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Abstract In current quadrature phase shift keying (QPSK) systems for coherent optical communications, there are
two algorithms based on complex operation and angle operation to recover carrier phase. This paper analyzed and
compared the recovery performance and implementation complexity of the Viterbi-Viterbi phase estimation (VVPE)
algorithm based on complex operation and the barycenter phase estimation (BCPE) algorithm based on angle
operation. The simulation proves that the VVPE algorithm is stronger in resisting additive noise than the BCPE
algorithm and has a lower probability of cycle slip. The performances of the two algorithms are close when there is
no cycle slip. In this paper, we carried out QPSK coherent reception experiments with rates of 2.5 GBaud (the
product of symbol rate and linewidth is 4X107°) and 10 GBaud (the product of symbol rate and linewidth is 1 X
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two algorithms is —52 dBm@1x10"*
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10 °). Then, we evaluated the performance of the two algorithms using the offline Matlab and Verilog methods.
For the 2.5 GBaud QPSK signal, after the length of the average filter is optimized, the receiving sensitivity of the

and when the cycle slip occurs, the receiving power of the VVPE algorithm

and BCPE algorithm is —54 dBm and —53 dBm, respectively. For the 10 GBaud QPSK signal, after the length of

the average filter is optimized, the receiving sensitivity of the two algorithms is —47 dBm@1 X 10 *

case of cycle slip, the receiving power of the BCPE algorithm is —52 dBm. Relying on Xilinx Virtex Ultrascale—+
—51 dBm@2X10

FPGA, this paper compared the two algorithms with 10 GBaud system rate and 64 parallel channels. Regarding
8-bit and 16-bit input signals respectively for the VVPE algorithm and BCPE algorithm, the receiving sensitivity is

than that of the VVPE algorithm.
Key words optical communications; coherent communications; phase modulation
OCIS codes 060.1660; 060.4510; 060.5060
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and in the
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Fig. 4 BER performance versus E,/N, using different phase estimation algorithms and partial constellation diagrams.
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Fig. 9 BER performance versus average filter length
using different phase estimation algorithms
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Fig. 11 BER performance versus received optical power using different phase estimation algorithms.
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Fig. 12 Performance of fixed-point algorithm. (a) Comparison of the performance of fixed-point algorithm at different

input signal bits under Matlab; (b) comparison of the performance of fixed-point algorithm between Matlab and Verilog
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BEVE B LUT %06 5 i BEAIR T 29 5. 7806, 4
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Table 1 Resource utilization of VVPE algorithm with

8-bit input signal

Resource Utilization Available Utilization rate /%
LUT 286606 1728000 16. 59
LUTRAM 2232 791040 0.28
FF 353391 3456000 10. 23
BRAM 64 2688 2.38

* 2 BCPE Sk A(G S M8 16 B9 5 IR A5 40
Table 2 Resource utilization of BCPE algorithm

with 16-bit input signal

Resource Utilization Available Utilization rate /%
LUT 186836 1728000 10. 81
LUTRAM 1165 791040 0.15
FF 258312 3456000 7.47
BRAM 32 2688 1.19
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