. If the scatter surface lies between the best focus position and the detector, then the 
Importance Sampling Region of Interest is a virtual image. In the latter case, the Reverse Ray 
Directions option must be checked. Take note of the normalized average ray direction (red arrow 9) 
for use in step 5. 

 

 
Figure 8. Output from Best Focus calculation. 

 
4) Return to the emitting source dialog (Figure 9) and set the Random Plane XY dimensions (red 

arrow 10) equal to those of the detector. Trace the source again with the Advanced Raytrace 
dialog using the same settings as in step 2. 

 
Figure 9. Random Plane dimensions. 
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5) Open the “Ray Manipulation Utility” (Figure 10) found on the Raytrace Menu and select 
“Propagate to” (red arrow 11). If we refer back to Figure 8 (red arrow 9), the average ray 
direction will indicate which dropdown selection to make; either X coordinate if the vector is 

[1,0,0], Y coordinate if the vector is [0, 1,0] or Z coordinate if the vector is [0,0, 1]. Enter the 
corresponding X, Y or Z best focus value determined in step 3 (red arrow 8). The Ray 
specification at the bottom (red arrow 13) must be set the same as in the Best Focus dialog of 
Figure 7 (red arrow 6) to insure only rays on the element of interest are moved. 
 

 
Figure 10. Ray Manipulation Utility used to move rays to best focus. 
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6) Use Ray Statistics (Shft+F12) to print the min/max X, Y & Z values for the “moved” rays as shown 
in Figure 11. These values determine the size of the Importance Sample. Note that the “moved 
rays” are owned by the “System” (red arrow 14). These min/max values define the dimensions 
of a rectangle (in most cases) representing the apparent size of the detector. This rectangle can 
be realized as a Segmented Curve. 

 
Figure 11. Ray Statistics output for “moved” rays. 

 

The Average Ray Direction (red arrow 9) from the Best Focus calculation defines a vector 
perpendicular to the closed curve. In a majority of cases, this Average Ray Direction will be the 
optical axis of the system. When the optical axis lies along Z [X or Y], the X & Y [Y & Z or X & Z] 
min/max values are the closed curve dimensions. Use step 7a to create the Scatter Direction Region 
of Interest. If Average Ray Direction vector is skew to the major axes, use step 7b to create the 
Scatter Direction Region of Interest. 

7) Create your Importance Sampling Region of Interest in one of two ways: 
 

a. Create a Custom Element and add a Segmented curve using the dimensions determined 
in step 6. Name the curve for easy identification. Shift this curve to the location found in 
step 3. 

 
Figure 12. Scatter Direction Region of Interest from Segmented Curve 
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Figure 13. Shifting curve to z-location. 

 
On the Scatter Tab of the scattering surface, set the Scatter Direction Region of Interest type to 
“scatter towards a closed curve” and specify this curve as in Figure 14. 

 

 
Figure 14. Scatter Direction Region of Interest from closed curve. 

 
b. On the Scatter Tab of the scattering surface, set the Importance Sampling Region of 

Interest type to “scatter towards an ellipsoidal volume” as in Figure 15. Set the location 
and dimensions of the ellipsoid per values from steps 3 & 7. 

 

 
Figure 15. Scatter Direction Region of Interest using an Ellipsoidal volume. 
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8) Test the Scatter Direction Region of Interest using the Analyze Scatter Importance Sampling 

feature (Figure 16) found on FRED’s Tools menu. This feature creates rays on the designated 

surfaces and measures efficiency by determining the fraction of # Rays reaching the “Detector” 

surface. The Material option must be set in order to indicate which material rays are initially 

scattered into. Figure 16 illustrates the setting for a Cooke triplet. Note that the first surface of 

each lens has the lens material selected. Output from this feature is shown in Figure 17. Note 

that efficiency tends to fall off for surfaces farther upstream from the detector. This behavior 

results from the combination of stop placement and aberrations in these intermediate optical 

spaces. 

 
Figure 16. Analyze Scatter Importance Sampling dialog 

 

 
Figure 17. Output from Analyze Scatter Importance Sampling tool. 
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Note: The user is free to utilize FRED’s built-in feature Determine Scatter Importance Sampling 

found on the Tools menu for determining Scatter Direction Regions of Interest. However, the 

process outlined herein is preferred since Determine Scatter Importance Sampling is subject to 

potential errors due to the lack of restrictions on the detector emission angle (90) which can lead 

to statistical error especially when the acceptance angle of the optics is small. 

Script for Scatter Direction Region(s) of Interest Determination 

 This section contains supporting information concerning the script FindImpSamp.frs included 

with this article. This script carries out steps 1-6 of the preceding section. The user must manually 

create and test the resulting Scatter Direction Region of Interest. Default values for source ray count 

(10k rays) and emission half-angle (15) are found on lines 53 & 54, respectively. These values 

should be changed to best suit the system to which the script is applied. 

 Upon execution, the script presents a dialog allowing the user to select the scattering and 

detector surfaces from a list as in Figure 18. The script creates the source at the detector if it does 

not exist. The dimensions, orientation and position of the Segmented Curve to be used as a Scatter 

Direction Region of Interest are printed to the Output Window (Figure 19). 

 
Figure 18. 

 
Figure 19. 


