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Abstract: We propose and experimentally demonstrate a novel in-band optical signal-to-noise ratio (OSNR) moni-
toring technique that uses a commercially available widely tunable optical bandpass filter to sample the measured
optical power as input features of Gaussian process regression (GPR) can accurately estimate the large dynamic
range OSNR and is not affected by the configuration of the optical link, and has the characteristics of distributed and
low cost. Experimental results for 32 Gbaud PDM-16QAM signals demonstrate OSNR monitoring with the root mean
squared error (RMSE) of 0.429 dB and the mean absolute error (MAE) of 0.294 dB within a large OSNR range of -1
dB~30 dB. Moreover, our proposed technique is proved to be insensitive to chromatic dispersion, polarization mode
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dispersion, nonlinear effect, and cascaded filtering effect (CFE). Furthermore, our proposed technique has the po-

tential to be employed for link monitoring at the intermediation nodes without knowing the transmission information

and is more convenient to operate because no calibration is required.

Keywords: optical link monitoring; optical performance monitoring; optical signal to noise ratio; Gaussian process

regression; coherent optical communication
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Fig. 1 Schematic diagram of the proposed OSNR monitor
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Fig. 2 The signal optical spectrum after scanning the center wavelength of the tunable OBPF. The solid black lines represent the signal
optical spectrum; the dashed green lines represent the filter shape of the tunable OBPF
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Fig. 3 Block diagram of the signal processing unit architecture
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Fig. 4 Experimental setup.
MUX: multiplexer; AWG: arbitrary waveform generator; VOA: variable optical attenuator; OSA: optical spectrum analyzer

&A1

32 Gbaud PDM-16QAM % %t & %54

Table 1 System conditions for 32 Gbaud PDM-16QAM system

| 11l

Il 1 1}

Transmission

h 480 1440 1920 960
distance/km
Launch
power/dBm 2 6 8 4
Number of 0 0 0 0

cascaded WSSs

480 1440 1920 960 960 960 960
2 6 8 4 4 4 4
6 6 6 6 3 9 12

200077-4



YT https://doi.org/10.12086/0ee.2021.200077

i) OSNR JLFEIN, RMSE Il MAE 433>~ 0.484 dB Al
0.386 dB, XFEHIFTHEHAY OSNR Wi+ AR AT LAIE#
TAETFA#AE CD, PMD LK NLE 5O R o | T il
B L A BT Y DG D 3R e O 2 B B 2 2
U5 21, 4 LT (5 I 1E GPR A% A%
fiE, TR LMGRAE 5(b) s iS5 s R, RMSE
F1 MAE 4331 0.486 dB F1 0.386 dB, iX #¢H] OSNR I
MPERE LA AR, Ik, XF8—KRG K1
TRty 58, JE I SAE R RGE AR, HIRAT
PEH 1 OSNR W INE AR L2 B2, AT5 AT LA SRS B
H sk TAE,

h T R GE IR B TR OSNR Wit fE
FIFEI, R BE I P B WSS FIECH 2 6. X
FEFEEE ZRARGURAT, T — N C B 625
IR BERBIRE . 56— LKRGEFRMRIRT L
T, T 6(a)tr, FEILIT AT 20 6T (A
G HIFE RS 5 AL TR —EVEN GPR BYHIARHIE, I
TEE 6(b)H, ALK |3k 20 ASYETRME(E E GPR
% AR . 7E-1 dB~30 dB ) OSNR JEFEI, & 6(a)
A RMSE 1 MAE 437>k 0.315 dB f10.2 dB, ¥ 6(b)
# RMSE il MAE 43314 0.311 dB #i1 0.208 dB.,, 524645

(a) 30
25 " 3

20 o

Estimated OSNR/dB

5 10 15 20 25 30
True OSNR/dB

SRR, R OSNR WEMH A W] LATE A AE U8 AL
AR 0T 1E AR H G 08 Wiy s A5 5 1 R 40
M. 5 —KRGFMNTLIEEFAH, OSNR W
DIPEREAS 2 T 0% . X & F LR SCPR OSNR 18
Bl ) Ik OSNR Ab4 &, H IR 2ZZ7E/IX OSNR B L1
E 5 OSNR B /MF2
T #E—25HE5E CFE % OSNR Wil ¥ RE 2
FEAGHIIEE N 960 km HAZF RN 4 dBm Al AEfL
eSO WSS BUH o TR =R ARG,
LT —ANE C BRBHRY 785 TR A A
o 5 ERX OB, EE 7@, I 20
ACTRIMEEANYEE WSS N E—EAE N GPR Y
i NRHIE s TAER 7(b) AT B3 20 AS6DhAR0 £
{HAE A GPR U4 AFFIE, £ 2 dB~30 dB [ OSNR i
FEl Y, /&1 7(a) ) RMSE F1 MAE 435124 0.393 dB #i1 0.284
dB, & 7(b)iy RMSE Fl MAE 4334 0.415 dB #i1 0.307
dB. SEEGAEHRFEM], FRATH A OSNR Ml AT LA
FEAFAE CFE TS OL N IEH A ELJCT 08 Wi =5 s 4k
BTN RGN SRR ARG RS A AR,
OSNR WsIPEREMAS 2] Tk . X EEZ M TULAH
TUNZAGA R B A P, SR, 5% 2KR
) 5 30
25

<R
3%

20 :'i:':‘.l.

15 e

Estimated OSNR/dB

10 R

5..:'
5 10 15 20 25 30
True OSNR/dB

B5 EFH—KZGEMeNKNE T, PDM-16QAM 125 49 OSNR Mk £,
() MNFFE QIBHMIEBANL HE; (b) MNFAE T KA A WIE B KA &
Fig. 5 OSNR monitoring error for PDM-16QAM signals during the testing phase in the first category. (a) With the transmission distance
and launch power among the input features; (b) Without the transmission distance or launch power among the input features
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Fig. 6 OSNR monitoring error for PDM-16QAM signals during the testing phase in the second category. (a) With the transmission
distance and launch power among the input features; (b) Without the transmission distance or launch power among the input features
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Fig. 7 OSNR monitoring error for PDM-16QAM signals during the testing phase in the third category. (a) With the number of
cascaded WSSs among the input features; (b) Without the number of cascaded WSSs among the input features
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Fig. 8 OSNR monitoring error for PDM-16QAM signals during the testing phase including the above three categories.

(a) With the transmission distance, the launch power and the number of cascaded WSSs among the input features;

(b) Without the transmission distance, the launch power or the number of cascaded WSSs among the input features
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Fig. 9 OSNR deviation from true OSNR for PDM-16QAM signals during the testing phase including the above three categories.
(a) With the transmission distance, the launch power and the number of cascaded WSSs among the input features;
(b) Without the transmission distance, the launch power or the number of cascaded WSSs among the input features
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The signal optical spectrum after scanning the center wavelength of the tunable OBPF. The solid black lines represent the

signal optical spectrum; the dashed green lines represent the filter shape of the tunable OBPF

Overview: The optical performance monitoring (OPM) refers to monitoring various performance parameters of optical
signals at intermediate nodes or receiver terminal nodes of the optical fiber communication system in order to reduce
network operating costs, ensure full utilization of resources, and guarantee reliable operation and flexible management
of the system. The amplified spontaneous emission (ASE) noise introduced by optical amplifiers is the main noise
source in the optical fiber communication system. Thus, the optical signal-to-noise ratio (OSNR) parameter used to
measure the ASE noise accumulation can accurately reflect the quality of the optical signal, which is one of the most
important parameters in OPM. Therefore, accurate monitoring of OSNR is an essential part of optical fiber communi-
cation systems. However, with the improvement of the channel capacity and transmission rate of the optical fiber com-
munication system and the evolution of the optical network to the dynamiclly reconfigurable direction, the traditional
out-of-band OSNR monitoring technique based on linear interpolation is facing the problem of failure. Thereupon, the
in-band OSNR monitoring technique has received more and more attention. We propose a novel GPR-based in-band
OSNR monitoring technique suitable for intermediate nodes. Firstly, the technology changes the center wavelength of
the broadband tunable optical bandpass filter (OBPF) in a constant step size, so as to realize the sweep filtering of the
whole C-band. Then, the optical power sequence collected from the center wavelength of the broadband tunable OBPF
in the midpoint range of the channel to be monitored, and the adjacent channel is taken as the input features of the GPR
model. Finally, the in-band OSNR monitoring is realized by utilizing the trained GPR model. By constructing a 9x32
Gbaud PDM-16QAM coherent optical communication system, a comprehensive experiment was conducted to verify
the effectiveness and feasibility of our proposed technique. The experimental results show that in a 9x32 Gbaud
PDM-16QAM system with 50 GHz channel spacing, the root means squared error and the mean absolute error are be-
low 0.43 dB and 0.3 dB in the OSNR range of -1 dB to 30 dB, respectively. Even better, our proposed technique has the
following advantages: higher monitoring accuracy; wider monitoring range; strong robustness to chromatic dispersion,
polarization mode dispersion, nonlinear effect, and cascade filtering effect; no prior knowledge of link configuration
required; low cost; distributed monitoring. Therefore, our proposed technique can realize OSNR monitoring at any
node which is suitable for dynamically reconfigurable high-speed dense wavelength division multiplexing (DWDM)
optical fiber communication systems and has huge development prospects and wide practical application potential.
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