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1. Introduction
Space diversity-based two-beam configuration has an advan-
tage in tolerance for floating matter in underwater wireless
optical communication systems [1]. In this paper, perfor-
mance issues due to crosstalk for this configuration are dis-
cussed theoretically.
2. System Configuration
Figure 1 shows an OOK transmission system in the two-beam
configuration in which separate laser–photodetector pairs are
used to transmit the same signal at the same wavelength and
polarization. The photocurrent of the two detectors is mixed
electronically together. Optical beams are assumed to have
the circle cross section of radius 𝑘𝑅, which are detected sep-
arately by the detection areas having a radius 𝑅 at a distance
𝑑 apart. If the optical beams spread considerably outside
their detection areas, 𝑘𝑅 > 𝑑–𝑅, their fields overlapping on
the detection area, referred to as crosstalk, can degrade the
system performance.
3. Probability Density Function of the Intensity
If the received signal field is mixed with the crosstalk beam at
the same wavelength and polarization, the probability density
function of its detected power 𝑃 is given as [2]

𝑓 (𝑃/𝑃0) =
[
4𝑃1/𝑃0 − (1 + 𝑃1/𝑃0 − 𝑃/𝑃0)2]−1/2 /𝜋, (1)

where 𝑃0 and 𝑃1 represent the signal and crosstalk beam
powers, respectively. Such a phenomenon inducing fluctu-
ations is referred to as phase to intensity noise conversion.
4. Bit-Error Rate Degradation and Power Penalty
Figure 2 plots the minimum BER at the optimum threshold
value for several values of crosstalk level 𝑃1/𝑃0 by using

Fig. 1 Crosstalk of separate laser–photodetector pairs.
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Eq. (1). The system 𝑄-factor has been assumed to be 6 for
−23 dBm of average received power. The system perfor-
mance is severely degraded even if the crosstalk level is only
1%. The power penalty calculated for two different values of
BER plotted as a function of crosstalk level 𝑃1/𝑃0 is shown
in Fig. 3. As predicted from Fig. 2, the power penalty be-
comes quite large for the beam with a large crosstalk element.
The penalty can be kept below 3 dB to maintain a BER of
10−6 for values of crosstalk level as large as 0.1 (10%).

Figure 4 shows how the detection area separation 𝑑
required to keep the power penalty below 3 dB varies with
the beam radius 𝑘𝑅. The region with 𝑑/𝑅 ≥ 𝑘 +1 represents
the absence of crosstalk, while the shaded region between
the two lines corresponds to the power penalty below 3 dB.
5. Conclusion
The impact of crosstalk in underwater wireless optical com-
munication was discussed theoretically. From the presented
results, we can point out that bit-error rates are severely
degraded even if the crosstalk power is only 1% of signal.
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Fig. 2 Bit-error rate versus the received power.
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Fig. 3 Crosstalk power penalty. Fig. 4 The separation 𝑑 required
for the power penalty below 3 dB.
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