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Introduction 
•   In free-space optical communication, the message is 
carried by the intensity of a  
laser beam that propagates  
through free-space from  
the transmitter toward the  
receiver. 

•   Owing to the relative 
motion of the stations, an  
active mechanism is  
required to maintain optical  
alignment. 

•   Cooperative optical beam  
tracking is a viable solution  
in which each station employs  
the optical beam of the other  
station as a guide to point its own beam toward the 
other. 
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Dynamical Equations 
•   Tracking error (           ): 

•   Pointing error: 

       : propagation delay 

•   Dynamics of the tracking and pointing errors: 

               : state vector,                  : control vector,         

                : Wiener process,                

Cooperative Optical Beam Tracking 
•   Transceiver structure:  

•   The stations continually measure the arrival   
direction of their impinging optical beams using a      
position-sensitive photodetector. 

•   In short range applications with negligible light  
propagation delay, the stations transmit their optical 
beams along this measured direction. 

•   For a large propagation delay, the optical beams must 
be transmitted within a certain angle with respect to the 
instantaneous LOS. 

Control Problem 
•  The control problem  
is to find     in terms  
of      such that: 

a)  Beam tracking:  
           remains small. 

b)  Active pointing: 
    keep        small to  
    maximize the  
    total optical power received by the stations, i.e., 

Photodetector Output 
•   The image of the received optical field on the 
photodetector surface is a spot of light with an almost 
Gaussian intensity profile         located at    . 

•   The instantaneous optical power: 

         : optical intensity 

       : maximum power 

       : beam divergence 

•   The output of a high resolution photodetector is 
modeled by a space-time point process                 with 
rate         , given over     . 

•        : History of the photodetector output over       . 


