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Guidestar Exposure Calculation 

===================================================================================================== 

This section explains CCDNavigator's approach to setting the exposure for an autoguider using reference values that establish guiding exposures for the 
brightest and faintest stellar magnitudes to be used. 

How it works 

The relative brightness of stars varies exponentially as shown in the figure to the right. If the 
figure's equation is considered, it can be seen that if two stars differ by 2.5 magnitudes, their 
brightness values differ by a factor of 10. Likewise if there is difference of 5 magnitudes between 
the stars, their brightness differs by a factor of 100. So, if a magnitude 5 star produces a 
particular guider ADU at an exposure of 0.3 seconds, then a magnitude 7.5 star would require a 
3 second exposure and a 10th magnitude star would demand 30 seconds to produce a similar 
ADU level at the guider. 

  

Experienced users know it is impractical to guide at the same ADU value for any guide star, 
especially when a wide range of magnitudes is considered. Instead, two reference points will be 
used, one for bright guide stars and a second reference for dim guide stars. This is considered in 
the graphs below.  

Suppose, for example, that we 
experimentally determine for a particular 
system that a bright 4th magnitude guide 
star requires a 0.1 second exposure for 
good guiding characteristics (left graph) 
and that a faint 12th magnitude star 
requires 15 seconds (right graph). These 
two reference points may have quite 
different ADU values at the autoguider but 
both operating points provide acceptable 
guiding. These reference points can be 
extrapolated to different magnitudes using 
the formula in the first figure. 

  

                                                                                                     
                                                                                                 
                                                                                                    
                                                                                                   
                                                                                              
                                                                                                    
                                                                                                        
                                                                                                      
                                                                                  

                                            
                                           
                                             
                                         
                                            
                                         
                                                                                           
                                                                                            
                                                                           

                                
                            
                               
                             

                                                                                     
                                                                                        
                                                                                          
                                                                                           
                                                                                           
                                                                                               
                                                     

                                                                                       
                                                                                   
                                                                                          
                                                                                                                           

                                                                                                                                                        
                                                                                                                                                    
                                                                                                                                               
           



                                                                                                      

                               

                                                                                                      

                                                                                                                                                        
                                                      

             

                                                                                                  
                                                                                                  
                                                                                                    
                                                                                             
                                                                                               
                                                                                         
                         

  

                                                                                            
                                                                                                
                                                                                                   
                   

                              
                                          
                                         
                                        
                                          
                                     
                                         
                                    
                                           
                                         
                                       
                                           
                                 

  

The table to the right shows the exposure for equivalent ADU counts using the formula from the first 
graph for the example bright and faint guidestar magnitudes just mentioned (mag 4.0 and mag 12.0 
respectively). The column labeled Bright Reference begins at magnitude 4.0 and extrapolates down to 
magnitude 12.0 whereas the column titled Faint Reference begins at magnitude 12.0 and extrapolates 
up to magnitude 4.0. From the table, we can see that the bright reference exposure exceeds 15 
seconds for stars fainter than magnitude 9.6 and that the faint reference exposure is less than 0.1 
seconds at magnitude 6.4 and brighter. These values establish the limits beyond which the extrapolation 
for the particular reference exposure should not be used because the faint reference exposure will be 
unnecessarily short and the bright reference exposure will be unnecessarily long. 

From these observations, we can establish a 
range of acceptable guiding exposures. The 
parallelogram seen in the figure to the left 
represents this region as bounded by the 
two reference points. If we consider an 8th 
magnitude star, the exposure could range 
from 0.38 to 3.9 seconds. If the exposure were set to 0.38 seconds, the guider's operation 
would be similar to the 12th magnitude faint reference star. But if set to 3.9 seconds, the 
operation would be similar to that of the 4th magnitude bright reference.  

Based on this understanding, it 
is possible to define three 
strategies - short, medium and 
long - for exposure duration 

which are illustrated in the graph to the right. The green line provides the longest 
acceptable exposure while the red line provides the shortest acceptable exposure. It is 
also possible to choose a value that is midway between the longest and shortest values as 
shown by the blue line. At the reference points, all three strategies converge to the same 
exposure value. Notice that for stellar magnitudes below 6.5, the exposure value is locked 
to that of the bright reference point and that for magnitudes greater than 9.5 it is locked to 
the faint reference point's exposure of 15 seconds.  

Depending on the user's equipment, one or the other of these strategies can be chosen. 
Users with Adaptive Optics (AO) will generally prefer shorter exposures since this 
provides the fastest AO update rate. However if the user is directly guiding their mount, 
longer exposures will reduce the effects of seeing more. CCDNavigator provides all three choices of these guide exposures. 

To use this capability, the user must first choose the brightest and faintest magnitudes that will be used for guiding. They should then experimentally 
determine the exposure value for the bright and faint magnitude reference points for each filter. These values can be entered into CCDNavigator and 
when a guide star is selected, CCDNavigator will then calculate the exposure according to the user's preference of "Long", "Medium" or "Short" 
exposures. 




