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Fig. 1. Schematic diagram of free space quantum channel.

TR T 2o LR T DR T 0, X 3l A o
A —E MR R, A SORRYE P 435 70 A e
BB S50 e B WSRO 5 RS A T DL e
P, FFE T RS D R RO 5 B 2 (A A S R
PE— LW TR TRERE SRS R Z R C R,
HEAL T TSRS IR (R [ A i | (R IEAEAT PR
BONFIERA R Z B I C R, il 5 BATTE,
TR T HIR ML A 2] T E RS

2 BEEREEHILRABWXR
2.1 IBipHERE

HRYE 24 h N IIRE T REA S0 FR e 19, AP RS
SR AR AR o, R AR AR 1 RS,

H1 T35 48 — AR S A HLIE AR, Bt i H
I o3 AR e 538 0 A R A 10, ATy

N(D) = NgD™e™ 4P, (1)

Xh, DFRIRTRMERER; No RRETIRES
e mFRERIEIRAE T, B —BIRME L,

Pl m ATHR 0; ARSI AR, SRR
JE S B AR Ny 1)
A= 25557048, 2)
LS5 401 BRSO N (D), i Mie Hcit
SRR B
U:Z/OODZ'Qext(D’A’m)'N(D)dD’ (3)
0

X, Qe RARFIDECRA T, h THR/NE
BRT 10 pm, R T AT WOGRREE, Bri
Qexe ~ 21Y9; o {547y dB /km.

F1 BETTRERIMRE

Table 1.  Criteria for classification of snowfall

intensity.
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Fig. 2. Relationship between extinction coefficient and snow-
fall intensity.
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Fig. 3. Photon energy versus snowfall intensity and trans-

mission distance.
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Abstract

Quantum communication has the advantages of wide coverage and security, and is currently a hot research
topic in the field of communication. In the process of free space quantum communication, quantum signals need
transmitting at a certain height above the surface. Various environmental factors in free space, such as snowfall,
sandstorms, rainfall, haze and floating dust, will inevitably affect quantum communication performance.
However, so far, the influence of snowfall on the performance of quantum channels in free space near the surface
has not been investigated. Thus, according to the intensity of snowfall, the snowfall is divided into four levels:
light snow (S1), medium snow (S:), heavy snow (S3) and blizzard (Si). When the snow is falling in the air, it
has an energy absorption effect on the light quantum signal, which is called the extinction effect. The different
intensities of snow extinction have different effects on free space optical quantum signal. In this paper, first, a
mathematical model for the extinction effects on optical quantum signal at different levels of snowfall is
presented; then the quantitative relationship between snowfall and free space extinction attenuation, as well as
the relationship between snowfall and channel limit survival function is established, channel capacities under
different snowfall intensities, and quantum bit error rate are also given. Finally, the mathematical models of
snowfall intensity, transmission distance and link attenuation, amplitude damping channel capacity, channel
survival function and channel error rate are established. Simulation results show that when the snowfall
intensity is 2.1 mm/d (Si) and the transmission distance is 2.2 km, the communication link attenuation is
0.0362, the channel capacity is 0.7745, the channel survival function is 0.2329, and the channel error rate is
0.0105. When the snowfall intensity is 3.8 mm/d (S:;) and the transmission distance is 3.5 km, the
communication link attenuation is 0.1326, the channel capacity is 0.4922, the channel survival function is
0.2099, and the channel error rate is 0.019. Thus, different snowfall intensity has different influence on the
performance of free space quantum communication. Therefore, in practical applications, the communication
parameters should be adjusted adaptively based on the snowfall intensity to improve the reliability of free space

quantum communication.
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