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This week …

 Topic
 Mathematical modeling of noise (e.g., Monte Carlo simulation, simulation of 

random Poisson and Weiner processes, simulation of electrical and optical noise)
 Optical noise in context of EDFAs in WDM systems

 Objectives
 Develop analytical equations to describe BER performance due to PIN noise and 

ASE noise
 Understand impact of filtering (optical and electrical) on BER performance
 Simulate PIN noise, ASE noise and filtering effects
 Develop analytical model for Poisson and Weiner processes as a limit of sum 

processes
 Simulate Poisson and Weiner processes 
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Resources

 Agrawal, G. P., Fiber-Optic Communication Systems, Chapter 4 Optical Receivers, 
Wiley, fourth edition, 2010.

 Olsson, N. A., “Lightwave Systems with Optical Amplifiers,” Journal of Lightwave 
Technology, vol. 7, no. 7, pp. 1071-1082, Jul 1989.

 Winzer, P.J.; Pfennigbauer, M.; Strasser, M.M.; Leeb, W.R.; , "Optimum filter 
bandwidths for optically preamplified NRZ receivers," Journal of Lightwave 
Technology, vol. 19, no. 9, pp. 1263-1273, Sep 2001

 Leon-Garcia, A., Probability, statistics, and random processes for electrical 
engineering, Chapter 9 Random Processes, Pearson/Prentice Hall, 4th edition, 2008.

 Source code for generating Poisson and Weiner processes in Matlab

 Homework assignment – due 28 January 2013
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Noise sources

Quantification noise
 Synchronization errors (jitter)
 Channel noise
 thermal noise
 interference (crosstalk)

 Intersymbol Interference (ISI)
 dispersion
 channelization
 patterning effects (gain saturation)

PIN and ASE noise

We now derive the BER expressions for 
IM/DD systems with a PIN photodiode
 … and ASE !
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Since is Gaussian, adding a signal will simply displace the mean from zero to the corresponding 
photocurrent. The mean is different for a logical "1" and a logical "0". Unlike RF systems the variance of the 
noise is also different...

Versus
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Q Factor, S/N Ratio, and 
BER

For our BER of 10-9, Q=6 and S/N=144
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