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Abstract

A new 2-D one-coincidence frequency hopping code/congruence codes (OCFHC/ CCs)
family of codes is proposed where OCFHC is used for wavelength hopping and CCs are
used for time spreading. In the code family, the optical code with cross-correlation value
of two i.e., OCFHC/quadratic congruence code (OCFHC/QCC) is superior to the other
codes. So, OCFHC/QCC is used for performance evaluation and comparison with the
existing 2-D optical codes. Initially, the performance is evaluated considering multiple ac-
cess interference (MAI) as the only performance degradation factor in the 2-D OCDMA
system. In presence of MAI, the effect of variation in code weight, code length, number of
available wavelengths on the error probability of 2-D OCDMA system is studied. When
code weight, code length, and number of available wavelengths are same, performance of
OCFHC/QCC is superior to the existing optical codes. Also, simple design and large car-
dinality of OCFHC/QCC favors its use over the existing optical codes for multicode keying
and multi-rate multimedia applications. Improvement in error probability of the order
of 107! is possible with OCFHC/QCC as compared to synchronous prime code/optical
orthogonal code, when the number of simultaneous users are less than twenty. Thus,
OCFHC/QCC based OCDMA system can be used for wireless optical access networks.
Further, the performance is also evaluated and compared with the existing optical codes
considering the effect of MAI and noise using photon-count approach in the fiber-optic

medium.

OCFHC/QCC performance is analyzed without a hard limiter in presence of MAI,
noise, turbulence, and different weather conditions. The atmospheric turbulence is divided
into weak, moderate, and strong turbulence and the weather conditions which have been
considered are clear air, haze, light mist, and light fog with a link length 1000 m and data
rate 1 Gbps. With weak turbulence, haze and clear air as the weather conditions, the error
probability of less than 1073 is achievable when transmitted power is 0.4 dBm for two user
2-D OCDMA system. The error probability is greater than 1073 in presence of moderate

and strong turbulence with various weather conditions. Further, we have compared the



performance of four user 1-D OOC- and 2-D OCFHC/OOC-OCDMA systems in presence
of turbulence and various weather conditions. The error probability of 1-D OCDMA
system is above 1073 irrespective of turbulence regime and weather condition. However,
the 2-D OCFHC/OOC-OCDMA system performs better than the 1-D OOC-OCDMA
system and its error probability is below 1072 in the weak turbulence regime and weather
conditions-clear air and haze. So, the four user 2-D and 1-D OCDMA systems may not
work satisfactorily in presence of turbulence and/or various weather conditions. The
performance of the OCDMA system can be improved by using performance enhancement

techniques.

The performance of 2-D atmospheric OCDMA system is enhanced by using double
hard limiter, aperture averaging (AA), spatial diversity, and error correcting code. Two
hard limiters, one before the decoder and another post decoder, are used to improve
the performance of OCFHC/QCC based OCDMA system in presence of turbulence and
different weather conditions. The double hard-limited performance is much superior to
the performance with the single hard limiter. Further, an increase in the receiver aperture
diameter from 2 to 10 cm also shows performance improvement due to AA. With receiver
aperture diameter of 8 cm, the performance is further improved using spatial diversity.
The double hard-limited eight user 2-D atmospheric OCDMA system has error probability
of 107% in clear air, haze and light mist with spatial diversity in all turbulence regimes.
Further, an error probability below 1079 is achievable in presence of weak turbulence and

light fog but not in presence moderate and strong turbulence.

The performance of 2-D atmospheric OCDMA system with hard limiter, spatial
diversity, and error correcting code is compared to the performance without hard limiter
in presence of turbulence. The performance of the system with spatial diversity and
error correcting code is better than the performance without hard limiter above a fixed
transmitted power. The improvement in the error probability is highest with the error
correcting code when the transmitted power is beyond a fixed value in the weak turbulence
regime. The performance enhancement is lowest with the spatial diversity as compared to
the other performance enhancing techniques. Overall, the performance with double hard
limiter is superior to the performance without hard limiter irrespective of transmitted

power and turbulence regimes.
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