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In various applications of optical communications, such as quantum key
distribution (QKD) systems, the task of polarization control in optical fiber arises.
A polarization controller (PC) on the receiver side is used to solve this problem.
We investigate two machine learning approaches to polarization control: supervised
learning (SL) and reinforcement learning (RL). We generalized analytical solution of
the polarization control problem using SL approach. Supervised learning algorithm
was trained on simulations and then was validated in experimental setup. We
compared supervised approach with analytical solution. The advantage of RL ap-
proach is based on the capability of approximating nonlinear effects related to the
imperfections of detection process. For the effective operation of polarization control
algorithms, knowledge of the parameters of the PC is required. Reinforcement
learning agent also eliminates control hardware calibration procedures, since the
agent recognizes necessary system parameters based on the experience of interacting
with the environment. RL agent was firstly pretrained on simulations and then was
fine-tuned on the practical QKD system. We demonstrated that RL agent’s tuning
provides the 10% quantum bit error rate on our setup and converges in 10 steps.

B cucremax kBaurtoBoro pacmpenesenus kiouell (KPK) Bosnnkaer 3agaua nox-
CTPOHKH MOJIApU3aLUKM B ONTOBOJOKHe. [l pelleHHs 3TOH 3agayM, Kak HpaBMJIO,
UcrnoJb3yercs: nossipusauuonssiil koutposep (ITK) Ha cropone npuemnuxa. Mceie-
AYIOTCSl IBa MOAXOAa MAILIMHHOrO OOyueHHs K 3ajadye MOACTPOMKH MOJSPU3ALMH:
o6yuenue ¢ yuutesneMm (SL) u obyuenue ¢ nonkpensenuem (RL). ABToper 0606uiunu
aHAJUTHUYECKOe pelleHHe 33a7aud ¢ moMolibio SL-moaxona. SL-areHt 6bl1 00yueH Ha
CHMYJISITOpE, a 3aTeM BaJMIMPOBAH Ha KCIIepPUMEHTaNbHOU ycTaHOBKe. Takxke aBTOPbI
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CPaBHHJ/IM CXOAHMMOCTH aJrOPUTMOB MOACTPOHKM Ajsi SL-areHTa M aHaJMTHYECKOTO
pewenus. [IpenmymectBo RL-monxona ocHOBaHO Ha BO3MOXKHOCTH anMpOKCHUMALHH
HeJIMHeHHBIX 3(D(eKTOB, CBS3aHHBIX C HEUIEaJbHOCTAMH Ipolecca NeTeKTHPOBaHUS
c1abbIX ONTHUECKUX UMMYAbcoB. s 3¢peKTHBHON paboThl aIrOPUTMOB MOACTPOHKH
noJsisipu3anyu Heo6xonumo 3HaHue mapameTpoB [IK. Mcnosnb3zoBanue RL-arenrta mos-
BOJISIET UCKJIIOUUTD MPOLENYDPY KaJUOPOBKH annapaTypsl, MOCKOJbKY areHT Bbly4YHBaeT
HeoOX0MMble NTapaMeTpbl CUCTEMBl HAa OCHOBE OIbITa B3aHMOAEHCTBHS C YCTAaHOBKOH.
RL-areHT cHavyana Obl1 oOyyeH Ha CUMyJsTOpe, a 3aTeM H0OOyueH Ha 3KCIepH-
MeHTanbHOH ycraHoBKe KPK. TlpomemoHcTpHpoBaHO, YTO MOACTPOHKA C MOMOLILbIO
RL-arenta o6ecneunBaer 10%-ii KBaHTOBBIH ypOBEeHb GMTOBLIX OLIHGOK Ha YCTaHOBKe
1 cxoxutes 3a 10 maros.
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