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Algorithm for the synchronization of stations in
the quantum key distribution system
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Scheme of the search for a photon in the first
section of the FOCL
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Time parameters of the algorithm

1. Time of detection of a sync pulse in the 7, -th frame (N7 ; = i; j = 1)

of the j-th section of the fiber-optic link of length / during the %, -th testing
(Ntest = ke 2 1)

T1jp = ti—n) + xsj + (i + km — 1) - Ts +AT 4+ 0,5 - Toprop-
2. Time of analyze the j-th section of the FOCL with a negative testing
result in the 7 -th frame (Nr; = i;; = 1)
T1jND = tl.(j—l) + Xs.j + (il.j + Niest — 1) - Ts + At +0,5 - Tstrob-

3. Time of analyze the j-th section of the FOCL, where the photon was not
registered for the maximum number of time frames N, ;

Tyj1im = ti-1) + Nrj - Ts.



Energy parameters of the algorithm

Average number of registered photons per quantum pulse duration in the analysis
of the j-th section of the FOCL

_Kslj[dB]
Ngj=MNgo - 10 10
where n. o —average number of photons per pulse at the output of the coding station;

K, j — attenuation coefficient of a quantum pulse when analyzing the j-th section of a
FOCL.

Average number of dark current pulses during the analysis of the j-th section of
the FOCL 7 ;

Npcr.j = $DCR " T,

where épcr — frequency (rate) of generation of dark current pulses in a single-photon
photodetector.

Average number of dark current pulses over the duration 7, of an optical pulse

Npcrs = €pcr * Ts-



Probability characteristics of a two-stage time
synchronization algorithm

1. Probability of finding a quantum pulse in the j-th section of the
FOCL with length /[
p(ljs) = js/LFOL ) Js = 1, NpoL,
where Lgp; — total length of FOCL; Nrp; — number of FOCL sections.

2. Probability of the absence of reception of a photon and/or dark
current pulses during the analysis of the j-th section of the FOCL 7,

exp(_nDCR.j) ) J=Ljs—1nj=js+ 1 Npop;

Ppcroj = ) .
! exp(—ns_j - nDCR.j)t J = s




Probability characteristics of a two-stage time
synchronization algorithm

3. The calculation of the probability of registering at least one photon or
dark current pulse when analyzing the j-th FOCL section

1— exp(—nDCR_j) =1—"Ppcroj, J#Js
1- exp(—ns_j - nDCR.j)' J =Is

4. Probability of the absence of registration of a photon and/or a dark
current pulse for the limiting number of time frames Ny ; in the j-th FOCL
section

PDs.j =

i 1_ 1-— exp(_nDCRO.j

T p— ) (1= Pocroj ™), J#Js
DCRO.j

1_ 1-— exp(_nDCRO.j) . 1- PDCRO.jNT'j

L NpcRro.j 1 = Ppcro.j

Pp jiNr.j} =

) PDS.j' ] — jS'




Conclusions

A two-stage synchronization algorithm is
formulated in the QKD system with the division of
FOCL into sections with decreasing length.

The analysis of time and energy parameters
of the proposed algorithm is carried out.

The probabilistic characteristics of a two-
stage time algorithm of synchronization in the
absence of a priori information about the distance
between stations are established.
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